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PE3IOME. IlpencraBieHbl pe3yiabTaThl UCCIEAOBAHMUS BIUSHUS HaHoYacTHll cruiaBa Cu-Znpasmepom 55+15 HM u
kyabTyphl Bacillus subtilis (mpobuornueckuit npenapat Berom 1.1) mpu BKITIOUSHHH B paliioH Monoau crepisiau (Acipen
serruthenus) Ha oOMEH TOKCHYECKHMX ODJIEMEHTOB. [0 MPHHIMIY aHalIoOroB ObUTO CHOPMHUPOBAHO HYETHIPE TPYIIIBL:
KOHTPOJIbHAS ¥ TPU OMNbITHBIE. B panmoH | onbITHOM rpynmnbl H00aBIsuId TPOOMOTHYECKU Mpenapat (25 Mr/kr kopma),
peioam 11 rpynmbr qobaBnsn HaHouactullsl cruiaBa Cu-Zn (2,84 mr/kr kopma), peioam III rpynmsl B paimoH 100aBiisuin
npoOHoTHYECKH npernapar (25 mr/kr kopMma) u HaHodactuusl craBa Cu-Zn (2,84 mr/kr kopma). Britouenne B panuoH
pbI6 HaHovacTuil U KynbTypsl Bacillus subtilis kak BMecTe, Tak 1 OTAENBHO COMPOBOXKIACTCS CHIKEHUEM KOHIICHTPAIIUH
IPYNIBI TOKCHYECKHUX DJIEMEHTOB B TENE PbIO: AIIOMUHUS, KPEMHHS, MBIIIbsIKA, PTYTH U CBUHIA. BBISBICH CHHEPTrU3M
JEUCTBUSl MPOOMOTHKA M HAHOYACTUII MEAM M ILIMHKA — COBMECTHOE BKJIIOYEHHE B DAIMOH INPHBOJUTK CHIKEHHIO
KOHIICHTPAIMM TOKCHYECKUX SJIEMEHTOB B OpraHM3Me PhIO M K CTaOMIM3alMi OOMEHHBIX HpoleccoB, auddepeHipaniu
KJIETOK M TOJJICP)KaHNI0 aHTHOKCHAAHTHOTO CTaTyca OpraHu3Ma paIo.
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ABSTRACT. The article presents the research results of nanoparticles influence of Cu-Zn alloy with size of
55+15 nm and Bacillus subtilis culture (Vet 1.1 probiotic product) at the inclusion in diet of juvenile sterlet (Acipenser
ruthenus) on exchange of toxic elements. According to the analogues principle, four groups were formed: control and three
test groups. The probiotic product (25 mg/kg feed) was added to the diet of the 1% test group, nanoparticles of Cu-Zn alloy
(2.84 mg/kg feed) were added to fish of the 2" group, and the probiotic product (25 mg/kg feed) and Cu-Zn alloy nanopar-
ticles (2.84 mg/kg feed) were added to the diet of the 3 group. The inclusion of nanoparticles and Bacillus subtilis culture
in fish diet both together and separately is accompanied by a decrease in the concentration of the toxic elements group in
fish body: aluminum, silicon, arsenic, mercury and lead. Synergism of probiotic action and copper and zinc nanoparticles at
simultaneous inclusion in diet is revealed. It leads to the reduction of the toxic elements concentration in fish body and to
the stabilization of metabolic processes, the cells differentiation and the antioxidant status maintenance of fish body.
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BBEJIEHUE

B xaudecTtBe MHHCPAJIbHBIX ,Z[OGaBOK A1 OIITUMU3allUU COCTaBa pPAallMOHOB IICPCICKTHBHO HCIIOJIB30BaHHC
MHKPOSJIEMCHTOB B HaHO(l)OpMe, YTO OOBSICHSIETCS UX CIIOCOOHOCTBIO JIETKO IIPOHHUKATh BO BCC OpPraHbl U TKAHU
OpraHu3sMa U CTUMYJIUPOBATH OOMEHHEIE PO CCChI.




Llenb paboThl — M3yuyeHHE OCOOCHHOCTEH OOMEHAa TOKCHYECKHMX DJICMEHTOB B TKaHSX MOJIOJH CTEPIISIN
NpY BKIIIOYCHUH B paioH pei6 Hanoyactui (HY) crmaBa Cu-Zn u xynetypst Bacillus subtilis.

MATEPHAJIBI 1 METO/bI

HccnemoBanus BBIIOIHEHBI Ha Mojioau crepisian (Acipenser ruthenus), Bospact — 7 MecsIeB; kKuBas Macca —
70-90 r. ITo mpuHIMITy aHaOroB ObUTM C(OPMHUPOBAHBI YeThipe rpymmbl (N=15): KOHTpoIbHAS — OCHOBHOM
patmon (OP), I onbithas — OP ¢ mobasnennem mpobuorudeckoro npemnapata (25 mr/kr kopma), I[I — OP ¢ HU
Cu-Zn (2,84 mr/kr xopma), III-OP ¢ mpobuotukom (25 mr/kr xopma) 1 HY Cu-Zn (2,84 mr/kr xopma). B
MCCIICIOBAHUAX UCIIOIb30BAM MONTYyYeHHbIE METOJOM Tazmoxumudeckoro cuatesa HU Cu-Zn (Cu (40%)—Zn
(60%)) pasmepom 55+15 mwM, Z-mortemnman 31+0,1 MB, S;,=9+0,8 m%r. B kauecTBe mpOoGHOTHYECKOTO
npenapara ucronb3osanu Berom 1.1 (Bacillus subtilis BKTIM B-10641 (DSM 24613), 1x10° KOE/r).

PE3YJIBTATBI U OBCYXJIEHUE

OO01miee coaepkaHUE TOKCHYECKMX 3JICMEHTOB B OpPraHU3Me pPhI0 KOHTPOJbHOW Tpymmbl coctaBuno 0,437
MKMOJIb/KT, 9TO OKa3aJioch BbIlIe ONbITHBIX rpynm: | — Ha 23,8%, Il Ha 24,5%, Il Ha 33,2%. BrximtoueHue
MPOOHMOTHKAB PAIMOH MPHUBENO K JocToBepHOMY cHIbKeHnto Al (3,91Mkr/r) B opranmsme Ha 50% (p<0,05), Hg
(0,01 wmxr/r) Ha 57,6 % (p<0,05), As (0,28 mxkr/r) Ha 65,8% (p<0,05) oTHOCHTENLHO KOHTpOIA. BBeneHune B
pammon HY cruraBa Cu-Zn mpeamonaraio aHTarOHHUCTHYECKOE B3aMMOJCHCTBHE MEKIY 3JIEMEHTaMHU H3-3a
KOHKYPEHIIMU 3a OOIIKMe TpaHCIOpTepbl MeTauioB B KuileuHuke (Ranganathan et al., 2011) u mnoBblieHHE
YPOBHSI TOKCHYECKHX 3JIeMEeHTOB, HO BBenenne HU compoBoxaanock cumwkenuem AS (0,28 mxr/r) Ha 41,5%
(p<0,05), Al (1,94 mxr/t) Ha 79% (»p<0,001), Hg (0,01mkr/r) Ha 50,0% (p<0,05) MO OTHOIIEHHIO K KOHTPOIIO.
ITpu coBmecTHOM BKIroueHue B parmon Bacillus subtilis 1 HU taxke 3apuKCHpPOBaHO JOCTOBEPHOE CHUKEHIE
Al (1,56 mxr/t) B opranmsme Ha 83,1% (p<0,05), Hg (0,01 mkr/r) Ha 57,6% (p<0,05), As (0,46 mkr/r) Ha 43,9%
(p<0,05) orHocuTensHO KOHTpONA. ITocTymienue B oprannsM Cu u Zn B HaHO()OPME TIPEIIIONAraio CHUKEHUE
yposust Cd Bo Il u Il omertHEIX Tpymmax, Tak kak Cu ¥ Zn CrocoOCTBYIOT 00pa30BaHMI0 METAUIOTHOHUHOB,
yyacTByromux B BbiBeneHnn Cd M3 opraHu3ma, HO TaKyl KapTHHY HaONIO[aid TOJIBKO MPU COYCTAHHOM
ncrionp3oBanuy HY u mpobuoTtuka.

BBIBO/bI

CoueranHoe BKIOUeHHEe B panuoH Mmonomu crepiasan HY cmmaBa Cu-Zn u kyastypel Bacillus subtilis
CITOCOOCTBYET CHHIKEHHIO KOHIIEHTPAIlMH TOKCHYECKHX JIIEMEHTOB B OpraHM3Me, YTO OOBSACHSETCS
CHHEPIH3MOM JICUCTBUSL JIAHHBIX TIPENapaToB M MPUBOIMT K CTAOWIM3alMd OOMEHHBIX IPOIECCOB,
G depeHIrayy KJIETOK U MOAIepKaHUH aHTHOKCHIaHTHOTO CTaTyca OpraHu3Ma.
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