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COCTOSTHUE AHTUOKCHUJAHTHOW CUCTEMEBI ¥V
MPEJICTABUTEJEN RAPANA VENOSA (VALENCIENNES, 1846),
OBHUTAIOIINX B PAZHBIX AKBATOPHSIX OJJECCKOTO 3AJIMBA
(UEPHOE MOPE)

M3zyyanu cocTossHHe aHTMOKCHAAHTHOM CUCTEMBbI Y CaMIIOB M CaMOK WMHTPOAYLIEHTa
YepHoro Mopst OpIOXOHOTOro MOJUTIOCKA Rapana venosa, OOUTAIONIETO B IBYX Pa3HBIX aK-
BaTopusix Onecckoro 3anvBa. OaHa U3 aKBaTOpUIT OTIMYaeTcs 6oJiee BbIpaXXeHHON 13-
MEHUYMBOCTBIO KaueCTBa BOIBI (COJICHOCTHIO, COEPKaHMEM XUMUYECKUX 3aTrpSI3HUTENICH
U T. I1.) U3-3a HAJIMYKS B €€ 30HE JIMBHEBOTO KoJlJieKTopa. Jlpyras — xapakrepusyeTcs
OTCYTCTBHEM TOOIM30CTH TTPOMBIIIJIEHHBIX I KOMMYHAJIbHO-X03SIICTBEHHBIX COOPYXKe-
HUI 1 oTIMyaeTcs 0oJiee cTabMIbHOM 3KOJIOTMYECKOol cuTyaleit. B nmuieBoaHo (Jeii-
OJICITHOBCKOI1) 3Kelle3e paraH OIpeaessiii akTUBHOCTh cyrnepokeumaucmytassl (CO/I),
KaTtasiasbl, miyratnoHnepokcuaasbl (I'T1), rmyratmonpenykrassl (I'P) u conmepxaHue
BoccTaHoBJeHHOTO TyTatnoHa (GSH). CrerneHb OKMCIUTEIBHOTO TIOBPEXKACHUS OMO0-
MOJIMMEPOB OLICHUBAJIU IO YPOBHIO COAEpKaHUsS MaJloHOBoro auanbaeruga (MJIA).
Y uccnenyeMbIX paliaH He HaIILIM TTOJIOBBIX pa3IMuuii 1Mo comepxkanuio MJIA — unHTe-
rpajibHOTO ToKazaTesst epekucHoro okuciaenus aunuaos (ITOJI), conepxanuio GSH
M aKTUBHOCTHM aHTMOKCHIAHTHBIX (pepMeHTOB, 3a uckiaodyeHueM Karaniassl 1 COJl. Co-
nepxanve MJIA u aktusHocTh CO/], B UI1IEBOJHON XeJie3e parnaH, COOpaHHbBIX B paiio-
He KOJUIeKTOopa, ObIM 6osiee BbICOKMMU, a copepxkanue GSH u aktuBHocts ['T1 — 6osiee
HU3KUMU, YeM Y paraH, OOUTAIONINX B OTHOCUTEIEHO YUCTOM paiioHe. CretaH BEIBOI O
BBICOKOM a/IalTallMOHHOM TIOTeHIIMaJe R. venosa n 0 BAXKHOCTU U3YYEHMS POJIM TEHETH -
YECKMX U IKOJIOTUIeCKUX (haKTOPOB B MG EPEHIIMPOBAHHOM MPOSIBICHUN HEKOTOPBIX
peaxiuii aganTaluu y parnaH pa3Hbix akBatopuii YepHoro mopsi.

Kimouessbie ciioBa: UepHoe mope, Onecckuii 3anuB, Rapana venosa, VHBa3WMHBIN BUII,
ajlanranys, aHTUOKCUIAHTHAS CUCTEMA.

[Tpubpexuble axBaTopry UepHOr0 MOpS MOCTOSIHHO MOABEPTaloTCs BIUSHUIO MPH-
POAHBIX M AHTPOIOIEHHBIX 3arpsiI3HEHUI, KOTOpbIE MPUBOJIAT K HEraTUBHBIM H3MEHE-
HUSIM. B 3Konmoruueckux UCCaeoBaHUAX € BO3PACTAOLICH MHTEHCUBHOCTBIO pa3pada-
TBIBAIOTCS HOBBIE SKCIIPECC-METO/bI, OCHOBAHHBIC HA aHAJIM3€ TOHKUX OMOXMMHUYECKUX
U3MEHEHUH, TIPONCXOAAIINX B OPraHU3Me Ha PaHHMX CTAIMAX BO3ACHCTBHUS HeOmaro-
MPUATHBIX (PaKTOPOB Cpeibl. B mocnennue rofpl ycTaHOBIEHO, YTO MHOTHE OOMTaTe-
11 YepHOro Mops BBISBISIOT CTOIb BBICOKYHO UyBCTBUTEIBHOCTb K HEOIAronpusTHbIM
(akTOpaM, YTO MOTYT CIY>XUTb TE€CT-OOBEKTAaMM INPHU SKOJIOTHUECKOM MOHMTOPHUHIE
[5, 11]. B mnpoTHBONOI0KHOCTS ATOMY MHOTME BU/bl PACTEHUN U JKUBOTHBIX XapaKTe-
PHU3YIOTCS BBICOKOW YCTOMYHUBOCTBIO K 3arPSI3HEHUSIM OKPYKAIOIIEH Cpeabl U, HECMOTPS
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Ha yCyTyOJISIOIIYIOCs 3KOJIOTHYECKYI0 00OCTAaHOBKY, HHTEHCUBHO Pa3MHOXKAIOTCA Jaxke
B yuiep6 apyrum Buzaam [§8, 20]. imeHHO Takast cuTyanus, o-BUANMOMY, CIIOKHIACH B
CBS3M C MOSIBIIEHHEM B UepHOM MOpe HHTPOLYLEHTA-XUIHUKA — OPIOXOHOTOTO MOJLIIO-
cka Rapana venosa (Valenciennes, 1846). [TocnenHuii ycreniHo akKKIMMATH3HPOBAJICS
B UepHOM MOpE, 4TO NPUBEJIO K COKPALIEHNUIO YUCIEHHOCTH HEKOTOPBIX JIBY CTBOPYATHIX
MOJUTIOCKOB [12]. MokHO monarate, 4to R. venosa obnanaet 3QpQpeKTUBHBIMA OHOXH-
MUYECKUMH MEXaHM3MaMHM 3alUThl U BBDKUBAHUS, B YACTHOCTH, MOILIHOI aHTHOKCH-
JTAHTHOI CUCTEMOH, YTO 00ECIEYNBACT ITOMY BUAY BBICOKYIO CTEIICHb aIallTUBHOCTH U
BeDKHMBaecMOCTH. K coxkaneHnio, 0COOEHHOCTH METabOIMUYECKHIX MPOLECCOB Y paraHbl
U3y4YEHbl OYEHb MaJo.

W3BecTHO, 4TO 17151 MOJUTIOCKOB | IPYTHX BOIHBIX OECIIO3BOHOYHBIX XapaKTEPHBI I1e-
pHoaMYecKne epecTpOHKH MeTaboau3Ma, HHAYUpyeMble OMOTHYECKUMU U aOHOTH-
4yecKUMU (pakTopaMu (TeMIeparypa, COIEHOCTb, JOCTYITHOCTh KUCIOPO/a, XUMUYECKHE
3arpsi3HEHUs. U apyroe) [6]. B pesynbrare cABUroB B (PyHKIIMOHHUPOBAHMM OHMOXUMH-
YECKHUX PETYNSATOPHBIX CUCTEM, CONPOBOXKIAIONINXCS, KaK MPAaBUIIO, aKTHUBALUECH HPO-
IIECCOB T€HEPHPOBAHMS aKTHUBHBIX (opM kuciopona (ADK), mbo cHmKeHHEM ypoB-
HSl @aHTUOKCHJIAHTHOW aKTMBHOCTH, BO3PACTA€T OMACHOCTb PA3BUTHUSI OKHUCIUTEIBHOTO
cTpecca. AfanTayi THAPOOHOHTOB CIIOCOOCTBYET HX BEICOKHH ITOTMMOP(H3M, a TaKKe
XOpOUIO pa3BUTasi AHTHOKCUIAHTHASL CUCTEMA, KOTOpPasi MOXKET CIIy’KUTh MHUKATOPOM
(PU3UOIOTNUECKOr0 COCTOSTHUSA MOPCKHX OpraHusMoB [7]. HexkoTopele cBoiicTBa aHTH-
OKCH/IAHTHOM CHUCTEMBl MOPCKUX oOuTaresneil M3ydeHbl Ha MpUMEpe MeIarudyeckux,
IPUIOHHO-TIeNIarunuecKux poio [3, 15] u AByCTBOPUATHIX MOJUTIOCKOB [4, 9], B TO Bpems
KaK OpPIOXOHOTHE MOJIIIOCKH, B TOM YHCJIE R. Venosa, B 3TOM OTHOIICHUH MPAKTHIECKU
He u3y4YeHbl. EMMHUYHBIE HCCIeJOBaHNs, IPOBEICHHBIE Ha paraHe, IOCBAIIEHB Mop(o-
JOTHYECKUM W (PUIOTCHETHIECKUM acIlleKTaM 3TOTO XMBOTHOTO, & HE COCTOSHHIO METa-
6omusma [19, 22, 23]. [enbio HACTOSIIMX HCCIEIOBAHUN OBUIO M3YyYEHUE OTAEITHHBIX
NoKasaTenell aHTHOKCUAHTHOM CUCTEMBI Y CaMIIOB M CaMOK OPIOXOHOTOTO MOJIIIOCKA
R. venosa, 0OUTAIOIIETO B IBYX pa3HbIX akBaTopusix OJECCKOTo 3a11Ba, OTIHYAIOIIUXCS
9KOJIOTHYCCKUMHU TTapaMeTpaMH.

MaTepPla.]'[LI 1 METObI UCCJICTIOBAHUA

Omnpenensuii akKTUBHOCTh psiia aHTHOKCHUAAHTHBIX (pepmentoB — CO/I, xaramassbl,
I'TI, I'P a Takxe conepxanne GSH u MJIA y camiioB 1 camok Moiuttocka. VMcenenosanu
ocobeif, 00uTaoNMX B ABYX MPUOPEKHBIX aKBAaTOPHAX, OTAAJICHHBIX IPYyT OT APYyra Ha
paccrostaun 7 kM (puc. 1). OiHa U3 akBaTOPHIA IPUMBIKAET K TEPPUTOPHH THIPOOHOIIO-
rudeckoi cranuu OecCKoro HaIMOHAILHOTO YHUBepcuTeTa uMeHu M. M. Meunnkosa
(9KOIOTHYECKHUE YCIOBUS YIOBICTBOPUTEIBHBIE U JOBOJIBHO CTA0MIIBHEIC), IPyTas — Ha-
XOIIUTCS O] BO3IEHCTBHEM CTOKA JIMBHEBOTO KOJUIEKTOpa (COJIEHOCTh M XUMHUYECKUN
COCTaB BOJIbI ATOTO y4acTKa MOPS EPUOTUUECKH CYIIECTBEHHO U3MEHs0TCS). Motto-
CKOB cOOHMpasIi Ha KAMEHHBIX CyOcTpaTax ¢ IIyouHs! oT 5 1o 10 metpos. [Tnomans coo-
pa MOJUTFOCKOB cocTanisiia okoso 100 M? 1yIst KaKJOH aKBaTOPHH.

Jliss OMOXMMHUYECKOTo aHaJW3a WCIOJIh30Ball TKAHW TMHINEBOIHON (JIeHOneHOB-
CKOIf) JKelle3bl TOJOBO3PEJBIX CAMIIOB M CaMOK, IIEPHOJMYCCKH BHUIABIMBACMBIX B
ocennuit nepuoxa 2012 roma. BeicoTa pakoBHH cOOpaHHBIX MOJUTIOCKOB KoJiebanach B
npenenax 70—80 MM, UTO COOTBETCTBYET ITOJIOBO3PENbIM 0c00IM 4—5 neT. OOpasibl TKa-
Hel XpaHwin B MOpo3miIbHOiT kamepe (—18 °C). I'omoreHnarsl roToBUIN cornacHo [14].
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Pasmepsl BBIOOPOK Ui ompeeneHuss OMOXUMHYECKUX
mapameTpoB Kojebanuch ot 7 10 15 paman.

AxtuBHOCTE COJl M3Mepsu 1Mo CTETIEHH WHTHOUPO-
BaHUS ayTOOKHCIEHHs aJpeHajMHa B LIEJNOYHON cpere
MyTeM CHEKTPOPOTOMETPUUECKON PErucTpalnu OnTude- p Qneccxuii
ckoil riotHocTH nipu 347 um [16]. Karanaznyio akTus-
HOCTh TOMOTEHATOB OILICHUBAJIN CIIEKTPO(OTOMETPHICCKH
[0 CHIKEHHUIO CBETOIOIVIOLIEHUA NEePEKUCH BOJIOpOJa
pu 240 HM B peakuuonHo cpexae (50 MM kanuii—hoc-
¢arueiii Oypep, pH 7,0; 10 MM H,O,, 5KCTpakT TKaHu)
B Teuenne 5 muH. [21]. AktuBHocTh GSH-nepokcumazb
onpenensan npu Hanuuuu B cpene H O, B kauecTse cy0-
ctpara. MaTencuBHOCTE 06pa3oBanus GSSG oneHUBAIH
0 JMHAMUKE HM3MEHEHHs] ONTUYECKOH IJIOTHOCTH IpH
430 um. Ilpu 3TOM HCHOIB30BAIN CPELy, COIEPIKALLYIO
50 MM kanwmii-pocdarnsiii Oydep pH 7,0; 0,85 MM GSH,
0,3 MM H,0,, 3 MM NaN,, 0,15 MM HAJI®H u 1 mM
OATA [13]. I'P-akTUBHOCTb H3MEpPSUIU IO CKOPOCTH
okucnenuss HAJI®H B peakimoHHOH cpene cleayrone-
ro cocraBa: 100 MM K-Na-dpocharusiii Oydep, pH 6,6;
0,075 MM rmyrarnon okucneHusid, 0,06 MM HAJI®H, Puc. 1. Kapra-cxema Onecckoro
TKaHEBOH PKCTPAaKT. PeakIMio MHUIMUPOBAIM OKHCIIGH- o ABa C TOUKami or6opa npo6

(1 — paiion I'uapobuoio-
HBIM TIIyTaTHOHOM. VGI:IJ'H) HAI®H perucrpuposanu rHYeCKo cranw, 2 — 16
IO MaJCHHUIO ONTUYECKOH IUIOTHOCTH NpH 340 HM 9€Pe3  ¢r . Monrana, TuBHEBHIT
5 MuH HHKyOanuu. Pacuer akTHBHOCTH TIPON3BOIIIIHN CO- KOJUIEKTOP).
rmacHo [ 14].

Conepxxanne MJIA B 9KcTpakTax NHIIEBOJHON Ke-

Jie3bl ONPECNISI C TIOMOIIBIO THOOApOUTYpoBOM KucIOTHI [17], conepskanme GSH — 1o
peaKIMu ¢ PEeakTHBOM JIIMaHa M OOpa30BaHWIO OKPAIIEHHOTO TPOIYKTa — 2-HHUTPO-O-
MEpKaNTOOCH30MHOM KHUCIIOTBI, KOTOPBIA HMEeT MAaKCHMYM TorIomeHust pu 412 |M [2].

[TonyuyeHHble NaHHBIE PACCUMTHIBAIM HA TPaMM ChIpoi Macchl TKaHHU. CTaTuCTH-
YEeCKyl0 OOpabOTKy pe3yabTaToOB OCYIIECTBISUIM B COOTBETCTBHU C IMPHIOKECHHEM
Microsoft Office Excel. JJoCTOBEpHOCTb pa3In4Mid UCCIEIyEMbIX TapaMeTPOB OTpeie-
JIM, Ucnionb3y t-rect CThIoOEHTa Ul HECONPSDKEHHBIX COBOKYITHOCTEH.

3aJIHB

Pe3yabTaThl McciienoBaHUS M HX 00CYXKIEHHEe

I/I3BCCTHO, YTO JaXX€ NP HOPMAJIBHOM TCUCHHUH IMMPOLECCOB KXKUBHCACATCIILHOCTH B
KIJIeTKaX HaOJromaercs onpeaeicHubli yposenb [10JI, mHAyIUpYyeMbIii 00pa3oBaHHEM
ADK. CozepxaHne MOCIEAHUX B TKAHAX ONPEAEIIeTCs COOTHOIEHHEM (QYHKIMOHAIb-
HOM aKTHBHOCTH MPO- M aHTHOKCHIAHTHBIX CHCTEM KJIeTKU. VIHTeHcudukanus cobo-
HOpaJUKaJIbHBIX ITPOICCCOB MPUBOAUT K CTUMYJIUPOBAHUTIO (I)yHKIII/II/I AHTUOKCHIAHTHBIX
MEXaHN3MOB, KOTOPBIE OCNIA0NISIOT HETATUBHOE BIMSHUE aKTHBHBIX (POPM KHCIOpOAa U
MPEISTCTBYIOT OKHCIHTEIFHON IECTPYKIUH OHOIIOTHYECKIX CTPYKTYP.

CO/1 n xaTanaza IBIAIOTCS BaXKHEHITUMH KOMITOHEHTaMHU ()epMEHTHOI coCcTaBIIs-
01 CHCTEMBI aHTHOKCUAAHTHOH 3aIIUThI, 00€3BPEKUBAIOIIUMHU aKTUBHBIEC ()OPMBI
KUCJIOpoJa — CyNepoKCUIHbIN paaukan annon (O,) u mepokcua sogopona (H,0,),
KOTOpEIC TOSIBISIOTCS Ha TEPBBIX ATAllax CBOOOJHOPAAMKANBHOTO OKHCIeHUS. OT
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AKTMBHOCTH YNOMSHYTHIX (DEpMEHTOB 3aBHUCHUT JajibHElIlee pa3BUTHE Mpolecca
ITOJI B opranmszme [18].

AxtuHOCTh CO/] B MUIIEBOAHOM KeJe3e CaMIIOB M CaMOK, COOpaHHBIX B paioHE
HaXOXJICHUS KOJUIEKTOpa, ObLIa COOTBETCTBEHHO B 2 M B 2,5 pasa Bhie (p < 0,01) mo
CPaBHCHHUIO C aKTUBHOCTHIO TAHHOTO ()epMEHTA y paraH, BEUIOBJICHHBIX B palioHe Ono-
cTaHuuu (puc. 2a). DTo CBUAETENBCTBYET 00 ycunenuu renepaunu ADK, B Tom yncne
CYNEPOKCHIHOTO panukana annona (O,) B OpraHu3Me MOJUTIOCKOB, OOUTAIOIIMX B 30HE
kosuiekropa. [losermenne aktuBHOCTH CO/I, BEpOsTHO, CBA3aHO C HEOOXOAUMOCTBIO d(h-
(GeKTHBHOH yTHIIM3aIMKI BO3PACTAIOMIUX KOMYECTB *O,", 00pasyrouXxcs B 9TOM CIly4ae.
[To yposHro aktuBHOCTH CO/] m10JI0BBIC pa3iinyusi ObUIH BBISBICHBI TOJIBKO y PariaH, BbI-
JIOBJICHHBIX B paiioHe OnocTaHmy. Tak, y caMIoB U3 3Tol akBaTopuu akTHBHOCTE COJJ
obuta B 1,5 pasza (p<0,05) Bblle, 4eM y CaMoK.

4,0 1
3,5
3,0
2,5
2,0
1,5 4
1,0
0,5
0,0

a

MMOJIB\I' TKAHH B MHH.

uHr. O/1347\r TkaHu B MHH.

CaMubl CaMKu caMIbl CcaMKH
@ ruapoduocrannus M KOJLIEKTOP

‘ @ rugpodnocranuusi M Ko/UIeKTOP

Puc. 2. Coneprkanne cynepoKCHIANCMYTa3bl (a) U KaTana3ssl (0) B MUIIEBOTHOM xKeJe3e
Rapana venosa

[TonoBsIe pa3muuus HAOMIONAIKCH TAKKE IO aKTUBHOCTH Karanasbl. Kak u mst CO/,
cnen(rKa MOMOBBIX Pa3IMYUil IO aKTUBHOCTH KaTasla3bl 3aBUCENa OT MecTa oOuTa-
HUS MOJITIOCKOB. B mmmieBotHO# Jkenese parmaH, COOpaHHBIX B paiioHe OMOCTAHITNH, OHA
6buta B 1,2 paza (p < 0,01) Bble y caMOK, TOra Kak y panas, BEUIOBIEHHBIX B pailoHe
KOJIIEKTOPa, aKTUBHOCTb Karaina3el Obuia B 1,4 paza (p <0,01) Beimie y camiioB (puc. 20).
Cremyet OTMETHTB, UTO IIPH HAJTHYHH YKa3aHHBIX TIOJIOBBIX Pa3InUnii akTHBHOCTH KaTa-
na3el B 00111e# BEIOOpKE Y 0co0el pa3HBbIX aKBaTOPHUH Oblia MPAKTUYECKU OJWHAKOBOM.

He meHnee BaxHBIM (hepMEHTOM aHTHOKCHJIAHTHOM CHCTEMBI, KOHTPOIUPYIOIIAM B
kietke yposenb H,O,, Boictynaer I'TI. ITonoBbIX pa3innyuii M0 JaHHOMY IOKA3aTelro
y HCCIEAYEMBIX pamnaH OOHAPY:KEHO He ObL10. B 1erom y MONIIOCKOB, COOpaHHBIX B
paiione xoyekTopa, aktuBHOCTh ['TI B 1,2 paza (p < 0,01) Hmxke y cammoB u B 1,3 paza
(p <0,01) y camoK O CpaBHEHHIO C aHAJIOTUYHBIMH TOKA3aTEISIMKU panaH u3 palioHa
Oouocranuuu (puc. 3a).

I'myratnoHpemykTasa peryimmpyeT COOTHOIICHNE BOCCTAHOBICHHOTO M OKHCICHHOTO
[IyTaTHOHA B KJIETKE UM T€M CaMbIM B3aMMOJEHCTBHE B HUX NMPOOKCUIAHTHON U aHTH-
OKCH/IAaHTHOM cucTeM. AKTUBHOCTH | P B 1ei01eHHOBCKOI *&Kene3e My »KCKUX 1 )KEHCKHX
0co0eii, BRUTOBIICHHBIX B pailoHe OMOCTaHIIMU, ObUIa OJUHAKOBOW W COCTaBHJIA COOT-
perctBeHHo 1,04 + 0,03 u 1,08 + 0,02 mxmosie HAJIOH/MuH. T TKanu. Y ocobeit u3
aKBaTOPHH, COAepKamieH KomiekTop, [ P-akTuBHOCTE OBLTa HA TOM ke ypoBHE (puc. 30).
[omoBBIX pa3mIdmii IO TAHHOMY TIOKA3aTEN0 Y MOJUTIOCKOB, BEUIOBJICHHBIX B IBYX pa3-
HBIX y4yacTkax OJIecCKOro 3aauBa, 00HApyKEHO He ObLIO.
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Puc. 3. AKTUBHOCTB INTyTaTHOHIIEPOKCH a3k (a) M TIIyTaTHOHPELyKTa3sl (0) B MUIIECBOTHOM jkerese
Rapana venosa

GSH, ypoBeHBb KOTOPOT'O OIPEACISUIN B KAYECTBE OJHOTO U3 TIOKA3aTENICH COCTOSHHIS
AQHTHOKCUJIAHTHOW CHCTEMBI, IMEET KaK COOCTBCHHYIO aHTHOKCHIAHTHYIO aKTHBHOCTb,
TaK ¥ QYHKIHOHUPYET B KAUECTBE JJOHOPA BOAOPO/A T PepPMEHTOB aHTHOKCHIaHTHOM
CUCTEMBI M MOAJICPKUABACT CYIb(PTUAPHIbHBIC TPYNIbI (PYHKIMOHAIBEHO BayKHBIX Oe-
KOB B BoccTaHoBleHHOM coctostHuU [10]. Conepxanne GSH (puc. 4a) B muImeBoqHON
KeJie3e MYKCKUX U JKSHCKUX 0cOo0Oeil pamaHbl, BBUIOBICHHBIX B pailoHe OMOCTAHIINH,
coctaBwiio coorBercTtBeHHO 1,30 + 0,04 u 1,20 £ 0,05 MMOJIB/T TKaHHU, a y pamnaH, co-
OpaHHBIX B paifoHE KOJUIEKTOPA, STOT TOKA3aTeNb y CaMIIOB OKa3aJICsl CHIDKCHHBIM TIPH-
MepHo Ha 20 % (p < 0,02), B TO BpeMs KaK y CaMOK HUKAKHUX PA3IHUUil HE OTMEUaNOCh.
Cumwxkenue ypors GSH y caMIiioB, oouTaromux B 60iee H3MEHUYUBBIX YCIOBHIX CPEIbI
(TIeproMYecKue CTOKH OOJIBITUX 00BEMOB 3arpsI3HEHHBIX TIPECHBIX BOJT), U OTCYTCTBUE
aHAJIOTMYHBIX U3MCHEHHI Y CAaMOK TOH JK€ aKBaTOPHH MOXET yKa3bIBaTh Ha Oojee BbI-
PaKCHHBIN TOME0CTa3 aHTUOKCUIAHTHOW CHCTEMBI Y )KEHCKHX 0CO0eH parnaHbl Mo cpaB-
HEHHIO C CaMIIaMH.

14 9

: g 18
g 1,2 g 16 1
L :
% 1,0 4 % 14 4
= = 12 1
E 0,8 1 ; 10 4
= =
0,6 1 3 4
0,4 6 1
0.2 1 : 1
0,0 04
CaMubL CaMKH camubl caMKH
‘ @ rugpoduocranusi M KoJLUIEKTOP ‘ @ ruapobuoctannus W KOJIJ'lelﬂop‘

Puc. 4. ConeprxaHre BOCCTaHOBJIEHHOTO IITyTaTHOHA (@) M MaJIOHOBOTO uaibaeruaa (0) B
MUIIEBOIHOM kKenese Rapana venosa

OJ1HO¥ 13 OBICTPBIX peaKIUii OpraHu3Ma Ha U3MEHEHUE YCIIOBUI OKPYKaloIIeH cpe-
IIbl SIBJISICTCSI TIOBBIIICHHE KOHIEHTPAUU CBOOOMHBIX pamukanoB u akrtuanwms [1OJI,
BCJIE/ICTBHE YETO CIBUTAETCsl PABHOBECHE MEKTy TPOOKCUAAHTHOMN U aHTHUOKCUAAHTHON
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CHUCTEMaMH, YTO, B CBOKO OY€pellb, aKTHBU3UPYET MEXaHH3Mbl PETYIAINN TOMeOCcTas3a
3TUX cucreM [1]

Omnpeneneane MJIA, oqHoro u3 koHeyHbIX npoxykros I10JI, mo3BonsieT cyauts 00
WHTETPaIbHOM COCTOSIHMM TPOOKCHJIAHTHOM M aHTHMOKCHIAHTHOW cucteM. Kak BuIHO
(puc. 40), conepxanne MJIA B elONCHHOBCKON *kKelle3e y CaMIlOB, BBUIOBJICHHBIX B
paiione 6uocraniuu, cocrapisuio 11,70 + 0,46 HMOJB/T TKaHU. Y CaMOK ATOT IOKa3a-
TeNb gocTurai 3HadeHus 12,70 + 0,26 HMOJIB/T TKaHH, YTO IPAKTUICCKH HE OTIHYATOCH
OT aHAJIOTHYHBIX TOKaszaTelell Myxckux ocobeit. KommuectBo MJIA B muiieBoAHOM
JKeJe3e y pamnaH, BBIJIOBJICHHBIX B pailOHE KOJUIEKTOPA, B CPEIHEM YBEIWYHBAIOCH HA
20-26 % (p < 0,001), 4uTo MOXKET ABIATHCSA CIEACTBUEM 00JIee MHTEHCUBHBIX CBOOOTHO-
PaAMKaIbHBIX MTPOLECCOB, BBI3BAHHBIX OBICTPO U3MEHSIOIIMMUCS YCIOBUSIMHA OOUTaHUS
9TUX MOJUTIOCKOB.

Takum 00pa3oM, pe3yIbTaThl UCCICAOBaHUN CBUIETENBLCTBYIOT O TOM, YTO B YCIIOBHSIX
BBICOKOH JTAOMJIBHOCTH OKPYKAIOIIEH Cpebl (aKBaTOPHUS C JIMBHEBBIM KOJUIEKTOPOM) Y HC-
CIIeTyeMBbIX pariaH Bo3pacTaeT ypoBeHb M/IA B jeiOneitHOBCKOM JKerie3e, U3MEHSIIOTCS T10-
KazaTeny aHTHOKCHIAaHTHOTO romeocTasa (Bo3pacraer CO/, mamaer akruBHOCTh ['T1 11 11p.).
Conepxxanne GSH y paman u3 akBaTopuu 30HBI KOJUIEKTOPA CHUYKAETCSI TOIBKO y CaM-
1oB. Bmecte ¢ Tem aktuBHOCTH ['P 11 Katanasel B 00mMX BEIOOpKaX paraH, BEUIOBJICH-
HBIX B HCCIIEAYEMBIX aKBAaTOPHsIX UEepHOTO MOpSs, HE BBISBISLIN CYIIECTBEHHBIX Pa3iH-
yuii. B TO e BpeMsi OTMEYaIUCh TIOJIOBBIC PA3IIMIMsl B aKTHBHOCTH KaTaja3bl y paraH,
BBUIOBJICHHBIX KaK B palioHe OMOCTaHIMH, TaK U B PaiiOHE JMBHEBOTO KOJUIEKTOPA, a
no aktuBHoctu COJ] —Tonbko B paiioHe rUAPOOMOCTAHIIMU. AHATU3UPYS JIAHHBIC TIO
aktuBHOCTH Karanasel, ['TI, cogepxanuto GSH, MJIA u npyrum mokasaressM ucclie-
JTyeMBIX )KUBOTHBIX, MOYKHO TTPUUTH K 3aKIFOYEHHIO, UTO R. venosa o0naaaet J0BOJIHHO
MOIITHOW aHTHOKCHJIAHTHON CHCTEMOM, TO3BOJISIFOIIIEH 3TOMY MOJUTIOCKY XOPOIIIO a1arl-
THUPOBATHCS U MPOSBIISITH BEICOKYFO HHBA3UBHOCTbD.

CocrosiHre aHTHUOKCUAAHTHON CUCTEMBI V¥ R. venosa OTpa’kaeT, C OJHOW CTOPOHBI,
BBICOKHME aJanTaIliOHHbIE BO3MOXKHOCTH 3TOTO BHJIA, & C JPYTOW — BIUSHUE HA JKU3-
HECIOCOOHOCTh MOJUTFOCKA YCIIOBHHU ero ooutanus. Clenyer Moq4epKHyTh, YTO BBISB-
JICHHbIC HAMH OCOOCHHOCTH TOKa3aTelieil aHTHOKCHIAHTHOM CHCTEMBI Y paraH pa3HbIX
AKBaTOPUH MOTYT OBITh OOBSICHEHBI HE TOJILKO BIMSHAEM 3KOJOTHUECKHUX (PaKTOPOB, HO
1, BO3MOYKHO, HEKOTOPBIMU TEHETHYECKUMU Pa3INUUsIMUA 0CO0EH U3 pa3HbIX aKBATOPUH
Mopsi. M3yuenune BK1a/ia HacJIeICTBEHHON U MOU(DUKAITMOHHON N3MEHYUBOCTH B TPO-
LIeCC aanTanuu 0codeil R. venosa K ycloBUsIM 0OUTaHHS B pa3HBIX akBaTopHsix YepHo-
TO MOPsI IPEJICTABISAET COO0H aKTyanbHYIO 3aJa4y AaJbHEHITNX UCCIEIOBAHUN.

BoiBoanl

1. ¥V Bcex mpeacraButened Buna R. venosa, OOUTAIONIMX B aKBATOPUH, TIPUMBIKAIO-
el K JINBHEBOMY KOJJICKTOPY, M3MEHSIOTCS HEKOTOPBIC MMOKA3aTEIH IPO-/aHTHOKCH-
JAHTHOTO romeocTtasa (Bo3pacraeT coxepkanne MJIA, aktuBHocth COJl, cHMkaercs
aktuBHOCTH [T 1 1p.). AxtuBHOCTH ['P y paman u3 cpaBHMBaeMbIX aKBaTOPHIl HE pas3-
JMYAETCS.

2.V pamaH ucclielyeMbIX aKBaTOpUil HaOIIOAA0TCs JOCTOBEPHbIE MOJOBbIE pasiiu-
yusi o akTuBHOCTH Karanasbl, COl u cogepxanuto GSH. ITpu 3ToM 1010BbIE pazanyuns
1o ypoBHt0 CO/] BBISIBICHBI TOJIBKO Y paraH, BEUIOBIEHHBIX B 30HE THIPOOHOCTAHIIHUH.

3. lIpencraBurenu R. venosa YepHoro Mopsi o0nagaroT J0CTaTOuHO d((HEeKTUBHON
AHTHOKCHIAHTHOM CHCTEMOM, YTO OOBICHSIET MX BHICOKHMH aJanTal[dOHHbBIA TOTEHI[HAAIT.
lenernyeckue 1 MOAM(PHUKAIIMOHHBIE COCTABIIAIONINE ITOTO MOTCHIIMANA €1Ie TPEACTOUT
WCCIIE/IOBATD.
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CTAH AHTUOKCUJAHTHOI CUCTEMM RAPANA VENOSA
(VALENCIENNES, 1846), 1O MEIIIKAIOTD B PI3BHUX AKBATOPISIX
OJECBKOI 3ATOKH (HOPHE MOPE)

Pesiome

BuBuau ctaH aHTUOKCUIAHTHOI CUCTEMHU Y CaMI1IiB i caMOK iHTpoaylieHTa YopHOro Mopst
4epeBOHOTOTO MOJIIOCKA Rapana venosa, 1110 MEILIKAE B IBOX Pi3HUX akBaTopisix OnechbKoi
3aToku. OHA 3 aKBaTOPill Bipi3HSIEThCS OiIBII BUPaKEHO MIHJIMBICTIO SKOCTI BOIU
(COJIOHICTIO, BMIiCTOM XiMIYHUX 3a0pyaHEHb TOIIO) Yepe3 HasSBHICTh y 1l 30Hi 37TUBO-
CITyCKHOTO KOJieKTopa. [HIlla — XxapakTepu3yeThCs BiICYTHICTIO MOOIMU3Y MPOMUCTOBUX
i KOMYHXO3HUX CHOPYH i BiPi3HSETbCS OiIbII CTabIIbBHOIO €KOJOTIYHOIO CUTYAII€l0.
YV crpaBoxinHiil (JIeii0IeHOBCHKIN) 3aJ1031 panmaH BU3HAYaIM aKTHUBHICTb CYNEepOK-
cupaucmyrtasu (COJI), karanasu, riayratioHnepokcupgasu (I'Tl), rmyratioHpemaykrasu
(I'P) i BmicT BinHOBieHoro riaytatioHy (GSH). CTymiHb OKMCHIOBaJIbHOTO MOIIKO/-
JKEeHHs1 GiomoJiiMepiB OLIiHIOBAJIM 3a PiBHEM BMIiCTy MajloHOBOro mianbaeriny (M/IA).
Y nocnimkyBaHUX paraH He 3HaWLLIM CTaTeBUX BiAMiHHOCTe#W 3a BMicToM MIA —
iHTEerpaJbHOTO TOKa3HMKa TepeKrucHoro okucHeHHs miminiB (ITOJI), Bmictrom GSH i
aKTUBHICTIO aHTUOKCHUAAHTHMX (DepMEHTIB, 3a BUHATKOM Kartajiaszu ta COJl. Bmict MIIA
i aktuBHicTh CO/l y cTpaBoXinHili 3a03i paraH, 3i0paHuX y pailoHi KoJeKkTopa, Oyau
BuuMHu, a BMict GSH i aktuBHicTh I'Tl — HMXXUKMMU, HIX y panaH, 110 MEIIKAIOTh y



Bicnuxk OHY. Cep.: bioaoein. 2013. T. 18, eun. 1(30) ISSN 2077-1746

BiTHOCHO YMCTOMY paiioHi. 3po01eHO BUCHOBOK MPO BUCOKMI aanTalliiHUI MOTeH LIl
R. venosa i mpo BaXJIMBICTb BUBUYEHHSI pOJIi TEHETUYHMX i €KOJIOTIYHUX YMHHUKIB B
nudepeHILiitHOMY MPOosIBi AeSIKMX peakiliil ananraliii y panaH pizHuX akBaTopiit YopHo-
TO MOPSI.

KmouoBi ciaosa: YopHe mope, Opecbka 3aTtoka, Rapana venosa, iHBa3iiiHUii BuUI,
ajianTailisi, aHTUOKCUIAHTHA CUCTEMA
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ANTIOXIDANT SYSTEM OF RAPANA VENOSA (VALENCIENNES, 1846)
REPRESENTATIVES, THE INHABITANTS OF DIFFERENT WATER
AREAS OF THE ODESSA BAY (THE BLACK SEA)

Summary

Have been studied the antioxidant system in males and females of the introduced species
of the Black Sea gastropod Rapana venosa, dwelling in two different water areas of the
Odesa bay. One of the zone distinguishes from another more expressed periodic storm
sewer variation in water quality (salinity, degree, chemical pollutants, etc.) due to the
presence in its area. Another have characterized by a lack of nearby industrial facilities
and municipal and has more stable environmental situation. In esophageal (leybleynov)
rapan gland there were determined activity of superoxide dismutase (SOD), catalase,
glutathione peroxidase (GP), glutathione reductase (GR) and the content of reduced
glutathione (GSH). The degree of oxidative damage of biopolymers evaluated by the level
of malondialdehyde (MDA). We haven’t found any gender differences in investigated
rapanas in content of MDA — the integral index of lipid peroxidation (LPO), the content
of GSH and the activity of antioxidant enzymes, except catalase and SOD. MDA content
and SOD activity in the esophageal gland of rapan collected in the reservoir as higher, and
the content of GSH and the activity of GP — lower than rapan living in more cleaning area.
It is concluded that high adaptive capacity of R. venosa and the importance of studying
the role of genetic and environmental factors in the differential display of some rapan
adaptation reactions in different areas of the Black Sea.

Key words: the Black Sea, the Odesa Bay, Rapana venosa, invasive species, adaptation,
antioxidant system.
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