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B ycnoBusix akcniepuMeHTa U3ydyaliu BIUSTHUE KPATKOCPOYHOI I'MITOKCUU Ha aKTUBHOCTh OKCUPEAYKTa3 (Ma-
naT- u JakraraeruaporeHassl: M/, JIAT) B cTpyKTypaxX TOJIOBHOTO MO3ra 1 Xa0p (IIepeaHsst yra) MOPCKOTO
epliia, OnpeAesIIoIIMX MPOLeCChl CPOYHOM amanTalMu opraHu3Ma K aeduuurty kuciopona. KoHTponbHas
rpyrmra psi6 copepxanach rpu 4.5—6.7 mr O, 1! (HopMokcust), ONBITHBIE TPYMIBI — TpH 1.7—3.7 Mr 0, a!
(ymepenHas runokcusi) 1 0.3—1.0 mr O, 1! (octpast runokcust). ConepkaHue KMCIOPOa B BOIE CHIKAIIN TTy-
TeM HachlllleHUs ee a3oToM. Dkcno3uiust — 90 muH. Temnepatypa Boasl — 21—22°C. [TokazaHo, YTO TUIIO-
KCHsI HE OKa3blBajla 3HAUMMOTO BIMSIHUS Ha CTPYKTYPbI TOJIOBHOTO MO3Ta MOpCKOro epiiia. AKTuBHocTh M/,
JIAT, 3nauenus unnekca M /JIAT u comepxxanrie AT® B mepeagHeM, IMIPOMEXYTOUYHOM U CpPEIHEM MO3Te
(CIIM), a takxe npoaoiaroBarom Mo3re (ITM) B ycoBUsIX OCTPOi1 TUTIOKCUM COXPAHSJIMCh Ha YPOBHE KOH-
TPOJIBHBIX 3HAYeHUil. YMepeHHble (DOPMBbI TMIOKCUY BBI3bIBAJIM TPOMOPLUOHAIBHBIN POCT aKTUBHOCTHU
MAT, JAT u noBeitieHue ypoBHst AT® B CIIM. IMocnenHee ckopee sIBJISIETCS CEACTBUEM CHUXEHUS MO0~
TpedoHocTu CIIM B 1aHHOM COE€IMHEHUM, B OCHOBE 3TOro sIBJIeHUs MoxeT Jiexkatb [AMK-apruueckuii Me-
XaHU3M PETYJISIIUUA aKTUBHOCTU TKaHEBBIX CTPYKTYP MO3ra, KOTOPbIi CITOCOOEH MOHUXATh dHEpreTuyecKue
MOTPeOHOCTU HEPBHOM TKaHU 3a CYeT yBeauueHus miotHoctu TAMK, peuenTtopHoro anmnapata. 2Kadpbl
OTJINYAJIUCh MUHUMaJIbHBIMU akTuBHOCTAMU MJIT, JIAT npu BhicOkMX 3HadyeHusix nHaekca MIAT/JIAT.
OcTtpbie (OopMBbI TUTTOKCUY TTIPUBOAMIIN K CHUKEHUIO B HUX aKTUBHOCTU JIJIT" 1 MOBBIIIEHUIO 3HAYEHU A UH-
nekca MIAT'/JIAT, uto oTpaxkaeT Iepexol JaHHOrO OpraHa Ha aHa’pOOHBIN peXXuM paboThl. B ycimoBusx
OCTpOii TMIIOKCHUM OTMEYaJIoCh YCUJIEHHE CBSI3U B cucTeme “aktuBHocTh MJI <> aktuBHOCTh JIAI'™”
(r=0.81-0.94, p < 0.05—0.01) Bo Bcex TuNax TKaHEBBIX CTPYKTYP, YTO XapaKTepPHO IJis BUAOB, TOJIEPAHT-
HBIX K neduuuty kuciaopoaa. I[lo-BuagumMomMy, oCHOBY JaHHOTO 3(ddeKTa cocTaBiseT conpsikenue M/ ¢
cybcTpaTaMM IIMKOJIM3A B YCJIOBUSX ocTporo aeduuurta O,, 4To UCKII0YaeT HAKOIIJIEHNE JJaKTaTa Py Me-
TabOJNYECKOI NeNpeccuu.
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BBEAJEHUWE

KW3Hb B BOTHOU cpefie 3HAYUTEIILHO YBETMYNBAET
BEPOSITHOCTh BO3HUKHOBEHHWSI TUIIOKCHU, KOTOpas
CBSI3aHa TMPEXKIE BCETO C TEM, YTO BOAA MOXET COAEP-
KaTbh ropasno MeHbliie O,, YeM BO3yX, a TaKXKe MOTO-
My, 4TO cKopocTh auddysuu O, B BoIe COCTaBISIET
sk okojio 1/10000 ot ckopoctu A y3un B BO3IY-
xe [1]. UMeHHO mo3TOMY Yy BOIHBIX OOUTATE e TUTIO-
KCHSI MOXKET OBITh BaxKHOW NBVIKYIIEH CHJIO BbIpa-
0OTKM (hU3UOJIOTUUYECKUX CTpaTeruit BbKkuBaHus [1],
KOHEYHOI 1IeJIbI0 KOTOPOU sIBJIsieTCs (pOpMUpPOBaHUE
YCTOMYMBOCTHU K TMIIOKCUY/aHOKCUU.
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I1pu BHemIHE# TUITOKCUM “TIEPBYIO JUHUIO 000PO-
HBI” OpraHn3Ma pbIo COCTaBJISIIOT KapAuOpeCcIIupaTop-
HEBIe pedeKChl, KOTOpbIe 00eCIIeYrMBalOT MpPEaeIbHO
KOPPEKTHBIN OasiaHc noTpednenust O, coraacHo MeTa-
Oosimuyeckomy 3amnpocy [2]. OOBIYHO PHIOBI pearupyioT
Ha TUIOKCUIO peIEKTOPHOIT OpaguKapaueii u ycuie-
HUEM BEHTWISITOPHBIX ABVKeHWi [3]. McTouHMKOM
KapAWOPECITMPATOPHBIX pPeaKIuil SIBISIETCS aKTUB-
HOCTb CTIELIMATU3UPOBAHHBIX O,-UyBCTBUTEIbHbBIX X€-
MOpPELEenTOPOB B Bue XpoMad(PUHHBIX HEHPO-3MUTE-
JIMAJIBHBIX KJIETOK, IPEUMYILIECTBEHHO pacriojiaralo-
IIUXCSI Ha TepBbIX XabepHbix ayrax [4, 5]. Ilpu
W3MEHEeHUM HanpstkeHus: kuciopona (P,0,) abde-
PEeHTHAsI MMIYJbCAllUs OT >KAOEPHBIX XEeMOPELIENTO-
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POB IIOCTYIIA€T B COOTBETCTBYIOIINE HEPBHBIE LICHTPHI
MPOJOJIrOBAaTOrO MO3Ta, Ilie MpeodpasyeTcs B peakInu
JBIXaTeIbHOM U CEpAEYHO-COCYIUCTOI CUCTEM.

“Bropyto JuUHMIO OOOpPOHBI” TIpU W3MEHEHUSIX
P,0, cocTaBisitoT ObICTPhIE U aieKBaTHbIE METabOJIM -
YyecKHre IepecTpoiiku. 2KMBOTHEIE ¢ OoJjiee pa3BUTOM
TOJIEPAHTHOCTBIO K TUIIOKCUM/aHOKCUM MOTYT pearu-
poBaTh Ha pe3Koe cHuxxeHue O, B oKpyXarolleii cpene,
nepenporpaMMUpyst CBO MeTabOoJIM3M, YTOOBI CKOP-
PEKTUPOBATh MNpPOAYKLMIO M IoTpebieHue AT u
IpeIOTBPATUTh KaTacTpO(pUIECKIE TTOCASACTBUS Pe3-
KOTO ITaJICHUSI 9HEPTeTUUECKOro cTaTryca KiIeToK. Bri-
KMBAeMOCTh 1 IIEPEHOCUMOCTb TMIIOKCUHU, TT0-BUIV-
MOMY, MIpEXIe BCEr0 ONpPEIeISIIOTCS CIIOCOOHOCTHIO
pBIO MOAAEPKUBATh CTaOMIbHBIN YpoBeHb AT® B TKa-
HSIX, HECMOTPSI Ha CHIDKEHME TTPOAYKIIUM SHEPTUH [6].
YcTaHOBIEHO, 4TO ITOAAEpXKaHUE SHEPreTUYeCKOro
OajlaHca MOXET JOCTUTaThCcs 3a cueT akTuBauuu O,-
He3aBUcUMOiT Tponykiuu AT®, B TOM YuCiIe 3a CYET
aHa’pOOHOTO IJIMKOJIM3a, PAaBHO KaK 1 3a CYET 00paTu-
Mo Aenpeccuu Metabonusma [6]. IIpudem y poid nep-
BUYHOU M YyHUBEpPCAJIbHOU IPUYMHON TMOEIM Ipu
9KCIO3ULNKN K TUIIOKCUM SIBJISIETCSI HapylleHUE Io-
MeocTasza AT® B MO3re He3aBUCHUMO OT OOILLEN YCTOI-
YUBOCTU OTNpeAe/ieHHOTO BUaa K (paKTOpy TMIOKCUU

[7].

O1leHKYy IapaMeTpOB SHEPreTMYecKOro ooOMeHa,
MHTEHCUBHOCTH M HAIIPaBJICHUSI COCTABIISIIONINX €TI0
IyTE€H MPOBOAAT Ha OCHOBAHUM ONPEACICHUSI aKTUB-
HOCTU psifga pepMEHTOB SHEPTeTUIECKOTO METa00IN3-
Ma [8]. Manatnerugporenasza (MIAI, H® 1.1.1.37) —
dbepMeHT, KaTaJu3UpPYIOLINi OKUCIUTEIbHO-BOCCTA-
HOBUTEJIbHOE MpeBpalleHre MajlaTa 1 oKcajaoallerara,
a TakXXe OKMCIMTEIbHOEe AEeKapOOKCMJIMPOBAaHUE Ma-
JlaTa 10 TIMPYyBaTa; OTHOCUTCS K OKCUIOpeayKTa3aM,
neiictByromuM Ha CH—OH-rpynmy noHopa Bomopo-
Ia, aklenTopoM KoToporo sgmigiorca HAJT win
HAO®*. MAT npyuHUMAET ydacTHE B IIIOKOHEOTEHE-
3¢ 1 JIMIIOTeHe3¢e U BOBJIEKAeTCsI B MaJIaT-acIlapTaTHBII
IIYHT TIpY a3poOHOM TyMKoim3e. Ha nBoiicTBeHHYIO
poap M/II' B a3poOHOM U aHA’pPOOHOM MeTaboIu3Me
yKa3bIBaeT MCHOJb30BaHMEe oKcamoanerata u HAJIH
MJTI B xauecTBe cyocTpara [9]. st mHIMKaum ypoB-
HSI TJIMKOJIM3a UCITOJIb3YeTCsl aKTUBHOCTD JIaKTaTAeTH/I -
porenassr (JIII', H® 1.1.1.27), kataim3upylolieii B3anu-
MoIpeBpallleHNs jJakTaTa u nupysarta. JIJII" yaacTByer
B 3aBeplIeHUM IIMKOJIM3a ¢ oOpa3oBaHMEM JiaKTaTa
WINA B OKMCJICHUM JIaKTaTa A0 IMpyBaTa, KOTOPbIi MOo-
CTyITaeT B UKJT TPUKAPOOHOBBIX KMCJIOT, TU0OO B IIIO-
koHeoreHese. JIJII siBiisieTcst raBHBIM MUHAWKATOPOM
aHaspoOHoro nmoreHnuaaa opranmsMa [10]. CooTHO-
IMeHWe aKTUBHOCTH ImToIuiasmatmdeckoir MIAIT m
JIIT" ucnonb3yeTcsl Kak MapKep MHTEHCUBHOCTU 1 Ha-
MpPaBJISHHOCTU OKMCJIMTEIILHBIX IIPOLIECCOB B TKAHSIX
[9—16]. YBenuuenne naaekca ML /JIAT cBuneTensb-
CTByeT 00 aIalTUBHOM peaKlIMM OpraHu3Ma Ha ycJo-
BUSI TUIIOKCHUHU, YTO IIPOUCXOIUT, B OCHOBHOM, 3a CYET
wHTnoMpoBaHusa aktuBHocty JIJII', Ipu 3TOM BO3pac-
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taet poab MJ/II' B momnepxxannn yposust HAIH, He-
00XOIUMOTO JIJIs TTIMKOJIUTUYECKOTO TIpoliecca.

OTtnenbHBIE BUIBI YEPHOMOPCKUX PHIO 00amaioT
BBICOKOM CTEMEHBIO YCTOMYMBOCTHU K JEHCTBUIO TUIIO-
KCHUHU, B YaCTHOCTH, MOPCKOI1 eplll — Scorpaena porcus
[17, 18], 4TO MO3BOJISIET 3TUM PbIOAM MepPeHOCUTH 20—
30 muH anu3o0abI aHoKcuu [19]. PaHee TkaHeBbIe Mexa-
HU3MbI BBICOKOI YCTOMYMBOCTU CKOPIEHBI K THUIIO-
KCUU — OMoxumudeckue aganrauu [11] — Oputn uc-
cJIeIOBaHbl HEOCTATOUHO.

B Hacrosiieil paboTe ucCIenyroTCss aKTUBHOCTh
MUIT, JAI' u conepxanue AT® B opraHax, OTBET-
CTBEHHBIX 32 IIPOLIECCHI CPOYHOM aganTalluy OpraHu3-
Ma K Ae(ULUTY Kucaopoda (Mo3r U Xabpkhl), y ToJie-
PaHTHOTO K THUIIOKCHMM MOPCKOIO epllla B YCJIOBHSIX
KpaTKOBPEMEHHOM I'MIOKCUHY Pa3IMYHON CTEIIEHU TSI -
KECTH.

MATEPUAJIbI U METO/1bl UCCJIEAOBAHUN

PabGoTta BBINTOJTHEHA HA TTOJIOBO3PEIBIX OCOOSIX Uep-
HOMOPCKOTO epliia Scorpaena porcus Linnaeus, 1758 B
netHuit nepuon (17 ax3., II-III ctagusa 3penoctu ro-
Han, nauHa Tenaa — 15—17 cm, Bec — 90—110 r). PriOy
OTJIaBJIMBAJIM B UIOJIE IIPU IIOMOIIM CTAaBHOTO HEBOIA B
akBatopuu CeBactomnonst (KpbiM) u 1oCTaBIIsSIIN B JIa-
OopaTopulo B TEUYEHUE IBYX—TPEX 4YaCOB B MJIACTUKO-
BBIX 6akax 06beMoM 60 J1 ¢ MPUHYIUTEIBHOM aspaliy-
eit. [Tocie oTiToBa epIimeit ToMeIIaan B IIPOTOYHBIN aK-
BapMyM, TeMmIlepaTypa BOJbl B KOTOPOM ObLla TakKasi
ke, Kak B Mope (21—22°C), u BbIAEPKUBAJIU B TEUCHUE
OOHOM Hemeau IJISI CHSTHS CTpecca IIoCje OTJIoBa U
TpaHCITOPTUPOBKU. Ocobeil KOpMUJIM PBIOHBIM (ap-
IeM, B paboTe MCIIOJIb30BaJId TOJBKO MOABMKHBIX U
aKTHUBHO ITUTAIOIINXCS €pIIEid.

DKCIepMMeHTalbHasI YacTh BBIIOJHEHA C IpUMeE-
HEHUEM CIIeMaJlbHO pa3paboTaHHOro CTeHAa, KO-
TOpPBIA MO3BOJISIET CTAOMJIU3UPOBATH TpPEeOyeMYIO
TeMIepaTypy M KOHIIEHTPalMIO KUCIOpOAa B BOJIE
Ha IIPOTSKEHMM HEOIPAaHMYEHHOIO Mepuoia BpeMe-
Hu. Temneparypa Boabl B paboueii KaMepe MoAIepKU-
Bajiach Ha ypoBHe 21—22°C. ®otonepuon — 12 4 1eHb:
12 4 Houb. Conepxanue Kuciaopona — 4.5—6.7 mr O, 1!
(koHTpoNbHaAg Tpymma). Ilociae amanmranum K 3TUM
yclioBUSM (24 1) comepkaHUe KMCI0poaa B BOJIE B Of1 -
HOM CepUM SKCIIEPUMEHTOB CHIKAJIM B TeUeHUe 2.5—
3.04 10 0.3—1.0 Mmr O, 1! (ombiIT 1), a B Apyroi cepun
— 10 1.7—3.7 mr O, 17! (ombIT 2) TyTeM MpoOKaYrBa-
HUS a30Ta. DKCIO3UILIMS 0CO0eli B 00enX CEpUSIX IKC-
nepumeHTa coctanirsuia 90 MuH. ConepKaHUE KUCIIO-
pola B BOJie KOHTPOJUPOBAIU IMTOTEHIIMOMETPUUYECKU
¢ nomomplo okcuMerpa ELWRO PRL T NS5221
(ITonpmia).

Tkanu (Mo3T, XKaOphl) IS UCCIIENOBaHUS Opaiu
cpasy mocne nekanmuTtanuu puio. IlpemapupoBanme
TKaHeil, FOMOTeHU3aIIUI0 U LIEHTPU(YTUpoBaHUE MPO-
Bomwn 1ipu oxyaxkaeHuu (0 = 4°C). O0pa3ubl Mo3ra
pas3aensijii Ha IB€ YacTU: CpeOHMI, TIepeaHniA U po-
Ne 3
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Puc. 1. O6muit Bug Mo3ara (a) u xkabepHoro anrapara (b) Scorpaena porcus.

1 — IpoIOTOBaTBIN MO3T; 2 — MO3XEUOK; 3 — CpemHUii MO3T; 4 — TTepeTHUI MO3T; 5 — 00OHSITeIbHBIE AOJIY TIepeIHero Mo3ra; 6 —
cnuHHOM Mo3r; 1G — mnepBast xabepHast ayra; IX — sSI3bIKOIIOTOUHBIN YepermHO-MO3rOBOM HEPB, MHHEPBUPYIOLIUIA MTEPBYIO XKa-

OepHyI0 AYTy; X — OJy>KIalolleil YepermHO-MO3rOBOIi HEPB.

Fig. 1. 1 — oblongata; 2 — cerebellum; 3 — mesencephalon; 4 — forebrain; 5 — olfactory lobes of the forebrain; 6 — spinal chord; 1G-1st gills
bow; IX — lat. nervus glossopharyngeus, innervating 1G; X — lat. nervus vagus.

MexxyTouHbI (manee CIIM) u mpomoaroBaThlii MO3T
(manee [1M), MO3:Ke4OK SKCTUPIIMPOBAIN 1 HE YIUTHI-
BaJIv B UCCJICIOBAHUY B CBSI3U C €T0 OTIAEIbHOM, CII0X-
Hoil (pyHkumeit (puc. 1). HaBecku TKaHell XpaHWIU
npu Temneparype —80°C B MOpPO3UJIBHOM Kamepe
(Farma 900 Series, Termo Scientific, USA).

AKTUBHOCTb LIMTOILUIA3MAaTUYECKUX OKCUIOPEIyK-
Ta3 — ManataeruaporeHassl (L-manar: HAJI-okcupe-
nykrtasa; M/IT, 1.1.1.37) u makratmeruaporeHassl (J1aK-
taT: HAJl-okcunopenykrasa; JIAT, 1.1.1.27) — uamepsi-
JIN CIIeKTPODOTOMETPUYECKN B KBapleBOii KIOBETe C
xonom Jiydya 10 MM, o6beMOM 3 MJI MIpU JJIMHE BOJHBI
340 HM IIO CKOPOCTM OKMCJIEHHSI BOCCTAaHOBJICHHOM
dopmbel Kopepmenta HAJIH, ncronb3ysa B KadyecTBe
TpaHchopmupymoleit cpensl 0.2 M Tpuc-HCI 6ydep,
pH 7.5, xak onucano panee [20]. U3MeHeHue onTuye-
ckoit TioTHocTH Ha 0.207 cooTBeTCTBYET IIpeBpallie-
Huto 0.1 MKMoOJIb cyOcTparta. Peakiivio HauMHaIu BHe-
CeHMEeM DKCTpaKTa M CHUMAaJIM oTcueThl yepe3 30 ¢ B
TeueHune 2—3 MuH. TeMmmnepaTypa HHKyOALIM1 peakIiy-
oHHOI cMecu coctaBisuia 25°C. CybGceTtpaTtoM st
onpenenenus: aktuBHoctu JIJII cmyxmn mmpysat, a
mis M — okcanmoaneraT. YAeapbHYI0O aKTUBHOCTH
depmeHTOB Bolpaxanu B MkMoisax HATH muna—! mr—!
benka cynepHataHTa. CoaepkaHue OeKa onpeaessiiv
MUKPOOUYPETOBBIM METOIOM, SKCTUHKIINIO U3MEPSIIU
npu mmHe BoiHBI 330 HM. B KayecTBe craHmapTa st
MOCTPOEHUSI KaJIJMOPOBOYHOI KPMBOiI1 MCIOJb30BaIU
mnpernapat KpUCTaJIMYeCKOIO ChIBOPOTOYHOIO allboy-
MUHA.

Hagsecku TKaHeil, XpaHUBILUXCS TIPU TEMIIEpaType
—80°C, nomMe1iany B 3 MJI KUIISILIETO TPUC-aLeTaTHOIO

KYPHAJ 3BOJIIOLIMOHHON BUOXUMUWU U GHU3NOJIOTUN

oydepa (pH 7.75) nns nezakruBauuu ATd-a3bl, roMo-
TeHe3UpPOBaJIM U MHKYOMPOBaJIM B TeYCHUE 5 MUH Ha
KUTsAIeid BonsiHoit G6aHe. CpenHsisi Macca HaBeCKU
xkabp cocrasisia 38 mr, CIIM — 28 mr, [IM — 12 mr.
OxJaxkaeHHbIe SKCTPAKTH XpaHWIN MIPU TeMIIepaType
—80°C no ompeneneHust AT®D. Conepxanune ATD B
TKaHSIX OMNpeAessii XeMUWIIOMUHECUEHTHBIM METO-
IoM ¢ perucrtpaumeit Ha npuoope ATP-Luminometer
(LKB—1250, IIBemust) [21]. Pe3ynbTarhl BhIpaxkaaud B
HTr AT® Mr—! cbIpoif Macchl TKaHU.

Pesynpratsl nipeactaBiaeHbl Kak M = m. Hopmanb-
HOCTb pacIipeieieHHs] IpoBepeHa Ipyu ITOMOIIU KPHU-
tepust I[Tupcona. CTaTUCTUYECKU CPABHEHUS BBIITOJ-
HeHbl Ha OCHOBE JBYCTOPOHHEro 7-Kputepust CTblo-
neHTa. Paznuuus cuutanu 3HauuMbIiMU 1ipu p < 0.05.
YpoBeHb IBYCTOPOHHEN KOPPEISIIUU PACCUUTHIBATIA
no CrimpMmeHy. Cratuctuyeckast oopadoTka 1 rpadu-
yeckoe opopMiIeHUE TTOyYeHHOI MH(OpMau mpo-
BOIWIXCH IPH ITOMOIIM CTaHAapTHoro makera “Gra-
pher-77.

PE3VJIbTATbl UCCIEJOBAHUN

Peakuiusg TKaHeil MOPCKOTO epilla Ha KPaTKOCPOY-
HYIO paHXMWPOBAaHHYIO TMITOKCUIO Oblla HEOJHO3HAU-
Ha.

B tkangax CIIM BbIgBiIeHa MakcUMaJIbHas aKTUB-
Hocts MT u JIAT: 4.70 £ 0.22 1 2.09 + 0.22 MKMOJIb
HAJl H, mun~! mMr—! 6es1ka, COOTBETCTBEHHO (pucC. 2).
B cpaBHeHuu ¢ IIM paznuuust ObLIM HEe3HAYUTEIbHBI
4—15% (p > 0.05), Torma Kak B OTHOIIIEHUH Xa0p OHU
mocturaau 7—11 pas3 (p < 0.001). Uugexkc MJT/JIAT
Ne 3
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Puc. 2. AktusHocts M/T (a, b), JIAT (c, d) u uanexkc MAT/JIAT (e) B xxabpax u Mo3ry Scorpaena porcus. | — KOHTPOJIb; 2 — ymMe-
peHHas TUNoKcust; 3 — octpas runokcusi. CIIM — cpenHuit, TepenHuii 1 TPOMEXKYTOUYHBIN MO3T; [IM — MpomoaToBaThiii MO3T;
* — IOCTOBEPHO I10 CpaBHEHUIO ¢ KOHTpoJieM, p < 0.05; ** — mocToBepHO IO CPaBHEHUIO C YMEPEeHHOI rurokcueii, p < 0.05.

Fig. 2. MDH activity (a, b), LDH activity (c, d) and MDH/LDH index (e) in the gills and brain of Scorpaena porcus. 1 — control;
2 — moderate hypoxia; 3 — acute hypoxia. MFD — midbrain, forbrain and diencephalon; OB — oblongate; * — reliable compared to
control, p < 0.05; * * — reliable compared to moderate hypoxia, p < 0.05.

HaxomuJics Ha ypoBHe 2.55 £ 0.27. ITpu aToM conepxa-
Hue AT® B CIIM, HanpoTuB, OBJI0O MUHUMAJILHO —
0.74 + 0.17 ur AT® Mmr—! celporo Beca TKaHH, 4TO B
1.7—-2.2 paza Huxe (p < 0.05), yem IIM u xaGpax

(puc. 3).

ConepxxaHnnue ocobeit MOPCKOTO epllia B YCIOBHSIX
yMepeHHoii runokeuu (1.7—3.7 mr O, 17!) conpoBox-
TaJIoCh TIPOITOPIIMOHAIBHBIM POCTOM aKTUBHOCTH

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

oboux epMeHTOB. IIpu 3TOM CTaTUCTUYECKU 3HAYU-
MBble OTJIUYMS 3apEeTMCTPUPOBAHBI TOJIBLKO B OTHOIIIC-
Huu MJT (p < 0.05). 3nayenusa nuxaoekca M /JIAT
COXPaHSUJIMCh Ha yPOBHE KOHTPOJIbHBIX 3HaUeHuit. Of-
HOBPEMEHHO B TKaHU MOBHIIIAI0Ch cogepxaHue ATD
Ha 27.3% (p < 0.05).

Ocrtpsie popmbl runokcuu (0.3—1.0 mr O, 171), Ha-
NpOTHUB, HE MPUBOAMIM K W3MEHEHUIO dHEpreTuye-
Ne 3
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AT® mr! ceiporo Beca
ATP mg ™! of raw weight
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Puc. 3. Conepxxanue AT® B xkabpax u Mo3ry Scorpaena por-
cus. O003HAYEeHUST — KaK Ha puc. 2.

Fig. 3. Content of ATP in gills and brain of Scorpaena porcus.
The notation are as in Fig. 2.

ckoro cratyca TKanu. AktusHocty M/JIT, JIIT', 3Ha4e-
Hust unaekca MIJIT/JIAT u conepxkanue AT®D Obuin
GJIM3KU K 3HAYEHUSIM, 3apEeTUCTPUPOBAHHBLIM Y PbIO B
ycinoBusiX HopMokeuu (4.5—6.7 mr O, 17!1). Umeromm-
ecsI pasInuus He OBLIA CTaTUYECKU BhIPaKEHHL.

IIM. JanHas cTpykTypa, B cpaBHeHuu ¢ CIIM, saB-
nseTcs punoreHeTndeckm oosee apesHeid. [1pm cxom-
HbIX 3HayeHUsIx aktuBHoctu MII u JIAI', oTHOCH-
tenbHO CIIM, B IIM oTMedyeH Gojiee BHICOKUIT ypo-
BeHb AT®. OH B 2.2 pasa npeBblllIajl BEJIUYMHBI,
nonydyeHHble wist CIIM (p < 0.05; puc. 2). IIpu atom
peakuusa I1M Ha yMepeHHBIE U OCTPbie (DOPMBI TUITO-
KCHM He ObL1a BeIpaxkeHa. Bce namepsieMble BeJIMUYMHBI
COXpaHSJIUCh Ha YPOBHE KOHTPOJIbHBIX 3HAYCHWIA.
Poct conepxanust AT® B TKaHM HOCUII XapaKTep TeH-
IEHIIMM 1M HE ObUI CTAaTUCTUYECKMU 3HAYMMBIM (p =
=0.063; puc. 3).

Kabpoet. B cpaBHeHuu ¢ CIIM u ITM xabpbl xapak-
TEPU30BAIUCh MUHUMAIBHBIMUA aKTUBHOCTIMU MJIT
n JIAT', o yem ynomuHanocs Beiie (puc. 2). [1Ipu atom
3HayeHus nHaekca M /JIAT 6bu1u BhILIE, YeM B TKa-
HEBBIX CTpyKTypax Mo3ra (p < 0.05).

Taomuna 1. KoadhdulmeHT Koppensuuu (r) MeXIy aKTHUB-
Hocthio MIT u JIAI' mpy1 HOpPMOKCHHY U TUTTOKCUH B TKAHSIX
Scorpaena porcus

Table 1. Correlation coefficient (r) between MDH and LDH
activity in normoxia and hypoxia in tissues of Scorpaena
porcus

KoHnueHntpaius kucnopoaa, mr O, a!
Txkanu Concentration of O,, mg L~}
Tissues
4.5-6.7 1.7-3.7 0.3—1.0
CIIM/MDF 0.52+0.19 | 0.57£0.17 | 0.81 £0.19
ITM/OB 0.74 £0.09 | 0.96 £0.06 | 0.94 +0.07
XKaopwi/Gills 0.75+0.18 | 0.61 =0.16 | 0.87 = 0.15

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

VYMmepeHHbie (DOPMBI TUITOKCUHA IIPUBOIMIN K CHU-
JKEHUIO aKTUBHOCTUM oboux ¢depMmeHTOB Ha 50—63%
(p <0.05; puc. 2). U3ameHeHUsI ObLIU IMTPONOPLIMOHATb-
Hbl. 3HadveHus umHaekca MIII/JIAIT oTtHocuTenbHO
KOHTPOJISI HE UBMEHSUIMCh. B ycinoBusix ocTpoii runo-
KCUU CHMXXaJ1aCh TOJBKO akTUBHOCTL JIJII" Ha 53—54%
(p < 0.05), 9yTOo TIPUBOOMWIIO K POCTYy MHAEKCAa Ha 39—
40%. OmHako TocaeaHNe N3MEHEHUSI He ObLIH JOCTO-
BepHHEI (p = 0.066). [1pu aToM ypoBeHb AT® B 3kabpax
OBLI CTAOMJICH 1 HE 3aBHCEJI OT BAPMAHTOB I'MIIOKCHUYIE-
CcKoii Harpy3ku (puc. 3). B 1ie10M 1ipu yCUI€HUY TUIIO-
KCUYECKOIT Harpy3Ku 3aMeTHa TeHASHIUS K POCTY UH-
mexca MIIT/JIAIT m omHOBpeMEHHOMY CHIDKCHUIO
ypoBHst AT® B xabpax (p = 0.068).

Koppensyuonnvie omuouenus. Cnemyer oOpaTUTh
BHUMaHMe Ha cienytomue MoMmeHTh. B CIIM B ycno-
BUSIX HOpMOKCHU (4.5—6.7 Mr O, 1~!) 1 yMepeHHOI1 T1-
nokcuu (1.7—3.7 mr O, 17') 3HaueHUs KO3bPUIIMEHTA
koppensiuuu (r) He nipesbimanu 0.6 (taba. 1). Torma
Kak octpble popmbl runokcuu (0.3—1.0 mr O, 17!, Ha-
MIPOTUB, XapaKTepU30BaJIUCh YCUJIEHUEM 3TOTO B3au-
MoneiictBust: ripesbiman 0.8 (p = 0.061). YBenuueHue
3HAYE€HU 7 B YCIIOBUSIX OCTPOI TMITIOKCUU MOKA3aHO U
IS >Kaop. OgHAKO OHO HE OBIJIO CTAaTUCTUYECKM 3Ha-
yumo (p = 0.315). B cay4dae ¢ IIM pocrt r 3HaYeHUIT OT-
MevaId yKe TIpY YMEePEeHHbBIX (DopMax TUITIOKCUM: 3HA-
yeHus koaddunmreHTa npesbinaim 0.9 (p < 0.05) u co-
XpaHSINCh Ha B3TOM YPOBHE B YCIIOBUSIX OCTPOIA
TUIIOKCUU.

OBCYXIEHHWNE

M3 nipencraBieHHON BbIllle MTHOOPMALIUU HEOOXO-
JIMMO OCTaHOBUTLCS Ha CJIEIYIOIINX acTlleKTax:

* CIIM otnnyajcs BEICOKOI akKTUBHOCTRIOMIT 1
JIATI 1 MuHuManbHbIM comepxaHuemM AT®D. YmepeH-
Hble ¢hopMbl Tuniokenu (1.7—3.7 mr O, n1~') urayuumpo-
BaJIi POCT aKTMBHOCTU JAHHBIX (DEPMEHTOB IIPU CO-
XpaHeHuM 3HadyeHuit uaaekca MIT/JIAT. OxHoBpe-
MEHHO MOBHIIIaNoCch comepxanne AT® B TKaHWH.
Octprie GOPMBI THTIOKCUN HE OKa3bIBAJIN CYIICCTBCH-
HOTO BJIMSIHUSI Ha d3HepreTudeckuii cratyc CITM.

» I'unmoxkcus He oka3bIBajia 3HAYUMOTO BIIUSIHUS Ha
coctosiHue I1M.

» 2Kabpbl oT/IMYanyvch MUHUMAJILHBIMIA aKTUBHO-
ctavu ML, JIAI mpu BBICOKMX 3HAYEHUSIX MHAEKCA
MIAT/JIAI. OcTtpbie hOpMbI TUIIOKCUN ITPUBOININA K
cHIDKeHnIo akTuBHOCTU JIJII' m ToBBIIIEHWIO 3HAYe-
Huii magekca ML /JIAT.

* B yc1oBUSIX OCTPOI TUIIOKCUU OTMEYaIOCh YCU-
JIeHWe CBSI3U B cucTeMe “aKTuBHOCTh M/I" <> akTuB-
aocTh JIJII™” BO Bcex TMMax TKaHEH IIPU JOCTOBEPHOM
YBEJIMUYEHUM KO3 DUILIMEHTa KOPPEISILIMU MEXIY aK-
TUBHOCTBIO (pepmeHTOB (= 0.81—0.94, p < 0.05—0.01).

Mo03r KOCTUCTBIX PBIO OTHOCUTCS K MXTUOIICUIHO-
My TUILy U SIBJISIETCSI BEAYLUUM LIEHTPOM pedIieKTop-
HOIT mesareabHOCTH. B MO3Ty pPBIO BBIIEISIOT CICOYIO-
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1lIM€ OCHOBHBIE OTHEIbl — IMEPEAHUI, MTPOMEXYTOU-
HbI, CpEeIHUII MO3r, MO3XEYOK M ITPOJOJroBaThbIi
Mo3T [22, 23]. CTeneHb pa3BUTHUsI OTAEIOB MO3Ta phiO
3aBUCUT OT CEHCOPHOIO IMOTOKa, TOCTYIAIOIIEro M3
cpeabl. MO3T TOHHBIX phIO B CpeIHEM KpYITHEE, 9YeM Y
nemarnyeckux [17]. Paamepsl Mo3kedKa TOHHBIX PHIO
OTHOCUTEIBHO MaJibl, OJIHAKO MEePeIHUI U MPOI0JTO-
BaThIii OTIEJIbl MO3Ta Pa3BUTHI CUJIbHEE.

Moa3r gBaseTcss HanboJjiee CI0XHBIM, YyBCTBUTEIIb-
HbIM K O, OpraHoM, COCTOSIIIIAM U3 MHOXECTBA CTPYK-
TYPHBIX U (DYHKIIMOHAJbHBIX KOMIIOHEHTOB C 3aMETHO
pa3IUYaoIIMMUCI M HE3aBUCUMO PEryINpyeMbIMU
YPOBHSIMU (DYHKIIMOHATBHON 1 METAa00JIMYECKOM aK-
TUBHOCTU. OCHOBHOI1 ITyTh UCIOJb30BaHUSI TJIOKO3bI
MO3IOM — a3p0o0HOE OKUCIICHNE, KOTOPOE OIIPEaesIeT
KpaifHe BBICOKYIO UYBCTBUTEJIBHOCTb MO3ra K TI'HMIIO-
kcuu. KpoMe Toro, MI3BBeCTHO, YTO YaCTh TPOMEXKYTOY -
HBIX IIPOAYKTOB OKMWCJICHMS TIIOKO3BlI MCIIOIb3yeTCs
MO3IOM IJIsI 00pa3oBaHMsI MeIMATOPOB (ALIETHIXOJIM-
Ha, TAMK), kotopsie (B yactHocT, TAMK) cioyxar
OOAACPKAHNIO YCTOMYMBOCTA MO3Tra K TUIIOKCHHU, a
TakKKe IJIS pe3epBUPOBAHUsS alleTUJIBHOTO OCTaTKa B
BUe aletuiacraprara [24, 25]. 3BeCTHO, 4TO MO3T
pBIO, a TakKe MOYKU M KaOpbl UCITONB3yI0T 60—90%
noTpebiIsieMOil ITIOKO3bI [26], YTO yKa3bIBaeT Ha UX
BBICOKYIO METAa0O0JINYECKYIO aKTUBHOCTb.

Pearkuyus CIIM na eunoxcuro. AHan3 pe3yabTaTOB
WCCeIOBaHUS MOKa3ajl, 4TO YMepeHHbIe (POPMbI TH-
nokcuu (1.7—3.7 mr O, n17') akTuBU3UpPOBAIU OOMEH-
Hble npoluecchl B CITM (puc. 2). O6 3ToM CBUIETEb-
CTBOBAJI IIPONOPILIMOHAIBHBIN pOCT akTUBHOCTU M/
n JIAI' npu coxpaHeHMM 3HAYSHUM MHAEKcA
MJTI/JIATI. OnHOBpeMeHHO B TKaHU MOBBIIIAIOCH CO-
nepxanue AT® (puc. 3). [TocienHee ckopee IBsSIETCS
cneacTBrueM cHUKeHMs morpeoHoctu CITM B jaHHOM
coenuHeHUU. B ocHOBe JTaHHOTO SIBJICHUSI MOXET Jie-
xkatb TAMK-3pruueckuii mexanusm (FAMK — y-amu-
HoMaclistHas Kuciorta). OH IIpuoOpeTacT Beayllee
3HaYeHMe TIPU aJanTaiu CTPYKTYp MO3ra K yCJIOBUSIM
TMIIOKCUU/aHOKCUM, MOCKOJIbKY CIOCOOCTBYeT
YMEHBIIIEHHUIO 3alpoca HEPBHOM TKAHW HA MaKpO3PTU
noa TopMo3HbIM Bo3aeiictBueM TAMK [27]. YcraHOB-
JIEHO, UTO TIpu aHOKcuM (2 4) KonumuectBo TAMK, pe-
LIEMITOPOB CIMIOCOOHO yBEIUUMBATHCS, MPOAOJIKAS pac-
] 10 24 4 sKkcno3uiuu [28], 4yTo nmoBwIaeT 3 dek-
TUBHOCTb  peaju3allid  TOPMO3HOIo  AeWCTBUS
BeicBOoOOXnaromeiica TAMK. JlaHHBII MexaHU3M
CUMTAIOT YHUBEPCAIbHBIM (110 TUIOTHOCTU pelenTop-
HOTO amnrmapara Mo3Ta, ero peryjJsiTOpHbIM U KUHETU-
YEeCKHMM CBOMCTBaM) JIJII Pa3HbIX KJIaCCOB MO3BOHOY-
HBIX XKUBOTHBIX [29].

INonyyeHHBIE HAMU JaHHBIC MO YBEJIWYCHUIO aK-
TUBHOCTHU (DEPMEHTOB SHEPIeTUUECKOTO MeTaboau3Ma
B cTpyKTypax CI1M cKOpIIeHBI TTIpU YMEPEHHOM TUTIO-
KCHU COBITAIAIOT C MPEACTaBICHUSIMH O IIPEIITOUTH-
TeJIbHOM UCITOJIb30BaHUY IIIUKOT€HA B MO3Te HEKOTO-
PBIX OECUYETIOCTHBIX M GEHTOCHBIX KOCTHCTBIX PBHIO B
Ka4yecTBe OJIMKalIIero MCTOYHUKA TJIIOKO3bI ITPU CHU-
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xenum P,0,, a Takke BO3MOKHOM TIPUBJICYCHUN K M-
Ta0OJIMUECKUM ITPeoOpa30BaHMSIM JlaKTaTa UIN KETO-
HOB MpH neduimte riawoko3s [30].

Octpsie popmbl runokcuu (0.3—1.0 mr O, 17'), Ha-
TIPOTUB, HE OKa3bIBaJM CYIIECTBEHHOTO BJIMSHMS Ha
cocrossaue CIIM. Bce KoHTpolmpyeMble ToKa3aTeIun
COXPaHSJINCh Ha YPOBHE KOHTPOJbHBIX BEJIWYUH
(puc. 2 u 3).

IMpuunHsb! ycroitunBoctu cTpyktyp CIIM K ruro-
KCUM MOTYT OBITh clienyolnue. MajloBepOsSTHO, 4TO
TUITOKCHSI YCWIMBAJIa aHaA3pOOHbBIE IPOILECCHl B JaH-
HOM OT/eJIe MO3Ta, ITIOCKOJIBKY 3TO ObLIO OBl COTIPSTKE-
HO co cHIKeHreM ypoBHsI AT®, 4To B CBOIO o4Yepenb
OrpaHMYMBAIO OBI IBIXaTEIbHYIO U CEPASYHYIO PUTMH -
Ky. Ckopee Bcero B CIIM coxpaHsieTcst aapoOHasi opu-
eHTalus MeTaboJIM3Ma 1 IoAJIepXKaHue 3TOro odecIie-
YMBaeTCs M30MpaTeIbHBIM IepepaciipeleicHueM U
aKkTUBM3alMeili oObeMHOTO KpoBOoTOKa. Takasi peak-
U1 OTMEYeHa y psaa BumoB peio [31]. OHa npoucxo-
IUT Ha (poHEe MOOMIIM3ALINM TJIMKOTeHa nedeHn [32] u
pocTe conepxkaHus TroKo3bl B kpoBu [33]. C npyroii
CTOPOHEI, BUBI, YCTOMYMBBIC K OCTPLIM (DOpMaM TU-
MMOKCHUM, COAEPKAT B MUTOXOHIPUSIX ITUTOXPOMOKCH-
Jazy, 00JIaalolly0 BHICOKUM CPOJICTBOM K KHMCJIOPO-
ny. DTO MO3BOJISIET MOAAEPXKUBATH A3POOHBII MeTabo-
JIU3M TIpU KpaitHe HU3KoM HamnpsbkeHuu O, B TKaHU
[34]. He cnenyeTt MCKIIIo4aTh U3 BHUMAaHUS 1 HECKOM -
MEHCUPOBAHHBIN TUI OPraHU3ALIMU JAbIXaTeJIbHOM 1ie-
I B MUTOXOHAPHUSX, IJISI KOTOPOrOo XapaKTepHO YBeE-
JIMYeHUE COAepXKaHUSI TePMUHAIbHON T'PYIIIIbI 1IIUTO-
XpoMOB (aa;). [locneqHee 6610 OTMEUEHO HAMU paHee
IUIST psigja ODOHHBIX BUOOB PEIO [35]. OmpeneneHHOE
3HadeHmne B aganranuu CIIM x ocTtpeiM dopmMaM Iu-
nokcuu Moxer uMeTb U 'AMK-spruyeckuii mexa-
HU3M, CHIDKAIOIINI 3aIpoCc HepBHOM TKaH! Ha ATO,
KOTOPBIN OBITT pacCMOTpeH BhIIIIe [27].

Peakuyus IIM na eunokcuro. IlpogonaroBaTbelii MO3T
(ITM) pbIO TpUHUMAET yYacTHE B 00pa30BaHUM CTBOJIA
MO3Ta U COIEePXUT 0a30BbIe pedIEKTOPHBIE LICHTPHI,
peryIupyloline AbIXaHUE, CePAeYHYIO NESTEIbHOCTD,
TOHYC COCYIOB, SIBJISIETCSI MECTOM IIPOXOXKIEHUS BOC-
XOOSIIUX U HUcXoadux nyTteit. B IIM pacnoioxXeHbl
sanpa mectu map (V—X) 4epermHo-MO3roBbIX HEPBOB
[22]. Kak yxe otmMedanu, [TM siBisieTcst 3BOTIOLIMOHHO
HamnboJIee IpeBHUM OTIEJIOM I'oJIOBHOTO Mo3ra. Hanmm-
yue B [IM pecnimpaTopHOIo M cepaedHO-COCYINCTOTIO
LICHTPOB HaKJaAbIBacT oNpee/ieHHbIe TPeOOBaHUS Ha
nojjepKaHue KUCIOPOAHOIO roMeocTa3a B JaHHOM
otaelie Mo3ra. VI3 pe3yibTaToB, IIpeaCcTaBICHHBIX B Ha-
cTosiiIelt padote, caenyet, yTo IIM umen cornocTaBu-
mble ¢ CIIM aktuBHoctu MJI u JIAT (puc. 2). IIpn
3TOM ypoBeHb AT® B HaHHON CTPYKType ObL1 OoJjiee
yeM B 2 pasa Bbille (puc. 3). YMepeHHbIE U OCTphIe
¢opMBI TUNOKCUM HE OKAa3bIBaJM CYILIECTBEHHOIO
BanssHUS Ha MeTabosm3m I[TM. Bece nzmepsiemblie Ben-
YUHBI COXPAHSUIMCh HA YPOBHE KOHTPOJbHBIX 3HAUE-
HUIA, YTO IT03BOJISIET IIOMICPKIBATh aKTUBHOCTh aB-
TOMAaTUYECKUX HEPBHBIX LIEHTPOB B TAHHOM CTPYKTY-
Ne 3
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pe, TIpexae BCEro pecrnupaTopHOTO U CEpAEYHO-
cocynuctoro. M3BecTHO, 4TO CITOCOOHOCTh IMOAAEP-
KUBaTh cTabuibHble YpOBHU AT® Bo Bpemsi TuUmo-
KCHM, 0COOEHHO B OKCU(UIBbHBIX TKAHSIX, TAKUX KaK
MO3T, CYUTAETCS NMTPU3HAKOM TOJEPAHTHOCTU K TUIIO-
Kcuu [36].

B ocHoBe TosiepanTHOCcTH ITM K Aeuumnty Kuciao-
pona, IO-BUAMMOMY, JIEXKUT U3HAYAILHO HU3Kasd CKO-
pocTh a3pobHOTro ooMeHa. OO0 3TOM CBUACTEIBCTBYET
BbIcOKUiT ypoBeHb AT® B 1aHHOI CTPYKType B CpaB-
Henun co CIIM. 3a 3TMM Ka4eCTBOM MOTYT CTOSTH
BbIcOokas 1ioTHocTh TAMK, perientopoB, NOBBIIEH-
Hoe colepxXXaHue LIMTOXPOMOB TEPMUHAIBHOM IPYMIIbI
(aa;), BbICOKOE CPOACTBO K KUCIOPOAY LIUTOXPOMOK-
cuaas3bl U T.4.

Kabper. KabGepHBbIi1 anmmapatr MOPCKOTIO epiia, Kak
1 y Apyrux OEHTOCHBIX BUIOB PbIO, 00J1alaeT OTHOCHU-
TeJIbHO HeOOJIbIIION TIIOIIAIbIO0 10 CPaBHEHUIO C aK-
TUBHBIMHU, OBICTPO TMIaBaoIIMMM peioamu [37]. Jdnsa
M3Y4YeHUSI OCOOCHHOCTEM MeTabOINYeCKOIro Mpodus
CKOPTIEHbl HAMM UCTOJIb30BaaCh TKaHb TOJBKO Iep-
BOIi XkabepHoii nyru (puc. 1b). Kak n3zBectHO, I1IepBbIe
>)KabepHbIEC TyTM MHOTUX BUIOB KOCTUCTBIX PbIO, BKJTIO-
yasi ckopreHy [38], mojyJaroT MHHEpPBALUIO CO CTOPO-
HEI s1361K0orI0TouHOrO (1X) 1 6myxnaromiero (X) Hep-
BOB (puc. 1a) u comepXkaTt 4YyBCTBUTEIbHBIE K KOJeba-
Husim P,O, Helpo-snuTenuaibHble KIETKU, YTO
onpenaensieT cneluduueckyo GyHKIIMIO MEPBOM XKa-
OepHOIi 1yry B KauecTBe MecTa pacnosioxeHus O,-ceH-
copa, 3amycKalollero Kackaa KapauopeclupaTOpHbIX
pedaexcoB Kak “IepBYIO JUHUIO OOOPOHEI” MpPU T'M-
nokcuu [3].

C TOYKM 3peHUS IIMTOMOPQPOJOTUN KaOepHBIN
SIUTENNIN pbIO TIpencTaBisieT co0oil “Mo3auKky” pe-
CIUPATOPHBIX, CIM3UCTBIX U XJIOP-CEKPETUPYIOLINX
KJIETOK — MOHOLIMTOB, COIepXKallluX O0JIbIIIOE KOJINYe-
cTtBO MuUToxoHApui [39]. PecrimpaTopHble KIETKH,
KOHTaKTUPYIOLIUE C apTeEPUATBbHBIM KPOBOTOKOM, CO-
CTaBJISIOT CYIIECTBEHHYIO YaCTh SIMUTENUS KaOEePHbIX
JIaMeJUT; B TO XK€ BpeMsl KaK MOHOLIUTHI, TOMorpaduye-
CKM CBSI3aHHbBIE C BEHO3HBIM PYCJIOM, pacrojiaralorcs
IpeuMyIIeCTBEHHO Ha (huiiaMeHTax. 2KabepHas TKaHb
XapaKTepu3yeTcsl BLICOKOW MHTEHCUBHOCTBIO KPOBO-
TOKa; JaBjeHue B adepeHTHOIT XabepHOIi apTepuu
cocTabJisieT 0KoJio 30 MM PT. CT. U SBJISIETCS OTHUM U3
CaMBbIX BBICOKMX, 3apeTrMCTPUPOBAHHBIX Y MO3BOHOY-
HBIX XMBOTHEIX [40]. YcTaHOBIIEHO, UTO pecImpaTop-
HbI€ KJIETKU HAMPSIMYIO CBSI3aHbl HE TOJILKO C ra3000-
MEHOM B >KaOepHOM arrapare, a TakKXKe ¢ peryisiiueii
KMCJIOTHO-1IIEJIOYHOTO OajiaHca, BbIAEICHUEM aMMO-
HUS 1 IPYyTUX IMIPOAYKTOB a30THOro KataboamusMma [41].
3a uckiIoUYeHueM OOMeHa BOJbl, KUCIOpOJa U yriie-
KMCJIOTO Ta3a, KOTOpbIe, M0-BUIUMOMY, OIPENeIsIIOT-
cs TmpocTort mud@y3nr, Bce OCTAIBLHBIE MPOIIECCHI,
VIIOMSIHYThIE BBIIIIE, TPEOYIOT TPUIOXEHUS 3HAYM-
TeJIbHOII MeTabOoJIMUeCKOll aKTMBHOCTM U 3aTpaThbl
MaKpO3pTroB.
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HM3BecTHO, uTO Ha cHuXeHue P, 0, MHOTUE BUIbI
pbIO pearupyroT YMEHbIIEHUEM YacTOTbl CEpAEYHbIX
COKpallleHU## M YBEeJIUYEHUEM 4YacTOThl JbIXaHUS;
npuyeM, Opaaukapansi OObIYHO KOMIIEHCUPYETCS 0~
BBHIIIICHUEM AaBjieHHEeM KpoBoToka [42]. OueBUOHO,
MOAOOHOTO pojaa (usnoioTuYeckasr peakiusi pbio
OKa3bIBAETCSI MOJIE3HOM 1T 3(PPEKTUBHOCTH ITOTIIO-
meHus O,, MOCKOJIbKY 00Jiee BBICOKOE ITyJIbCOBOE JaB-
JIeHUEe CIOCOOCTBYET paclpaBeHUIO XaOepHBIX Ja-
MEJUI U TIPUBOJUT K BBIPA)KEHHOMY DPaBHOMEPHOMY
pacnpeaesIeHUI0 MHTpajlaMeJUISIPHOTO KpoBOoTOKa. B
YIIOMSTHYTOM CUTyalluM “pacKpbiTHe” 3aKPBITHIX JIa-
MEJUI MO AEUCTBUEM BBICOKOTO AAaBJIEHUS KPOBU CO-
MPOBOXIAETCsl UX UHTEHCUBHOI nepdy3ueil Ha hoHe
TUIMIOKCUU, CONENCTBYS Haubosee TMOJHOMY YIOBJe-
TBOPEHUIO KMCJOPOJHOTO 3ampoca OpraHusMa phIo.
Juddy3noHHasT cnoCOOHOCTh XKaOepHOIl TKaHU IIPU
TUIIOKCUU MOXET 3aMETHO MOBbIIIAThCS Ha (poHE yBe-
JIMYEHMsI KpOBOTOKA JIU0O0 remMaTokpuTa [43].

TkaHu Xabp XapaKTepU3yIOTCSl CYIIECTBEHHBIM
“BHYTpeHHUM” norjoieHueM O, xxabepHbIMU (uia-
MEHTaMU, KOTOPOE HE OTHOCUTCSI HEMOCPEACTBEHHO K
JIbIXaTeJIbHOM (DYHKIIMU XabepHOTo arnapara 1 cBsi3a-
HO MpexJe Bcero ¢ GyHKIIMOHUPOBAHUEM CIeLUaTN-
3UPOBAHHBIX >XKAOEPHBIX KiIeTOK-MoHOoUMTOB [40]. B
ITOKOe >XKabepHas TKaHb MOTpebiisieT okoiio 27% O,,
cocTaBlisgs Bcero uib 3.9% ot Macchl Tena [43].

M3BecTHO, YTO OJHMMU U3 CIENCTBUI amanTaluu
opraHm3Ma pbl0 K TMIIOKCUU SIBJISIIOTCSI HAKOTUICHUE
JlakTaTa (JJakTaTHBIN aluno3) U cHKeHue pH kposu;
MpPUYEM B 3aBUCMMOCTHU OT BUJIOBOI MTPUHAIJIEXXHOCTHU
VIIOMSTHYTbIE CABUTU MMEIOT pa3HylO CTeIleHb BbIpa-
xeHHocTHu [44, 45]. Iloka3aHo, YTO XXaOphl M MOYKHU
pbIO SBJISIIOTCSI OCHOBHBIMM y4YacTKaMU MOHHOTO U
KUCJIOTHO-IIEIOYHOTO OOMeHA ¢ IOMOIIbIo Nat/kuc-
snotHoro u Cl~/menoyHoro skBuBajeHTOB [46]. [1pu
9TOM XabepHasi TKaHb B 2—3 pa3a 3 dpeKTuBHEE IToYeK
MO CTeNeHW HeuTpaiu3aluyd KUCJIOTHOM Harpys3ku
[47]. Pa3zBuThMe mnia3MEHHOrO alyao3a B YCJIIOBHUSIX
BHEIITHE TUTIOKCUU Y PbIO MOXET OBITh O0YCIOBIEHO
He TOJIbKO HaKOIUIEHUEeM JlakTara, Ho u poctom PCO,
BCJIEACTBUE cJlaboit OydepHOit eMKocTH KpoBu [48].
OTMeuYeHO TakKKe, YTO Kabpbl Yy PbIO HE OTIMYAIOTCS
BBICOKOI 3((hEeKTUBHOCTbIO MO BhiBeaeHUtio CO, us
KpoBH [49]. JlonoaHUTEIbHBIM aKTUBATOPOM METa00-
JInyeckoro eHoMeHa B kabpax CKOPIEHBbI Cieayer
CUUTATh BBICBOOOXIEHUE aJpeHalnHa, KOTOpbIiA 00-
JlagaeT JOMOJIHUTEIbHON CIOCOOHOCTHIO YBEIMYUBATh
IIPOHUIIAEMOCTb Ka0p st Boasl [50] 1 ra3oB, B 4acT-
Hoctu g O, [49]. Takum oOGpa3zoM, MOMUMO (DYHK-
LMY pecnupaluny XabepHasl TKaHb, SIBJISIETCSI CBOETO
pona perynsitopoMm pH, PO, B KpoBU MPU CTPECCOPHBIX
BO3JIEMCTBUSAX, KOTOpasi MpU MPOTPEeCCUpyIoNIeid TH-
MOKCUY JOJIKHA pearnpoBaTh Ha yBEJIUUYEHUE KOHIICH-
Tpauuu Jakrata, CO, 1 Ipyrux MeTaboJn4eckux areH-
TOB.
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W3 pesynpraToB, MpeICTaBISHHBIX B HACTOSIICH
pabote, clienyeT To, UTO XaOphbl MPU KpailHE HU3KUX
aktuBHOCTIX M/II" u JIIII" otHocuteapHo CIIM u IIM
MMeEIOT 0osiee BhICOKME 3HaueHus nHaekca MIT /JIAT
(p = 0.061) (puc. 2), oTpaxaloie aHa3pPOOHYIO OpU-
eHTallMIo MeTabonr3Mma B JaHHOM opraHe. Jlokasa-
TEIBCTBOM 3TOrO SBIISIETCS 3HAYMTENIBHBIA pecypc
IJIMKOTeHa B 3KabepHOM TKaHU, OTMEUYEHHEBIN B pabdo-
Tax Ha TpeacTtaBuTesix ponaa Fundulus [51], a Takxke
CMOCOOHOCTh MX K YTWJIM3allUY MOBBIIIEHHBIX KOJU-
yecTB JlakTaTta [41]. CHmkeHue aktuBHocTH MJITT 1
JIAI' B xabpax B YCJIOBUSIX YMEPEHHOUW TUMOKCUU
(1.7-3.7 mr O, 17"), oTMe4YeHHOE B HacTOsLIEl paboTe,
pu coxpaHeHUM 3HayeHnt nagekca M /JIAT u pe-
cypca AT®, cienyer paccMaTpuBaTh KaK OOIIYIO Me-
TabOJIUYECKYIO Nerpeccuio. JlaHHas peakiiysl Xapak-
TepHa IJIsI HavyaJbHBIX 3TAIlOB amalTallii OOJIbIIH-
CTBa TUAPOOMOHTOB K YCIOBUSIM Tunokcum [9].
Octpsie popmbl tuntokcun (0.3—1.0 mr O, 17!) conpo-
BOXIAJIMCh MCKIIOUUTEIbHO MOHUXEHUEM aKTUBHO-
ctu JIII' u poctoM 3HaueHmii nHaekca MAT/JIAT B
Xabpax, 4TO OTpaxaeT IIepeXxoH MaHHOI'O OopraHa Ha
aHa’pPOOHBIN peKUM padOTHI.

CoxpaHeHue BeICOKOI akTuBHOCTH MJIT" B ycimoBm-
ax JedpuumuTa (OTCYTCTBMSI) KHUCIOpOAa XapaKTepHO
IUISI TUAPOOMOHTOB, TOJIEPAHTHHIX K TUIOKCUM/aHOK-
cum [12, 52]. U3BecTHO, 4TO IIMTOILIa3MaTHdecKast
dpakuusas MIAI compsikeHa ¢ INIMKOJUTUYECKUMU
npoueccamu 4epe3 GpochoeHOIMMPyBaTKaApOOKCUKM -
Hazy [13], Tpancdopmupyomyo ¢ochoeHONMTIPYBaT
B okcayioanietar. MI' BoccTaHaBiIMBaeT oKcajioalle-
TaT OO MajlaTa, KOTOPBIMA 3aTeM MOCPEICTBOM MajaT-
CYKIIMHATHOIO II€peHOCYMKa HampaBjIseTcsd B MUTO-
XOHAPUM U JTOBOOUTCS (epMeHTaMU BETBU ILUKJIA
Kpebca, mipu yyactun mutoxoHapuaibHot M/, oo
cykumHata. IlomoOGHast opueHTanMsT MeTaboJIM3Ma
OrpaHMYMBaeT MOTOK YIVIEBOAHBLIX CyOCTpaToB B Ha-
IpaBJeHWHU JIaKTaTa, MCKIII0Yasl ero 4pe3MepHoe Ha-
KOIUJICHUE, 1 COXPaHSET IHEPTeTUUECKMI CTaTyC TKa-
HU. PaHee naHHas peakius orrcaHa HaMU JUIST Kabep-
HOM TKaHU MOJLTIOCKOB [20].

IIpencraBneHHbIe B HacTosI1Iel paboTe pe3yabTaThl
HCCIeIOBAaHUM COBITAIAIOT C TaHHBIMU, TTOJIyYE€HHbIMU
Ha JPYrux BUAAX KOCTUCTHIX pbiO. Tak, yBeanueHue
aktuBHOCTU JIJII” KaK mokasaTesiss aHa3pOOHOIO OOMe-
Ha B TKaHSIX XXa0p peIOBI-TIATHA Leiostomus xanthurus,
obuTaromeii 'y BOCTOYHOTo Tmobepexbsi CeBepHOId
AMepUKH, OTMEJaAJIOCh TOIBLKO Mpu 10% HacHIIIeHUHN
0O, (0.8 mr O, n7!) [53] Ge3 U3MEHEHUsI aKTUBHOCTHU
LIMTPATCUHTA3bl KaK MHAMKATOpa adpOOHOIo MeTabo-
au3sMa. IIpu Gosiee BBICOKMX 3HAYEHUSIX HACBILLIEHUS
Boabl O, (6omnee 25%) aktuBHOCTh JIJIT' B kabpax He
U3MEHSIIacCh.

Koppensyuonnvte omnouwenus. OoauM n3 3pdek-
TOB, BBISIBIEHHBIX B HacToslleil pabore, SBIsIETCS
pOCT 3HaYeHUM Ko3h(dUIMEHTa KOPPEISIIUA MEXIy
MATI w JIAT B yclIOBUSIX OCTpOIA TUIiokcuu. B otnenb-
Hbix TKaHsax (ITM) ero 3HaueHusi npesbimanu (.9.
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COJIIJATOB u np.

B ocHoOBe 3TOTO 3hDeKTa, ITO-BUINMOMY, JIEXKUT (haKT
conpsixkeHuss MAT B ycnoBusix octporo aedunura O,
¢ cybcTparaMu IVIMKOJIM3a, KOTOpbie (hepMEeHT IoJTy-
yaeT yepes pochoeHoImUpyBaTKapOOKCUKHa3zy [13].
Takast opueHTannss OMOXMMHYECKMX ITPOIIECCOB MC-
KJIIOYaeT HaKOTIJIeHUE JJaKTaTa U COXpaHsIeT SHEePreTH -
YeCKUI CTaTyC TKAHU B YCIIOBUSIX METa00JIMYECKO fe-
MPECCUN.

MOKHO 3aKJIIOYUTh, YTO KPATKOCPOUHASI TUTTOKCHUS
(90 MuH) He okaspiBajla 3HAYMMOTO BJMSHUS Ha
CTPYKTYpPbI TOJIOBHOI'O MO3Ta MOPCKOTO epiiia. AKTUB-
"Hocts M1, JIAI', 3navenust naaekca ML /JIAT n
conepxanue AT® B CIIM u IIM B ycaoBUsIX OCTpOi
runokcuu (0.3—1.0 mr O, 17') coxpaHsUIMCh Ha yPOBHE
KOHTPOJIbHBIX 3HaueHu i (4.5—6.7 mr O, 17'). YMmepeH-
Hble popmbl runokcnu (1.7—3.7 mr O, 1) BbI3BIBAIN
MpONOpUUOHATBHBIN pocT aktuBHOCTH MIT, JIAT n
nosbiiieHre ypoBHsa AT® B CIIM. I1ocnenHee ckopee
SIBJISIETCS CJIeICTBMEM CHUXKeHUsI noTpedHoctu CITM
B TaHHOM COCOMHEHNM, B OCHOBE KOTOPOIO MOXKET
nexatrb AMK-a3prugeckmii MexaHU3M peTyasSInun
AKTUBHOCTU TKaHEBBIX CTPYKTYp MO3ra, CIIOCOOHBI
MOHMKATh 3HEPreTUYECKre ITOTPEOHOCTU HEPBHOM
TKaHU 4yepe3 yBeanueHue miaotHoctu TAMK, peuen-
TOpoB. 2Kabphl OTINYAJIMCh MUHUMAaIBbHON aKTUBHO-
cteio MJIT, JIAI' mpu BBICOKMX 3HAYE€HUSIX MHAEKCA
MIATL/JIAI. OcTtpbie hOpMbI TUIIOKCUN IIPUBOININA K
CHIDKEHMIO B HUX akTuUBHOCTH JIII' M moBBIIIEHUIO
3HaueHuit uHaekca MJIT'/JIAT, uTo oTpaxkaeT nepexon
TAaHHOTO OpraHa Ha aHa’pPOOHBIM pexXuM padoThl. B
YCJIOBUSIX OCTPOM TMIIOKCUM OTMEYajoCh YCUJIEHHE
CBSI3U B cucTeMme “akTuBHOCTh M/I' <> aKTUBHOCTH
JIII"” Bo Bcex TMMax TKaHEM IpU pocTe KoadduieH-
Ta KOPPEJISILIUMU MEXITy aKTUBHOCTBIO (pepMeHTOB (p <
<0.05—0.01), yTo xapaKTepHO s BUAOB, TOJECPAHT-
HBIX K JepunuTy Kuciopona. B ocHoBe maHHOTO 3(-
dekTa, MMo-BUANMOMY, JIEXKUT (PakT conpsizkeHuss MJIT
¢ cyObcTpaTaMHM TJIMKOJIU3a B YCIOBUSIX OCTPOTro Aehu-
uuta O,, 4TO UCKIIOYaeT HaKOIUIEHUWE JlaKTaTa Mpu
MeTa0OJIMIYECKOM NEeNPECCUN.
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Energy Metabolism Enzyme Activity and ATP Content
in the Brain and Gill Tissues
in Black Sea Ruff Scorpaena porcus Linnaeus during Short-Term Hypoxia
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The effect of short-term hypoxia on the activity of oxidoreductases — malate dehydrogenase (MDH, 1.1.1.37) and
lactate dehydrogenase (LDH, 1.1.1.27) in the scorpaena organs determining an urgent adaptation to oxygen de-

ficiency — brain and gills (first branchial arch) was studied. The control group of fish was exposed to 4.5—6.7 mg O, L™!
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(normoxia), experimental groups were kept under 1.7—3.7 mg O, L~! (mild hypoxia) and to 0.3—1.0 mg 0, 17! (acute
hypoxia). The oxygen content in the water was reduced by saturating it with nitrogen. All groups of fish were ex-
posed to examined condition during 90 min under 21—22°C. It was shown that hypoxia had not a significant im-
pact on the brain structures of scorpaena. Under acute hypoxia MDH, LDH activity, MDH/LDH index and
ATP content in forebrain, diencephalon, midbrain (FDMB) and medulla (MB) remained at the level of control
values. Mild hypoxia caused a proportional rise of MDH, LDH activity and increased ATP level in FDMB like
a consequence of the reducing need in ATP in these brain area. Above-mentioned phenomenon could be based
on the GABA-ergic mechanism of the regulation of brain tissue activity that is able to reduce the energetic needs
of the nervous tissue through the increased density in GABA, receptor apparatus. The gill tissue had a minimal
activity of MDH, LDH on the background of high MDH/LDH index value. Acute hypoxia was accompanied by
the drop in LDH activity and increased MDH/LDH which was related to anaerobic mode of operation in gill
tissue. Under acute hypoxia there was an increase in the relationship in “MDH activity <> LDH activity” system
(r=10.81-0.94, p < 0.05—0.01) in all types of tissues, which is typical for the species tolerant to oxygen deficiency.
Probably, this effect is achieved by the conjugation of MDH with glycolysis substrates in the conditions of acute
O, deficiency, which excludes the accumulation of lactate during metabolic depression.

Keywords: fish, hypoxia, gills, brain, malate dehydrogenase, lactate dehydrogenase, ATP
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