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WccnenoBanu copepkaHye IMKOTEHA B 9PUTPOIINTAX IBYX BUIOB XpsIeBbIX (Raja clavata, Dasyatis pastinaca)
M YeThIpeX BUJIOB UePHOMOPCKHUX KOCTUCTHIX pbIO ( Trachurus mediterraneus ponticus, Spicara flexuosa, Diplodus
annularis, Scorpaena porcus). IlokazaHo, 4TO B 3pUTPOIUTAX KOCTUCTHIX PbI0 HAKOTUIEHWE TJIUKOTeHa, TTpH-
MEpPHO B JIBa pa3a MpeBbIIIAIO 3TOT MOKa3aTeb y UCCIeIOBaHHBIX CKATOB. BBUIY YHMKATBLHOM CITIOCOOHOCTH
SPUTPOLIUTOB cKaTa — MOPCKOM ucuilbl (Raja clavata), XOpoIIo TIEPEHOCHUTD COePKaHUE 1IETOCTHOCTH
KJIETOK in vitro Ha xonone (+4°C), npociexeHa IMHAMKMKa pacxoja IJIMKOTeHa B 3pUTPOLIMTAaX Ha TIPOTSI -
KeHuM 11-cyTouHOro MX XpaHEeHMs IO paciiaga KieTok. [lokazaHo, 4TO KJIETKM 9KOHOMHO OCYIIECTBIISTIOT
TpaThl INIMKOTEeHA, PACXOJ KOTOPOTO 3a BeCh Mepro/ 11-CyTOUHOTO XpaHEeHUsI COCTABJISIT B 9PUTPOILIMTAX MOP-
CKOM JTUCcHIIBI 52%. DPUTPOIUTHI CKOPIIEHHI (Scorpaena porcus) GbUTH TOpa3no MeHee YCTOMIUBBIMU K COAEP-
JKaHWUIO X Ha xoJiofe. [lepron yCTOMYMBOCTU B3BEIIEHHBIX B (hPU3UOJOTMUYECKOM PACTBOpPE SPUTPOLIMTOB
CKOPITeHBI He TIPEBHIIIAJ ABYX CYTOK. 32 3TOT MEPUOJ B SPUTPOLIMTAX CKOPITEHBI He HAGIIOMaIM 3HAYMMBIX U3~

MEHEHU KOHLCHTpallH INIMKOICHa.
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BBEAEHUE

S nepHble 3pUTPOLUTHI PHIO OTHOCSTCSI K HEpEIy-
LIMPOBAaHHBIM KJIETKaM, MUMEIOLIUM SIAPO, MUTOXOH-
IpUM U TIPEUMYIIECTBEHHO a’pOOHBINA THUII OOMEHa.
OT0 03HAYaEeT, YTO SPUTPOLIUTHI PHIO B OTCYTCTBUE JiE-
dumMTa KUCI0pOaa AKTUBHO MOTPEOIISIIOT €Tr0 B MUTO-
XOHJIpUAJIbHOM KOMILJIEKCE /IS KOMIIEHCAIIMU CBOUX
sHepreTuyeckux TmorpedHocteld [1]. Kpome sToro,
SPUTPOLIUTHI PbIO UMEIOT MOJHBIM HAOOP MIUKOJUTH-
YeCKUX PH3MMOB JIJIS1 aHa3pOOHOro MeTabou3Ma rio-
KO3bl 1 HA0OP (hepMEHTOB JJIsI CUHTe3a TJIMKoreHa [2].
B nutepatype nucKyTrupyeTcsi BOIPOC O TOM, KaKoii U3
YIJIEBOAHBIX WJIU HEYTJIEBOJHBIX CYOCTPATOB SIBJISIETCS
TJIaBHBIM B DHEPTeTUKE SPUTPOLUTOB PbIo. MOXHO
ObLI0 ObI MONaraTh, YTO, KaK U 'y MJIEKOMUTAIOIINX, OC-
HOBHBIM CyOCTpaTOM SIBJISIETCS TJI0KO3a TJIa3Mbl KPO-
BUY pbI6. OTHAKO 3TO MOXET OBbITh OTUYACTH CITPaBEIJI -
BO TOJIbKO JUJISI PBIO, B TIJ1a3Me KOTOPbIX UMEETCS CTa-
OWJIbHO BBICOKMU ypOBE€Hb 3TOr0 YIJIEBOJHOIO
cyoctpaTta. Y pelO ¢ BBICOKMM YPOBHEM TJIMKEMUU B
Tia3Me KOHILIEHTpallusl TJI0KO3bl MOXKET KojebaTbCs
Mexay Bugamu oT 2.0 mo 11 MMoJb/J1 maa3Mbl KpOBU
[3]. B mna3mMe HEKOTOPBIX PHIO YPOBEHbD IIIOKO3bI MO-
JKET UMETh Ha TIOpSIIoK 0oJiee HU3KKE 3HAYECHUS U CO-
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craBmaThb 0.1—0.2 Mmonb/n ia3Mel KpoBu [4]. Takoit
YPOBEHb INIMKEMUM Y 3TUX PbIO yXXKe HUKAK HE MOXET
OBITb JOCTATOYHBIM [UUISI TOKPBITUS SHEPreTUYeCKUX
NOTPeOHOCTE UX 3pUTPOLUTOB. B MuTepaType BhICKa-
3bIBAIOTCSI TIPEATIONIOXKEHUSI, UTO TaKUE SPUTPOLIUTHI
MOTYT MCIIOJIb30BaTh IPYT1e CyOCTpaThl IJIs1 peCUHTE3a
AT®, BkJI04ast Kak XUpbl (0J1eaThbl), aMUHOKUCIOTHI
(amaHuH), TaK U IIPOU3BOAHBIC YIJIEBOJIHOTO MeTabo-
nm3Ma (mupysart u iakrar) [5]. Eme MeHee n3ydeH Bo-
MPOC O POJIU Y 3HAYSHU U BHYTPUKIIETOYHOTO TJIUKOTe-
Ha 3pUTPOLIUTOB PBIO. ABJIsIETCS U TIIUKOTeH SpUTPO-
LUTOB OCHOBHBIM 3HEPreTUYCCKUM YIJTICBOAOM JJIsl
9PUTPOLIMTOB, KaK 3TO [0Ka3aHO, HaIlpumep, s
MBIIIIII ¥ TIeYeHU PBIO MJIM €r0 MOXKHO OTHECTH K “MU-
HOPHOMY” KOMIIOHEHTY CyOCTpaTHOro obdecrieuyeHus1?
ConepxaHue TIMKOTeHAa B SPUTPOLIMTAX XPSIIEBBIX U
KOCTHCTBIX PBIO MOXXHO OTHECTU K HEU3YYEHHOMY BO-
npocy. I1oaToMy OCHOBHOM 1I€JIbI0 HACTOSIIIETO HC-
CIIEIOBAaHUS SIBISUIOCh WM3y4YeHUE BHYTPUKJICTOYHOI
KOHILIEHTPALIMU TJIMKOTEHA SPUTPOLIUTOB Y HEKOTOPBIX
XPSILIEBBIX 1 KOCTUCTBIX Y€PHOMOPCKUX phIO. [ 110-
HUMaHUS YYacTUSI TIMKOTeHa B IOAAe p>KaHUM SHEPre-
TUKU KJIETKU in Vitro B LI TaHHOI'O HCCJIETOBaHUSI
TaK:Ke BXOOWJIO U3YYECHNUE TMHAMUKU €r0 YTUIN3alun
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B 3PUTPOLIMTAX PHIO NIPY XpaHEHUN KIJIETOK Ha XOJIOJE
npu +4°C.

MATEPHAIJIBI 1 METOJIUKA

O0OBeKTaMM UCCICTOBAHUS CIIYKMIIA SPUTPOIINTHI
2 BUIOB XpSILEBbIX U 4 BUIOB KOCTUCTBIX YEPHOMOP-
CKMX PbIO, OTJIOBJIEHHBIX V¥ BOCTOYHOro mooepexKbs
Kprima. XpsiieBble pplObl — CKaThl: MOPCKas JUCUILIA
(Raja clavata Linnaeus) u mopckoii Kot (Dasyatis pasti-
naca Linnaeus). Koctucteie pbpiObI: ctaBpunma (7ra-
churus mediterraneus ponticus Aleev), cmapuna (Spicara
flexuosa Rafineaque), nackupsb (Diplodus annularis Lin-
naeus), ckopneHa (Scorpaena porcus Linnaeus). Bbi-
OpaHHbIE BUAbI PbIO OTIMYAIUCH MO BOJIOLIMOHHOMY
MOJIOXKEHUIO U TI0 DKOJOTUYECKOM CIielinaan3aluu.

CKaThl OTHOCSTCS K IPEBHUM, XPSILIEBbIM BUIaM
pbI6. Mopckast tucuiia (IIUIMOBAaThI CKaT) U MOPCKOM
KOT (XBOCTOKOJI) Pa3jnyaiMCh II0 CBOMM TeMIIEpaTyp-
HBIM TIpearoureHusiM. LIuImoBaThIli cKaT — XOJOIO-
moOuBEIT Bum, oburtaromuii Ha 30—70 M IDIyOMHe,
IJI0XO IIEPEHOCUT TeMITepaTypy Bbile +20°C. XBocTo-
KOJI — TeTUIOJIOOUBBIN BUI, JIETKO MEPEHOCUT TeMIIe-
patypy +25°C u BbIIlIe, MOXET IOAXOOUTh OJIM3KO K
Oepery n HaxoauThesa Ha 0.5 M rimyOMHe B JIETHEE Bpe-
M.

IIpencTaBieHHbBIE KOCTUCTBbIE PHIObI OTIWYAINUCH
O CKOPOCTHBIM XapaKTepUCTUKAM U CTEIIEHU OCEIJIO-
ctn. CraBpua — caMblii CKOPOCTHOM M TTOCTOSTHHO
KOUyIOIIMiA, nearnyeckuii Bua. Cmapunaa, JacKUupb —
OpUOpEXHbIE MAJIOMUTPUPYIOLINE, MAHEBPEHHbIE B -
Il PBIO, OOMTAIOIIME Cpedy 3apocieil BOTOPOCIIEH.
CkoprieHa — MpUOpeXHbIN, MAJTONOABUKHBIN, Oce-
JIBIA BUO, OOMTAIONINIA Cpeiy KAMHEM, XUIITHUK-3aca-
YUK.

OOBEeKTHI MCCIEOOBAaHUS OBIIM OTJIOBJIEHBI ¥ Bo-
CTOYHOIO I00epexbss KpbIMCKOro IOJyOCTpOBa B
oceHHe-3uMHee BpeMsi. OTIIOBJIEHHBIX CKATOB 0 3KC-
NEepUMEHTOB B TeUeHHNE 3—5 CyT comepKajii B HEIIPO-
TOYHOM, XOPOIIIO a3pUPyeMOM DacceiiHe, EeMKOCThIO B
25 M3, u3 pacyera 2 M3 Ha o1HYy 0c00b. KOCTUCTBIX PBIO
colepKaln B 2 adpUpPyeMBIX OacceilHax, eMKOCThIO B
1 M3, u3 pacuera 100 1utpoB Ha oco6b. Temmeparypa
BOJIBI B OacceitHax cocrasisiia 14—16°C, nepen sKcme-
PUMEHTOM PbHIO HE KOPMUIIU.

B npoiiecce 3KCIiepuMeHTOB C peIOaMU BCe TIpUME-
HUMBIC MEXIyHapoJHble, HallMOHAJIbHbIE U/UIU WUH-
CTUTYLUOHAIbHBIE MPUHIIAIIBI YXOJa U MCIOJIb30Ba-
HUS XXKUBOTHBIX OBbLIIU COOJTIOAEHBI.

KpoBb mosrydanu y cKkatoB ITyHKIIMEH cep/iia rerma-
PUHU3UPOBAHHON UTJION (OT KaXIO 0COOU Ha OTIBIT),
a y KOCTHCTBIX PBIO ITyHKUMENW XBOCTOBOW BEHBI CIE-
UaJIbHO 3aTOYEHHON CTEeKJISTHHOW MMIIeTKO# (OT 5—
7 ocobeit Ha OMBIT — y CTaBpPUAbI U OT 2—3 ocobeit Ha
npoOy Y CKOPIIeHbI, CMapuabl 1 Jackupsi). BoineneH-
HYI0 KPOBb MOMellladd B MPOOUPKY C COOTBETCTBYIO-
LM JUJTSI XPSIIIEBBIX U KOCTUCTBIX PbIO OXJTaKIEHHBIM
Ha Jb1y (DU3NOJOTUUYECKUM PACTBOPOM C TelapuHOM
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(0.5 ME/mi1) B cootHomenuu 1 : 10. 3aTem apurponu-
THI OTMBIBAJIX OT TUTa3MBbl, TBAXKIbI TOOABIAS HDU3NO-
JIOTUYECKUIA pacTBOP U OCAXKIAIU KIETKU LEHTpUdY-
rupoBanueM npu 1500—2000 06/MuH Ha LeHTpUYyre
K-23 (IF'epmanust). HanocamoyHyro XUIKOCTh OTCACHI-
BaJiv, a SPUTPOLIUTHI PbIO Pa3BOAMIN (DU3UOJIOTUYE-
CKHM pPacTBOPOM A0 reMaTtokpura, paBHbIM 0.25—0.35.
CocTaB OTMBIBAIOIIETO M MHKYOMPYIOLIETo (hU3MO0JI0-
TMYECKOTO PacTBOpA MJIsi CKATOB ObLI CIEMYIOLIETO CO-
craBa (MM): 220 NaCl + 300 moueBuHbI + 50 Tpuc —
HCI (pH =7.4). CocTtaB oTMBIBArOIIETO M MHKYOHUPYIO-
mero (pU3NOJOTMYECKOTO pacTBopa IS KOCTHUCTBIX
pBIGC He comepKajl MOYEBMHY M cocTosii (MM) wm3:
180 NaCl + 10 u Tpuc — HCI (pH = 7.4).

OmpeneneHue TIIMKOTeHAa B 3PUTPOLIMTAX PHIO IIPO-
BOIMJIM TI0 OOILICHPUHSITON METOAMKE, OCHOBAHHOM
Ha IIBETHOI peaKILIMU C aHTPOHOM |[6] 1 aganTHPOBaH-
Hoii mist pei6 (Mopososa, 1971). Jlns onpeneneHust
KOJIMYeCTBa HCCJIEAYyeMOro YIJIeBOIHOro cyocTparTa
otoupanu 0.1 M (111 BceX McclieAyeMbIX BUIOB) CYyC-
MIEH3UY SpUTPOLUTOB C YETKO ONpeaeIEHHbIM T'eMaTo-
kputoMm (Ht = 0.25—0.35), BeIMuMHY KOTOPOTO 3aTeEM
YYUTBIBAIU TIpU pacuyeTax. OToOpaHHYIO Npody cyc-
nen3uu 3putporutoB (0.1 M) ¢ukcupoBamu B 30%
KOH u HarpeBanu B KMIISIIEH BOASTHOIM OaHe B Teue-
Hue 20 MUH 11 TUApOJU3a OEIKOB. 3aTeM IPOOBI
oxyaxkaanu, 1ooasiasuid B HuX (0.5 MJI OCHOBHOTIO pac-
TBOpa (25 r CEpPHOKMUCIIOTO IIMHKA, 5 T XJIOPUCTOTO Ha-
Tpus Ha 100 M1 BOAbI) M TIPOBOAMIN OCAXKACHUE T/ -
pomm3ara 4.5 mu stminoBoro coupta. Ilocie ocaxkne-
HUS TPOOBI HEHTPUPYTUPOBAIU B TeUeHUE 15 MUH TIpu
ckopocTu, paBHoii 3000 06/MUH.; OTOEISIN OCAIOK,
OCYyIIAJIM €T0 Ha BO3ayXe W pacTBopsuin B 1 Mt 4% co-
JITHOM KUCJIOTHI. [ToydeHHBIN 37110aT (PUIBTPOBAIA U
MPOU3BOIUIN TOBTOPHOE OCaXIeHWe TJIMKOreHa B
8 Mz aTrtoBoro cnupTa (B rpo0y). Ilocne aToro mpo-
OBl ONATH IOABEPTraid LIEHTPU(DYTUPOBAHUIO TIpU
5000 06/MuH B TeueHue 15 MUH, 3aTeM 0CaTOK PacTBO-
psuIi TOpsT9eii Bomoit (mo 5 mir). 1 M1 Takoro pactBopa
WCMOJb30BAIM I ILIBETHOM pEaklMM C aHTPOHOM
(+2 Mt 0.2% pacTBOPEHHOTO B KOHILIEHTPHUPOBAHHOM
cepHOii KuciaoTe aHTpoHa). KoHIIeHTpalio IBETHO-
ro BKCTpakTa OIIPeAe/IsId C IIOMOIIbIO ITpubopa
Specol-11 (I'epmanus).

PacueT nipounsBoanau 1mo popmyre:

E posw X 80Yx 100000 % 5
E i X 1000 x d

CTaH[

X =

tie E, o6, — 9KCTUHKIUS ONBITHOM MPOOBL; Eipyy, —
SKCTUHKIIMS CTaHOAPTHOM IIPOOBI; d — BeC MPOOHI B
rpammax; 100000, 1000, 5 — KoadduULIMEeHTHI IIepecue-
Ta B MT %.

Huist uccnenoBaHusl TMHAMUKYW YTUJIU3ALIUU TITUKO-
reHa 3pUTPOLUTAMU CYCIIEH3UU BPUTPOILIMTOB MOP-
CKOI1 IMCULIBI U CKOPIIEHbI XPAaHWJIN B XOJIOJUJIbHUKE
npu +4°C B Teuenue 1, 3, 5, 8 u 11 cyT npu exxenHeB-
HOM BM3yaJIbHOM KOHTpPOJIE YPOBHS reMoJiu3a KJIeTOK
Ne 1
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Taomuna 1. ConepskaHue TJIMKoreHa (MT %) B 9pUTPOLIMTaX HEKOTOPBIX YePHOMOPCKUX PBIO

Kitace pbi6 Bt phiGi ConepxxaHue FJII/‘I'KOI"CHa B OpUTpOLMTaX |
B MT % CBIpOIf MacChl CyCTIEH3NU

XpsitieBble Raja clavata L. 142.8 £ 15.0 *
Dasyatis pastinaca L. 139.2 £ 10.0 *

Koctuctoie Trachurus mediterraneus ponticus Aleev 372.3+£39.1 15

Diplodus annularis 1. 326.8 £22.5 7

Spicara flexuosa R. 242.2 + 14.0 12

Scorpaena porcus L. 305.5£35.5 11

[IprMeyaHue: YUCIO # — KOJIMYECTBO MOBTOPHBIX OMBITOB; * — nocToBepHble paznnuus (p < 0.05) Mexny 3HaUeHUSIMU KOHLIEHTpaLuu
IJIMKOTeHA B 9PUTPOLIMTAX MPU MTOMMAPHOM CPABHEHUU XPSILIIEBBIX U BCEX BUIOB KOCTUCTBIX PBIO.

B CYCIICH3MU U OIPCACICHUUN COACPKAaHUA TJIMKOTCHA
B 3pUTPOLIMTAX I10 BBILLIEOTTMCAHHOM METOIUKE.

[NonygeHHBIE pe3yabTaThl BEIpaXkain B MT % CBIPO-
ro Beca KJieTok. JlaHHbIe moABepTaiv CTaTUCTUUECKOM
00paboTKe M MPENCTaBIISUIA KaK cpeaHee apudMeTh-
yeckoe * cpenHss ommnbka (X + SX). Bece pesyabraThl
OBLTM MOJTyYEeHBI ITPU TTPOBEACHUM 7— 15 He3aBUCUMBIX
9KCMEPUMEHTOB UISI KaXJI0ro KMCCAEIOBAaHHOIO BUIA
puI10. JlocTOBEpHOCTh pa3auduii OTIPEeaeISIA C TIOMO-
b0 Kputepust CtelofeHTa. Paznuuus cuuranuch no-
croBepHbIMU T1pu p < 0.05.

PE3VJIbTATHI

Pesynbrarhl Mo comepskaHUIO TIUKoreHa (Mr %) B
9PUTPOLIUTAX XPSIIEBbIX U KOCTUCTBIX MCCJENOBaH-
HBIX PBIO TIpeaCTaBIeHBI B Ta0. 1.

Kak BugHO 13 Tabi. 1 3puUTpOLMTHI BCEX MCCIEO-
BaHHBIX PbIO HAKATJIMBAIN TJIMKOTEH B OOJIBIINX KO-
JIMYECTBAX, COMIOCTABUMEIX C HAKOILJIECHHEM 3TOI0 Cy0-
cTpaTa B MbITIIIax peio [7]. Tak, B 3puTpOoIIMTax KOCTH -
CTBIX PBIO €ro HakKoIUIEeHHE KoJjiebaloch B Aualia3oHe
ot 242.2 go 372.3 mr %. Heo6xoOMMO OTMETUTH, YTO
HAKOIUUICHVE TJIHMKOIeHa B BPUTPOLIMTAX KOCTUCTBIX
pBIO OBITO, B CpemHEM, B IBa pa3a 0ojiee BEICOKMM 10
CPaBHEHUIO C 3PUTPOLMUTAMU XpSIIeBBIX pbi0. [Ipu
3TOM 3PUTPOLUTHI UCCIIETOBAHHBIX CKATOB MOKAa3aIn
MPaKTUYECKN OAWHAKOBBIE 3HAYEeHUS HaKOILJICHUS
BHYTPUMKJIETOYHOIO IJIMKoreHa (Tadi. 1). Cpean Ko-
CTUCTBIX PHIO MOXHO MPOCIIEANTh TEHACHIINIO 3aBUCH -
MOCTU BHYTPMKJIETOYHOI KOHLIEHTpALIMU TJIUKOTeHa
OT €CTECTBEHHOI MOABMKHOCTH MCCJICAOBAaHHBIX BU-
IoB. Tak, 3pUTPOLNTHI HAaNOOJIee MOABUXKHOM CTaBpU-
bl UMEJIU CaMBIi BBICOKUIA YPOBEHb BHYTPUKIIETOU-
HOI0 INIMKOTeHa. Y MaHEeBPEHHOIO JJACKUPSI, XapaKTe-
pU3YIOIIErocsd CpeaHeil MOABMXKHOCTBIO, TaKXe
MOXHO OTMETHUTbh BBICOKOE COJIepKaHUe IIMKOTeHa. Y
CcMapuIbl ¥ MAJIOTIOABVXKHOM CKOPIIEHEI €I0 KOHIIEH-
Tpamus 6buta Ha 18—35% Hike (Taba. 1), 9To yKa3bl-
BaJIO HA IOCTATOYHO OOJIBIIIOI pa3dpoc B KOJeOAHUSIX
3TOr0 MoKa3aTeJisI B 3pUTPOLMUTAX C HU3KUM YPOBHEM
JBUTATEIIbHON aKTUBHOCTH PhIO.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUN

DpUTPOLUTHEI MOPCKOM JIMCULIBI SIBJSIIOTCST YHM-
KaJIbHBIMU KJICTKaMHN BBUIY BbICOKOM yCTOVI‘HABOCTM
in vitro X CyCIIeH3UM, CITOCOOHBIX 10 11 cyT B Xomoje
(+4°C) 6e3 MpPU3HAKOB BUAMMOIO IeMOJIM3a COXpa-
HSITh CBOIO LIEJIOCTHOCTh. braromapst aToMy HaMm yzaa-
JIOCh IIPOCTEANTh TUHAMUKY U3MEHEHUS COIepPKaHUS
BHYTPUKJIETOUHOTO IJIMKOTE€HA B 3PUTPOLIUTAX CKATa
Ha TIPOTSDKEHUU YKA3aHHOTO BhIIIE MEPUOIa XpaHe-
Hus. [TonydeHHBIEe Pe3yabTaThl BhIpaxkaiu B % K ¢u-
3MOJIOTUYECKOMY COCTOSIHUIO, TpuHsATOMY 3a 100%

(puc. 1).

Kak BumHO Ha puc. | 3puTpOUMTH MOPCKOM JTHUCH-
II6I B TIpollecce XpaHeHUsT X Tpu +4°C m10CTaTOIHO
MeIJICHHO TePsUTH TJIUKOTeH. B TIepBbie CyTKM MOTepu
MPaKTUYECKN OTCYTCTBOBaJIM. Ha TpeTbU—MsITEIE CYT-
KU ero yoblTh coctaBiisuia 36—40%. B mocnenyrommit
nepmuoa XpaHEHUs KIIETOK IJIMKOICH TpaTuiCcd €1
MeIUIEHHEE U €70 IIOTEPHU K 8-M cyTKaM Obln 45%, a Ha
11-e cytku — 52% (puc. 1).

Glycogen concentration, %
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Puc. 1. Jlunamyka u3MeHeHUsI KOHLIEHTPALIMU TJIMKOTeHA
B OPUTPOLIMTAX MOPCKO JIMCULIBI B IIPOLIECCE CONEPKAHMS
KJIeTOK Ha xosoge (+4°C).
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Glycogen concentration, %
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Puc. 2. JluHaMyKa U3MEHEHUsI KOHIICHTPALIMK TIIMKOTeHa
B OPUTPOLIMTAX CKOPTIEHBI B ITPOLIECCE CONEPKAHUS KIIETOK
Ha xousone (+4°C).

OpPUTPOLUTHI CKOPIIEHBI OBLIM TOpa3go MeHee
YCTONYMBBIMU K XpaHEHUIO IO CPABHEHUIO C KJIeTKa-
MM CKaTa. YCTOMYMBOCTH KJIETOYHBIX CYCIIEH3UN
CKOPTICHBI MPU XpaHEHUU B XOJIOJe BO BpeMEHU He
IpeBhIaja IByX cyTok (puc. 2). Kak BumHo Ha puc. 2
KpacHbIe KJIETKU KPOBUW CKOPIIEHBI Ha TIPOTSKECHUU
BCEro 2-X CyTOYHOI0 Mepuoia XpaHeHUS MPaKTUIEeCKU
He TepsId TIMKOTeH U ero YPOBEeHBb OCTaBaJiCs CTa-
OWIBHBIM [0 HaYaJla TeMOJIUTUIECKHX ITPOIIECCOB B CYC-
MEeH3UU KJIETOK, KOTOpble HacTymnaau yepe3 48 4 ¢ Mo-
MEHTA BBIIEJICHUS KJIETOK M3 OpraHu3Ma (puc. 2).

OBCYXIEHUE PE3YJIbTATOB

DPUTPOLUTHI PEIO OTHOCSATCS K KJIETKaM C adpo0-
HBIM METabO0JIM3MOM, O UeM CBUIIETEILCTBYIOT JIUTEpa-
TYpHBI€ MICTOYHMKM [ 8] M HAIlIK MCCIeI0BaHMUs CKOPO-
CTEl MOIVIOIIEHUSI KUCI0POAa MUTOXOHAPUSIMU ITUX
kietok [9]. binarogapsi Haauuuilo MUTOXOHAPUMN U
[UKJIa TPUKAPOOHOBBIX KMCJIOT 3PUTPOLIMTHI PHIO MO~
TEHLUAJIbHO MOTYT WCIIOJb30BaTh in Vivo pa3HbIC
9HepreTuyeckue cyoctparsl. Tak, ObLIO MOKa3aHO, YTO
apuUTpolnThl hoperu (Oncorhynchus mykiss) n amepu-
KaHCKoro yrpsi (Anguilla rostrata) MOTYT OKUCHISITH
IJIIOKO3Y, JJaKTaT v ajlaHuH [5, 10]. DpuTpoLuThl Kapria
(Cyprinus carpio) B IOIIOJIHEHHE K 3TUM CyOCTpaTaM
MOTYT MCIOJIL30BaTh nupysaT u rimotamat [11]. Uc-
MOJIb30BaHUE Pa3HBIX CYyOCTPATOB 3PUTPOLIUTAMHU PHIO
MOXKHO OBLIO OBl pacCMaTPUBATh KaK BasKHOE IIPEUMY-
IIECTBO SIAEPHBIX PUTPOLIMTOB OCOOEHHO B YCIIOBUSIX
TUMIOTEPMUU, TOJIOJAHUS, THTTIOKCUW WU MIPU alli103-
HBIX cocTosTHUSIX. OMHAKO BOIIPOC 00 MCITOJIb30BaHUM
JIPYTUX CyOCTPAaTOB B DHEPTETUKE BPUTPOLIMTOB PHIO
MpU CTPECCOBBIX COCTOSTHUSIX OCTAeTCsl CIOPHBIM,
0COOEHHO €CJI YYeCTh, YTO IIJISI X BOBJICUCHUS B Me-
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Tab0JIM3M HEOOXOIUM Kuciaopon, KOTOpLIﬁ B OTHUX CIIy-
YadX Kak pa3 1 ABJIACTCA JUMUTUPYIOIIUM (I)aKTOpOM.

XOpOol1I0 U3BECTHO, YTO 3PUTPOLIUTHI MJIEKOTIUTAIO-
LIMX HEe colepKaT sapa U B GU3UOJTOTMUECKUX YCIIOBU -
SIX, KaK HMCTOYHUK BHEPIUM, YTWIM3HPYIOT TOJIBKO
rmokKo3y. OTCYyTCTBHUE IUTOXPOMHOI CUCTEMbl MUHM -
MU3UPYET KUCIOPOAHbIE TTOTPEOHOCTU OE3bsIACPHBIX
SPUTPOLIMTOB, U UX DHEpPreTuyeckas cucreMa (hpyHK-
UOHMPYET Ha OCHOBE aHA3pOOHOTO IIIMKonm3a. Io-
KO3a 13 pycja KpOBU IIPOHUKAET B SPUTPOLIUT C IOMO-
b0 CrenGpUIECKOro MepeHoCUnKa, pacIoIOXKeH-
HOro B MeMOpaHe, He 3aBUCUT OT MHCYJIMHA U HE
SIBJISIETCSI JIMMUTHUPYIOIIUM (hakTopoM. BelmeneHHEBIE
U3 OpraHu3Ma 4ejloBeKa, JIMIIEHHbIC TJIOKO3bl 3PUT-
POLIUTHI OBICTPO MOTUOAIOT BBUIY CHUKEHUS BHYTPU-
KJIeTOYHOM KoHLeHTpauuu AT®, KoTopoe BbI3LIBAET
nageHue IOMIEepXKM TpaaueHTa KOHIIEHTpaluu Ha
Mem6paHe Na' u K*, HakoIUIeHUst METTeMOIJIOOMHA U
OKMCIIEHHOTO TiyTathoHa [2]. M3 Bcero ckazaHHOIO
MOXHO ToJIaraTh, YTO SPUTPOLUTHI MJIEKOIMUTAIOIINX
1 4eJoBeKa He HYXOAIOTCS B 3aracaHuM TIIOKO3bl B
BUIe TJIMKoreHa. TeM He MeHee aKTUBHBIA MeTabo-
JIM3M TJIMKOTeHa OB ITPOAeMOHCTPUPOBAaH KaK B HOP-
MaJIbHBIX 9pUTPOLUTAX YeJ0oBeKa [12], Tak 1 B 60raThix
TJIMKOTEHOM KPAaCHBIX KJIETKaX KPOBU, BBI3BAHHBIX MX
IJIMKOTeH-HaKonuTeapbHOM O0one3Hbio (turt I u tun
IV) a [13]. B HOpMe comepxXaHUE TJIMKOTreHa B 0e3b-
SIIEPHBIX BPUTPOLIMTAX HEBEJIMKO. B aputponurax ye-
JIOBEKa 1O pa3HbIM OlIEHKaM €ro BeJIMYMHa COCTaBJISI-
nma ot 57.3 no 69.5 mr/r Hb [14, 15].

I'mukoreH B spuUTpoLIMTax PbIO, KaK 1 B IPYTUX TKa-
HSIX, SIBJISIETCSI 3alacaeMbIM 3TUMU KJIETKaMU yTJIeBO-
noMm. OmHaKo, B OTJIMYME OT MBIIICYHOTO WU Meve-
HOYHOTO IJIMKOTEHA, KOTOPbI B 3TUX TKAHSIX PHIO OT-
HOCHUTCS K OBICTPO MOOMJIM3YEMOMY SHEPreTUYEeCKOMY
cyocTpaty, poJjib 3pUTPOLIMTAPHOTO INIMKOTEHa He CO-
BceM sicHa. Tak, He SICHO, KOTJa U IPU KaK1X YCJTOBUSIX
MPOUCXOAUT HAKOIUIEHUE TToJIMcaXapuia B 3pUTPOIIU-
Ttax. He sicHO, Koraa v mpu Kakux yCJIOBUSIX TPOUCXO-
JIUT €ro MOOMJIN3AaIUs U TeM 0oJiee He SICHA €TO POJib,
KakK cyocTpaTa B dHEPreTUKe 3pUTPOIUTOB pbio. He-
MHOTOYHCJIEHHbIE JaHHbIE MO HAKOIIJIEHUIO TJIMKOTe-
Ha B 3pUTPOLUTAX PHIO CBUIETEJLCTBYIOT O TOM, UTO
ero BHYTPMKJIETOYHAsi KOHIIEHTpalluisl BapbUpyeT B
IIMPOKOM auarazoHe. Tak, B 3pUTPOLIMTAX aTJIaHTU-
yeckoii Tpecku (Gadus morhua) ero KOHIIEHTpAIIMs CO-
crapisiia 0.35 MKMOJIb TJIIOKO3HBIX €IWHMIL T~! Kile-
TOK, a B 3PUTPOLIMTAX €BPOIIEICKOro Kepuaka (Myoxo-
cephalus scorpius) — 2.9 MKMOJIb TJTIOKO3HbBIX € IMHULL
r~! kinerok [4]. BennunHa HAKOIUIEHUA TJIMKOTEHA B
9PUTPOLIMTAX KepuakKa Oblia 0J113Ka HAKOTUIEHUIO €ro
B BPUTPOLIMTAX MOPCKOTO BopoHa (Hemitripterus ame-
ricanus) (3.9 MKMOJIb IJIIOKO3HBIX €MHULL I KJIETOK),
Torga Kak YpPOBEHb HaKOIUJIEHUS TlojiMcaxapuia B
SPUTPOLIMTAX ATJIAHTUYECKON TpecKu OB COIocTa-
BUM C €r0 BHYTPUKJIETOYHOIN KOHIIEHTPAILIMEN B SPUT-
pouuTax pagyxkHoii ¢popenn [16].
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ITonydyeHHble HaMU Pe3yJabTaThl MO COAEPKAHUIO
TJIMKOT€HA B DPUTPOLIMTAX XPSIIEBBIX M KOCTUCTBIX
YepHOMOPCKUX PBIO IToKa3aju (TadJi. 1), 4To B 3pUTpPO-
1IMTaX CKAaTOB HAKOIUIEHUE 3TOr0 SHEPreTUYeCKOro
cybcTpaTa B ABa pas3a OBLIO HMKE IO CPaBHEHUIO C
KpaCcHBIMHU KJIETKAMU KPOBM KOCTUCTHIX pbi0. Hebomb-
1110€ HAaKOIUIEHUE TIMKOTeHa MOTIJIO CBUAETEIbCTBO-
BaTh 0 O60Jiee HU3KOM YPOBHE 3HEPreTUYecKoro MeTa-
0oJM3Ma B 3pUTPOLIUTAX XPSIIIEBBIX PHIO B CPAaBHEHUU
C KOCTHUCTHIMU. B mojb3y 3TOro mnpearnojioXeHUs:
MOTYT CBUZIETEILCTBOBATh HAIlIM HWCCIAEA0BAHUS TIO
M3YYEHUIO AbIXaTeJIbHO aKTUBHOCTH MUTOXOHIAPU-
aJIbHOTO KOMILIEKCa PUTPOLIUTOB XPSIIEBBIX U KO-
CcTUCTHIX pBIO [9]. Hamu mmokasaHo, YTO 3pUTPOLIUTHI
KOCTHUCTBIX PHIO XapaKTepU30BAJIMCh OOJIBIIUMU CKO-
POCTSIMU TIOTJIOLLIEHUSI KUCJIOpoAa MO CpaBHEHUIO C
SPUTPOLIMTAMU CKATOB B OTBET HA CTUMYJISILIMIO JbIXa-
TEJIbHOU aKTUBHOCTU MUTOXOHIPUNA SHEPTETUYECKU-
MU cyOCTpaTaMu — IJIyTamMaToM, MajaTOM U CyKIIMHa-
TOoM. BbICcOKMI1 ypOBEHB INIMKOTEHA B 3PUTPOIIMTAX KO-
CTUCTBIX PbIO MOXET TaKXKe yKasbIBaTb Ha OOJBIIIYIO
aKTUBU3AUIO UX DEPMEHTOB, OCYILIECTBIISIOIINX CUH -
Te3 3alracaeMoro rmnosimcaxapuaa. be3ycloBHO, s
OMOCUHTETUYECKMX MPOILIECCOB TJIMKOTeHOTeHe3a
BaXKHBIM (haKTOPOM SIBJISIETCSI KOHLIEHTpaLMs TJI0KO-
3bl B KpoBU. [T03TOMY TJIIOKO3y KPOBU U BHYTPUKIIE-
TOYHBIN TJIMKOTE€H 3PUTPOILIMTOB PbIO MOXHO paccMmar-
puBaTh KakK JBe B3aMMOCBSI3aHHbIE KOMITOHEHTBI OJI-
HOTO EIWHOTO IIyJla CyOCTpaTHOro obOecrnedeHUs
yrjeBojaMu B CHUCTeMe Mia3Ma—3puTpouuThl. He-
MHOTOYMCJIEHHbIE JaHHbIE CBUIETEJLCTBYIOT, YTO
YPOBEHbB TJIIOKO3bl B KPOBU CKATOB HE UMEET BHICOKUX
3HaueHuil. Tak, cogepkaHue ITIOKO3bl B KPOBU TIpec-
HoBoxHoro ckata (Hypanus sabinus) coctaBmusino 0.71 =
* 0.1 mmonn/n [17]. ¥ mopckoro ckara (Dasyatis ame-
ricana) KOHLIEHTpAaLUs TJIIOKO3bI B KPOBU TakKxkKe ObLIa
HEBBICOKOM 1 cocTaBistia 1.69 mmouns/1 [ 18]. BoaMox-
HO, HU3KUI YypOBEHb TJIIOKO3bI B IJIa3M€ YePHOMOP-
CKMX CKaTOB SBJIIETCS 3HAUYUMOU MPEATNIOCHUIKONA HU3-
KOT0 ypOBHSI TJIMKOT€Ha B 3pUTPOLIMTAX 3TUX pbi0. Of-
HaKO HU3KOEe cofiepXaHWe TJI0KO3bl B IIa3Me KPOBU
CKaTOB HE SIBJISIETCS OOILIMM MPU3HAKOM ISl XpsIle-
BBIX pbIO. Y MX OMMKaWIUX pOACTBEHHUKOB — Oojiee
MOABUXHBIX aKyJl, XapaKTepU3YIOLIMXCS BBICOKUM
YpPOBHEM MeTaboJiu3Ma, CoJep>KaHUe IITI0KO3bI B IJ1a3-
Me KpOBU ObLJIO, KAK MUHUMYM, Ha TIOPSIAOK BHIIIIE.
Tak, B 1utazame kapuockoii pudoBoii akynsl (Carchar-
hinus perezi) conep>XaHue IJIOKO3bI B MJ1a3Me KPOBU
cocrtaBisiio 10.4 MMonb/i, ay akyabl-HIHbKU (Ging-
lymostoma cirratum) — 20.0 mmoub/n [19].

CornlacHO JTUTepaTypHbIM TaHHBIM KOHIICHTPALIUS
TJTFOKO3BI B KPOBU KOCTHCTBIX PHIO TaK3Ke MMeeT OYeHb
GOJIBINTYIO BapraOeTbHOCTD, IIPU 3TOM HEKOTOPBIC BH-
IIbl UMEIOT YPOBEHb CyOCTpaTa HUKe 1 MMOJIb/J1, a Apy-
rue — ypoBeHb, npeBbimatomuii 10 moap/n [20]. ¥V
MOPCKMX BHIOB pBIO — €BpOINEHCKOro Kepyaka
(Myoxocephalus scorpius), KyHHepa — rojlyooro oKyHs
(Tautogolabrus adsperdus), aTiIaHTUYECKOTO JOCOCS
(Salmo salar), atmantudeckoii Tpecku (Gadus morhua)
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KOHILIEHTpALNsI TIIOKO3BI B IJIa3Me KPOBU PBIO COCTaB-
Jsuta cootBeTcTBeHHO: 0.73, 1.95, 4.1, 4.0 MMmoib/n [4].
B Hareit 1abopatopuu TOXe MPOBOIUIIM OIpeaesie-
HUE KOHILIEHTPALMU TIIIOKO3bl B IJIa3Me€ HEKOTOPBIX
MOPCKIX KOCTUCTBIX pbIO [7]. Tak, y craBpuIpl, cMapy-
JIbl, CKOPIICHBI YPOBEHb INIIOKO3bI B IUIa3Me KPOBU CO-
crapisin 7.7, 10.3 u 1.8 Mmmomb/n coorBeTcTBeHHO. KMCcxX0-
ISl U3 BTUX JAHHBIX HAMM HE YCTAHOBJIEHO KaKOWi-
MO0 KOPpeasiliuM MeXKIy KOHIIEHTpaLUe TJTF0OKO3bI
B IJIa3Me KPOBU U COIEPKaHUEM INIMKOreHa B 3pUT-
polLMTaX MCCIEAOBAHHBIX YEPHOMOPCKUX KOCTHU-
CTBIX pBIO (Tabd. 1).

YcnoBus, IpU KOTOPBIX 3TO MTPOUCXOJUT, U caM BO-
MPOC INIMKOTEHOTeHEe3a B 9pUTPOLIUTAX PbIO MpaKTUye-
CKM He uccienoBaHbl. Ham, B 1OCTyImHOI1 1uTepartype,
He yIaJl0oCh HaliTM MCTOYHMKOB MOCBSIIIEHHBIX 3TOM
ponpocy. TeMm Oojiee He SICHO, TPU KaKWX YCIIOBUSIX
SPUTPOLIUTHI PHIO UCTHONB3YIOT HAKOTIJIEHHBIN TJIMKO-
TeH in vivo W in vitro. DpUTPOLIUTHI CKaTa MOPCKOM JIU-
CUIIbl OTHOCSITCS K YHUKAJIbHBIM KJIETKAM B OTHOIIIE-
HUM UX CIIOCOOHOCTH JJTUTEJIbHO COXPaHSITh CBOIO 1ie-
JIOCTHOCTb in Vitro. BbimeneHHble M B3BElLIEHHbIC B
(U3NOJTOTMUECKOM PaCcTBOPE KJIETKU COXPAHSIUCH Ha
xonope (+4°C) mo 11 cyt 6e3 BUAMMBIX IIPU3HAKOB I'e-
MoJin3a. DTO MO3BOJWIO MPOCIAEAUTh TUHAMUKY HC-
MOJb30BaHMUs INIMKOI€HA JSPUTPOLIMTAMHU pPBIO IIpU
JIIUTeIbHOM XpaHeHuu. Kak BugHo Ha puc. 1 B mipo-
Liecce XpaHeHUsl TJIMKOTeH MOCTENEHHO PacXoa0BaJICs
SPUTPOLIMTAMU CcKaTa JJisd MOAePXKaHUS CBOUX IHEP-
reTUYeCcKuX MmoTpedoHocTeil. K KOHIly cpoka XpaHeHMUs
ero KOHIIEHTpalusl cocTapisiia 48%, 4To CBUOETENb-
CTBOBAJIO O BOBJIEYEHMM ITOTO Mojuvcaxapuia B Kie-
TOYHBIM METab0JU3M B OTCYTCTBUE OPYTUX SHEPreTHU-
YeCKHX CyOcTpaToB B (DM3UOJIOTUUYECKOM PacTBOpE, B
KOTOPOM 3PUTPOLIMTHI ObUIM OTMBITHI M B3BEIIEHBI 1151
xpaHeHUs1. OTcyTcTBUE B (DU3UOJOTUYECKOM PacTBO-
pe TJII0KO3BbI JAejaeT NpollecCc UCTOJIb30BaHUS 3PUT-
poLMTaMU BHYTPUKJIIETOUHOTO TJIMKOT€Ha Hen30exK-
HBIM U, CKOpee BCero, ¢AMHCTBEHHBIM BO3MOXHBIM
BapuaHTOM JJISI TIOAAEPXKaHUSI CBOEro MeTadboau3Ma.
JoBoJIbHO MOJIOTOE MafieHUue BEJIUYUHBI €0 BHYTPU -
KJIETOYHO KOHIEHTPAllUM MOXHO OOBSICHUTH CITO-
COOHOCTBIO KJIETOK MPU CTPECCOBBIX CUTYyalIUsIX 0J10-
KMpOBaTh CBOM 3HepreTudyeckue 3atparbl Ha 80% u
TeM cCaMbIM 3KOHOMHO PacXolOBaTh BHYTPUKJIETOY-
Hble pecypchl [8]. BoineseHre KIeTOK U XpaHeHUE UX B
($U3NOJOTrMUECKOM PaCTBOPE KaK pa3 MOXHO OTHECTHU
K CYLIECTBEHHOMY CTpecCy [Jisl BPUTPOLIUTOB PHIO.
BBuay HeECTOMKOCTM 3pUTPOLIUTOB CKOPIMEHBI MpU
xpaHeHun B xonone (+4°C) m uUx remMoju3a IIociie
JIBYXCYTOYHOTO coaepxXaHus (puc. 2) HaM He yIajaoch
MpoCAeAUTh ITUHAMMUKY BHYTPUKJIETOUHOW KOHIIEH-
TpallMy IIMKOTeHa B 3TUX KJIEeTKaX. DPUTPOLIUTHI APY-
I'UX UCCIEAOBAaHHBIX KOCTUCTBIX PbIO OBLIU ellle MeHee
CTOUKMMM ¥ HayMHaJIM CaMOMPOM3BOJLHO pa3py-
maThCcs yepe3 17—24 9 mmocie BeiaeaeHus (He OImyOIm-
KOBaHHBIE JaHHBIE).

CaMm (akT UCIIOJIb30BaHUS INIMKOT€HA 3PUTPOILU-
TaMU PBIO B MpOLIECCE XpPAaHEHUSI CBUIECTEIbCTBYET O
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BOCTPeOOBAaHHOCTH 3TOr0 CyOCTpaTa 3pUTPOLUTAMMU,
BeJIMYMHA HAKOIUIEHUsI KOTOPOTO B HUX COMOCTaBUMAa
C YPOBHEM 3TOTO IMOJIMCaxapuaa B OSJIbIX MBILIIIIAX PhIO
[7]. DTO TIOmYepKMWBaeT 3HAYNMMOCTH TJIMKOTEeHA ISt
SPUTPOLIUTOB B TeX KM3HCHHEBIX CIIy4asix, Korga HC-
MOJIb30BaHUE APYTUX CYOCTPATOB 3aTPYAHEHO WU He-
BO3MOXHO. Ha BO3MOXKHOCTh MCIIOIb30BaHUS TJIMKO-
reHa B KadeCcTBE SHIOIC€HHOIO MCTOYHUKA SHEPrUu
yKa3anu B cBoux ucciaegoBanusx . Ileckyspo u co-
aBT. [21]. 151 BoBJeUEHUS IJIMKOreHa B METab0IM3M
APUTPOLIUTOB, IIO0-BUAMMOMY, KPUTHUYECKU Ba*KHBIM
SIBJISIETCS TTaficHEe KOHIIEHTPAlMY TJIIOKO3HI B IJIa3Me
KpoBu. Takue cUTyalluu B >KM3HU PbIO BCTpeUaroTCs
4acTO U CBSI3aHbI, HAIIpUMEP, CO CTPECCOBBIMU MBbI-
IMEYHBIMA Harpy3kaMu, JIMTCIILHBIMUA IIepUOIaMu
ronoganus [22]. Ocoboe MecTo 3aHUMAIOT TUIIOKCUii-
HbI€ COCTOSIHUSI, KOTOPBIE CIYyYaloTCsl y pbIO JOCTATOY -
Ho yacTto. Kak n3BecTHO, yIjieBoAbl OTHOCSTCS K CyO-
cTpaTtaM, YTWIM3alrs KOTOPHIX MOXKET IMPOMCXOOUTH
aHa’pOOHO U IIPU 3TOM He TpebyeTcs pacxoaa KUCIO-
pona. B sputpouuTtax ux MeTaboJ13M OCYILECTBIISIET-
¢S MO KJlacCUYecKoMy myTh DmueHa—Meiieproda u,
XOTSI BBIXOJ DHEPreTMYECKUX 3KBUBaJIeHTOB AT®dD B
16 pa3 ycTymmaer aspoOHOMY pacramy, Y pbIO Takoit
MyTh YyTWJIM3allMU TJI0KO3bl BocTpeOboBaH. Kak moka-
3aJI psaa ucciaenoBaHuii [5, 11, 16, 21], rimoko3a mias-
MBI Y PBIO SIBJISIETCSI OCHOBHBIM CYOCTPaTOM JIJISI IOy~
yeHUs1 dHepruu. Jlaxe B MPUCYTCTBUM HOPMAJIbHOTO
HarpsDKeHUS KMCJIOpo/ia TJII0K03a KPOBHU MCHOIb3YeT-
CSl DPUTPOLIMTAMU aHA3POOHO M, KaK MUHUMYM, 30%
3TOro cyocTpara mpeodpasyeTcs B a1akTat [S5]. Bunumo,
WCITOJIb30BaHME IIIOKO3bI U TJIMKOTe€HAa 3pUTPOLIMTAMU
pBIO B KauyecTBE aHA’POOHOI0 MCTOYHHMKA ITO3BOJISIET
SKOHOMUTH MEPEHOCUMBI 3TUMU KJIeTKaMU KHCJIO-
poxn. Crnenyer NogqYepKHYTh, YTO HU3KOE COIEepKaHUE
IJIMKOT€HA B 3PUTPOLIMTAX CBOMCTBEHHO XOJOHOJIO-
OMBBEIM pBIOAM, TpPEeCKe M pamy:KHOU dopenr. ¥ 3Thx
BUJIOB 9KOHOMMSI KMCJIOPOIa HE MMEET CMbICIIA BBUIY
OTCYTCTBUS JedulInTa KUCIOpOoIa B XOJOIHON cpede
UX obuTaHus. Y HCCAeIOBAaHHBIX HAMU TEILIOJIOOU-
BBIX MOIBMDKHBIX pbIO (CTaBpHMAa, JIACKMPh, CMapUIa)
colepkaHue BHYTPUKIIETOYHOIO TJIMKOreHa ObLIO BBI-
cokuM. Beicokoe comepkaHue TIMKOreHa ObLIO OTMe-
YEeHO TaKKe y MIPUOPEKHBIX CUASINX (popM pBIO (Kep-
YakK, MOpPCKOIT BOpoH [16]), a TakKe U y MCClIeI0BaH-
HOI HaMU CKOPIIEHBI, KOTOPBIe MMEJIM CYILIECTBEHHO
6oJIbIIIME 3aMachl 3TOrO IMoJiMcaxapuaa, YeM X0JI010-
JIIOOMBBIC TPeCcKa M pangyxHas ¢popenb. [TpnbpexHbie
BUJIBI PHIO Yallle UCIIBITHIBAIOT TUIIOKCUIHBIE COCTOSI -
HUSI U VCIIOJIb30BaHME TJIIOKO3bl U IJIMKOT€HA B 3TUX
CUTyalUsIX I103BOJISIET 3KOHOMUTH I€PEHOCUMBIA
MMU KHCJIOPO JIsT 0O0eCTIeYeHUSI SHEPIreTUKU IPYTHUX
KM3HEHHO-BaXXHBIX TKaHell 1 opraHoB. Takue ke mo-
TPeOHOCTU B SKOHOMMU KUCJIOpOAa HEOOXOAMMBI
TEIUIOJIOOMBBIM TIOABMXKHBIM pbi0aM, y KOTOPBIX
napiurajabHOe JaBJICHHE KUCIOpOoAa B Cpelle HmamaeT C
MHOBBIIIICHMEM €€ TeMIIepaTyphl, a BEICOKHMII 3Hepre-
TUYECKUIT OOMeH TpeOyeT MepeHoca 3pUTPOLUTAMU
OosbIIMX 00BEMOB Kucjopojga. Kak MBI Imosaraem,
BaXKHOCTb TAKOTO MCITOJIb30BaHMS YIJIEBOIOB B CIIELIM-
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aJIM3UPOBAHHbBIX KJIETKAaX, KAKUMU SIBJISIFOTCSI 3PUTPO-
LIMThI, OBUIO MOAXBAYEHO €CTECTBEHHBIM OTOOPOM U
IIOBEIECHO OO “coBeplIeHCTBA” B OC3bSIIEPHBIX IPUT-
pouuTax MJIECKOMUTAIIIUX. DTO MO3BOJUIO MaKCH-
MajibHO yBeauuuTh KITI ra3oTpaHCcriopTHOM CUCTEMBI
MJIEKOITUTAIOLIUX U 3aHSITh UM TOCMOACTBYIOIEE MO-
JIOXKEHUE B LIAPCTBE XKMBOTHbIX.

DPUTPOILIUTEI HEKOTOPHIX PHIO OTHOCITCS K KJIET-
KaM, KOTOpbIe HaJeJIeHbI BBICOKOM TOJIEPAaHTHOCTHIO K
TUITOKCHUM/aHOKCUM U APYTUM CTPECCOBBIM (haKTopaMm,
1 CITOCOOHBI OBICTPO TIeperporpaMMupoBaTh CBOIT Me-
TabOoJI3M B CTOPOHY BOBJIEUEHUsI [NIMKOTEHA B SHEpre-
THYECKUM TTPOLIeCC TSI KOPPEKIINU MPOTYITAPOBAHMS
u notpebnenus ATD [23]. DTo no3BoJIgeT MpeaoTBpa-
TUTh KaTacTpodUIECKHEe TTOCICACTBUS PE3KUX KOJe-
b6aHuii BHyTpUKJIeTOUHOTrOo AT® M 3HEPreTUYECKOro
cratyca KJIEeTKW B lieJoM. Takasi TeperpyrnmnupoBKa
9HEPreTUKU KJIETKU MpU AePULIMTE KUCTOPOAA B CTO-
POHY TIPEIITOYTUTEIHEHOTO MCTIOIBL30BaHUS TIIMKOTeHA
CBOMCTBEHHA W APYTUM TKaHAM CTPECCOYCTOMYMBBIX
pbI6 [24—26] 1, TT0-BUAMMOMY, JIEXXUT B OCHOBE UX TO-
nepaHTHOocTU. Kak yxe coobmanu P. @epriocoH u co-
aBT. [8], B OTCYTCTBUE KHUCJIOPOAA SPUTPOLIMTHI PbHIO
coxpaHsIoT ToJbKo 20—30% sHepreTM4ecKOro Mera-
6oyim3Ma, 4TO COBITaaeT C MOJIeii BKJaaa YrJIeBOIOB B
o011t 0OMEH KpaCcHBIX KJIETOK KpoBH [5]. Takoe coB-
MMameHue TI03BOJISIET BBICKA3aTh IIPEAITONOXEHHE O
TOM, 4TO 3TH 30% BHEpreTMYecKnx 3aTpaT SBISIOTCS
HEOOXOIMMOM U JOCTAaTOYHOM 0a30ii 111 00ecreyeH s
TeKYILIMX MOTPEOHOCTE SPUTPOLIMTOB PHIO B MTOAAEP-
KaHUe  CBOero  (PpyHKIIMOHAJBHOTO  COCTOSIHMSI.
Ocranpable 70% 3HEPreTUKH KIIETOK, BUIMMO, PAaCX0-
IYIOTCS Ha momnepXaHnue OMOCUHTETUYECKUX U pere-
HEPALIMOHHBIX MOJIEKYJISIPHBIX TPOIECCOB, YTO CITO-
coOCTByeT OoJsiee NJIUTEIbHOMY TOMJIEPXKaHUI0 UX Tra-
30TPaHCMOPTHOI (DYHKIUMU U OOJIbIIIEMY HAXOXISHUIO
SPUTPOIIMTOB B KPOBOTOKE phi6. Kak n3BecTHO, Y pBIO
MPOOOKUTEILHOCTh “KM3HU~ DSPUTPOLIUTOB IIpU-
MEpHO B IIBa pa3a BBIIIIE, YeM Y MJICKOIMTAIOMINX, 1
coctasyser 6ojiee 200 cyt [27].

IMonyyeHHbIe TaHHBIC MO COMEPXKAHUIO TJIUKOTeHa
B OPUTPOLIMTAX PBHIO pacCIIUPSIOT HAIKU MpeacTaBe-
HUSI O BaXKHOCTH YYaCTHSI 3TOTO YTIJIEBOTHOTO CyOCTpa-
Ta B BHEPTeTHKE 3THX KJIETOK M OTKPBIBAIOT ITepCIIeK-
TUBY TUTBHENIITX UCCIeIOBAaHUN. DTH MCCIIeTOBAHMS
TIOJDKHBI OBITH HAIIpaBJIeHBI Ha BBISICHEHUE (DaKTOPOB
Y MEXaHU3MOB, BbI3bIBAIOIIMX aKTUBALIMIO/IeaKTUBa-
LIMIO BOBJICYEHUSI TJIMKOTeHa B SHEPreTUUYEeCKUil MeTa-
60JIN3M BSPHUTPOIIMTOB PBIG, YTO BAXXKHO IJIST TTOHMMAa-
HUs amanTallMOHHBIX BO3MOXKXHOCTE 3THX KJIETOK U
TUAPOOMOHTOB B 1IEJIOM.
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GLYCOGEN AS AN ENERGY STORAGE SUBSTRATE
IN FISH NUCLEATED ERYTHROCYTES

Yu. A. Silkin“*, E. N. Silkina“, and M. Yu. Silkin“

¢TI Vyazemsky Karadag Scientific Station — Nature Reserve, Branch of A.O. Kovalevsky Institute of Biology of the Southern Seas,
Russian Academy of Sciences, Feodosiya, Russia

#e-mail: ysilkin@mail.ru

We studied the glycogen content in erythrocytes of two Black Sea cartilaginous (Raja clavata, Dasyatis pastinaca)
and four teleost ( Trachurus mediterraneus ponticus, Spicara flexuosa, Diplodus annularis, Scorpaena porcus) spe-
cies. Glycogen accumulation in erythrocytes of teleost fish was about twice as high as in the stingrays. Due to the
unique ability of stingray R. clavata erythrocytes to well preserve cell integrity in vitro in the cold (+4°C), the dy-
namics of glycogen expenditure in erythrocytes was tracked over 11 days of storage until cell disintegration.
Erythrocytes spent glycogen economically: during the entire storage period, only 52% of glycogen were con-
sumed. In the black scorpionfish 5. porcus, erythrocytes were far less tolerant to be stored in the cold. The stability
period of S. porcus erythrocytes suspended in physiological saline did not exceed two days. During this period,
no significant changes in the glycogen concentration were observed.

Keywords: glycogen, erythrocytes, cartilaginous fish, teleost fish, Black Sea
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