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AHHOTaums. M3y4eHo BNnsiHWE pTyTU, NOCTYNaBLUEN C KOPMOM B TEYEHUE TPEX MECSLIEB, HA HEKOTOPbIE
OMoxumMmnYeckne nokasarenu CbiBOPOTKU KpOBKU cepebpsiHoro kapacsa Carassius auratus (L., 1758): koH-
LeHTpauumto obLuero 6enka, obLiero xonecTtepmMHa U NMNONPOTEMHOB BbICOKOM MMAOTHOCTU. CoaepxaHue
pTYTU B MbilLax pbib rpynnbl, NOTpebnsaslIen KOPM C NOBbILWEHHbIM coaepXaHnem ptytn («BP»), Bos-
pactano B 5.8, 10.4 n 11.7 pa3a, ¢ NOHWXeHHbIM cogepxaHunem («HP») —B 1.4, 3.2 n 3.2 pasa yepes 1, 2
n 3 mecsiua cootBeTcTBeHHO (p < 0.05). Hakonnexue pTyTv npuBogmMno K BO3pacTaHMIO BCEX U3YYEHHbIX
rokasartenen; MakCMMarbHO YBENMYMBAnNICs ypoBeHb 0bLLEro xonectepmHa y pbld OnbITHOM rpynnbl K KOH-
Ly akcnepumeHTa (B 3.1 pasa). [Npu 3Tom nokasaHa 4OCTOBEPHas MONOXNUTENbHASA CBSI3b BUOXMMNYECKNX
rokasaTternen KpoBu C cogepxaHmem pTyTv B MbilwLax pblb. [onydeHHble pesynbsratbl CBMOETENLCTBYOT
O BO3HWKHOBEHUM M3MEHEHWI B NUNOHOM U GenkoBoMm meTabonuame pblb nog BO3AENCTBUEM PTYTW,
CTeneHb BbIPaXXEHHOCTU KOTOPbIX 3aBMCUT OT KONMMYECTBa PTYTU B KOPME U ANUTENbHOCTU AKCNIepUMeEHTa.
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Abstract. The effect of mercury, supplied with food for three months, was studied on some biochemical
parameters (concentration of total protein, total cholesterol, and high-density lipoproteins) of the blood
serum of goldfish Carassius auratus (L., 1758). The content of mercury in the muscles of the fish that
consumed the food with a high content of mercury (“HM”) increased by 5.8, 10.4, and 11.7 times, with
a low content (\LM”), by 1.4, 3.2, and 3.2 times after 1, 2, and 3 months, respectively (p < 0.05).
Accumulation of mercury resulted in increasing of all the studied parameters; the total cholesterol
concentration increased to the maximum in the fish of the experimental group by the end of the
experiment (by 3.1 times). At the same time, there was a significant positive relationship between the
biochemical parameters of blood and the mercury content in the fish muscles. The obtained results
indicated significant changes in the lipid and protein metabolism of fish under the influence of mercury,
their intensity depended on the amount of mercury in the feed and the exposure time.
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BBeaeHue

ViccnenoBaHus BNUSIHUSE TOKCMKAHTOB PasnUYHON Npupoabl Ha BUMOTY Ha3eMHbIX U BOLAHbIX 9KOCK-
CTEM BeAyTCs Ha pasfiMyHbIX YPOBHSIX OpPraHn3aLmmn XXMBOW NPUPOALI, B TOM Yncie BUOXMMUYECKOM U
monekynsapHoM (HemoBa, 2005). Tshkenble meTannbl 06nagatoT BblpaXKeHHON TOKCUYHOCTLIO Ans 6onb-
LUMHCTBA XMBbIX OPraHN3MOB M CYMTAKOTCHA Hanbornee onacHbIMW 3arpsa3HMTENSAMU BOGHOW cpeapl, No-
CKOIbKY He NOoABepralTcs €CTECTBEHHOMY Pa3noXeHWIO 1 HakannmBalTCs B JOHHbIX OTIIOXEHUSAX U M-
OpobvoHTax. Cpean TSKenbIX MeTanioB 0ocoboe MECTO 3aHUMAET PTYTb B CUMY BbICOKON TOKCUYHOCTMN,
pa3Hoobpasnsi opm 1 NOBbLILLEHHOW CNOCOBHOCTM K BronepeHocy B Okpy»katoLen cpeae. Mapbl pTyTy,
NOSIBNAIOLLMECS KaK U3 NPUPOOHBIX, TaK Y U3 aHTPOMOreHHbLIX UCTOYHUKOB, rMobanbHO pacnpocTpaHeHbl
B aTMocdepe. NocTynas ¢ ocagkaMu Ha 3eMHYIO M BOAHYK NOBEPXHOCTb, PTYTb NonagaeT B cUCTEMY
OKeaHUYECKUX U MPECHbIX KOHTUHEHTAlbHbIX BOLOEMOB 1 MOXET MUrPMpPOBaTh Ha BonbLune paccTos-
Hua (Clarkson, 2002; Fitzgerald et al., 1998).

B BOOHbIX 3kocucTemax Gnarogaps cynbdarpegyumpyowmm 6aktepmsm, cogepxaumcsa B AOH-
HbIX OcajKax, HeopraHudeckas pTyTb NpeBpallaeTcs B 6onee onacHyt opraHU4eckyro opmy — Me-
TmnpTyTh (Clarkson, 2002; Gilmour et al., 1992; Schafer et al., 2010; Zhu et al., 2018 n ap.), KOHUEH-
Tpaums KOTOpon B CbedobHbIX TKaHsAX pbld cocTtaBnsieT 50-98% oT obLlero konnyectTsa CoeaANHEHUN
pTyTn (Bloom, 1992; Carrasco et al., 2011). CooTHOLIEHMEe KOHLeHTpaLUnin METUNPTYTN U COeaUHEHUIA
HeopraHM4eckon pTyTM HEOAMHAKOBO B pa3HbIX opraHax pbl6. B 4acTHOCTU, MblleYHas TkaHb pbib co-
aepxut 80—100% MeTUNpTyTU, TOrAa Kak B MEYEHN ee CoaepXKaHne MOXET OblTb 3HAYMTENbHO MEHbLLE
Mo CpaBHEHUIO C HEOPraHU4YeCKMMU coeanHeHusiMm atoro anemeHTta (Amlund et al., 2007; Batchelar et
al., 2013; Olsvik et al., 2021).

PTyTb nocTynaet B opraHuam pblb Yepes abpbl, NULLEBAPUTENBHY CUCTEMY U (B MEHbLUEN CTe-
neHun) koxy. MeTtann npoHuKaeT Yepes aNMTENUIN OPraHoB B KPOBSIHOE PYCI0, CBA3LIBAETCS ¢ benkamu
nnasmMbl U C TOKOM KPOBM TPaHCMOPTUPYETCH BO BCE TKaHW, rae Yepes KreToyHble MembpaHbl NocTy-
naet BHyTpb knetok (Erickson et al., 2008). CoenmHeHusa pTyTu Bbi3biBalOT 3amearnieHme pocra pbio,
3HOOKPUHHbIE HAapYLUEHWSs, CHUXKEHWE YCMNELLIHOCTU HepecTa, NofaBneHne UMMyHUTETa U NoBpeXxaeHue
Takux opraHoB, kak nedveHb u nodkun (Klaper et al., 2008; Morcillo et al., 2017), cepae4Ho-cocyancTon
cuctemsl (Monteiro et al., 2013), HepsHon cuctembl (Berntssen et al., 2003), yxyAleHue BblnynneHus,
BbKMBaHWUsi U pocTa SMOPMOHOB 1 nuuunHok (Yu et al., 2019). MonekynspHble MeXaHN3Mbl HEFaTUBHOMO
BMUSIHUA PTYTW BKITKOYAIOT HECKONbKO PETYNATOPHbLIX NyTEN, 3aTparMBaloLmnx 3HEPreTUHECKNA OOMEH,
OKUCNUTENbHBIA CTPECC, anonTo3, MUMMYHHBIN OTBET U MeTabonuam nunugos (Hemoea, 2005; Morcillo
et al., 2017; Olsvik et al., 2021; Wang et al., 2011; Yadetie et al., 2013 n gp.). PTyTb HapyLuaeT BHy-
TPUKNETOYHLIN MeTabonnam Ca?*, Bbi3blBas yBENUYEHNE KOHLEHTPALMM KanbLms B LMTO30ME KIEeTOK
(Ceccatelli et al., 2010). Bnarogapsa cBoel cnocobHOCTM CBA3bIBATLCA C TMOMOBbLIMK rpynnamn 6en-
KOB, METUIPTYTb MOXET BbI3blBaTb HApyLUEHNE KOHOPMAaLIMM CTPYKTYPHbIX U PETYNATOPHBLIX OEnkoB u
NMHaKTUBaUMO (bepMEHTHbIX CUCTEM, NPOHMLAEMOCTL KNeTOYHbIX MembpaH (Hemosa, 2005; Ceccatelli
et al., 2010; Farina et al., 2011).

Pbiba sBnsieTcs OCHOBHBIM, €CNN HE €4MHCTBEHHBLIM, UICTOYHUKOM MOCTYNIEHNS METUMNPTYTU B Ye-
noBeyeckun opraHmam (Toxicological effects of methylmercury, 2000). OcHoBHble HebnaronpuaTHbIe
nocrneacTeusa BO3OEeNCTBUSA COEAUHEHUI PTYTU, BKIOYAs METUNPTYTb, Ha 340POBbe YenoBeKa BKIHO-
YalT PUCK cepaedHO-COoCYaNCTbIX 3aboneBaHMn, HEMPOTOKCUYHOCTL, TEPATOreHHOCTb, HEOPOTOKCUY-
HOCTb, MMMYHOTOKCMYHOCTbL (LUyBanosa un ap., 2021; Counter, 2002; Farina et al., 2011; Houston, 2011;
Ivanova et al., 2021; Ratcliffe et al., 1996; Sweet and Zelikoff, 2001; Virtanen et al., 2007 v gp.). B
pervoHax, MMeLLMX KpyrHble BOOOEMBI, [Oe HeEManas YacTb HacerneHust ynotpebnset B nuwy pbidy u3
HUX, cneagyeT NpUHMMaTb Mepbl Mo pa3paboTke HOpMaTMBOB NOTPebneHus poibbl (Hanpumep, ViBaHoBa
n ap., 2020; Luczynska et al., 2017).

PasHoobpasHas chmanonornyeckas pornb TKaHEBBLIX U CbIBOPOTOYHBLIX GEMKOB, a Takke UX crnocob-
HOCTb pearMpoBaTb Ha U3MEHEHUS] UHTEHCUBHOCTM M HaMpaBfieHHOCTN OOMEHHbIX NMPOLECCOoB, B YacT-
HOCTM, NnacTuyeckoro obmeHa, NO3BOMSOT MCNOMb30BaTh UX B KAYECTBE BaXKHENLLETO OMOXUMMNYECKOTO
nokasartens yHKLMOHANbLHOro COCTOSIHNA OpraHn3ma Kak B HopMme, Tak 1 Npy BO30enCTBUM TOKCUYECKMX
BelecTB (Chernecky and Berger, 2008). KoHueHTpauusi obLiero cbiBOPOTOYHOrO Genka siBnsieTca cy-
LLIECTBEHHBLIM MHTErpanbHbIM NokasaTtenem 6enkoBoro 0oMeHa, ero HanpaeneHHOCTU N UIHTEHCUBHOCTMW.

UpesBblyaiHO BaXHYHO pPOrb BbIMOMHAKOT B OpraHn3me XonecTepuH 1 ero nepeHoCYUKn — Nnnonpo-
TEWHbI BbICOKOW U HU3KOW NITIOTHOCTU. L3BECTHO, YTO MHTOKCUKALIUS PTYThIO Y YernoBeka cpeam npoYero
COMNPOBOXAAETCA BO3HWKHOBEHMEM CEPAEYHO-COCYOUCTLIX 3ab0neBaHuni: rmMnepToHMU, ULEMUYECKON
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6onesHu cepaua, HapkTa Muokapaa, cepAeyHbIX apuTMUIN, YTO 0BYCNOBNIEHO CHUXKEHNEM aHTUOKCH-
OaHTHOW 3alUMTLI U YCUNeHneM okucnutensHoro ctpecca (Houston, 2011). BeisiBneHa nonoxurensHas
KOppensuMoHHasi CBSA3b MeXAy COAepXaHvuem pTyTu B Borocax fogen, ynotpebnssLumx pbidy ¢ no-
BbILLEHHbIM COAEPXXaHWEM PTYTU B TKaHSX, U YPOBHEM OOLLIEro xonecrepvHa, TpUurnuuepuaos 1 nuno-
NPOTEMHOB HWU3KOW NNOTHOCTU B Kposw (LLyeanosa u ap., 2021; Cho, 2017). JInnonpoTenHbl BbICOKOW
nnotHocTn (JIMBI) 1 Mx OCHOBHOW GEeNKOBLIN KOMMOHEHT anonunonpotenH A1 (Ano A1) urpatoT 3a-
LWMTHYIO posb, NpeoTBpallas pasBuMTne aTepockneposa U ConyTCTBYIOLLMX 3aboneBaHni, NOCKONbKY
y4yacTBylOT B obpaTHOM TpaHcrnopTe xonectepuHa (Annema and von Eckardstein, 2016; Jomard and
Osto, 2019; Verdier et al., 2013 u ap.).

B cBA3M ¢ 3TUM NpeacTaBnsaeTcs akTyarbHON OLeHKa BUOXMMUYECKMX U3MEHEHWUI, MPOMNCXOASLLMX
B opraHu3me pblb B OTBET HA XPOHWYECKOEe BO3AEeNCTBME Marbix 403 PTyTW. Llenb HacTosiwen pa6o-
Tbl — nccnegoBaHme 3hMEKTOB PTYTH, NOCTyNaroLen ¢ KOPMOM, Ha codepxaHue obliero Bogopac-
TBOpPMMOro Oerka, NMNonpoTEVHOB BbICOKOW MMOTHOCTU M OBLLEro XonecTepuHa B CbIBOPOTKE KPOBWU
cepebpsiHoro kapacs.

MaTepManbl n MetToabl

Pabota BbinonHeHa B none—okTsiope 2021 r. Ha cepebpsiHbix kapacsax Carassius auratus (Linnaeus,
1758), oTnoBneHHbIX B Bapckom npyay noc. Bopok (Hekoysckuii p-H Apocnasckon obnactu). Bospact
pbib 2+...3+, cpegHss macca 9.8 + 1.8 1, cpegHss gnuvHa 10.6 + 0.3 cm. MNepen Havyanom akcnepMMeHTa
dopmumpoBanu 4 rpynnel peib 13 16 ocoben, ABe N3 KOTOPbLIX BNOCNEACTBMM NOTPEONANN KOPM C MOBbI-
LUEeHHbIM cogepkaHmem pTyTh («BP») n aBe — ¢ noHmxkeHHbIM («HP»). Kaxayto rpynny pei6 nomellanu
B 300-nMTpOBbLIA NPOTOYHBLIA akBapuym. TemnepaTypa Bogbl +20...+22 °C, pexuMm oCBeLLeHUs ecTe-
CTBEHHbIN. KopMmreHne pbib KOPMOM C pPTYThbIO HA4YaToO Ha creayLwwmin AeHb nocrne ux Nonumk1. dkcne-
PUMEHT NpOoJoskancsl B TeYEHNE TPEX MECSILEB C MOMEHTa Havana KopmIeHust pbio.

Kapacu Bcex rpynn nonyyanu KopM oauH pa3 B CyTKM B konmyecTse 5% OT Macchl Tena ¢ YepenoBa-
HMeM pbIGHOIO hapLua u ero xenupoBaHHOW OPMbI, BKIOYABLLEN, MOMUMO pblOHOrO dhapLua, KoMou-
kopM “TetraPondSticks”. ®apLu v )kenMpoBaHHLIN KOPM GbINM NPUrOTOBIEHLI B 4OCTAaTOMHOM 06beMe Ha
BECb CPOK 3KCMepUMeHTa, 3amopoxeHbl Npy —20 °C nopumoHHo (B 06beme LHEBHOW HOPMbI 41151 OOHOM
rpynnbl pbib) U pasmopaxuBanucb B AeHb KopMreHus. MNepen 3amopaxuBaHneMm KopMa 00oux BMOOB
B HEM N3MEPSNIOCH COAEPXKaHMUE PTYTU B TPEX NOBTOPHOCTSIX. PbIGHbIN dhapLu A4S KOPMIEHUS rpynnbl
«BP» 6bin NpurotoBneH ns MlLwL, OKyHel (BbINoBNeHHbIX B Bormkckom nnece PbIOMHCKOro BOgoXpaHu-
nuwa; cogepxaHue pTytu B rotosoM capiue 0.143 mr/kr), anga rpynnsl « HP» — 13 Mblwy, MuHTas (KOM-
MepYeCcKMI NPOAYKT; coaepaHne pTyTu B rotoBoM chapie 0.019 mr/kr). B xennposaHHOM Kopme CO-
aepxanue ptytu coctasnsano 0.075 u 0.004 mr/kr anga rpynn «BP» n «HP» cootBeTcTBeHHO. CornacHo
pekomeHraaumam EBponerickon komuccun', cogepxaHne pTyTn B KOPMe pbld He JOMKHO NpeBbIwaTh
KoHueHTpauun 0.1 mr/kr. Takum obpasom, cogepxaHne pTyTn B KOpMe rpynmnbl «BP» MOXHO cumTatb
NOBbILLEHHbIM, @ rpynnbl « HP» — NOHMXEHHbIM.

Mepen Hadanom otbopa Npob pblb6 n3mepsnu, B3BELMBaANW, ONpeaensny ctaguio 3penoctu no-
noBbix NnpoaykToB (CakyH n byukas, 1968). OT60p CbIBOPOTKM KPOBM M MbILLLL y Kapacen Ans onpeae-
NeHVsi coepXaHus B HUX PTYTW NPOM3BOAUMN A0 SKCNepumMeHTa («HyneBas Toukar») U fanee vepes
1, 2 n 3 Mecsua nocne Havana kopmreHusi. Kycouku 6enbix mbiwl (1-2 r) Bbipesanu ¢ AByX CTOPOH
TynoBuLLa pbiObl NOA, CMMHHBIM NIABHUKOM, 3aMopakmnsanu u xpaHunu npyu —18 °C. KpoBb oTbmpanu
nocne KayaoakTOMUM M3 XBOCTOBOrO cocyda B nNpobupku Tuna dnneHgopd, otctameanu ee npu 4 °C
0o obpasoBaHus cryctka B TedeHue 1-2 yacoB. OToenuBLUYIOCS CbIBOPOTKY OTOMpanu fo3aTopoM B
nNpobupkn n 3amopaxmeanu npu —18 °C. ObLwwee konuyecTBo 6enka B CbIBOPOTKE KPOBU ONpeaensnv
MUKpobuypeToBbiM MeTogom (ltzhaki and Gill, 1964). KoHueHTpauuio obuiero xonectepuna (OX) u nu-
nonpoTenHoB Bbicokol nnoTtHocTu (JIMBI) B CbIBOPOTKE KPOBWU OMNPEnEnsiniv ¢ NOMOLLLID Oroxumuye-
ckux HabopoB (nponsBoacTeo «OnbBekc», CaHkT-MeTepbypr) 3H3MMATUYECKMM KONTOPUMETPUYECKUM
metogom (Fishbach and Dunning, 2004).

Onpegenexve cogepXXaHust pTyTu B Npobax Mol pblid npon3Boannn Ha aToMHO-a4CcoOpPOLNOHHOM
cnektpomeTpe PA915M c nuponutmnyeckon npuctaskon MUPO (Lumex, CaHkT-IMeTtepbypr).

Cratuctnyeckas obpaboTka gaHHbIX NpoM3BeaeHa ¢ MOMOLLbO NporpamMmMmebl Statistica 6.0. [JaHHble
Ha rpadukax npeacTaBneHbl B BUAE CPedHUX U UX CTaHOApTHOro OTKIoHeHus. [NpoBepky Ha HopManb-

" Commission Directive 2003/100/EC of 31 October 2003. Amending Annex | to Directive 2002/32/ECof the European Parliament
and of the Council on Undesirable Sub-stances in Animal Feed. Official Journal of the European Union 1285/33.
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HOCTb pacnpegeneHust aHHbIX NPOBOAMNM C NomoLlbio TecTa Lanupo-Yunka. Mockonbky n3ydaemble
BbIGOPKM AaHHbIX HEe NOAYMHANUCE HOpMarbHOMY pacrnpefeneHnto, 3HadeHUs KOHLEHTpaLUumn pTyTi u
BGUOXMMMYECKMX NapaMeTpPOB CbIBOPOTKM KPOBM ObiNv norapumMmyeckn TpaHchopMUpoBaHbl; Ha oc-
HOBE MOoNyYeHHbIX 3HaYEeHUIA ycTaHaBNMBanNacb PerpeccuoHHas 3aBUCMMOCTb BMOXMMUYECKMX Napame-
TPOB OT KOHLIEHTPaLMM PTYTU B MblLLLAX pbIO.

OOHOMaKTOPHBIA AUCMEPCUOHHBIA aHanu3 WUCMonb3oBanu AN YCTAHOBIEHWUA BMUSHUA Hako-
NMeHHON PTYTU Ha nokasaTtenu 6enkoBoro U nNunuaHoro obMeHa y pbiG B 3aBUCUMMOCTU OT MPOAoI-
KUTENbHOCTM aKcnepumMeHTa. [oCcToBepHOCTb pasnuumin mexay rpynnamv «HP» n «BP» paccunTaHa
no HenapameTpuyeckoMy KpuTepuio MaHHa—YUTHU OANa AByX He3aBUCUMbIX rpynn. Pasnuums Bo Bcex
UCMonb3yeMblX TeCTax cUMTarnv craTucTMyeckn 4ocToBepHbiMu Npu p < 0.05.

Pe3ynbTaThbl

B xoae akcnepvmeHTa Habnoganocb Bo3pacTaHne cogepXXaHus pTyTu B MbILLLL@AX Kapacen, 3Ha4vu-
TenbHo bonee BbipaxkeHHoe B rpynne «BP» (Puc. 1). KoHUeHTpauusi pTyTu B 3TOW rpynne no CpaBHEHUIO
C HyneBoW To4kom Yepes 1, 2 n 3 mecsua Bo3pocna cooTBeTcTBeHHO B 5.8, 10.4 n 11.7 pasa (F = 120.5;
n = 3; p = 0.000001); B rpynne «HP» yBennyeHue coctasuno 1.4, 3.2 un 3.2 pasa (F =82.6;n=3;p =
0.0000001). KoHueHTpaums pTyTu B Mbiwuax pbib rpynnsl «BP» Gbina 4OCTOBEPHO BbILLE, YEM B rpyni-
ne «HP», Bo BCce nHTepBansl akcnepumeHTa: B 4 pasa — yepe3 1 mecsL akcnepumeHTa (p = 0.0002), B
3.3 pa3a — yepes 2 mecsua (p = 0.002), B 3.6 pasa — uepes 3 mecsua (p = 0.003).

Habntoganock OCTOBEPHOE yBENMYEHWE CoaepKaHusa obLiero 6ernka B CbIBOPOTKE KPOBM pbib Mo
CPaBHEHUIO C TAKOBbLIM Y MHTAKTHbIX ocoben: B rpynne «BP» —B 1.9,2.0 2.3 pasa (F=27.0;n=3;p =
0.0000001), B rpynne «HP» —B 1.9, 2.0 n 2.0 pa3a (F = 27.0; n = 3; p = 0.0000001) 4yepe3 1, 2 n 3 me-
csiLla COOTBETCTBEHHO. Takum 06pa3oM, 3Ha4eHus nokasartens B rpynnax «BP» un «HP» He pasnuyanucb
B TeYeHMe NepBbiX ABYX MECSILEB; YBENNYEHME codepKaHusa obLiero 6enka B CbIBOPOTKE KPOBU pblO

Puc. 1. lnHamuka HakonmneHus pTyTv B MbllLax kapacel. 3aecb u ganee: * — 4OCTOBEPHbIE OTNNYMS rpynnbl «BP» ot «HP»
(kpuTepuin ManHa—YuTHu, p < 0.05).
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Puc. 2. KoHueHTpaums obLuero BogopactBOpuMoro 6ernka B CbIBOPOTKE KPOBW Kapacen.

rpynnbl «BP» no cpaBHeHuto ¢ rpynnoi «HP» Bblno oTMeveHo nuLlb Yepe3 Tpu MecsLa akcnepMMeHTa
(p =0.11) (Puc. 2).

BospacTaHue koHUeHTpaLuumm 6enka B CbIBOPOTKE KPOBKU 06enx rpynn pbib MoxxHO Obino Okl cBA3aThb
¢ notpebrneHnem kapacsamm 6onee KanopumHOro Kopma, Yem B UX eCTECTBEHHOW cpefe obuTaHus, o
YeM CBMAETENbCTBYET JOCTOBEPHOE BO3pacTaHue uHAaeKca ynnuTaHHoOCTU no dynsToHY B TEYEHUE IKC-
nepumeHta (F = 43.4; n = 3; p = 0.000001 — B rpynne «BP»; F = 31.5; n = 3; p = 0.000001 — B rpynne
«HP») (Tabn. 1), a Takke Hanu4me BbIPAXEHHOrO CrOS XWMpa BOKPYr KWLLIEYHUKA Pblb B KOHLE 3KC-
nepumeHTa. OQHaKoO pPerpeccUoHHbIN aHann3 nokasan Hanvyne OOCTOBEPHOWN MONOXUTENBHON CBA3U
Mexay KOHLeHTpaumen 6enka B CbIBOPOTKE U copep)XaHMeM pTyTy B MbilL@X pblb kak B rpynne «BP»
(Puc. 3A), Tak u B rpynne «HP» (Puc. 3B).

CopeprxaHue obLLero xonectepmHa B CbIBOPOTKE KPOBM Kapaceln obeunx rpynmn Ha NpoTsbKEHUU SKC-
nepuMMeHTa 3Ha4YMTENbLHO BO3PaCcTaro No CPaBHEHMIO C HaYamnbHbIMU 3Ha4eHusamu: B 1.5, 2.2 n 3.1 pasa
B rpynne «BP» (F =41.3; n=3; p=0.000001), 8 1.1, 1.8 n 1.9 pasa B rpynne «<HP» (F=7.8;n=3;p =
0.002) uepes 1, 2 n 3 mecsLa cooTBeTcTBEHHO (Puc. 4). Npn aToM Yepes 1 1 2 Mecsua akcnepuMeHTa
OTNMYNSI MEXAY 3HaYeHUsAMM nokasatenen B rpynnax «BP» n «HP» 6binn HegoctoBepHbl (p=0.09 np =

Ta6n. 1. KoadduumeHT ynutaHHOCTU pbib No OynsToHY.

MpoaoMmKMTENbHOCTL SKCNEPUMEHTa
lpynna
Jo onbiTa 1 mec. 2 Mec. 3 mec.

«HP» 2.62 +£0.07 2.82+0.03 3.42+0.08 3.39 + 0.06
«BP» 2.73+0.05 2.94 +0.04 3.16 £ 0.07 3.63 +0.09
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Puc. 3. PerpeccuoHHbIN aHanva 3aBucrMocTy cogepxanns obLero 6enka B CbIBOPOTKE KPOBM Kapacel OT KOHLEHTpaLmMn pTyTu
B Mbiwax B rpynne «BP» (A) n B rpynne «HP» (B).
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Puc. 4. KoHueHTpauws obLero xonectepyHa B CbIBOPOTKE KPOBW Kapaceii.

0.33 cooTBeTCTBEHHO), a Yepe3 3 MecsLa nokasartens B rpynne «BP» goctoBepHo npesbillan TakoBow
ansa rpynnel «HP» B 1.7 pasa (p = 0.01).

PerpeccuoHHbI aHanua nokasan Hanuune LOCTOBEPHOMW MONOXUTENBLHOW CBA3N MeXAY KOHLEH-
Tpauwmen obLLEro XonecTeprHa B CbIBOPOTKE M copep)XaHMeM pTyTu B Mbllluax pblib, 6onee cunbHOM B
cny4ae rpynnsl «BP» (Puc. 5).

MameHeHune cogepxanus JINBIT B cbIBOPOTKE KPOBU Ha NPOTSXKEHUMN 3KCNepUMeEHTa Hocuno bornee
CNOXHbIW, YeM B crnyvae obliero xonectepuHa n obwero 6enka, xapaktep (Puc. 6). B rpynne «BP»
nokasatenb cHU3unca Ha 8% yepes 1 mecsu, Bo3poc B 2.0 n 1.9 pasa (F = 21.4, n = 3, p = 0.000001)
yepes 2 1 3 MecsiLia 3KCNeEPUMEHTA COOTBETCTBEHHO MO CPABHEHMIO C MHTAKTHBIMU 0cobsimu. B rpynne
«HP» koHueHTpauwms JIMBI1 cHuaunack Ha 16% yepes 1 mecsL, Bo3pocna B 1.4 pasa nHa 4% (F = 6.75,
n =3, p=0.003) —4yepe3 2 u 3 MecsLa 3KCnepnMeHTa COOTBETCTBEHHO. Yepe3 3 MecsLa nokasartenb
B rpynne «BP» 6bin gocTtoBepHo Boile TakoBoro B rpynne «HP» B 1.8 pasa (p = 0.01).

PerpeccuoHHbI aHanua nokasan Hanuune nonoXMTENbHON AOCTOBEPHOW CBA3N MEeXAY KOHLEH-
Tpauweii JIMBI B CbIBOPOTKE KPOBY M COAep)XaHMeM pTyTU B MbllLiax kapacewn, bonee cuneHom y pblio
rpynnel «BP» (Puc. 7).

O6cy)xaeHue pe3ynbTaToB

PesynbraTthbl 3KCnepuMeHTa CBUAETENLCTBYIOT O TOM, YTO BblIOpaHHas HaMu CXxema KOpMIieHusl pblio
NPVBOAMIIA K BLICOKOW CKOPOCTU akKyMynsiLyy pTyTy B OpraHn3mMe kapacen. Tak, ynotpebneHue atnas-
Tuyeckon Tpeckon Gadus morhua (Linnaeus, 1758) kopma, cogepxallero MeTUNPTYTb B KOHLIEHTpaLmu
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Puc. 5. PerpeccnoHHbIi aHanmn3 3aBMcMOoCTy cogepxaHnns obLero xonecteprnHa B CbIBOPOTKE KPOBM Kapacem OT KOHLEHTpaLmm
pTyTV B Mbiiuax B rpynne «BP» (A) u B rpynne «HP» (B).
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Puc. 6. KOHLl,eHTpaLWIﬂ nmnonpoTenHoB BbICOKOW MMOTHOCTA B CbIBOPOTKE KpOoBU Kapacel?l.

0.95 MKr/r B Te4eHne Tpex MecsLeB NPMBOAMIIO K BO3pacTaHWUIO CogepXKaHus pTyTu B Mblliuax pbib 4o
0.38 £ 0.04 MKr/r cbipo Macchl, U3 KOTOPbIX Ha Ao MeTunpTyTy npuxogunock 90-95% (Amlund et
al., 2007). B HaweM vccnenoBaHum ynoTpebneHne kapacsiMm KopMma, cogepallero B 6.6 pas MeHbLue
pTYTM (MakcumarnbHas KOHUEeHTpauus, B rpynne «BP»), yem B ynomsiHyTon paboTe, NpMBOguIo K BO3-
pacTaHuo KOHLEHTpaLMK PTYTU 3@ TOT Xe CPOK B MbILLEYHOW TKaHW A0 TOro Xe ypoBHS. O4eBuaHo, 310
MOXHO OOBSICHUTL BNUsiHMEM psiga hakTopoB (PEXUM KOPMITIEHMS, YCIIOBUSA CoaepKaHUs pbib, a Takxke,
BO3MOXHO, (OU3MNONOrn4ecknmm 0CobeHHOCTSIMM BUOOB), KOTOPLIE NMOBIUSAMM Ha CKOPOCTb akKyMyrnsiLmm
TOKCUKaHTa B TKaHSAX pblO.

Mony4yeHHble pe3ynbTaThl TaKKe CBUOETENLCTBYIOT 00 M3MEHEHUSAX B OENKOBOM M NMNNOHOM 06-
MeHe B opraHm3me pblb nog Bo3aencTBreM pTyTH, cogepxaslueincs B kopme. CTeneHb BbipaXXeHHOCTU
3TUX UBMEHEHUIN 3aBUCUT OT KOHLIEHTpaUUn pTyTu 1 ANUTENLHOCTU ee Bo3aencTeus. Cpeamn n3yvyeHHbIX
HaMun napameTpoB GenkoBoro 1 NUNMAHoOro Metabonuama B HanbombLLEN CTENEHN YBENNYNBANOCh CO-
AepxaHue obLero xonectepuHa B CbIBOPOTKE KPOBU Kapacew: Yyepe3 3 Mecsua nocrne Havana aKkcne-
pumMeHTa ero ypoBeHb Bbipoc B 3.1 1 1.9 pa3a no cpaBHEHWO C HayarbHbLIMWU 3HAYEHUAMU B rpynnax,
NoTPebnsABLUMX KOPM C BbICOKUMM M HU3KUM COOEPXKaHMEM PTYTM COOTBETCTBEHHO. CoaepkaHue obLuero
BOJOpacTBOpUMOro 6enka B CbIBOPOTKE KPOBW pbib BO3pacTano B MeHbluel cTeneHun: B 2.3 1 2 pasa no
CPaBHEHUIO C HaYanbHbIMU 3Ha4YeHMAMU B rpynnax «BP» n «HP» cooTBeTCTBEHHO, Mpu4eM Ansa 3Toro
nokasartens B rpynne «BP» BbisBneHa Hanbonee cunbHas M OOCTOBEPHas CBA3b C KOHLEHTpauuen
HaKOMMEeHHON PTYTN B MbllLax. HakoHel, B HauMeHbLLUEN CTeneHn YBENUYUNOCh CoaepXaHue nuno-
NPOTEVMHOB BbLICOKOW MIOTHOCTM B CbIBOPOTKE KpoBM pbib: B 2 1 1.4 pasa B rpynnax «BP» n «HP» co-
OTBETCTBEHHO, MPUYEM MaKCMMarnbHOe yBenuyeHne Habnogaerca Yyepes ABa Mecsaua IKCNepPUMEHTa,
a 3aTem Habniogaerca CHueHue nokasatens B 0beux rpynnax. [Ina atoro nokasaTens ycTaHOBreHa
HanMeHbLLasa CBA3b C KOHLEHTpauuen HakonneHHoM pTyT B MblLLLLAX NO CPaBHEHWIO C APYrMMK Uccre-
[OBaHHbLIMU NapamMeTpamMu KPOBMU.
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Puc. 7. PerpeccuoHHbIn aHann3 3aBMCMMOCTY CoAepKaHUsl TMNONPOTENHOB BbICOKOM MIIOTHOCTY B CbIBOPOTKE KPOBU Kapaceu oT
KOHLIEHTpaLuum pTyTu B Mblilax B rpynne «BP»(A) u B rpynne «HP» (B).
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CornacHo nutepatypHbiM gdaHHbIM (Amlund et al., 2007), AMeta ¢ BbICOKUM cogepXaHuem pTyTu
NPUBOAMIIA K YBENUYEHUIO KOHLIEHTPALMK PTYT B KPOBM pblb B 9 pa3 yepes3 3 MecsiLa aKCcneprMeHTa.
B kpoBuW pTYTb LMPKYNMpPYeT B BUAE KOMMIEKCOB C aMUHOKUCIIOTaMU U XUPHbIMU kucnotamu; 80—90%
NOCTYNUBLLEN B KPOBAHOE PYCMo PTYTU CBA3bIBaeTcHa ¢ aputpouutamm (Jly>kHukos, 1994). OTmeueHo
HeraTUBHOE BIMSIHWE PTYTU HA COCTaB KNETOYHbIX 3NIEMEHTOB KPOBU: YMEHbLLIEHNE KONMYecTBa apuTpo-
LMTOB, NENKOLIUTOB, COOTHOLLEHUSI OTAEMbHbIX (POPM NENKOLIMTOB, CHUXEHUE COAepXaHusl reMorno-
6uHa (Kysybosa u gp., 2000; Fletcher and White, 1986; Patil and Jabde, 1998). Hamn He oBHapyxeHo
CBE[EHU B AOCTYMHOW NMTepaType OTHOCUTENbHO BIUSHWS PTYTU HA CbIBOPOTOYHbLIV BEMNOK M NUNUAbI,
copepxalimecst B KpoBu pblb B BUAE KoMmnnekcos ¢ 6enkamu (nunonpoTtenHos). OgHako N3BECTHO, YTO
PTYTb HEFATUBHO BIMSIET HA PS4 APYrMX NoKasaTenen NMnuaHoro obmeHa y pbib: y OKyHew ¢ pasnmnyHbiM
YPOBHEM HaKOMSEHUS PTYTU B TKaHAX 0GHAPY)XEHO NOBbLILLIEHNE YPOBHS TPUALMNITIMLEPUHOB B NEYEHM,
N3MEeHeHNe KOHUEHTpaLMK OTAENbHbIX XXMUPHbIX KACNOT B NUMMAAX MbIL, M COOTHOLLIEHUI HEKOTOPbIX
doconunmMaos B TKaHAX U opraHax, yBeNMYeHne coaepxannst oowmux nunugos B Mbiwlax (Hemosa,
2005) n gp. CxogHoe NoBbILLIEHUE YPOBHS NMUNUAOB B MbILLEYHOW TKAHW OTMEYEHO Takke Y MHAUACKUX
comoB (Pal and Ghosh, 2013). Hanbonee cywecTBeHHblE CTPYKTYPHO-(PYHKLMOHANbHbIE U3MEHEHMS
B MeMOpaHax nevYeHn 1 MbILLL, CBA3aHbl C COgepKaHMeM A0KO3arekCaeHOBOW KUCIOThI: CHDKEHNE ee
KOHLIEHTpauum MOXET U3MEHSATb MEMOpPaHHY0 MPOHULLAEMOCTb U TPaHCMOPTHbLIE CBOWCTBA, LEnocT-
HOCTb MeMOpaHbl, aKTUBHOCTb MEMOPaHOCBSI3aHHbLIX (DEPMEHTOB M 3KCMPECCUI0 peLienTopoB. B neve-
HW Takoe U3MeHeHne NPodunsa XMPHbIX KUCIOT BieYeT 3a cOOON HapylweHue ee dyHkuuin (Hemosa,
2005). B coBokynHOCTU 3TV haKTbl CBMAETENLCTBYIOT O BaXHOCTU Nokasatenemn nunMaHoro obmeHa B
OLeHKe HeraTMBHOIO BO34ENCTBMS PTYTU HA OpraHn3m ruapobUoHTOB.

BospacTtaHve nog BO3OENCTBMEM PTYTU KOHLEHTpaumm obLiero 6enka B CbIBOPOTKE KPOBU pbib B
HalleM nccrnefoBaHuM Ha nepsbli B3rMsa4 HaXOAUTCH B HEKOTOPOM NPOTUBOPEYUU C AaHHbIMU NUTe-
paTtypbl. B yacTHOCTW, yCTaHOBMEHO, YTO OBYXBalNeHTHas pTyTb obragaeT cpoacTBOM K HYKIEUHOBLIM
kucnotam, ocobeHHo k PHK, Bkntovasch B CTPYKTYpY €€ MOSEKysbl U TEM CaMbIM HEraTMBHO BNUSIA Ha
cuHTe3 OHK. CHmxeHune konmnyectea AHK n PHK B kneTke Hen3bexxHo npuBoauT K NOAABMNEHUIO CUHTE-
3a benka (Kysybosa, 2000), cnegoBaTtenbHO, MarnoBepPOATHO, YTO BO3pacTaHWe copepkaHus obLiero
CbIBOPOTOYHOro Oernka BbI3BaHO ycurieHMem ero buocnHTesa B nedeHun pblb. 3BeCTHO, 0gHAKo, YTO
CVHTE3 OTAENbHbIX OEMNKoB, BLIMOMHALNX 3aALLNTHYHO OYHKLUMIO (METANNTOTUOHENHOB) MHOYLIMPYETCS,
a He nogaensieTcs TSHXKeNbIMU MeTannamu, B ToM Yucne ptyTeto (Bebianno et al., 2007; Farina et al.,
2011; Morcillo et al., 2017). MoXHO NpeanonoXuTb, YTO MPUYMHON YBENNYEHNS KOHLEHTpauun benka B
CbIBOPOTKE sIBUMACh ee gernaparauus BcrecTBme nepepacnpenenenmsn b6enka mexay TKaHsammu 1 Kpo-
BbIO M BbIXOAaA XUOKOCTM N3 COCYQUCTOro NPOCTPaHCTBa B TKaHU. N3BeCTHO, YTo pacnpegeneHve benka
nnasmMbl MeXay BHYTPW- U BHECOCYLOUCTOW XXWUOKOCTSIMM OpraHmMamMa pblb 3aBUCUT OT hn3MONorM4eckoro
COCTOSIHMSA OpraHMama pbib, B HaCTHOCTUW, Nepuoga rogoBoro Lmkna (HepecT, 3aBepLueHune Haryna) (An-
dreeva et al., 2015). He ncknoyeHo, 4TO pTYTb TakKe MOXET OKa3blBaTb BNUSIHWE Ha AaHHbIN NpoLecc,
B3aumogencTBysi ¢ SH-cogepxawimmm 6enkamm, BXoALWUMUN B CTPYKTYPbI KNETOYHbIX MeMOpaH, Bbi3bl-
Bas cBOOOAHOpaaMKanbHOE N NEPEKNCHOE OKUCTIEHNE NUNUAOB MEMOpPaH, YTO MPUBOAUT K HAPYLLEHUIO
nx rmapodobHOCTU U, KaK CNeaCcTBUE, NPOHMLAEMOCTMU.

BbiBOAbI

1. B xo4e aKcnepuMMeHTa yCTaHOBIEHO 3HAYUTENBHOE HAKOMMEHNE PTYTU B MbllLAax Kapacen, 3a-
BUCSILLLEE OT KONMMYECTBA PTYTU B KOPME U NPOAOIIKUTENBHOCTU KOPMITEHUSI.

2. BbIsiBNeHbl UAMEHEHMS B Nokasarensix 6enkoBoro ooMeHa: ysennyeHve ypoBHsl obulero 6enka B
CbIBOPOTKE KPOBU pblb, 4YTO, NO-BUANMOMY, OOYCrOBMNEHO Aermapartaument CbiIBOPOTKM BCreacTeme ne-
pepacnpeaeneHus 6enka Mmexay TKaHsIMU U KPOBbHO M BbIXOAOM XWAKOCTU U3 COCYAMCTOrO NpoCTpaH-
CTBa B TKaHW.

3. OBHapyxeHbl U3BMEHEHUST B NOKa3aTensix NMMNugHoro obmeHa: yBenuyeHne ypoBHs OOLLEro xo-
nectepuHa (B HanbonbLUel CTENEHN) U NIUMNONPOTENHOB BbICOKOW NIIOTHOCTY B CbIBOPOTKE KPOBWU PbIb.

4. ccnegoBaHHble B1oXxMMmMYeckue napaMeTpbl KPOBU MOMOXUTENBHO KOPPENUPYHOT C CoAepKaHu-
€M PTYTU B MbiWLaXx pblid M MOryT ObITb UCNOMbL30BaHbI 4115 OLEHKN HEraTMBHOMO BIUSAHMS TOKCMKAHTA
Ha opraHuam pbib.
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