Kusommosoocmeo u kopmonpouseoocmeo 2019 T. 102 Ne 4/ Avimal Husbandry and Fodder Production 2019 Vol 102 Is. 4
208 Teopus 1 NpakTHKa KOPMJIEHHUS

YK 599.323.4:577.17 DOI: 10.33284/2658-3135-102-4-208

Bausinue npo0uoTHYECKHX IITAMMOB poaa Bacillus na ouoxumuveckue
MOKa3aTeJIM KPOBH M KOHLIEHTPAIMIO MeIH B OPraHU3Me KHBOTHBIX
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AHHoTauusi. B craThe mpeacTaBI€HBI Pe3yNbTaThl AKCIEPHUMEHTAIBHBIX HCCICIOBAHUNA 10 H3YUYCHHIO
3¢ pexTUBHOCTH MPUMEHEHHUS MPOOMOTHYECKUX ITaMMOB poja Bacillus nipu nedunute Meau y KUBOT-
HBIX (Ha MpUMepe KpbIc). B kauecTBe MpOOMOTUIECKOTO areHTa ObLUTH MCIIOJIh30BaHbl OaKTepUH poaa Ba-
cillus: «Berom 2» (mramm B. subtilis 7048 u mramm B. licheniformis 7038) n «Criopobaxrepuny (IuTamMm
B. subtilis 534). PerynupytommmM ¢GpakTopoM H3OBITOYHON KOHIICHTPAIMA MOHOB MEIU B DKCICPUMEHTE
BeicTynin CuSO4x5H>0, co3pmaromuii BeICOKHME KOHIIGHTpAIlMX 3JEMEHTa B MHUTATEIbHOM CyOcTparte.
Ornenka >p(GEeKTUBHOCTH MPUMEHEHHS NOTYYICHHBIX OMOJIOTHYECKH aKTUBHBIX COCTUHEHUN MPOBOIMIACH
C HUCIOJIb30BAaHUEM aTOMHO-aJCOPOIIMOHHOM CIIEKTPO(OTOMETPUH, B KaueCTBE OMOJIOTHUECKUX 00pasiioB
HCTIOJIB30BAIH KOKHBIN ITOKPOB, MBIIICYHYIO U KOCTHYIO TKaHHU. [loslyueHHbIe TaHHBIE CBHIETENBCTBYIOT
0 BBICOKOM IIOTEHIHaNe MPHMEHEHHUs NPOOMOTHYECKUX IPEerapaToB, IMO3BOJISIOMINX CTUMYJHUPOBATH
HAKOIJICHHE MEIH B Opranm3Me. Tak, B 00pa3iax ONBITHBIX TPy KOHICHTPAIHS HCCIEIYEMOTO IeMEH-
Ta IpeBbILIAJIa 3HAYEHUs] TPYMNIBl KOHTPOJIA C HU3KUM cOAepXaHUeM Meau B pauuoHe Ha 98,61 %,
108,33 %, u 81,94 % B xoHuEe ucciaenoBanus. Ha oCHOBaHMM OIICHKM ypPOBHSI aTaHWHAMHHOTpaH(pepasbl
(AJIT), acmapratamunotpancdepasbl (ACT) u menoyHor ¢ocdaTtasbl B CHIBOPOTKE KPOBU YCTaHOBJICHO
OTCYTCTBHE TAaTOJIOTUYECKOTO BIIUSHUS TECTUPYEMBIX COCTUHCHUN Ha TEMaTOIMTHI, O Y&M CBHIICTEIh-
CTBYET AMHAMHUKA UCCIEIYEMBIX MTOKa3aTelNel B mpeaenax peepeHTHBIX 3HAUCHU Ha MPOTSHKEHUH BCETO
9KCTIEPUMEHTA.

KiroueBble ¢10Ba: JKUBOTHBIC, KPBICHI, KOPMJICHHE, ME/Ib, IIPOOMOTHIECKUE MPETaparhl, 0aKTepuu pojaa
Bacillus, munepannepuiuTHbIE COCTOSHUSA.
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Summary. The article presents the results of experimental studies on the effective use of Bacillus probi-
otic strains of animals with copper deficiency (for example, rats). Bacillus bacteria: Vetom 2 (B. subtilis
7048 strain and B. licheniformis 7038 strain) and Sporobacterin (B. subtilis 534 strain) were used as a
probiotic agent. CuSO4 x 5H,0, which creates high element concentrations in nutrient substrate, acted as a
regulatory factor for the excess concentration of copper ions in the experiment. The effectiveness of use of
the obtained biologically active compounds was evaluated using atomic absorption spectrophotometry;
skin, muscle and bone tissue were used as biological samples. The obtained data indicate a high potential
for the use of probiotic drugs, which can stimulate the accumulation of copper in the body. So, in the sam-
ples of the experimental groups, the concentration of the test element exceeded the control group with a
low copper content in the diet by 98.61%, 108.33%, and 81.94% at the end of the study. Based on the as-
sessment of the level of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline
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phosphatase in blood serum, there was no pathological effect of the tested compounds on hepatocytes, as
evidenced by the dynamics of the studied parameters within the reference values throughout the experi-
ment.

Key words: animals, rats, feeding, copper, probiotic preparations, bacteria of Bacillus genus, mineral de-
ficiency states.

Beenenue.

MUKpO3JIeMEHTHI SBISIFOTCS HEOOXOJMMBIMHU THUTATSIIBHBIMU BEIIECTBAMU JUIS KaKIOW KUBOU
KJIETKHA OpTaHHW3Ma 4YelloBeKa. B Hacrosiiee BpeMsi B OpraHu3Me YeJIOBEeKa M KUBOTHBIX 0OHApYKEHO TO-
psaaka 80 XUMHUYECKHUX 3JIEMEHTOB, IIPU STOM BCE OHU B TOM MJIM MHOM CTENEHU Y4YacTBYIOT B Ipoleccax
JKU3HeeATeNIbHOCTH. 1o cofepikanuio B opraHusMe 3JeMeHTH ieisaTcst Ha MakpoasieMeHTsl (O, H, C, N,
K, Mg, Fe, Na, K, Ca, S, Cl, P, I, Si, F), mukposnemeHTHl 1 yibTpamukpodnementsl (Fe, Zn, Cu, Mn, Se,
V, Ni, Cr, Sn, Mo u np). OHu He0OX0AUMBI 7S OallaHca KUAKOCTH, Pa3BUTHSI KPOBU U KOCTEH, MOAIEP-
JKaHHS 3J0POBOM HEPBHON CHUCTEMBI M PETYJIMPOBAHUS MBIIIII, BKIIIOYas cepAcuHble MBIIIBI. OHH ydacT-
BYIOT BO BceX ()EPMEHTHBIX PEaKIUsIX B OPTraHH3ME M MOMOTAIOT B YCBOCHUH M UCIOIH30BAHUU BHTAMU-
HOB M JIpYTUX MUTATEIbHBIX BellecTB. OpraHu3M 4eloBeka TpeOyeT pa3HbIX KOJIUYECTB Ka)KI0ro MUHEpa-
na, 9To0BI OCTaBaThCs 3I0POBHIM. KOHKpETHBIE TOTPEOHOCTH yKa3aHBl B PEKOMEHIYEMBIX CYTOYHBIX
HopMax nutaHus (CkansHbiil A.B., 2016).

Jedbunut MuHepanoB WM MUHEpalbHAs HEJOCTATOYHOCTh B OpPraHU3ME YEIOBEKa M KHUBOTHBIX
BEJIET K CHMKEHUIO OMOJIOTUYECKOTO MOTEHIHAIa U PA3BUTHIO MATOJIOTHYECKUX COCTOSHUN, HEKOTOPhIE
13 KOTOPBIX TPHUBOJAT K JICTAIBHOMY HCXOJy. PasButHe ACPHUIIMTHBIX COCTOSHHUNA MOXKET BO3HHKATH
BCJICJICTBHE TCOXUMHUYCCKOU XapaKTEPUCTHUKU TEPPUTOPUU (IeDUITUTHBIC COCTOSHUS U M30BITOYHOE CO-
Jiep>KaHue 3JIEMEHTOB-aHTarOHUCTOB) U HecOanancupoBanHoro nutanus (besnep XK.A., 2009).

Menp SBISIETCS] 3CCEHITUAIBHBIM MHUKPOJJIEMEHTOM, YYACTBYIOIIMM BO MHOTHX (JEpPMEHTHBIX pe-
akiusx. [Ipu3Haku geuiuTa Meau MOTYT BKIFOYATh aHEMHUIO, TUAPEI0, CI1a00CTh, TUIOXYIO JbIXaTeJIbHY FO
¢yHKIMIO, 00JIBICEHNE, KOJKHBIE paHbl M MOBBIIEHHBIH ypoBeHb JUnuaoB B kpoBu (Waihung Lo et al.,
2003).

CBoeBpeMEHHOE BBISIBJICHHE M KyIHUPOBaHWE HapyIIeHHH oOMeHa MeIu, MO3BOJIUT Ha MPaKTHKE
peann30BaTh MEPCOHATH3UPOBAHHBIA OIX0 K MPOQMIAKTHKE U JICYCHUI0 MHOTHX 3abonmeBanuii. O6ec-
MIEUYCHUE aJCKBAaTHOTO MOTPEOJICHHUS OCHOBHBIX MMHUTATEIBHBIX BEHIECTB TOCPEICTBOM COAIAHCHPOBAHHOM
JUETHI U T0OABOK — JIyUIIUi crtoco0 mpeaoTBpatuTh nedurmt munepano (I[lapaxonckuit A.I1., 2015).

B HacTosmmii MOMEHT CyIIIeCTBYET OTPOMHOE KOJIMYECTBO MPENapaToB, OMOJIOTHICCKH aKTHUBHBIX
00aBOK 10 BOCCTAHOBJICHHUIO ArcOanaHca MEAW, HAMH IPeIaraeTcsl MCCIeI0BaHHEe BO3MOXKHOCTH BOC-
MOJTHEeHUs AeUuIuTa MEAM ¢ TOMOIIBI0 MPOOHOTHIECKUAX MTAMMOB. BBEIOOP MPOOHOTHYECKUX IITAMMOB
CBs3aH C BO3MOXKHOCTBIO OakTepuu poja Bacillus HakamimBaTh MOHBI MeTaiwioB (Sizentsov AN et al.,
2018). DTO0 MOXKET UCIIOJIB30BATHCS B PETYJIISIUHU 3JIEMEHTHOTO CTaTyca OpraHu3Ma )KHBOTHBIX U YeJIOBEKa
NPY BKJIFOYEHWH B PaIOH NPOOMOTHHECKHX TpeTapaToB Ha OCHOBE Oaktepwii pona Bacillus (Sizentsov AN et al.,
2019; Khanafari A et al., 2008).

Heas nccienoBanms.
VY CTaHOBUTH BIHSHHUE MPOOMOTHYECKUX IITAMMOB pojia Bacillus Ha OMOXMMHUYECKHe MOKa3aTesn
KPOBH JKMBOTHBIX Ha OHE MeJIbAe(DUIUTHOTO palloHa.

MarepuaJbl 1 METOIbI HCCIeJOBAHUS .

O0bekT uccaenoBanus. [Ipobnornueckue mrammel: B. subtilis 10643 n B. licheniformis 10642
(«Betom 2»), mpousBonutens mnpenapata — HIID «Mccaenosarensckuii nentpy OOO (Poccus),
B. subtilis 534 («CriopobakTeprH», MPOU3BOINTEND Npenapara — bakopen, (Poccus).

Kpeicel muann Wistar B konmdectBe 120 ros10B.

OOcny)XKUBaHUE KUBOTHBIX M OKCIICPHUMEHTAJIBHBIC HCCICIOBaHUS OBUIM BBIMOJIHEHBI B COOTBET-
CTBHM C MHCTPYKIMAMH M pekoMeHIanusMu Russian Regulations, 1987 (Order No. 755 on 12.08.1977 the
USSR Ministry of Health) and «The Guide for Care and Use of Laboratory Animals (National Academy
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Press Washington. D.C. 1996). [Ipu BbINOTHEHUH HCCIEIOBAHWUN OBUIM MPEANPUHATHI YCHIIHS, YTOOBI
CBECTH K MUHHMYMY CTpaJIaHMsl )KUBOTHBIX M YMEHBILICHUS KOJHYeCTBa 00Pa3LOB.

Cxema 3KcnepuMeHTA.

Cxema JKCIepUMEHTa MpeJICTaBiieHa B Tabmumax 1, 2. B kadecTBe MCTOYHHMKA MEIU — CyIb(ar

meau (CuSO4 x5H>0).

Ta6muma 1. Ilopsiiok NPUTOTOBJIEHHS NpenapaTa
Table 1. Drug preparation procedure

Cou1 MeTaJL10B/

Hccienyemble KOHIEHTpALMH, IIpoonoTnueckue ciopodopasyronue

Metal salts mmoJib/Mit/ The studied mrammbl Bacillus/ Probiotic
Katuon AHUOH/ concentration, mmol / ml spore-forming strains of Bacillus
/Cation Anion
S04 B. subtilis BKIIM B 7048,

Cu (CH,COO), | T 1ro 060801 lzzsgfrom Lo | B Jicheniformis BKTIM B 7038
Cl, ) B. subtilis 534
1 2

OuneHka OMOTOKCHYHOCTH HCCIeTyeMbIX XHMHYECKNX COeTMHEHHIT MeIy B OTHOIIEHUH H3y4YaeMbIX
MuKpooprann3mMoB/ Assessment of biotoxicity of the studied chemical compounds of copper in

relation to the studied microorganisms

Omnpenenenne MIIK
coueit metayios/ De-
termination of MIC of
metal salts

Ncnonb3oBancs nuddy3uOHHBIN METOJT arapoBbIX JIYHOK, KOTOPBIH COBMEIIAaeT
B CBOEH CTPYKType ZBa METOJa: METOJ| JIyHOK B arapoBOM CJIO€ M CEpHUHHBIX
pa3BelieHnH, JaHHAsl METO/IMKA SIBJISIETCS] HEe TOJBKO KauyeCTBEHHOM, HO M KOJIH-
YECTBEHHON OIICHKONW OMOTOKCHMYHOCTH HCCIEAYEMBIX XHMHYECKUX COCIHHE-
HUH (monydyeHue paboder KOHIIEHTPAIMK COJIeH, HE OKa3bIBAIONUX WHTHOHPY-
IOIIEro JAEHCTBUS Ha POCT HCCIEAyeMbIX MHKpoopranusmoB)./The diffusion
method of agar wells was used, it combines two methods in its structure: the
method of wells in agar layer and serial dilutions; this method is not only a
qualitative, but also a quantitative assessment of the biotoxicity of the studied
chemical compounds (obtaining a working concentration of salts that do not
have inhibitory effect on growth of the studied microorganisms).

O1leHKa BIUSHUS Me-
TaJIJIOB Ha POCT TECT-
OpPTaHU3MOB B IIEPHO-
JIUYECKON KyJIbType/
Assessment of the in-
fluence of metals on
growth of test organ-
isms in discontinuous
culture

O1eHKY BIMSHHS METAJUIOB Ha POCT HM3Yy4aeMbIX MHUKPOOPTaHH3MOB M CPOK
HacTyIuieHus (a3pl M KOHIIEHTpAIIUN POCTa OCYIIECTBILUIN IyTEM 3aMepa OIl-
tnyeckoil motHoctu (OD) GakTepualbHOW CyCNEH3UU C UHTEPBAJIOM B TpU
Yaca, HAYMHAs ¢ (OHOBOI'O MCCIIEAOBAHUS, U MIPOIOIDKAIN 10 TOIydeHHs TPEX
WJICHTUYHBIX 3HaYeHWH (He0OX0IUMO JJIsl ONpe/elieHUus] BpeMeHH 0Toopa Ouo-
MacChl C MaKCUMaJIbHBIMHA KOHIICHTPAIMSAMH aKKyMyJmpyemon memu)./The in-
fluence of metals on growth of the studied microorganisms and the period of the
onset of phase M of growth concentration were assessed by measuring the opti-
cal density (OD) of bacterial suspension with an interval of three hours, starting
from the background study, and continued until three identical values were ob-
tained (necessary to determine time of biomass extraction with maximum con-
centrations of accumulated copper).

OrneHka 6MOaKKyMy-
JIUPYIOIINX XapaKTe-
PHUCTHK TECT-OPTaHM3-
mos/ Evaluation of
bioaccumulative char-
acteristics of test or-
ganisms

Hamu wmcronp3oBajicss aTOMHO-a0COPOITMOHHBIN METOJI, OCHOBaHHBI Ha CBOW-
CTBE aTOMOB XHMHYECKHX 3JEMEHTOB, (HOPMUPYIOIIMXCS MpPU PaCTbIICHUH
30JIbHBIX PacTBOPOB B ILIaMsl alleTHIIEH-BO3/AYX, MOTJIONIATh CBET OINpeIeEH-
HOHW JUTMHBI BOJIHHI (OTpejeieHne Meau B Onomacce MUKpoopraHu3MoB)., We
used the atomic absorption method, based on the property of atoms of chemical
elements that are formed by spraying ash solutions into an acetylene-air flame,
to absorb light of a certain wavelength (determination of copper in biomass of
microorganisms).
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[Tponomkenne tabmuibl 1

1 2

K xuakoii mutarenpHO# cpene B 00béMe 400 MI H0OABISUIH CONTM METAJlIa B
pabounx KOHLEHTPAIUSX U CYCIEH3MIO CyTOuHOM KyubTypbl 1x10° KOE/mn
HCCIIEAYyEeMOI0 MUKPOOPTaHU3Ma B KOHLIEHTPAIIH 4 MJI C MOCTEIYIOIUM KYJIb-
TUBUpPOBaHUEM B TeueHue 24 gacos npu temmneparype +37 °C. buomaccy otne-
JSUM OT cynepHaTanTa neHTprudyruposanue mpu 3000 06./MuH B Tedenue 10 MuHYT
C MOCJIEAYIOINM yJalleHneM HaJocaouHoi xkuakocty. [loxydenHyro 6rnomac-
Cy MHAKTUBUPOBAJIM aBTOKJIaBUpoBaHHeM B TeueHue 40 munyT. /Metal salts in
working concentrations and a daily culture suspension of 1x109 CFU/ml of the
studied microorganism at a concentration of 4 ml were added to a 400 ml liquid
nutrient medium, followed by cultivation for 24 hours at a temperature of +37 °C.

ITonydenue nHakTH-
BHUPOBAaHHOMN OHoMac-
CBI ¢ OMOJIOCTYITHBIMH
COEIMHEHUSIMU MeI/
Obtaining inactivated
bio-mass with bioa-
vailable copper com-

pounds The biomass was separated from the supernatant by centrifugation at 3000 rpm
for 10 minutes followed by removal of the supernatant. The resulting biomass
was inactivated by autoclaving for 40 minutes.
Tabnuna 2. Cxema npoBeJeHHs IKCIEPUMEHTAJILHBIX HCCIe10BaAHMIT
Table 2. Scheme of experimental studies
1 3Tan — npoBeieHNUs IKCIEPUMEHTAJIBHBIX Hccef0BaHuii/Stage 1 — experimental research
ﬂ(ﬁ:/z:;;lzgrﬂ’ Kounrtpoas/ B. subtilis B. licheniformis B. subtilis 534
’ Control BKIIM B 7048 | BKIIM B 7038 :
mg/kg
NHurakTHas -
rpymnma*/Intact Ky (n=24) - — -
group*
Kontpomnp**/ - Ki(n=24)
Control** - - -
CuSO4** 0,04 — O1 (n =24)*** O, (n = 24)*** O3 (n = 24)***

Ounenka 3(ppeKTHBHOCTH NIPUMEHEHUS NPENAPATOB-KAHAUIATOB /1S KOPPEeKIUU
Me/bAe(PMUMTHBIX COCTOSIHUI HAa OCHOBE POOHOTHYECKUX IITAMMOB MUKpoopranu3mMos/ Evaluation
of effective use of candidate drugs for the correction of copper deficiency conditions based on
probiotic strains of microorganisms

1 2

HccnenoBamie reMaToiorndie- I'emartonoruyeckue (IPUTPONUTHI, TEMOTIIOOWH, CKOPOCTh OCEIaHHs
CKHX, OMOXMMHYECKUX TTOKa3a- SPUTPOLMTOB, JCHKOIMTAPHBIA NpodUiIb) U OHOXUMHUYECKHE (caxap,
TeJeW KpOBHU U TOKa3aTelield He- | XoJieCTepuH, MoueBrHa, oot 6enok, AJIT, ACT, OunupyouH, Kpea-
CIIenu(pHUIEecKOro UMMYHHTETA TUHHH, meno4Has ¢ocgarasza) nmokazarenu. [lokazarenn Hecnennguye-
CBIBOPOTKH KpoBHU ****/ Study CKOr0 MMMYyHHTETa (JIM30LMMHAs M [-IMTHYECKAas aKTUBHOCTH CHIBO-
of hematological, biochemical porku kposu)/ Hematological (erythrocytes, hemoglobin, erythrocyte
blood indices and indicators of sedimentation rate, leukocyte profile) and biochemical (sugar, cholester-
non-specific immunity of blood | ol, urea, total protein, ALT, ACT, bilirubin, creatinine, alkaline phos-
serum™®*** phatase) indicators. Indicators of nonspecific immunity (lysozyme and
B-lytic activity of blood serum).

I'ncronornueckoe Mcciie10BaHUE
OpraHoB-MuIIeHen****/ Histo-
logical examination of target or-
gans skokoksk

B kadecTBe opraHoB-MHIlICHEH HaMU BbhIOpaHBI celie3éHKA U MeYeHb, B
CBSI3H C TE€M, YTO OHHU OoJlee MOABEPIKEHBI BO3ACUCTBHUAM TSKEIBIX Me-
taitoB./ We have chosen spleen and liver as target organs, due to the
fact that they are more susceptible to heavy metals.
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[Tponmomkenue TaduIpl 2

1 2
OnpeneneHne coaepKaHUI UC- Pe3ynbTaTHBHOCTh IPUMEHEHHS TPOOUOTHIECKUX IMITAMMOB OCYIIECTB-
ClIe/lyeMbIX METAJJIOB B TKaHAX | JIAJIach C HCIOJIb30BaHUEM aTOMHO-3JICOPOIMOHHON crieKTpodoTomer-
JKCIIEPUMEHTAIIBHBIX KHUBOT- pun («@opmyna ®M 400», Poccust). B kadecTBe OMOIOTUYECKOTO Ma-

HBIX**** /Determination of the TepuaJia WCCIEA0BaHUS HaMH HCIOJb30BAUCh KOXXHBIA TIOKPOB, MBI-
content of the studied metals in HIeYHasg U KOCTHas TKaHU B KOJMYECTBE 5 I' KAXKJOT0 U3 UCCIIETYEMbIX
the tissues of experimental ani- o6pasioB./ The effectiveness of the use of probiotic strains was carried
mals **** out using atomic adsorption spectrophotometry (Formula FM 400, Rus-
sia). We used skin, muscle and bone tissue as the biological material of
the study in an amount of 5 g of each of the studied samples.

IIpumeuanue:

* — wuBoTHbIe Haxonuiuch Ha paruone (I'OCT P 50258-92) B cooTBeTcTBHM MpaBuiaM JiaDOpaTOPHOM
MPaKTUKH TP MPOBEJACHUN JOKIMHUYECKUX HccaenoBannii B Poccmiickoir @eneparuu (T'OCT P 51000.3-
96 n P 51000.4-96).

** — >KMBOTHBIC HAXOIWINCh HA MUHEPAIACPHUIUTHON AMETE, CYTOUHBIA PAIlMOH COCTOSIT U3 AUCTHILIHPO-
BAHHOW BOJIBI U OTBAPEHHOTO B TE€YEHHUE |15 MUHYT MOJUPOBAHHOTO pHCA C MOCIEIYIONIEH MTPOMBIBKOM TH-
CTUJUIMPOBAHHOW BOJOM

**% _ mepopalibHOE BBEJICHHUE Ipernapara ¢ neproro no 10 geHb SkcriepuMeHTa

*HEX _ oTOOp HccnemyeMbIx 00pasiioB MPOBOAMIICS C MHTEPBAIOM B 5 cyToK (oHOBOE HccnenaoBanue, 5, 10 u
15 nenp dkcriepuMeHTa). /

Note:

* - the animals were on the diet (GOST R 50258-92) in accordance with the rules of laboratory practice for
preclinical studies in the Russian Federation (GOST R 51000.3-96 and R 51000.4-96).

** - the animals were on a mineral-deficient diet, the daily diet consisted of distilled water and polished rice
boiled for 15 minutes, followed by washing with distilled water

*#% _ oral administration of the drug from the first to the 10th day of the experiment

**F%% _ sampling was carried out with an interval of 5 days (background study, 5, 10 and 15 days of the ex-
periment).

[TonyuyeHHYI0 MHAKTMBUPOBAaHHYIO OMOMAacCy MPOOMOTHYECKHX HITAMMOB Iepe] MPUMEHEHHEM
Pa3BOAMIIN TUCTHITUPOBAHHON BOJIOH B COOTHOIICHHNH 1:2 W BBOIWIM B opraHu3M u3 pacuéra 0,04 mr/kr
MAaCCHI TeJa YXUBOTHOTO.

Ha 5,10, 15 cyTku uccienoBanuii mpoBoamics yOoi KpbIC MOa d3PUPHEIM HAPKO30M, C MOCIEAY-
ronmM (hopMUpoBaHHEM POO (KOCTHAS, KOKHBINA OKPOB, MBIIIICYHAS TKAHB ).

O0opynoBanne M TeXHHYeCKHe cpedcTBa. brmoxuMuiyeckne MCCIETOBAHUS CHIBOPOTKH KPOBU
npoBOIMIIACE Ha aBroMarmdeckoM anHamm3arope CS-T240 («DIRUI Industrial Co., Ltd», Kuraif) ¢ uc-
NOJIB30BaHEM KOMMepdecknx HabopoB st BerepuHapun [uaBerTect (Poccus) m Randox Laboratories
Limited (United Kingdom).

CraTucTuyeckasi oopadorka. CTaTUCTUYCCKUI aHATIU3 MPOBOJIUIH C TOMOIILI0 0PHCHOTO MPOo-
rpamMHoro komriekca «Microsoft Office» ¢ nmpumenernem nporpammel «Excel» («Microsofty, CILHA) ¢
00paboTkoit manHbIX «Statistica 10.0» («Stat Soft Inc.», CILIA). TToirydeHHble JaHHBIE TOABEPTad CTATHU-
cTudeckor 006paboTke ¢ ucnoiab3oBanueM t-kpurepus Cteiogenta (Jlakun I'.@., 1990).

Pe3yabTaThl HccieioBaHHUS.

B xone uccnenoBanus yCTaHOBIEHO MaKCUMAIIBHOE COJIepKaHue Meau B Tpyrine O, B MBIIICYHOM
TKaHU [0 CPaBHEHUIO ¢ KOHTponbHOU rpynmoii K; Ha 44,4 % (P<0,05). MuHuManbHbeIe 3HAYECHUS CONEP-
JKaHUSI MEJIM YCTAHOBJICHBI B KOKHOM MMOKpoBe B rpymime Oz Ha 15 1eHb uccieqoBaHus 10 CPABHEHUIO C
koHTpoaeMm Ha 38,8 % (P<0,05) (puc. 1).

Conepixanue XHBOTHBIX HA MHHEpaIAeGUIIUTHON nuere B TeueHue 20 THEH CHUXKAIO cojepika-
HHUE MEIH B UCCIEAYEMBIX TKaHIX Ha 22,58 % 10 OTHOIICHHUIO K TPYIIIe HHTAKTHBIX KUBOTHBIX.
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BruttoueHue B paioH KpbIC MPOOHOTHYECKUX ITAMMOB CTUMYJIUPYET YBEINUCHNUE KOHIICHTPAIIN
MEIW BO BCEX OIBITHBIX TPYIax B MBIIIEYHONW TKaHW Ha 15 neHn skcnepumenTa Ha 98,61 %, 108,33 %, u
81,94 % no ornomenuto k rpynne K, 1 Ha 53,76 %, 61,29 % u 40,86 % — npu cpaBHenuu ¢ rpynmnoi Ko.
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Puc. 1 - lunamMuka coiepxanusi Mey B TKAHIX IKCIIEPUMEHTAIBHBIX dKUBOTHBIX. ¥ — P<0,05, ** - P<(,01
Figure 1 - The dynamics of copper content in the tissues of experimental animals. * — P<(.05, ** - P<(0.01
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OreHKa TenaToTOKCUYECKOro JEHCTBHS OIEHMBAEMBIX MpemapatoB ycrtaHoBmia, yto AJIT B
rpymre korTpoins aedunura (Ki) Ha 5, 10 1 15 qam sxenepumenTa yBennamnacsk Ha 11,5 %, 12,1 % u 13,5 %
COOTBETCTBEHHO 110 OTHOIICHUIO K (POHOBBIM 3HAUCHUSIM. TOrJa Kak B OmbITHOM rpyrmie O, Ha 5 JeHb KCIe-
puMeHTa ycTtaHoBleHO yBenmueHue Ha 1,5 % (P<0,5) ¢ mocnenytomum cHmxenneM Ha 10 u 15 mHUM dKe-
nepuMeHTa (puc. 2).
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Figure 2 - Quantitative changes in alanine aminotransferase in blood of laboratory animals

AHanornvHas AuHaMuka Owina xapaktepHa it ACT B rpynne K; Bo Bce y4€THBIE TEpHOIBI TIPH
CpaBHEHUM C ()OHOBBIMH 3HAUEHUSMHU. BriroueHwe B Menb AcQUIMTHBIN panuoH B. licheniformis 7038
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conpoBokaanoch yeemmdaeHneM ACT Ha 3,2 % (P<0,05) na 10 nens sxcniepumeHTa, co cHrbkeHueM Ha 1,7 %
(P<0,05) B mocnenyromue nepuos (puc. 3).
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Puc. 3 — KoinyecTBeHHbIE M3MEHEHUS aCIAPTATAMHUHOTPaHCc(depa3bl B KPOBU
JIa0OPATOPHBIX KUBOTHBIX
Figure 3 — Quantitative changes in aspartate aminotransferase in blood of laboratory animals

[Tpu uccnenoBanny menaouHou Gocdarasbl y 1a00paTOPHBIX KUBOTHBIX OBLJIO YCTAHOBJICHO, YTO
npuMeHsieMble TipernapaThl «Betom 2» n «CriopobakTeprH» HE OKa3bIBAIOT BIMSHUS Ha UCCIIEAYEMBIH T10-
KazaTelb Ha MPOTSDKEHNH BCEro SKCIepruMeHTa. JlocToBepHOe yBennueHne 3HaueHns HaOmoaaeTcs Ha S5-i
JeHb uccnenosanus B rpynne K1 na 2,6 % (P<0,01) u Ha 15-i1 nens skcnepumenTa ysenauuenue Ha 0,8 %
(P<0,05) (puc. 4).
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Figure 4 — Quantitative changes in alkaline phosphatase in blood of laboratory animals
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OO0cyskaeHne N0JIy4eHHbIX Pe3y/IbTAaTOB.

Uccnenyembie HaMu poOMOTHYECKHUE TITAMMBI ObUTH BBIOpaHBI, HCXOMS U3 CIIOCOOHOCTH OaKTe-
puii pona Bacillus M3BIEeKaTh U aKKyMyJIUPOBaTh HOHBI METAIUIOB. X aKKyMYJISIHSI MOXKET OCYIIECTB-
JAThCS B JIBa 3Tamna (CopOIus KOMIIOHCHTaMU KJIETOYHON CTEHKH M SHEPro3aBUCHUMOE BHYTPUKICTOYHOEC
HakoruieHne). B crartbe mpencTaBiIeHbl Pe3yNbTaThl O BO3MOXKHOCTH HCIIONB30BaHHS MPOOMOTHUECKHX
[ITAMMOB B Ka4eCTBE CTUMYJISITOPOB BCACHIBAHMS MM B opranu3M. Kak yke roBopuiocs paHee, 6akre-
pun pona Bacillus WHAKTUBUPYIOT, TEM CaMBIM OHH HE MOTYT aKKKyMYJIHPOBATh METAJUIbI, HO MOTYT
OCYIIECTBIIATEH TIOCTAaBKY MHKPOJJIEMECHTOB B TKAaHH KOMIIOHEHTAMHU KJIETOYHOW CTeHKH. TeM Ooee mpo-
OMOTUKU MOTYT IpU ACOUIMTHBIX COCTOSHHUAX YBEIUYUTH SHIIOTCHHBIC TIOTEPH 33 CUET BBHITCCHEHUS M3
JIeTIO MEJIM | TIepepacipeieIeHusl €ro 1o OpraHaM U TKaHsIM.

[IpumMeneHme TPOOMOTHKOB MO3BOIISET YBEIMUUTH KOHIICHTPAIIMIO MEIH Ha 15 IeHb SKCriepuMeH-
ta Ha 98,61 %, 108,33 % u 81,94 % (rpymnma O, O,, O3) 0 OTHONICHHIO K TPYIIE KOHTPOJIS ASPUIIUTHO-
ro cOCTOsIHUA, U Ha 53,76 %, 61,29 % u 40,86 % — 1Mo OTHOIICHHUIO K TPYTIE HHTAKTHBIX KUBOTHBIX. [Ipn
3TOM HanOoJiee NePCIEKTUBHBIMU IITAMMAMH JJIsl CO3JJaHUsI OMOJIOTHYECKH aKTUBHBIX MEIbCOICPIKALINX
npenaparoB ABA0TCS B. licheniformis 7038 u B. subtilis 7048.

Panee Hamu y)ke OBUIM TOJYYEHBI JaHHBIC O TOBBIIMICHUIO CONCPXKAHMS XKelie3a B OpraHH3Me
JKMBOTHBIX. [losy4aeMblii KOMIUIEKC «MHAKTHBUPOBAHHBIN INTaM+MeTal (MeZb)» MO3BOJISET CO3/aTh B
opranu3Me 3HaunTeNnbHbIN 3anac Mean (Kimmvoa T.A. u np., 2019).

PesynbraThl OMOXMMHUYECKOTO UCCIECIOBAHHS CHIBOPOTKHA KPOBH CBHICTEIHCTBYIOT O HE3HAUH-
TEJIBHOM YBEIMYCHUU MOKa3aTellel Ha 5 JeHb dKCIepUMEHTa. BO3MOXKHO, JaHHOE SBJICHUE MOXKET OBITh
00YCIIOBIICHO aJIaNTallMOHHBIME MEXaHM3MaMH OpTraHH3Ma JIAOOPATOPHBIX KHBOTHBIX, BBI3BAHHBIMH BbI-
COKUMH KOHIICHTPAIMAMH HCCIIEAyeMOro 3JIeMeHTa B OMOIOCTYIHOI (opMe U OTCYTCTBUEM TOKCHYHO-
ctu. [loATBEpKACHUEM TUTIOTE3bI aTaNTAllMU OPTaHU3Ma SBJSICTCS CHIDKCHUE KOHIICHTPAIIMH BCEX HCCe-
JIyeMBIX TOKa3aTeNed 10 3HAYCHWU TPYIIbl WHTAKTHBIX JKUBOTHBIX yke Ha 10 CyTKH SKCIIepHUMEHTa
(Ckanbhbrii A.B., 2016).

BoiBoabI.

PestoMupys mosnydeHHbIE pe3yJIbTaThl B OKCIIEPUMEHTAX i1 Vivo, clieyeT OTMETHTh BO3MOXKHOCTD
WCIOJIb30BaHUA MPOOMOTHIECKUX IMITAMMOB MUKPOOPTAaHU3MOB B Ka4€CTBE MEXaHU3Ma KOPPEKIIUUA MEIb-
Je(UITUTHBIX COCTOSHUM.

PesynbraThl OMOXMMHUYECKOTO HCCIEAOBAHMS KPOBU IKCHEPUMEHTATBHBIX JKUBOTHBIX C IIENBIO
OIIEHKU TeMaTOTOKCHYECKOTO JCHCTBUS MCCICITYyEeMbIX POOMOTHIECKHUX MPEnapaToB Ha OpraHu3M jJado-
PaTOPHBIX KUBOTHBIX CBHJICTEIBCTBYIOT 00 OTCYTCTBHHM HETaTUBHOTO BIIMSIHHS Ha OPTaHU3M Ha TPOTSHKE-
HUU BCEIr0 CPOKa MPOBEJEHUS IKCIIEPUMEHTA.

Takxum 00pa3zom, B Ka4ecTBE BO3MOXKHBIX BAPHAHTOB PETYIISIAN JIEMEHTHOTO CTaTyca OpraHu3Ma
JKUBOTHBIX SBIIIETCS HMCIOJIb30BaHUE MPOOMOTHYECKUX IMPENnapaToB Ha OCHOBE NPOAYKTOB >KU3HE/ES-
TEJIBHOCTH TpeJCTaBUTENeH TPaH3UTOPHOH MHUKPO(DIOPHI ¢ BEICOKMMH COPOITMOHHBIMHU XapaKTEepUCTHKA-
MH.

HccaenoBanns BbINOJHEHBI TpH noaaepxke Ooaactaoro rpanta Ne 21 ot 14.08.2019 roaa.
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