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COCTOSIHUE OKMCAUTEABHO-BOCCTAHOBUTEABHOM
CUCTEMBI B OPTAHAX YEPHOMOPCKMX MUAUN
MYTILUS GALLOPROVINCIALIS B TITIPUCYTCTBUNA
COAEM UMHKA U MEAU B CPEAE OBUTAHMUS

W3syueno geiicTBue cojieil MUHKA U MeIX Ha HEKOTOPHIE MOKa3aTeJ I OKUCJIEHU -
BOCCTAHOBJIEHUSA B opraHax uepHoMopckux munmit Mytilus galloprovincialis.
VYcTaHoBIeHO, UTO MOHBI IIMHKA BBIBLIBAIOT YBEJIUNUYEHUE COJeprKaHue MAaJIOHOBOIO
IuaabIeruaa, ooIneil OKCUAAHTHON AaKTUBHOCTH U YMEHBIIIAIOT aKTUBHOCTD KaTa-
JIaskl B OpraHax MUAWI, a MOHBI MeIU BJIUAIOT MPOTUBOMIOJOMKHBIM 00pa3oM.
9pdeKTH MOHOB UCCIETOBAHHBIX METAJJIOB IPAMO 3aBUCAT OT CIIOCOOHOCTH CO-
OTBETCTBYIOIIINX OPTaHOB UX HAKAILJINBATH

KaroueBbie ciIoBa: MAJOHOBBIN AMAJIbIAETN, OOIAsd aAHTUOKCUIAHTHAS AKTHUB-
HOCTb, OKCUIAHTHAA aKTUBHOCTh, KaTaaasa.

IIpomeImmIeHHBIE CTOKM U OBITOBBIE OTXOABI IPHUBENAU K BHAUUTEH-
HOMY B3arpsa3HeHWI0 Ipubpe’kHBIX BoA UYepHoro mopa. B cBasu c¢ Hebua-
TONIPUATHON 9DKOJOTHMUECKON curyaiueil OO0JbIlIoe 3HaUeHMe mTpuodOperTa-
€T TOWCK " pPas3pabdoTKa HOBBIX BBICOKOYYBCTBUTEJBHBIX TECT-O00HEKTOB
o1 OMOMOHMTOPMHIA 3arpsasHeHusa MopcKkux Boxa [1]. Moaaioocku mo-
BOJILHO YaCTO MCIOJb3YVIOTCS KAaK BUALI-OMOMHAMKATOPHI, UTO OIIPEAEJIis-
eTcsd UX MacCOBBIM pACIPOCTPAHEHWEM U pPEe3UCTEHTHOCTHI0O K TOKCH-
yeckuM BemjectBaM. Hecmorpa Ha To, uto Mytilus galloprovincialis
00JIafafoT BBICOKOI YCTOMUYMBOCTHIO K BJIMSHUIO HEraTUBHBIX (aKTOPOB,
OMoXMMHUEeCKHe MeXaHU3MbI, o0ecIeuyrBaIOINMe 3Ty YCTOMUMBOCTDL, HIY-
yeHBI HemocTaToOuHO [3].

B cBA3BM ¢ sTMM Ilesbl0 OAHHOM pabOTHI OBIJIO OIEHUTH COCTOSHUE
HEKOTOPBIX IIOKa3aTejiell OKCUIAHTHOW W AHTUOKCHUAAHTHOU CHCTEMBI B
opraHax MUJAUN IPU OeHCTBUU MOHOB IMHKA W MeAW B KOHIIEHTpAIu-
ax, kparabeix umx IIK.

Marepuansl ¥ MeTOaAbI

YepHOMOpPCKUE MUAUU pasdmMepoM 3—4 cM cobupanu B QeBpaie—Map-
Te 2007 roma B mpubpe:xkHON uvacTm axkBaTopuu Omecckoro s3aamBa. Ux
ImoMeIlfaJii B aKBapuyMbl M3 pacuera 1 mMuauma Ha 1 IM? MOPCKOM BOAHI,
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aZanTUPOBAJM IPU WHCKYCCTBEHHOII aspaluu Ha NPOTAKEHUU 2 CYTOK.

JKUBOTHBIX [OeJuJu Ha TPU TPYIObI: MepBas TIpylna — KOHTPOJbHAA,
rIe MUAUM HAXOAWUJIUCh B MOPCKOI aspUPOBAHHOHW BOAe, BTOpadA — MU-
OIuu ObLIM B MODCKOI BOJe, colepsKallleil MOHBI MeAW UM IIUHKa (B
Buge cyiabdaroB) B KoHieHTpamuu 10 IIJIK, Tperba — B MOPCKOII Boze
Cc colep:kaHHMeM yKasaHHBIX coJieii, paBaom 100 IIJK. Bpemsa Bwizep-
JKUBAHUA MHUAWUN B IPUCYTCTBUU COJIel — JBOe U ceMb CYTOK (IocJe

aKKJmMaTu3anuu K JsabopaTopHbIM yciaoBuaM). Ilocie okoHUaHUSA CpO-
KOB WHKYyOanmmm MHUOWN HMCIOJb30BaJU AJNA OMOXMMHUYECKUX WCCIENOBa-
Huii. B romoremarax WX OPraHOB OIpPEEJAJN COAep:KaHNe MAaJOHOBOTO
muansneruna (MIOA) [8], obmyo oxcuzanTHyio (OOA) m aHTHOKCHIAH-
THYI0 (OAA) akTtuBHOCTH [4], a TaK)Ke aKTMBHOCTL Karajasbl [7].

Pesynbrathl MCceaoOBaHUH

Haxonmenme MJIA B opramax MuUAWA B HOpPME U TIPH AeHCTBUU
cyabhara ImMHKA W cyabdaTa MeAW NIPEACTABIEHO COOTBETCTBEHHO B
Taba. 1 u 2.

Tabauma 1
Comep:xanme MJ/IA (MKMOJIb/T CHIPOTO BeCa TKAHHM) B OpraHax MUIHH
IpY HAJUYMH B Boje cylab(aTa UHKA

Oprasbl
Yeaosws omera | THIK XKabps! Manrust : ['emaronankpeac Hora
Konrpoins 0 108,3+10.5 106,7+10.5 75,4+7.4 39,5£3.8
WHkyGanust 10 116,6+11,6 115,1+11,5 88,3£8.5 42,3+4,2
2-e CyTOK 100 129,9£12,9 130,7+12.6 99,5£9.9 45,6%4.5
WnxyOauus 10 140,6+13.9 135,6+13.5 115,5£11,5* 50,3£5.0
7 cyTOK 100 162,8£16,2* 155,3£15,5% 127,4+£12,7* 54,5+4.4*

IIpumevuanme: ¥ — pazauuusa IO CPABHEHUIO C KOHTPOJIEM IOCTOBEDPHEI, p < 0,05.

Tabaumna 2
Comep:xanme MJ/IA (MKMOJIb/T CHIPOTO BeCca TKAHHM) B OpraHax MUIHH
IPY HAJMYUK B Boxe cyiabdara Meau

Oprasbl
Yeaosws omera | THIK KaOpsl Manrust : ['emaronankpeac Hora
KonTpous 0 108,3£10,5 106,7+10.5 75.4+7.4 39,5£3.8
WnkyGauus 10 103,5£10,3 103,6+10,3 73.9+7.3 38,3+3.8
2-¢ cyToK 100 101,1£10.1 101,3£10.1 72,5+7.2 36,6+3.2
WukyGarms 10 94,249,4 98.5+9,8 71,4+7.3 35.6+3.5
7 cyTok 100 75,3£7,5% 89,5+8.9 61,616,1 34,5+3.4

IIpumeuaHue: ¥ — pasjuuus MO CPABHEHUIO C KOHTPOJEeM JocToBepHEBI, p < 0,05.

HaubGonbmumu cogep:xkanuem MJIIA, a, ciegoBaTelbHO, U BBICOKOM
uHTeHcuBHOCThIO IIOJI B HopMe, xapakTepus3oBajach MaHTUA MUIUH,
najiee 1o yObIBaHWIO comepskammsa MJIIA ciaegoBanu »KaOpbl, IemaTolaH-
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Kpeac um Hora. Ilogmo6moe pacmpenmenenue comepsxamuss MJIIA mo opra-
HaM BIIOJIHE 3aKOHOMEPHO W oTpaskaer mHTeHcuBHOcTh IIOJI B opramax
B YCJOBUAX KOHTPOJsA. [lelicTBMe MOHOB WCCJIENYEMBIX TSAMKEJIbIX MeTall-
0B Ha cozepskanume MJIIA B opraHax MOJLJIIOCKOB OBLJIO TPSAMO IIPOTH-
BOMOJIOKHBIM. VOHBI IHUHKA (PAKTUUYECKW CTUMYJIUPOBAJIU HAKOIJIEHUE
MIOA, ocobermno mpu 100 IIJIK Ha 7 CcyTKM OmbITa B OTJUYME OT HOHOB
Menu, IPU JOelCTBUU KOTOPBIX B Kabpax cogzep:xkanme MJIIA cHu:kaercd,
YTO BO3MOYKHO OOYCJIOBJIEHO CJabbIM AaHTUOKCUTAHTHBIM [eWCTBUEM
MeIV HA OPraHWM3M MHUJUHU, HO He WCKJIOUAeT ee TOKCUUYECKOro BO3Ieii-
crBuA. Ilo Bceill BUAMMOCTH BBIABJEHHBLIN B KabOpax 3(p@eKT cBA3aH C
TeM, 4YTO Ka0phl WMHTEHCMBHO HAaKamjamBaloT MeAb [6], m Tem cambIM
3aIuIaloT Apyrue OpPraHbl MHUAWNA OT CBEPXBBICOKMX KOHIEHTpAIUil
menu [2, 9].

Ecniu Benwumua Haxkomsgenusa MJIA xapakTepudyeT HWHTEHCUBHOCTH
TIOJI, To OOA um OAA xapaxkTepusylOT €ro pPecypCHYI0 MOIIHOCTh U
CTelleHb ero rameHud. JlaHHbIE O BJUSAHUU COJell IUHKA ¥ MeAUW Ha
O0IIIyI0 OKCHUAAHTHYIO AKTUBHOCTb B OpraHAaX MUJAWUN IIPEACTABJIEHBl B
Tabaunax 3 u 4.

Tabauma 3
Oo0masa okcuaHTHAS aKTUBHOCTH (MKMOJb MJ/IA / r chIpOTO Beca TKaHM)
B OpraHax MUJAWI NPU HAJUYUH B BoJe cyiabdara MUHKA

Oprausl
Yeaosus onvira | 1K JKaOpsl Manrus : I"emaronankpeac Hora
KonTpob 0 456145 368136 309+29 194£18
HuxyGanust 10 495449 392439 386+38 203420
2-¢ cyToK 100 51551 429+42 45244 5% 227422
Hnkyoanms 10 650£65* 555£55* 624+62* 255425
7 cyToK 100 825£82* 650£65* 794+79* 295+29*

IIpumMmeuvanue: ¥ — pasauuus 10 CPABHEHUIO ¢ KOHTPOJIEM JOCTOBEPHEI, p < 0,05.

Tabaumna 4

Oo0maa okcugaHTHAS AaKTUBHOCTH (MKMOJ5s MJ/IA / r chIpOro Beca TKaHM)

B OpraHax MHUJAMi IIPM HAJUYNH B BoJe cyjabdara mexn

Oprassl
Yeaosus onwira | THIK XKalpsl Manrus : I"enaronankpeac Hora
Konrposb 0 456145 368136 309430 194+18
WukyGanust 10 432442 355435 302429 185+18
2-¢ cyToK 100 420+42 346134 284+27 180+17
WukyGanust 10 390+39 315432 274127 178+17
7 cyToK 100 332+33* 290429 257425 168+16

IIpumeuvanue: ¥ — pasauuus IO CPAaBHEHUIO ¢ KOHTPOJEM AoCcToBepHBI, p < 0,05.

B mesrom monyueHHBIE JaHHBIE IIOATBEPXKIAIOT OCHOBHBIE 3aKOHOMEP-
HOCTH, TOJiydeHHBbIe mys npamoro MJI[A-tecra (taba. 1, 2). MoHBI IuH-

21



A. K. Byousk, 3. E. 3axapuesa, A. B. Copoxun, C. A. [Iempos

Ka BoIspiBaioT yBenmuenme OOA, B TO BpemMsa Kak [AeificTBHe MeIU OBLIO
HEe3HAUUTEJbHBIM U HMEJO IPOTHBOIOJOMKHYIO HANPBIEHHOCTb, OCOOEH-
HO B :Kabpax, rme Hamu oOHapy:KeHo mocroBepHoe cHmKenme OOA.
Takum oOpazoM, MOMKHO T'OBOPUTHL O TOM, uTo TecT Ha OOA 1is OIleHKU
BIUSHUSA HOHOB IIMHKA W MeJU SABJAETCA HECKOJbKO 0ojiee IIOKAa3aTelb-
HbIM, ueM npsamoir MIA — Tecr.

Yro Kacaercs BIAMAHUSA M3ydyaeMbIX MOHOB METaJIJIOB Ha OOIIyI0 aH-
TUOKCUIAHTHYI0O aAKTHBHOCTh, TO HaMU OOHAPYKEHO ee YyBeJWdeHUe
(rabn. 5 m 6), U DOCTOBEPHBIE OTJIMUYMUA OTMEUEHBI B TremaTomaHKpeace
Ha 7 cyrkm npu 100 IIJK woHOB muHKA.

Tabaumna 5
O0masa aHTHOKCHAAHTHAS aKTUBHOCTDH (MKMOab MJ/IA / r chIporo Beca TKaHM)
B OpraHax MUJAUI NIPU HAJWYNH B BoJe cyabdara MuHKa

Oprasbl
Yeaosus onbira | THIK Kabpsl Mamnrus : I"'emaronankpeac Hora
Konrposb 0 275,3+26.8 224,2422.0 219,3+21.5 173,5£17,0
WnkyOauus 10 283,8+27.9 232,2423,0 244.8+24.0 185,4+18.0
2-¢ cyToK 100 296,7+28.4 245,1+£23,8 270,9£26,5 193,5+19,0
WuxyOanus 10 309,6+29.5 248,8+24,0 283,0+28.0 198,4+19.3
7 cyTok 100 322,5+31.8 253,04£25.0 302,5+30,0* 208,4+20,0

IIpumeuaHnue: ¥ — pas3auuus MO CPABHEHUIO ¢ KOHTPOJIEM J0oCTOBEpPHBI, p < 0,05.

Tabauna 6
O6mas aHTHOKCHJAHTHAS aKTUBHOCTH (MKMoJb M/IA / r chIporo Beca TKaHM)
B OpraHax MHUAMIi IIPM HAJUYINH B BoJe cyjabdaTa mexn

Oprausl
Yeaosus ombira | THIK Kabpsl Manrus : ["enaronaHkpeac Hora
KonTpob 0 275,3426,8 22424220 219,3421,5 173,5+17.,0
WnkyGanmst 10 309,6+29,5 233,3+24,0 225,8422,1 167,7+16,5
2-¢ cyToK 100 322,5+32,0 252,0+25,0 245,14£24.0 193,5+19,0
HnkyGamst 10 348,5+33,7 262,3+26,0 250,3£25.0 180,6+18.0
7 cyToK 100 351,2435,0 283,8+28,0 263,5£26.0 219,3+21.4

IIpumeuaHnue: ¥ — pasauuus 110 CPABHEHUIO ¢ KOHTPOJIEM AOCTOBEPHBI, p < 0,05.

IloBhIllleHHAsA YYBCTBUTEJILHOCTh TremaTONaHKpeaca K I[HUHKY o0yc-
JIOBJIEHA TeM, UYTO IIMHK MPeMMYIIeCTBEHHO HaKaIlJIMBaeTcsi B TIeIaTo-
naHkpeace [6].

B cBsA3u ¢ TemM, UTO IIOCTABIIMKOM CBOOOIHBIX PAAMKAJIOB B KJETKaxX
MOJKeT OBITH IE€PEeKHCh BOJOPOAA, MbI PEIIUJX IPOBEPUTH AKTHUBHOCTH
Karajmasbl (Tabn. 7, 8). Hamu oOHapy:KeHO CHH:KeHUe aKTUBHOCTU Qep-
MeHTa IIOoJ [OelicTBMEeM WHOHOB IIMHKAa, ocoOeHHOo Ha 7 cyTkum npu 100
IIOK, B To BpemaA, Kak WOHBI MeJUu, OCOOEHHO B relaToIllaHKpeace, IIOBBI-
miajau ee ypoBeHb. BepoaTHo, mpoaykThl IIOJI, Bo3HuMKalomiue mpu ngeii-
CTBUM WOHOB IIMHKA, OKAa3bIBAJIM WMHIHOMPYIOINee BINAHNE Ha KarTajaasy.
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Tabauma 7

AxTuBHOCTH Katanassl (MKmMoab H202/r chiporo Beca TKaHH) B OpraHax
MUJIMA IPU HAJUYUK B BOje cyib(dara muaKa

Oprasbl
Yeaosus onbira | TIK Kabpsl Manrust : I'emaronankpeac Hora
KonTpous 0 36,2+3,3 34,043.1 40,8+3.9 25,542,3
WuxyGauus 10 35,543,1 33,5+2.8 37,2435 24,2421
2-¢ cyToK 100 34,8+2,9 32,242.5 36,5+3,2 23,4+1.9
Wnky6arust 10 29,5+2,7 26,5+2,5 28,3+2,7* 21,2419
7 cyrok 100 23.8+2,1* 21,6+2,0* 22,5+2,1* 18,5+1,7

IIpumeuanue: ¥ — pasauuus MO CPAaBHEHUIO ¢ KOHTPOJEM AocToBepHBI, p < 0,05.

Tabauma 8

AxTuBHOCTH KaTaaassl (Mkmoas H202/r csIiporo Beca TKaHH) B OpraHax
MUJINH IPU HAJUYUHU B BoJe cyab(dara memau

Opransl
Yeaowus onbrra | TUIK Kabpsl ManTtus : I'enaronankpeac Hora
KonTpoib 0 36,243,6 34,043.3 40,8+3,9 25,5%2,5
HnxyGanmst 10 38,3+3.8 36,5£3,6 44.3+4.4 26,712,5
2-¢ CyToK 100 39,6%3.9 36,3+3.6 45,5+4.5 27.3£2,7
HukyOauus 10 41,5441 40,2+4,0 49.3+4.9 27,8427
7 cyToK 100 45,6%4.5 43,5443 57,545,7* 30,1+3,0

IIpumeuvanue: ¥ — pasauuus 110 CPABHEHUIO ¢ KOHTPOJEM J0CTOBEPHBI, p < 0,05.

Yro KacaeTcss MeaW, TO CUMUTAETCH, UTO ee HaAKOIJIeHWe IIPAMO CBs3a-
HO ¢ (puamosornuecKoii HMOTPeOHOCTHI0O B Hell B cOCTaBe TeMOI[MaHUHA,
KOTOPBIN OCYIIECTBJISIET TPAHCHOPT KUCJIOPOJa K TKAHAM UM YTJIEKHUCJO-

ro rasa — B oOpaTHoM HampaBiaeHuum [5].
BoiBoabl
1. Cyapdar mMUHKA OpPU COAep:KaHWM B MOPCKOI Bome, paBHoM 10 u

100 IIIK BBI3BIBAJ yBeJWYEHUE COJEPKAaHUA MAaJOHOBOTO AUWAJb-
meruga, OOIIyI0 OKCHAAHTHYI AKTUBHOCTL W YMEHbIIAJ aKTUB-
HOCTH KaTajiad3bl B OpTraHaX MUIUIA.

2. Cyashar memu npu copep:xkanum, paBuom 100 IIK, ywmensbiman
coJepi:KaHWE MAaJOHOBOIO AWAJbIETuAa, OOIYI0 OKCHIAHTHYIO aK-
TUBHOCTH B ’Kabpax W yBeJWUYMUBAJ aKTUBHOCTh KarTajaa3bl B rema-
TOomaHKpeace.

3. CocrosiHMe OKHCJIUTEJIbHO-BOCCTAHOBUTENBHON CHCTEMBI OPTAHOB

MI/I,I[I/Iﬁ B IIPDHUCYTCTBMHN HMOHOB IIMHKa MW MeAMW IIPAMO 3aBHCUT OT
cImocobHOCTH COOTBETCTBYHOIINX OPraHOB HAaKAIlJIMBaThb 3TU HMOHBI.
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CTAH OKHCJIIOBAJIBHO-BITHOBJIIOBAJIbHOI CHCTEMH
B OPTAHAX YOPHOMOPCBKUX MIJINA MYTILU S
GALLOPROVINCIALIS B ITIPUCYTHOCTI COJIEH ITHHKA
TA MIJI B CEPEAOBHIII ICHYBAHHA

Peziome
BuBuena fgisa coJieii mmHKa 1 Migi Ha gedAKi MOKa3HUKY OKHCHEHHSA-BiIJHOBJIEHHS B

opranax 4yopHoMopchkux Mimitt Mytilus galloprovincialis. OTpumano, 110 i0HU ITMHKA
BUKJIUKAIOTh HiIBUINEHHA BMiCTy MaJIOHOBOTO HiajbAerigy, s3araJbHOI OKHMCJII0BAJIbHOIL
aKTHUBHOCTI i 3MEHIITYIOTh, aKTUBHICTh KaTaJa3u B OpraHax Mifiii, ioHu Mifi BIIuBaioTh
OPOTUJIEKHUM UYnHOM. EdexTu i0oHIB mocaikeHnX MeTasiB IpPAMO 3ajJieKaTh BiJl CIIpo-
MOKHOCTI BifITOBifHMX opraHiB IX HAKOMUUYBATH.

Karouosi cioBa: MajoHOBUN Jiajbaerin, 3arajbHa aHTUOKUCIIOBAJIbHA aKTUBHICTE,

OKMHCJ/IIOBaJIbHa aKTI/IBHiCTB, KaTaJjiasa.
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STATE OF OXIDIZING-RESTORATION SYSTEM IN ORGANS

OF THE BLACK SEA MUSSELS MYTILUS GALLOPROVINCIALIS
IN PRESENCE OF ZINC AND COPPER SALTS IN DWELLING
ENVIRONMENT

Summary

The action of zinc and copper salts on some indices of oxidization-renewal in the
organs of the Black Sea mussels Mytilus salloprovincialis is studied. It was proved, that
the ions of zinc caused the increasing the MDA, GOA maintenance and diminished activity
of katalaza in the organs of mussels, the ions of copper posess the opposite influence. The
effects of ions of investigated metals depend straightly on the ability of proper organs
to accumulate them.

Keywords: malonic dialdehyd, general antyoksydant activity, oksydant activity,
katalaza.



