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Cepaue pbI0 mpencTaBiisieT OO0 YHUKAIbHYIO MOJIE)b JIJIsI CpPaBHEHUSI YCTOMYMBOCTU K TUTIOKCUHU JIBYX Ka-
Mep cepaua (Ipencepaue, XeayoodyeK), pa3IdJaloinxcs Mo CTPOeHUIO M (DYHKIMOHAIBLHONM Harpyske. B
yenopusix octpoii rumnokcuu (0.9—1.2 mr O, n~', 90 MuH) U3yyamu aKTUBHOCTb oKcumopenykTas (MJIT,
1.1.1.37; JIAT, 1.1.1.27) n mapamMeTphl afeHWIATHON CUCTEMBI B KaMepax ceplla 4YepHOMOPCKOM CKOPIICHHI.
HecMoTpst Ha m1aBeHCTBYIOINTYIO (YHKIIMOHATBHYIO POJIb XXeJyao4yKa, akThBHOCTb MIT™ B HeM nMeJia TeHIeH -
11110 K TIOHMXXEHUIO 10 CPAaBHEHUIO C MpecepareM Mpu OTCYTCTBUM pa3inuuii B akTuBHocTH JIJIT. Bmecte ¢
TeM pa3Hulla B copepxaHuu ageHunatoB (AT®, AII®, AM®D), cymmapHoM afaeHunatHoM myie (All) u ane-
HIWIATHOM BHEPreTUYeCKoM 3apsiae (AD3) Mexmy ImpeacepareM U XKeIyaTouyKoM ObLIa CTAaTUCTUYECKH He3Ha-
4nMOIi, XOTs abcomoTHOe 3HaueHue All kenynouka ObLIO ITpakKTUYECKU B ABa pa3a 6oJsblie All npencepaust.
Bennunna AD3 nepdy3upyeMbIx BEHO3HOM KPOBBIO Mpeacepans U Xeayaodka He npesbimaia ~ 0.7 (mpoTtus
MaKCUMAaJIbHBIX 3HaUeHUil 3Toro nokasaresst ~ 0.9—1.0), yTo, MO-BUAUMOMY, OTOOpaXaeT SHEPreTUUECKU
CcTaTyCc TKaHel, UCXOAHO afanTUPOBAHHBIX K YCIOBUSM TMITOKCUU. [Ipu OCTpOii TMIIOKCUM OTMEYasIoCh 1Be
cTpareruu rnpeodpa3zoBaHusl MeTaboIM3Ma OTHOCUTEIBHO KaMep cepalia B Buie naaeHust aktusHoctu MT B
2.4 paza (p < 0.05) B mpeacepauu u npupocta akrusHoctu JIJII' B 2.2 paza (p < 0.05) B xenynouke. BepositHo,
cHXeHue akTuBHOCT M/II' B TKaHU mpencepaust AeTEpMUHUPOBAHO OoJiee TacCUBHOM (DYHKIIMEH 3TOM Ka-
MepHI ceplilia B o0ecrieueHu KpoBoToKa. OcTpasi TMITOKCUSI TPUBOAMIIA K YMEHbBIIEHUIO KOJIMYECTBA aIcHU -
JIOBBIX HYKJICOTUIOB U yObIBaHUIO AD3 B KaMepax cepilia, 4YTo ObLJIo HauboJiee SIBHO BhIPaK€HO B MUOKap/Ie
xkenypouka. [Tpu cHuxenun PO, cnuru AD3 kaMep cepaua NPOUCXOAWIM B JOCTATOYHO Y3KOM IMaIa3oHe
(o1 0.7 m0 0.6), 9TO YKa3bIBAJIO HA COXPAHEHUE OMPEICIIEHHOTO CTAIIMOHAPHOTO 9HEPTETUIECKOTO COCTOSTHUS,
IOCTUTAaeMOTO ITyTeM TOPMOXKEHUs nmoTpebiaeHus: uin notpeoHoctu B AT®. [IpennonaraeMbliit HAMU MeXa-
HU3M yAepXaHUsl BeJTUIMHbI AD3 MoxXeT 6a3MpoBaThbCsl HA OTPULIATESIBHOM XPOHOTPOITHOM 3 deKTe rumo-
KCUU.

Karouegwie crosa: pr6bI, TUIIOKCHUA, KaMEPhI cEpalia, MaJlaTACIruaporeHasa, JakrataeruaporeHasa, aacHuaar-
Hada CucremMma
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BBEAEHUE

I[maBHBI oOpraH cepaeuyHO-COCYIUCTON CUCTEMBbI
MO3BOHOYHBIX >KWBOTHBIX — CEpAlle — SBISIETCS
a’pOOHBIM OPTaHOM, HYXXIAIOIIMMCSI B TIOCTOSTHHOM
cHaOxeHun AT®. BricBoboXnalolasicss B pe3yabrare
rugponuiza AT® sHeprusi UCIOJb3yeTCs KieTKaMu
cepllia — KapJAUOMMUOLIMTAaMU — JIJISI OCYLIECTBIIEHUS
COKpallleHU U Toaaep>KaHUsI BHYTPUKIIETOUHOTO Oa-
naHca noHOB [1]; 3anac AT® KapaIMOMUOLUTOB Orpa-
HUYEH HACTOJIbKO, YTO MOXET O0ECIeUUuTh JUIlb He-
3HAUYMTEJbHOE KOJIMYECTBO COKpallleHWil B TeyeHUe
HECKOJbKUX CEKYH/I.

AnanTUBHBIE BO3MOXHOCTHU >XXUBBIX OPraHU3MOB B
BOJIHOM CpeJie ¢ MOCTOSIHHO BapbUPYIOIIUM YPOBHEM
0, (P,0O,) B 3HaUMTENbHOI CTENEHU 3aBUCST OT 3h-
(GEKTUBHOCTM B3aMMOICHCTBUS a’3pOOHOrO M aHad-
pOOGHOro MyTeil HepPreTUYeCKoro MetTadboansmMa 1 oa-
JlaHCa MeXIy SHEpPreTUUYecKMM OOMEHOM U 3alipoCoOM
Ha MaKpo3pruyeckue coenuHeHus. Peakiiuu, KoTo-
pble 00eCIeunBaOT OKCUIOPENYKTa3bl — MaJlaTaeT /I -
porenasza (L-manar: HAJl-okcunmopenykraza; MJIT,
1.1.1.37) u nakratoerunporeHasa (srakrat: HAJl-okcu-
nopenykrasa; JIIAI, 1.1.1.27), SBISIIOTCSI HeOTbeMJIe-
MO YaCThIO HOPMaJIbHOTO MeTaboIM3Ma U ananTaluuu
K M3MEHSIONIMMCS YCIOBUSM BOIHOM cpeabl odouTta-
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aug. Lnto3onpHasg ¢dopma MI mpmHENMaeT ydacTtie
B a3p0OOHOM IJIMKOJIM3Ee U MaJiaT-acIliapTaTHOM IIIyHTE,
OKMCJISISI TIOCTYMAOIINI M3 MUTOXOHIPUIA MajiaT B OK-
cayoanerat ¢ oopazoBannemM HAJIH, B To BpeMmsa kKak
JIIT kaTanm3upyeT 3aKIIOYUTEIbHBIN 3Tarl aHa’po0-
Horo mmkojm3a. O6a pepMeHTa 00eCIeUNBAIOT IIPO-
W3BOACTBO MaKpPO3PTOB U PETYISILIUIO OKMUCIUTEILHO-
BOCCTAaHOBUTEJILHOTO TTOTEHIIMAA KJIETOK; B KAYECTBE
HoKa3aTellI WHTEHCUBHOCTA M HaIpaBJICHHOCTU
OKHCJIUTEIIbHBIX TTPOLIECCOB B TKAHSX UCITOJIB3YIOT CO-
OTHOIIIEHUE X aKTUBHOCTH [2]. U3MeHeHne THIpOXU-
MUYECKUX XapaKTePUCTUK CPeabl, MPeXae BCEro co-
nmepxxaHusi O,, BBI3BIBACT CIBUTH MEXIY a3pPOOHBIM U
aHa’pOOHBIM META0O0JM3MOM, BKJIOUAIOIINE AKTHUB-
HOCTh OKCUIOPEIyKTa3.

ILlenTpanpHOE MECTO B DHEProoOMEHE KIJIETOK BCEX
TUTIOB MPUHAIJICXKUT aICHUJIaTHOM CUCTEME, BKITIOYa-
omeit AT®, AI® u AM® [3]. [IpuueM sHepreTrye-
CKMI CTaTyC KJETOK B KaKIblii onpeaeaeHHbI MO-
MEHT 3aBUCUT OT OTHOCUTEJIbHBIX KOHLIEHTPAIIU BCEX
TpeX KOMIIOHEHTOB. JIJII OILIEHKNW SHEPreTMYeCKOIO
COCTOSIHUSI KJIETOK MCITOJIB3YIOT IT0Ka3aTeldb dHEpre-
TUYECKOIO 3apsiga afcHUIaTHON cucteMbl (AD3), KO-
TOpaslk OCYILIECTB/SET PETy/SLUI0 BHYTPUKIIETOYHBIX
MPOIIECCOB, OTBETCTBEHHBIX 3a IMOCTAaBKY M YTWJIM3a-
LU0 DHEPTUU, NOAASPKUBAECT ONTUMAIbHBINA YPOBEHb
(GYHKIIMOHMPOBAaHUSI C HAMMEHBIIMMU 3aTpaTaMu
DHEPIUM.

Henocratounoe nocrymiaenue O, (TUIokcus) mpu-
BOIIMT K TTEPEKITIOUCHUIO a3POOHOTO SHEPTETUIECKOTO
MeTaboirM3Ma Ha aHa3pOOHBIM IMyTh, YTO BeAET K
YMEHBIIICHUIO KoJImyecTBa IIpon3BoauMoro AT® (BbI-
pabaTbeIBaeTcsl TOJIBKO 2 MoJieKynbl AT® BMmecTo 38),
HapacTaHMEM BHYTPMKJIETOYHOTO allua03a U HEKOH-
TponupyeMbIM pacriagoM AT® na AJI® u AMO [3].

YepHoMopcKasi ckoprieHa Scorpaena porcus sSIBJISI-
€TCsI 00BEKTOM MHOTOYMCIICHHBIX UCCIIeIOBaHUIT, 00-
JagaeT 3HAYUTENbHOM YCTOMYMBOCTBIO K JIEMCTBUIO
psiza  CcTpecCOpHBIX (paKTOpPOB, BKIIOYAsl TUIO-
Kcuio/aHokeuio [4, 5]. Kak u3BecTHO, cepaiie pbIO ro-
MOJIOTUYHO cepAlly yenoBeka [6]. PackpriTie cyIiiHO-
CTU adalTUBHBIX IIPOLECCOB MHOKAapaa CKOPIIEHBI,
CITOCOOHOM JJIMTEIFHO HAXOMUThCS B Cpelie C KpaiiHe
HU3KOM  KOHIIEHTpauMei  Kuciopoga  (MeHee
0.5 mr O, 17! vs. Hopma — 7—8 mr O, 17!), mpencrapis-
€T HE TOJIbKO TEOPETUYECKUIA, HO M MPAKTUYECKUI NH-
Tepec, KOTOPBIiA ONupaeTcsl Ha TMpencTaBlIeHue O Cy-
IIECTBOBAHMM 0a30BbIX, MOBTOPSIOIIMXCS B Pa3HBIX
TaKCOHOMMYECKMX TPYIIIaxX ITO3BOHOYHBIX MEXaHU3-
Max (YHKIIMOHMPOBAHUS CEpAECYHOU MbIIIbBI [7].
Bwmecte ¢ TeM cumTaror, 4TO ceplle phIio 00J1amacT Mmo-
pasuTellbHOI MOp(PODYHKIIMOHAIILHON TJIACTUYHO-
CTbIO, MPOSIBIISIIONIEICS] TPU OHTOTEHETUYSCKUX MeTa-
Mopdo03ax U IKOJOro-(pu3NOIOTHIeCKUX TpaHCPOp-
manugx [8]. OueHKa 3HEepPreTUYEeCKOi INIAaCTUIHOCTHA
MHUOKapia pbIO, OTHOCSIIETOCs K pa3HbIM OTAejIaM
ceplia ¢ pa3Hoii (pyHKIIMOHAJIbHOM HArpy3Koii, TakKe
CITOCOOHA pACIIUPUTh TPAHUIILI MPEICTABICHUN 00
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STaJlOHE CepACYHON NeITeIbHOCTH ¢ MaKCUMAaIbHBIM
aHa’pPOOHBIM MOTEHIIMATIOM.

Llenpio Haleil paGoOTHl ObLIO U3YyUYEHHE aKTUBHO-
cT (PepMEHTOB YHEPTETUISCKOTrOo OOMEHA M TTapaMeT -
pOB aJcHWIATHOM CHCTEMbl B TKAHSIX KaMep cepila
Scorpaena porcus B yCIOBUSIX OCTPOM THITOKCHUH.

MATEPUAJIBI U METObI MCCIIEJOBAHUA

OOBEKTOM UCCAEAOBAHUS CIYKWIHN TOJIOBO3pESIbIe
ocobu Scorpaena porcus Linnaeus, 1758 B JieTHUI1 T1e-
puon (16 sk3., mmuHa tema — 13—17 cM, Bec — 100—
190 1, ctagust 3pesoctu roHan VI—II) npu tremmnepary-
pe Boabl B Mope 21—23°C. PriOy oT/1aBIMBaIv B UIOJIE
2020 1. cTaBHBIM HEBOJIOM B IIpUOPEKHON 30HE Ha
BHelTHeM peiine CeBacTonoabeKoi OyxThl (44°36'50"N
33°30'00"E) u mocTaBistiv B JJabOpaTOPUIO B TIJIACTU-
KOBBIX 0akax o0bemMoM 60 J1 ¢ IPUHYIUTENLHOM aspa-
1ueit. /1yst cHATUSA cTpecca nocJje OTJioBa U TpaHCHoP-
TUPOBKHW CKOPIIEHY COAEPXkKalu ONHY HENeJto B Mpo-
TOYHOM aKBapuyMe, KOPMWIN DPBIOHBIM apliieM, B
paboTe MCIOIb30BaIU TOJIBKO MOABUXKHBIX 1 aKTUBHO
MUTAIOLIMXCSI OCOOEH.

DKcnepuMeHTalIbHAsI YacTh BBIMOJHEHA C MpUMe-
HEHMEeM CreluaJibHO pa3paboTaHHOro CTeHAa, KOTO-
pbIii TO3BOJISIET CTAaOWIM3UPOBATh TEMIIEPATypy WU
KOHIIEHTpAlLMIO KUCIOpOoAa B BOAE Ha MPOTSLKEHUU
HEeoO0XoauMOro BpeMeHU. TemnepaTypa Boabl B pabo-
yeil KaMepe noaaep:KuBajiach Ha ypoBHe 21-—22°C,
KOHTpOJIbHAsI TpyIllia pbIO coaepXajlach IpH 5.6—
6.7 Mr O, 17! (HopMmokcus). TTocie aganTauuu K 3TuM
ycioBusiM (24 4) KOHLIEHTpalMIo KKCJIOpoaa B BOIE
cHuxanu B TedeHue 15—20 mun 10 0.9—1.2 mr O, n~!
MyTeM MpOKauuMBaHUS a30Ta. DKCMO3UlUsl ocobeit B
akcnepuMeHTe coctaBisuia 90 muH. ComepkaHue K1c-
JiopoJia B BOAE€ KOHTPOJMPOBAJIU MOTCHIIMOMETpUYe-
cku ¢ nomombio okcuMmerpa DO Meter ST300D RU
(“Ohaus”, CIIIA).

IIpenapupoBaHue TKaHEi, TOMOT€HU3ALIWIO U LIEH-
TpUdYTUPOBAHNE TIPOBOAMIN TIPM  OXJIAKICHUU
(0 + 4°C). Cepnue aist ucciienoBaHUs Opayiv cpasy Mmo-
cJie IeKanuTaly pbld U pas3nesiiu Ha mpeacepaue 1
Xenynouek (puc. 1), TKaHM DO aHaIM3a aKTUBHOCTHU
dbepMeHTOB M coaepXkaHUs aneHWJIATOB XPaHWIN
npu temneparype —80°C B MOpPO3WILHOI Kamepe
(Farma 900 Series, TermoScientific, CILIIA).

AKTUBHOCTh uLuTOoriasmMatuueckoit MJII' u JIAT
n3Mepsuiu criekrpodoromerpudecku (CP-2000 OKb
“Cnektp”, Poccus) B KBaplieBOii KIOBETE C XOIOM JIy-
ya 10 MM, 06beMOM 3 MJI TIpU IJIMHE BOJHBI 340 HM 10
CKOPOCTH OKHUCJICHMSI BOCCTaHOBJIEHHOII (pOPMBI KO-
depmenta HAIH, ncrnonp3ysd B Ka4ecTBE CpeIbl BhI-
nenenus 0.2 M Tpuc-HCI 6ydep, pH 7.5, kak onuca-
HO paHee [5]. Peakuuro HauMHalIM BHECEHHEM 3KC-
TpakTa ¥ CHUMaIu OoTcueThl yepe3 30 ¢ B TeueHue 2—
3 muH. CyOcTpaToM IJisl OmnpeaesieHUsT aKTUBHOCTH
JIAT coyxun nupysart, mist M — okcanmoalietar. AK-
tuBHOoCcT, M/IT, JIAI' onpenensiv 1ipyu TeMIiepaType
Ne 5
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Puc. 1. Cepnue Scorpaena porcus. 1 — nipeacepaue; 2 — xe-
Jynodek; 3 — JyKOBUIIA aOpThl; 4 — BEHO3HBIN CUHYC, 5 —
OploIITHas aopTa.

WHKYOAIM peakKnoHHoM cMecH 25°C. YienbHyo ak-
TUBHOCTb (hepMEHTOB BhIpaxaiau B MKmoissx HAJITH
MuH ' Mr—! 6enka cynepHaranTta. ConepxaHue 6eyka
onpenesii MUKPOOUYPETOBBEIM METOIOM, DKCTHUHK-
LU0 U3MEPSUIU IpH JimHe BoaHbl 330 HM. B kauecTBe
cTaHAapTa IJIs1 TIOCTPOEHUST KaTMOPOBOYHOI KPUBOMA
MUCIIOB30BaIM NperapaT KPUCTAJUIMYECKOIO ChIBOPO-
TOYHOTO aJIbOyMIHA.

ConepxaHue aTeHUIOBBIX HYKJICOTUIOB MUOKapaa
CKOPIIEHBI PETrUCTPUPOBAIN XEMWJIIOMUHECIEHTHBIM
MeTonoM [9]. PesyiabTaTel BBIpaXKalid B MKMOJSX I
chIpoit Macchl TKaHU. CpemaHsisi Macca HaBECKU Mpel-
cepnust cocraBisiia 4.81 Mr, Xeiaymodka cepala —
6.89 mr. MccnenyeMmble TKAHWM TOMOT€HM3UPOBAIIM B
0.1 M tpuc-aueratHoMm Oydepe, pH 7.75, Ha xonoxne.
AIIEeHWJIaTHBIM KOMIUIEKC B3KCTparupoBajd B KMIISI-
meM Oydepe Ha BoasgHoM 6aHe B TedeHne 5 muH. I1o-
JIy4eHHBIE 3KCTPAKThI 3aMOPaAXKMBAIM IO JaTbHEHIIIe-
ro aHanm3a. Onpenenenne AT® TpoBOIMIIN MO CTaH-
JNapTHOM METOAUKE, IO CBETOBOM OMUCCUU C
nobasyieHUeM doLudepuH-Tonudepas3bl Ha Ipudope
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ATP-Luminometer 1250 (LKB, Iseuwust). AI® u
AM® BoccraHaBnuBanu 4o AT® ¢ nmpuMeHeHMEeM DH-
3MMOB TNMPYBAaTKWMHA3bl U aJlcHWIATKWMHA3bI. AIICHU-
JIATHBIN HepreTUIecKuii 3apsn (AD3) pacCUUTHIBAIIH,
UCHOoJb3ys KoHIIeHTpaluio (C) HyKJIeoTUI0B 110 hop-
myite [10]:

Caro +1/2C 110
Curo + Cugo + Cupo

AD3 =

Pesynberatel nmpeacrasiieHbl Kak M + m. Hopmainb-
HOCTb paclipeaeieHUs IIpoBepeHa TPy ITOMOIIN KPHU-
tepus Ilupcona. CtaTucTUYECKU CpaBHEHUST BBIITOJI-
HEHbl HA OCHOBE JBYCTOpOHHero t-kputepusi CTblo-
neHTa. Pasmuumsa cuurany 3HadMMbIMU Tipu p < 0.05.
[Mapuaprii aUHEHHBIN KOPMUIOINESHT KOPPEISIIINN
IMupcoHna (r) paccuuThIBaAIU MEXAY AaAKTUBHOCTBIO
MU, JIAT u conepxanueM AT® B Kamepax cepaiia.
Cratuctnyeckass oopadborka 1 rpadpmudgeckoe opopM-
JICHHE TTOJIy9eHHOM MHGOPMALIY TPOBOIVIIN ITPU MO-
MOIIM CTaHAAPTHOTO IPOTPaAaMMHOTO oOOecIieueHUs
Microsoft Excel.

PE3YJIbTATbBl UCCJIEJOBAHUN

IMoyyeHHBIE HAMM 3HAYCHMSI NUCCIIETOBAaHHBIX I1a-
pamerpoB — aktmBHoctm MJI, JIJI, comepxkanms
aJICHUJIOBBIX HYKJICOTUAOB U BeJInuynHa AD3 — cBuUIE-
TEJILCTBYIOT O CYIIIeCTBOBAaHUM Pa3IMYUil B SHEPTETU-
YeCcKOM OOMeHe OTHEeJIOB MruoKapaa Scorpaena porcus B
YCJIOBUSIX HOPMOKCHM M OCTPOM TMNOKCUHM (puc. 2 u 3).

Hopmokcusa. B mpencepanu cKOprieHbI 3apeTUCTPHU-
poBaHa camasg BbIcOKas akTuBHocTh MJII' (6.39 +
+0.92 mxkmons HAJTH, mun~! mr—! Gesnka), uyto Ha
28% BBINIE, YeM B Xeaymgouke cepmua (4.59 =+
+ 0.87 mxmonbr HAJTH, mun~!' mMr—' Geska), omHako
pa3nuyus He OBLIM CTaTUCTUYeCKU 3HAaUYUMBI (p > 0.05)
(puc. 2a). Tak e He BBISIBJICHO CYIIIECTBEHHBIX Pa3JIiy-
YU MEXIy OTAeIaMU MUoKapaa o aktuBHoctu JIAT

4 (b)

T

@)

—

S~

T

g * |J__t

Atrium Ventricle

Ventricle

Puc. 2. AktuBHOCTb oKcuaopenykTas (a) u unaekc MIAT/JIAT (b) B kamepax cepaua Scorpaena porcus. CBETIIble CTOJIOUKU — HOP-
MOKCHSI, TEeMHBbIe — ocTpast runiokcus; | — MAT; 2 — JIAT; * — mocToBepHO 110 cpaBHEHUIO ¢ HOpMoKcueit, p < 0.05; ** — mocTo-

BEPHO MPU CpaBHEHMU Kamep cepaua, p < 0.05.
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Puc. 3. ConepxaHue aaeHWIATOB (a) U aJeHWIATHBIN dHepreTudeckuii 3apsn (b) B kamepax cepaua Scorpaena porcus. CBeTable
CTOJIOMKM — HOPMOKCHSI, TEMHBIE — ocTpas rurokcust; 1 — ATD; 2 — AIID; 3 — AM®; 4 — ageHUIaTHBINA MyIl.

(2.48 vs 2.26 mxmosb HATH, mun~! mr—! 6esika) u Be-
mumuuHe nHaekca MAT/JIAT (2.57 vs 2.03) (puc. 2a u
2b). B xkenynouke BeanurHa Koa¢p@duIIMeHTa Koppe-
msuun () B cucteme MAT<JIAIT mocturana 0.85
(p <0.05) (taba. 1).

Conepxanmne Kaxporo aacHwmiata (AT®, AJID,
AM®D), ux obmuit myn (AIl) u AB3 ObUIM HEe3HAYU-
TEJIbHO BBILIE B Xeaynouyke cepaua (p > 0.05) (puc. 3).
Benuuuna r ojist AD3 Mexxay IpeacepaueM 1 XKeaya0d-
koM coctaBmia 0.68 (p = 0.05). Koppenstiust Mexmy
aKTUBHOCTBIO (hepMEeHTOB U conepaHuem AT®D no-
crurana 0.90—0.99 (p < 0.05—0.001) (Tabi. 1).

Ocmpas eunokcus Bbl3Bajla CHUXKEHUE aKTUBHOCTHU
MTI B nmpencepouu B 2.4 pa3a (p < 0.05), akTUBHOCTb
JIAT' coxpanwniachk Ha TIPEXHEM YPOBHE, B PE3yIbTaTe
nnaekc MIAT/JIAT ymenbinuics B 2.5 paza (p < 0.05)
u coctaBui 1.01 (puc. 2b). ITo cpaBHEHNIO C HOPMOK-

Taomuna 1. KoadduumeHt koppensitmu (r) MeXIy aKTUB-
Hoctbio M/IT, JIAT u cogepxxanuem AT® npu HOPMOKCUM
U OCTpOI TMITIOKCUU B KaMepax cepaua Scorpaena porcus

Konuenrpauus kucnopona, mr O, 1 -1
T_KaHH Concentration of O, mg L!
Tissues ’
5.6—6.7 0.9-1.2
IMpencepnue/Heart atrium
MAT < JIIAT 0.42 0.86*
MAT < AT® 0.66 0.78*
JIAT < ATD 0.77* 0.80%*
XKenynouek/Heart ventricle
MAT < JAT 0.85% 0.98**
MAT < AT® 0.90* 0.99**
JIAT & AT® 0.99** 0.96%*

IIpumeuanue. * — p < 0.05; ** — p <0.001.
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cuei Koppenssuus B cucreme MIAT'<JIIT npencepnus
yBeqmumiachk Basoe (= 0.86, p < 0.05) (Ta6m. 1).

HampoTus, B Xxenymouke cepana akTuBHOCT MJIT
HE3HAUYUTEIbHO CHU3WJIACh, B TO BpeMsl KaK aKTHB-
HocTh JIZIT' moctoBepHO yBenuuuiaach B 2.2 pasa Jio
5.01 mxmone HAJTH, mun~! mr—! Genka (p < 0.05)
(puc. 2a). Takum obpazom, aktuBHOCTE JIJII' B xkeiry-
JIOYKEe BIBOE TIpEBbICKJA TaKOBYIO B MpeAcepauu
(p <0.05). Bennuuna nngekca MJAT/JIATIT ymMeHbIm-
Jack B 2.6 pa3za u coctaBuia 0.77 (p < 0.05) (puc. 2b).
Koppemsamusa B cucreme MAT'<JIAT xxenynouka cepm-
1na emie 6onee ysenuumiack (r = 0.98, p < 0.05)
(tabm. 1).

B ycinoBusix octpoit runokcuu copepxkanue ATD,
AJ1I®, AM® u BenuumHa AIl B kamepax cepana
yMeHbIIaauch B 1.5—2.3 pa3a, HanOoJblIe U3MeHe-
Hud npoucxoanau ¢ AT®, Ho pa3nuyusg He ObUIA CTa-
TUCTUYECKU 3HaYUMBI (p > 0.05) (puc. 3a). Koppens-
UST MEXy aKTUBHOCTBIO (hepMEHTOB U COJEPKaHUEM
AT® B xenmymouke coctaBisuia 0.96—0.99 (p < 0.001)
(Tabiu. 1). AD3 He3HAaUYUTETHbHO MOHU3WJICS B IIpEaCep-
auu ¢ 0.67 mo 0.64, B xeaygouke — ¢ 0.69 go 0.62
(puc. 3b). Benmuumna r misa AD3 Mexmy oTmenaMu
Muokapaa Bo3pocia go 0.82 (p < 0.05).

OBCYXIEHHWNE

[J1st TOHUMaHUSI MEXaHU3MOB YCTOMYUBOCTH CEPII-
la K TUIIOKCHH pelIalollee 3HaYeHUEe UMEIOT (dyHOaa-
MEHTAJIbHBIE 3HAHUS O ceplIeyHoM MeTabomm3me [11].
“IToiiknnoTepMHOe” ceple pbIo MpeacTaBIsieT OO0
YHUKAJIbHYIO MOJIEJIb JJISI CPaBHEHUSI TOJIEPAaHTHOCTH
K KMCIIOPOTHOMY TOJIOAAHUIO ABYX KaMep cepAlia, Ko-
TOpBIE PA3INYAIOTCS 110 CTPOSHUIO, (PYHKIIMOHAIBHOM
Harpys3Ke 1 XxapakTepy KPpOBOCHAOXEHUSI.

Kak n3BecTHO, 3aKJ1I04Y€HHOE B II€pUKaPANATIbHBIN
MelloK (IepuKapauaibHyl0 MeMOpaHy) cepilie KO-
CTHUCTHIX PBIO HAaXOAMTCS BOJIM3M XKabepHOTO aIiapaTa
B HEOOJIBIION OKOJIOCEPACYHOM TOJIOCTM W COCTOUT
Ne 5
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TOJILKO M3 ABYX KaMep — IIpeacepaus M KeJymodkKa
(nByxxkamepHoe cepaie). Ilpencepaue nMeeT BUA MbI-
IIEYHOM Kamepbl HEMpaBUJIbHOU (POPMBI C TOHKOI
TpabeKyImpoBaHHOM cTteHkoit [12]. ITo cpaBHeHMIO C
npeacepaneM Xeayaouek, o0ecreuynBaloIIii cepaey-
HBII1 BLIOPOC Y T'eHEePUPYIOIINI BBICOKOE TaBJICHUE B
KPOBEHOCHOII CHCTeME, MOXKET OTIMYaThCSI OTHOCH-
TeABbHBIM pa3HOOOpa3reM Macchl, MOP(OJIOTUN, TH-
CTOJIOTMM M BacKyJISIpU3alluM Yy pa3HBIX BUIOB DPHIO
[12]. BmecTe ¢ TeM TUIIMYHOE cepalie phIo (“BeHO3HOE
cepaue”, cepaue | Tuma) MOCTpoeHO M3 rydYaTOro
(TpabeKyIMpoBaHHOIO) MMOKapaa U cHaOXkaeTcs
TOJIbKO BEHO3HOII KPOBBIO M3 MEXTPaOEKyISIPHBIX
MPOCTPAHCTB (TPAOEKYISIPHBIX TTOJIOCTEH, JJaKyH) TIpU
MOJIHOM OTCYTCTBUM KOPOHAPHOTO KPOBOOOpAILIEHUS
[14].

ITo cpaBHeHMIO C cepalieM T'OMOMOTEPMHBIX XKU-
BOTHBIX (IITHL, MJICKOIIMTAIOIINX) Cepale PhIO OObIY-
HO (YHKIMOHUPYET, CTAIKMBAsSICh C OTHOCUTEJIHLHO
HU3KUMU U TIEPEMEHHBIMU YPOBHSIMU TTaplMaIbHOIO
nasneHusi kuciopoga (PO,) [12, 13]. Cpenu 1mo3Bo-
HOYHBIX SKUBOTHBIX KOCTUCTHIE PHIOBI IEMOHCTPHUPYIOT
caMble BBICOKME MEKBUIOBBIC pa3Inyus B MaTTepHAX
MOpGhOINMHAMUIECKUX MEXaHMIECKUX XapaKTePUCTHUK
[12, 13] 1 cmocobe cHaOXKEeHUST KNCIOPOIOM CTPYKTYP
cepaua [11], yro ompenensier padboduii IOTESHIIMAI
MHUOKapaa KaMep cepalia.

AxmueHocms okcudopedyKkmas muokapoa CKOpneHbl
npu Hopmokcuu. MaoToABUKHBIN 00pa3 XKU3HU TTPU-
JIOHHBIX BUIIOB pbIO (BKJIIOYasl CKOPIIEHY) IIpemIrojia-
raet HaJlnuve y HUX “aBacKyJUpPOBaHHOI/BEHO3HOM”
Pa3HOBUIHOCTHU cep/lia 6€3 KOpOHApHOI0o KPOBOCHA0-
xeHus [14]. OonHOBpeMEeHHO He BHI3BIBA€T COMHEHUSI
TOT (PaKT, YTO CEP/LIEC CKOPIICHBI SIBJISICTCSI OKCU(UIIb-
HBIM OPTaHOM, MMECIOIIMM BBICOKHE HEPreTUYeCKUE
NOTPEeOHOCTH, MHTEHCUBHOCTh MeTa00JIM3Ma KOTOPO-
ro cornocTaBuma ¢ ee Mo3roM [15, 5], uyTro mmo3BoseT
CUHXPOHU3UPOBATh BHICOKYIO MHTEHCUBHOCTH a3p00-
HOT0 1 aHa3pOOHOro MeTadboIM3Ma 00eCIeUrBaIOIIIX
BbIKMBaHME OpraHu3Ma CTpyKTyp. BmecTe ¢ TeM HaMu
OBLIO YCTAHOBJIEHO, YTO IIPOU3BOICTBO YHEPIUU B Ka-
Mepax cepalla CKOPIIEHBI XapaKTepM3YyeTCsl CICHYIO-
IIMMHU OTJIMYUTEIbHBIMU yepTamMu. I1pu ycioBuM Kpo-
BOCHAOXeHUsI KaMep cepila CKOPHEeHbl WCKIIOUM-
TEJIbHO BEHO3HOM KPOBBIO C XapaKTEPHBIM IJIsI PHIO
HU3KUM HanpsbkeHueM kuciiopona (P,0,) [16], npen-
cepaue U KeJlynouyeK JIeMOHCTPUPOBAIM COTTOCTAaBUMO
BBICOKME ITOKazaTteau akTuBHocTd MJ/I mo cpaBHe-
HUIO CO CHAOXaeMbIM MCKIIOUYUTEILHO apTeprUaabHOMI
KpOBbIO O,-3aBUCUMBIM MO3IOM [5].

OIHOBpEMEHHO, HECMOTPsI Ha YCJIOBHO IJIaBEH-
CTBYIOILYIO0 (DYyHKIIMOHAIBHYIO POJIb XKEIyao4yKa, aK-
TuBHOCTH MII" maHHOIi CTPYKTYpbl UMesa TEHACHIIAIO
K MOHUXXEHUIO TI0 CpaBHEHUIO ¢ npencepauemM. Jlomu-
HUPYIOIIMM (HaKTOPOM, BIUSIONIMM Ha cHabxeHue O,
CTPYKTYp cepilia, SIBJISIIOTCS TMII M OOIasi eMKOCTb
cepIeyHoro KpopocHaoxeHus [11], 4To, mMo-BUAUMO-
MY, MOXET ONpPeNesiTh 0COOEHHOCTU IHEPTETUYECKO-
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KOJIECHUKOBA u np.

ro Merabomm3Ma TKaHU. JIsT cepaedHoit TKaHW PHIO
HEKOTOpOe CHUKEHHE KPOBOOOpPAIEHUSI MOXET CO-
MIPOBOXIATHCS IOHDKEHUEM YPOBHS €€ MeTa00IM3Ma,
YTO MpOSBIsSIeTCI Ha (OHE BSIJION IBUraTeIbHOMI
GyHKIIMM OOHHBIX peIO [15]. CnoxHas naKyHapHast
opraHmzanus MUOKapJa phI0 MO MPUHLUIY “MHOIO
MaJICHBKUX ceplell” B TpaHUIIax “OOoJbIIOTO” XKeiy-
nouka [17] mo3BossieT mmpeamnoiaraTh BEICOKYIO Bapya-
oenbHOCTh PO, [14] b0 Hanuyue OTpPULIATEILHOTO
rpaaueHTa P,O, o Mepe ynaneHust OT OCHOBHOTO PO~
CcBeTa KaMephl 10 KOHEUHBIX YYaCTKOB JIaKyH Ha (hoHe
3aMelJICHHOTO KPOBOTOKA, YTO, [IO-BUIUMOMY, MOXKET
JIeTEpMUHUPOBaTh (QIIYKTyallud B paboTe OKCHAOPE-
JIYKTa3 9HEPreTM4eCcKoro MeTadboamn3ma.

ITpu HopMokcnn akTuBHOCTE JIIII' B 00emx Kame-
pax cepalia CKOpIIEHbI MMeJia COMOCTaBUMbIe 3HAYe-
Husi. CauTaloT, 4To 00j1ee HU3KME 3HaUeHUSI aKTUBHO -
cti JIJIT, B 9acTHOCTH, IO CpaBHEHMWIO C Pa3HOBUIHO-
CTBIO MBIIIEYHON TKAHU — O€JbIMUA MBIIILIAMMU,
SIBJISIIOTCSL  XapaKTEPHOM OCOOEHHOCTHIO CepAeuYHO
MBIIIIBI, OIpPEIe/IsIeMO MPEeUMYIIEeCTBEHHO a’3po6-
HBIM MeTab0JIM3MOM JIaHHOTO opraHa [15].

Kpome Toro, B cepilie CKOPIIEHBI ObLJIO OTMEUEHO
JIOCTaTOYHO BbIcOKoe cooTHomeHue M /JIAT kak B
Mpeacepanu, TaK M KeJIyodouKe OTHOCUTEIbHO aHalo-
TAYHBIX TTOKa3aTesieil YIOMUHABIIIUXCS BhIIIE TKaHEen
moa3ra [5]. IIpenmnonaraioT, 4TO TaKOro poaa BHICOKME
3HayeHus nHaekca MIT/JIAI MoryT cBUIeTEIbCTBO-
BaTh 00 ocyabJieHHOM IMpeoOpa3oBaHUM NUpyBaTa B
JIaKTaT, YTO, KaK CJeICTBUE, HAMPaBJIsIET MeTa00IU3M
YIJIEBOAOB B CTOPOHY MX HamboJjiee ITOJIHOTO OKMCIIE-
Hug [18]. YcraHoBieHHBIIT HAMU XapakKTep OTHOIIIE-
Hust MIAT/JIAD sBasieTcsl MTOMOIHUTEIbHBIM CBUIE-
TEJILCTBOM “IPUBEPKEHHOCTA MHOKapla CKOPIEHEBI
K a3p00OHOMY METa0O0IN3MY, €r0 OKCU(PUIIBHOCTH.

HecMmoTps Ha xapakTepHBbIe IUIST phIO0 HU3KHME 3Ha-
yenusi P,O, [16] nepdy3upyroieit cepiiie BEHO3HOM
KpPOBU, BEPOSITHO, CYIIIECTBYET Psi MEXaHU3MOB, I103-
BOJISIOIINX OKCU(MMILHBIM KapAXMOMHOIUTaM (B 4acT-
HOCTH, KE€Tyd0o4yKa) YyBeJIuuuBaTh 3KcTpakuuio O,.
®dakTopaMu, CIIOCOOCTBYIOIIUMM YBEIMYSHUIO DKC-
Tpakuuu O,, ABISIOTCS 00JbIIas TJI01aAb TOBEPXHO-
CTH TyO4aToro MMOKapaa, pacIlioJoKeHNe TpaOdeKyll
ryoyaTroro Muokapaa TOHKUMM CJIOSIMU IJIs1 YMEHBIIIE -
HUs1 UG EGY3MOHHOTO PACCTOSIHUSI, MWHUMM3AIIUs
BHYTpeHHero nud@y3noHHOTO PACCTOSHUS 3a CYeT
BEepETEHOOOpa3HOI (pOPMBI MBILIIEYHBIX KJIeTOK. Tak-
K€ aKTMBHOCTb OKCHAOPEIYKTa3 MOXKET KOPpPeIrupo-
BaTh C HEKOTOPHIMM Ye€pTaMU TKaHEBOK MOp(dOJI0oruu,
TaKMMU KaK COOTHOILIIEHUE MUO(PUOPMIUISIPHBIX U Te-
pudepruYecKUX  MUTOXOHAPUAJIBHBIX  MOITYJISIIA
BHYTPM KapINOMUOILIMTOB, 00beMHasl INIOTHOCTh MH-
TOXOHAPUI WU pasfejieHrue MUoKapaa Ha TUITbI KJle-
TOK, “TIpeAIlouYMTalolIux”’ a3pOOHBIA WIM aHa3poO0-
HbI MeTaboau3M [19, 20]. JonoaHUTEIbHBIM (DAKTO-
poM, TIOANEPXKUBAIOIIUM BBICOKYIO 3(h(MEKTUBHOCTh
DHEPreTUYECKOTO METa0OoNIM3Ma XKEIymodKa, MOXET
OBITH ITOBBIIICHHOE CoAep>KaHNe MUOIIOOMHA B Kap-
Ne 5
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AKTUBHOCTb ®EPMEHTOB SHEPTETUYECKOI'O OBMEHA

nuomMuonrrtax (myoglobin-rich hearts), KOTOpoe Mo3BO-
JISIET CEPAILY PbIO SKCTParupoBaTh MOCTOSIHHOE KO-
YeCTBO KUCJIOpOa 1aXe NP CHUXEHUU €TO coepxKa-
HUs B mnepdysare [21] He3aBUCHUMO OT CKOPOCTU
nepdysuu [22].

Adenunamuas cucmema MuoKapoa CKOpneHvl npu
Hopmokcuu. PazHMIIa B colepXaHUM aJeHUJIATHOTO
nyna (All) mexny npeacepaveM U XKeaydouKom OblLiia
CTaTUCTUYECKM HE3HAYMMOII, XOTsI aDCOIIOTHBIC 3Ha-
yenust AIl Mexmy KamMepaMu cepala OTIWYalInCh
MpaKTUIECKU ABYKpaTHO. 3aKOHOMEPHOCTh HepaBHO-
MEPHOIO pacIpeie/IeHIsI aJeHUIaTOB OTHOCUTEIHLHO
KaMep cepara paHee Obuia 3apMKCHUpOBaHa Y MJIEKO-
nuTaomnx [23], y KOTOpBIX HanOOJIbIIIee KOJINUECTBO
aJICHWJIOBBIX HYKJICOTUAOB ITIPUXOAUTCS Ha XKEJTYT0UYKU
cepaua. Y ckopreHbl abcosorHas BeauuuHa All u
ypoBeHb AD3 MMoOKapaa Xejlygoyka KakK OCHOBHOM
HarHeTalolleil KaMephbl OTpaxaloT ero crneuuduye-
CKHe MOTPeOHOCTU B MaKpO3prax M MOTCHIMAJIbHBIC
BO3MOXHOCTH IJIST OCYILIECTBJICHUSI CUHTE3a/peCUHTE-
3a AT®, KoTOpBIe OIpENeNsIOT GOJbIINe CIIOCOOHO-
CTH K HaNpsDKEHWIO MBIIIEYHOM TKaHu [24]. Beposr-
HO, BeanmunHa AD3 mpencepans U XXeJlyqodKa, He Impe-
Boimatomias ~0.7 (IpoTuB MakCUMaJIbHBIX 3HAYEHUM
noka3zateiisi ~0.9—1.0), Takxke oToOpaXkaeT S3HEepreTu-
YeCKHUM CTaTyC TKaHeM, amanTUPOBAHHbBIX K YCJIOBUSIM
TUTMOKCEMUM.

O4eBUIHO, YTO TIPU KPOBOCHAOXEHWM MUOKapaa
BE€HO3HOU KPOBBIO YPOBEHb aKTUBHOCTU (DEPMEHTOB
mukia Kpebca uW TIUKOIUTUYECKUX (DEPMEHTOB
(Bxmouas msydaemble Hamu ML, JIAI) Ha ¢done
CpaBHUTEILHO HEBBICOKMX ITOKa3areneii AD3 ckopIie-
HBI IO3BOJISIET €1 CYIIIECTBOBATD 3a CYET XapaKTepHOIt
11 TOMKWJIOTEPMHBIX XKMBOTHBIX BBICOKOI a3pO0OHOI
U TJIMKOJIMTUYECKOM €eMKOCTel TKaHel cepala, orpe-
JIeISIEMbIX COOTHOIIIEHMEM aKTUBHOCTU KpeaTUHKMU-
Ha3bl K IUTOXPOM C-OKCHJa3e U MUPYBAaTKMHA3bl K
LUTOXPOM c-okcuaase [25, 11], koTopsie moaaepkKuBa-
10T TIpou3BoacTBO AT®M, 1 B MOIHOI Mepe YIOBJIETBO-
psieT SHepreTuYecKyre 3arpochl MUoKapaa MaJloaKTUB-
HOTro XUIIHMWKAa-3acamuuka (“sit-and-wait” or ambush
predator) ¢ Hu3koit YCC (11—14 ynapoB/MuH).

Axmuenocms  okcudopedykmasz — Muokapoa — npu
ocmpoii eunoxcuu. B ycioBuUsiX pe3KOro orpaHu4YeHus1
noctynHocti O, (TUITOKCUM) aHAPpOOHBII MeTabo-
JIU3M CTaHOBUTCSI OCHOBHBIM KMCTOYHUKOM MPOAYK-
uun AT® g kapamoMuouuToB. [MIOKCUS COIpPO-
BOXIIAeTCs yBeJIMYeHNEM yaeabHoit aktuBHOCTH JIT,
YTO XapaKTepHO UISI MHOTUX TKaHel (Ie4eHb, MO3T,
MBILLLIBI), BKJIIOYASI CEPALE, U YKA3bIBAET HA UX Mepe-
X0/l K aHa3pOOHOMY IbIXaHUIO U CHUKEHUIO MOTPeO-
JeHust sHepruu [26]. Tak, B 4aCcTHOCTH, MOIOGHOE
BO3AeiiCTBUE TUITOKCUM Ha aKTUBHOCTL JIII" 65110 3a-
¢dbuKCUpOBaHO B MUOKap/e psifa BUIOB pblO — aHTOJIb-
ckoro kmapuyca Clarias batrachus [26], actpoHOTyca
Astronotus crassipinnis u nuckyca Symphysodon aequi-
fasciatus [27].
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Y cKopIHeHBI, moaBepriIeiics 3KCIMO3UILMN K TUIIO-
KCUU, U3MEHEHUSI aKTUBHOCTU OKCUIOPEAYKTa3 OTHO-
CUTEJIbHO Kamep cepilla HOCWIM pa3HOHampaBJIeH-
HbIl XxapakTep. CylllecTBEeHHOE TaJleHnue aKTUBHOCTU
MI" 6p110 HalineHO TOJBKO B Ipenacepanu. Harpo-
TUB, B TKaHU XeJyJodyKa 3aMETHO BO3pocja aKTUB-
HocTtb JIAI. Bmecte ¢ Tem cootHomenne MJIT/JIAT B
00eux Kamepax cepilia yMEHbIIAJI0Ch MPOIOPIIUO-
HaJIbHO, YTO YKAa3hIBaJlo Ha CHUKEHHE BBLIpAaOOTKU
AT® (MeTabonmmuecKast JIPeCCus).

Kak u3zBectHO, ocHOBHas1 pogb MJII" 3akitouaercs
B 00ecrieueHU U MPOMEXKYTOUHBIX METAOOJIUTOB (OKCa-
Joanerara) mis nuukia Kpedca, ncroib3yeMbIX B Kaue-
CTBE UCTOYHMKA YIJIepo/ia B OKMCIUTEILHOM MeTabo-
musMe [26]. Tlo-BuaguMoMy, MeHee BhIpakeHHOE CHU-
XXeHmne akTuBHOCTH MJIT B XXeTymouke CKOPIIEHBI IO
BO3JICMICTBMEM TMIIOKCUM ObLIO COMNPSIKEHO C JIBOM-
CTBEHHOI (byHKIIMEl 3TOoro pepMeHTa B a3pOOHOM U
aHa’poOHOM MeTaboim3Me [28], XOTd caemyeT TpH-
3HaTh, YTO TMPHU BKIIOYEHUU PE3ECPBHBIX MEXaHU3MOB
aHaspoOHoro nytu Bkiag M/II He saBaseTcs omnpene-
JsgomuM. C Ipyroit CTOpOHbI, JOCTOBEPHOE TajieHUe
aktuBHoctu M/II" B TKaHU MIpeacepaust MOXeT JIeTep-
MUHUPOBAThCS O0Jiee MMacCCUBHOM (hyHKIIMET 3TOl Ka-
MephbI cepiiiia B o0ecreueHuM KpOBOTOKa.

IIpennonaraioT, 4YTO B HalpaBJIEHHOCTU U “00beme”
MeTa0O0INIEeCKO peaKiny MUOKapaa pelO Ha BO3Ieii-
CTBHME TUMNOKCHUM CYIIECTBEHHOE 3HAUYCHUE OTBOIUTCS
akcnpeccun uzodopm JIIAI [27]. Tak, ipu CHUXKEHUU
PO, B cepnue Astronotus ocellatus TpouCXOIUT CHUXE-
Hue 3kcnpeccnn JIJII cepamedHoro TMira ¢ COMyTCTBY-
IOIIMM 3aMellleHueM 3Toro Tura gepmeHta Ha JIIAT
MbleyHoro tuna. Ilokaszano, yto npeot6aananue JIJAI'
MBIIIEYHOIO THIIA B MUOKapAe Astronotus crassipinnis
CBSI3aHO C aKTUBAlMEM aHAa’pOOHOIO TIMKOJM3a Ha
¢oHe HAKOIUIEHUS ITMpyBaTa, KOTOPOE BOZHUKAET IIpU
CHIKEHUHU OKUCIUTEIBbHOro MeTabonu3mMa. MakTuye-
CKM, B YCJIOBUSIX KUCJIOPOMTHOTO rOJIOIaHUS B MUOKap-
Je HabmogaeTcs yBeandyeHue akTuBHOCTU JII omHO-
BPEMEHHO CO CHIKEHMEM aKTMBHOCTH KaTaJIM3UPYIO-
el peakinio KoHaeHcauuu anerarta (auetuia-CoA) u
okcajioanerara nurparcuHTassl (CS, citrate synthase),
JIMMUTHUPYIOLIEH ITepBhIii aTan nukia Kpeoca [27]. Ta-
KMM 00pa3oM, B cep/ille TAKMX SKMBOTHBIX IPOUCXOAUT
MoAaBJICeHUE OKMCIMTEIBHOTO MeTaboamn3Ma ¢ IIoCe-
OyIolllell akTUBallMeil aHa3pOOHOIo ITTMKOIM3a, UYTO
OOBIYHO HaAOJIOHAETCs Y TaK Ha3bIBAEMbBIX “XOPOIINX
aHa’poOOB”, TaKMX, KaK BOOHEIC Yepenaxyu 1 HEKOTO-
pule BUIBI peIO [28]. O4eBUIHO, YTO ITPU OCTPOIL THUITO-
KCUU MUOKapJ XeayTouyKa CKOPIEHbI MPOSIBIISIET “X0-
poine” aHa’pOOHBIE KaYyeCTBa C BHICOKOM aKTUBHO-
croro JIAT.

AHaJIn3 KOppeJISIMMOHHBIX CBSI3EM MEXIy M3ydyae-
MBIMU TIOKAa3aTEISIMUA CEPIla CKOPIEHBI TTOKA3bIBAET
HaJIMYME OYCHb TECHOW B3aMMOCBSI3U MEXITY aKTUBHO-
CTbIO OKCUIOPEAYKTa3 SHEPTETUYECKOTO META00IU3MA
W MPOAYKIIMENH MaKpO3ProB, KOTOpasi MaKCUMAITBHO
MPOSIBJIIETCS B €ro XeJyiynouke. [1pu runokcuu ycra-
Ne 5
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HOBJICHHBIE CBSI3M MOJOOHOTO poaa yCHJIMBAIOTCS BO
BCEX KaMepax ceplila, OTpaxasl BRICOKYIO CTEIIEHb CO-
OpsCKeHWsT YW KOOpAMHALUM ITyTel IIPOM3BOICTBA
AT®, kotopble 00eCHEeYMBAIOT YCTOMYUBOCTH MMO-
Kkapaa k nepuuuty O,. Ciaeayetr OoTMETUTb ONpeaesIeH-
HOE TMOCTOSTHCTBO MPOSIBJICHUSI B3aUMOCBSI3U aKTHB-
Hoctu JIIT u komudectBa AT®D B KaMmepax cepalia Ipu
pa3HbIX 3HaueHus1x PwO,, “rapantupyioliee” pe3eps-
HbIe BO3MOXHOCTY MUOKap/a.

Adenunamnas cucmema Mmuoxkapoa Npu UNOKCUU.
DKCIIO3ULNS K TUIIOKCUM COITPOBOXAAIACH CHUKEHM -
€M colepXaHMs afeHUIOBBIX HYKJIEOTUIOB B KaMepax
cepala ckopreHsl. JlaHHBIN (aKT comacyeTcs C Iepe-
pacrpeneieHrueM Tororpaduy aaecHWIATOB B CepIlle
MJIEKOTIMTAIOIIMX MpU cHUXeHuu PO, B Buae pe3koro
yMeHblieHue copepxkaHusi AT® B TKaHSIX XKeJIyT0YKOB
[23], 4TO TepeKJIMKaeTCsl ¢ pacOpele/icHUeM aJlcHU-
natoB u All per se B Muokapae ckopneHsl. I1lo-Buan-
MOMY, BBIpaXKEHHBIN XapakKTep M3MEHEHUS coaepKa-
Hust ATO, AId®, AM® Ha ¢oHe yObBaHuS AD3 B
MUOKapJIe XKeJIyIouKa CIYKHMT HpU3HaKOM (pH3HUOJIO0-
TMYECKOTO HAIIPSDKEHUS JaHHOM KaMephbl, ONUpalolie-
rocsi Ha IJIMKOJINU3 B YCJIOBUSIX TUTIOKCUM.

Bmecte ¢ Tem nipu cHukeHuu PwO, uzmeHeHwUst
cymmapHoro Al kamep cepaia conmpoBOXIAIUCh Ta-
KUMU caBuraMu AD3, KOTophbie, He OyIydu CTaTUCTU -
YeCcKU OOCTOBEPHBIMM, MpeariojararoT JIMbo ciadyro
TEHICHIINIO K CHIDKeHNIO AD3, MO0 MOTYT OBITH MC-
TOJIKOBaHbI KaK ylep:KaHue JAHHOTO IoKa3aTessl B
omnpeaeJeHHBIX Mpeaeax (CTallMoOHapHOEe YHepreTH-
yeckoe cocTossHue). Bemmunna AD3 orpenessieT CKo-
poctu peakiuii nukiaa Kpedca 1 apyrux mpolieccos,
CBsI3aHHBIX C TTpeoOpa3zoBaHUEM SHEPTUU, TOCKOIbKY
3amnojiHeHue cucreMbl ATO—AJDP—AM®D BvICOKO-
SHePTreTUYeCKUMU (POochaTHBIMHU CBS3SIMU JICKUT B
OCHOBE aJIJIOCTePUYECKON PEryasaluuyd aKTUBHOCTU
¢hepMEeHTOB, KOTOpPEIe KOHTPOIUPYIOT CKOPOCTh MPO-
TeKaHUsI YIIOMSHYTHIX ITPOIIECCOB. YMeHbIIeHne AD3
pacleHMBaeTCs KaK SIBHbIM MapKep YXYIILIEHUS HEp-
roo6ecneyeHUsT TKaHU. [10CKONIBKY B YCIIOBUSIX TUIIO-
KCHUHU B KaMepax ceplilla CKOPIIEHbI yIaJloch U30eXaTh
KPUTUYECKOIO ITaJcHUSI OTHOCHUTEIbHOI BEJIMYMHBI
JTAaHHOTO MOKa3aTelsl, 04EBUAHO, UTO IIPU CHUKEHHOM
MIPOU3BOACTBE MaKPO3PTOB TaKasl YCIOBHAS CTaOWJIH -
3alMsl, B YACTHOCTH, MOXET JTOCTUIaThbCsI ITyTEM TOP-
MOXEHUS TTOTpebieHus uiu notpedHoctu B ATD.

YrioMsiHyTO€ CHMKEHHE ITOTpeOJIeHUS/TIOTpeOHO-
cti B AT® 1ipy rTUIIOKCUM Y PIO MOKET OBITh CBSI3aHO
¢ 3aMelyieHUeM paboThl cepaua (opamukapaueii) [29],
MPUCIIOCOOUTEIBHBIM MeXaHU3MOM, OOecIieunBalo-
IIMM OMNTUMaJbHOE Tepdy3MOHHO-BEHTWISILIMOHHOE
COOTHOILLIEHUE JIsi XabepHoro amnrmapata. [Ipuyem
cepale peld0 00JamaeT CIOCOOHOCTBIO 3HAYUTEIBHO
YBEJIMYUBATh YAApHbIA 00bEM KPOBU, UTO MO3BOJSIET
MOAAePKUBaTh CEPAECYHBIN BBHIOPOC MPU TUIOKCHYE-
ckoii opagukapauu [30].

KpoMe BHYTPpUKIIETOUHOI PO MaKPO3PTUUECKO-
ro coenuHeHuss, AT® npuHUMaeT ydacTue B MeXKJIe-
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TOYHOI Iepeaaye CUTHAJIOB, TIe BEICTYIIAET B KAYECTBE
TpaHCMUTTEpa WM KoTpaHcmuTrepa [31]. 3akoHO-
MEPHBIII BOIIPOC O BO3MOXHOM IIPUBICYEHUU YACTH
aIeHMJIaTOB B MEXaHU3MBbI PETYJISIIUM (PYHKIIMOHAIb-
HOM aKTMBHOCTM MHMOKAapaa IIpU TUIIOKCUM TPeOyeT
IanbHeuIero ndydeHus. B Hacrosinee BpeMst U3BECT-
HO, UYTO aHWOHHBIE KaHaJIbl MOTYT MHO3BOJUTH AT®D
MIPOXOIUTh Yepe3 MeMOpaHy KapIMOMHOLIMTOB, B
YaCTHOCTH, IMOKa3aHO, YTO MUTOXOHApPUAJIbHBIE IO-
TeHLIMAJI-3aBUCUMBIC aHMOHHBIE KaHaJbl [32] 1 XJ10-
puaHbIe KaHAJbI 116-pS cepaeyHOro capkoruia3MaTu-
YeCcKOro peTukyiyma [33] crmocoOGHBI IIPOBOAUTH KakK
AT®, Tak 1 ageHUHOBBIC HyKJIeOoTUAbl. CylIecTBYIOT
JoKa3aTenabcTBa IpsiMoro aeiictust AT® Ha cokpaTu-
MocTh Muokapzaa [34]. Ha moBepXHOCTH KapaIuOMUO-
muToB AT® 1non neiicTBUEM SKTOHYKICOTHIA3 OBICTPO
pacmamaercsa 1o AP, AM® u aneHo3una [31]. B
cBolo ouepenb, AM® u aneHO3WH CIIOCOOHBI aKTUBH -
poBaTh IMypuHeprudyeckue P1l-penentopsl, YTO CONpPO-
BOXXIIA€TCsl YMEHBILIEHUEM YacTOThl U CUJIbI COKpallle-
HUSI MUOKapaa. ADeHO31H, CBSI3bIBasICh ¢ P1-penienTo-
pamu KJIETOK CHUHYCHO-ITIpEICEPAHOTO y37a,
MOAABJISIET €r0 aBTOMATUIO U BbI3BIBAET OTPULIATEIIb-
HBIIl XpOHOTPOMHBIN 3hdeKT [35], MposSBISIOIIUIACS
ypexXeHHEM CeplIEeYHOTO pUuTMa.

ITonydyeHHBIE pe3yAbTaThbl CBUACTEILCTBYIOT, UTO
peakuusi KaMep cepliia CKOPIIEHBI Ha OCTPYIO TUIIO-
KCHUIO, MCXOIHO MMEBIIUX CTaTUCTUYECKM HE3HAUYM-
TeJIbHbIE pa3Iuyus B CBOEM MeTa0oJIM3Me, IO0-BUIU-
MOMY, I€TEPMUHMPOBaHAa IIIMPOKUM CIIEKTPOM “cTap-
TOBBIX” XapaKTEePUCTUK ITUX CTPYKTYP, BKIIOUYAIOIIIX
apXUTEeKTypy MHOKapjaa, OCOOEHHOCTM €ro KpOBO-
CHaOXeHUsS, CTeNeHb (YHKIMOHAIBHOM Harpy3KH,
a’pOOHYI0 M aHA’POOHYIO €MKOCTH, KOTOphIE IIpes-
OIIpeaeISTIOT MaHU(ECTAILIMIO IBYX METa0OIMYEeCKUX
crparteruii npu cHuxenuu P, O,. Tak, Ha HegOCTaTOK
KHCJIOpoda IIpecepane pearupyeTr pe3KuM yMeHbIIIe -
HueMm O,-3aBUCHMMOI0 MPOU3BOACTBA MAKPOIPTOB, B TO
BpeMsI KaK XeJIyqodeK aKTUBU3UPYET INIMKOJIN3, M03-
BOJISIIOIIMIT COXPAaHUTh COOTBETCTBYIOIINIT MOMEHTY
YpOBeHb pabo4Yero moTeHIInaga JaHHOil kKamephl. Be-
POSITHO, TTOJOOHBIC N3MEHEHUST DHEPIeTUIECKOTO Me-
TaboM3Ma pa3BopauyMBaloOTCs Ha (oHe Ilepexoma K
OpamuKapAuy 1 YCTpaHEHMUs HeOOXOOUMOCTU aKTUB-
HOTO PacxXxoJoBaHUsI MPOU3BOIUMON/PECUHTE3NPYE-
Moii AT®, 4To mo3BOISET yAepKaTh SGHEPreTUIEeCKUIA
cratyc (AD3) MUoKapaa B onpeaeeHHOM Auara3oHe.
KpoMe Toro, o4eBMOHO, YTO B YCIOBUSIX CHIKCHUS
PO, cepnile cKopreHbl YCIENIHO pa3peliaer OCHOB-
HYIO IapagUurMy COBPEMEHHBIX CEPIEYHO-COCYAUCTBIX
3a00JieBaHUi1, 0€3yCIOBHO BKJIIOUAIOIINUX DJIEMEHT ' -
TMTOKCUYECKUX COCTOSIHMM KakK pe3yabTaT aeduuurta
rnojaBaeMoro u Heobxogumoro kjerkam O, [11]. B
YaCTHOCTH, UCXO/ST U3 TOMOJIOTMYHOCTHU Cep/lia pbio 1
YyeJIOBeKa MaTTepHbI “TIOBEACHUSI” OKCUIOPEIYKTa3 1
aleHWJIaTHOI CHUCTEMBI “BEHO3HOro”/aBacKyJIMpPO-
BaHHOTO cepjlia CKOPIeHbl MIPU KUCIOPOIHOM TOJIO-
IaHUKM MOTYT IIPEACTaBIISITh ONpeNeIeHHBIN MHTEepPeC
Ne 5
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npu pa3paboTKe Tepaluu OKKJII03UM KOPOHAPHBIX ap-
Tepuil y JI0/Ieii C COMYTCTBYIOIIEH 3a00I€BaHUIO UIlIE-
Mueit, 4TO MOXEeT CO4YeTaTbCsl C HEOOXOAUMOCTHIO
obecrieyeHuss TpaHCMUOKapAMaJIbHOTO KPOBOTOKA U3
MOJIOCTH JIEBOTO XEJylOoYKa MOJOOHO JJaKyHapHOMY
KPOBOCHAOXEHUI0 MHUOKapAa “BEHO3HOTO” cepala
pbIO.
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E.D. KonecHukoBa — 1mocTaHoOBKa 3a1a4, pernapupoBa-
HUe KaMep cepilla, HalucaHue TeKCTa CTaTbu U ero penak-
tupoBaHue. A.A. CongaToB — uuest paboThl, IOCTaHOBKA 3a-
a4, ITUIAHMPOBaHUe SKCIIEpUMEHTA, HalMcaHWe TeKCTa CTa-
TbU U ero peaaktupoBaHue. M.B. TonoBuHa — onpeneneHue
aKTUBHOCTH (DEPMEHTOB U CTaTUCTUYECKasi 06paboTKa TaH-
HBIX, TIOATOTOBKA WJUTIOCTPATUBHOTO MaTepualia, Harmca-
HHE TeKCTa cTaTbu U ero penakrupoBaHue. M.B. CricoeBa u
A.A. CbicoeB — oIlpenejieHUe CcoaepXaHUsl aleHUJIOBBIX
HYKJICOTUIOB M CTaTUCTHYEeCKass oO0paboTKa HdaHHBIX.
T.A. KyxapeBa — yyacTue B IpOBEIECHUU SKCIIEPUMEHTA.
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ACTIVITY OF ENERGY METABOLISM ENZYMES AND THE ADENYLATE
SYSTEM IN HEART CHAMBERS OF A BLACK SEA (SCORPAENA PORCUS L.)
UNDER ACUTE HYPOXIA

E. E. Kolesnikova®*, A. A. Soldatov“, 1. V. Golovina®, 1. V. Sysoeva?,
A. A. Sysoev’, and T. A. Kukhareva“

% A.0. Kovalevsky Institute of Biology of the Southern Seas, Russian Academy of Sciences, Sevastopol, Russia
#e-mail: dr-kolesnikova@mail.ru

The fish heart is a unique model to compare the resistance to hypoxia of its two chambers (atrium and ventricle),
which are different in the structure and functional loading. The activity of oxydoreductases malate dehydroge-
nase (MDH, 1.1.1.37) and lactate dehydrogenase (LDH, 1.1.1.27), as well as the parameters of the adenylate sys-
tem in the heart chambers of a Black Sea scorpaena, were studied under acute hypoxia (0.9—1.2 mg O, L,
90 min). Despite the leading functional role of the ventricle, MDH activity in this heart compartment tended to
decrease compared to the atrium in the absence of differences in LDH activity. At the same time, the difference
in the level of adenylates (ATP, ADP, AMP), total adenylate pool (AP), and adenylate energy charge (AEC) be-
tween the atrium and ventricle was statistically nonsignificant, although the absolute value of the ventricular AP
was almost twice as large as the atrial AP. The AEC values of the atrium and ventricle perfused only with venous
blood did not exceed ~0.7 (vs. the maximum of this parameter ~0.9—1.0), apparently reflecting the energy status
of tissues initially adapted to hypoxia. Under acute hypoxia, there were found two strategies for energy metabo-
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lism transformation in the heart chambers in the form of a 2.4-fold drop in MDH activity (p < 0.05) in the atrium
and a 2.2-fold increment in LDH activity (p < 0.05) in the ventricle. Probably, the decline in MDH activity in
the atrial tissue was determined by a more passive function of this heart chamber in providing the blood flow. The
exposure to acute hypoxia led to a decrease in the level of adenylate nucleotides and an AEC decline in the heart
chambers, as pronounced most distinctly in the ventricular myocardium. When decreasing PO,, the AEC in the
heart chambers shifted within quite a narrow range (from 0.7 to 0.6), indicating the retention of a certain station-
ary energy status achieved by inhibition of ATP consumption or demand. The putative mechanism for retaining
the AEC may be based on the negative chronotropic effect of hypoxia.

Keywords: fish, hypoxia, heart chambers, malate dehydrogenase, lactate dehydrogenase, adenylate system
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