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K 95-JIETHEMY IOBUJIEIO
BEJSAEBA BACUJINA UBAHOBUYA

Cepreii Buxtopouu [lladynun, [TaBex Anapeesud [Mapumu®,
Tl'aniuna AnaroaseBHa BocrpousioBa, Tarbsina Uropesna EpmakoBa

Bcepoccutickuii HayuHo-uccie008amenscKull 6emepuUHapHbitl UHCIMUNMYm Namoao2u,
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B. W. benses pomwics 8 aBrycta 1931 . B OMcke
B ceMbe pabodero. [Tocie 3aBeprenus yueon B 1954 1.
B OMCKOM BeTEpHHApHOM MHCTHTYyTEe pabortain crap-
LIMM BeTEPUHAPHBIM BpauoM cOBX03a UM. KyiiObIieBa
YPCa Ky3Henkoro Merayuryprudeckoro KoMmOuHara
B Kemeposckoit obmactu. C 1958 . n30pan mo koH-
Kypcy milaaumum, a ¢ 1963 r. crapmyM Hay4HbIM CO-
TPYAHUKOM JIabopaTopuu napazutoaorud CHOMpCKoro
HUBU. B oxtsa6pe 1967 r. B. U. benseB nepexo-
JuT B JIUnenkyro ONbITHYIO CEJIbCKOXO3SMCTBEHHYIO
CTAHIIMIO 3aBEIYIOIIHUM OTAEJIOM >KHBOTHOBOJICTBA.
B 1972 r. ero mepeBomsIT 3aMECTUTEIIEM TUPEKTOpa
o Hay4HOH pabote HapesH-Mapckoii OnbITHOM ceib-
ckoxo3siiictBeHHOH crannuu. C ceHTsiOps 1975 . u o
Hacrosuiee Bpems oH padoraer B BHUBUIIDuT cha-
yaJla CTapIIMM HayYHBIM COTPYIHHUKOM, a IIOTOM 3a-
BEAYIOIINM Ja00paTopusIMHA BETEpUHAPHON T€HETHKH,
BETEPUHAPHOI MMMYHOJIOTHH, OTAEJIOM (hapMaKojo-
MU ¥ TOKCUKOJIOTHH.

OCHOBHBIE HAIIPaBJIEHHS €T0 UCCIEJOBAHUA —
0opbba ¢ SHTOMO3aMH, (apMaKOIOTHs U OMOXUMHS
(dhochopopraHuuecKX, CEICHOCOACPIKAIIMX Tpera-
paroB, TyMaroB, OMOCTHMYJSTOPOB M T€HETHYECKas
YCTOWYMBOCTbD KHMBOTHBIX K 3a00JI€BAHUSIM.

Huccepranuio no npobdiemMam (HapMaKkoIOruu
U TOKCHKOJOTHUHU (HOCHOPOOPraHUIECKUX COEANHE-
HUN U pUMEHEHHe UX IPU SHTOMO3aX Ha COMCKa-
HUE YYEHOW CTETIeH! KaHU1aTa BETEePUHAPHBIX HayK
B. U. benses 3amutii B BUDB, a Ha couckanue J0K-

Topa buonornyeckux Hayk — Bo BHUU pa3senenus
Y TeHETUKH KUBOTHBIX Ha TeMy «l eHeThuuecKue oco-
OCHHOCTH aKyIIEPCKUX MAaTOJIOTHH Y KOPOBY.

Bacunmii MIBanoBUY sIBIIsIeTCS MUOHEPOM B 00J1a-
CTH BBISIBICHUS TEHETUYECKUX MapKEPOB yCTOMINBO-
CTH U ITPEPACTIONIOKESHHOCTH CEITbCKOXO3IHCTBEHHBIX
JKUBOTHBIX K HE3apa3HbIM 3a00JICBaHUSIM.

B cBoux paborax oH 000CHOBAI U BIIEPBBIE MPH-
MEHUWJI B MIPAKTHKE METOJbI OTOOpA KUBOTHBIX, Ha-
CJIEICTBEHHO YCTOMUYMBBIX K aKyIIEPCKUM 3a00J1eBa-
HUSM, TIPENapaTtsl A 00phOBI ¢ apaxHOIHTOMO3aMHU
1 KOppersiinud UMMYyHOIeUIIUTOB. COBMECTHO C CO-
TPYIHUKAMHU MM YCIEITHO pa3paboTaHbl U BHEAPEHBI
B MPAKTUKY METOJIbI ONPEACICHUS U MOBBIIICHUS Pe-
3UCTEHTHOCTH K 3a00JIEBaHUSIM, a TAKXKE PS/JI Ipernapa-
TOB JJIs PO IITAKTHKHU U JICICHISI )KUBOTHBIX.

On aBrop 250 Hay4HBIX PadOOT, B TOM 4ncie 4 Mo-
Horpaduu, 6 Oporrtop, 10 mareHToB, 8 U300peTeHMIA,
16 MeTomuYecKuX MocoOni U peKOMEHIAINHN 110 Be-
TepuHapu¥, OMOXMMHUH M 300T€XHUH M 7 HacTaBle-
HUN 10 PUMEHEHHIO JIEKapCTBEHHBIX IpenapaTroB
B BetepuHapuu. B. U. benses 6omee 30 et sBseT-
Csl YWIEHOM YYEHOTO U TUCCEPTAIIHOHHOTO COBETA IIPH
BHUBUIIDuT.

Ilon ero pykoBOACTBOM BBINOJHEHB! M yCIEIlI-
HO 3aIIMIIeHB! 12 quccepTalMoHHbIX paboT Ha COuC-
KaHUE€ HAay4yHOW CTEeNeHW KaHaujara HaykK. Bacwiuii
VBanoBWY Harpaxk/ieH MHOTUMH MEIAIISIMH, IHILIIO-
MaMH, ITOYETHBIMHU TPAaMOTAMHU U 3HAKaMH.

© [Mabynun C. B., [Tapmun I1. A., Boctponnosa I'. A., Epmaxosa T. 1., 2026
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Personalia
UDC 372.863

ON THE OCCASION OF THE 95™ ANNIVERSARY
SINCE THE BIRTH OF VASILIY IVANOVICH BELYAEV

Sergey Viktorovich Shabunin, Pavel Andreevich Parshin®™,
Galina Anatolyevna Vostroilova, Tatyana Igorevna Ermakova’

All-Russian Veterinary Research Institute of Pathology, Pharmacology and Therapy,

Voronezh, Russia, doctor.57@mail.ru®

V. 1. Belyaev was born on August 8, 1931 in Omsk
in a working class family. After completing his stud-
ies at Omsk Veterinary Institute in 1954, he worked
as a Senior Veterinarian at the state farm named after
V. I. Kuibyshev of URC Kuznetsk Metallurgical Plant
in Kemerovo region. In 1958, he was elected a Junior
Scientific Associate by competition, and in 1963 —
a Senior Scientific Associate of the Laboratory of
Parasitology of the Siberian SRVI. In October 1967,
V. I. Belyaev was transferred to Lipetsk Experimental
Agricultural Station as the Head of the Animal
Husbandry Department. In 1972, he was transferred to
the position of the Deputy Director for Scientific Work
of Naryan-Mar Experimental Agricultural Station.
Since September 1975 till now, he has been working
at ARVRIPP&T, first as a Senior Scientific Associate,
and then as the Head of the Laboratories of Veterinary
Genetics, Veterinary Immunology, and the Department
of Pharmacology and Toxicology.

The main directions of his research are the fight
against entomoses, the pharmacology and biochemis-
try of organophosphorus, selenium-containing drugs,
humates, biostimulants, and the genetic resistance of
animals to diseases.

V. L. Belyaev defended the dissertation for the de-
gree of Candidate of Veterinary Sciences on the prob-
lems of pharmacology and toxicology of organophos-
phorus compounds and their use in case of entomoses
at VIEV, and for the degree of Doctor of Biological

Sciences — at ARRI of Breeding and Genetics of
Animals on the topic Genetic Characteristics of
Obstetric Pathologies in Cows.

Vasiliy Ivanovich is a pioneer in the field of
identifying genetic markers of resistance and pre-
disposition of farm animals to non-communicable
diseases.

In his works, Vasiliy Ivanovich substantiated and
for the first time applied in practice the methods of
selection of animals hereditarily resistant to obstetric
diseases, drugs to combat arachnoentomoses and cor-
relations of immunodeficiencies. Together with his col-
leagues, he has successfully designed and introduced
into practice methods for determining and increasing
resistance to diseases, as well as a number of drugs for
the prevention and treatment of animals.

He is the author of 250 scientific works, includ-
ing 4 monographs, 6 brochures, 10 patents, 8 inven-
tions, 16 methodological manuals and recommenda-
tions on veterinary medicine, biochemistry and animal
science, and 7 manuals on the use of medicinal prod-
ucts in veterinary medicine. V. . Belyaev has been a
member of the Scientific and Dissertation Council at
ARVRIPP&T for over 30 years.

Under his supervision, 12 dissertations for the de-
gree of Candidate of Sciences were completed and
successfully defended. Vasiliy Ivanovich was award-
ed many medals, diplomas, certificates and badges of
honor.

© Shabunin S. V., Parshin P. A., Vostroilova G. A., Ermakova T. 1., 2026
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BJIMAHUE HOBOI'O BETEPUHAPHOI'O ITPEITAPATA
HA OCHOBE PUAMMNJIIOBUPA N JIEBO®JIOKCALIMHA
HA BHYTPEHHMUME OPI'AHBI KPBIC B ITIOAOCTPOM OIIBITE

Bopuc Buxkroposny lladynun™, lamna AnaroiasesHa Bocrpounsiosa,
Huna AnexceeBHa XoxioBa, Bukrop Ajsiekceesuu IllyTukos,
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=]

AnHoTanus. B cTaTbe npeacTaBiIeHbl JaHHbBIE O BIUSHUHM HOBOTO Iperapara Ha OCHOBE PHAMHJIOBHPA U JIEBO-
¢nokcanyHa Ha BHYTPEHHHE OpraHbl KpbIC B MOAOCTPOM oIbITe. [IpuMeHeHne npenapara B TedeHue 14 CyTok
BBI3BIBAJIO OOpAaTUMBIC U3MEHEHHS B [IEYECHH, KOTOPBIE XapaKTePU30BAINCH MEJIKMMH O4ayKKaMH JICHKOIIUTaPHON
nHuIbTpanuy. ['McTonornieckoe neeiaeoBaHne MoYeK He BBIIBIIIO ajbTepalnii B MX crpoeHud. Mcecnenosa-
HHE MaccOBHIX Kod¢¢umnuentoB opranos (MKO) Taxke He BRIIBIIIO H3MEHEHHH. B 11emoM nmpuMeHeHne npemna-
para B uccienoBaHHbIX 103ax 1000 1 200 MT/KT HE 0Ka3bIBAJIO 3HAUMMOTO BIMSHASA Ha OPTaHU3M Ja00paTOpHBIX

JKNBOTHBIX, @ BUIJUMBIC U3MCHCHUS ObLIH 06paTI/IMLIMI/I.

KroueBble cji0Ba: puaMuiIoBHp, JEBOGIOKCANH, KPBICHI, TIEY€Hb, THCTOIOTHYECKAsI CTPYKTypa, ITOYKH, Mac-

coBbIe K03((OUIIEHTHI OPTaHOB

BBEJEHUE

Tokcukosorudeckne UCCIeOBaHUS SIBISIOTCS
MIEPBBIM MIATOM TIPU pa3pabOTKe U PETUCTPAIUU HO-
BBIX JIEKAPCTBEHHBIX MIPETapaToB, KaK MEAUITUTHCKOTO,
TaK ¥ BETepUHApHOTO MpuMeHeHus. Hanbonee akrty-
aJbHOM 3a1aueil BeTepUHAPHOU HAyKH SIBIISETCA IO-
WCK HOBBIX CPEICTB JUist OOpPHOBI ¢ MH(EKIIMOHHBI-
Mu 3a001eBaHUSIMEU MonoHsKa. [Ipu aToM Hanbomee
pacnpocTpaHEHHBIMU SIBJISIOTCST OOJIE3HH KEITyI0u-
Ho-kumednoro tpakra (JKKT), koTopsie cocTaBisSioT
oT 35 % 110 85 % ot 0011el 3a001€Ba€EMOCTH MOJIOI-
uaka KPC [1, 2].

[To nanneiM Alais M. Dall Agno (2021), naubo-
JICE YACTO BBISIBJISTOTCS aCCOLIMAIIUN BUPYCHBIX U TIPO-
creimmx maroreHoB (37,5 %), 3a KOTOPO ClemoBaIH
BHpYCHBIE 1 OakTepuanbHbie (25 %), BUpyCHbIE, Oak-
TepuasibHbIe U nipocTteiiue (25 %), 1 TONBKO BUpYC-
Hble areHTsI (12,5 %) [3].

B Hacrosiiiee BpeMst U3BECTHBI KOMILIEKCHBIC ITPe-
naparsbl, CIIOCOOHBIE ICCTBOBATH HA BUPYCHBIC U OaK-
tepuanbHbie matorensl. Tak, B HITL [IpobuoTex (Pb)
pa3paboTaHbl KOMIUJIEKCHBIE TIpenaparsl, conepxka-
II¥€ B COCTaBe aHTUOAKTEPHUATbHBIN KOMITOHEHT U UH-

TepdepoH ¢ MPOTHBOBUPYCHOW aKTUBHOCTHIO [4, 5].
Kpome 3Toro cymiecTByIOT mpenaparsl, cojeprKalinie
B COCTaBe pHOABUPHUH U SHPOMIOKCAITHH, KOTOPHIE
TaK)Ke TTOKa3bIBAIOT BEICOKYIO TEPANIEBTHUECKYTO d(-
(dexTuBHOCTS [6, 7].

HccnenyeMslii mpenapar COASPKUT B COCTABE PH-
aMUJIOBUP — BEHIECTBO KJlacca a30JI0a3uHOB, KOTO-
poe SBISIETCS CHHTETHUECKUM aHaJIOTOM OCHOBaHUIA
ITyPUHOBEIX HYKJICO03UA0B (TyaHnHa) [8]. JlanHoe Be-
IIECTBO OBLIO pa3paboTaHO POCCHICKHMH yUEHBIMU
Y Ha TEKYIIHI MOMEHT JOCTYITHO B TYMaHHOW METUIIH-
He 1o/ Ha3BaHueM « TpuazaBupuny. [Ipenapar 0100-
peH Juist JieueHus 3a0oseBaHuii, Bei3biBaeMbix PHK-
coJiepXKaimuMu Bupycami [9]. BTopsiM KOMITOHEHTOM
mpenapara sSBIsSETCS JIeBO(IoKcamH — (TOPXHHO-
JIOH 3 TOKOJICHUS C MIMPOKHM CIIEKTPOM aHTHOAKTe-
PHUAITBHOM aKTUBHOCTH.

JloKIMHUYECKHUE MCCIeTOBaHUS JIEKAPCTBEH-
HBIX CPEJICTB BKJIIOUAIOT 0053aTeNIbHYIO OLIEHKY TOK-
CHYHOCTH TIperapara Mpu MHOTOKPAaTHOM BBEJCHHH,
a TaKKe OIEHKY JIeWCTBUS Mpernapara Ha OpraHbl-MH-
IICHH W O0PaTUMOCTH BBI3BIBAEMBIX MOBPEKICHUN.
Hecmorpst Ha cyliecTBOBaHUE TaHHBIX O IPUMEHEHUN

© [a6ynun b. B., Boctpounona I'. A., Xoxmosa H. A., lllytuxos B. A., I'yaskun /1. B., Epmaxosa T. 1., 2026
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pHaMUIIOBHPA U JIeBO(IIOKCAIIMHA JTA0OPATOPHBIM KU~
BOTHBIM, TOKCUKOJIOTHYECKHE HCCIIC0BAHUS HOBOTO
KOMITJIEKCHOTO TIperiapaTa BETEpHHAPHOTO Ha3HaYe-
HUS SBIIOTCS 00s13aTenbHbIMu [10, 11].

Llenpro maHHOM pabOTHI SABISIIACH OIEHKA BIIHS-
HUSI HOBOTO BETEPUHAPHOIO IMperapara Ha OCHOBE
puaMHIOBUpA U JeBO(UIOKCAIIMHA Ha TUCTOJOTHYE-
CKO€ CTPOCHHUE M MacCOBBIE KOA(D(PHUIMEHTH OpTaHOB
(MKO) kppIC B TOIOCTPOM OIIBITE.

MATEPHAJIBI U METO/bI
HUCCJEJOBAHHUN

UccnenoBanus ObLIM MPOBENEHBI B BHUBAPHU
OI'BHY « BHUBUII®UT» ¢ cobmonerneM Mex yHa-
POIHBIX U POCCUHUCKUX HOPMATUBHBIX aKTOB [ 12—15].
ConeprkaHue NOAONBITHBIX )KUBOTHBIX M BCE MAHUITY-
JISIUY C HUMU B paMKax 9KCIIEpUMEHTA COOTBETCTBO-
BaJIM TPEOOBAHMUSIM MEKAYHAPOIHBIX M POCCHICKHUX
3akoHoaarenbHbIX akToB (ETS123, Strasbourg, 1986;
Hupexrusa 2010/63/EU ot 22.09.2010 r; I'OCT
33216—2014, I'OCT 33215—2014).

[Inan skcnepuMeHTa MpeABapUTEIBHO TMOJY-
yu onobpenue 6uosTuueckoin komuccun OI'BHY
«BHUBUII®OuT».

B pamkax umccnenoBaHusS mapaMeTpoOB OCTPOM
TOKCUYHOCTH He ynanock onpenenauts LD50. B ka-
YeCTBE MAaKCUMAaJIbHON J03bI ObLIO B35TO 3HAUCHHE
B 10000 mr/kr: J{y1s1 M3yueHus1 mogoCTpoil TOKCUYHOCTH
ObuTH chopmupoBaHbl 3 Tpynbl Kpbic. [pynma I ciny-
JKWJ1a KOHTPOJIEM U He nostydasa npenapar. I pynna I1
nosrydana 1/50 ot makcumanpHOU 10361 (200 MI/KT),
rpymma [II — 1/10 (1000 mr/xr). Kpbicel conepxa-
JIMCh B KJIETKAX, IOCTYII K BOZie ObLI HEOIPAHUYCHHBIM.

[Ipemapar BBOAMITN KHUBOTHBIM MTEPOPATHHO C TIOPIIH-
el KaIluIpl, MPUTOTOBJICHHOHN Ha OeJioM XJiebe  yib-
TpanacTepru30BaHHOM KOPOBbEM MoJIoke. Kaxmblid
JICHb MTPOBOJIWIIN B3BEIIMBAHUE U PACCUMTHIBAIM Ha-
BECKy Ipernapara, HeoOOX0IUMYIO JUTS KaKJ0H 0COOH.
JKWBOTHBIM KOHTPOJBHON T'PYMIIBI Kally AaBajiu 0e3
nmobasieHns mpenapata. [locne cmemmBanus, Kara
paznensiachk Ha 10 paBHBIX YacTel, KOTOpBIE JaBajIlCh
KpbIcaMm UHAUBUYanbHO. [To okoHuanuu 14 cyTok pe-
>KUM KOPMJICHUS BOCCTaHABIUBAJIH IO CTAHIAPTHOTO.
Ha 14-e cyTtku skcniepumenTa u nocie 10 cyTok
BOCCTAHOBJICHUS MPOBOININ IBTAHA3HMIO YACTH KHU-
BOTHBIX U3 KaKJOU TPYIIIIBI C IEIBIO TPOBEICHUS TH-
CTOJIOTHYECKUX HCCIIEIOBAaHUN BHYTPEHHUX OPTaHOB.
OT *XHBOTHBIX OTOMpAIIN BHYTPEHHUE OPraHbl, KOTO-
psie pukcuposaiu B 10 % 3a0ydepeHHom Gopmanuue,
00€3BOKUBAIIMCH B CIIMPTAX BO3PACTAIONIEH KPEMOCTH
1 3aJTMBAJIA B THCTOJIOTHYECKIH ntapadua. Cpessl op-
TaHOB OKPAITHBAIINA TeMaTOKCHIHHOM-3031HOM.

PE3YJIBTATHI UCCJIEJOBAHUM
N OBCYXKIAEHUE

[Ipu uccnenoBanuu (Tads.) ObUIO MMOKA3aHO, YTO
MIpUMEHEHHUE TIpernapara B TeueHUU 14 mHel He oka-
3BIBAJIO BIHUSHUS HA MacCOBBIE KOA(PPUITMEHTHI Opra-
HOB (MKO): nérkux, cepaua, mo4ex, HaAMOYeUHUKOB.
B neuenn xpoic rpynmsl 111 HaOmonanack TeHACHIMS
Ha nosimerrne MKO Ha 13,4 % OTHOCUTEIHLHO KOH-
TpoabpHOH Tpymisl. Yepe3 10 cyTok meproaa BoccTa-
HOBJICHHSI TAKKe He OBLIO OTMEYEHO 3HAYUMBIX Pa3IIH-
YU B MaCCOBBIX KOA(PPUIIMEHTAX BHYTPEHHUX Opra-
HOB KPBIC, YTO YKA3bIBACT HA OTCYTCTBUE HETATUBHOTO
BIIUSIHUS TIpenapaTa Ha OPTaHU3M JKUBOTHBIX.

Tadauna
Maccosvie k03¢ghpuyuenmeor opeanos kpuic
Opras Kontposns 200 mr/kr 1000 mr/kr
(I'pymma I) (I'pymnma 11) (I'pymma I1I)
1 2 3 4
ITocne 14 nueil BBeneHus npemnapara

Jlerkue 4,21 +0,161 4,18+0,122 4,30+ 0,106
Cepuue 2,96 + 0,164 3,05+0,125 3,02 + 0,058
[euens 31,17+ 0,281 32,05+0,519 35,44 £ 2,254
CeneseHka 3,19+0,164 3,59+0,383 4,13 +0,371
[Moukn 5,83+ 0,126 5,89+ 0,092 5,86+ 0,158
Hagnodeunnku 0,18 +0,003 0,17 £ 0,006 0,19 +0,007
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OxoH4yanue Ta0J1.

1 2 3 4
Tumyc 1,09 £ 0,041 1,19+ 0,069 1,09 £ 0,054
CeMeHHHUKH 11,93 +£ 0,356 11,08 = 0,557 12,94 + 0,560
Uepes 10 nHelt BocCTaHOBIEHHUS

Jlerkue 5,56 +0,188 5,29+ 0,360 5,65+ 0,070
Cepnue 2,86 + 0,096 2,82 +0,094 2,95+ 0,058
[MeyeHnb 35,24 +2,293 36,75 +2,236 37,7+2,111
Cenesenka 4,55+ 0,223 4,99 +0,173 5,11 £ 0,558
[Mouku 5,89+ 0,289 5,65+0,393 6,16 £0,145
Hannoueunuku 0,24 + 0,009 0,21 +0,019 0,23 £0,021
Tumyc 1,380,111 1,52 £0,064 1,33 +£0,149
CeMeHHUKH 12,9+ 0,51 13,8+ 0,40 12,6 £ 0,63

I'ncronoruyeckoe uccienoBanue neueHu (puc. 1)
10Ka3aJI0, YTO B KOHTPOJIbHOM IpyIIIe apXUTEKTOHU-
Ka oprasa Obu1a THITMYHOM, XOPOILIO IIPOCMAaTPUBAIOCH
JI0JIbYaToE 1 0aI0OYHOE CTPOEHHE, TeNaTOLUThl UMEIH
MOJIMTOHAJIBHYIO LIUTOIIa3My, OKPAIICHHYIO 303UHO-
¢bubHO. Snpo pacnonaranoch Mo LEHTPY, UMETO Xa-
PaxTepHbIii pucyHOK Xpomaruaa. Cocyibl ObLTH yMe-
PEHHO KPOBEHAIIOJIHEHBI.

B rpynne III B neyeHu oTMevyalld €JUHUYHBIE
Y3€JIKH JIeHKOINTAapHOW WHHUIBTpAnnU (CTpPEnKa).
Knerounslif cocraB nHuibTpara ObUI IpEICTaBICH
MPEUMYIIECTBEHHO MOHOHYKJICAPHBIMU JICHKOLIUTAMHU.

B rpynne II naHHBIX M3MEHEHUH OTMEUEHO He
Obu10. IIpH rECTONIOrMYECKOM HCCIIIOBAHUN TTOUCK
(puc. 2) ycTaHOBIEHO, YTO apXWTEKTOHMKA OpraHa
ObLIa COXpaHEHa, XOPOLIO BU3YyaJIN3UPOBAJIMCH BCE
cion oprana. [IpocBer kaHasbIIeB MeCTaMU ObLT CyXKEH
BCIIeACTBUE (DUKCAMU (HOPMATHHOM.

Onurenuil KaHAIbIEB U COCYAUCTBIC KIIyOOUKH
UMeITH OOBIKHOBEHHOE CTPOEHHE, HO TIPOCBET KarICyJIIbI
[ymasHCKOTO Tak)Ke OBLT CYKEH BClleACTBHE (PHUKCa-
uu (OpMaIMHOM. B OmBITHBIX rpynnax He ObUIO OT-
MEUEHO KaKUX-TH0O0 N3MEHEHUH B TUCTOIOTHYECKOM
CTPOCHUU OPraHoOB.

Puc. 1. ['uctonoruueckoe cTpoeHue neueHu Kpuic nocie 14 qHeit npumenenus npenapara. Oxkpacka — remaro-
KCuau-303uH. YB. 400x:

A — xoHTponb; b — rpymmna II; B — rpymnma III. Crpeinkoii nomMeueH y3esiok HHQUIBTPAul
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Puc. 2. ['uctomornveckoe cTpoeHUE TIOYEK KpPBIC mocie 14 nHeil npuMeHeHus npemnapara. Okpacka — reMaro-
KCUJIM-303UH. ¥YB. 400x:

A — xontpons; b — rpynna II; B — rpynna III

[ToBTOpHOE HCCETOBaHKE OpTraHOB uepe3 14 mueit
10Ka3aJI0, YTO B KOHTPOJIBHOM IpyIiIe I'HCTOJIOruye-
CKasl CTPYKTypa I€UeHH TakKe OblIa THITUYHOM ISt
KPBIC, YETKO IPOCIIEKUBAIOCH OAJOUHOE U J10JIbYa-
TOE CTPOEHUE.

Cocyzpl ObUTH YMEPEHHO HAIIOIHEHBI KPOBBIO, Ka-
NWUISIpHAs ceTh 0e3 3MeHeHu. [ enaTonuTel uMesu
IIUTOILIA3MY HMOJUTOHAIBHOM (OpMBI, KOTOpas Oblia
paBHOMEpPHO OKparieHa (puc. 3).

B rpynne II oTmedann Takke TUIIHYHOE CTPOE-
Hue opraHa. [IpocnexuBanock 0aouHOE U TOTBIATOS
CTPOEHHE, TeNaTOLNUThI UMEJI PABHOMEPHO OKpAIeH-
HYI0 LUTOIIa3My, BCTPEUAIUCh €AMHUYHBIE JIBYXb-
s,IEphlE KIIETKU.

OKOJI0 YacTu MOPTaJbHBIX BEH OTMEYaIH pac-
mIMpeHue KanwuisipHon cetu. B rpymnme III rucromo-
ruYeckas CTPyKTypa HE MMela 3HaYMMBIX paziInduii
¢ rpynnoi koHtposs u rpynmnoi II. Ileuens nmena

TUIIMYHOE CTPOEHHE, KIETKH ObUIM OOBIYHOTO BHUJA.
KannnnspHast ceTp MMena TUNUYHBIA BHUJ, TPOCBET
KAl pOB — CBOOOHBIH.

IIpu uccnenoBaHuy NOYEK NOCIE BOCCTAHOBUTEIb-
Horo nepuoaa (puc. 4) oTMe4aau, YTO B KOHTPOIb-
HOH TpYIIIe OPraH UMEN XapaKTEPHYIO apXUTEKTOHU-
Ky. /lucranpHble U IPOKCUMaJIbHbIE KaHAJIbLIa UMENN
COXPaHHYIO 3IUTENNATBHYIO BBICTHIIKY, IPOCBET 110
0oJpIIelt YacTH OBIIT CBOOOIHBIM.

CocynucThie KITyOOUKH XapaKTepH30BaIiCh TaK-
)K€ TUITMYHBIM CTPOCHUEM, Karcyiia KITyOOUKOB MMe-
J1a COXPaHHBIN BUJL.

B rpynmnax II u III opran takxe umMen COXpaHHbINA
BuJ. EnuHrYHbBIC KaHAIbIA OBUIN CIIABIIMMUCS, JITH-
TeJINalIbHAs BEICTUIIKA COXpaHeHa. B cocyucTom Kiry-
00uKe OTMEYaIn yMEPEHHOE KPOBEHATIOTHEHHE Karlul-
nsipuoit cetu. Kancyna HlymnsHckoro Takxke Oblia
COXpaHeHa, MPOCBET KarCyibl MECTaMH OBLI CYKEH.

Puc. 3. ['uctonoruueckoe cTpoeHue nedyeHu Kpwic nocie 10 nHel BoccTaHOBUTENBHOTO nepuojaa. Okpacka —
reMaToOKCHUIN-3031H. YB. 400x:

A — xoHTposs; b — rpynmna II; B — rpynna III
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Puc. 4. ['ucTonoruueckoe crpoeHue nouek kpwic nocie 10 qHeil BoccranoBurenabHoro nepuoga. Oxpacka —
reMaTOKCHIN-203UH. YB. 400x:

A — xoHTponb; 5 — rpynna II; B — rpynmna II1

[Ipu aHanu3e pe3yabTaTroB MO HU3YUYCHHUIO MOJI-
OCTPOM TOKCHMYHOCTH Iperapara Ha OCHOBE pHaMHU-
JIOBUPA U JIEBO(IIOKCAIIMHA TIPU MHOTOKPATHOM Tiep-
OpalIbHOM BBEJICHUH HE OBUIO BBISBICHO HETaTHBHO-
TO BJIMSIHHSI Ha MacCOBBIC KO3(D(HIIMEHTHI OPTraHOB.
I'ucromaronoruueckue HCCIICA0BaHU ITIO3BOJJINIIN BbI-
SABUTH aJIbTEpAllU B CTPOCHNHU IIEYCHU — MEPUTPUA-
JATBHYIO JICHKOIUTAPHYI0 WH()HUIBTPAIHIO B TPYII-
e I1I. OgHako gaHHBIe H3MEHEHHS OBLTH 00paTHMBI-
MU U yepe3 10 CyTOK BOCCTAHOBHUTEIBHOTO MEPUOIA
He ObUIO BISBJICHO FMCTOIATOIOTMYeCKAX U3MEHEHU.

3AKJIIOUEHHUE

[IpoBeneHHbIe MCCIIEOBAHMS TTOKA3bIBAIOT, YTO
MIpUMEHEHHE TpernapaTa Ha OCHOBE pUaMIIIOBHPA BbI-
3BIBAJIO OOpATUMBbIE H3MEHEHHS B ITIEYEHH, KOTOPHIC Xa-
PAKTEPU30BAIUCh MEJIKUMH OYa)KKaMHU JICUKOIIUTAP-
HOW MHQUIBTPAIHH.

l'ucronoruyeckoe UCCIeI0BaHKUE TOYCK HE BhISIBH-
JI0 ajpTepaluii B ux crpoenuu. MccienoBanme Mmacco-
BbIX Koa(durmento opranoB (MKO) takke He BbI-
SIBUJIO M3MECHCHUH.

B nenom, npuMeHeHue mpenapara B HCCIICI0BaH-
HbIX g03ax 1000 1 200 MI/KT HE OKa3bIBAIO 3HAYUMO-
'O BJIMSIHUSI HA OpraHu3M JIa0OPaTOPHBIX JKUBOTHBIX,
a BUAMMBIE I3MCHEHHUS OBIIH 0OpaTHMBIMH. Takum 00-
pasoM, mpernapaTr MOXKeT OBITh UCIIOIb30BaH JUIS 1ajTh-
HEHIINX UCCIICIOBAHUH Ha ITPOLYKTUBHBIX )KUBOTHBIX.
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Abstract. This article presents the data on the effect of a new drug based on riamilovir and levofloxacin on the
internal organs of rats in a subacute toxicity study. Administration of the drug for 14 days caused reversible chang-
es in the liver, characterized by small foci of leukocyte infiltration. Histological examination of the kidneys re-
vealed no structural alterations. The study of the organ-to-body weight ratio/relative organ weight (ROW) also
revealed no changes. Overall, administration of the drug at the studied doses of 1000 mg/kg and 200 mg/kg had
no significant effect on the laboratory animals, and visible changes were reversible.

Keywords: riamilovir, levofloxacin, rats, liver, histological structure, kidneys, relative organ weight

INTRODUCTION

Toxicological studies are the first step in the de-
sign and registration of new drugs, both for human and
veterinary use. The most pressing challenge in veteri-
nary science is the search for new means to combat in-
fectious diseases in young cattle. Gastrointestinal (GI)
diseases are the most common, accounting for 35 % to
85 % of the total incidence among young cattle [1, 2].

According to Alais M. Dall Agno (2021), associ-
ations of viral and protozoan pathogens are the most
frequently detected (37.5 %), followed by viral and
bacterial (25 %), viral, bacterial and protozoan (25 %),
and viral-only agents (12.5 %) [3].

Combination/complex drugs capable of acting
against viral and bacterial pathogens are currently
known. For example, S&PC ProBioTech has designed
combination drugs containing an antibacterial compo-
nent and interferon with antiviral activity [3, 5]. In ad-
dition, there are drugs containing ribavirin and enro-
floxacin, which also demonstrate high therapeutic ef-
ficacy [6, 7].

The drug under study contains riamilovir, a sub-
stance of the azoloazine class, which is a synthetic an-
alogue of purine nucleoside bases (guanine) [8]. This
substance was designed by Russian scientists and is
currently available in human medicine under the name
“Triazavirin”. The drug is approved for the treatment

of diseases caused by RNA-containing viruses [9].
The second component of the drug is levofloxacin, a
third-generation fluoroquinolone with a broad spec-
trum of antibacterial activity.

Preclinical studies of medicinal products include
mandatory assessment of drug toxicity following re-
peated administration, as well as assessment of the drug
effect on target organs and the reversibility of damage
caused. Despite the existence of the data on the use of
riamilovir and levofloxacin in laboratory animals, tox-
icological studies of a new combination drug for vet-
erinary use are mandatory.

The research objective was to assess the effect of a
new veterinary drug based on riamilovir and levoflox-
acin on the histological structure and the relative organ
weight (ROW) of rats in a subacute study.

MATERIAL AND METHODS

The studies were conducted in the vivarium of
FSBSI “ARVRIPP&T” in compliance with interna-
tional and Russian regulations [ 12—15]. Keeping con-
ditions for the experimental animals and all manipula-
tions performed during the experiment complied with
the requirements of international and Russian legisla-
tion (ETS123, Strasbourg, 1986; Directive 2010/63/
EU dtd. September 22, 2010; GOST 33216—2014,
GOST 33215—2014).
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The experimental plan received preliminary ap-
proval from the Bioethics Committee of FSBSI
“ARVRIPP&T”. An LD50 could not be determined
in the acute toxicity study. A maximum dose of
10000 mg/kg was used. For the subacute toxicity study,
three groups of rats were formed. Group I served as a
control and did not receive the drug. group Il received
1/50 of the maximum dose (200 mg/kg), and group
III received 1/10 (1000 mg/kg). The rats were kept in
cages with unlimited access to water. The drug was
administered perorally with a portion of a slurry pre-
pared from white bread and ultra-pasteurized cow milk.
Each animal was weighed daily, and the required dose
for each individual was calculated. The control group
received the slurry without the addition of the drug.
After mixing, the slurry was divided into 10 equal por-
tions, which were given to the rats individually. After
14 days, the feeding regimen was restored to standard.

On day 14 of the experiment and 10 days after re-
covery, some animals from each group were euthanized
for histological examination of their internal organs.
Internal organs were collected, fixed in 10 % buffered
formalin, dehydrated in graded alcohols and embed-
ded in paraffin wax. Organ sections were stained with
hematoxylin and eosin.

STUDY RESULTS AND DISCUSSION

The study (Table) showed that 14-day adminis-
tration of the drug had no effect on the relative organ
weight (ROW) of the lungs, heart, kidneys and adrenal
glands. In the liver of group III rats, a trend toward an
increase in the ROW by 13.4 % was observed, com-
pared to the control group. After a 10-day recovery pe-
riod, no significant differences in the ROW of the rats’
internal organs were observed, indicating no adverse
effects of the drug on the animals’ bodies.

Table
The ROW coefficients in rats
Organ Control (group I) 200 mg/kg (group II) 1000 mg/kg (group III)
After 14 days of drug administration
Lungs 4.21+0,161 4.18+0.122 4.30+0.106
Heart 2.96 +£ 0,164 3.05+0.125 3.02+0.058
Liver 31.17+£ 0,281 32.05+0.519 3544 +2.254
Spleen 3.19+ 0,164 3.59+0.383 4.13+0.371
Kidneys 5.83+0,126 5.89+0.092 5.86+0.158
Adrenal glands 0.18 + 0,003 0.17 £ 0.006 0.19 +0.007
Thymus 1.09 £ 0,041 1.19£0.069 1.09 £ 0.054
Testicles 11.93 + 0,356 11.08 £ 0.557 12.94 £ 0.560
After 10 days of recovery
Lungs 5.56+0.188 5.29+0.360 5.65+0.070
Heart 2.86 +0.096 2.82+£0.094 2.95 +0.058
Liver 35.24 £2.293 36.75 £ 2.236 37.7+2.111
Spleen 4.55+0.223 4,99 +0.173 5.11 £0.558
Kidneys 5.89+0.289 5.65+0.393 6.16 £0.145
Adrenal glands 0.24 £ 0.009 0.21+£0.019 0.23 £0.021
Thymus 1.38+0.111 1.52 £0.064 1.33+£0.149
Testicles 12.9+0.51 13.8+0.40 12.6 £0.63
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Histological examination of the liver (Fig. 1) re-
vealed that in the control group, the organ architecton-
ics was typical, with a clearly visible lobular and beam-
like structure. Hepatocytes had polygonal cytoplasm
stained with eosinophils. The nucleus was centrally lo-
cated and had a characteristic chromatin pattern. The
vessels were moderately filled with blood. In group
I11, isolated nodules of leukocyte infiltration (arrow)
were observed in the liver. The cellular composition
of the infiltrate was predominantly mononuclear leu-
kocytes. No such changes were observed in group I1.

Histological examination of the kidneys (Fig. 2)
revealed that the organ architectonics was preserved,
with all layers clearly visible. The tubular lumen was
locally narrowed due to formalin fixation. The tubu-
lar epithelium and glomeruli had a normal structure,
but the lumen of the Shumlyansky’s capsule was also
narrowed due to formalin fixation. No changes in the

histological structure of the organs were noted in the
experimental groups. A repeat examination of the or-
gans in 14 days revealed that the histological structure
of the liver in the control group was also typical for
rats, with a clearly visible beam and lobular structure.
The vessels were moderately filled with blood, and the
capillary network was unchanged. Hepatocytes had po-
lygonal cytoplasm that was uniformly stained (Fig. 3).
In group II, a typical organ structure was also noted. A
beam and lobular structure was observed, hepatocytes
had uniformly stained cytoplasm, and isolated binucle-
ated cells were present. A dilation of the capillary net-
work was noted near some of the portal veins. In group
I11, the histological structure did not differ significant-
ly from the control group and group II. The liver had
a typical structure, and the cells were of a normal ap-
pearance. The capillary network had a typical appear-
ance, and the capillary lumen was free/clear.

C

Fig. 1. Histological structure of rat liver after 14 days of drug administration. Stained with hematoxylin and eosin.
Mag. 400x:

A — control; B — group II; C — group III. The arrow marks the infiltration nodule

C

Fig. 2. Histological structure of rat kidneys after 14 days of drug administration. Stained with hematoxylin and
eosin. Mag. 400x:

A — control; B — group II; C — group IIT

18

Bulletin of Veterinary Pharmacology « No. 3 (36) « 2026



Effect of a new veterinary drug based on riamilovir and levofloxacin on the internal organs of rats in a subacute toxicity study

Fig. 3. Histological structure of rat liver after 10 days of recovery period. Stained with hematoxylin and eosin.
Mag. 400x:

A — control; B — group II; C — group III

Fig. 4. Histological structure of rat kidneys after 10 days of recovery period. Stained with hematoxylin and eosin.
Mag. 400x:

A — control; B — group II; C — group III

When examining the kidneys after the recovery pe-
riod (Fig. 4), it was noted that the kidneys in the con-
trol group had a characteristic architectonics. The dis-
tal and proximal tubules had an intact epithelial lin-
ing, and the lumen was mostly clear. The glomeruli
also had a typical structure, and the glomerular cap-
sule was intact.

In groups II and III, the kidneys also appeared in-
tact. Individual tubules were collapsed, and the epi-
thelial lining was preserved. Moderate blood filling
of the capillary network was noted in the glomerulus.
The Shumlyansky’s capsule was also preserved, with
the lumen of the capsule narrowed in some areas.

The result analysis of a subacute toxicity study of a
riamilovir- and levofloxacin-based drug following re-
peated oral administration revealed no adverse effects
on the ROW. Histopathological examination revealed

Bulletin of Veterinary Pharmacology « No. 3 (36) « 2026

alterations in liver structure, including peritriad leuko-
cyte infiltration in group III. However, these changes
were reversible, and no histopathological changes were
detected after a 10-day recovery period.

CONCLUSION

These studies demonstrate that administration of
a riamilovir-based drug caused reversible changes in
the liver, characterized by small foci of leukocyte in-
filtration. Histological examination of the kidneys re-
vealed no alterations in their structure. The relative or-
gan weight (ROW) analysis also revealed no changes.
Overall, administration of the drug at the studied dos-
es of 1000 and 200 mg/kg had no significant effect on
laboratory animals, and the visible changes were re-
versible. Therefore, the drug can be used for further
studies on production animals.
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OLIEHKA BBICBOBOXKJIEHUSI JEKAPCTBEHHOI'O
NPENAPATA «COJTYMEJAPOJI» (MHH: METUJIIIPETHNU30JI0H)
B IIJIASME U CBIBOPOTKE KPOBHU KPOJIUKOB
METOJIOM BBICOKOR®®EKTUBHOM KU IKOCTHOU
XPOMATO-MACC-CIEKTPOCKOIINH ITPU UCITOJIB30OBAHUU
HAHOCTPYKTYPUPYEMBIX TIOKPBITUM
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AHHoTanus. BeiOop myTH BBeZACHUS JIEKaPCTBEHHOTO Mpernapara J0JDKeH 00ecieyuBaTh ONOJOCTYITHOCTh Ipe-
mapara, ero BcachbIBaHHE, METa0O0IU3M M SKCKPEIHIO U3 OpraHn3Ma KUBOTHOTO. Hapsany ¢ pexuMom no3upoBa-
HUSI, BBIOOPOM ONITUMAaJILHOM J103b1, KPATHOCTBIO BBE/ICHHSI, MUHIUMHU3aIMel CTpecca U pa3BUTHS OOOUHBIX 3(-
(EKTOB y )KUBOTHOT'O, KpailHEe Ba)KHBIM SIBJISIETCS! OlICHKA (hapMaKOKHMHETHYECKHX MapaMeTpPOB, & UMEHHO BbI-
CBOOOKIICHHE Tperapara U3 CHCTEMBI JOCTABKH M CKOPOCTh JOCTHIKCHHS TEPareBTHUECKOW KOHIIEHTPAILHU.
Pa3paboTka COBPEMEHHBIX CUCTEM JJOCTABKH JIEKAPCTBEHHBIX BEIIECTB COOTBETCTBYIOIIUX PETYASITOPHBIM CTaH-
JapTaMm sIBIsIeTCs OCTpoi nmpobiemoii. KOHTposs kauecTBa JIeKapCTBEHHOTO Mpernapara BKIoJaeT B cebs 00s13a-
TEJIBHOE OTIPE/IeNICHIE KOJTMYECTBEHHOTO CO/ICPKAHMUS JIGKapCTBEHHOTO Ipernapara B 00pasiiax ChIBOPOTKH H IIJIa3-
MBI KPOBH J1a00PaTOPHBIX KHUBOTHBIX JIJIsl aHAIM3a (PapMOKOKMHETHKH TIperapara U OLEeHKH CKOPOCTH BbICBOOO-
KJICHUSA U TepaneBTHueckoi a¢pextuBHoCTH [1]. Hamu Ob1T0 MPOBEACHO CPaBHUTEIBHOE U3yUCHIE KMHETUKN
BBICBOOOXKICHHS JIeKapcTBeHHOT0 npernapata « Comymenpom» (MHH: MmeTunanpe1Hu3010H) IPH pa3nuyIHbBIX CII0-
cobax BBe/leHHs (BHYTPHUBEHHO, BHYTPUMBILICYHO, HHTPATPAXeaIbHO C UCIIOJIb30BAHUEM COBPEMEHHBIX HOCH-
Tenen).

KuroueBble c/10Ba: HAHOCTPYKTYPHUPYEMBIE TOKPBITHS, TTIFOKOKOPTUKOCTEPOHIBI, CHCTEMA aIPECHOM TOCTAaBKH,

BbICOKO3(hdeKTUBHAS )KUAKOCTHAs Xpomarorpadust, BOXKX, Berepunapusi, papmakoreparivst

BBEJIEHUE

ITpu ucnonp30BaHUK METOIA XPOMATO-MACC-CIIEK-
TPOMECTPUU IJId OEHKU CKOPOPCTHU BLICBO60)KI[CHI/IH
CTAHOBUTCSI BO3MOYKHBIM HCIIOJIb30BaHHE HanboJiee
TOYHOTO TOAXO0JIa C MPUMEHEHHEM H30TOITHOTO pas-
Oapnenus. JlobaBieHue cTaHaapTa J0 Hadayia BCexX
poteayp npoOONOJArOTOBKH MO3BOJIIET HE TOIBKO
C MUHUMAaJILHOM NMOrp€IHOCTHIO BBIYHUCIIMTD KOJIUYEC-
CTBO MCKOMOTO BEIIIECTBA B TOTOBOM Mpo0e, HO U, TOU-
HO KOMIICHCHPOBAB BCE TOTEPH, HEM30EKHBIC B MPO-
recce NpoOONOATOTOBKH, HAICHKHO YCTAHOBUTH KOH-
[EHTPALMIO BEIIECTBA B UCXOMHOMN MPOOe-I1a3Me HiTH
CBIBOPOTKE KPOBH.

Taxoi MOAXO ABJIACTCA NPCAITOYTUTCIIBHBIM JJI51
KOJINYECTBEHHOI'O XPOMAaTO-MacC-CIIEKTPOMETPUYIEC-
ckoro aHanu3a [ 1—4].

Jlyis pelieHus MOCTaBICHHBIX 3aj1a4, CBS3aHHBIX
C KOJIMYECTBEHHBIM OIPEACTICHUEM METUIIPEIHU30-
JIOHA TeMUCYKIIMHATA U METUIIIIPETHI30JI0HA, ObLT BbI-
OpaH MOAXO0/ C HCITOF30BAaHIEM WHOTO BHYTPEHHETO
cranmapra (merecrposna arnerara) [5]. B atom cirydae
WHTCHCUBHOCTH CUTHAJIOB aHAJTU3UPYEMBIX COCIIIHE-
HUI CPaBHUBAIOTCS C CUTHAJIOM CTaHJapTHOTO Bellle-
CTBa, KOTOPOE JO0ABIIAETCSI HEITOCPEJICTBEHHO B 00pa-
3ell, BBOJAUMBIN B IPUOOP, Mepe/1 MPOBEICHUEM TTPO-
OoomoaroroBku. CTaHIApPT MOXKET HCIIOIB30BATHCS
JUTSE OTHOBPEMEHHOTO ONpeeNIeH!s] HECKOIBKUX CO-
€/IMHEHUH, TPUCYTCTBYIOIIUX B aHATU3UPYEMOM 00-
pasue [6—38].

Ilens nccnenoBaHus — OIIEHUTH CKOPOCTH U A-
(heKTUBHOCTH BHICBOOOKICHHSI JIEKAPCTBEHHOTO TIpe-
napara «Comymenpom» (MHH: MetunmpenHu3omnon)

© bannyn XK., Kapamsan A. C., Hosukos O. O., Kapamsa C. T., 2026
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B IIJIa3M€ U CBIBOPOTKE KPOBU KPOJIMKOB IIPH UCIIOJIb-
30BaHUH HAHOCTPYKTYPUPYEMBIX IMOKPBITHM, KaK CO-
BPEMEHHBIX CUCTEM AOCTaBKU. JJ1s1 3TOT0 ObLI MCIIOJIb-
30BaH COBPEMEHHBII BICOKOUYBCTBUTEIBHBIN METON
HCCIIEIOBAHUS C HCIIOIBb30BaHUEM BBICOKOA(P(EKTHB-
HOM )KHUAKOCTHON XpoMaTorpaduu ¢ TaHIeMHOW Macc-
cnekrpomerpueit (BOKX—MC/MC).

MATEPUAJIBI U METO/IbI

[IpoGomoaroToBka, BKIOYAIOMIAs CTATUIO KC-
TPaKLUHMK DTHIALETATOM, NPU CYHIECTBEHHO 0OJb-
e TPyZ0eMKOCTH, HEXelu OOUICTPUHATHIN MO~
XOJl AeHATypaluuu MPOTEHHOB JBYX- HUIH TpPeX-
KpaTHbIM 00BEMOM OPraHMYECKOI'0 PAaCTBOPHUTEIIS
(MetaHOm, alleTOHUTPHIT), ObUTa 00yCIOBIeHAa HE00-
XOOUMOCTBIO M3MEPEHHUS] MAKCUMAaJIbHO BO3MOMKHBIX
HU3KHUX KOHIEHTpAIHMi JIEKapCTBEHHOTO Tpenapara
«COJIYMEAPOJI» (MHH: meTunpeaHn30510H) B ChI-
BOPOTKE KPOBH U TUIa3Me KPOBH KPOJIUKOB [9—11].

AHanmn3 00pa3IioB MPOBOIUIIH C HCITOJIb30BAHIEM
cienytomiero obopynoBanus- cucrema BOXKX Nexera
X2 (Shimadzu Corp., SmoHust), ocHalICHHAs HACO-
COM, JIeTa3aTopoM U TEPMOCTaTUPYEMBIM aBTOCOMILIIE-
poM. B kadecTBe JeTeKkTopa MCIONb30BaIN TaHIEM-
HBIM KBaJpyMNOIbHBIN Macc-criekTpoMeTp Shimadzu
8040 (QQQ).

Perucrpaimio Macc-CieKTpoB OCYLIECTBIISUIN B pe-
KHME HOHHM3ALMH JIEKTPOPACIIbUICHUEM (PETHCTpaLUsT
MOJIO’KUTENNBHBIX X OTPULIATENTLHBIX HOHOB), IMAIa30H

mmepsieMbix Macc 100—1300 la; pacxon raza-pac-
HBUINTEIISE — 3 JI/MUH; pacxoll OCYILIAIOILEro raa —
15 n/mun; Temneparypa ucrounuka 400 °C; Temre-
parypa auHuu JeconbBarauuu 250 °C. Ynpaienue
cOopoM 1 00pabOTKOI Macc-CIEeKTPaIbHBIX JaHHBIX
Ha BCEX dTanax padoThl 0CYIIECTBISUIOCH C TOMOIIBIO
CTAaHAAPTHOIO IPOIPAMMHOIO 0OECIIEYeHUs Macc-
criektpoMeTpoB ¢upmbl Shimadzu, a UMEHHO TIPO-
rpaMMHOro obecriedeHust «Mass Solution».

Ucnsityembie obpasusl: 1.111a3mMa u ceiBopoTka
KPOBHU KPOJIMKOB, YYaCTBYIOIIMX B OTBITE TIPU HHTpa-
TpaxeajgbHOH yCTaHOBKE CTEHTOB C HAHOCTPYKTYpHU-
POBaHHBIM MOKPBITHEM;

2. I1na3ma U CHIBOPOTKA KPOBH KPOJIMKOB, IOJY-
YHUBILUX BBICOKYIO JI03Y JICKAPCTBEHHOIO Mpernapara
COJIYMEJIPOJI® (20,0 MI/Kr) pu pa3iHIHbIX CTAH-
JApTHBIX cr10co0ax BBeICH!S (BHY TPMBEHHO, BHYTPH-
MBIIIEYHO).

PE3VYJbTATbHI

OmnpeznesneHne KOJIMYECTBEHHOTO COAep KaHusI Me-
TWINPEAHN30JI0HA TEMUCYKIIMHATa U METHIIPEIHN-
30JI0Ha B MOJEJILHOM OIIBITE, MPOBEACHHOM Ha Iiie-
CTH KpOJIMKax, npeacrasieHsl B Tabm. 1. Tpem kpo-
nukaMm (1—3) BBOAMIM BHYTPHUBEHHO BBICOKYIO
no3y COTYMEJZIPOJIA® (20,0 Mr/kr), Ipyrum TpeM
(4—6) — Takyo ke 03y, HO BHYTPUMBIIICYHO.
YV Bcex cyObEeKTOB OCYIIECTBIISUN 3a00p OroMarepua-
Jia B OIpe/ie/ICHHbIe BpeMEHHbIe TOUKH (Tad. 2, 3).

Taoauma 1

Konyenmpayuu memunnpeoHu3onona 2eMucykyuHama u MemuinpeoHu30iona 6 niasme
U CHIBOPOMKE KPOBU KPOIUKOB NPU GHYMPUEEHHOM 86edeHuu 003bl 20,0 me/ke

NoNe Touka MeTuimpearu30n0Ha reMuCy KIMHAT, MeTrpeTHA30I0H, MKT/MJT
MKT/MJT
ITnazma ChIBOpOTKA [Tnazma ChIBOpOTKA
1 0 MuH 0,0+0,0 0,0+0,0 0,0+ 0,0 0,0+0,1
2 15 mun 13,8 +£0,2 11,9 +0,1 0,6 +0,1 0,5+0,2
3 30 muH 5,7+0,1 5,5+0,3 1,3+0,2 1,1 +0,1
4 2 yaca 2,5+0,1 2,2+0,1 2,5+0,1 2,2+0,3
5 6 yacaoB 1,3+0,3 1,5+0,4 1,5+0,2 1,8+0,2
6 24 gaca 0,1 +0,1 0,1+0,1 0,0+0,1 0,0+0,1

CoenvHeHus perucTpupoBaiu B pexxume MRM-
nepexonoB. Ycnosus BOXKXX-pazmenenus: xpoma-
torpaduyeckas koimonka Shim-pack FC-ODS C18
2,0 x 150 mm, 3,0 mxwm, monsrkHast paza— 0,1 % Box-

HBIA pacTBOP MYpPaBbUHOM KHUCIOTHI (A) U alleTOHU-
tpun (B). Ckopocts mogauu mroenta — 0,4 Mi/MuH,
TPaIMEHTHBINA peXuM ImronpoBanusa. O01Iee Bpems
aHanuza — 15 MuH.
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PaboTy mpoBonwiM B TpH dTama: yCTaHOBJICHUE
MacC-CIIEKTPOMETPUIECKUX XaPAKTEPUCTHK MOJIEKYI
METHJIPETHU30JI0HA, METHIIIIPETHU30IOHA B (Hop-
Me HaTpus CyKI[MHATa U MENpPEreHoa anerara (BHy-
TPEHHHUH CTaHAAPT) IS JTOCTHXKCHHS HAMITyYIIIeH
YyBCTBUTEIBHOCTH METOAMKU MX KOJTHMYECTBEHHOTO
OTIpeNieIeHNs B TUIa3Me KPOBH; YCTAHOBJIEHNE XpOMa-
TorpanIeCcKIX XapaKTePUCTUK MOJIEKYII METHIIIPE/-
HU30JI0HA, METHIITIPETHU30JI0HA B ()OPME HATPHS CYK-

[MHATa ¥ MEMpEreHoNa anerara (BHyTPEHHUN CTaH-
JapT), Moa00p YCIOBUI XpomarorpadrupoBaHMsI IS
JIOCTIDKEHUST HAWITydIIed CENeKTHBHOCTH M CIIEIH-
(DUIHOCTH METOAMKH MX KOJIUYECTBEHHOTO OIpeie-
JieHUs. 3aKITIOYUTEIILHBIM ATArlOM MPOBOJWIA aHa-
JIN3 SKCIICPUMCHTAJIbHBIX 06pa3u013 B COOTBCTCTBHUHU
¢ pa3pabOTaHHOH U BAIMIAPOBAHHONW METOIUKON X
BOXX—MC/MC omnpeneneHus B CBIBOPOTKE U TIJ1a3-
Me KpoBH (Tadu. 2).

Taoauma 2

Konyenmpayuu memunnpeoHu3onona 2eMucykyuHama u MemuanpeoHu30iona 6 niasme
U CbIBOPOMKE KPOBU KPOIUKOG NPU HYMPUMbIULEUHOM 668edeHul 0036l 20,0 me/ke

NeNe Touxa MeTHInpeAHH30II0HA FeMHCYKUHHAT, MeTuimpeTHIU30JI0H, MKT/MJT
MKT/MJT
[Tna3ma ChIBOpOTKa [Tna3ma ChIBOpoTKa
1 0 muH 0,0+0,0 0,0£0,0 0,0+0,0 0,0+0,0
2 2 yaca 39+0,3 3,8+0,1 0,2+0,1 0,3+0,4
3 4 yaca 3,1+£0,1 32+0,3 0,8+0,4 0,6 0,1
4 6 JacoB 1,4+0,7 1,2+0,7 1,8+ 0,1 1,6 £0,3
5 12 yacoB 0,5+0,1 0,5+0,2 22+04 2,3+0,2

Pe3ynbTarsl KOJMUYECTBEHHOTO OIPEICICHUS CO-
JepKaHUs METHINPEIHU30JI0HA TeMUCYKIIMHATA
Y METHWIPETHU30JI0HA B TUIa3Me U ChIBOPOTKE KPO-
B JKCIICPUMEHTAIBHBIX KPOJUKOB MPEICTABICHBI
B Tab6mure 3.

Cremyer OTMETUTb, UTO MPeieil OOHAPYKESHUSI Me-
THIITIPETHU30JI0HA TEMUCYKIMHATA TI0 pa3pab0oTaHHOM
METOJIMKE, YCTAHOBIICHHBIN B MPOIECCE €€ Baluia-

1uH, coctaBul okoro 20 rir/mi [12]. [lns metumnmpen-
HU30JI0HA 3HAYCHUE IIpeielia 00HAPYKEHHsI ObLIO BbI-
sBieHo Ha ypoBHe 40 nr/mi. [Ipu sToM He Habmona-
JIOCh CYIISCTBEHHON Pa3HUIIbI KAK JJIs TUIa3MBbI, TakK
W JUTSL CBIBOPOTKH KpoBH. Takum 0Opa3oM, OTMEUEH-
Hele B TaOmuie 3 MO3ULMH «H/O» MOKAa3bIBAIOT, YTO
3HAYCHUs KOHIIEHTPAIUNA MOTYT OBITh HUXKE IIpe/iesa
0OHapYKEHUS UCCIICyEMbIX BEIIECTB.

Tao6auna 3

Pe3yﬂbmambz anamusa }’lp06 naasmsbl U CblBOPOMKU KPOBU KPOJIUKOE,
yuacmeyrnwux 6 IKCnepumernme no CmeHmupoeatHuo

MetuinpeHI30JI0Ha TEMUCYKIIMHAT,
y MeTtunnpeH130I10H, /M
NeNe kponuka Touka T
[Tna3ma ChIBOpOTKa [Tnasma ChIBOpoTKa
1 2 3 4 5 6

0 muH H/0 H/0 H/0O H/0
3.1 2 nHs 193,6 138,2 236,2 2223

8 nueit H/0 H/0 H/0 H/0
32 0 mu= H/O H/0 H/0 H/O
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Oxonuyanue Ta0J1. 3

1 2 3 4 5 6
2 nHst 622,3 594.,8 314,2 330,4
8 nHeit H/0 H/0 H/0 H/O
0 muH H/0 H/0 H/0 H/0
3.3 2 nHs 218,0 186,9 168,3 236,3
8 nueit H/0 H/o H/0 H/0
0 MuH H/O H/O H/0O H/0O
3.4 2 nHs 83,2 92,5 111,6 122,9
8 nueit H/0 H/o H/o H/0
0 mun H/O H/O H/0 H/O
3.5 (k) 2 nmHs H/0 H/0 H/0O H/O
8 nHeit H/O H/0 H/0 H/O
0 muH H/0 H/0 H/0 H/0
3.6 (3.9) (x) 2 nHst H/0O H/0 H/0 H/0
8 nHeit H/0 H/0 H/0 H/0
0 muH H/0 H/0 H/0 H/0
3.7 (x) 2 s H/O H/O H/0O H/0
8 nueit H/O H/0 H/0 H/0
S3AKJIIOYEHHUE HUSL U IOATBEP>KIEHUEM TMIIOTE3bI O BO3MOXXHO U PaB-

[okazaHo, 4T0 Haps Ly ¢ U3HAYAIBLHOI GopMoii Jie-
kapctBernoro npenapara COJIYMEIPOJI® (meTui-
MIpEeTHNU30JI0Ha TEMUCYKIIMHATA) B CHIBOPOTKE KPOBU
U TJ1a3Me TMPHUCYTCTBYET TAaK)Ke€ METHITIPETHU30I0H
B opMe CTEPOHUITHOTO CIHPTa CO CBOOOTHOW THAP-
OKCWJIBHOU I'pyNIOH.

B xoze uccnenoBanns yCTaHOBIIEHO, YTO B IJIa3-
Me OIPEACIISIFOTCS O0JIee BBICOKHE KOHIICHTPALIUH Me-
THJINPETHU30JI0HA TeMHUCYKIIUHATA U METHIIPETHH-
30JI0HA, Y€M B ChIBOPOTKE KpoBH. bonee onrumais-
HBIM B IaJIbHEHIINX UCCIICIOBAHUSIX BUIUTCS TOIXOA
¢ 0TOOPOM TOJIBKO JIMIIb TIa3Mbl KPOBH, HO B 0OJIb-
meM o0beMe, U BO3MOYKHOTO aHaliu3a mapajuielib-
HBIX TPOO0 U MOBBIIICHUS] TOYHOCTH KOJTHYECTBEHHO-
ro ananm3ax [13, 14].

CpaBHUTEIBHOE HCCIIENOBAHUE MTO3BOJIUIIO W3-
YUHUTb 3aBUCHMOCTb PeJIN3a JIEKapCTBEHHOTO pernapa-
ta COJTYME/IPOJI® nipu pa3nuyHbIxX criocobax BBejie-

HOLIEHHOM BBEJICHHH IIpeTrapara HHTpaTpaxeaabHo Ha
COBpPEMEHHBIX JIEKAPCTBEHHBIX HOCUTENAX, YCTAHOB-
JICHHBIX HA UMIUIAHTHPYEMBIX cTeHTax [15].
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Abstract. The choice of drug administration route should ensure bioavailability, absorption, metabolism and ex-
cretion from the animal’s body. Along with the dosing regimen, selection of the optimal dose, frequency of ad-
ministration, minimization of stress and the development of side effects in the animal, it is crucial to assess phar-
macokinetic parameters, namely, drug release from the delivery system and the rate at which therapeutic concen-
trations are reached. The design of modern drug delivery systems that comply with regulatory standards is a
pressing issue. Drug quality control includes mandatory determination of the quantitative content of the drug in
blood serum and plasma samples from laboratory animals to analyze the drug pharmacokinetics and assess the
release rate and therapeutic efficacy [1]. We conducted a comparative study of the release kinetics of the drug
“Solumedrol” (INN: methylprednisolone) using various routes of administration (intravenous, intramuscular, in-
tratracheal, using modern carriers).

Keywords: nanostructured coatings, glucocorticosteroids, targeted delivery system, high-performance liquid chro-
matography, HPLC, veterinary medicine, pharmacotherapy

INTRODUCTION

Using chromatograph mass spectrometry to assess
release rates makes it possible to employ the most ac-
curate approach using isotope dilution. Adding a stan-
dard before all sample preparation procedures allows
not only for the amount of the target substance in the
final sample to be calculated with minimal error, but
also, by accurately compensating for all losses inevi-
table during sample preparation, to reliably determine
the concentration of the substance in the original plas-
ma or serum sample. This approach is preferred for
quantitative chromatograph mass spectrometry anal-
ysis [1—4].

To address the challenges associated with the quan-
titative determination of methylprednisolone hemisuc-
cinate and methylprednisolone, an approach using a
different internal standard (megestrol acetate) was cho-
sen [5]. In this case, the signal intensities of the ana-
lyte compounds are compared with the signal of the
standard substance, which is added directly to the sam-
ple injected into the instrument prior to sample prepa-

ration. The standard can be used for the simultaneous
detection of several compounds present in the ana-
lyzed sample [6—38].

The research objective was to assess the rate and
efficacy of release of the drug “Solumedrol” (INN:
methylprednisolone) in rabbit blood plasma and se-
rum using nanostructured coatings as modern deliv-
ery systems. A modern, highly sensitive method us-
ing high-performance liquid chromatography with tan-
dem mass spectrometry (HPLC—MS/MS) was used.

MATERIAL AND METHODS

Sample preparation, including an ethyl acetate
extraction step, is significantly more labor-intensive
than the generally accepted approach of protein dena-
turation with two- or three-fold volume of an organic
solvent (methanol, acetonitrile). This was necessary
to measure the lowest possible concentrations of the
drug “SOLUMEDROL” (INN: methylprednisolone)
in rabbit blood serum and plasma [9—11]. The sam-
ples were analyzed using the following equipment: a
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Nexera X2 HPLC system (Shimadzu Corp., Japan)
equipped with a pump, a degasser and a thermostat-
ted autosampler. A Shimadzu 8040 (QQQ) tandem
quadrupole mass spectrometer was used as a detector.
Mass spectra were recorded in the electrospray ioniza-
tion mode (recording of positive and negative ions),
the measured mass range was 100—1300 Da; nebu-
lizer gas flow rate was 3 L/min; drying gas flow rate
was 15 L/min; source temperature was 400 °C; desol-
vation line temperature was 250 °C. Control of mass
spectral data collection and processing at all stages of
the work was carried out using the standard software
for Shimadzu mass spectrometers, namely the Mass
Solution software.

Test samples. 1. Blood plasma and serum from
rabbits participating in an experiment involving in-

tratracheal placement of stents with a nanostructured
coating.

2. Blood plasma and serum from rabbits that re-
ceived a high dose of the drug SOLUMEDROL®
(20.0 mg/kg) via various standard routes of adminis-
tration (intravenous, intramuscular).

RESULTS

Quantitative analysis of methylprednisolone
hemisuccinate and methylprednisolone in a model
experiment conducted on six rabbits is presented in
Table 1. Three rabbits (1—3) were administered a high
dose of SOLUMEDROL® (20.0 mg/kg) intravenous-
ly, while the other three (4—6) were administered the
same dose intramuscularly. Biomaterial was collected
from all animals at specific time points (Tables 2 and 3).

Table 1

Blood plasma and serum concentrations of methylprednisolone hemisuccinate and
methylprednisolone in rabbits after intravenous administration at a dose of 20.0 mg/kg

No. Point Methylprednisc:ﬂ;)/tlllilhemisuccinate, Methylprednisolone, pg/ml
Plasma Serum Plasma Serum

1 0 min 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.1

2 15 min 13.8+£0.2 11.9+0.1 0.6+0,1 05+0.2

3 30 min 57+0.1 55+0.3 1.3+0.2 1.1£0.1

4 2h 2.5+0.1 2.2+0.1 2.5+0.1 22403

5 6h 1.3+£0.3 1.5+04 1.5+0.2 1.8+0.2

6 24 h 0.1+0.1 0.1+0.1 0.0+0.1 0.0+0.1

Compounds were detected in an MRM transi-
tion mode. HPLC separation conditions: Shim-pack
FC-ODS C18 chromatographic column, 2.0 mm x
150 mm, 3.0 um, mobile phase — 0.1 % aqueous for-
mic acid solution (A) and acetonitrile (B). Eluent flow
rate — 0.4 ml/min, gradient elution mode. Total analy-
sis time — 15 min. The work was carried out in three
stages: establishing the mass spectrometric characteris-
tics of methylprednisolone molecules, methylpredniso-
lone in the form of sodium succinate, and mepregenol
acetate (internal standard) to achieve the best sensitiv-
ity of the method for their quantitative determination
in blood plasma; establishing the chromatograph-
ic characteristics of methylprednisolone molecules,
methylprednisolone in the form of sodium succinate,
mepregenol acetate (internal standard), and selecting
chromatography conditions to achieve the best selec-
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tivity and specificity for their quantitative determina-
tion. The final stage involved the analysis of the ex-
perimental samples in accordance with the developed
and validated HPLC—MS/MS method for their deter-
mination in blood serum and plasma (Table 2).

The results of quantitative determination of meth-
ylprednisolone hemisuccinate and methylprednisolone
levels in blood plasma and serum of experimental rab-
bits are presented in Table 3. It should be noted that
the detection limit of methylprednisolone hemisucci-
nate using the developed method, established during
its validation, was approximately 20 pg/ml [12]. For
methylprednisolone, the detection limit was found to
be 40 pg/ml. No significant difference was observed for
either plasma or serum. Thus, the “n/d” items noted in
Table 3 indicate that concentration values may be be-
low the detection limit of the substances being studied.
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Blood plasma and serum concentrations of methylprednisolone hemisuccinate and

Table 2

methylprednisolone in rabbits after intramuscular administration at a dose of 20.0 mg/kg

No. Point MethylpredniS(:ng/rrlreﬂhemisuccinate, Methylprednisolone, pg/ml
Plasma Serum Plasma Serum
1 0 min 0.0£0.0 0.0£0.0 0.0£0.0 0.0+0.0
2 2h 39+0.3 3.8+£0.1 02+0.1 03+04
3 4h 3.1+0.1 32+03 0.8+0.4 0.6+0.1
4 6h 1.4+0.7 1.2+0.7 1.8+£0.1 1.6+0.3
5 12h 0.5+0.1 05+0.2 22+04 23+0.2
Table 3
Results of analysis of blood plasma and serum samples from the rabbits included in the stenting experiment
Methylprednisolone hemisuccinate, Methylprednisolone, pg/ml
Rabbit No. Point pg/ml
Plasma Serum Plasma Serum
1 2 3 4 5 6
0 min n/d n/d n/d n/d
3.1 2d 193.6 138.2 236.2 2223
8d n/d n/d n/d n/d
0 min n/d n/d n/d n/d
3.2 2d 622.3 594.8 314.2 330.4
8d n/d n/d n/d n/d
0 min n/d n/d n/d n/d
33 2d 218.0 186.9 168.3 236.3
8d n/d n/d n/d n/d
0 min n/d n/d n/d n/d
34 2d 83.2 92.5 111.6 122.9
8d n/d n/d n/d n/d
0 min n/d n/d n/d n/d
3.5(c) 2d n/d n/d n/d n/d
8d n/d n/d n/d n/d
3.6(3.9) (c) 0 min n/d n/d n/d n/d
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Table 3 (the end)
1 2 3 4 5 6
2d n/d n/d n/d n/d
8d n/d n/d n/d n/d
0 min n/d n/d n/d n/d
3.7 (c) 2d n/d n/d n/d n/d
8d n/d n/d n/d n/d
5. Santa T. Liquid chromatography derivatization for
CONCLUSION mass spectrometric detection. Drug Discov. Ther. (2013)

It has been shown that, in addition to the original
form of the drug SOLUMEDROL® (methylpredniso-
lone hemisuccinate), methylprednisolone in the form
of a sterol with a free hydroxyl group is also present
in blood serum and plasma. The study has found that
higher concentrations of methylprednisolone hemisuc-
cinate and methylprednisolone are detected in blood
plasma than in serum.

A more optimal approach for further research
would be to collect only blood plasma, but in a larg-
er volume, to allow for the possible analysis of paral-
lel samples and improve the accuracy of quantitative
analyses [13, 14].

This comparative study allowed to study the de-
pendence of the drug release rate of SOLUMEDROL®
on various routes of administration and confirmed the
hypothesis that intratracheal administration of the drug
using modern drug carriers installed on implantable
stents is possible and equivalent [15].
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KOMILJIEKCHBIA CIIOCOB MTPO®UIIAKTUKN
MMOCJIEPOAOBOI'O DQHAOMETPUTA Y CBUHOMATOK

Hpuna Cepreena Ilepeneaxkuna
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Gapmaronozuu u mepanuu, Bopornesc, Poccus, Irinka-ne@yandex.ru

AHHoTanusi. B crarbe mpencTaBieHbl MaTepHalibl H3ydeHUsT 3Q(HEKTHBHOCTH KOMIUIEKCHOTO CIToco0a mpodu-
JIAKTHKH TTOCIEPOIOBOr0 YHAOMETPUTA Y CBUHOMATOK. YCTaHOBIEHO, YTO BBEJCHHE CBUHOMATKaM UMMYHOKOP-
purupyroiero cpenctsa amuHoceneepon-C 3a 72 u 24 yaca 10 ormopoca u B IEpBbIe CYTKH TIOCIIE OTPOca B 103€
10,0 MJI/’KUBOTHOE ¥ TPOOMOTUYECKOTO MperapaTa TPHOINH, COACPIKAIIETO MHKPOOHYIO MacCy CIIopoodpasyro-
mmx 6akrepuii Bacillus amylolquefaciens, Bacillus subtilis, Bacillus licheniformis, 3a 10 mue#t g0 npenmnosarae-
MOTO OIOpoca ¢ KOpMOM B J03e 1,5 T Ha ronoBy B TeueHue 10 gHEH moapsa crnocoOCTBYET MPOPUITAKTHKE OCT-
poro nocieponoBoro 3uAoMeTpuTa y 91,7 % sxnuBoTHBIX. KOMIUIEKCHOE TIPUMEHEHHE CBUHOMAaTKaM aMHUHOCee-
¢depona-C 1 TpuonrHa o0ecrieyrBaeT NOBBIIICHHE YPOBHS 00X MMMYHOIIIOOYINHO B KpoBH Ha 18,4—22.4 %
(P <0,01—0,001), 1M301MMHOM aKTUBHOCTU CHIBOPOTKH KpoBH — Ha 26,3—31,7 % (P < 0,01—0,001), ¢aro-
[UTapHOHN aKTUBHOCTH JielikonuToB — Ha 8,9—10,0 %, daromuraproro nuaexkca— na 33,7—37,3 % (P < 0,001),
¢aronurapHoro yucina — Ha 26,0—47,2 % (P < 0,001), npu CHWKEHUU COMEPIKAHUSI IIUPKYIUPYIOIIUX UMMYH-
HBIX KOMILIEKCOB Ha 25,5—28,7 % (P < 0,001). B mpouiecce npumenenus amuHocenedepona-C u TpHOIWHA TIPO-
HCXOIHT TMOBBIINICHHE COopepkaHus jJakTodanmmt B 1,39—1,93 pasza (P <0,01—0,001) 6udumodakrepuit —
B 11,9—13,8 paza (P < 0,001), mpu cHUKEHUN KOHIIEHTpaIK dHTepodakTepuii — B 6,86—9,21 paza (P < 0,001).
TakuMm 06pa3zom, BeIpaKeHHBIE U3MEHEHUS TOKa3aTenei oo1el HecrenupuaecKkorl pe3uCTEHTHOCTA CBHHOMATOK
Ha (oHEe HOpMATU3AINN MUKPOOUOIIEHO3a MTOJIOBBIX MYTeH CIIOCOOCTBYIOT CHHKEHHIO 3a00JIEBAEMOCTH KHBOT-
HBIX TIOCJIE OIIOPOCa OCTPBIM MOCIEPOAOBEIM YHIOMETPUTOM.

KuroueBble c10Ba: CBHHOMATKH, aMiIHOCcenedepoH-C, TPHOIUH, OCISPOIOBEIM YHIOMETPHUT, MPO(PUITAKTHKA

OpmHOH M3 aKTyaJbHBIX MPOOJIEM COBPEMEHHBIX
MIPOMBIIIICHHBIX CBUHOBOAUECKUX MPEIIPUITHIA SIB-
JISIFOTCSL OOJIC3HU OPTaHOB PA3MHOXKEHHUS Y MAaTOUYHO-
TO TIOTOJIOBbS, K KOTOPBIM OTHOCSTCS BOCIIATUTEIHHBIC
MIPOIIECCHI B MaTKe W MOJIOUHOH JKeje3e, TMPOsSBIIIIO-
mecs B popMe THOWHO-KaTapaIbHOTO SHOMETPHUTA
U MeTpUT-MacTuT-aranaktuu. [locieponoBeie 3a00-
JICBaHUSI CBUHOMATOK MMEIOT LIUPOKOE PacCIpocTpa-
HEHHE, B TOM YHCIIE MOCICPOIOBOI IHIOMETPUT —
y 31,9—44,4 % u MeTpUT-MacTUT-aralakKTUs —
y 12,5—21,3 % xuBoTHBIX [1—3].

B ocHoBe seueOHO-TIPOPUIAKTHIECKUX MEPO-
NPUATUNA OPU OCTPOM IMOCIEPOJOBOM IHIOMETPUTE
Y CBUHOMATOK SIBJISICTCS IPUMEHEHNE aHTUMUKPOOHBIX
cpencts. [Ipu 3TOM, HCTIOTB30BaHUE CPENCTB, CONEP-
JKaIIUX aHTHOMOTUKH, B OOJTBITUHCTBE CITy4acB, HOCUT
0OECCHCTEMHBIN XapakTep, HE YIUTHIBAIONTHH TyBCTBH-
TENBHOCTH MUKPOMIIOpEI. BCE 5TO MPUBOIUT K CHIKE-

© Ilepenenkuna U. C., 2026

HUIO Ka4eCTBA MOIy4aeMOM MPOTyKINH, POCTY YHCia
aHTUOMOTUKOPE3UCTEHTHBIX IITAMMOB [4, 5].

OpHMM 13 IepCIIEKTUBHBIX HANIPaBJIEHUH 1O TPO-
(unIaKTUKe MOCIEPOAOBBIX OCIOKHEHHUH y CBHUHO-
MAaTOK, SIBJISIETCSI UCIOJIb30BAHUE UMMYHOMOAYIHU-
PYIOIIMX CPEICTB, HAIPABICHHBIX HA ONTUMHU3AIIIO
MMMYHOJIOTHYECKONH PE3UCTEHTHOCTH OpraHu3Ma.
B kagyecTBe TakuX CpeaCTB MOTYT BBICTYyHaTh Iperna-
patbl peKOMOWHAHTHBIX HHTEP(EPOHOB, KOTOPHIE 00-
JIAJA0T Pa3HOCTOPOHHUM CIIEKTPOM JIEUCTBHUS 3a CUET
AKTUBHU3aLlMM UMMYHHOU cucTeMbI [6—S].

Kpome Toro, nmosydeHne 3KoJIOTHYECKH YUCTOU
MIPOAYKIUH SIBIISIETCS TPYAHOBBIITOJIHUMBIM TIPU Mac-
COBOM IPUMEHEHUH aHTHOMOTHUYECKUX MpPENnaparos.
Kak anmprepHaTtBOi aHTHOMOTHKAM MOYKHO paccMa-
TPHUBATh MPOOHOTHYECKHE TIPETIapaThl, KOTOPHIE UTpa-
0T BAKHYIO POJIb B HOPMAITU3aIllid MUKPOOHOIIEHO3a
JKEITYJIOYHO-KHUIIEYHOTO TPaKTa CBHHOMATOK, CIIOCO0-
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CTBYIOT aKTHBHU3allMU CUHTE3a CCKPETOPHOTO UMMY-
HOTOoOynMHA A, CHIDKEHUIO MUPKYISAINN UMMYH-
HBIX KOoMIUTeKcoB [9, 10]. IIpuMenenne nmpoOuoTmye-
CKHUX CPEJICTB TaKXKe COMPOBOKIACTCS KOPPEKIIHEH He
TOJIBKO MUKPOOMOTHI KMIIIEYHHUKA, HO U MOJIOBBIX Y-
Tel ceuHoMarok [ 11, 12]. B cBsi3u ¢ 3TuMm, pa3zpaborka
1 n3ydeHue SQPEKTUBHOCTH KOMITJICKCHOTO CIIOco0a
MPO(UIAKTHKHI TOCIEPOIOBOTO YHAOMETPUTA Y CBH-
HOMATOK, HE CO/IepKallero aHTHONOTHYECKNE CpPe-
CTBa, SIBIISIETCS] OJTHOW M3 aKTYyaJIbHBIX 33Jlad BETEPH-
HapHOM aKyIIEPCKON HayKH.

Lenb uccnenoBannit — U3y4UTh 3PPEKTUBHOCTH
KOMIUIEKCHOTO CIT0c00a PO UIaKTUKH OCTPOTO 0~
CJIEPOZOBOTO YHIOMETPUTA Y CBHHOMATOK.

MATEPUAJ U METOJbI
UCCJIEJOBAHUM

WccnenoBanus BEIIOIHEHE! Ha cCBHHOMATKax 3A0
«¥OnanoBckue npoctope» boOpoBckoro paiona
Boponexckoit oomactr. CymopocHbIe CBHHOMATKH 32
10 nHel 1o npeAnonaaraeMoro 0nopoca 1o NPUHIUITY
aHaJIOTOB OBLIH pa3/ielieHbl Ha 4 Tpymbl. CBUHOMATKH
nepBoi rpynmnsl (7 = 13) clyXuiu B KauecTBe OTpPH-
LaTeJIbHOTO KOHTPOJIA, UM TIperaparbl He Ha3Hada-
nuch. JKUBOTHBIM BTOpOi rpynmsl (n = 13) BHYTpH-
MBIIIEYHO BBOJWIHM Tpemnapar amuHocenehepoH-C
3a 72 u 24 yaca 10 onopoca u B IEPBbIEC CYTKH MOCTE
orpoca B o3¢ 10,0 Mi/skuBoTHOE, TpeTheit (n = 11) —
CKapMIIMBAJI MPOOMOTHYECKUH TIpernapara TPHOIHUH,
cojiepKaliuii MUKPOOHYIO Maccy CriopooOpas3yromux
OakTepwii, 3a 10 mHEH M0 MpeATIoIaraeMoro ormopoca
¢ KOpMOM B J03¢ 1,5 r Ha ronoBy B TeueHue 10 gHeit
nopsizt, yeTBEpTON rpynimsl (1 = 12) — amMuHOCEIEe-
(epon-C 1 TPUONHH B TEX XKe 103aX U B T€ KE CPOKH,
YTO U CBUHOMATKAaM BTOPOM U TPEThE IpyIIl.

OT cBHHOMATOK Tepe] BBEACHHEM IpenaparoB
U TIOCTIE OIopoca OTOOpaHBI MPOOBI KPOBU U IIEeU-
HO-BarMHAJILHOW CIIM3U JIs IPOBEACHUS T1abopaTop-
HBIX HCCIE0BaHMN. B KpoBH ompeneneHo conepxa-
HUE OOMIMX UMMYHOIJIOOYJMHOB, HUPKYIUPYIOIINX
uMMYHHBIX KomIuiekcoB (L[MK), 6akTepuriunnas
aKTUBHOCTH ChIBOpOTKH KpoBH (BACK), nuzonmm-
Hasi akKTUBHOCTEL CHIBOpOTKH KpoBu (JIACK), daro-
nuTapHas akTUBHOCTH JieWkoruToB (DAJI) B coot-
BETCTBUU C «METOANYECKHMHU PEKOMEHIALUSAMH 110
OIIEHKE M KOPPEKLUHH MMMYHHOTO CTaTyca >KMBOT-
HeIX» [ 13]. B 1iepBuKaIpHO-MaTOYHON CIIU3H OTIpee-
NIEH Ka9eCTBEHHBIN 1 KOJTMYECTBEHHBIN COCTaB MUKPO-
OmoTHl. BumoByto mpuHaIIEKHOCTS OaKTepHii ycTa-
HaBIIMBAIlM ¢ TIOMOIIbI0 onpenenutens /. bepmku
(1997), «ompenenutensi 300MaTOr€HHBIX MUKPOOP-
raHu3MoBy» 1o pemakiueir M. A. Cugoposa (1995)

1 oTpenenuTens « JHTepoOaKTepHin» Mo peraKkuen
B. U. [Tokpogsckoro (1984). buonoruveckue cBoiicTa
BBIJICJIEHHBIX KYJIBTYP MUKPOOPTaHU3MOB OIIpEes-
T Ha TabopaTOpHBIX KUBOTHBIX. budumo- u nakro-
OaxTepuu ONpeIeIeHbI M0 UX KyJIbTyPaJIbHBIM U MOP-
(onornyeckuM CBOWCTBAM COIVIACHO HACTaBJICHUAM
K COOTBETCTBYIOIUM cpenaM (cpena MPC- nura-
TeJIbHAsl cpefia JUIS BBIICICHUS] M KyJIbTHBHUPOBAHUS
Lactobacillus spp. u cpena tuna bmaypokka — st
BBIJICJICHHS U KYJITUBUPOBaHUS OnpuI00aKTepuii).

Pesynbprarhl KITMHUKO-TA00PATOPHBIX HCCIEI0BA-
HUH TTOIBEPTHYTH MaTeMaTHIeCKOI 00paboTKe ¢ mpH-
MeHeHreM nporpamm Statistica 6.0. Paznmuus cunra-
JIM CTAaTUCTUYECKH 3HaYUMbIMH 1ipu P < 0,05.

PE3YJBTATHI UCCJEIOBAHUN

YcranorieHno (Tabdm. 1), 9To oCTpEIi MOCIEPOIO-
BOM SHIIOMETPUT y MHTAKTHBIX CBUHOMATOK 3aperu-
ctpupoBan y 38,5 % xuBoTHbIX. KonmmuecTBo mopocar
NIPY POXKJICHUN Y CBUHOMATOK M3 IPYTIIBI OTPULIATEIIb-
HOTO KOHTpouist cocTaBuio 10,54 = 0,34, k oTbEMY —
8,18 + 0,22. CBHHOMATKH U3 TPYIIHI OTPULIATEIHHOTO
KOHTPOJIS TIPOSBIUTH TIOJIOBYIO IUKINIHOCTE 76,9 %,
orutonoTBopuiiocs — 70,0 %.

Y KHUBOTHBIX [1OCJIE TPUMEHEHUSI IMMYHOKOpPU-
THPYIOILEro cpencTBa amuHocenedepoH-C 3aboneBae-
MocTh coctaBuia 23,1 %, uto B 1,67 paza HIDKE 1O
CPaBHEHHMIO C YXKUBOTHBIMHU U3 IPYIIITBI OTPHUIIATEIHHO-
ro koHTpoJst. [locne npuMeHeHus CynnopoCHbIM CBHU-
HoMarkaM amuHocenepepona-C coOXpaHHOCTb TOPO-
cAT K 0ThEMY moBbicuiach Ha 8,3 %. CBUHOMATKHU
9TOM rpyniiel Ha 7,7 % ©oJblle TPOSBISUIN MOJIOBYIO
UKJINYHOCTD, YeM B OTPHIIATEIbHOM KOHTpPOJIE U Ha
11,8 % momoTBOpHOE OcemeHeHne. CkapMIIMBaHKE
IpoOMOTHYECKOro penapara TPHOJIMH CBUHOMATKaM
IO OTIopoca 0oecrednsIo MpohuTakTuIecKyro 3 dex-
TUBHOCTb Ha ypoBHe 72,7 %. CoXpaHHOCTb OPOCAT
K OTBbEMY M3 TPYIIBI CBUHOMATOK, KOTOPBIM MTpHUMe-
HsTu TpuonuH, coctaBuina 80,9 %. OcraBmuecs KIiu-
HUYECKHU 3I0POBBIMUA CBMHOMATKH Ha 4,9 % 00ib-
1€ MPOSBHIIN MOJIOBYIO IIUKIMYHOCTE U Ha 7,8 % —
orionoTBopminch. Hanbonpimas npodunakruyeckast
3 PEeKTUBHOCT OKa3ajach MPU COBMECTHOM IpHUMe-
HeHUW amuHocenedepona-C u tpuonuHa — 91,7,
gt0 Ha 30,2 % GonbIe Mo CpaBHEHHUIO C KUBOTHBIMU
W3 TPYNIIBI OTPUIATEIEHOTO KOHTPOIS W Ha 14,8—
19,0 % 1o cpaBHEHUIO ¢ APYTHMMH OINBITHBIMH IPYTI-
namu. KomriekcHoe mpuMeHeHne HMMYHOKOPPHUTHPY-
IOLIMX U MPOOMOTHYECKUX CPENICTB CIOCOOCTBOBAIIO
MOBBIIICHHIO [TPOLIEHTa CBUHOMATOK, ITPOSIBUBILIUX T10-
JIOBYTO IIUKJINYHOCTH Ha 7,1—14,8 1 konmmgecTsa 1io-
JIOTBOPHBIX oceMeHeHui — Ha 9,1—20,9 %.
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Taomuna 1
Dpghexmusrnocmo kKomniekcho2o cnocoba NPOGUIAKMUKU NOCIEPOOOE020 IHOOMEMPUMA ) CEUHOMAMOK
Otpuria- AmMuHO- AmMuHOCee-
ITokazarenu TEJIbHbIN cenede- Tpuonun ¢bepon-C +

KOHTPOJIb pon-C TPUOJIUH
Koa-B0 )KUBOTHBIX, TOJ. 13 13 11 12
3a007eH MO CIepPOIOBBIM SHIOMETPUTOM, TO./% 5/38,5 3/23,1 3/27,3 1/8,3
[Mpodunakrrueckas 3hheKTUBHOCTD, Yo 61,5 76,9 72,7 91,7
Kon-Bo mopocsT npu pokJIeHUu, rod. 10,54+ 0,34 | 10,72+ 0,42 | 10,64 + 0,31 | 10,62 + 0,34
Kosn-Bo mopocsT K 0ThEMY, IO 8,18+0,22 |9,21+£0,18"| 861+0.21 |9,92+0,19"
CoxpaHHOCTB K OTBEMY, %0 77,6 85,9 80,9 93,4
[TposBUIIN TTOIOBYIO IIUKIUYHOCTH, TOI./% 10/76,9 11/84,6 9/81,8 11/91,7
W3 HUX OIII0MOTBOPUIIOCH, TOIL./% 7/70,0 9/81,8 7/77,8 10/90,9

*P<0,01

Pred

Takum oOpa3zoMm, HAaWITy4lIHe MOKA3aTeIN KIU-
HUYECKOH 3P PEeKTUBHOCTH NMPO(UITAKTUKH TIOCIEPO-
JIOBOTO DHJIOMETPUTA Y CBHHOMATOK ITOJyYECHBI TPH
KOMIUIEKCHOM IPUMEHEHHH IMMYHOKOPPHTYPYIOIIIe-
ro (amuHocenehepon-C) u mpoOUOTHIECKOTO (TPHO-
JIUH) cpencTBa. Pe3ynbrarbl KIMHUYECKUX HCCIeO-
BaHUH TIOATBEPK/ICHBI JAHHBIMA HMMYHOIIOTUYECKHIX
HCCIeI0OBaHUI KPOBU CBUHOMATOK JI0 M ITOCIIE IIPHMe-
HEHHS IMMYHOKOPPHUTHPYIOUIMX U MPOOMOTHYECKUX
cpencts (Tab. 2).

Y CBMHOMATOK M3 TPYMIIBI OTPUIATEIHHOTO KOH-
TPOJIS IOCIIE OTIOPOCa YCTAHOBIICHBI HE3HAUNTEIFHBIC
M3MEHEHHS TI0Ka3areiell IMMYHOJIOTHYECKOTO CTaTy-
ca, BRIPKAIOIINECS B [TOBBIIIICHUH YPOBHS OOIIHX M-
MYHODJIOOYJIHOB, JIN30LUMHON aKTUBHOCTH CHIBOPOT-
KH KpOBH, (haronuTapHONH aKTUBHOCTH JIEHKOIIUTOB,
HOCSIIINE HeTOCTOBEPHBIN XapakTep.

BBenenue cyrnmopocHbIM CBUHOMAaTKaM aMHHOCE-
nedepona-C compoBOKAAETCS MOBBILICHUEM YPOB-
Hsl 00IIMX UMMYHOII00ynuHOB Ha 10,1 % (P < 0,05)
[0 CPAaBHEHUIO C UCXOAHBIMH JaHHBIMHU, JTH3OLNUM-
HOW aKTUBHOCTHU CHIBOPOTKH KpoBW — Ha 14,0 %
(P <0,05), parorurapHoii aKTUBHOCTH JICHKOIIH-
ToB — 7,8 % (P < 0,05), paronurapHOTO HHACKCA —
Ha 16,8 % (P <0,01), ¢aronmurapHoro 4ymcia — Ha
22,2 % (P <0,01), cBuOeTEenbCTBYIONICE O CHUMKE-
HUM TOKa3arelsieil KIETOYHOTO U TYMOPalIbHOTO 3Be-
Ha 001IeH HeCTIeTTM(PHUICCKON PE3UCTCHTHOCTH Opra-
HU3Ma )KHBOTHBIX.

CkapMIIMBaHUE CYIIOPOCHBIM CBUHOMATKaM CIIO-
pocoaep:Kalero NpoOMOTHIECKOro Ipenapara Tpro-

P< 0,01 — IO CPAaBHCHUIO C JKUBOTHBIMU U3 I'PYIILI OTPULATCIILHOT'O KOHTPOJIA

JIUH 00ECIICUNIIO MOBBIIICHHE IMOKA3aTeNIel KIIETOY-
HOTO 3BeHa 001Iel HecrenuduIecKoil pe3uCTeHTHO-
CTH TaKUX Kak, (harorurapHbiii HHACKC — Ha 15,5 %
(P <0,05) u dparounrapuoe uncio — =Ha 20,1 %
(P <0,01). KommekcHoe mpuMeHEHHE CBHHOMAT-
kaM amuHocenedepoHa-C ¥ TpUOIUHA CIIOCOOCTBO-
BaJIO MOBBIIICHUIO YPOBHS O0IIUX UMMYHOITIOOYIHMHO
B KpoBU Ha 22,4 % (P < 0,001) o cpaBHEHUIO C HCXOA-
HBIMU 3HAYCHHSIMH, JIM30LIMMHON aKTUBHOCTHU CHIBO-
potku kpoBu — Ha 31,7 % (P < 0,01), dharormurapHoit
akTUBHOCTH JieiikorroB — Ha 10,0 %, ¢arouurapHo-
ro unaekca—Ha 33,7 % (P < 0,001), paronurapHoro
gyucna — Ha 47,2 % (P < 0,001), npu CHUKEHUH CO-
JIepKaHUS! IUPKYJIUPYIOIIUX UMMYHHBIX KOMILJICKCOB
Ha 28,7 % (P < 0,001).

MN3MeHeHus nmokazarejiel MMMYHOJIOTHYECKOTO
craryca Ha (poHE KOMIUIEKCHOTO TPHUMEHEHUS UMMY-
HOKOPPUTHUPYIOUINX U MPOOHMOTHYECKHUX Iperapara-
OB TaK)Xe UMEJIH JJOCTOBEPHBIC Pa3IMUusl 110 CPaBHE-
HUIO C JKUBOTHBIMU U3 TPYIIIIBI OTPUIIATEIIBHOTO KOH-
Tpois. Tak, comeprkanue 00IMMUX IMMYHOTIIOOYTHHOB
rocIie mpuMeHeHus amuHocenedepona-C u TpronrHa
BhIme Ha 18,4 % (P < 0,01) mo cpaBHEHHIO ¢ MHTAKT-
HBIMHU CBUHOMAaTKaMH, OaKTEPUIIH/IHASI aKTUBHOCTb ChI-
BOPOTKHU KpOBU — Ha 7,4 %, TU30IMMHAasI aKTUBHOCTh
CBIBOPOTKH KpoBU — Ha 26,3 % (P < 0,001), daroru-
TapHas akTUBHOCTH JIGHKOITUTOB — Ha 8,9 %, arorm-
TapHoe yncio — Ha 26,0 % (P < 0,001), dparounTap-
HbIl nHACKC — Ha 37,3 % (P < 0,001), mpu cCHImKeHUN
YPOBHS IUPKYJIUPYIONIMX UMMYHHBIX KOMITJICKCOB Ha
25,5 % (P <0,001).
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Taoauna 2

HMMJ/HO]ZOZMHBCKME noxkasameiu Kposu C6UHOMAaNOK npu npuMeHesuu UM UMMYHOKOppUcUPYroujux

U npobuomu4eckux cpeocma 0jis NPoQUIAKMUKY NOCTEPOO0B020 IHOOMEMPUmd

ITocne onopoca
Jlo BBeneHus, i
Hoxazaresmu n=20 OTPHLATENbHBIHI aMHHOCeJIe- amurocedte
- - TPHUOJIUH, 11 = 5 ¢depon-C +
KOHTpOIb, =5 | ¢epon-C,n=>5 _
TPUOJUH, 11 =5
OO0mmue UMMyHO-
TIOOYJINHEL, 357+1,1 36,9+ 1,5 39,3+1,3" 38,1+1,5 43,7+ 1,674
M/ MJT
BACK, % 80,6 £2,6 78,3+1,9 82,1+1,5 80,9+ 1,6 86,6 + 2,14
JIACK, MKr/mit 1,64 + 0,09 1,71 £ 0,05 1,87 £ 0,06™ 1,73 £ 0,07 2,16 £ 0,117
LUK, Mr/mi 0,719 = 0,04 0,689 + 0,03 0,615=+0,03" 0,634 + 0,04 0,513 40,0374
PATL % 788+1,2 79,6+ 0,9 82,4+ 1,17 81,9+ 13 86,7 + 1,474
o 7,21£0,37 7,65+ 0,29 8,42+0,31" 8334027 | 9,64+ 0,38
e 5,68+ 0,21 6,09+ 0,19 6,94+ 0,31 6,82+ 0,22 | 8,36+ 0,37
" P<0,05
" P<0,01
P <0,01 — Mo cpaBHEHHIO C HCXOMHBIMU JaHHBIMH (JI0 BBEJCHHS IIPEMAPaTOB)
AP<0,05
M P <0,01

AMAP < (0,01 — 10 CpaBHEHHUIO € )KUBOTHBIMU M3 IPYIIIIBI OTPULIATEILHOTO KOHTPOJIS

BripaskeHHBIE M3MEHEHUsI [TOKa3aTenel oomei He-
crenn(uIecKoil pe3uCTeHTHOCTH CBUHOMATOK CIIO-
co0OCTBOBaJIM CHUKCHHIO 3a00JIEBAEMOCTH JKUBOT-
HBIX TIOCJIE OIOPOCa OCTPBIM TOCIEPOIOBBIM 3HJIO-
METPHUTOM.

CHmxeHne 3a001eBaéMOCTH CBHHOMATOK OCTPBIM
MOCIEPOAOBBIM SHIOMETPUTOM Ha (POHE IPUMEHEHHUS
MMMYHOKOPPUTUPYIOIIHX B TPOOHOTHIECKUX CPEICTB
TaKXe TOITBEPXKJICHO pe3ylibTaTaMi OaKTepUOIIOTH-
YEeCKUX MCCIIeIOBAHNHN IIEEYHO-BATHHAIBHOTO COJIEP-
JKAUMOTO JKHBOTHBIX (Tab:1. 3).

YcTaHOBIIGHO, YTO NPUMEHEHUE aMuHOcemnede-
pona-C ¥ TpHOJIMHA COTPOBOXKAAETCS IMOBBIILICHHU-
eM cojiepxkanus Jakrtobarmut B 1,39 pasza (P <0,01)
10 CPaBHECHHIO C HCXOIHBIMU JaHHBIMU U B 1,93 paza
(P <0,001) mo cpaBHEHHIO C MHTAKTHBIMA CBUHOMAT-
Kamu, OupuaodakTepuii — COOTBETCTBEHHO B 11,9
paza (P <0,001)u 13,8 paza (P < 0,001), mpu cHmxe-
HUM KOHIIEHTpaK dHTepodakTepuii — B 6,86 1 9,21
paza (P < 0,001). CoBMecTHOE MPUMEHEHUE UMMYHO-
KOPPUTUPYIOIINX M MPOOHOTHYECKUX CPEJICTB obec-
rreuruto cHmkenue E. coli d 1,76 paza (P <0,01), Str.
agalactiae — B 1,35 paza (P < 0,01), Staph.aureus —
B 1,61 pa3a, sBistouecs OAHUMH U3 JTOMHUHHUPYIO-

[IUX MUKPOOPTaHU3MaMHU, YIaCTBYIOIIIMHU B PA3BUTUH
OCTPOTO MTOCJIEPOIOBOTO IHIOMETPUTA Y CBUHOMATOK.
OO6mmas MukpoOHast 00CeMEHEHHOCTh IIEEIHO-Baru-
HAJIBHOTO CONIEP’KUMOTO CBUHOMATOK TTPH KOMILIEKC-
HOM TIpUMEHEeHHH amuHocenedepoHa-C u Tpuoin-
Ha cHu3mnach B 1,68 pasa (P <0,01) mo cpaBHEHUIO
C MCXOJIHBIMHU JaHHBIMU U B 1,65 paza (P <0,01) —
10 CPaBHEHHIO CO CBUHOMATKaMH1 M3 TPYTIbI OTPHIIA-
TEIHHOTO KOHTPOJIS.

3AKJITIOYEHUE

Takum 00pa3oM, KOMIUIEKCHBIH COCOO Mpo-
(UITAKTUKU OCTPOTO IMOCIEPOJOBOTO IHIAOMETPHU-
Ta y CBUHOMATOK, MpeIyCMaTPUBAIONINNA TPUMEHE-
HIE IMMYHOKOppUTHpYIomIero (amuHocenedepor-C)
¥ IpOOMOTHYECKOTO (TPHOJIMH) CPENICTBA 0OeCIeqn-
BaeT npodumiakrunueckuil a3pdext B 91,7 % cnyuya-
eB. CoBMecTHOE mpuMeHeHne amuHocenedepona-C
W TPHOJIMHA COMPOBOXKIAETCS aKTHUBH3AIMEW MOKa-
3aresyieii TYMOPAJIBHOTO U KJIETOYHOTO 3BeHA OOIeH
HecrennpuIecKol pe3nCTEHTHOCTH Ha (poHe HOopMa-
JHM3alMA MUKPOOMOIIEHO3a W CHIDKEHUSI MUKPOOHOM
KOHTaMHHAIUH [IECYHO-BATMHAIBLHOTO CONEPKUMO-
IO CBUHOMATOK.
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Taoauna 3

MuxpobHbiil neuizasxc nonogeix nymeti CGUHOMAMMOK NPU NPUMEHEHUU UM UMMYHOKOPPUSUDYIOUUX
U npobuUoOMUYecKUx cpeocma 0Jis NPOoQUIAKMUKY NOCIEPOO08020 IHOOMEMPUmd

TMokasaten Jlo BBeneHus npenaparos,

Ilocne onopoca

n=10 OTPHIIATENILHBINA KOHTPOIIB, amunocenepepon-C +

n=>5 TPUOINUH, 1 =5
JlakTobanumsl 5,42 +0,41-10° 3,92 £0,11-10%" 7,54 £ 0,45-10%"44
budunobaxrepun 3,11 +£0,13-10* 2,71+0,11-10% 3,73 + 0,16-105M
OurepobdaxTepuu 2,19 +0,08-103 2,94+ 10,1310 3,19 4 0,15-102*440

E. coli 4,42 +0,57-10°

3,73 +£0,26-10° 2,51 +£0,27-10%"

Cit. diversus 2,37+0,19-10°

2,25+0,21-10° 1,72 £0,11-10*

Str. agalactiae 3,89 +0,21-10°

4,17 +0,39-10° 2,88 +0,22:10%""

Bacillus spp. 1,12 £ 0,05-10?

2,63 +0,18-10%" 3,19+ 0,27-10%"

Ent. faecalis 4,54 £0,26:10°

4,73 +£0,19-10° 2,19 +£0,17-1037484

Ent. faecium 2,94 +0,21-10°

2,81+0,14-10° 1,59 £ 0,13-10%"444

Staph.aureus 1,61 £0,11-10?

1,45 +0,09-10? 0

Staph.epidermidis 5,02+0,31-10%

5,66 +0,21-10? 3,89 +0,52-10%

Oobmas 6akodbceMeHeH-

. 3
Hocth, KOE/Mn 3,80+ 0,44-10

3,73 +£0,29-10° 2,26 £0,18-10°44

* P<0,05
" P <0,01
AP <0,05
8 p<0,01

P <0,01 — o cpaBHEHHIO ¢ UCXOIHBIMU TaHHBIMU (70 BBEICHUSI IPETIApPaTOB)

AP < (0,01 — Mo CPaBHEHHIO C KUBOTHBIMU M3 TPYIIIBI OTPUIIATEILHOTO KOHTPOIIS
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Abstract. The article presents the data from a study of the efficacy of a combined method for the prevention of
postpartum endometritis in sows. It has been found that administration of the immunocorrective agent aminosele-
feron-C to sows 72 and 24 hours before farrowing and on the first day after farrowing at a dose of 10.0 ml/ani-
mal and the probiotic drug triolin, containing a microbial mass of spore-forming bacteria Bacillus amylolquefa-
ciens, Bacillus subtilis, Bacillus licheniformis, 10 days before the expected farrowing with feed at a dose of 1.5 g
per animal for 10 consecutive days contributes to the prevention of acute postpartum endometritis in 91.7 % of
animals. The combined use of aminoseleferon-C and triolin in sows provides an increase in the level of total im-
munoglobulins in the blood by 18.4—22.4 % (P < 0.01—0.001), serum lysozyme activity — by 26.3—31.7 %
(P <0.01—0.001), leukocyte phagocytic activity — by 8.9—10.0 %, phagocytic index — by 33.7—37.3 %
(P <0.001), phagocytic number — by 26.0—47.2 % (P < 0.001), with a decrease in the level of circulating im-
mune complexes by 25.5—28.7 % (P < 0.001). During the use of aminoseleferon-C and triolin, the content of
lactobacilli increases by 1.39—1.93 times (P < 0.01—0.001), bifidobacteria — by 11.9—13.8 times (P < 0.001),
with a decrease in the concentration of enterobacteria by 6.86—9.21 times (P < 0.001). Thus, significant chang-
es in the indicators of general nonspecific resistance of sows against the background of normalization of the mi-
crobiocenosis of the genital tract contribute to the reduction in the incidence of acute postpartum endometritis in

animals after farrowing.

Keywords: sows, aminoseleferon-C, triolin, postpartum endometritis, prevention

One of the pressing problems facing modern in-
dustrial pig breeding farms is reproductive system dis-
eases in sows, including inflammatory processes in
the uterus and mammary gland, manifesting as puru-
lent-catarrhal endometritis and mastitis-metritis-aga-
lactia. Postpartum diseases in sows are widespread,
including postpartum endometritis (31.9—44.4 %)
and mastitis-metritis-agalactia (12.5—21.3 %) [1—3].

The use of antimicrobial agents is the basis for
treatment and prevention of acute postpartum endo-
metritis in sows. However, the use of antibiotic-con-
taining agents is, in most cases, unsystematic, with-
out regard for the microflora sensitivity. All this leads
to a decrease in the quality of the resulting products
and an increase in the number of antibiotic-resistant
strains [4, 5].

One promising approach to preventing postpartum
complications in sows is the use of immunomodula-
tory agents aimed at optimizing the body’s immuno-
logical resistance. These agents include recombinant
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interferons, which have a diverse spectrum of action
due to the activation of the immune system [6—38].

Furthermore, producing environmentally friendly
products is difficult with the widespread use of antibi-
otics. Probiotics, which play an important role in nor-
malizing the microbiome of the gastrointestinal tract
of sows, can be considered as an alternative to anti-
biotics, promoting the synthesis of secretory immu-
noglobulin A and reducing the circulation of immune
complexes [9, 10].

The use of probiotics also corrects not only the in-
testinal microbiota but also the reproductive tract of
sows [11, 12]. In this regard, the development and study
of the efficacy of a combined method for the preven-
tion of postpartum endometritis in sows that does not
contain antibiotics is one of the pressing tasks of vet-
erinary obstetric science.

The research objective was to assess the efficacy
of a combined method for preventing acute postpar-
tum endometritis in sows.
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MATERIAL AND METHODS

The study was conducted on sows of Yudanovskie
Prostory CJSC in Bobrovskiy district of Voronezh re-
gion. Pregnant sows were divided into four groups
based on the analog principle 10 days before the ex-
pected farrowing. The sows in the first group (n = 13)
served as the negative controls and were not given any
medication. The animals of the second group (n = 13)
were administered the drug aminoseleferon-C intra-
muscularly 72 and 24 hours before farrowing, and on
the first day after farrowing, at a dose of 10.0 ml/ani-
mal, the animals of the third one (n = 11) were fed the
probiotic drug triolin, containing the microbial mass
of spore-forming bacteria, 10 days before the expect-
ed farrowing with feed at a dose of 1.5 g per animal
for 10 days in a row, the animals of the fourth group
(n=12) — aminoseleferon-C and triolin at the same
doses and at the same time as the sows of the second
and third groups.

Blood and cervical-vaginal mucus samples were
collected from sows before administration of the drugs
and after farrowing for laboratory testing. The blood
was analyzed for total immunoglobulins, circulating
immune complexes (CIC), serum bactericidal activ-
ity (SBA), serum lysozyme activity (SLA) and leu-
kocyte phagocytic activity (LPA) in accordance with
the Methodological Recommendations for Assessing
and Correcting the Immune Status of Animals [13].

The qualitative and quantitative composition of the
microbiota in the cervical-uterine mucus was deter-
mined. The species affiliation of bacteria was estab-
lished using D. Bergey’s guide (1997), the Guide for
the Detection of Zoopathogenic Microorganisms ed-
ited by M. A. Sidorov (1995), and the Guide for the
Detection of Enterobacteria edited by V. 1. Pokrovskiy
(1984). The biological properties of the isolated mi-
crobial cultures were detected on laboratory animals.
Bifido- and lactobacilli were identified by their cultural
and morphological properties according to the instruc-
tions for the corresponding media (MPC medium —
a nutrient medium for the isolation and cultivation of
Lactobacillus spp. and Blaurock medium — for the
isolation and cultivation of bifidobacteria).

The results of the clinical and laboratory studies
were mathematically processed using Statistica 6.0
software. The differences were considered statistical-
ly significant at P < 0.05.

STUDY RESULTS

Acute postpartum endometritis was detected in
38.5 % of intact sows (Table 1). The number of piglets
born from the sows from the negative control group
was 10.54 + 0.34, and at weaning — 8.18 + 0.22.

The sows from the negative control group demon-
strated 76.9 % of estrous cycle, with a 70.0 % concep-
tion rate.

Table 1
Efficacy of a combined method for the prevention of postpartum endometritis in sows
. . Aminosele-
Indicators Negative Aminosele- Triolin feron-C +
control feron-C .
triolin
Number of animals 13 13 11 12
Incidence of postpartum endometritis, animals/% 5/38.5 3/23.1 3/27.3 1/8.3
Preventive efficacy, % 61.5 76.9 72.7 91.7
Number of piglets at birth, animals 10.54+0.34 | 10.72+£0.42 | 10.64+0.31 | 10.62 +0.34
Number of piglets at weaning, animals 8.18+0.22 [9.21+0.18" | 8.61£0.21 [9.92+0.19™
Livability at weaning, % 77.6 85.9 80.9 93.4
Exhibited estrous cycle, animals/% 10/76.9 11/84.6 9/81.8 11/91.7
Out of which, fertilized, animals/% 7/70.0 9/81.8 7/77.8 10/90.9

" P<0.01

P
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In the animals treated with the immunomodulato-
ry agent aminoseleferon-C, the incidence rate has been
23.1 %, which is by 1.67 times lower than in the ani-
mals from the negative control group. After adminis-
tration of aminoseleferon-C to pregnant sows, the sur-
vival rate of piglets at weaning increased by 8.3 %.
The sows in this group exhibited by 7.7 % more es-
trous cycles than those in the negative control and by
11.8 % more successful insemination.

Feeding sows with the probiotic drug triolin prior
to farrowing resulted in a 72.7 % preventative effica-
cy. The survival rate of piglets at weaning in the group
of the sows treated with triolin was 80.9 %. The sows
that remained clinically healthy were by 4.9 % more
likely to exhibit estrous cycles and by 7.8 % more like-
ly to become pregnant.

The highest prophylactic efficacy has been demon-
strated with the combined use of aminoseleferon-C and
triolin — 91.7, which is by 30.2 % higher than in the
animals from the negative control group and by 14.8—
19.0 % higher than in other experimental groups. The
combined use of immunomodulatory and probiot-
ic agents contributed to an increase in the percent-
age of sows exhibiting estrous cycles by 7.1—14.8 %

and the number of fertile inseminations — by 9.1—
20.9 %. Thus, the best clinical efficacy indicators for
the prevention of postpartum endometritis in sows were
achieved with the combined use of immunomodula-
tory (aminoseleferon-C) and probiotic (triolin) drugs.

The clinical trial results were confirmed by immu-
nological studies of sow blood before and after admin-
istration of immunomodulatory and probiotic agents
(Table 2).

In the negative control group, post-farrowing sows
showed minor changes in immunological status indica-
tors, including increased levels of total immunoglobu-
lins, serum lysozyme activity and leukocyte phagocyt-
ic activity. These changes were inconclusive.

The administration of aminoseleferon-C to preg-
nant sows is accompanied by an increase in the lev-
el of total immunoglobulins by 10.1 % (P <0.05),
compared to the initial data, serum lysozyme activi-
ty — by 14.0 % (P < 0.05), leukocyte phagocytic ac-
tivity — by 7.8 % (P < 0.05), phagocytic index — by
16.8 % (P < 0.01), phagocytic number — by 22.2 %
(P <0.01), indicating a decrease in the indicators of
the cellular and humoral link of the general non-spe-
cific resistance of the animal body.

Table 2
Blood immunological indicators of sows after administration of immunomodulatory
and probiotic agents for the prevention of postpartum endometritis
After farrowing
. Before adminis- .
Indicators . B . . aminoselefer-
tration, n = 20 negatlvi control, amlnoselifer— triolin, 7 = 5 on-C + triolin,
n=>5 on-C,n=15
n=>5
Total immuno- | 355, | 369+ 1.5 393413 381415 437+ 1.6
globulins, mg/ml
SBA, % 80.6+2.6 783+1.9 82.1+1.5 809+1.6 86.6 £ 2.1
SLA, pg/ml 1.64 £ 0.09 1.71 £0.05 1.87 £0.06" 1.73 £0.07 2.16£0.117444
CIC, mg/ml 0.719 = 0.04 0.689 £ 0.03 0.615+0.03" 0.634 +0.04 0.513 £0.037448
LPA, % 78.8+1.2 79.6 £0.9 82.4 4+ 1.1 81.9+1.3 86.7 + 1.47am
PhI 7.21 £0.37 7.65+0.29 8.42+0.31" 8.33+0.27" 9.64 £ (0.387748
PhN 5.68 +0.21 6.09+0.19 6.94+£0.31" 6.824+0.22" | 8.36+0.37""8A
*P<0.05
* P<0.01
" P <0.01 — compared to the baseline data (before drug administration)
A P<0.05
a8 p<0.01
AP < (.01 — compared to the animals from the negative control group
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Feeding pregnant sows with the spore-containing
probiotic drug triolin ensured an increase in the indi-
cators of the cellular link of general non-specific re-
sistance such as the phagocytic index — by 15.5 %
(P <0.05) and the phagocytic number — by 20.1 %
(P <0.01). The combined use of aminoseleferon-C
and triolin in sows increased the total immunoglobu-
lin level in the blood by 22.4 % (P < 0.001), compared
to the baseline values, serum lysozyme activity — by
31.7 % (P < 0.01), leukocyte phagocytic activity — by
10.0 %, phagocytic index — by 33.7 % (P < 0.001),
phagocytic number — by 47.2 % (P < 0.001), while
decreasing the level of circulating immune complex-
es by 28.7 % (P < 0.001).

Changes in immunological status indicators against
the background of the combined use of immunocor-
rective and probiotic drugs also showed reliable differ-
ences, compared to the animals from the negative con-

trol group. Thus, the content of total immunoglobulins
after the use of aminoseleferon-C and triolin is high-
er by 18.4 % (P < 0.01), compared to the intact sows,
serum bactericidal activity is higher by 7.4 %, serum
lysozyme activity — by 26.3 % (P < 0.001), leukocyte
phagocytic activity — by 8.9 %, phagocytic number —
by 26.0 % (P < 0.001), phagocytic index — by 37.3 %
(P <0.001), with a decrease in the level of circulating
immune complexes by 25.5 % (P < 0.001).

Significant changes in the general nonspecific re-
sistance of sows contributed to a decrease in the inci-
dence of acute postpartum endometritis in animals af-
ter farrowing.

The reduction in the incidence of acute postpar-
tum endometritis in sows following the use of immu-
nomodulatory and probiotic agents was also confirmed
by the results of bacteriological studies of the animals’
cervical-vaginal contents (Table 3).

Table 3

Microbial landscape of the genital tract of sows treated with immunomodulatory
and probiotic agents for the prevention of postpartum endometritis

Before drug administration,

After farrowing

Indicators - . O+ trioli

n=10 negative control, n = 5 amlnoselefernSC triolin,
Lactobacilli 542+041-10° 392 +0.11-10%** 754 + 0.45-1038A
Bifidobacteria 3.11+0.13-10* 2.71+0.11-10% 3.73 £ 0.16-105"244
Enterobacteria 2.19+0.08:10° 2.94+0.13-10>" 3.19 £0.15-107444

E. coli

442 +0.57-10°

3.73+0.26:10° 2.51+0.27-10™

Cit. diversus

2.37+0.19:-10°

2.25+0.21-10° 1.72 £ 0.11-10*"

Str. agalactiae

3.89+0.21-10°

4.17+0.39-10° 2.88 +£0.22:10%"4

Bacillus spp.

1.12£0.0510%

2.63+0.18-10°" 3.19+£0.27-10"

Ent. faecalis

4.54+0.26:10°

4.73+£0.19-10° 2.19 +0.17- 1037484

Ent. faecium

2.94+0.21-10°

2.81+0.14-10° 1.59 +£0.13-103"""484

Staph.aureus

1.61 £0.11-10?

1.45 +0.09-10? 0

Staph.epidermidis

5.02+0.31-10?

5.66+0.21-10? 3.89+£0.52-10*

CFU/ml

Total bacterial count,

3.80 £0.44-10°

3.73 £0.29-10° 226+ 0.18-10%"4

*P<0.05
“* P<0.01
AP<0.05
M P <0.01

P <0.01 — compared to the baseline data (before drug administration)

AP <(0.01 — compared to the animals from the negative control group
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It has been established that the use of aminoselefer-
on-C and triolin is accompanied by an increase in the
content of lactobacilli by 1.39 times (P < 0.01), com-
pared to the initial data, and by 1.93 times (P < 0.001),
compared to the intact sows, bifidobacteria— by 11.9
times (P < 0.001) and 13.8 times (P < 0.001), respec-
tively, with a decrease in the concentration of entero-
bacteria by 6.86 and 9.21 times (P < 0.001). The com-
bined use of immunocorrective and probiotic agents
ensured a decrease in E. coli by 1.76 times (P < 0.01),
Str. agalactiae decreased by 1.35 times (P <0.01),
and Staph. aureus decreased by 1.61 times, which are
among the dominant microorganisms involved in the
development of acute postpartum endometritis in sows.
The total microbial contamination of the cervical-vag-
inal contents of sows treated with the combined use of
aminoseleferon-C and triolin decreased by 1.68 times
(P <0.01), compared to the baseline data, and by 1.65
times (P < 0.01), compared to the sows from the neg-
ative control group.

CONCLUSION

Thus, a combined method for preventing acute
postpartum endometritis in sows, involving the use of
immunomodulatory (aminoseferon-C) and probiotic
(triolin) drugs, provides a preventive effect in 91.7 %
of cases. Combined use of aminoseferon-C and trio-
lin is accompanied by increased humoral and cellular
resistance, along with normalization of the microbio-
cenosis and a reduction in microbial contamination of
the cervical-vaginal contents of sows.
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AHHOTanus. B craTbe npuBeeHb! JaHHbBIE HCCIIEJOBAHNS MOP()O-UMMYHOJIOTHIECKOTO CTaTyC KOPOB U 3KCIIpeC-
CHUH T€HOB IIPO- ¥ TPOTHBOBOCTIAIINTEIBHBIX IIATOKWHOB, OOJIHBIX CYOKIMHUYECKIM MAaCTUTOM B pa3HbIC IEPUO-
JIbI JIAKTalluK. YCTAHOBIICHO, YTO 3200JIeBaHIE KOPOB CYOKIIMHUYECKUM MAaCTHTOM B HCCIIE/TyEeMbIC TIEPHO/IBI JIaK-
TaIMX COIPOBOKAAIMCH MOBBIIIEHHOH dKcnpeccreil TeHoB nHTepdepona-A. [Ipn n3ydeHnn sKCnpeccuy reHoB
MIPOTUBOBOCHATUTENBHBIX HUTOKUHOB MJI-4 u NJI-10 ycTaHOBNEHO, UTO SKCHPECCHSI B PAHHUIM MOCIEPOAOBBIN
TIEpUOJT U TIEpHOJIe 3aITycka Obula HIKE B CPABHEHHHU C YPOBHEM IKCIIPECCHH KOPOB CEpeIUHbI JakTauu. [1pn
M3y4eHUH UMMYHHOTO TOMEOCTa3a YCTaHOBIIEHO, YTO Y KOPOB HaXOASIIUXCS B TIOCIEPOAOBOM NEPUOAE U 3aITy-
cke — Oonee BBHICOKUH ypoBeHb MoHOLIMTOB — Ha 30,7 % (P < 0,01), HupKyIMPYIONMX HUMMYHHBIX KOMILICK-
coB — Ha 34,4 % (P < 0,01), npu CHMKEHNH aKTHBHOCTH KJIETOYHOTO 3BEHAa MIMMYHHOH CHCTEMBI, (harorurap-
HOW aKTUBHOCTH JICHKOIIUTOB — Ha 9,9 %, (arouurapHoro maaekca — Ha 12,5 % (P < 0,05).

KaioueBble c10Ba: KOpOBbI, CyOKIIMHUYECKUH MACTHT, IEPHO/IBI JTAKTAIINN, MOP(HO-MMMYHOJIOTHYECKHUH CTaTyc,

poO- U TPOTUBOBOCHAINUTEIIbHBIC HUTOKWHBL

BBEJAEHUE

B MOCJICAHUE IOAbl YUYCHBIC, 3aHNUMAIOIINECS IIPO-
OnemMoi MacTrTa, BAKHOE 3HAYCHUE NPUIAIOT H3y4e-
HUIO TMHAMUKH UIMMYHOJIOTHYECKUX MTOKa3aTene op-
raHu3Ma KOpoB B OTBET HA BO3HUKHOBEHHUE BOCIIATICHUS
B MOJIOUHOM JKeje3e. K.HI/IHI/IKO-C-)KCHepI/IMeHTaJ'II)HI)IMI/I
HcclieIoBaHusIMU, TpoBeeHHbIMU KenaBckum H. H.
YCTaHOBJIEHO, YTO «IIPU CYOKIMHUIECKOM W THOWHO-
KaTapabHOM MACTUTE KOPOB POUCXOMAT CYILIECTBEH-
HbIC U3MEHEHMSI B CUCTEMHOM UMMYyHHUTeTE. B maTo-
(hM3HONIOTUYECKOM MOJIEIH CYOKIMHUYECKOTO ¥ THOM-
HO-KaTapaJIbHOTO MaCTUTAa OTMCYCHbI HAPYIICHUA
(dyHKIIMOHANBEHOTO cocTosiHUs T-3BeHa crieruduye-
CKOTO UMMYHHTETA, YTHETeHHEe OaKTepUITUIHOMN aK-
TUBHOCTH CBIBOPOTKH KPOBH H (haroruros3a, 4yTo mpo-
MCXOIWIIO Ha (DOHE U3MEHEHUSI [IMTOXUMHYECKOU peaK-
TUBHOCTH (DaroluTapHbIX KJIECTOK, YBEITUUCHHS YPOBHS
LUPKYJIAPYIOIIUX UMMYHHBIX KOMIUIEKCOB M MOJIEKYII
cpemHel MOJNIeKYISIpHO# Maccoit» [2, ¢. 25]. ITo nan-
HbiM Kouapsina B. 1. u 1ip., «y BBICOKOMOJIOYHBIX KO-

POB PErHCTPUPYETCS MOBBIIICHHBIH YPOBEHh OOMEHA
A30THCTHIX coequHeHni. [1ogo0HbIe M3MEHEHNS CKa-
3BIBAIOTCS HA CITIOCOOHOCTH OpPTraHu3Ma K COMPOTHB-
JICHWFO BHEIIHUM U BHYTPEHHUM HETaTUBHBIM (pakTo-
pam. [loHnxkaercs ypoBeHb UMMYHOTJIOOYTHHOB KPO-
BH, UX KOHIIeHTparus Obita Ha 10,0—14,9 % meHblIie,
YeM y KIMHUYECKH 3I0POBBIX *KUBOTHBIX» [ 1, ¢. 260].

W3ydeHne ypoBHS WMMYHOTJIOOYJIWHOB y JIaK-
TUPYIOIIMX KOPOB B HOPME U IIPH MACTHTE TIPOBEIN
10. H. ®énopos ¢ coaBTOpaMu, CONIaCHO pe3yabTaraM
WX UCCIICIOBAHMIA, «B IIEPBBIC CYTKH MOCJIE OTENA B CE-
KpeTe MOJIOUHOW JKeJie3bl OTMEUYEH CaMblil BBICOKHI
YpPOBEHb HMMMYHOTIIOOYTHHOB G, M 1 A (B cpemHeM
33,7; 27,2 u 16,5 Mr/mir) 1 pa3nndne Mex1y 310pOBBI-
MU ¥ OOJTbHBIMU MaCTUTOM KUBOTHBIMHU HE3HAYHUTEIb-
HO. Pa3BuTHE BOCHAIMTENBHOTO MPOIECCa COMPOBO-
JKTACTCS YBEIIMUCHUEM COJICPIKAHUSI B CEKPETE MOJIOY-
HBIX keJ1€3 uMMyHOrI00yauHOB G Ha 3,0...3,5 mMr/mur,
IgA -ma1,0—1,5uIgM -ma2...3 MI/MJI OTHOCHUTEIIEHO
3IIOPOBBIX KUBOTHBIX. O0IIEee KOMHMYECTBO UMMYHO-
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[J100YJTMHOB HaXOMUTCs B ripezeiax 15,0...32,0 mr/mir.
O 310pOBOM COCTOSTHUY BEIMEHH JIAKTUPYIOIIIX KOPOB
1 OTCYTCTBHH CYOKIIMHUYECKOTO M KIIMHUYECKOTO Ma-
ctura Ha 7. . .10-11 quu rocie oTéna U 10 MOMEHTA 3a-
ITyCKa CBUACTEIBCTBYET COJICPIKaHNE UMMYHOTIIO0Y-
JIMHOB B MoJioke He Oonee: [gG —3,5...5,0 mr/mi, [gM
u IgA-1,0 mr/mn. JIlunaMuka nokasaresiei eCTeCTBeH-
HOM PE3UCTEHTHOCTH U UMMYHOJIOTUYECKON aKTUBHO-
CTH B KPOBH JIAKTHPYIOIIUX KOPOB, OOJIHHBIX MacTH-
TOM, KOPPETUPYET C TAKOBBIMU B MOJIOKE, OJTHAKO OHU
MEHee HaIVISIHBI U 0OBEKTUBHEI [8, . 123—124].

W3zydenunem ponu Hecrienudpuaeckoit HMMyHOOHO-
JIOTUYECKOM PEaKTUBHOCTH OPTaHU3Ma B 3THOIATOTE-
He3e MacThuTa y kopos 3anumaics M. A. Poxgun [6]. [To
€ro JaHHBIM y OOJIbHBIX KUBOTHBIX B KPOBU HAOIIO-
JIaeTCs JIGHKOIIUTO3, CHIKAETCS yPOBEHB (haromurTap-
HOW aKTUBHOCTH JICUKOIIUTOB, ()aroluTapHOTO UHICK-
ca, 0aKTepUIIUIHON U TU30IMMHON aKTUBHOCTH ChI-
BOPOTKH KpoBH, T- u B-mumdonnTos. Jlnzounmuas
aKTHBHOCTB CEKpeTa MMPH BOCTIAJICHUY BEIMEHH HE TIPO-
SIBIISLIACH WIIM OOHAPY)KUBAIACh B BHJIE 30HBI yTHETE-
HUS POCTA.

PazBuTHIO BOCHANIUTETHLHOTO MPOIECCa B MOJIOY-
HOW %eJIe3¢ CII0COOCTBYIOT BHICOKAs (PYHKIIMOHAIbHAS
AKTUBHOCTH MOJIOUHOM JKEJIE3bI B TICPHOJ JAKTAIHH,
mpepacrionararoniue (hakTopbl, TECHas B3aHMOCBSI3b
C PeNPOyKTUBHBIMH OpTaHaMH U HEUPOTyMOPaITbHON
cuctemoi [5, ¢. 134]. B cBsI3M ¢ 3TUM 1IE/IbI0 HAIITUX
HCCIICIOBAHMI SIBUIOCH M3y4YeHHE MOP(HO-UMMYHO-
JIOTUYECKOTO CTaTyca OOJIBHBIX CYOKIIMHUYECKUM Ma-
CTHTOM KOPOB B 3aBUCHMOCTH OT IT€PHO/IA JTAKTAIINH.

MATEPHUAJIBI U METO/bI
UCCJIEJOBAHUM

B ombiT o n3ydueHno MOppo-uMMYyHOIOTHYE-
CKOTO cTaryca OONBHBIX CYOKIMHUYECKUM MacCTH-
TOM KOPOB B pa3in4Hble (PU3NOIOIHIECKUE TIEPHOIBI
UX 3KCIUTyaTaluu ObUIO MOA0OpaHO 36 >KUBOTHBIX.
[lepBast rpynmna (n = 12) — KOpOBbI HaxoZsIIKECs
B MOCJIEPOJOBOM MEPUOJIE JaKTalluK, BTOpas IpyIia
(n=12) — xopoBsI cepeaunsl gakrauun (100—120
IHe), TpeThs rpynma (n = 12) — KOpOoBHI Mepuoa
3ammycka. Jlmarnos Ha CyOKJIIMHUYECKHH MAacTHT CTa-
BUJICS C IOMOUIBbIO MOJIOYHO-KOHTPOJILHOM IUIACTHH-
ku (IIMK-2) u sxcnipecc-Tecta Ha mactuT Dairy Chek
npousBonctea OO0 «HEPOXUMM»y. OT Bcex BXoms-
IIMX B OTBIT KOPOB OBLIM OTOOpaHbI MPOOBI KPOBH
Ul IPOBENCHU MOP(PO-UMMYHOJIOTHYECKUX M MO-
JIEKYJIIPHO-T€HETUUECKUX HccaenoBaHuid. M3yuenue
OTHOCHUTEIBHOHN AKCIIPECCUU T€HOB TPO- U MPOTHUBO-
BOCHAJIUTENIBHBIX IUTOKUHOB IPOBOAMIIH IO CIETYIO-
et meroauke: cymmapnyto PHK u3 kpoBu Beaemnsm

Habopom PHK-Dkcrpan (Cunron, Poccnst) cormacHo
MpOTOKOIY BhIAeneHus. Boigenennas uz kposu PHK
MOJIBEprayiach 00paTHON TPAHCKPUIIITUY IS TIOJTy4e-
uus nepsoit nenu JAHK. Jlanubiil Tan mpoBoguics
Ha npubdope «Tepmux» (JJHK-Texmomorus, Poccus)
C HCTIONBb30BaHueM Habopa peaktuBoB MMLV RT Kit
(EBporen, Poccust), 3aTeM ¢ HCITOTB30BaHUEM CIICTIH-
(UYHBIX TIPaliMEpOB JUIS UCCIIEAYEMBIX TEHOB T'OTO-
Buiack [11[P-cmech. Ux monGop mpou3BoanIICs ¢ mo-
MOIIIO TIporpaMMbl Primer-Blast Ha 6a3e Hyki1eoTH -
HBIX TIOcTenoBarenbHocTeit Genbank.

JlaGopaTopHble HccaeIOBaHUS IO OMPEIEIICHUI0
roKaszaresei Hecrenn(uIecKoro UMMYHHUTETa B KPO-
BU, OTOOPaHHOM OT HCTIBITYEMBbIX )KHBOTHBIX, IIPOBOIH-
JIM TI0 CTaH/IapTU3UPOBAHHBIM METOANKAM, B COOTBET-
CTBUHU C yTBEPKJICHHBIMH «MeTOANYeCKUMH PEKOMEH-
JAIFSIME TI0 OIIEHKE W KOPPEKINH Hecrienn(praeckon
PE3UCTEHTHOCTH >KMBOTHBIX» [4].

PE3YJBTATHI UCCJIEJIOBAHUM

3a0oJieBaHUE KOPOB CYOKJIMHMYECKUM MacCTHU-
TOM B PAHHUH IOCJIEPOJOBBIA MIEPUO COIIPOBOXKIA-
JIOCh TIOBBIIIIEHHOW JKCIIpeccruell TeHOB HHTephepo-
Ha-A (puc. 1) B 2,4 paza (P <0,001) u WJI-1p —B 1,8
pasza (P <0,001) B cpaBHEHHUH C KOpPOBaMHU CEepeau-
HBI TaKTauuu. B nepuop 3amycka y O0IbHBIX CYyOKITH-
HUYECKUM MACTUTOM KOPOB yCTAaHOBJICHA aHAJIOTHY-
Hasl KapTHHA, TaK dKCIIPECCUS TCHOB HHTEP(PEpOHa- A
Onuta BEIIIE B 2,5 pasa (P <0,001), a MJI-1p —B 2,2
paza (P <0,001) B cpaBHEeHUU ¢ OOIBHBIMH KOPOBa-
MU cepequHbl JakTauuu. [Ipn n3ydeHnu skcnpeccuu
TCHOB MPOTHUBOBOCHAIMTEIBHBIX IIUTOKUHOB Y OOJIb-
HBIX CyOKIIMHUYECKUM MacTHTOM KOPOB B pasHbIe (u-
3MOJIOTUYECKHUE TEPUOJIBI JIAKTAI[MH YCTAaHOBIICHO, YTO
skcripeccusi NJI- 4 u NJI- 10 B paHHU# 10Caepo0BbIN
nepuon Huxe B 1,5 1 B 2,6 paza (P < 0,001) B cpaBHe-
HHH C yPOBHEM 3KCIIPECCHU KOPOB CEPEANHBI JTAKTALUH
COOTBETCTBEHHO. B mepuno 3amycka skcnpeccus npo-
THUBOBOCTIAJIUTENBHBIX IMTOKUHOB TAK)Ke ObLTa HIKE
B2,7 paza (P <0,001) (MJI-4)uB 5,6 paza (P <0,001)
(AJI- 10) B cpaBHEHNH C KOPOBaMH CE€PEIUHBI JTaKTa-
1y (puc. 2). Takoe n3MEeHEeHNEe OTHOCHTEIBHOMN 3KC-
MPECCUH TEHOB MPO- M IPOTUBOBOCTIATUTENbHBIX LU~
TOKMHOB Yy KOPOB B PAHHHUM IOCJIEPOJOBBIN IEPUOJ
Y B TICPHOJI 3aITyCKa MOXKET CBUJICTEILCTBOBATH O KIle-
TOYHBIX PEAKIUIX MIMMYHHUTETA, B IPEUMYIIIECTBE OKa-
3BIBAFOIIUX [TATOCTATUIECKOE ¥ IMTOTOKCUIECKOE JIeH-
CTBHE, YTO MOJKHO PaCLICHUBATh KaK JOKIMHUYECKUH
9Tarn BOCHAIUTEIBHON peakiy B MOJIOYHOH Kemese
1 0 OoJiee HU3KOM IMMYHHOM OTBETE TPH OCJIa0ICHUH
3alIUTHBIX MEXaHU3MOB Y KOPOB B JIaHHbIE (PU3HOII0-
THYCCKHE TIEPUOBI JaKTaIuu [9].
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0,2
0,18
0,16
0,14
0,12

0,1
0,08
0,06
0,04
0,02

0,179

Pannuii nocneponoBeiit  100-120 gHel nakTanuu Ilepuon 3amycka
nepuos

mUHO-A =WJI-1B

Puc. 1. OrnocurenbHas skcripeccus reHoB MH®- A u WJI- 1B y GoNbHBIX CyOKIMHHUYECKHMM MacTHTOM KOPOB
B pa3HbIe MEPUO/IbI JIAKTAIIUT

0,16
0,14 0.128 0,135
0,12
0,1
0,08
0,06
0,04

0,02

0

Pannuii nocneponoseiii  100-120 guel nakranuu ITepuon 3anmycka
epros

mlJI-4 ®WHII-10

Puc. 2. OtHocutenbHast 3xcrpeccus renoB UJI- 4 u JI- 10 y 601bHBIX CYOKITMHUYECKUM MAaCTUTOM KOPOB B pa3-
HbIE MTEPUOJIbI JIAKTAIIUU

[Toy4yeHHbIe TaHHBIE IO OMPENCICHUIO OTHOCH- 32 OOJIBHBIX CYOKIMHIYECKAM MacTUTOM KOPOB B pa3-
TEJBHOM HKCTIPECCHH TEHOB MPO- U MPOTUBOBOCIIANM-  HBIE TIEPUOABI JakTanuu (Tabdm.). Tak, y KopoB Haxo-
TENBbHBIX IUTOKUHOB COTIACYIOTCS C Pe3ylbTaraMu, JSIIAXCA B 3allyCKe B CPAaBHEHUH C KHUBOTHBIMU Cepe-
MTOJTyYE€HHBIMU TPU U3YYCHUH IMMYHHOTO TOMEOCTa-  JTUHBI JIAKTAIlU YCTAHOBIIEH OoJiee BBICOKUI YPOBEHB
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AHTUICHHON HArpy3KH, YTO BBIPAXKACTCS B MIPEBBIIIIC-
HAU B KpoBH, MoHOIMTOB — Ha 30,7 % (P <0,01),
MUPKYITUPYIOMUX UMMYHHBIX KOMIUIEKCOB — Ha
34,4 % (P <0,01), mpu CHWKEHUU aKTHBHOCTH KJie-
TOYHOTO 3B€HA MMMYHHOW CHCTEMBI: (DarorurapHoi
AKTUBHOCTH JISHKOIIMTOB — Ha 9,9 %, aroumrapHOro
unaexkca — Ha 12,5 % (P < 0,05), a Takxe TyMopaib-
HBIX (PAKTOPOB HECTIETTU(PUICCKOMN 3aIINUTHI: AIbOYyMH-
HOB — Ha 24,5 % (P < 0,01), o-mmoOynmnHOBOH (pak-
nmu Oenka — Ha 26,8 % (P < 0,01), B-rmoOymnHOBOM
(bpaxun Oenka — Ha 22,8 % (P < 0,05), y-riio0ynu-
HOBOU (ppakiuu Oenka — Ha 20,6 % (P < 0,05), 00-
mmx Ig —na 41,9 % (P < 0,001).

CnenoBatenbHO, pa3BUTHE CyOKIMHUYIECKOTO Ma-
CTHUTA y KOPOB B IIEPHOJ 3aITyCKa B CPABHEHUH C KOPO-
BaMU CEPEIHHBI JaKTallMH CONPOBOXKIAETCSI CHUXKE-
HUEM Heclenu(pUIecKol pe3uCTEHTHOCTH OpTaHu3-
Ma 1 6oJiee BBICOKOW aHTUTEHHOH Harpy3Koi. JlaHHbIe
U3MEHEHMSI COCTOSIHUSL UMMYHHOU CUCTEMBI SIBJISIIOT-
Cs IOCJIEACTBUEM YCHIICHHSI OKHCIUTEIBHOIO CTPEC-
ca, KOTOPBIN SIBJISIETCSA PEe3yIbTaTOM MHTEHCU(UKA-
UM TPOLIECCOB NMEPOKCUIALNHI JUINUAOB Yy OOJIBHBIX
CYOKITMHUYECKMM MacTUTOM KOPOB B IIEPHOJ 3aITycKa,
YTO JI0Ka3aHO NPOBEACHHBIMUA HAMHU PAHEE UCCIENO-
BaHHSMH, PE3yJIBTaThl KOTOPHIX OMyOIMKOBaHBI B CTa-
The [7, c. 113—124].

Taoauna

Mopgo-ummynonocuueckuii cmamyc kopos, O0IbHbIX CYOKIUHULECKUM
macmumom, 8 paszuvie nepuoowvl nakmayuu (M £ m)

ITokazarenu, Pannwnit no_cnepoaom)lﬁ 100—120 erﬁ JIaKTaluu Tepuon samycka (n = 12)
€/l. U3MepeHus (n=12) (n=12)

1 2 3 4
Dpurponutsi, 10"/ 5,37 +£0,14 5,53+£0,08 5,91 +£0,20
I'emormoOuH, 1/ 111,8 +3,3 95,0+2,5 114,8 +2,8
JleiikounTsl, 10°/11 9,7+0,4 9,9+0,2 9,0£0,3
DosuHoduibl, % 6,6 +0,2 5,8+0,7 5,4+0,2
Hetirpodwust, %:

MaJIOYKOSICPHBIE 3,2+0,2 2,0+0,6 2,6+£0,2
CErMEeHTOsICPHEIC 46,4 +2,2 444+13 45,2+0,6
MounouuTtsl, % 3,004 2,6+0,3 34+0,4"
Jlumorutsr, % 40,8 £ 1,8 452+ 1,8 43,4+0,2
O6mwmit 6enox, /1 77,29 +2,37 84,31+ 0,83 80,68 £0,77
Anbbymussl, % 284 +02" 38.8+0,7 29.3+0,32"
0-DI00YITHHBL, %o 9,6+0,7" 153+0,2 11,2+0,2"
B-rmoGyauHbL, % 11,4 +0,3" 17,1 £0,4 13,2+0,5"
y-To0ynuHbI, % 15,6 £0,6" 21,8+0,5 17,3+0,5"
O6uwe Jg, r/1 26,43 +0,61° 35,27+0,24 20,48 +0,86™
LUK, r/n 0,444 +0,036™" 0,282 +0,016 0,379 £ 0,008
BACK, % 83,3+0,7 83,8+ 04 83,1 +2,8
JIACK, MKr/mi 1,515+ 0,025 1,812 £ 0,008 1,674 +£0,016
DAL % 73,8+ 3,5 82,8+5,1 74,6 £3,7
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OxoHuanue Ta0J1.

1 2 3 4
®U, m.x/akT.parormr 6,2+ 0,6" 72+0,3 6,3+0,3"
@Y, Mm.x/darorut 5,43 +0,2 5,46 £0,2 5,8+0,2
*P<0,05
*P<0,01

™ P<0,001 — crerneHb JOCTOBEPHOCTH B IPYIIIAX PaHHUIL MOCIEPOIOBBIN MEPUON U MEPHOA 3aIlycKa 10 OTHOLIe-

HUIO K IIEPUOAY CEPECANHBI JIaKTalluH

B nociiepoioBsiii iepuoj y KOpoB, OOJIbHBIX Cy0-
KIIMHUYECKUM MacTHTOM, OBUIM yCTaHOBIEHBI 00-
Jiee BBIpaXCHHBIE U3MEHEHUS MOp(O-IMMYHOJIOTH-
YECKOr0 CTaTyca B CPABHEHUHU C KUBOTHbIMU 100—
120 nueit naktanuu. Tak B KPOBH Y 3THX KUBOTHBIX
0TMEeYasioCch MOBBIIICHUE COIEPIKAHNSI MOHOIIUTOB Ha
15,3 %, HUpKyIUPYIONIUX UMMYHHBIX KOMILIEKCOB —
Ha 57,4 % (P <0,001), uTo Taxke CBUAETEIHCTBYET
00 HanboJee BHICOKOW aHTUTEHHOW Harpy3Ke Ha op-
TaHU3M HCCIIeTyeMbIX KHUBOTHBIX IPU CHIDKCHUH aK-
TUBHOCTH TYMOPAJIHOTO U KJIETOYHOTO Hecnenudu-
YeCKOro MIMMYHUTETA: O0Jiee HU3KOE CofiepKaHue 00-
mmx Ig — na 25,1 % (P < 0,05), ans0yMHHOB — Ha
26,8 % (P <0,01), a-rmoOynuHOBOM (pakiuu Oern-
ka—#Ha 37,2 % (P <0,01), B-rmoGynuHoBo# (hpakium
6enka—mna 33,3 % (P < 0,01), y-mmoOynuHOBOH (pak-
1 6enka — Ha 28,4 % (P < 0,05), darounTapHoii ak-
TUBHOCTH JielikonutoB — Ha 10,8 %, daronurapHo-
ro uanekca — Ha 13,8 % (P < 0,05), Tu301mMHOMi ak-
THBHOCTH CBIBOPOTKH KpoBH — Ha 16,3 % (P < 0,05).

3abosieBaHne U JajbHEiIIee pa3BuTHE CyOKIIN-
HUYECKOTO MAaCTHTa Y KOPOB B MOCIEPOAOBBIN MEpH-
OZl B CPAaBHEHUH C KOPOBAMH CEPEAMHBI JIAKTAIIUHU CO-
MIPOBOXK/IAETCSl HAanOOJIee BHICOKOH aHTUIEHHOW Ha-
IPY3KOii, Ha OHE CHUKEHHS aKTUBHOCTH KJIETOUHOTO
¥ TYMOPAIIbHOTO 3BEHBEB HECIEIH(PUIECKOTO UM-
MYyHHTETa. YCTaHOBJICHHbIC HAPYIICHUS UMMYHHOTO
craryca OOJBbHBIX CYOKIMHUYECKUM MacCTUTOM KOPOB
B TIOCJICPOOBBIN TEPHO]] CBA3aHbI C BOSHUKAIOIIUMH
OCIJIOKHEHHSIMH Y KOPOB TTOCIIE 0TeNa Ha (hoHe TpoTe-
KaIOIIX WHBOJIOIIMOHHBIX TIPOIIECCOB B ITOJIOBBIX OP-
raHax ¥ MOJIOYHOH jKeJese.

PesynbraThl HaIMX HCCIEIOBAHUN COTIACYIOTCS
C HCCIIEIOBAHUSIMH YYEHBIX HIMMYHOJIOTOB, KOTOpBIE
YCTaHOBWJIM, YTO Y KOPOB, HE 3aBHCUMO OT KIIMHUYE-
CKOro cocTostHus, HaunHas ¢ 210—220 gHs CTelIbHO-
CTH, HACTYTIAaeT KPUTHUECKHUIA TIEPUOJ, XapaKTePH3y-
FOIIUIICS TIOIaBJICHHEM KJIIETOYHOTO M TYMOPAJILHOTO
HMMYHHTETA, a TaKKe AUCOATaHCOM MEKIY POBOC-
MaJUTEIBHBIMU M MIPOTUBOBOCIAIUTEIBHBIMU IIHTO-

KHHAaMHU y JKMBOTHBIX C COIYTCTBYOIIEH MMaTOJIOIH-
eil, YTO CO3/1aeT PUCKH OCIOKHEHUST OEPEMEHHOCTH
Y Pa3BUTHUS MATOJIOTUU BIMEHH [3, c. 71].

Takum 00pa3oM, MPOBEIICHHBIMU UCCIICIOBAHUSIMU
MOATBEPKICHO, YTO TEUCHHE CYOKITMHUIESCKOTO MAaCTH-
Ta y KOPOB B IMOCJIEPOIOBOM IIEPUOJIC U MIEPHOJIC 3a-
MycKa COTPSIKEHO ¢ Ooiee TTyOOKNMHU H3MEHEHUSIMU
B OPraHu3Me KOPOB, XapaKTEPU3YIOIINECS CHIDKCHUEM
KJICTOYHOTO U TyMOPaJbHOTO 3BEHbECB HecIeupuie-
CKOT'O UMMYHHUTETA U IUCOAIAHCOM MEX/TY ITPOBOCTIA-
JIUTEIbHBIMU M ITPOTHBOBOCTIAIMTEILHBIMY IIATOKUHO-
MH, CBSI3aHHBIMH B IIEPBOM CJIy4ae C MHBOJIOIHOH-
HBIMU TPOIECCAMH B MOJIOBBIX OpPraHax ¥ MOJIOYHOM
JkKeJe3e, BO BTOPOM — pa3BUTHEM OEPEMEHHOCTH.
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Abstract. The article presents the data from a study of the morphoimmunological status of cows and the expres-
sion of pro- and anti-inflammatory cytokine genes in the cows with subclinical mastitis during various lactation
periods. It had been found that the cows with subclinical mastitis during the studied lactation periods were ac-
companied by increased expression of interferon-A genes. The study of the expression of the anti-inflammatory
cytokine genes IL-4 and IL-10 revealed that expression in the early postpartum and lactation periods was lower
than in the mid-lactation cows. A study of immune homeostasis revealed that the cows in the postpartum and cow
drying off periods had higher monocyte levels by 30.7 % (P < 0.01) and circulating immune complexes — by
34.4 % (P <0.01), with decreased cellular immune system activity, leukocyte phagocytic activity — by 9.9 %

and phagocytic index — by 12.5 % (P < 0.05).

Keywords: cows, subclinical mastitis, lactation periods, morphoimmunological status, pro- and anti-inflamma-

tory cytokines

INTRODUCTION

In recent years, scientists studying mastitis have
placed significant emphasis on studying the dynamics
of immunological indicators in cows in response to in-
flammation in the mammary gland. Clinical and exper-
imental studies conducted by N. N. Zhelavskiy estab-
lished that “bovine subclinical and purulent-catarrh-
al mastitis are accompanied by significant changes in
systemic immunity. In the pathophysiological model
of subclinical and purulent-catarrhal mastitis, distur-
bances in the functional state of the T-link of specit-
ic immunity, suppression of serum bactericidal activ-
ity and phagocytosis were observed, which occurred
against the background of changes in the cytochemi-
cal reactivity of phagocytic cells, and an increase in the
level of circulating immune complexes and molecules
of average (medium) molecular weight” [2, p. 25].

According to V. D. Kocharyan et al., “high-yield-
ing cows exhibit elevated nitrogen metabolism. Such
changes affect the body’s ability to resist external and
internal negative factors. Blood immunoglobulin lev-
els decreased, their concentration was by 10.0—14.9 %
lower than in clinically healthy animals’ [1, p. 260].

Yu. N. Fedorov et al. studied immunoglobulin lev-
els in lactating cows under normal conditions and with
mastitis. According to their research, “the highest lev-
els of immunoglobulins G, M and A (average 33.7,27.2
and 16.5 mg/ml) were observed in mammary gland se-
cretions during the first 24 hours after calving, and the
difference between healthy and mastitis-affected ani-
mals was insignificant.

The development of the inflammatory process is
accompanied by an increase in the content of immu-
noglobulins G in the secretion of the mammary glands
by 3.0...3.5 mg/ml, IgA — by 1.0—1.5 and IgM —
by 2...3 mg/ml, relative to healthy animals. The to-
tal amount of immunoglobulins is within the range of
15.0...32.0 mg/ml.

The healthy condition of the udder of lactating
cows and the absence of subclinical and clinical mas-
titis on days 7...10 after calving and until the mo-
ment of cow drying off is indicated by the content
of immunoglobulins in milk no more than: IgG —
3.5...5.0 mg/ml, IgM and IgA — 1.0 mg/ml.

The dynamics of indicators of natural resistance
and immunological activity in the blood of lactating
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cows with mastitis correlates with those in milk, but
they are less clear and objective” [8, p.123—124].

I. A. Rodin [6] studied the role of nonspecific im-
munobiological reactivity in the etiopathogenesis of
mastitis in cows. According to his data, leukocytosis
1s observed in the blood of sick animals, and the lev-
el of leukocyte phagocytic activity, phagocytic index,
serum bactericidal and lysozyme activity, and T- and
B-lymphocytes are reduced. Lysozyme activity of the
secretion during udder inflammation was not evident
or was detected as a zone of growth inhibition.

The inflammatory process development in the
mammary gland is facilitated by the high functional
activity of the mammary gland during lactation, pre-
disposing factors and the close relationship with the
reproductive organs and the neurohumoral system [5,
p. 134]. In this regard, the research objective was to
study the morphoimmunological status of cows with
subclinical mastitis depending on the lactation period.

MATERIAL AND METHODS

The experiment included 36 animals to study the
morphoimmunological status of the cows with subclin-
ical mastitis at various physiological stages of their life.
The first group (n = 12) included the cows in the post-
partum period of lactation, the second group (n = 12)
included the cows in mid-lactation (100—120 days),
and the third group (7 = 12) included the cows in the
cow drying off period. Subclinical mastitis was diag-
nosed using a milk control plate (PMK-2) and the Dairy
Chek rapid mastitis test manufactured by NEROHIM
LLC. Blood samples were collected from all cows in-
cluded in the experiment for morphoimmunological
and molecular genetic testing. A study of the relative
expression of pro- and anti-inflammatory cytokine
genes was conducted using the following method: total
RNA was isolated from blood using the RNA-Extran
kit (Syntol, Russia) according to the isolation proto-
col. The isolated RNA was subjected to reverse tran-
scription to obtain the first strand of DNA. This step
was performed on a Tertsik device (DNA-Technology,
Russia) using the MMLV RT Kit (Evrogen, Russia). A
PCR mixture was then prepared using specific primers
for the genes under study. Primer-Blast software was
used to select these primers based on Genbank nucle-
otide sequences.

Laboratory studies to determine nonspecific im-
munity indicators in blood samples collected from test
animals were conducted using standardized methods
and in accordance with the approved Methodological
Guidelines for the Assessment and Correction of
Nonspecific Resistance in Animals [4].
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STUDY RESULTS

The cows with subclinical mastitis in the ear-
ly postpartum period were associated with increased
interferon-A gene expression (Fig. 1) by 2.4 times
(P<0.001) and IL-1p — by 1.8 times (P <0.001),
compared to the mid-lactation cows. During the cow
drying off period, a similar pattern was observed in
the cows with subclinical mastitis: interferon-A gene
expression was by 2.5 times (P < 0.001) and IL-1 —
by 2.2 times (P < 0.001) higher than in the mid-lac-
tation cows.

When studying the expression of anti-inflammato-
ry cytokine genes in the cows with subclinical masti-
tis during various physiological periods of lactation, it
had been found that the expression of IL-4 and IL-10 in
the early postpartum period was by 1.5 and 2.6 times
lower (P < 0.001), compared to the expression level in
the mid-lactation cows, respectively. During the cow
drying off period, the expression of anti-inflammato-
ry cytokines was also lower by 2.7 times (P < 0.001)
(IL-4) and 5.6 times (P < 0.001) (IL-10), compared to
the mid-lactation cows (Fig. 2).

Such a change in the relative expression of genes
of pro- and anti-inflammatory cytokines in the cows in
the early postpartum period and during the cow dry-
ing off period may indicate cellular immune respons-
es that predominantly have a cytostatic and cytotoxic
effect, which can be regarded as a preclinical stage of
the inflammatory reaction in the mammary gland and
alower immune response with a weakening of the pro-
tective mechanisms in cows during these physiologi-
cal periods of lactation [9].

The obtained data on the determination of the rel-
ative expression of genes of pro- and anti-inflamma-
tory cytokines are consistent with the results obtained
in the study of immune homeostasis in the cows with
subclinical mastitis during various lactation periods
(Table).

Thus, the cows at the cow drying off stage, com-
pared to the mid-lactation animals, have a higher lev-
el of antigen load, which is expressed in an excess of
monocytes in the blood by 30.7 % (P < 0.01), circu-
lating immune complexes — by 34.4 % (P <0.01),
with a decrease in the activity of the cellular link of
the immune system: leukocyte phagocytic activity —
by 9.9 %, phagocytic index — by 12.5 % (P < 0.05);
as well as humoral factors of non-specific protection:
albumins — by 24.5 % (P <0.01), a-globulin frac-
tion of protein — by 26.8 % (P < 0.01), pB-globulin
fraction of protein — by 22.8 % (P < 0.05), y-globu-
lin fraction of protein — by 20.6 %. (P < 0.05), total
Ig—by 41.9 % (P <0.001).
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Fig. 1. Relative expression of INF-A and IL-1f genes in the cows with subclinical mastitis during various lactation
periods
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Fig. 2. Relative expression of IL-4 and IL-10 genes in the cows with subclinical mastitis during various lactation
periods

Consequently, the subclinical mastitis development
in the cows during the cow drying off period, com-
pared to the mid-lactation cows, is accompanied by a
decrease in nonspecific resistance and a higher antigen
load. These changes in the immune system are a conse-
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quence of increased oxidative stress, which is the result
of intensified lipid peroxidation processes in the cows
with subclinical mastitis during the cow drying off peri-
od, as demonstrated by our previous studies, the results
of which are published in the article [7, p. 113—124].
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Morphoimmunological status of the cows with subclinical mastitis at various stages of lactation (M + m) e
Indicators, units of Early postpartum period | 100—120 days of lactation Cow drying off period
measurement (n=12) (n=12) (n=12)

Erythrocytes, 10'%/L 5.37+0.14 5.53+0.08 5.91+0.20
Hemoglobin, g/L 111.8+3.3 95.0+2.5 114.8+2.8
Leukocytes, 10°/L 9.7+04 9.9+0.2 9.0+£0.3
Eosinophils, % 6.6+0.2 5.8+0.7 54402
Neutrophils, %:
band 32+£0.2 2.0+0.6 26+0.2
segmented 46.4+22 444 +1.3 452 +0.6
Monocytes, % 3.0+04 26+0.3 3.4+04"
Lymphocytes, % 40.8+1.8 452+1.8 43.4+0.2
Total protein, g/L 77.29 £2.37 84.31+0.83 80.68 +0.77
Albumin, % 28.4+£0.2" 38.8+0.7 29.3+0.32"
a-globulins, % 9.6£0.7" 153+0.2 11.2+0.2"
B-globulins, % 11.4+0.3" 17.1£0.4 13.2+0.5
y-globulins, % 15.6 £0.6" 21.8+0.5 17.3£0.5"
Total Ig, g/ 26.43+0.61° 35.27+0.24 20.48 £ 0.86™"
CIC, g/L 0.444 +0.036™ 0.282+0.016 0.379 = 0.008™
SBA, % 83.3+0.7 83.8+04 83.1+2.8
SLA, pg/ml 1.515 +0.025 1.812 +0.008 1.674+0.016
LPA, % 73.8+3.5" 82.8+5.1 74.6 £3.7
PhI, m. c./act. phagocyte 6.2+0.6 72+0.3 6.3+£0.3"
PhN, m. c./act. phagocyte 543+0.2 546+0.2 5.8+0.2

*P<0.05

*P<0.01

ek

relation to the mid-lactation period

In the postpartum period, the cows with subclini-
cal mastitis showed more pronounced changes in the
morphoimmunological status, compared to the animals
of 100—120 days of lactation. Thus, in the blood of
these animals there was an increase in the content of
monocytes by 15.3 %, circulating immune complex-
es — by 57.4 % (P < 0.001), which also indicated the
highest antigen load on the body of the studied animals
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P <0.001 — the degree of reliability in the groups of the early postpartum period and the cow drying off period in

with a decrease in the activity of humoral and cellular
non-specific immunity: a lower content of total g — by
25.1 % (P < 0.05), albumins — by 26.8 % (P < 0.01),
a-globulin fraction of protein — by 37.2 % (P < 0.01),
B-globulin fraction of protein— by 33.3 % (P < 0.01),
v-globulin fraction of protein — by 28.4 % (P < 0.05),
leukocyte phagocytic activity — by 10.8 %, phagocyt-
ic index — by 13.8 % (P < 0.05), serum lysozyme ac-

51



O. V. Fenich, O. B. Pavlenko, V. I. Zimnikov, E. V. Mikhaylov, L. Y. Sashnina, G. N. Bliznetsova

tivity — by 16.3 % (P < 0.05). The onset and subse-
quent development of subclinical mastitis in the cows
in the postpartum period, compared to the mid-lacta-
tion cows, is accompanied by a higher antigen load,
against a background of decreased activity of cellular
and humoral components of nonspecific immunity. The
identified immune status impairments in the cows with
subclinical mastitis in the postpartum period are asso-
ciated with the complications that arise in cows after
calving due to ongoing involutional processes in the
reproductive organs and mammary gland.

Our research findings are consistent with those of
immunologists, who have found that cows, regardless
of their clinical condition, enter a critical period be-
ginning around 210—220 days of gestation. This pe-
riod is characterized by suppression of cellular and
humoral immunity, as well as an imbalance between
pro-inflammatory and anti-inflammatory cytokines in
the animals with underlying pathologies. This creates
arisk of gestation complications and the development
of udder pathologies [3, p. 71].

Thus, our research confirms that the course of sub-
clinical mastitis in the cows during the postpartum and
early stages of gestation is associated with more pro-
found changes in the cow’s body, characterized by a
decrease in cellular and humoral nonspecific immu-
nity and an imbalance between pro-inflammatory and
anti-inflammatory cytokines. These changes are asso-
ciated, in the former case, with involutional processes
in the reproductive organs and mammary gland, and,
in the latter case, with the gestation development.
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BJINAHUE ITPEITAPATA PYTAIIMPUH
HA BBIZKUBAEMOCTH U KJIMHUYECKHUM CTATYC
CTEPJAAU ITPU OCTPOM TEINIJIOBOM CTPECCE

Cepreii Anexcanaposn4 [lapxomenko™, Enena BacuibeBua Ky3nmunosa,
Mapuna IlerpoBaa CeMeHeHKO

Kpacnooapckuii Hayunwvlil yenmp no 300mexHuu u gemepunapuu,
Kpacnooap, Poccus, parhomenko@aspect-ag.com®™

AHHOTanmsi. B crarbe mpuBeIeHbI Pe3ysIbTaThl 10 OIEHKE BIMSHUS Npernapara pyTalupHH Ha BBDKHBAEMOCTh
1 KIIMHUYECKHUH CTaTyC CTEPIISAN IIPU OCTPOM TETIIIOBOM cTpecce. DKCIepUMEHT MpoBoiiii Ha 240 ocoOsix ctep-
nsu (Acipenser ruthenus), KOTOPBIX OBUTH pa3[elicHBl Ha IBE TPYIITHI (OMBITHYIO W KOHTPOIBHYI0) 10 120 oco-
Oeil B kax1oi. PpI0a ONBITHON TPyMITEl B TEUCHNE IBYX MECSAIIEB 0 MOJCIMPOBAHUS OCTPOTO TEIIOBOTO CTpec-
ca oJryJasa KopM ¢ 1o0aBJIeHHEeM pyTaluprHa B 1o3e 1,2 r npenapara Ha | KT uxTroMacchl B cyTKH. KopM peIOb
KOHTPOJIBHOW T'PYTIBI OBLT aHATOTHYHBIM, HO O€3 BKIFOUEHHs Iipernapata. [locie yero u3 Kaxoi rpyImsl oTon-
paiu 1o 6 0coOel, y KOTOPBIX MOZICINPOBAIIM OCTPBINA TEIUIOBOH CTpece MMyTEM MOBBIIICHUS TEMITEPATyPhI BOJIBI
¢ 22 1o 30,5 °C co crkopocTtbio 5,3 °C B yac. B Teuenune nomyropa 4acoB IpOBOAMIN HEMIPEPHIBHOE HAOIIOCHHUE
3a ITOBEJICHYECKUMH PEaKkMAMH U (PUKCHPOBAIIM THOEIB PBIObI. Pe3ynbTarTsl MpoBeIEHHBIX HCCIICIOBAHUHN MTOKA-
3aJIM BBICOKYIO 3(p(heKTMBHOCTH IpenapaTa pyTauupuH IIPH OCTPOM TEIUIOBOM cTpecce crepisian. Ero mpeseH-
THUBHOE ITPUMEHEHHE TI03BOJIMIIO B YCIOBHAX KPUTHYECKUX TEMIIEPATYP OKPYKAIOIIECH Cpelbl CHU3UTD AECTPYK-
THUBHBIE TOBEICHUYECKHE CHMITOMBI 1 CMEPTHOCTH PBIOBI.

KuioueBble c10Ba: 0ceTpoBbIC PBIOBI, CTEPIISIb, OCTPHIN TEIIIIOBOM CTpece, penapaT pyTaluuprH, KIMHIIECKHE

MPU3HAKHU, BBDKUBAEMOCTDb

B nacrosiiee BpeMst akBakyJIbTypa MpeACTaBIseT
c000¥ TUHAMUYHO PA3BUBAIOLIUIICS CEKTOP arpormpo-
MBIIIUIEHHOTO KOMILIIEKCa, JIEMOHCTPUPYIOIINN 3Ha-
YUTENbHBIA TTOTSHINAI I YCTOWYHMBOTO Pa3BUTHUS
Y yIAOBJIETBOPEHUS PACTYIIETO CIIPOCa HACEICHHS Ha
prIOHYI0 Tponykmio. CTepisiib, Kak OJJHa U3 Macco-
BO Pa3BOJIUMBIX B aKBaKyJIbType BUIOB PbIObI, 00Ia-
JTaeT pSAJAOM XapaKTepPUCTHUK, JENAloNX e€ MpuBJe-
KaTeJbHOW IS BBIpAIIMBaHUA (paHHEE IOJIOBOE CO-
3peBaHue, KOPOTKUIA MEKHEPECTOBBIN IIUKJI, BRICOKAS
CKOpOCTh pocTa u ap.). Kpome Toro, koHTpomupyemoe
BBIpAIIMBAHUE CTEPIISIIN MO3BOJISET YHAOBJIECTBOPSTDH
pacTyuuii cripoc Ha JeTUKaTeCHbIE POIYKTHI, TAKUE
KaK MSICO M UKPa, KOTOPBIC SIBIISIIOTCS] BHICOKOMAaPIKH-
HaJBHHBIMH ¥ TIOJIB3YIOTCS 3HAYUTENFHBIM CITPOCOM Ha
MHPOBOM pPBIHKE. J[OTTOTHUTENEHBIM MTPEUMYIIIECTBEH-
HBIM aCIEKTOM SBJSIETCS TO, YTO CTEPIIsiib OTHOCHT-
Csl K BOXKHBIM OOBEKTaM JUIsl CEJIEKIIMOHHBIX HCCIie-
JIOBAaHHI, HAMPABJICHHBIX HAa CO37aHUE MEKBUIOBBIX
1 MEXXPOIOBBIX THOpHI0B. B wactHOCTH, THOpHT CTEP-
TSI | OCITyTH, M3BECTHBIN Kak cTepOeiT, IEMOHCTPH-

PYET TCHETUYCCKUEC MTPEUMYUICCTBA, KOTOPLIC ITPOSB-
JISIFOTCS B 3HAYUTEIIHHOM MMOBBIIIEHUH KU3HECIIOCO0-
HOCTH ¥ YCKOPEHHOM POCTE THOPUAHBIX 0CO0EH. DTO
MO3BOJIAET HE TOJILKO MHTEHCH(UITUPOBATD MTPOIIECCHI
BOCIPOMU3BOJICTBA, HO U MOJIy4aTh BHICOKOKAYECTBEH-
HYIO TOBapHYIO MPOJIYKIIUIO B COKPAIICHHBIC CPOKH,
YTO JieNIaeT JAHHBIN THOPUT IEPCIIEKTUBHBIM JIJIS TTPO-
MBIIIJICHHOTO aKBaKyJIBTYPHOTO TTpou3BoacTBa [ 1—35].

ImoGanbHOE MOTEMICHNE KITUMaTa MPEICTaBIsIeT
co00H BaKHEUIIYIO TPOOIIEMY, OKa3bIBAIOILYIO KOM-
TUIEKCHOE ¥ MHOTO(aKTOPHOE BO3/JICHCTBUE HA OTPACITh
aKBaKyJIbTypbL. [10CKONIBKY KITFOYEBBIM (DAKTOPOM TJIO-
0aJILHOTO ITOTEIUIEHHS SABJISIETCSI NU3MEHEHIE TeMIICpary-
PBI BOITHOM CPEIbl, 3TO CYIIECTBEHHO BIUSIET HA PU3HO-
JIOTUYECKOE COCTOSIHUE MONKHIIOTEPMHBIX OPTraHH3MOB,
K KOTOPBIM OTHOCSITCS PhIOBL. Jlaske He3HAYHMTENbHBIC
OTKJIOHEHHSI OT ONTUMAJIbHBIX TeMIIepaTypHBIX Mapa-
METPOB MOT'YT HHAYLMPOBATL KACKa/l MAaTOJIOTUYCCKUX
peakuuii, IPUBOAAIIUX K PA3BUTHIO TEIIOBOIO CTPEC-
ca y pbI0, KOTOPBI MPOSIBISETCS MOBBIICHHEM YPOB-
HSl KOPTU30J1a, CHOKCHHEM UMMYHHOTO OTBETA, Hapy-
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HIeHHEeM MeTabOIMUYEeCKHUX MPOIECCOB U JPYTUMH He-
raTUBHBIMU MOCIIEACTBUSIMHU JIJIsl Opranu3ma. TersioBoi
CTpecC TaKKe MOXKET 00yCIaBIMBaTh CUCTEMHOE TO-
BpEKICHUE KUIIIEYHUKA, YTHETCHNE aHTHOKCHITAHTHOW
CHCTEMBbI, CHU)KEHHE aKTHBHOCTH TMUILEBAPUTEIHHBIX
(hepMEHTOB U pEreHepPaTUBHON CIIOCOOHOCTH TKaHEH.
OTH MaTONOTHYECKUE TPOIECCH] CYIIECTBEHHO BIHA-
IOT Ha BEDKMBAEMOCTD U TIPOTYKTUBHOCTH TTOTYIISIIANA
pB10 [6—10]. B ycnoBusiX akBaKyIBTYpHI IS CO3IAHHS
ONTUMAJILHBIX YCIOBUH TPU BBIPAITUBAHUH CTEPIISIIN
HEOOXOIUMO TOJICPKUBATh TEMIIEpaTypy B JIHAIa30-
He ot 20 o 22 °C. CnenyeT y4uThIBaTh, YTO JUIS MO-
JIOZIBIX OCO0OEH KpUTHYECKas TeMIleparypa COCTaBIIsI-
et 30 °C. IlpeBbImeHune 3TOro Mopora MOXKET TPUBeE-
CTH K JIETaJIbHOMY HUCXOJLY, 9TO TpeOyeT ONepaTnuBHOTO
BMEIIIATEIbCTBA JUIS IPEIOTBPAIIICHUS] MACCOBOM T'HOe-
JIM TAHHOTO BHJIA PBIObI [ 11—13].

C y4eToM BBIILICH3TIOKEHHOT 0, pa3padoTKa (hapma-
KOJIOTHYECKHX MpenaparoB, MEXaHU3M JEUCTBHS KOTO-
PBIX TIO3BOJIHT TMOBBICUTH YCTOHYHUBOCTH PHIOBI K TTO-
BBIIIEHAIO TEMITEPATYPBI BOAHOU CPEJIbl, IPEICTABIISIET
CO00¥i aKTyaIbHOE HAITPaBJICHUE BETEPHHAPHOW HAYKH.

B pamkax Hay4HBIX UCCIIEJOBAaHHUH B TAaHHOH 00-
nactu otaenom dapmakonorun KpacHomapckoro Ha-
YYHO-HCCIIEIOBATEIbCKOTO BETEPHHAPHOTO WHCTHTY-
Ta OCYIIECTBIIEHA KOMIUIEKCHAs (papMaIreBTHIECKYIO
paspaboTka mperapara pyTarupuH.

Lenb paboThl — U3YyYUTH BIMSIHHE IIPErapara py-
TalUPUH Ha BBDKUBACMOCTh U KJIMHUYECKUHU CTaTyC
CTepJISIIN TIPU OCTPOM TETIIOBOM CTpECCeE.

MATEPHUAJIBI U METO/bI
UCCJIEJOBAHUM

OOBbeKTOM HCCeJOBaHNUS SIBIISUICS Ipernapar pyTa-
LIMPHH, COAEPKAIINH CIIeTyrolre KOMIOHEHTHI: Tay-
puH — 38 %; pyro3ug — 30 %; L-reanun — 20 %;
ATHIMETHIITHAPOKCUTTHPUANHA CyKITHHAT — 12 %.

Hayunble skcrieprMeHTaIbHBIE UCCIIEIOBAHUS
ObUIM MPOBE/ICHBI B J[Ba dTAla.

[lepBbIii aTal IpoBEACH B 6acCEHHOBOM KOMILICK-
ce AJBITEHCKOr0 0CETPOBOTO 3aBOJA, TJ€ METOAOM
MMapHBIX aHAJIOTOB ObUIO oToOpaHo 240 crepmsaaeit
(Acipenser ruthenus) ¢ maccoit Tena ot 1,4 no 1,8 kT,
KOTOPBIX pa3JeNiin Ha jaBe rpymmsl mo 120 ocobeit
B KX/IOW: ONIBITHYIO U KOHTPOJIBbHYI0. CTEpIIAb OMBIT-
HOM TpYMIIBI TIOJTy4aia KOpM ¢ JOOaBIeHUEM pyTalu-
puHa B KoimuecTBe 4 % oT o61eit Maccsl, 4To odec-
reguBago no3y 1,2 rpamMma mpemapara Ha 1 Kr mx-
THOMAcChl B CyTKH. KOHTpoIbHAs Tpymia muTanach
AHAJOTUYHBIM KOPMOM 0e€3 BKIIFOUEHUS Ipernapara.
Takoll pesxuM KOpMIICHUST cOOJTIONANICS Ha MPOTSDKe-
HUU JIByX MECSIIEB.

BTopoil 3Tan, NoCBAILIEHHBI HENOCPEACTBEHHO
MOJIEJIMPOBAHUIO OCTPOTO TEIIIOBOTO CTPECca y CTEP-
JISITU, peain30BaH Ha 0a3e akBaKyJIbTYPHOTO KOMILICK-
ca Ky0aHcKoro rocy1apcTBEHHOTO arpapHOro yHUBEP-
cutera. J{js ero peasmsanuu mocie AByXMECIIHOTO
[epHO/ia EPBOTO 3TAIA U3 KaXKI0H IPYIIIBI OTOUPAIIH
1o 6 oco0Oeil pbIObI, KOTOPBIE MOCIIE TPAHCHOPTUPOB-
KM TIOMELIATIMCh B YCTAHOBKY 3aMKHYTOT'O BOIOCHA0-
skenust. [Tocrne dero ¢ 1esabto CHUKEHHs CTPECCOBOTO
MOCJIEEHCTBUS OT TPAHCIOPTUPOBKH M aJanTaluu
K HOBBIM YCJIOBUSM pbIOa B T€UEHUE HEAETH aKKIIH-
MaTH3HUpOBaJIach B Bojie ¢ Temmeparypoit 20—22 °C,
ypoBHeM pH 7,3—7,5 u KOHUEHTpauueu KUciopo-
na 7—7,5 mr/n. Ilpu MonenupoBaHuU OCTPOTO Tell-
JIOBOTO CTpECCa UCTIOIB30BaN aKBAPHYMBI 00BEMOM
100 nuTpoB ¢ miomaako BoaHOM noBepxHoctH 0,23
M?, OCHAIIEHHBIE CHCTEMaMH KOHTPOJIS TEMITEPATYPHI
U a’paluu. B Kaxaplil akBapuyM OJJHOMOMEHTHO I10-
MEILAIOCh MO ABE 0COOU CTEPIIAIN — OJIHA U3 OIBIT-
HOH «O» 1 07jHa 13 KOHTPOIbHOH rpymmbl «K» (puc. 1).

Temmeparypa BoJibl B akBapHyMe IMOCTENEHHO I10-
BbIIIaHM ¢ onTuManbHbIX 22 °C 1o kputnueckux 30 °C
€O cKkopocThIo yBenuaeHus 5,3 °C B gac. PeiObI moz1-
BEprajuch JaHHBIM YCJIOBUSAM B TedeHne 1,5 4Jacos,
YTO MO3BOJISJIO OLIEHUTh WX BBIKMBAEMOCTh M IIOBE-
JIEHYECKHE peakIMi Ha BO3/AEICTBUE 3KCTpeMallb-
HBIX TEMIIEparyp.

CocrosiHue CTepIsaN PETUCTPUPOBAIU C UHTEP-
BajoM B 10 MMHYT ¢ MCIOIB30BAHHEM CIICHHUAIBHO
pa3paboTaHHOMN IIKaJIbl OLIEHKH, BKIIOUAIOIIEH mpu-
3HAKM TUIUYHOTO MOBEACHHS TOHHBIX BUAOB (CIO-
KOWHO TJIaBaeT Ha JIHE, JIOKUT Ha JHE), a TAKKe KITU-
HUYECKHE MPOSIBJICHNS TETNIOBOTO cTpecca (yJalleHne
JIBIXaHWS, BCIJIBITHE, METaHUE, HAPYIIIEHHE KOHTPOJIS
TIOJIOXKEHHUS Tella B IPOCTPAHCTBE, AaKTUBHOE BBIJIENIE-
HHUE CJIM3M, KIOHMYECKHUE U TOHHYECKUE CYIOPOTH).
[Ipekpaienre akTHBHOH paOOTHI ’Ka0EPHBIX KPBILIEK
CUHTAJIM [TOKa3aTeJIeM JIETAIbHOTO NCXOa.

JI71s1 anmbHEeNIIero anaan3a KayK bl KIIMHUYE CKUI
CUMIITOM KOANPOBaJICA OMHApHO — «1» 1pu ero HaJu-
unH 1 «0» IpU OTCYTCTBUH, ITOCIIE YETO OCYILECTBIISUIN
CpaBHEHHE yCPETHEHHBIX MHTErPAJIbHBIX T0OKa3aTenen
MEKIY ONBITHON ¥ KOHTPOJIBbHOU rpynnaMu. B Tabnu-
e 1 mpuBeAeHbI KIMHUYECKHE MTPU3HAKU TETIOBOIO
CTpecca y CTepIs AN M COOTBETCTBYIONINE UM KOJIBI.

PE3YJIBTATHI UCCJEJOBAHUN
B nHauane skcrnepuMeHTa UCXOJIHBIH YPOBEHB
PaCTBOPSHHOTO KUCJIOPOJia B aKBapuyMax HaXOJWJ-
cs B auanazone 60—63 % HaCHIIEHUs, YTO SKBHBa-
JIEHTHO KOHIEeHTparmu 5,1—5,4 Mr/in npu Temmepa-
type 22 °C. JIy1s1 0CeTPOBBIX BHIOB PHIO MHHHMAITb-
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Bnusnue npenapama pymayupuHr Ha 6blHCUAEMOCNb U KAUHUYeCKULl cmamyc cmepfzﬂ()u...

HO JIONYCTUMBIH YPOBEHb PACTBOPEHHOTO KHCIIOPO/Ia
cocrasisieT 6,0 MI/7, a 3HaYEHUS HACBIICHUS HIDKE
60 % cBUAETEIBCTBYIOT O HU3KOM KadeCTBE BOAHOM
Cpebl ¥ 3aMeJITICHHOW CKOPOCTH OKUCIUTEIBHBIX TIPO-
neccoB. Crepiisiyib, Kak BUJ, 00JIaJarOIIN TOBBIIICH-
HOW YyBCTBUTEJILHOCTBIO K JC(PUIIUTY KUCIOPOAA, Je-
MOHCTPUPYET ONTUMAJIbHBIA POCT NPU HACBIILIEHUHU
B npenenax 70—85 %, a KpUTHYECKUM TIOPOTOM Ha-
CBIIIIEHHST BOJBI KUCIIOPOIOM JIJISl OTOTO BHJIA CUHTA-
ercst ypoBeHb HIke 40 %. CiaenoBaTenbHO, B HALLIUX
HCCIIEeIOBaHMAX (POHOBBIM YPOBEHb KHUCIIOPOAA MPHU
MOJICJTUPOBAHUU TEIUIOBOTO CTpEcca yKe HaXOIUJI-
Csl Ha TPaHMIIE JTOMYCTHUMOTIO JAUana3oHa, 4YTo OKa3bl-
BaJIO JOTIOJHUTENHHOE JaBlIeHUE Ha aIalTal[HOHHBIC
MeXaHU3MBI cTepisian. HeoOXxoauMo yanuTeIBaTh, 4TO
C TOBBINIEHUEM TEMIIEPaTypbl BOABI PACTBOPHUMOCTh

KHCJIOPO/Ia YMEHBIIAETCA: TP TOBBIIIEHUH TeMITepa-
TypsI oT 22 10 30 °C paBHOBECHOE CO/IEpIKaHUE KUC-
nopoaa camxkaercs Ha 15—20 %. Dro co3maet gomnos-
HUTEIbHBIC OTPAHUYCHHS B IOCTYITHOCTH KUCIOPOJIa
MIPH TEIJIOBOM CTpecce, 0COOEHHO MPHU JOCTUKCHUN
temrepatypsl 30 °C. KoMOuHaIUs UCXOMHBIX THII-
OKCUYECKHUX YCJIOBHH C JAJIBHEUIINM IOBBILICHUEM
TEeMIIepaTypbl BOJBI yCHINBAET TPEOOBAHUSA K KHC-
JIOPOATPAHCIIOPTHOM CUCTEME PBIO U CIIOCOOCTBY-
€T pa3BUTHIO (DYHKIIMOHAIBHOM THIIOKCHH, YTO COOT-
BETCTBYET KOHIIETIIUU KACIOPOTHO-IMMUTHPOBAHHON
TEPMOTOJIEPAHTHOCTH BOJHBIX KTOTEpMOB. B Tabmnu-
1e 2 mpejicTaBiieHa CBoIHAs HH(GOPMAITUS ICTATbHBIX
MIPOTOKOJIOB HAOIIOACHNH 32 BEDKUBAEMOCTBIO M TI0-
BEJICHYECKUMHU PEaKIUIMHU CTEPIISIU B YCIOBUSIX IKC-
MIEPUMEHTAIBHOTO TEIUIOBOTO CTpecca.

Puc. 1. Crepmsinp, moMenieHHAs B aKBAPUYM JUUISI MOJCIMPOBAHNS OCTPOTO TEILIOBOTO CTpecca

Taoauna 1

OU@HHGaeMbl@ KIUHUYeCKue npusHaxKu menjioeoco cmpecca 'y cmepﬂﬂdu U UX K0O0Bble 0OO3HAUEHUS

Knuanueckue npusHaku

Konosble 0003HaueHUs

CIIoKoIHO IUIaBaeT Ha JHE CIIJ
Jlexur Ha aHe JIHA
VYuanienue abpIXaHUsA VI
Bcermbitre, metanue BM
HapymieHne KOHTpPOJIS MOJIOKEHUS Tella B IPOCTPAHCTBE HKII
AKTHBHOE BBIJICJICHHUE CIIA3H ABC
Knonunueckue cynoporu KC
ToHngeckue cynoporu TC
[pekparieHue onepKyJISTOPHOH aKTHBHOCTH (THOEIb) I[1IOA
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KiroueBbiM niokazareseM 3 QeKTUBHOCTH Tperna-
para pyTalupyH BBICTYIIAIa BBDKUBAEMOCTh CTEPIIs-
JM IIPA OCTPOM TEIJIOBOM CTPECCE.

Tak, mpoBeIeHHBIE UCCIECIOBAHMS MOKA3aiH,
9TO TrH0eNb PhIOBI B KOHTPOJIBHOM TpyIIe Hayalach
¢ 70 MuHyTHI (8 TOUKa KOHTPOJIA, IPU TeMIieparype
~29,1 °C), mpu >TOM K OKOHYAHHIO Harpema (depes
90 munyT) moru61o 5 u3 6 ocobdeit (83,3 %).

B onbITHOI rpyImie cMepTeNbHbIA UCXOJ 3aperu-
crpupoBan y 1 u3 6 ocobeit (16,7 %), 4ro nmpounszo-
uwio B 10 Touke koHTposst (90 MUHYyTa NIpU TeMIiepa-
Type ~30,5 °C). JluHamuka KIMHUYECKUX TOKa3aTe-

JIel [IPOIEMOHCTPUPOBAa MOJOXKUTEIIbHOE BIUSHUE
npenapara pyTalupyH Ha aJalTalMOHHYI0 PEaKIHIo
CTEPIISIAN B YCJIOBHSIX KPUTHUYECKH BBICOKMX TEMIIE-
patyp BOJHOM Cpeabl.

WznauaneHo (Touka 1, Bpems 0:00, Temmeparypa
BOJIbI ~22 °C) cocTosiHHUE PBIO B 00EHX TPpyIIax ObLIO
CXOXHM, 4TO TIOATBEPKTAETCSI BHICOKUMH U COMOCTA-
BUMBIMH CyMMaMH HOPMaJIbHBIX CUMITOMOB (9 1 8 co-
OTBETCTBEHHO). IIpn 3TOM yXe Ha mepBoHaYaILHOM
JTarne y OaHOM 0co0u U3 KOHTPOIBHOM IPYIIIBI OTME-
YaJICh HaYaJIbHbIE IPU3HAKK CTpeEcca B BUJIE TUIIEP-
CEKpEeLUH CIIU3H.

Taonuna 2
Hannvle kaunuueckux HadMoo0eHull 3a bIHCUSAEMOCHIBIO U NO8E)EeHYeCKUMU
PpeaxyuAMu cmepaaou npu MoOenUposanuu 0Cmpo2o meniogo2o cmpecca
YCJIOBUA SKCIIEPUMEHTA
Ne TOUKH KOHTPOIIS 1 2 3 4 5 6 7 8 9 10
Bpewms, u: Mun 0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10 1:20 1:30
Kucnopon, % 63,0 62,2 62,2 62,7 62,5 63,0 62,7 61,3 60,8 60,3
Temneparypa, °C 22 24 ~25,5 | ~26,8 | ~27,5 | ~28,1 | ~28,5 | ~29,1 | ~29,9 | ~30,5
KJIIMHWYECKHUE IMTPU3HAKU
['pymnmer K/IOIK|O|K|O|K|O|K|O|K|O|K|O|K|O|K|O|K|O
CILJ 66 (3|4|2|3|0]0]O]1|O|O0O]O]O]JO|O|O]O]O]O
JIHA 312 (54|24 45|54 2|31 (4|1|4|1[4]0]4
v 0(o|5|2|6(4]6|3]|]6|3|6|1|6|2|6|3]6|4]|3]|5
BM 0(o0ojo0jO |32 |5|1]|]6|3]|4]2|5|3|5[2]4]0]|0]0O0
HKII 0(jojojof1jo0(2{0|3l0(3j0|5]|]0|6]|1]6]|1]|0]1
ABC o(1 {11324 |3|5|4|]6|6|]6|]6|6|6|6]|]6]|2]|5
KC ojojojof1jof(2(0j6 |1 |53 |5|2|2]1]0]0]|0]|0O0
TC ojojofojojrj{oj|1f1rjr{2{1|4f(1{3{0j1|1(0]0
I10A ojojofojojojojofojojojojofoj1|{Oo|2|0|2]1
CYMMAPHBIE KJIMHUYECKHUE ITPU3HAKN
Hopwm. 918 |8 (8|4 |7 |4 |5|5|5]|2 (3|14 |1|4]1|4]0]4
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Mpumeuyanue: «K» — cTepnsap n3 KOHTPOIBHON TpyHIbl; «O» — CTEPISAAb U3 OMBITHON TPYIITIHI
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B nanpHeieM 1o Mepe MOBBIIIEHHs TeEMIIEpary-
psI Bofml 110 ~25,5 °C (Touka 3, BpeMEeHHOM HHTEpBal
0:20) maromornyecKue MpOosIBIICHNS TEIFIOBOTO CTPeC-
ca yCHJIMBAJIMCh Y Bcel crepiisiin. OfHAKO B KOHTPOJIb-
HOM TpyINIIe AaHHBIN MpoLecc MpoTeKan oosee BhIpa-
YKEHHO: CyMMapHOe€ KOJIN4YECTBO MaToJI0rnYeCKHUX MPH-
3HAKOB COCTaBWIO 14 mpoTuB 9 B OMBITHOM TpyIIIIE.

3HauUUTEIbHOE PA3JINUUE B JUHAMUKE CTPECCOBBIX
peaxkuuii cTajno 0COOCHHO OYEBHIHBIM B HHTEpBAJIE
¢ 30 mo 60 MuHyTY SKCIepuMeHTa (To4KH 4—7, TeM-
neparypa ~26,8—28,5 °C). B atot nepuon y crepisi-
JIM N3 KOHTPOJILHOM TPYIITBI HAOMIOIAI0Ch PE3KOe YCH-
JICHWE TaTOJIOTUYECKUX TOBEACHYECKUX MPU3HAKOB,
BKJTIOUas y4arméaaoe Metanue (y 6 ocoOeit) u Hapy-
[IeHHe MTPOCTPAHCTBEHHOH opueHTanuu (y 5 ocobeit),
a TakyKe MosIBJIEHNE U ycuileHue cynopor. CyMMapHoe
YHUCIIO MaTOJIOIMYECKUX CUMIITOMOB JI0CTHrano 27—
31, nmpu 3ToM kK 60 MUHYTE JIUIIb OHA KOHTPOJIbHASA
pBI0a coxpaHsuia criocoOHOCTh HAXOAMUTHCS B IJIaBa-
IOLIEM IOJIOKEHNH Ha IHE aKBapHyMa.

B ormbiTHOI rpymnme peiObl, KOTOpast IPEBEHTUBHO
MoJTyvaja Mpenapar pyTalupHH, peakiys Ha TEII0BON
CTpecc B 3TOT KPUTHUYECKHI MEPUOA XapaKTepH30Ba-
Jack Oosee nerkoil cumnromarukoi. Ilartonoruueckue
MIPOSIBIICHUS TIPUCYTCTBOBAJIHN, HO UX BBIPAXKEHHOCTD
OblJIa CHH)KEHAa IPUMEPHO BABOE 110 CPAaBHEHUIO
C KOHTpOIbHOM Tpy1moi (8—14 cummromoB). Takke
B ONIBITHOH TpyIIIe HaOM0aIach 3HAYUTEIBHO Ooliee
HU3Kasi 4acTOTa WU TTOJTHOE OTCYTCTBUE TSKEBIX HEB-
POJIOTHYECKHUX HAPYIIIEHUH, TAKUX KaK TOTepsi OpHeH-
TalUU TeJla, KOTOPbIE B KOHTPOJIBHOM IpyIIe puoo-
peJiu MacCOBBIN XapakTep.

B nenowm, y crepisiiu, HoABEprHy TOM IPEBEHTHUB-
HOW (papMakoIOrH4ecKoi amanTalnuy, CIOCOOHOCTD
K 0a30BOMY HOPMalIbHOMY TIOBE/ICHHIO, BEIPAKECHHO-
My B JIe)KadeM MJIM TUTABAIOIIEeM TIOJIOKEHUH Ha JHE,
coxpansutachk y 4—5 ocoOeii, B TO BpeMs Kak B KOH-
TPOJILHOHM TPyHIIE 3TOT [10Ka3aTellb BAPbUPOBAJICS OT
1 10 4 ocoOeii.

C 70 MuHYTHI 3KcTIeprMeHTa (8 TouKa KOHTPOJI,
temneparypa ~29,1 °C) paznuuus Mexay KOHTPOIb-
HOW ¥ OIIBITHOM I'PYTITIaMU CTaJIH O0Jiee BEIPaKEHHBIMU
B CBSI3U C JICTAJIbHBIM HCXOAOM Y KOHTPOJBHBIX OCO-
oeii. K aToMmy MmoMeHTY ObLTH 3a()MKCUPOBAHBI IEPBHIE
ciryyau ruoenu, a Kk 90 MUHyTe BbDKHJIA JIMIIb OIHA
KOHTpoJbHas peida. [IpearndensHoe cocTosIHUE KOH-
TPOJIBHOM TPYIIIBI XapaKTEPU30BaIOCh KpaHEH cTe-
[IEHbIO IEKOMIIEHCALIUH, YTO IPOSIBIISIIOCH B BHICOKOM
YPOBHE IaTOJIOrNYECKUX CUMITOMOB U IIOJIHOM OTCYT-
CTBMM HOPMAaJILHOTO MOBEACHUS. B ombITHOH rpyn-
e CMEPTENbHBIA UCXO 0BT 3aperuCTPUPOBaH y OJI-
Hoit ocoou (k 90 munyTe npu Temmeparype ~30,5 °C).

AHanu3 NoBeACHUYECKON aKTUBHOCTH B ONBITHOMN
TpyTITe TIOKa3aJl, YTO AT PHIOBI IEMOHCTPHPOBAJIH OT-
HOCHTENIFHO BBICOKHH YPOBEHb OpraHu3anuu: 4 u3 6
0co0elt CoXpaHsUIH CIIOCOOHOCTH 3aHUMATh TOPH30H-
TaJBbHOE TIOJIOKEHHE Ha JTHE aKBaprUyMa, a CyMMapHBIi
WH/IEKC MAaTOJIOTHYECKUX PEaKINi OCcTaBalICs B IIpee-
JlaX yMepeHHbIX 3Ha4eHnH (12). DTO CBUAECTEIHCTBY-
€T O MPOJOJDKAIOIICHCS afanTally U HOANepKaHUH
(YHKIMOHATIBHON aKTHBHOCTH (PM3HOIOTHYECKHUX CH-
CTEM, YTO KOHTPACTHPYET C KOJUIAIICOM, HAOII0IaeMbIM
B KOHTPOJIbHOM TpymIIe.

Taxum 00pa3om, pe3yasTaThl MPOBEACHHOTO HC-
CJIeIOBaHMs TIOKA3bIBAIOT BBICOKYIO (papMaKomornye-
CKy10 3(h(heKTHBHOCTD MpenapaTa pyTaupHH JUJIS 110-
BBIIICHUS] YCTOMYMBOCTH OPraHU3Ma CTEPIISIHN K Tel-
noBomy ctpeccy. [Ipenapar obecriedrst MOANEPKKY
KHU3HEJESATSIILHOCTH U COXPaHEHHE HEPBHOW pery-
JISIIUH, CTIOCOOCTBYS BbIKknuBaemoctd 83,3 % ocobeit
OTBITHOHM TPYNIBI B KPUTHYECKUX TEMIIEPaTypPHBIX
YCIIOBHUSIX, IPU KOTOPBIX Y aHAJOTMYHOTO MPOLIEHTa
KOHTPOJILHOW PBIOBI 3a()MKCUPOBAH JIETalbHBIA UC-
x071. Papmakooruueckoe JeHCTBUE Mpernapara mnpo-
SBIISUTOCH B TTO/IaBJICHUH HanOoJiee pa3pynTeNbHbBIX
CHUMITTOMOB CTPECCa — METaHWUS, JI30PUCHTAIHH H CY-
JIOPOT' C OIHOBPEMEHHOH MOAEPIKKOM dHeprocoepe-
raromux ¢popm noseneHus. Takass MyTbTHMOJATbHAS
AKTUBHOCTD ITO3BOJIICT OTHECTHU PyTallMPUH K (P hek-
TUBHBIM aJIalITOTeHAM, IEPCIIEKTUBHBIM JIJIsI UCTIOJb-
30BaHU B AKBAKYIBTYPE C [ENBIO TTOBBIIIEHHUS yCTOM-
YUBOCTH PHIO K TOBBIIICHHBIM TEMIEpaTypaM OKpYy-
JKAIOLLEH CPEeJIbl.

3AKJIIOUEHHUE

ITo 1aHHBIM HAyYHBIX UCCIIEA0OBAHUIN BEpXHUH Jie-
TaJbHBIN TIOPOT TEMITEPATYPHI JAJIsl MOJIOAH CTEPISAN
(Acipenser ruthenus), BbIpallleHHOW B aKBaKyJbTY-
pe, coctaiseTr 32,8 °C. DTOT moka3aTeyib YCTaHOB-
JIEH SKCIIEPUMEHTAIIEHO METOIOM KPUTHUYECKOTO Tep-
mugeckoro Makcumyma (KTM) npu Harpese Bofibl cO
ckopocThio 9 °C B 9ac 110 TIOITHOTO MPEKPAIICHUS TBH-
JKEHHS )KaOEPHBIX KPBIIIEK — MPEIISCTBYIOIIETO Jie-
TalnbHOMY ucxony [14—16].

B mpoBeieHHOM HaMU UCCIICIOBAHUY JICTATBHBIN
MCXOJl Y KOHTPOJIBHBIX PHIO 3aQUKCUPOBAH MIPH TEM-
neparypax 29—31 °C, 9T0 MOXXKHO OOBSCHUTH KOM-
TUIEKCHBIM JefcTBHEM (PaKTOPOB OCTPOTO IKCIEPH-
MeHTa. Tak, I0CTaToYHO BBICOKAsi CKOPOCTh Harpena
(5,3 °C B 4ac) Bozbl OTpaHHYMBAIIA BKJIFOUCHHE a/1all-
TaIMOHHBIX MEXaHN3MOB, XapaKTEPHBIX JUIsI XPOHHYE-
CKOTO TeIJIOBOTO crpecca. KirtoueBbIM COMyTCTBYIO-
UM (aKTOPOM BBICTYTIajla TUTTOKCHS, TTOCKOJIBKY TT0-
BEITIICHHE Temmeparyphl 10 30,5 °C conpoBoXkIaaoch
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CHIDKEHUEM COZIep KaHUsl pACTBOPEHHOTO KMCIOPOJia
110 60 %, 9TO TIPH PE3KO BO3POCIINX META00INIECKIX
OTPEeOHOCTSIX, BBI3BAJIO PA3BUTUE OCTPOIL AbIXaTellb-
HoIi HetoctatouHoCcTH. [loaToMy, HacTynuBIIHii OoJee
OBICTPO JIETAIBHBIA UCXOA Yy CTEPIISIIN B HAIIUX JKC-
MEPUMEHTAX MOKET OBITh 00YCIIOBIICH KOMILICKCHBI-
MU (paKTOpaMH, BKITFOUAIOIIIUMH TEPMUIECKOE ITOBpE-
XKJIEHUE U TUIIOKCHIO.

B cooTBeTCTBHM C TOCTABIEHHON LEIBIO PE3YIIbTa-
ThI IPOBEICHHBIX SKCTIEPUMEHTAIIBHBIX HCCIIEJOBAHUH
MIPOJEMOHCTPHPOBAIIH BEICOKYIO 2(h(heKTHBHOCTH ITpe-
BEHTUBHOTO MPUMEHEHH Iperapara pyTalupyuH Ipu
MOJICIIMPOBAHNH OCTPOTO TEIIJIOBOTO CTpecca y cTep-
msiau. [penapar nposiBIII BBIPasKECHHBIE aJAlITOTCHHbIE
CBOICTBA, YTO MOATBEP)KIACTCS 3HAUYUTEIbHBIM CHU-
KEHUEM JeCTPYKTUBHBIX IOBEICHYECKUX CUMIITOMOB,
TaKMX Kak HapylleHHe MPOCTPAaHCTBEHHON OpHUEeHTa-
IIUH ¥ CYJIOpOXKHBIE peakiuu. boree Toro, pyranupux
CIOCOOCTBOBAJ ONITUMH3AIMH META0OJIUIECKHIX MTPO-
LIECCOB, HATIPABJIEHHBIX HA SKOHOMUIO SHEPTeTUUECKUX
pecypcoB opranusma. [IpuMeHeHne JaHHOTO Ipera-
para no3BOJIMIIO CHU3UTH CMEPTHOCTH phIO Ha 66,6 %,
YTO CBUJETENBCTBYET O €T0 BHICOKOH aHTUTUITOKCHYE-
CKOH M CTPECC-NPOTEKTUBHON aKTUBHOCTH.

Taxum o6paszom, pyTanupus seiseTcs 3 dexTnn-
HBIM aJalTOI€HHBIM CPEICTBOM, ONTHMHU3UPYIOLIIM
OTBET OpraHn3Ma Ha 9KCTpeMaJIbHbIe TeMIIepaTypHbIC
Bo3zaeHcTBUs. [lonydeHHbIe JaHHbIE TO3BOJISAIOT PEKO-
MEH/I0BaTh €ro K IIMPOKOMY IPUMEHEHHIO B AKBAKYJIb-
Type 7Sl CHWKEHHSI TIOTePh, CBSI3aHHBIX C TETUIOBBIM
CTPECCOM, YTO UMEET BaXXHOE 3HAYCHME ISl MOBbI-
LICHUS MIPOIYKTUBHOCTH U YCTOMYMBOCTH PbIOOBOJI-
YECKHUX XO3AUCTB B yCIOBUSIX U3MEHEHHsI KIIMMaTa.
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EFFECT OF RUTACIRIN ON SURVIVAL AND CLINICAL
STATUS OF STERLET UNDER ACUTE HEAT STRESS
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Abstract. This article presents the results of assessing the effect of rutacirin on the survival and clinical status of
sterlet under acute heat stress. The experiment was conducted on 240 sterlets (Acipenser ruthenus), which were
divided into two groups (experimental and control), with 120 fish in each one. The fish in the experimental group
received feed containing rutacirin at a dose of 1.2 g per 1 kg of ichthyomass per day for two months prior to the
acute heat stress simulation. The fish in the control group received the same feed but without the drug. Six fish
were then selected from each group, and acute heat stress was simulated by increasing the water temperature from
22 °C to 30.5 °C at a rate of 5.3 °C per hour. Behavioral responses were continuously monitored for 90 minutes,
and fish mortality was recorded. The results of the studies demonstrated the high efficacy of rutacirin in treating
acute heat stress in sterlet. Its preventive use, under critical environmental temperatures, reduced destructive be-

havioral symptoms and fish mortality.

Keywords: sturgeon, starlet, acute heat stress, rutacirin, clinical signs, survival

Aquaculture is currently a dynamically develop-
ing sector of the agro-industrial complex, demonstrat-
ing significant potential for sustainable development
and meeting the growing public demand for fish prod-
ucts. Sterlet, as one of the fish species widely farmed
in aquaculture, possesses a number of characteristics
that make it attractive for farming (early sexual mat-
uration, short interspawning cycle, high growth rate,
etc.). Furthermore, controlled sterlet farming allows
for the growing demand for delicacy products such as
meat and caviar, which are highly profitable and en-
joy significant demand on the global market. An ad-
ditional advantage is that sterlet is an important sub-
ject for breeding research aimed at creating interspe-
cific and intergeneric hybrids.

In particular, the sterlet-beluga hybrid, known
as sterbel, exhibits genetic advantages that manifest
themselves in significantly increased viability and ac-
celerated growth of hybrid individuals. This not only
intensifies reproduction processes but also produces
high-quality commercial products in a shorter time-
frame, making this hybrid promising for industrial
aquaculture production [1—5].

Global warming is a critical issue with complex
and multifactorial effects on the aquaculture industry.
Since the key driver of global warming is changes in

aquatic temperature, this significantly affects the phys-
iological state of poikilothermic organisms, including
fish. Even minor deviations from optimal tempera-
ture parameters can trigger a cascade of pathological
reactions leading to the development of heat stress in
fish, which manifests itself as increased cortisol lev-
els, a decreased immune response, metabolic distur-
bances and other negative consequences for the body.
Heat stress can also cause systemic intestinal damage,
suppression of the antioxidant system, decreased di-
gestive enzyme activity and reduced tissue regener-
ative capacity. These pathological processes signifi-
cantly affect the survival and productivity of fish pop-
ulations [6—10].

In aquaculture, maintaining a temperature between
20 and 22 °C is essential for optimal conditions during
sterlet rearing. It should be noted that the critical tem-
perature for juveniles is 30 °C. Exceeding this thresh-
old can lead to death, requiring prompt intervention to
prevent mass mortality of this fish species [11—13].

Given the above, the design of pharmacological
agents, the mechanism of action of which will increase
fish resistance to elevated aquatic temperatures is a rel-
evant area of veterinary science.

As part of research in this area, the Department
of Pharmacology of Krasnodar Veterinary Research
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Effect of rutacirin on survival and clinical status of sterlet under acute heat stress

Institute has completed a comprehensive pharmaceu-
tical design project for the drug rutacirin.

The research objective was to study the effect of
rutacirin on the survival and clinical status of sterlet
exposed to acute heat stress.

MATERIAL AND METHODS

The study involved the drug rutacirin, which con-
tains the following components: taurine — 38 %; ru-
toside — 30 %; L-theanine — 20 %; ethylmethylhy-
droxypyridine succinate — 12 %.

The experimental research was conducted in two
stages.

The first stage was conducted at the watershed
complex of Adygea Sturgeon Farm, where 240 ster-
lets (Acipenser ruthenus), weighing between 1.4 and
1.8 kg, were selected using the paired analog method
and divided into two groups of 120 individuals each
(experimental and control). The sterlets in the experi-
mental group received feed supplemented with rutaci-
rin at a concentration of 4 % of their total body weight,

- :\\“‘- I
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providing a daily dose of 1.2 grams of the drug per kg
of fish mass. The control group received the same feed
without the drug. This feeding regimen was maintained
for two months.

The second stage, specifically simulating acute
heat stress in sterlets, was conducted at the aquacul-
ture complex of Kuban State Agrarian University. For
this purpose, after the two-month period of the first
stage, six fish were selected from each group and, after
transport, placed into a recirculating aquaculture sys-
tem. Afterwards, in order to reduce the stress effects
of transportation and adapt to new conditions, the fish
were acclimatized for a week in water with a tempera-
ture of 20—22 °C, a pH level of 7.3—7.5, and an ox-
ygen concentration of 7—7.5 mg/L.

Acute heat stress was simulated in 100-liter aquar-
iums with a water surface area of 0.23 m?, equipped
with temperature and aeration control systems. Two
sterlets were placed into each aquarium at a time —
one from the experimental group “E” and one from the
control group “C” (Fig. 1).

-

Fig. 1. Sterlet placed into an aquarium to simulate acute heat stress

The water temperature in the aquarium was grad-
ually increased from the optimal 22 °C to the critical
30 °C at a rate of 5.3 °C per hour. The fish were ex-
posed to these conditions for 1.5 hours, allowing to
assess their survival and behavioral responses to ex-
treme temperatures.

The condition of the sterlet was recorded at 10-min-
ute intervals using a specially developed assessment
scale, which included signs of typical benthic behav-
ior (swimming quietly on the bottom, lying on the bot-
tom) as well as clinical signs of heat stress (increased
respiratory rate, surfacing, thrashing/rushing around,
impaired body position control, active mucus secretion,
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clonic and tonic convulsions). Cessation of active gill
cover activity was considered an indicator of mortality.

For further analysis, each clinical symptom was
coded binary (“1”, if present, and “0”, if absent), fol-
lowed by a comparison of the average integral indi-
cators between the experimental and control groups.
Table 1 lists the clinical signs of heat stress in sterlet
and their corresponding codes.

STUDY RESULTS
At the experiment onset, the initial dissolved ox-
ygen level in the aquariums was in the range of 60—
63 % saturation, equivalent to a concentration of 5.1—
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5.4 mg/L at a temperature of 22 °C. For sturgeon spe-
cies, the minimum acceptable dissolved oxygen level
is 6.0 mg/L, and saturation values below 60 % indi-
cate poor aquatic quality and a slow rate of oxidation
processes. Sterlet, a species highly sensitive to oxygen
deficiency, demonstrates optimal growth at saturation
levels of 70—85 %, and the critical oxygen saturation
threshold for this species is considered to be below
40 %. Consequently, in our studies, the baseline oxy-
gen level during the heat stress simulation was already
at the limit of the acceptable range, placing additional
pressure on the adaptive mechanisms of the sterlet. It
is important to note that oxygen solubility decreases

with increasing water temperature: with temperatures
rising from 22 to 30 °C, the equilibrium oxygen con-
tent decreases by 15—20 %. This creates additional
limitations on oxygen availability during heat stress,
especially when temperatures reach 30 °C. The com-
bination of initial hypoxic conditions with subsequent
increase in water temperature increases the demands
on the fish’s oxygen transport system and promotes the
development of functional hypoxia, consistent with the
concept of oxygen-limited thermotolerance in aquat-
ic ectotherms. Table 2 presents a summary of detailed
observation protocols for the survival and behavior-
al responses of sterlet under experimental heat stress.

Assessed clinical signs of heat stress in sterlet and their code designations fablel
Clinical signs Code designations
Floats quietly on the bottom FQB
Lies on the bottom LOB
Increased respiratory rate IRR
Floating, thrashing FT
Loss of body position control LBPC
Active mucus secretion AMS
Clonic seizures CS
Tonic seizures TS
Cessation of opercular activity (death) SOA

The key indicator of rutacirin efficacy was sterlet
survival under acute heat stress. Thus, the conducted
studies showed that fish mortality in the control group
began in 70 minutes (control point 8, at a temperature
of ~29.1 °C), with 5 of 6 individuals (83.3 %) having
died by the end of heating (in 90 minutes). In the ex-
perimental group, mortality was recorded in 1 of 6 in-
dividuals (16.7 %), which occurred at control point 10
(90 minutes, at a temperature of ~30.5 °C).

The dynamics of clinical indicators demonstrat-
ed the positive effect of rutacirin on the adaptation re-
sponse of sterlet in conditions of critically high aquat-
ic temperatures.

Initially (point 1, time 0:00, water temperature
~22 °C), the condition of the fish in both groups was
similar, as evidenced by high and comparable totals of
normal symptoms (9 and 8, respectively). However, al-
ready at the initial stage, one individual from the con-
trol group showed initial signs of stress in the form of
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mucus hypersecretion. Subsequently, as the water tem-
perature increased to ~25.5 °C (point 3, time interval
0:20), pathological manifestations of heat stress inten-
sified in all sterlets. However, this process was more
pronounced in the control group: the total number of
pathological signs was 14 versus 9 in the experimen-
tal group.

The significant difference in the dynamics of stress
responses became particularly evident between min-
utes 30 and 60 of the experiment (points 4—7, tem-
perature ~26.8—28.5 °C).

During this period, the sterlets from the control
group exhibited a sharp increase in pathological be-
havioral signs, including increased thrashing (in 6 in-
dividuals) and disorientation (in 5 individuals), as well
as the onset and intensification of seizures. The total
number of pathological symptoms reached 27—31,
with only one control fish remaining floating on the
aquarium bottom by the 60" minute.
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Clinical observation data on survival and behavioral responses of sterlet during an acute heat stress simula:oa: o
EXPERIMENTAL CONDITIONS
Control point No. 1 2 3 4 5 6 7 8 9 10
Time, h: min 0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10 1:20 1:30
Oxygen, % 63.0 62.2 62.2 62.7 62.5 63.0 62.7 61.3 60.8 60.3
Temperature, °C 22 24 ~255 | ~26.8 | ~27.5 | ~28.1 | ~285 | ~29.1 | ~29.9 | ~30.5
CLINICAL SIGNS
Groups C/E|C|E|C|E|C|E|C|E|C|E|C|E|C|E|C|E|C]|E
FQB 6|6 |3[4|2|3(0[O0O|O0O|]L|O|O]O]O]JO|OJO]O]O]|O
LOB 302|514 12|4(4|5|5(4|2[3 (1|41 4]|1]4|0]34
IRR 00526 |4|6|3|]6|3|6|1]6|2|]6|3|[6]4]|3]|5
FT 000|033 |2|5|1|6|3|4|2]5|3|5(2]4]0]|]0]0O0
LBPC ojojofoj1{o|210(3]0|3|]0|5]0|6|1|6]1]0]1
AMS o 1| 1(1{3|2|4|3|5|]4|]6|]6|6|]6|]6|6|6|6]|2]S5
CS ojojofojtrj{o|2(o0j6|1|5|3(5(2|2|110]0]0]0O0
TS ofojojojojtrjo|1rjrf1r|2(tr4|1({310]1(1]0]0
SOA ojojofojojojofojojojojofojojtryof2j0j2j|1
CUMULATIVE CLINICAL SIGNS

Normal 9188|847 |4|5|5|5]2|3|1]4|1]|4|1|4]0]|04
Patholog. Ol 1163 |14] 9 |19] 8 [27|12{26|13|31|14|29|13]25|12| 7|12

Note. “C” — sterlet from the control group; “E” — sterlet from the experimental group

In the experimental group of fish that received the
drug rutacirin as a preventative measure, the response
to heat stress during this critical period was character-
ized by milder symptoms. Pathological manifestations
were present, but their severity was approximately half
that of the control group (8—14 symptoms). The ex-
perimental group also showed a significantly lower
incidence or complete absence of severe neurological
disorders, such as disorientation, which were common
in the control group.

Overall, in the sterlet subjected to preventative
pharmacological adaptation, the ability to perform
basic normal behavior, expressed as lying or swim-
ming on the bottom, was retained in 4—5 individu-
als, while in the control group, this rate ranged from
1 to 4 individuals.
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From the 70 minute of the experiment (control
point 8, temperature ~29.1 °C), differences between
the control and experimental groups became more
pronounced due to mortality in the control individu-
als. The first deaths were recorded at this point, and
by the 90™ minute, only one control fish survived. The
pre-mortem state of the control group was character-
ized by an extreme degree of decompensation, mani-
fested by a high level of pathological symptoms and
a complete absence of normal behavior. In the exper-
imental group, mortality was recorded in one individ-
ual (by the 90" minute at a temperature of ~30.5 °C).

The analysis of behavioral activity in the experi-
mental group revealed that these fish demonstrated a
relatively high level of organization: 4 of 6 individu-
als retained the ability to assume a horizontal position
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on the aquarium bottom, and the total index of patho-
logical reactions remained within moderate values
(12). This indicates ongoing adaptation and mainte-
nance of the functional activity of physiological sys-
tems, which contrasts with the collapse observed in
the control group.

Thus, the results of the study demonstrate the high
pharmacological efficacy of rutacirin in enhancing the
resistance of sterlet to thermal stress. The drug sup-
ported vital functions and maintained neural regula-
tion, contributing to the survival of 83.3 % of the ex-
perimental fish under critical temperature conditions,
while a similar percentage of the control fish died. The
drug’s pharmacological effect was demonstrated by
suppressing the most destructive symptoms of stress
(thrashing, disorientation and convulsions), while si-
multaneously supporting energy-saving forms of be-
havior. This multimodal activity classifies rutacirin
as an effective adaptogen, promising for use in aqua-
culture to enhance fish resistance to elevated ambient
temperatures.

CONCLUSION

According to scientific research, the upper lethal
temperature threshold for juvenile sterlet (Acipenser
ruthenus) reared in aquaculture is 32.8 °C. This indi-
cator was established experimentally using the criti-
cal thermal maximum (CTM) method by heating wa-
ter at a rate of 9 °C per hour until the complete cessa-
tion of movement of the gill covers, which precedes
death [14—16].

In our study, lethality in the control fish was re-
corded at temperatures of 29—31 °C, which can be
explained by the combined effects of acute experi-
mental factors. For example, the relatively high wa-
ter heating rate (5.3 °C per hour) limited the activa-
tion of adaptive mechanisms characteristic of chron-
ic heat stress. Hypoxia was a key contributing factor,
as an increase in temperature to 30.5 °C was accom-
panied by a decrease in dissolved oxygen content to
60 %. This, coupled with sharply increased metabolic
demands, led to the development of acute respiratory
failure. Therefore, the more rapid lethality in sterlet in
our experiments may be due to a combination of fac-
tors, including thermal injury and hypoxia.

In accordance with the stated objective, the results
of the experimental studies demonstrated the high ef-
ficacy of the preventive use of rutacirin in simulat-
ing acute heat stress in sterlet. The drug demonstrated
pronounced adaptogenic properties, as evidenced by a
significant reduction in destructive behavioral symp-
toms, such as spatial orientation disorders and convul-
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sive reactions. Furthermore, rutacirin optimized meta-
bolic processes aimed at conserving the body’s energy
resources. The use of this drug reduced fish mortali-
ty by 66.6 %, demonstrating its high antihypoxic and
stress-protective activity.

Thus, rutacirin is an effective adaptogenic agent
that optimizes the body’s response to extreme tem-
peratures. These data allow to recommend its wide-
spread use in aquaculture to reduce losses associated
with heat stress, which is essential for improving the
productivity and sustainability of fish farms in the face
of climate change.
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OLHEHKA 29OPEKTUBHOCTH HOBOI'O
HPOBUOTHUYECKOI'O HITAMMA ENTEROCOCCUS
FAECIUM A XEJIATHOI'O HMHKA ITPU UCCJIEJOBAHHUU
MOP®OBNOXUMHUYECKOI'O CTATYCA KPOBU TEJIAT
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Annoranusi. [{ensio HacTosmel paOoTHI SIBIsUIACh OLEHKA BIMSHUS HOBBIX ITPOOMOTHYECKHUX CPE/ICTB Ha OCHO-
Be mramma Enterococcus faecium ¢ pa3IMuHBIMYA HAIIOJHUTEISIMH, a TaK)Ke KOPMOBOH J100aBKH, cozlepiKarieit
XEJIaTHBIN KOMIUIEKC IINHKA, Ha MOP(OIIOTHYECKIE 1 OMOXUMHYECKHE ITOKa3aTe Il KPOBH TEJAT B TIEPBBIA MecsI]
xu3HU. DKcriepuMeHT nposesieH B ycnoBusix CIIK I3 «Hosbrit» Kuposckoit oomactu Ha 40 Tensrax-aHaiorax
TOJIIITHHCKOM ITOPOAIbI, pa3sesieHHbIX Ha 4 rpynmsl (7 = 10). )KuBOTHBIC KOHTPOIBEHON IPYIIIBI TOJTyYali OCHOB-
HOH parrioH (MOJIOKO); TeJsITa U3 MEePBOI ONBITHON TpymIbl — exxenHeBHO 10 T 1o6aBku «Buaara muHK»; BTO-
Ppoit onbITHOMU TpymIel — 3 T ipoduoTuka (E. faecium, ne menee 107 KOE) ¢ HanoiHUTEIEM JIaKTO30H; TpeThel
OTIBITHOM TpynIel — 3 T npoduotuka (E. faecium, ne meHee 107 KOE) ¢ HarmoigHnTENIEM Ha OCHOBE XEJIATHOTO
IMHKa. B KOoHIIe neprona HaOMIOAeHNS y TEISIT MECSIHOTO BO3pacTa MPOBOIMIN 3200p KPOBHU U3 SIPEMHOM BEHBI.
I'emaroornueckue 1mokasaTeiy ONpeAeIsIN Ha aHamu3artope Abacus junior V, OMOXMMHYECKHE — Ha aHAIHM3a-
Tope iMagic. YcTaHOBIICHO, UTO cOJep)KaHHEe TeMOITIOONHA M SPUTPOIIMTOB BO BCEX IPYMITaX HAXOAUIOCH B TIpe-
Jenax (pU3N0IOTHIECKO HOPMBI M HE MIMEJNO JOCTOBEPHBIX MEXIPYINIOBEIX pasnnuuii (p > 0,05). [Ipumenenne
J00aBOK CITOCOOCTBOBAJIO YBEIMUYCHUIO KOJIIMUECTBA JEHKOIIMTOB: BO BTopoil rpyme — Ha 10,18 % (p < 0,05),
B Tpetbeit — Ha 18,70 % (p < 0,01) o cpaBHEHHIO C KOHTPOJIEM, ITPU COXPAHEHHUH TI0Ka3aTelel B peaenax pe-
(epeHCHBIX 3HaYEeHHU. B CHIBOPOTKE KPOBH OIBITHBIX TEJISIT OTMEYEHO JI0CTOBEPHOE MOBHIILICHNE YPOBHS 001IIe-
ro Oenka (Ha 5,62—8,44 %, p < 0,05) npenMyIIeCTBEHHO 3a cueT aabOymMuHOBOH (pakimu (Ha 8,11—11,46 %,
p <0,05). KonnieHTpamnust IIIIOKO3bI B OIBITHBIX TPyNIax Obuia HUXe KOHTpos Ha 15,89—23,73 % (p < 0,05—
0,01), omyckasick HIKE (PU3HOIOTHUECKOH HOPMBL. AKTHBHOCTb IIETIOUHOHN (ocarasbl y BceX KHBOTHBIX Ipe-
BBIIIIaJIa BEPXHIOIO TPAHHILy HOPMBI, TPUYEM B TPEThEl OIBITHOM IpyIIie JaHHbIHA MMOKa3aTelb ObUT BhINIE KOH-
tposst Ha 52,87 % (p < 0,05). AktuBHOCTE ATAT CHHM3MIIaCh BO BCEX ONBITHBIX rpynmax (Ha 18,65—34,12 %,
p <0,05—0,001), akruBaOoCcTh ACAT — TonbKO B TpeThei rpymie (Ha 21,80 %, p < 0,001). Koadpdumuent ne Pu-
THCa B ONBITHBIX IPyNIax ObUI TOCTOBEPHO BhIIIe KOHTpois Ha 17,21—26,74 % (p < 0,05). ConepskaHne Kajb-
WS B TPETHEH IpyIime MpeBbIano KOHTpoib Ha 8,24 % (p < 0,05), ypoBenb (ocdopa numen TeHASHINIO K M0-
BBIIICHUIO BO BCEX ONBITHBIX Tpymiax. KOHIEHTpalys IMHKA B CBIBOPOTKE KPOBHU OIBITHBIX TEJISAT ObLIa BBIIIE
Ha 8,16—39,72 %, ogHako pa3nuyusi He JOCTUIIIN CTaTUCTHYECKOH 3HaumMocTH (p > 0,05). Takum oOpazom,
BKJIIOYCHHUE B PAlliOH HOBOPOX/ICHHBIX TEJISIT IPOOMOTHKA Ha OCHOBE Enterococcus faecium v XeNaTHOTO IIMHKA
CIIOCOOCTBYET ONTHMHU3AIMN OEIKOBOTO 0OMEHa M aKTHUBALIMK SHEPTeTHIECKOro MeTaboIrn3Ma, HalpaBIeHHOTO
Ha o0ecrieyeHne HHTEHCHBHOTO pocta. [lomyueHHbIe JaHHBIE 000CHOBBIBAIOT IIEPCIIEKTHBHOCTH UCTIOIb30BAHNUS
JTAaHHBIX 100ABOK B CHCTEME BBIPAIMBAHMS 37I0POBOTO MOJIOHSIKA KPYITHOTO POTaToro CKoTa.

KaioueBble ciioBa: Temsita, MOpPOONOXUMHIYECKHE TIOKa3aTelIl KPOBHU, IPOOHMOTHIECKUH mTamM Enterococcus
faecium, nobaBka «BusaTa IIHK
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Oyenka s3¢hpexmusrocmu H068020 npobuomuyeckoeo wmamma Enterococcus faecium u xenammozo yumka...

[IpombIiuieHHOE BEACHHE MOJIOYHOTO CKOTOBOJI-
CTBa CONPOBOXK/IAETCS N3MEHEHUEM YCIIOBHH coaep-
JKaHUS BCEX TEXHOJIOTMUECKUX I'PYIII KPYITHOTO pora-
TOTO CKOTa U MX M30JISIUUEN OT €CTECTBEHHOH Cpebl
oburanus. M3MeHsromuecs: napaMeTpbl BO3AYLIHON
Cpeibl, COCTaB U KaueCTBO KOPMOBBIX CPEJICTB U IIUTh-
€BOI BOJbI, TEXHOJIOTMYECKUM PUTM IPOU3BOJCTBA,
IUIOTHOCTB Pa3MEILECHHUS )KUBOTHBIX OKa3bIBAIOT BIIMS-
HUE Ha )XKU3HECIO0COOHOCTh, TOBECHUE U TPOLYKTUB-
HOCTB CKOTa.

B Takux ycnoBusix HanOosee ysa3BUMBIM K HeOa-
TOTIPUATHBIM (paKTOpaM OKa3bIBaCTCsl MOJIOIHSK Hep-
BBIX JHEW KU3HU. B CBSI3M € 3TUM ONpEAEIEHHYIO
[IPAKTHYECKYI0 3HAYNMOCTb IPHOOPETAIOT COBEPIIEH-
CTBOBAHHE CYILLECTBYIOLINX U pa3paboTKa HOBBIX MO/~
XOJZIOB K BBIPALMBAHUIO HOBOPOXKIEHHBIX TEJSIT, OC-
HOBaHHBIX Ha OMOJIOTMYECKUX 3aKOHOMEPHOCTSIX Op-
ranusMma [ 1, 2].

B npakTrke >KHBOTHOBO/ICTBA MPH BBIPAIIIMBAHUT
TEJISAT IIMPOKOE PACHPOCTPAHEHUE MOIYUNIIO IPUMe-
HeHHe OMOJIOTHYECKH aKTHBHBIX BemecTB. OcoOblii
HHTEPEC B 3TOM PSAY NPEACTABISAIOT MPOOHOTUKH
U XenarHele (POPMBI MUKPOAJIEMEHTOB, KOTOPBIE TIO-
3BOJISIIOT KOPPEKTUPOBATh HEXKeJaTeIbHble U3MeHe-
HUS MUKPOOMOMa, OOMEHHBIX MPOIECCOB U UMMYH-
HOTO cTaryca. JTO CIIOCOOCTBYET YAyUIICHUIO (hyHK-
LIMOHAJILHOTO COCTOSIHUS OpraHu3Ma 1 00eCIeurnBaeT
MIPOAYKTUBHOE 3/I0POBbE MOJIOJHKA [3, 4].

Onnako HayyHOe 00OCHOBaHHE MPUMEHEHUS HO-
BBIX TIPOOMOTHKOB M XeJaTHBIX (POpM MHUKpPOIIEMEH-
TOB JIOJDKHO OIIUPAThCs HE TOJIBKO Ha JMHAMUKY IIPO-
JOYKTUBHBIX [IOKa3aTeNei, HO U Ha Pe3y/bTaThl OLCH-
K1 MOP(OIOrMYECKUX 1 OMOXMMUYECKUX [TapaMeTPOB
KpPOBH HMBOTHBIX, YTO OIIPEEISAET aKTyaIbHOCTh KOM-
IJIEKCHBIX UCCIIEZIOBAaHUH B JTaHHOM HaIlpaBICHUH.

Lesnb paboTh — M3y4YUTh BIMAHUE HOBBIX ITPOOHO-
THUYECKUX CPEICTB Ha OCHOBe mramma Enterococcus
faecium ¢ pa3nMYHBIMU HAOJIHUTEIISIMH, & TAKKE KOP-
MOBOH J100aBKH C XEJaTHBIM ITMHKOM Ha Mop¢hoOro-
XUMHUYECKHE NTOKa3aTeIn KPOBH TEJIAT.

MATEPHUAJBI U METOAbI
NCCJIEJIOBAHUA

Uccnenosanus nposeaenst B CIIK 113 «HoBbri»
KupoBckoii 0051acT Ha HOBOPOXKICHHBIX TEJISITax Tol-
LWITUHCKON Topoabl. M3ydanu 3¢ ¢deKTHBHOCTH TpH-
MEHEHHUsI HOBOTO MPOOMOTUKA HAa OCHOBE IITaMMa
Enterococcus faecium, BbIIEIEHHOTO U3 KUIICTHUKA
Oenoit kypomatku (Lagopus lagopus), 1 KOpMOBOM J10-
0aBku «Buanra muHKY, coepKaIiell XeIaTHbId KOM-
IUICKC ITUJICHIUAMHHTETpAIleTaTa [IMHKA (Cojepxka-
Hue nuHKa 795—905 1/kr).

Js mpoBeieHus SKCIIEPUMEHTa 110 TTPHHITHITY
aHaJIOTOB OBLTH CPOPMHUPOBAHBI YETHIPE TPYIIITHI TEJISAT
(mo 10 roioB B Ka)KA0i#): KOHTPOJIbHAS U TPU OIBIT-
Hble. B TeueHne nepBoro Mecsia >Kn3HH )KUBOTHBIE MO~
Jy4ayu uccienyeMble (hapMaKkoJIOTHIeCKHe CPEaCcTBa
€XeTHEBHO BO BPEMsI BEUEPHEro KOPMIICHHS: TiepBas
ombITHas Tpynmna — 10 T kopMoBoii 1obaBku «Bruanra
LHK»; BTOpAas OIBITHAs Tpynmna — 3 T IpoOHOTHKA
Ha OCHOBeE ITamma Enterococcus faecium (He MeHee
107 KOE) ¢ HamonHuTENeM JIaKTO30M; TPEThs OIBIT-
Has Tpynmna — 3 T IpoOMOTHKAa Ha OCHOBE ITaMMa
Enterococcus faecium (ne menee 107 KOE) ¢ namon-
HUTEIIEM — XeJIaTHBIM KOMIUIEKCOM JTHIJICHIUaMHH-
TeTpalerara IMHKa (coaepkanue nuuka 795—905 r/
KT'); KOHTPOJIbHAS TpyIa NPOOHOTHYECKUX U MHUHE-
paJIbHBIX J00aBOK HE TOJTyJaa.

[To oxoHUaHMM DKCTIEPUMEHTA Y TEIISIT BCEX IPYIIIT
MIPOU3BOIMIIH 3a00p KPOBH U3 IPEMHOM BeHBI. B mipo-
0ax MeTpbHON KPOBU OTPEICTSIIA KOHIICHTPAIIHIO Te-
MOIVIOOMHA, KOJIMYECTBO SPUTPOLIUTOB U JICHKOIIUTOB
C UCTIOJIb30BaHUEM IeMaToJIOTHYECKOro aHaIu3aropa
Abacus junior V. B CbIBOPOTKE KpOBHM Ha aBTOMAaTH-
YeCKOM OMOXMMHYECKOM aHajau3aTope cepuu iMagic
C TMIPUMEHEHHEM CTaHJAPTHBIX PEareHTOB UCCIIEIO-
BaJIM CIIEYIOIIME OKA3aTeI: COAEPKaHUe OOILEero
Oernka, anbOyMHHOB, TJIO0YJIMHOB, TJIFOKO3bBI; aKTHB-
HOCTh aJlaHUHAMUHOTpaHCc(epasbl, acapTaTaMHHO-
TpaHcdepasbl U MenoYHoi (ocdaraspl; KOHIIEHTpA-
nto kanmbnus, hocdopa u nuaKa. Ha ocHOBaHw™ 110-
JYYEHHBIX JaHHBIX PACCUUTHIBAIN KOAPPHUIMEHT Jie
Putuca. Cratuctuyeckyro o0pabOTKy MOTydeHHBIX
9KCTIIEPUMEHTANBHBIX TAHHBIX MPOBOJMIHN C UCTIOJIb-
30BaHuEM t-kpurepusi CTbIOICHTA.

PE3YJBbBTATBI HCCJIEJOBAHUSA

AHanu3 Mop¢oJIOrHYEeCKUX MOKa3aTelel me-
pudepryeckoil KpOBU MECSUYHBIX TEJAT KOHTPOJIb-
HOW M TpeX OMBITHBIX TPYII MOKa3al, YTO 3HAUYCHHUS
BCEX HCCIIEJIOBAaHHBIX MapaMeTpPOB HAXOAATCA B pe-
(hepeHCHOM Amama3one. YpoBeHb TeMOTIIOONHA Y KH-
BOTHBIX OIIBITHBIX TPYIII BAPHUPOBAI B JUANIA30HE OT
96,44 no 100,10 r/n, HE AEMOHCTPUPYS CTATUCTHYE-
CKHM 3HAUUMBIX OTKJIOHEHHH OT KOHTPOJBHBIX 3Haue-
Huil (p > 0,05). AnanornyHasi KapTuHa HabIrOqaIach
JUTSL KOJTMYECTBA APUTPOIUTOB, 3HAUYEHUSI KOTOPOTO
BO Bcex rpymmax (5,40—5,74-10'2/1) cooTBETCTBO-
BaJIM (PU3HOJIOTUUECKOMY UHTEPBAIly U HE UIMEJIH J10-
CTOBEPHBIX MEXKIPYNNOBBIX pasnuuuid (p > 0,05).
JlanHble pe3ynbTaTbl CBUACTEILCTBYIOT O MOJIOKH-
TEJILHOM BJIMSIHUHM POOUOTHYECKUX JI00aBOK Ha OC-
HOBe MTaMMa Enterococcus faecium ¢ pa3HbIMU Ha-
MTOJTHUTEIISIMHA B KOPMOBOM TOOABKH, COIEPIKAIIIHH Xe-
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JIATHBIN KOMITJIEKC ATHJICHANAMIHTETpaAIeTaT IMHKa,
Ha KUCJIIOPOATPAHCIIOPTHYIO (PYHKIIMIO KPOBH U TIPO-
IIECCHI DPUTPOIIOI3A.

B ormnnume ot cTaOMIIbHBIX MTOKa3aTelneil KpacHOH
KpPOBH, U3MEHEHUS ObUIA OTMEUEHBI B JICHKOIIUTAPHOM
3BEHE. B OMBITHBIX TpyNmax perucTpupoBaioch yBe-
JIMYCHUE KOJIMYECTBA JICUKOIUTOB B KPOBHU TEIIST 11O

CpPaBHEHUIO C MHTAKTHBIMH XUBOTHBIMU. Tak, KOJH-
YeCTBO KJIETOK O€JI0i KPOBH B MIEPBOU TpyIIIe OBLIO
Bhime Ha 4,45 %, Bo Bropoii — Ha 10,18 % (p < 0,05)
u B Tpetbeil — Ha 18,70 % (p < 0,01) mo cpaBHEeHHIO
C KOHTpOJIbHOM Tpytmoi. [Ipu 3Tom Bce abcomoTHbIC
3HAUCHHS OCTABAIMCH B Ipeieax (PrU3n0IOrHYeCKOM
HOpMBI (4—11-10%1).

Tadnuua 1
Obwuil ananuz kposu mensim 8 nepeuiil mecay sucuznu (n = 10)
I'pynna
TMoxkazarens PecepencHrre

KOHTpOIbHAs 1 onbiTHAs 2 ombITHAs 3 onbITHAS SHAYCHI
I'emornoOuH, /71 99,10 £ 7,96 96,44 =279 98,33 £2,63 100,10 = 4,01 90—130
?(I)’llg/ipoumbl, 5,40 +£0,15 5,74+ 0,32 5,49 +0,15 5,69 + 0,29 5.0—7.0
?g;ff;o“m"" 7,86+ 0,20 8.21+0,20 8,66 + 0,24° 9,33 +0,37" 411

*p<0,05

" p<0,01 — 10 OTHOIICHUIO K KOHTPOJIBHO# Tpyme

Pe3ynbraTsl GMOXHMHUYECKOTO UCCIIEIOBAHUS ChI-
BOPOTKH KPOBH TEJSAT B MEPBBII MECSI] )KU3HH BbI-
SIBUJIM PSIi CTATUCTUYECKU 3HAYUMBIX M3MEHEHUI
0[] BIMSIHUEM IMPUMEHSEMBIX KOPMOBBIX JOOABOK.
BonpmmHCTBO MoKa3zareneil ocTaBajauch B Mpeesax
(u3noIOTNYeCcKol HOPMBI, OJTHAKO HAOIIOAAIHCh BbI-
pakeHHBIE CIBUTH B OEITKOBOM, YIJIEBOJHOM OOMEHe
1 aKTUBHOCTH (DEpMEHTOB.

YpoBeHb 00111eT0 O6eTKa B CBIBOPOTKE KPOBH TEIAT
OIIBITHBIX TPYIIT ObUT IOCTOBEPHO BBILIE, YEM Y X KOH-
TPOJIbHBIX CBEPCTHUKOB. Tak, B IIEPBOM OIIBITHOM I'PYII-
Tie ero cofeprkanue 0pu0 BhImie Ha 6,11 % (p < 0,05),
Bo BTOpoit — Ha 8,44 % (p <0,05) u B Tperbeit —
Ha 5,62 % (p < 0,05) 10 OTHOIIEHNIO K KOHTPOJIHHON
rpyimmne. YBeJanyeHne KOHLEHTPAIUH ChIBOPOTOUYHOTO
0eJKa MPOMCXOIUIIO MPEUMYIIECTBEHHO 3a CUET aJlb-
OyMHUHOBO# (hpakunu, OCHOBHON (yHKIHEH KOTOPOii
SIBIsIeTCsl TpaHcnopTHas. Ee ypoBeHb craTtuctuye-
CKM 3HAUMMO IMTOBBICWICS B IIEPBOW, BTOPO U TPETh-
el ombITHRIX Tpynmax — Ha 11,39 % (p < 0,05),
11,46 % (p <0,05)u 8,11 % (p < 0,05) cooTBeTCTBEH-
Ho. KoHueHTpanus rmoOyTMHOB TakKe UMelia TeHACH-
LIMIO K YBEJIMUEHHUIO, OTHAKO PA3JINYUS C KOHTPOJIbHON
TpyTIOH cocTaBmsum Juiib 1,83—5,99 % u He qocTur-
JIM YPOBHS CTaTUCTHYECKOW 3HaunmoctH (p > 0,05).

CozeprkaHue IJIIOKO3bI B CBIBOPOTKE KPOBH Y TEJISAT
KOHTPOJIBHOH IpyTIibl cocTaBmio 4,72 + 0,26 MMOIB/,
YTO COOTBETCTBOBAJIO (DU3MOJIOTMYECKON HOPME LIS

JIAaHHOT'O BO3PACTHOTIO Iepuoza. Y TeJsT epBOid, BTO-
POl U TpeThell ONBITHBIX T'PYNI AAHHBINA MOKA3aTEIb
o1 mocroBepHo Hmke — Ha 20,13 % (p <0,01),
15,89 % (p <0,05) u 23,73 % (p <0,01) cooTBet-
CTBEHHO — M0 CPAaBHEHMIO C MHTAKTHOM TpyNHIoi.
[Ipu >TOM y KUBOTHBIX OIBITHBIX TPYTII KOHIICHTPA-
LU DJIFOKO3bI B CBIBOPOTKE KPOBU HAXOJMJIACh HUXKE
HUKHEH TpaHUIlbl HOPMbI, YCTAHOBJICHHOM JUIsl JaH-
HOTo Bo3pacra [5, 6].

BrisiBieHHbIe pa3nuyms B aKTUBHOCTH aJTAHMHAMU-
HoTpancdepasbl (AnAT) u aciapraramunorpancdepa-
361 (ACAT) y TeNnAT ONBITHBIX TPYIII MO CPAaBHEHHUIO
C KOHTPOJIEM YKa3bIBAIOT HA MOAYJISLMIO IPOLIECCOB
TPAaHCAMHHHUPOBAHUS MO BIUSHUEM NPUMEHSIEMBIX
n00aBoK. AKTUBHOCTh ATAT 10CTOBEpHO CHU3WIIACH
BO BCEX ONBITHBIX rpymmax. Haubonee BeIpaskeHHOE
CHW)KEHHUE ObUIO 3a)UKCHPOBAaHO B TPEThEH OTBIT-
HOH Tpynmne — Ha 34,12 % (p <0,001). B nepsoit
Y BTOPOH OMBITHBIX Ipymmax akTHBHOCTh ATAT Tak-
JKe ObLTa CTaTUCTHYECKH 3HAYUMO HIKE KOHTPOJIb-
HBIX 3HaueHn — Ha 24,79 u 18,65 % cooTBeTCTBEH-
HO (p < 0,05). AxtuBHOCTH ACAT y TensT KOHTPOJIb-
HOM TPYIIbI ObLIA BBIIIE, YEM B OIBITHBIX TPYyIIIax.
OpHaKo CTaTUCTHYECKH 3HAYMMOE CHUIKEHHE aKTHB-
HOCTH JaHHOTO (DepPMEHTa OTMEUEHO TOJIBKO B TPETh-
eit onbrTHOM rpynne —Ha 21,80 % (p < 0,001). B nep-
BOH U BTOPOM OMBITHBIX TPYIIIAX Pa3Inuus ¢ KOHTPO-
JeM He ObUTH JTocToBepHBIMH (p > 0,05) 1 cocTaBuim
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5,63 1 5,66 % coorBeTcTBeHHO. COINIaCOBAaHHOE CHU-
xenne akTuBHOCTH ANAT u AcAT, mpu coxpaneHnn
a0COITIOTHBIX 3HAYCHUH B IIpeIesiax GU3HOIOTHICCKOM
HOPMBI MOYKET CBHUJIETEIILCTBOBATH O IMTOJIOKUTEITLHOM

BJIMSTHUM MCIIOJIB30BaHHBIX J00aBOK Ha MeTadoInye-
CKHU CTaTyC ICUCHH, yKa3bIBas Ha OTCYTCTBHE IIPH-
3HAKOB IIaTOJOTMYECKOT0 KaTaboIM3Ma, CBSI3aHHOTO
C TMOBPEXKICHUEM TKAHEH.

Taoauma 2
Buoxumuueckue nokazamenu Kposu mensam 6 nepswviil mecsiy scusu (n = 10)
I'pynna
ToKasaress Pecdepencurie
3HAYCHUS
KOHTPOJIbHAS 1 ombITHAS 2 omnbITHAsS 3 ombITHas

OOwuii 6eNoK, . . .
o 61,38 +1,34 65,13 +1,13 66,56 = 1,51 64,83 £ 0,94 50,7—67,7
AJbOYMUHBI, T/J1 27,48 £ 0,87 30,61 £1,01" 30,63 +1,28" 29,71 £0,56" 22—32
InoOymuHs, T/71 33,90+ 1,15 34,52 +0,87 35,93+ 1,02 35,12+ 0,60 28—40
Tmiokosa, 4724026 3,77+ 0,15™ 3,97+ 0,15 3,60 +0,23" 4,058
MMOJIB/JI
AnAT, En/n 13,19 £ 0,98 9,92 +0,82" 10,73 £0,73" 8,69+0,51"" 10—25
AcAT, En/n 54,92 +£2.,62 51,83 +£2.24 51,81 +£2,21 42,95+ 1,46™ 21,6—86,4
AcAT/ AAT, 430027 5,45+ 0,38" 5,14+ 0,26 5,04 +0,22° _
yC. e
Wenouras 385,61 423,44 | 472,43 +26,50° | 463,75+25,17° | 589,47 + 44,32 150—300
¢docdaraza, En/n
Kanbi, 2,55+ 0,03 2,55 + 0,09 2,74 +0,12 2,76 +0,07" 1,81—3,41
MMOJIB/JI
docdop,

2,39+0,10 2,58 +£0,11 2,58 £ 0,08 2,53+ 0,08 1,78—2.24
MMOJIB/JT
L{MHK, MKMOJIB/J 16,91 £2,49 18,29 +£2,28 20,27 £2,13 22,62 £2.43 12—24

*p<0,05
" p<0,01

*

" p <0,001 — 10 OTHOIIICHUIO K KOHTPOJIBHOM TpyTIIe

PedepencHble 3HaUE€HUSI aKTUBHOCTH ILEIOYHON
(docdarazsl B CHIBOPOTKE KPOBH Y TEJISAT MECSIHOTO
Bo3pacta coctapisitor 150—300 Exn/n [5]. B mpose-
JICHHOM DKCTIEpUMEHTE aKTUBHOCTH TAHHOTO (hepMEH-
Ta y BCEX KMBOTHBIX MPEBbIIIATA BEPXHIO TPAHHUILY
HOPMBI, Bappupys oT 385,61 + 23,44 En/i B KOHTPOIIh-
HO¥ rpymte 1o 589,47 + 44,32 En/n B TpeTheii ObIT-
Hoii rpyne. [Ipu 3Tom Haubosnee BbICOKHE MOKa3are-
71 ObLTH 3a(pUKCUPOBAHBI UMEHHO Y TEJISIT OMBITHBIX
rpymn. Conepikanue nenodHoi pocdaraspl B X Chl-
BOPOTKE KPOBH OBLIO JOCTOBEPHO BBIIIE, YEM B KOH-
TpoJie: B iepBoii rpynne — uHa 22,51 % (p < 0,05), Bo
BTOpoit — Ha 20,26 % (p <0,05) u B TpeTbeit — Ha
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52,87 % (p <0,05). IloBbilieHHass aKTUBHOCTB IIe-
noyHo# ocdarasbl y pacTyIIUX KUBOTHBIX SIBIISIET-
cs1 (QU3HONOrMYHBIM SIBJICHHUEM M, KaK MPaBHIIO, KOP-
PEIMpPYET C HHTCHCUBHBIMU ITPOIIECCAMH OCTEOIeHE3a
1 o01mero Merabonu3Ma. B HaydHOH TUTEpaType nme-
I0TCSI JIaHHbIE, MPEJIAraolie UCIO0Ib30BaTh aKTHUB-
HOCTB IIET0YHOH (hocdarasbl B CBIBOPOTKE KPOBH B Ka-
YEeCTBE OJHOTO W3 KPUTEPHEB JIJISl IPOTHO3UPOBAHUS
TEMIIOB IMPUPOCTA KUBOK MaCChl Y MOJIOHSIKA KPYTI-
HOTO U MEJIKOTO poraroro ckora. CoriacHO 3THM HC-
CJIEIOBAHUSAM, JKUBOTHBIE C BHICOKUM POCTOBBIM I10-
TEHIIUATIOM JICMOHCTPUPYIOT U HANOO0JIEe BBICOKYO aK-
TUBHOCTbH JJAHHOTO (epMmeHTa [7, §].
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CoortHomeane akTuBHOCTH ANAT u AcAT, us-
BecTHOE Kak Kod¢p¢umument ae Puruca (KJP) (coot-
vomenne AcAT/AnAT), ObTO BBEIEHO B KIIMHHYC-
CKYIO TIPAKTHKY U151 T PepeHITNATLHON THarHOCTUKH
ocTporo BupycHoro remnaruta [9]. CoBpeMeHHbIE TaH-
HbIE, OJTHAKO, PACIIUPSIIOT 3Ty napaaurmy. [lockonbky
TpaHCaMHHA3bI BHIIOIHSOT (YHIaMEHTaIbHbIC (DyHK-
[IMU B KJIETOYHOM METa00M3Me, KOJIeOaHHsI MX aKTHB-
HOCTH, & TaKXe Pe3ylbTHPYIOIIEro KodPQUIeHTa,
MOTYT CITY’)KUTh MapKePOM He TOJIBKO MaTOIOTUIECKIX
W3MEHEHUH B [IEYCHHU, HO ¥ CUCTEMHBIX METaboInye-
CKHX HapylieHuil B opranusme [10].

B Hamux vcciaenoBaHUSIX CPEIHUE 3HAUCHHS KO-
s pummenta ne Putnca y TeIAT B IKCTIEPUMEHTE Ha-
xomunuck B quanaszone ot 4,30 £ 0,27 mo 5,45 + 0,38
ycIIoBHBIX enuHull. CozepikaHue JaHHOTO Ko3(du-
LIMEHTa B MEPBOW OMBITHOW rpynie ObUIO BHINIE HA
26,74 %, Bo BTOpOit — Ha 19,53 % u B TpeTheil — Ha
17,21 % 1o oTHOIIEHHIO K MHTAKTHOH Tpymme. B Ha-
meM cirydae Hu3kas akTuBHOCTH AAT omocpemo-
BaHHO TIPUBOJUT K TOBBIIIEHUIO0 KOX(pUIIMEHTA Jie
Puruca. Oto, BeposTHO, OOYCIIOBICHO BO3PACTHBIMHU
0COOCHHOCTAMH MeTa0oau3Ma TENAT, U HaOIromae-
MBI BBICOKHMW MOKa3aTellb MOXKET pacCMaTpUBATHCS
KaK BapUaHT HOPMBI, OTPAXKAIOIIUH aKTUBHBIC MPO-
[IECChl pOCTa B JaHHOM Bo3pacTe. [lomydeHnHbie nan-
HBIE CJIEIyeT paCCMaTPHUBATh B KOMILIEKCE, KaK MPOSIB-
JICHUE aJIalITABHOTO METa0O0JIMUECKOTO OTBETA PACTy-
IIEr0 OpPraHW3Ma Ha MOBBINICHHBIE YHEPreTHYCCKUC
U TUTACTUYECKHE MOTPEOHOCTH.

BrisBrieHHas Tpriajja — CHM)KEHUE YPOBHS TITIOKO-
3Bl B CBIBOPOTKE KPOBH, ITOBBIIIICHNE AKTHBHOCTH IIIe-
noyHo# pocdarasel u yBenudeHue kodhduiueHTa e
Putuca — norudHo B3auMocCBsi3aHa. B naHHOM KOH-
TEKCTE MOBBIIICHHE n3ydaeMoro koaddunpenTa tepsi-
€T MaTOJIOTHYECKYIO0 OKPAcKy M MpruoOpeTaeT 4eTKoe
(hm3monornyeckoe 0OBICHEHNE.

[Ipeobnananue akruBHOCTH ACAT Hag AnAT ot-
pakaeT yCWJIGHHE MPOLECCOB IIIIOKOHEOTeHe3a, He-
00XOAMMOTO TSI TOJIZICPKAHUS YHEPTETUICCKOTO IO~
MEOCTa3a B YCIOBHUAX BBICOKOW YTHJIM3AIUH TJIIO-
k03bl. ACAT sBRsieTCs KIIOUEBBIM (PEPMEHTOM st
MeTaboIM3Ma AMHHOKHCIIOT — CYOCTPaTOB JIJIsT CHH-
TE€3a TITFOKO3HI.

CrnenoBarenbHO, MOBBINICHHBIH KOA((UITUSHT Jie
Purtuca y TeNAT ONBITHBIX TPYIIIT MOXKHO TPAKTOBAaTh
HE KaK MPHU3HAK TenaToLETIONSIPHOTO TOBPEXIe-
HUSA, a KaK OMOXUMUYICCKUA HHIUKATOP MeTabomye-
CKOM ajJianTaliiu, HalpaBjIeHHON Ha TIOKPBITHE YHEP-
ro3aTpar, CBsI3aHHBIX C HHTCHCUBHBIM POCTOM, O YeM
TOBOPHUT BBICOKHH ypOBEHBb HICIOYHOM (ocdarassl,
[IPH OTPaHUYEHHOMN JIOCTYITHOCTH TJTFOKO3bI B KPOBH.

KoHuenTpanus Kajiblus B CBIBOPOTKE KPOBHU
y TensT ObUIa BBIILIE BO BTOPOH OMBITHOHM IpyIllie Ha
7,45 % u B Tperbelt — Ha 8,24 % (p < 0,05) mo cpas-
HEHHIO ¢ KOHTPOJIbHOM rpymmnoii. ConepxaHne MUHE-
paJia B IepBOIi ONBITHOM W MHTAKTHOM IpymIax ObLI0
UIEHTUYHBIM. Bo Beex rpynnax 3HaueHUs OCTaBaIUCh
B pe(hepeHCHBIX Ipenenax.

VYpoBeHb Heoprannueckoro gocdopa B CHIBOPOT-
K€ KPOBH Yy TEJIAT BO BCEX HCCIEJOBAHHBIX IpymHmax
MPEBBIILIAN BEPXHIOIO IPaHUILy (PU3HOIOTHYECKON HOP-
Mmel (1,78—2,24 mmons/m) [11], HaxomsAck B nuamnas3o-
He oT 2,39 mo 2,58 mmons/n. [lomobnast hnszmonaoru-
yeckas runepdocaremMus XxapakTepHa AJ1st 300pOBOTo
pacTyIero MoJoAHsAKa, YTO COMIACYETCsl C TaHHBIMU
suTeparyps [12].

[Ipu 5TOM B HAIIMX OMBITAX B IPyIIax, MOJIy4aB-
muX 100aBKY, KOHIIEHTparus dochopa JeMOHCTPH-
poBaJia TEHAEHUUIO K JaJbHEHIIEMY HOBBILICHUIO
OTHOCHUTENIBHO YK€ BBICOKOT'O KOHTPOJIBHOTO YPOBHS
(2,39 MMOIB/1T), XOTSI MEXKTPYTIIIOBBIE PA3INYMs U HE
JIOCTUIVIM CTaTHUCTHYecKol 3HaunMoctu (p > 0,05).
1o cpaBHEHHMIO C KOHTPOJIEM JAHHBIH TOKa3aTeh ObLT
BbIIe Ha 7,99 % B mepBOii ¥ BTOPOH OIBITHBIX TPYTI-
nax 1 Ha 5,88 % B TpeTbel OIBITHOA.

CozeprxaHue UHKA B CBIBOPOTKE KPOBH TEJISIT KOH-
TPOJBHOMU TPpyMITEI COCTaBISLIO 16,91 + 2,49 MxMmons/11,
gyT0 ObLIO Ha 8,16, 9,87 u 39,72 % HuKe 1O cpaBHE-
HUIO € ITOKA3aTeISIMU IIEPBOM, BTOPOI U TPETHEH OIIBIT-
HBIX TPYMII COOTBETCTBEHHO. OIIHAKO 3TH pa3IvyMs
HE JIOCTUTAIM 10pOra CTaTUCTUYECKON 3HAYMMOCTH
(p>0,05). OcoOeHHO CTOUT OTMETHUTh, YTO TEJIATAM
BTOPOH U TPEThEH OIBITHBIX I'PYIII B paIlliOH BBOJWIN
n00aBKH, cofepkaiiue xenarnyto Gopmy nuHka. Tem
HE MEHEee, CTATUCTUYECKU 3HAYUMOTO TIOBBIIIIEHHS €TO
KOHLICHTPALUN B CHIBOPOTKE KPOBH 3a(hUKCHPOBAHO
He ObUIO, M BCE MOKAa3aTeN OCTABAINCh B Ipenenax
(U3M0NIOrnYeckoil HOPMBI. DTO, BEPOSITHO, SIBISIETCS
CJIEJICTBHEM JIEHCTBHSI TOMEOCTaTHYECKUX MEXaHU3-
MOB, KOTOPbIC d3(PPEKTUBHO KOMIICHCHUPOBAIHU MOBBI-
LIEHHOE [IOCTYIIEHNE MUKPOJIEMEHTA, IOAEP)KUBAsL
€ro cTaOUJIbHYIO KOHIIEHTPALMIO B CBIBOPOTKE KPOBH.

3AKJIIOUEHUE

BxroueHue B pallioH TENSAT C pOKAEHUS 10 IEPBO-
IO MecsI1a )KU3HU U3y4aeMbIX TPOOHOTHUECKUX J00a-
BOK Ha OCHOBE mrTaMMma Enterococcus faecium (¢ pas-
JUYHBIMH HATMOJIHUTEISIMU) U KOPMOBOU JT00ABKH,
coJiepKaIlell XeaTHBIH KOMILJIEKC [IMHKA Ha OCHOBE
OJITA, oka3pIBacT MOJOKHUTEIHLHOE BIHSHAE HA MOP-
(osorudeckre U OHOXMMUYESCKUE ITOKA3aTEIH KPOBH.
WX npuMeHeHre CriocoOCTBYET MOIEPKaHUIO HU3H0-
JIOTHYECKOTO YPOBHS KUCIOPOATPAHCIIOPTHOU (DYHK-
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UM KPOBU M TPOLIECCOB 3pHUTpOIodsa. Kpome Toro,
00aBKM TPHUBOAST K MOBBIIIEHUIO YPOBHS OOIIETO
Oemka 1 ero anrb0yMUHOBOH (YPAKIIMH, YTO CBUIETEIb-
CTBYET 00 yCHUJICHHH OIIKOBO-CHHTETUYECKOH (PyHK-
LIUH TIEYECHH 1 YTy HIICHUH TPAHCIIOPTHOTO pe3epBa op-
ranusma. Takyke OHU OJIEPKUBAIOT SJHEPreTUYECKUI
0aJaHC B YCIIOBHSX BHICOKOH YTHIM3AIUH [JTFOKO3bI Ha
(hoHE MHTEHCUBHOTO POCTa KOCTHOU U IPYTHX TKAHEH,
410 obecneynBaeTcst (PU3NOIOrMYECKUM yCUIEHUEM
MIPOIIECCOB ITIOKOHeoreHe3a. OnrTumMuzanus MeTado-
JIMYECKOT0 CTaryca, JOCTUIHYTasi C TOMOLIBIO JTAHHBIX
n00aBOK, MOXKET CIocoOCTBOBaTh Oosee APPeKTus-
HOMY HCIIOJIb30BaHUIO ITUTATEIbHBIX BEIIECTB KOpMa
U SIBIISIETCS OCHOBOM 11 MHTEHCUBHOT'O POCTA U pa3-
BUTHSI MOJIOJHSIKA B PAHHUI [TOCTHATAIbHBINA IEPUO/.
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ASSESSMENT OF THE EFFICACY OF A NEW
PROBIOTIC STRAIN ENTEROCOCCUS FAECIUM
AND CHELATED ZINC IN THE STUDY OF THE BLOOD
MORPHOBIOCHEMICAL INDICATORS OF CALVES
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Abstract. The research objective was to assess the effect of new probiotic products based on the strain Entero-
coccus faecium with various fillers, as well as a feed additive containing a chelated zinc complex, on the blood
morphological and biochemical indicators of calves during their first month of life. The experiment was conduct-
ed under the conditions of the APC (Agricultural Production Cooperative) Breeding Farm “Novyy” (Kirov re-
gion) on 40 Holstein calves, selected on the principle of analogues and divided into 4 groups (n = 10). The calves
of the control group received the basal diet (milk); the calves of the first experimental group received 10 g of the
feed additive “Viedta Zinc” daily; the second experimental group received 3 g of probiotic (E. faecium, not less
than 107 CFU) with lactose as a filler; the third experimental group received 3 g of the probiotic (E. faecium, not
less than 107 CFU) with a chelated zinc-based filler. At the end of the observation period, blood samples were tak-
en from the jugular veins of the one-month-old calves. Hematological indicators were determined using an Aba-
cus junior V analyzer, and biochemical indicators were measured using an iMagic series analyzer. It was found
that the hemoglobin and erythrocyte (RBC) levels in all groups were within the physiological norm and showed
no significant intergroup differences (p > 0.05). The use of the additives contributed to an increase in leukocyte
(WBC) count: in the second group — by 10.18 % (p < 0.05), and in the third — by 18.70 % (p < 0.01), compared
to the control, while the indicators remained within the reference range. In the blood serum of the experimental
calves, a significant increase in the level of total protein was noted (by 5.62—8.44 %, p < 0.05), primarily due to
the albumin fraction (by 8.11—11.46 %, p < 0.05). The glucose concentration in the experimental groups was
lower than the control by 15.89—23.73 % (p < 0.05—0.01), falling below the physiological norm. Alkaline phos-
phatase activity in all animals exceeded the upper limit of the norm, and in the third experimental group, this in-
dicator was by 52.87 % higher than the control (p < 0.05). ALT activity decreased in all experimental groups
(by 18.65—34.12 %, p <0.05—0.001), while AST activity decreased only in the third group (by 21.80 %,
p <0.001). The De Ritis ratio in the experimental groups was significantly higher than the control by 17.21—
26.74 % (p < 0.05). The calcium content in the third group exceeded the control by 8.24 % (p < 0.05), and the
phosphorus level tended to increase in all experimental groups. The concentration of zinc in the blood serum of
the experimental calves was higher by 8.16—39.72 %; however, the differences did not reach statistical signifi-
cance (p > 0.05). Thus, the inclusion of the probiotic based on Enterococcus faecium and chelated zinc in the diet
of newborn calves contributes to the optimization of protein metabolism and the activation of energy metabolism
aimed at ensuring intensive growth. The obtained data substantiate the prospects of using these additives in the
system for rearing healthy young cattle.

Keywords: calves, blood morphobiochemical indicators, probiotic strain Enterococcus faecium, teed additive
“Viedta zinc”

Industrial dairy farming is accompanied by chang-  their isolation from the natural habitat. Changing air
es in the keeping conditions of all cattle groups and  parameters, the composition and quality of feed and
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drinking water, the production thythm and keeping
density of animals affect the viability, behavior and
productivity/yield of livestock. Under these condi-
tions, young animals in the first days of life are most
vulnerable to adverse factors.

Therefore, improving existing approaches and de-
veloping new ones to rearing newborn calves based on
the biological principles of the body are of particular
practical importance [1, 2].

The use of biologically active substances in calf
rearing has become widespread in animal husbandry
practices. Of particular interest in this regard are pro-
biotics and chelated forms of micronutrients, which
help correct undesirable changes in the microbiome,
metabolic processes and immune status. This helps im-
prove the body’s functional state and ensures the pro-
ductive health of young animals [3, 4].

However, the scientific justification for the use of
new probiotics and chelated forms of microelements
should be based not only on the dynamics of produc-
tive indicators, but also on the results of assessing the
blood morphological and biochemical indicators of an-
imals, which determines the relevance of comprehen-
sive research in this area.

The research objective was to study the effects of
new probiotics based on the strain Enterococcus fae-
cium with various fillers, as well as a feed additive con-
taining chelated zinc, on the blood morphobiochemi-
cal indicators of calves.

MATERIAL AND METHODS

The study was conducted at the APC (Agricultural
Production Cooperative) Breeding Farm “Novyy”
(Kirov region) on newborn Holstein calves. The study
examined the efficacy of a new probiotic based on the
strain Enterococcus faecium isolated from the intes-
tines of the willow ptarmigan (Lagopus lagopus) and
the feed additive “Viedta Zinc” containing a chelat-
ed zinc complex of ethylenediaminetetraacetate (zinc
content of 795—905 g/kg).

To conduct the analog-based experiment, four
groups of calves (10 animals each) were formed: a
control group and three experimental groups. During
the first month of life, the animals received the studied
pharmacological agents daily during the evening feed-
ing: the first experimental group received 10 g of the
feed additive “Viedta Zinc”; the second experimental
group received 3 g of a probiotic based on the strain
Enterococcus faecium (at least 107 CFU) with lactose
as a filler; the third experimental group received 3 g
of a probiotic based on the strain Enterococcus fae-
cium (at least 107 CFU) with a filler of zinc ethylene-
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diaminetetraacetate chelate complex (zinc content of
795—905 g/kg); the control group did not receive any
probiotic or mineral additives.

At the end of the experiment, the blood was col-
lected from the jugular veins of calves in all groups.
Whole blood samples were analyzed for hemoglobin
concentration, red blood cell (RBC) and white blood
cell (WBC) counts using an Abacus junior V hema-
tology analyzer. Serum was analyzed using an iMag-
ic series automated biochemistry analyzer with stan-
dard reagents for the following indicators: total pro-
tein, albumin, globulin and glucose levels; alanine
aminotransferase, aspartate aminotransferase and al-
kaline phosphatase activity; calcium, phosphorus and
zinc concentrations. The de Ritis ratio was calculat-
ed using the obtained data. The statistical process-
ing of the experimental data was performed using the
Student’s t-test.

STUDY RESULTS

The analysis of morphological indicators in the pe-
ripheral blood of the month-old calves from the control
and three experimental groups revealed that all indica-
tors were within the reference range. Hemoglobin lev-
els in the animals from the experimental groups ranged
from 96.44 to 100.10 g/L, with no statistically signif-
icant deviations from the control values (p > 0.05). A
similar pattern was observed for RBC counts, which in
all groups (5.40—5.74-10'%/L) were within the phys-
iological range and showed no significant intergroup
differences (p > 0.05).

These results demonstrate the positive effects of
probiotic additives based on the strain Enterococcus
faecium with various fillers and a feed additive con-
taining zinc chelate complex on blood oxygen transport
and erythropoiesis. In contrast to stable RBC counts,
changes were noted in the WBC component. In the ex-
perimental groups, an increase in the WBC count was
recorded in the calves’ blood, compared to the intact
animals. Thus, the white blood cell count in the first
group was by 4.45 % higher, in the second group —
by 10.18 % (p < 0.05), and in the third — by 18.70 %
(» £0.01), compared to the control group. All abso-
lute values remained within the physiological norm
(4—11-10°/L).

The results of a biochemical study of calf blood
serum during the first month of life revealed a num-
ber of statistically significant changes affected by the
feed additives used. Most indicators remained within
physiological norms, but significant shifts in protein
and carbohydrate metabolism and enzymatic activity
were observed.
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Table 1
Complete blood count of calves during the first month of life (n = 10)
Group
Indicator Reference values
control experimental | experimental 2 experimental 3

Hemoglobin, g/L 99.10 +7.96 96.44 +2.79 98.33 £2.63 100.10 £4.01 90—130
RBC, 10"?/L 540+0.15 5.74 £0.32 549+0.15 5.69 £0.29 5.0—7.0
WBC, 10°/L 7.86 +0.20 8.21+0.20 8.66 +0.24" 9.33+0.37" 4—11

"p<0.05

" p <0.01 — relative to the control group

The total serum protein level of the calves in the
experimental groups was significantly higher than that
of their control peers. In the first experimental group,
the level was by 6.11 % higher (p < 0.05), in the sec-
ond — by 8.44 % higher (p < 0.05), and in the third —
by 5.62 % higher (p < 0.05), compared to the control
group. The increase in serum protein concentration
was primarily due to the albumin fraction, the primary

function of which is transport. Its level increased sta-
tistically significantly in the first, second and third ex-
perimental groups — by 11.39 % (p < 0.05), 11.46 %
(» <0.05) and 8.11 % (p < 0.05), respectively.

Globulin concentration also tended to increase,
but the differences from the control group were only
1.83—5.99 % and did not reach statistical significance
(p > 0.05).

Table 2
Blood biochemical indicators of the calves during the first month of life (n = 10)
Group
Indicator Reference values
control experimental 1 experimental 2 experimental 3
Total protein, g/L | 61.38 +1.34 65.13+1.13" 66.56 +1.51" 64.83 +0.94° 50.7—67.7
Albumin, g/L 27.48 +£0.87 30.61 +1.01" 30.63 £1.28" 29.71 £ 0.56" 22—32
Globulins, g/L 3390+ 1.15 34.52+0.87 3593 +1.02 35.12+0.60 28—40
Glucose, mmol/L 4.72+0.26 3.77+0.15™ 3.97+0.15 3.60 £ 0.23" 4.0—5.8
ALT, U/L 13.19+0.98 9.92+0.82" 10.73 £0.73" 8.69+0.51™ 10—25
AST, U/L 54.92 £2.62 51.83+£2.24 51.81+2.21 4295+ 1.46™ 21.6—86.4
AST/ALT, rel. U 4.30+0.27 5.45+0.38" 5.14+0.26" 5.04 £0.22" —
Alkaline phos- | 305 11 9344 | 47243 426.50° | 463.75+25.17 | 589.47+ 4432 150—300
phatase, U/L
Calcium, mmol/L 2.55+£0.03 2.55+0.09 2.74£0.12 2.76 £0.07" 1.81—3.41
Phosphorus,
2.39+0.10 2.58 £0.11 2.58 £0.08 2.53£0.08 1.78—2.24
mmol/L
Zinc, pmol/L 1691 £2.49 18.29 £2.28 20.27 +2.13 22.62+2.43 12—24
"p<0.05
" p<0.01

*

* p <0.001 — relative to the control group
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Serum glucose levels in the control calves were
4.72 £0.26 mmol/L, consistent with the physiolog-
ical norm for this age group. In the calves from the
first, second and third experimental groups, this indi-
cator was significantly lower by 20.13 % (p <0.01),
15.89 % (p £0.05) and 23.73 % (p <0.01), respec-
tively, compared to the intact group. Moreover, in the
animals from the experimental groups, serum glucose
concentrations were below the lower limit of the norm
established for this age [5, 6].

The revealed differences in the activity of alanine
aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) in the calves of the experimental groups,
compared to the control, indicate modulation of trans-
amination processes under the effect of the used ad-
ditives. ALT activity significantly decreased in all ex-
perimental groups. The most pronounced decrease
was recorded in the third experimental group — by
34.12 % (p <0.001). In the first and second experi-
mental groups, ALT activity was also statistically sig-
nificantly lower than the control values — by 24.79
and 18.65 % respectively (p < 0.05). AST activity in
the calves of the control group was higher than in the
experimental groups. However, a statistically signifi-
cant decrease in the activity of this enzyme was not-
ed only in the third experimental group — by 21.80 %
(» £0.001). In the first and second experimental
groups, the differences from the control were not sig-
nificant (p > 0.05) and amounted up to 5.63 and 5.66 %
respectively. A consistent decrease in ALT and AST
activity, while maintaining absolute values within the
physiological norm, may indicate a positive effect of
the used additives on the metabolic status of the liver,
indicating the absence of signs of pathological catab-
olism associated with tissue damage.

Reference values for alkaline phosphatase activi-
ty in the blood serum of month-old calves are 150—
300 U/L [5]. In the experiment, the activity of this en-
zyme in all animals exceeded the upper limit of nor-
mal, ranging from 385.61 + 23.44 U/L in the control
group to 589.47 £ 44.32 U/L in the third experimen-
tal group. Moreover, the highest values were recorded
in the calves from the experimental groups. Alkaline
phosphatase content in their blood serum was signifi-
cantly higher than in the control: in the first group —
by 22.51 % (p <0.05), in the second — by 20.26 %
(» £0.05) and in the third — by 52.87 % (p < 0.05).
Increased alkaline phosphatase activity in growing an-
imals is a physiological phenomenon and, as a rule,
correlates with intensive processes of osteogenesis and
general metabolism. There are data in the scientific lit-
erature suggesting the use of alkaline phosphatase ac-
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tivity in the blood serum as one of the criteria for pre-
dicting the rate of live weight gain in young cattle and
small ruminants. According to these studies, animals
with high growth potential also demonstrate the high-
est activity of this enzyme [7, 8].

The ratio of ALT and AST activity, known as the
de Ritis ratio (DRR) (AST/ALT ratio), was introduced
into clinical practice for the differential diagnosis of
acute viral hepatitis [9]. Modern data, however, ex-
pand this paradigm. Since transaminases perform fun-
damental functions in cellular metabolism, fluctuations
in their activity, as well as the resulting ratio, can serve
as a marker not only of pathological changes in the
liver, but also of systemic metabolic disorders in the
body [10]. In our studies, the average values of the de
Ritis ratio in the calves in the experiment ranged from
4.30 +0.27 to 5.45 + 0.38 rel. units.

The content of this ratio in the first experimen-
tal group was higher by 26.74 %, in the second — by
19.53 % and in the third — by 17.21 %, compared to
the intact group. In our case, low ALT activity indi-
rectly leads to an increase in the de Ritis ratio. This is
likely due to age-related metabolic characteristics of
calves, and the observed high value can be considered
anormal variant, reflecting active growth processes at
this age. The obtained data should be considered ho-
listically, as a manifestation of the adaptive metabolic
response of a growing organism to increased energy
and plastic demands. The identified triad (decreased se-
rum glucose levels, increased alkaline phosphatase ac-
tivity and an increase in the de Ritis ratio) is logically
interconnected. In this context, the increase in the ra-
tio under study loses its pathological connotation and
acquires a clear physiological explanation. The pre-
dominance of AST activity over ALT reflects the in-
tensification of gluconeogenesis, necessary for main-
taining energy homeostasis under conditions of high
glucose utilization. AST is a key enzyme in the metab-
olism of amino acids, the substrates for glucose synthe-
sis. Therefore, the elevated de Ritis ratio in the calves
from the experimental groups can be interpreted not
as a sign of hepatocellular damage, but as a biochem-
ical indicator of metabolic adaptation aimed at cover-
ing energy costs associated with intensive growth, as
evidenced by high alkaline phosphatase levels, despite
limited blood glucose availability.

Serum calcium concentrations in calves were by
7.45 % higher in the second experimental group and
by 8.24 % higher in the third one (p < 0.05), compared
to the control group. The mineral content in the first
experimental and intact groups was identical. The val-
ues remained within the reference ranges in all groups.
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The level of inorganic phosphorus in the blood se-
rum of calves in all studied groups exceeded the upper
limit of the physiological norm (1.78—2.24 mmol/L)
[11], ranging from 2.39 to 2.58 mmol/L. Such physio-
logical hyperphosphatemia is characteristic of healthy
growing young animals, which is consistent with liter-
ature data [12]. Moreover, in our experiments, in the
groups receiving additives, the phosphorus concentra-
tion showed a tendency to further increase relative to
the already high control level (2.39 mmol/L), although
the intergroup differences did not reach statistical sig-
nificance (p > 0.05). Compared to the control, this in-
dicator was higher by 7.99 % in the first and second
experimental groups and by 5.88 % in the third exper-
imental group.

The serum zinc content in the calves from the con-
trol group was 16.91 + 2.49 pmol/L, which was by
8.16 %, 9.87 %, and 39.72 % lower than that in the
first, second, and third experimental groups, respec-
tively. However, these differences did not reach the
threshold of statistical significance (p > 0.05). It is
particularly noteworthy that calves in the second and
third experimental groups received additives contain-
ing chelated zinc. However, no statistically significant
increase in serum zinc concentration was recorded, and
all indicators remained within the physiological norm.
This is likely due to the action of homeostatic mech-
anisms that effectively compensated for the increased
intake of the trace element, maintaining its stable con-
centration in the blood serum.

CONCLUSION

Inclusion of the studied probiotic additives based
on the strain Enterococcus faecium (with various fill-
ers) and a feed additive containing an EDTA-based
zinc chelate complex in the calf diet from birth to the
first month of life has a positive effect on blood mor-
phological and biochemical indicators. Their use helps
maintain physiological levels of blood oxygen trans-
port and erythropoiesis. Furthermore, the additives
lead to increased levels of total protein and its albu-
min fraction, indicating enhanced protein-synthetic
function of the liver and improved transport reserves.
They also maintain energy balance under conditions
of high glucose utilization against the background of
intensive growth of bone and other tissues, which is
ensured by the physiological enhancement of gluco-
neogenesis. Optimization of metabolic status achieved
with these additives can promote more efficient utiliza-
tion of feed nutrients and lay the foundation for inten-
sive growth and development of young animals during
the early postnatal period.
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MUKPOBHBIE KOHCOPIUMYMbI B BUOJAEI'PAJALIUN
KEPATUHCOJAEPXKANINX OTXOA0B
AKNUBOTHOBOACTBA N HABO3A

Exarepuna IOpnreBna HecrepoBa®', Unna IOpbeBHa Bypakosa’,
Momuna ImurpueBHa Mopo3osa“, EBrennii Biragumupouu Muxaiinos™,
Muxaui FOpseBuy ChipoMaTHHKOB ™

*Boponesicckuil 20Cy0apcmeeHHblil YHUSEPCUMENT UHIICEHEPHBIX
mexHoaoeutl, Boponesc, Poccusa, syromyatnikov@bio.vsu.ru
“Beepoccutickuil HaAyUHO-UCCIe0068AMENbCKUL 8eMEPUHAPHBIL UHCIUNTYM
namonozuu, papmaxonroeuu u mepanuu, Boponesic, Poccus

Annoranmsi. KeparnHcoaeprkaiue oTXo/bl ¥ HAB03 — [EHHOE ChIPhE JUIsE OMOTEXHOJIOT U, OIHAKO UX TEKYIIast
yTUIIN3AIMS, @ IMEHHO, CKMI'aHUE M 3aXOPOHECHHE, SIBJISICTCS] ONTACHOW KaK JUIsl 9KOJIOTHH, TaK M JUIS )KUBOTHO-
BOJIYECKHMX KOMIUIEKCOB. HaKorieHne aTUX OTXO/IOB BEJIET K 3arPsI3HEHHIO CPEJIbl, paCpOCTPAHEHHUIO aHTHONO-
THUKOPE3UCTEHTHOCTH CPEAN MAaTOICHHBIX M yCIOBHO-IIATOT€HHBIX MUKPOOPTaHU3MOB U BBIOPOCAM MapHUKOBBIX
ra3oB B arMocdepy. B pamkax nupkyisipHOi SKOHOMHUKH pa3padaThIBalOTCss MHHOBAI[OHHBIE METO/IBI ITepepadoT-
KH, TJIe TIEPCIIEKTHBHBIM HAIIPABJICHUEM SIBJISIETCS] HCIIOJIb30BaHHE MUKPOOHBIX KOHCOPIMYMOB. CHHEPTH3M Me-
TabOIMUYECKHUX MyTeH OPraHU3MOB, BXO/SIINX B KOHCOPIIMYMBI, MOBBIMIAET dPPEKTUBHOCTD JETPaJalli OTXO0-
J0B. MeTareHoMnKa Mo3BoJIsieT U3ydarh 9TH CO00IecTBa Oe3 MPeABapUTEIBHOTO KYJITHBUPOBAHUS, PACKPHIBASL
MX COCTaB ¥ MEXaHN3MBbI B3aUMOIeHCTBHSL. [1osTydeHHbIC 3HAHMS TO3BOJISIIOT CO3/IaBaTh ONITUMHU3UPOBAHHBIE KOH-
COPUMYMBI JJIs TPOMBIIITICHHON TIepepabOTKH OTXO/I0B, YCKOPsisi OMOpEMETHAaINI0 U IPONU3BOCTBO IKOJIOTHYE-
CKH YHCTHIX yIoOpeHuii 1 KopMoB. JlaHHbII 0030p 000011a€T COBPEMEHHBIE JAHHBIC O COCTABE U METareHOMHBIX
XapaKTepUCTUKAX MOOOHBIX KOHCOPIIMYMOB, YTO MTO3BOJISIET aKLIECHTUPOBATh BHUMAHUE Ha MTOTSHIUAJIE 3THX CO-
00IIECTB ISl HCIOJIB30BAHHS arpOIPOMBIIUICHHBIM KOMIIEKCOM.

KuaioueBrble ciioBa: Onozerpananys, KepaTnHCOAepiKaIlue 0TXO0/bl, HABO3, MUKPOOHbBIE KOHCOPIIMYMBI.
BaaromapHocTh: nccie[0BaHNE BBITIOIHEHO B paMKax I'OCyIapCTBEHHOTO 3a/1aHUsT MUHUCTEPCTBA HAyKH U BBIC-
mero oopazosanus Poccuiickoit @eneparun (npoext FZGW-2026-0001)

BBEJAEHUE

Keparuncoaepkaiye oTXo1bsl 1 HABO3 UMEIOT 3Ha-
YUTENbHBIA TOTSHIUAI JJISl UCIIOJIb30BAaHHS B Kave-
CTBE CHIPBS B OTPACIH OMOTEXHOJIOTHYECKOU TIepepa-
OOTKH, OJTHAKO HAYYHBIE ¥ MPAKTUYECKUE TTPOOIEMBI
MenarT dGEKTUBHOW U IKOHOMHUYECKH IIeIeC000-
pa3Hoil peannzanuu 3TUX pecypcos [1].

Tekymas mpakTUKa YTHIM3AUH KepaTuHCOIep-
XKaIX MOOOYHBIX TPOAYKTOB arporpOMBIIUICHHOTO
KOMIDIEKCA 3aKIII09aeTCsl B COKUTAHWH, 3aXOPOHEHHN
Ha [TOJINTOHAX ¥ XMMUYECKOMY THIPOITH3Y, 4TO HeOma-
TONIPUSATHO CKA3bIBACTCS HA COCTOSHUHU OKPY KaroLen
cpensl [2]. MaccoBoe HaKOIUIEHHE HABO3a TAKXKE BbI-
3BIBACT CEPbE3HBIC IKOIOTUUYECKHE ITPOOIEMBI, BKITIO-
Yast HeTIPUSITHBIC 3aIlaxH, 3arpsi3HEHNE TIOUBbI U BOJIBI,
a TaKk)Ke PacIpOCTPaHEHNE YCTOWINBOCTH K aHTHONO-

THKaM, YTO MPEJICTABIISET CEPhE3HYIO YTPO3Y JUIS 3110-
poBbs uesnoseka [3, 4]. [lomumo 3TOTO, OHU CITOCO0-
HBI BBIJIENISITH Ta3bl, KOTOPBIE CIIOCOOCTBYIOT POPMHU-
POBaHUIO TAPHUKOBOTO 3 dekra [S].

B Hacrosiiee BpeMs JUisi MUHUMU3AIMK HeOa-
TONPUATHBIX 3((HEKTOB aKTHBHO pa3padaThIBAIOTCS
1 IPUMCHAKOTCA MHHOBAITMOHHBIC MMOAXO0/IbI K YIIpaB-
JICHUIO OTXOJaMH KMBOTHOBO/ICTBA, HAIIPABJICHHBLIC
Ha ONTHMU3AIUIO MPOIECCOB NepepaboTKh HaBO3a
B paMKax KOHIETIINU ITUPKYISIPHON SKOHOMUKH [6].

Hcnonb30BaHue KOHCOPIIMYMOB C KOMIUTHMCH-
TapHBIMU META00IMYECKUMU Iy TSIMH MOXKET o0ecIie-
49KUTh 00JIEE BEICOKYIO CTAOMIILHOCTH 1 3()(EKTUBHOCTh
npoiiecca JIerpaJialliy KepaTuHa 3a c4eT CHHEpPriu3mMa
dbepMmeHTaTHBHBIX akTHBHOCTEH [7]. [lonnManue xa-
pakTepa B3aMMOJICUCTBUSI M pacipeielicHUs: MeTabo-
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TUecKUX QYHKIMH B TAKUX CMEIIAHHBIX CyOCcTparax,
SIBIISICTCS KITFOUEBBIM MOMEHTOM JIJIST pa3paboTKu -
(heKTHBHBIX OMOTEXHOJIOTHH ITepepaboTKH OTXOHOB.

Lenpro maHHOTO 0030pa ABHIOCH 0000IIEHHE CO-
BPEMEHHBIX JJAHHBIX O COCTaBe, (PYyHKIUIX U MeTare-
HOMHBIX XapaKTEPUCTUKAX MHUKPOOHBIX KOHCOPIINY-
MOB, YYaCTBYIOIIUX B JICTpaallii KePaTUuHCOCpkKa-
IIMX OTXOJIOB U HABO3A.

KEPATUHCOIEPXAIIUE OTXO/JAbI
U HABO3 KAK CYBCTPATHBI J1J4
MUKPOBHOM JIETPATAIIUN

OpHMM W3 OIMPOKO PaclpoCTpaHEHHBIX MOO0U-
HBIX ITPOAYKTOB arpoIrpOMBIIIIEHHOTO IMPOU3BO/ICTBA
SIBIISIETCS OOTATHIN KEPATHHOM BOJIOKHUCTHIN MaTepH-
aJI, KOTOPBIN CTAHOBUTCS OTXOJIOM 0€3 KaKoH-TTh0o 11e-
pepabotku [8]. KepaTHHOBBIE OTXOBI OOTaThl AMUHO-
KHCJIOTaMH, KOTOpPbIE CIIOCOOHBI HETraTHBHO BIIMATH HA
arMocdepy, BOJHBIC PeCypCHI U TIOUBY, €CJIU UX HE 00-
pabarbIBaTh TOJDKHEIM 00pa3oM [9]. B cBoto ouepens
KepaTHHOBBIE MaTepHaIbl SBJISAIOTCS HaHOOJee Mpoy-
HbIMH OMOJIOTHYECKUMU CTPYKTYPaMU, YTO MOBBIIIIA-
€T K HUM WHTEpEeC I UX MCIOJIb30BAHUS B MIPOU3-
Boactse [10].

MupoBOE NTHIIEBOACTBO €KETOAHO MPOU3BOIUT
Oosee 2 MIJUTHOHOB TOHH TiepbeB. D(PeKTrBHAS yTH-
JU3alHsl JTAHHOTO MOOOYHOTO MPOAYKTAa HEOOXOIH-
Ma JIJIsl IPEIOTBPAIICHUS 3arPS3HEHUS OKPYKAFOIIeH
cpenbl TokcuuHbIME BerecTBamu [ 11]. Kypuneie ne-
DBl SIBIISIIOTCSL HE TIPOCTO OTXOAMH, a IEHHBIM Pecyp-
coMm. OHHM GoTaThl aMUHOKHUCIIOTAMHU U IPYTUMHU BaX-
HBIMH TIUTATEeIbHBIMUA BEIIECTBAMH, YTO JIEIAeT MX
MIEPCIIEKTUBHBIM CHIPHEM JUIS TIPOM3BOJICTBA KOPMOB
JUTST JKUBOTHBIX. KpoMe Toro, iX MOXKHO UCIIOJIb30BaTh
Kak 3 dexTuBHOE oprannyeckoe ynoopenue [ 12—14].

W3BecTHO, 4TO KepaTUHCOAEPIKALIUE OTXOJIBI,
B YaCTHOCTH KypWHBIE TIEPhs, CIYyXKaT ONarompusT-
HOH cpenoii i pa3MHOKEHHS TaTOTEHHBIX OaKTe-
puii [15]. [lepbst ABASAIOTCS HE TONBKO KIIFOYEBBIM HC-
TOYHUKOM a30THOTO 3arpsi3HEHHSI, HO ¥ UCTOYHUKOM
BIIBIXaEMBIX AJUIEPTEHOB, MPEACTABISIONINX YIPO3Y
TUTST 3M0pOBBs [16].

[Ipu 06paboOTKe KUBOTHOTO CHIPBS HA IIEPCTS-
HBIX, KOKEBEHHBIX U MEXOBBIX (pabpuKax, Ha pa3ind-
HBIX 3Tamax MpOM3BOACTBA 00pa3yeTcsi CyLIeCTBEH-
HOE KOJMYECTBO OTXOAOB M MOOOYHBIX MPOAYKTOB
[17]. JInmip maast MOJISt 3TUX OTXOZOB HAXOIUT TIPH-
MEHEHHE B MMPOU3BOJICTBE yaoOpeHuit n kopmos [18].
OcHoBHas e Macca OTIPaBJISAeTCs Ha CBAIKA WU
C)KHTAeTCsI HECMOTPS Ha TO, YTO OTH METOJIbI YTHIIH-
3allM¥ OKa3bIBAIOT CYIISCTBEHHOE HEraTUBHOC BIIHSI-
HHUE Ha OKpYy:Karomiyto cpeay [19].

JlesiTensHOCTh CKOTOOOCH MTPUBOANT K 00pa3oBa-
HUIO OOJIBIIIOTO KOJMYECTBA OPTaHUYECKUX OTXOZOB,
TaKUX KaK KOTbITa, pora, Kypsl 1 koctu KPC, koto-
PpBI€ IPSIMO MJIM KOCBEHHO BIIHSIOT HA 3/I0POBBE JKUTE-
nelt, mpoxuBaronux moodmmsoctu [20]. bonpmas gacts
ATHX OTXOAOB YTHIM3UpPYyeTCS Hedh(PEeKTUBHO: Ha
CBaJIKax, IyTEM CXKUTaHUsI WM IPOCTO TepsieTcs [21].

Keparunbl SBASIOTCS HEPACTBOPUMBIMH, HHUTE-
BUJHBIMU O€JNKaMH, TPOU3BOANMBIC UTEINATbHBI-
MU KJIETKaMH TIO3BOHOYHBIX [22]. B 3aBuCcHMOCTH OT
CONIEP’KaHMSI CePhI, 3TH OMOTIOIMMEPHI, 00JIaJar0ITHe
CYIIECTBEHHBIMH Pa3UYHUAMU B CTPYKTypEe U CBOW-
CTBaXx, MOJIPA3/IEISIOTCS Ha TBEP/IbIE U MATKHE KEpaTH-
Hbl. K TBEpIBIM KEpaTHHAM OTHOCSTCS] TAKUE CTPYKTY-
PBL, KaK pora, HOI'TH, BOJIOCHI, TIEPhsl, KOTTH U LIEPCTh.
MsiTkuii KepaTiH, B CBOIO 04epellb, GOPMHPYET KOKY
U cepareBuHy Boyoca [23].

Keparnu oOnamaeT psaoM BaKHBIX CBOWCTB —
MPOYHOCTHIO, BA3KOCTHIO U XUMUYECKOH WHEPTHO-
cTbi0. CTpYKTYpHast )KECTKOCTh KepaThHa 0OyCIJIOB-
JIeHa €ro CYINpaMOJIEKYJISpHOI opraHu3aiueil, B Ko-
TOPOIl MOJMUNENTHAHBIE IIeNH 00pa3yioT CTPYKTYPY
MOCPEICTBOM BOJIOPOMHBIX CBA3€H, THAPOGOOHBIX
B3aMMOJICHCTBHUH 1 TUCYIb(DUIHBIX CcBs3eil [24—26].
Bonopoassie u nucyiabuaHbIe CBA3U HCIIOIb3YIOTCS
JUIsl yTIakoBKH Kepatuna [27]. bnaronaps yeMy kepaTtux
o0naaeT yCToWunBOCTBIO K JIeTpalaliiy Moj JCHCTBHU-
€M pacIpoCTPaHEHHBIX NPOTEa3, TAKMX KaK TPUIICUH
u nienicud [9]. Jlannass 0cCOOEHHOCTD SIBJISICTCS TJIaB-
HBIM TIPETSITCTBAEM TSI IPUMEHEHUS] KePaTHHOBBIX
MaTepHalioB Ha Mpou3BojCcTBe [28, 29].

MUKPOBHBIE KOHCOPLIMYMBI,
YYACTBYIOUIUE B JET'PAJJAIITUN
KEPATHUHCOJEPXAIIUX
OTXOA0B 1 HABO3A

B nacrosiee Bpems oTpacib OMOTEXHOJIOTHH, 3a-
HUMAIOIIAsICsl yCOBEPILIEHCTBOBAHUEM OHMOMPOIIECCOB
U paHee ONMPABILIASICS HA YUCTBIE KYJIbTYPBI, OTKpPbLIa
IyTh K IPIMEHEHHIO MUKPOOHBIX KOHCOPIINYMOB JIJISt
MOBBITIIeHNsT 00mIel ¢ dexkTuBHOCTH. Takme MHOTO-
KOMITOHEHTHBIE MUKPOOHBIE CUCTEMBI CTalI BOCTPE-
OOBaHbI B MUIIECBON MPOMBILIJICHHOCTH U IS pellie-
HUs 33]1a4 OMOpEMeTUaIliy, CBSI3aHHBIX C 00€3BPEKH-
BaHWEM TOKCHYHBIX BEMIECTB U 0TX070B [30].

B ciydae, kora cpena He CrpaBiseTcs ¢ O4YHIIe-
HHMEM OT OpPraHMYEeCKUX M HEOPTaHMYECKHX 3arpsi3HH-
TeJIel, MCTIONIb3YETCsl OUH U3 METOI0B Onopemeana-
LM, OCHOBAHHBIN Ha BBEAICHUH CTIELUATILHO 0TOOpaH-
HBIX MUKPOOPTaHI3MOB, 00JIaJAfOIIIX CITIOCOOHOCTHIO
HETIOCPEJICTBEHHO pa3iiarath 3arps3Hsoliee Belle-
CTBO, OO MPOXYIHPOBATH OMOCYP(HAKTAHTHI, CITO-
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coOcTBytoLIHE ero aerpagannu. Ha nporsokeHun 1umu-
TENILHOTO BPEMEHHU METOJ OCHOBBIBAJICS Ha HCITIOJH30-
BaHUHU MOHOKYIBTYP MHKpOoOpranu3MoB [31]. Onnako
3aMeHa OTACIbHBIX MHKPOOPTaHHU3MOB Ha MUKPOO-
HbIC KOHCOPITUYMBI B KaU€CTBE HHOKYJISTHTOB ITEPEBE-
na OMopeMenannio Ha HOBBIH 1 OoJiee 3P PEeKTUBHBIN
ypoBeHsb [32, 33].

MuKpoOHBIE KOHCOPIIUYMBI, B OTJIHYHE OT OJTHO-
POIHBIX YHCTBIX KYIBTYD, OOBEIHHSIOT MHOXECTBO
MHUKPOOPTaHU3MOB € PA3IMYHON peakiuell Ha cpe-
ny. CrnoxxHasi, MHOTOyPOBHEBasi OpraHU3alus KOH-
COpIIMyMa TO3BOJISIET €My BBICTpauBaTh d(PQPEKTHB-
HBIC B3aMMOJICHCTBHYSI, TIOPOXK/Iasi CHHEPTHUIO U obec-
TeYnBasi BBICOKHH ypOBEHB dPhekTuBHOCTH [34].
Merabonnyeckasi yHUBEPCAIbHOCTh U TEHETHYECKOEC
pa3HooOpa3re MUKPOOHBIX COOOIIECTB MTO3BOJISIOT HM
pasznararb OOJBIIMHCTBO OPraHMYCCKUX COSIUHEHUI,
YTO JJaeT UM BO3MOXKHOCTH pPellaTh CIOKHBIC 3a/1a4H,
HEJOCTYITHBIC IIJIS1 OTACIIBHBIX MTaMMOB [35].

[IpumMeHeHnEe MUKPOOHBIX KOHCOPIIMYMOB, JTaKe
IpHU YCIOBUU OMOJIOTHYECKON COBMECTUMOCTH HX
KOMIIOHEHTOB, M IIO3TAIIHOE BBINOJHEHUE 3a/1a4 MO-
JKET MPHUBECTH K CYIIECTBEHHOMY YBEIHYEHHUIO 00-
el MpOAyKTUBHOCTH CUCTEMBI [36].

Paznenenue GyHkuMii 00eCrIiCUnBAET CHUIKCHUE
MeTaboINYeCcKOl Harpy3Kd Ha OTAEIbHBIE OpPTaHU3-
MBI, ITOCKOJIbKY NPOUCXOIUT PACIPENEIICHNUE U CO-
KpallleHHE KOJIMYeCTBA HKCIPECCUPYEMBIX (hepMeH-
TOB M T€TEPOJIOTHYHBIX KOMIOHEHTOB [37]. Takoi
MEXaHU3M 00ECIIeUnBaeT BBICOKYIO CTEIEHb HaIexk-
HOCTH U MPEJCKa3yeMOCTH B BBIMIOIIHEHUN KIETKAMH
cBoux cneundudeckux 3agad. Kpome Toro, oH crmo-
coOcTByeT 3(h(heKTHBHOMY MCTIONB30BaHUIO CIEIIHa-
JIM3aLMHU OTACIBHBIX KOMIIOHEHTOB CHCTEMBI, YTO Be-
JIeT K PaCIIUPEHHUIO ee QYHKIMOHATIBHOTO MOTEHIIAA
[38]. Obm1ast opranuzaiyst MUKpOOHOTO KOHCOPIIHYMa
Y OCHOBHBIE 3TaIlbI JCTPAIAlUK KepaTHHA NPE/ICTaB-
JIEHBI HAa PUCYHKE 1.

OFFAHHYECKHE MHKPOBHBIH KOHCOPIHMYM KOHEYHBIE
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Puc. 1. MukpoOHBIif KOHCOPIIMYM M MEXaHU3M JIeTpaiallii KepaTHHA B aHAIPOOHBIX YCIOBHSIX

OCHOBHBIE
TAKCOHOMMWYECKHMUE I'PYIIIIbI
MHUKPOOPTAHU3MOB

[Ipu BEIOOpE MUKPOOHBIX KOCOPLIMYMOB /ISl pelLie-
HUS pa3IMYHBIX 33/1a4, B YaCTHOCTH CHHTE32 MOJIE3HBIX
COEIMHEHUH M yHalleHus 3arpsA3HSIOLINX BEIIECTB,
BaXHBIM (DAKTOPOM SIBISIETCSI UX BUJIOBOM COCTaB.
KoMmnioHeHTaMH KOHCOPLIMYMOB, NpeIHa3HAauYCHHBIX
ISl IECTPYKLMHM OPTaHMYECKUX BEILECTB, BBICTYIIA-
0T KaK OakTepuaabHbIC BUIIbI, TAK U TPUOBIL, a TAKKe

apxeu [37]. KiroueBbIMU BUIaMU B MUKPOOHMOJIOTH-
YECKOM Ipolecce TpaHchopmanuu TpyaHopasiarae-
MBIX KEPATHHCOACPIKAIINX BEILIECTB SIBIISIOTCS Mpe.-
CTaBHUTEJIN TAKUX POJIOB OakTepuid, kKak Eubacterium,
Clostridium, Bacteroides v Bacillus. Ot oonuraraslie
1 (aKyIbTaTUBHBIE aHA’POOBI CIOCOOHBI 3aITyCKaTh
nporecc GpepMeHTAIMd COBMECTHO ¢ MUKPOMHUIIETA-
MU, 00JalaloIUMH KEPaTUHOJIUTUECKON aKTHBHO-
cthio [39]. Cpenn MEKPOCKOITMYECKUX TPHOOB, CITO-
COOHBIX K pacIleIVICHHIO KepaTHHa, BBIICIAIOTCS a-
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TOTEHHBIE JIEPMATOQUTHI, a TAK)KE HEKOTOpPBIE TPUOBI,
BcTpeuaronuecs B nouse. JlepmaropuTHbie rpruodsI,
oTHOCsImUecs K ponam Keratinomyces, Microsporum,
Trichophyton, Epidermophiton, "THTEHCUBHO pa3Jara-
10T KepaTuHoBbIe Matepualisl [40]. [Ipu pepmenrarus-
HOM PacIIEIUICHUU PUPOIHOTO KePaTHHA KePATUHO-
JIUTHYECKAMU TPUOAMU ITPOUCXOIUT BHICBOOOKICHHE
MUHEPaTbHBIX COSTUHEHNH a30Ta U CEPhI, TOCTYTTHBIX
JUISL TIOTJIOIEHUS pacTeHussMu [41].

Cpenu Oaktepuii, CIOCOOHBIX THAPOIU30BATH
KEepaTUHBI, BBIICISIOT aKTUHOMUIICTOB, HalpUMeEp,
Actinomyces keratolyticus, a Takxke Me30(HIbHBIC
OaxTepun ponoB Streptomyces (S. rimosus, S. griseus,
S. parvus), Nocardia (N. rubra) Bacillus (B. subti-
lis m B. coagulans) n Pseudomonas (P. caviae) [42].
Banumier 00651a1at0T BEICOKMM MTOTEHITUAIOM JIJIS Tie-
pepaboTKH MepbEeBHIX OTXOAO0B MOCPEICTBOM OHOKOH-
Bepcuu. Tak, OakrepuanbHblil ramm Bacillus altitu-
dinis GVCI1, BbIIeJICHHBII U3 CTOYHBIX BOJI YOOHUHO-
TO 11eXa, 3 (HEKTHBHO OCYIIESCTBIISLIT OMOACTpaTaIIHIO
OTXOJI0B TITUILIBI [43].

Cpeaun tepmopuIbHBIX OakTepuii, pasziara-
IOIMX KEepaTUHCOAEPIKAIIUE COCIUHCHHS, BbIJC-
Jst0T mpenctasutenu ¢unyma Thermotogae —
Fervidobacterium pennivorans [44] n F. islandicum
[45]. Thermoactinomyces candidus v Actinomadura ke-
ratinilytica TIpogyMPYIOT TEPMOCTAOMITHLHYIO BEICOKO-
AKTUBHYIO KEpPaTHHA3Y, YTO MO3BOJISIET PACCMAaTPUBATh
WX B KQY€CTBE OCHOBHBIX KOMIIOHCHTOB ITPH Pa3padoT-
K€ SKOJIOTMUYSCKU YUCThIX METOOB YTHIIU3AI[UH OTXO-
noB nitutiehadpuk [40]. Cpenau mpencTaBuTeNeH THIIA
Firmicutes Beinemnsror Thermoanaerobacter keratino-
philus, Brevibacillus thermoruber, Keratinibaculum
paraultunense, Geobacillus stearothermophilus
u Caldicoprobacter algeriensis [46—50].

KitoueBbIMU areHTaMu MOAJIepiKaHus OanaHca
B aHAPPOOHBIX YKOCUCTEMAX SBJISIOTCS CHHTPOMHEBIE
KoHCOpMyMBbl. OHU COCTOAT U3 OAaKTEepHii, pas3iara-
IOIIUX JKUPHBIE KUCIIOTHI, | METAHOTEHHBIX apXei,
MOTPEOIIAIONIUX BOOPON U opMHar, odecreunBas
YCTOMYUBOCTH 3THUX cpef [S1].

Hcnonb30BaHue OJMHOYHBIX apXell B KauecTBe
Omonornyeckux A00aBOK HECET B ce0e MOTEHINAIIb-
HBIE PUCKH U HEOIPEIeIEHHOCTh, B YACTHOCTH, B KOH-
TEKCTE UX CIIOCOOHOCTH 3(PPEKTHBHO MHIMOUPOBATH
MeTaHoreHHble Oakrepuu [52, 53]. MukpoOHbIe co-
00IIIeCTBa, OTIMYAIOIINECS BHICOKOH YMCICHHOCTBIO
THIPOTEHOTPO(HBIX METAHOTEHHBIX apXeeB, HaIllpH-
Mep, pornoB Methanoculleus w Methanosarcina, ne-
MOHCTPHUPYIOT TIOTEHIHAN JyIs Oonee A(h(HEeKTUBHOTO
CHIDKCHUS PUCKOB U HEOTIPEICIICHHOCTEH ITPH UCTIONb-
30BaHMH B KAYECTBE OMOJIOTHYECKUX T00aBOK [54].

9KOJOI'NYECKHE
B3AUMOJENCTBUSI BHYTPH
KOHCOPLOUYMOB

DddexTrBHOE pa3IoKEeHUE CIOKHBIX OpraHUuyYe-
CKHX COEIMHEHUI B MUKPOOHBIX cOO0IIecTBax obec-
NIEYNBAETCS] CHHEPIrUe MUKPOOPIaHU3MOB, KOTOPbIE
COBMECTHO OCYILECTBIISIOT THAPOIN3 OMOIOIIMMEPOB
[9, 55, 56]. BHyTpu KOHCOPLIMYMOB BO3HHMKAET METa-
Oosnveckast Koorepamus, pyu KOTOPOH OJHH MUKPO-
OpTaHM3MBI [TPOM3BOIST BELIECTBA, HEOOXOAUMBIE JIJIsI
KH3HEACATEIILHOCTH APYTHX, YTO CIIOCOOCTBYET yIIO-
PSAIOYCHHOMY PACIIETUICHUIO COSTUHEHHUH [57].

MHUKpPOOPraHU3MbI CIIOCOOHBI OCYILIECTBISTH THA-
pONK3 KepaTHHA, KaK HEMOCPEACTBEHHO B MpOLEcce
CBOETO POCTa, TaK M MOCPEACTBOM BBIJCICHUS BHE-
KJIETOYHBIX KepaTrHas. C UX MOMOIIbIO KEPaTHH MO/
Bepraercs Jerpajaiiu J0 dJIEMEHTAPHBIX OCITKOBBIX
CTPYKTYp [58]. DTH CTPYKTYpHI 3aT€M MOTYT OBITH pac-
HICTUICHB! CTAHJAPTHBIMU MPOTEOIUTHIECCKUMH (ep-
MEHTaMH Ha 0oJjiee pacTBOpUMbIC MENTHIHbBIE (par-
MEHTBI U OTJEIbHbIE aMUHOKHCIIOTHI. Takoil mpouecc
obecrieunBaeT 3PPEKTUBHOE M3BJICUCHUE TUTATEIIb-
HBIX BEIIECTB KepaTUHA [UIsl €T0 JalbHENIIEro npume-
HEHUs B pa3nuaHbIX cepax [59]. [lponecc keparnHo-
JIM32a TaKKe yCUIIMBACTCS ACHCTBUEM BOCCTAHOBUTEIIb-
HBIX areHToB. K HUM OTHOCSTCS CYTb(QUTHI U JpyTHE
cepocoepKalie COeIMHeHNs], POy LUPYEMbIE MU-
KpOOpraHU3MaMH, a Takke (pepMeHThl Tucyibdu-
penykrasbl. Bce 9TH KOMIIOHEHTBI KPUTHYECKH BasK-
HBI 17151 HAYaJIbHOTO pas3pbliBa JUCYNb(OUIHBIX CBI3CH
B cyOctpare [60]. Tak, Harpumep, AepMaTOQUTHI BbIIE-
JSIFOT CYAB(UT J1s1 00JerueH s PoLecca Pa3IoKeHUsI
KepaTuHa 3a cuét aericTBus nporeas [61]. CynbpuTsl,
BBICBOOOK/IasICh, TOMOTAIOT KepaTnHa3aM, BEIpadaThI-
BaeMBIM JiepMaToPUTaMHU, IPOIOIHKATH CBOIO paboTy
10 paclIeIVICHNIO KepatuHa. barogaps stomy nepma-
TO(UTHI JIeT4e MoTy4yaroT JOCTYII K TUTAaTeIIbHBIM Be-
[IecTBaM, TAKUM KaK OJIMTONENTHbl U aMUHOKHCIIO-
TBI, KOTOpPBIE HEOOXOIUMEI M JIJIst pocTa [62].

Kpocc-Tpoduueckne cBs3u, TAKKE N3BECTHBIE KaK
CUHTPO}US, IPEACTABISIIOT COOOH KIFOUEBOE MEKBH-
JI0BOE B3aWMOCHUCTBHE, IPH KOTOPOM BCE UIECHBI CO-
o0rIecTBa NOMyyYaroT NHIIEBbIE TPEUMYIIECTBa Tpe-
umyiecTra [63]. CunTpodHOE B3aUMOJICHCTBHE ITPH-
HAMAaeT pa3HOOOpa3HbIe (OPMBI: 3TO U OOMEH MEXITY
MHUKPOOpraHu3MaMu (pakTopamMH pocTa, HalPUMED,
BUTaMUHAMH, U TpaHc]ep MeTaboIndecKkux cyocTpa-
TOB, B YACTHOCTH, UICTOYHHUKOB yIJIEPOAA U a30Ta, I7e
OJIMH 4JIEH KOHCOpPLUYMa MOJTy4aeT SHEPTHIo, a Ipy-
roif — HeoOXoaMMbIe Tl pocTa BemecTsa. [lomumo
9TOTO, CHHTPOQHS MTPOSIBISICTCS] B COBMECTHOM yJiaJie-
HUH TOKCHIHBIX METa0O0JIUTOB, CITIOCOOCTBYSI aHA0OJTH-
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4gecKuM MporeccaM [64]. HecMoTpst Ha cBOTO KooTiepa-
TUBHYIO IPUPOSTY ¥ CHMOHMOTHYECKHE LIETH, MUKPOO-
HbIe KOHCOPIIMYMBI XapaKTepPHU3yITCs BHYTPEHHEH
KOHKypeHIreld. MUKpOOpPTaHu3MbI B TAKUX COOOIIIe-
CTBaxX OOPIOTCS 3a PECyPCHI, YTO SBISCTCS MPOSIBIIC-
HUEM JCHCTBYIOMINX BHYTPH HUX MEXaHU3MOB 0T0O-
pa[65]. AHanu3 MeTaboIUTOB, KOTOPBIC BCACHIBAIOTCS
WJIH K€ BBIJCNAIOTCS B CpeNly JUIsl KYJIbTHBHUPOBAHHUA,
CIOCOOCH JaTh BO3MOXHOCTh TIIyOXe TOHSTh MeTa-
OoMYecKre MPOIECCHI, MPOTEKAOITHE B MUKPOOHBIX
acconmanusax. Unenrudukanus cyocTpaToB, pe/o-
YUTACMbIX KOHKPCTHBIMU MI/IKp06HI)IMI/I BHUaIaMH, MO-
JKET MPOJIUTH CBET HA UX NOTCHIMATI K KOHKYPCHI U
C IPYTUMU TPEICTABUTEIIMH MHUKPOOHOTO cOOOIIIe-
cTBa [66].

METATEHOMHBIE ITIOAXO/AbI
K HCCJIEJOBAHUIO
MHUKPOBHBIX KOHCOPLIUYMOB

[Tonnmanue cTpyKTypHO-(PYHKITHOHATLHON Op-
raHu3ald MUKPOOHBIX KOHCOPIIMYMOB TpedyeT Me-
TOJBI, CIOCOOHBIE OJJHOBPEMEHHO aHAJTM3UPOBATh T'e-
HETUUYECKUH MaTepral BCceX MPUCYTCTBYIOINX BUJIOB.
MertareHoMHKa pelaeT camylo INIaBHYIO mpoOiemMa
aHaJIM3a TaKUX CJIOKHBIX MUKPOOMOIOTHYECKHUX CH-
CTeM — CIIOCOOHOCTH OTHOBPEMEHHO aHAIM3HPOBAThH
TeHETUYECKUI MaTeprai BCeX MPUCYTCTBYIOIINX BH-
JI0OB MUKpPOOPraHU3MOB [67].

[lepexon OT KyabTypajbHBIX METOIOB K aHAIHU3Y
MeTareHoMa CTaJl PEBOJIIOIHMOHHBIM II1aroM, MO3BO-
JUBIIAM HCCJIEI0BATh BCE pasHOOOpa3ue HEeKYIbTH-
BHPYEMBIX MHKPOOPTaHU3MOB, KOTOPBIE COCTABIIS-
0T OOJIBIIMHCTBO B MPUPOJHBIX dKocucTeMax [68].
MeTtareHoMUKa MMO3BOJISIET UCCIIE0BATh TAKCOHOMHU-
YyecKkoe pazHooOpa3ne MUKPOOPTaHW3MOB B Pasiivy-
HBIX CpeJiaX, BBISBIISITh HOBbIE BUJIbI, a TaKXKe QIITy-
MBI OaKTepHuil i apXeH, KOTOpBIE TPYIHO KYJIBTHBUPO-
BaTh B 1aboparopuu [69], 4TO UCKITFOUUTEITHLHO BaYKHO
JUTS U3yYEHUS CIIOKHBIX dKOCHCTEM. MeTareHoMuka
CIOCOOHA PacKpBIBaTh POJIb MUKPOOPTaHU3MOB B TJIO-
0abHBIX KOCHCTEMHBIX MPOIECCaX, YTO TO3BOJSET
BBISIBIISITH HE TIPOCTO MPUYMHHO-CIIE/ICTBEHHBIE CBSI-
37, HEOOXOUMBIE TSI TOHUMaHUs (YHKIIMOHHPOBA-
HUS CTIOKHBIX CUCTEM, HO M KOHKPETHBIE TeHETHYECKIe
JETEPMUHAHTHI, OTBEYAIOIINE 32 aAaNTaLUI0 U (yHK-
LHUOHATBHYIO aKTUBHOCTH [70].

CoBpeMeHHBIE ITOJIX0/Ibl METar€HOMUKH TT03BOJISA-
IOT pelIaTh pa3inuyHbIe 3a/1a9d — OT OBICTPOTO TaK-
COHOMHUYECKOTO TPO(OUIUPOBAHUS 0 PEKOHCTPYK-
MU TIeITBIX TEHOMOB M3 CMEIIaHHbBIX 00pa3IoB [71].

HaunGoisiee pacnpocTpaHeHHBIM M YKOHOMHYE-
CKH JIOCTYITHBIM METO/IOM OCTAaeTCsl CEKBEHHPOBaHNE

MapKepHbIX [€HOB, B IepBY10 ouepeas /6S pPHK nnst
Oaxrepuit u apxet wiu /7S muis rpudos [72]. Onuako
JAHHBINA MOAXOJ JaeT HHPOPMAIHIO TOJIBKO O TaKCO-
HOMHYECKOM COCTaBe, HO He 0 (DYHKIIMOHAIBEHOM I10-
TeHIHaie MUKpooprann3MoB [73]. bonee rryOokum
1 MH(GOPMATUBHBIM ITOJXOIO0M SABJISETCS APOOOBUK-Me-
TareHOMHKa, NP1 KOTOPOH CEKBEHHPYETCS BCS COBO-
kynHas JJHK oOpa3na 6e3 npeaBapuTeabHOM aMILTH-
¢ukannu crenuduaeckux Mapkepos [74].

CeKBEHUPOBAHNUE METOJIOM JIPOOOBHKA BBISIBIISCT
T'CHBI, YYACTBYIOIUE B PA3IUYHBIX META00OINIECKUX
MyTAX, BKIIOYas METaOOIN3M YIVIEBOAOB, JIMIINOB
Y aMHUHOKHCIIOT, & TAK)KE TeHbl BUPYJICHTHOCTH U aH-
THOMOTUKOPE3UCTEHTHOCTH [75]. DTOT METOJ 1M03BO-
JSIeT PEKOHCTPYHPOBATh TC€HOMBI OT/IENBHBIX, paHee
HE 0XapaKTEepU30BaHHBIX BUJIOB HEITOCPEIICTBEHHO U3
00pa3ioB OKPYKaIOIIeH Cpeibl, MUHYsI 3Tall KyJIbTH-
BUpOBaHUs [76]. Kputruecku BaKHBIM 3TAllOM MeTa-
TEeHOMHOT'O aHAJIN3a SIBJISIETCS MPOLIECC OMPEICIICHHS
Ouonornueckoi GyHKIMH MPeICKa3aHHbIX T€HOB HITH
(dyHKIMOHaNBHAS aHHOTalMsl. DyHKIMOHANTBHAS aH-
HOTAIUS TI03BOJISIET HE TOJBKO MICHTH(QHUIIMPOBATH
OTZAEJbHBIE TCHbI, HO U PEKOHCTPYHPOBATh LIETIbIC Me-
TabOJIIMYECKNE MyTH — OT IJIMKOJIW3a M LKA TPHU-
KapOOHOBBIX KHUCJIOT A0 CHEIHMaIU3UPOBAHHBIX ITy-
Teil Aerpagauuy KCEHOOMOTUKOB M OMOCHHTE3a BTO-
py4HBIX MeTabouTOB [77].

MeTtareHOMHBIH aHaJIH3 O3BOJIHII OOHAPYKUBATh
HEKYJIbTUBUPYEMBbIC Ha MUTATEIbHBIX CPElaX MUKPO-
Opranu3Mbl. MeTox cliesiall BO3MOXKHBIM OIIpEeICHUE
TAaKCOHOMHUYECKOH CTPYKTYPBI MUKPOOHOTO cooOIIe-
ctBa [78]. [loTeHnabHbIC KepaTHHA3BI OBUIH MPEJI-
CcKa3zaHbl Ha ocHOBe MeTtareHoma KMCG6, a kitoue-
BbIe MeTabommueckue mytd KMCG6 Oputn nccieno-
BaHbI HA OCHOBE PEKOHCTPYKIIMU F'eHoMa. Pe3ynbrarel
MO3BOJIMJIM TIPEIONIOKUTH HAJIMUME TOTEHIMAIbHOM
CHHEPruM MEX]y WICHAMHU MHUKPOOHOTO KOHCOPIIHY-
Ma, BKIIIOYasi IEPEKPECTHOE MUTAHUE M pa3/ieieHue
Tpyaa MKy ero wieHamu [79].

MeTtareHOMHBIN aHanMu3 OBLT WCITOTB30BaH TIPH
OLICHKE BO3ICHCTBHUS HAHOUACTHLL IMOKCH/IA TUTAHA HA
OMOIOrMYECKHE M XUMHUYECKHE ITPOLIECChI PA3THYHBIX
OpraHn3MOB 1 MUKPOOHBIX cooO1ecTB. MccnenoBanue
MOKAa3aJl0 CHI)KEHHE KOJTMUYECTBa (PyHKIIMOHAIBHBIX
TCHOB U I'€HOB, KOIUPYIOHIMX (EPMEHTHI ITPeodpaso-
BaHUA a30Ta U BeIpaboTku AT® u HAJIH [80].

[IpuMeHeHne METareHOMHOTO aHAJIN3a MO3BOJIH-
JI0 TTy0Xe MOHSTh CTPYKTYPY M QYHKIMH MUKPOOHO-
ro cooOmiecTBa, y4acTBYIOMIETO B OKHCICHUU CEPBI
U TIpoliecce IeHUTPU(DUKAINHY, a TAKXKE BBISIBUTH T10-
TEHIIMATbHBIC HOBBIC BHJIbI OAKTEPUIA, YIaCTBYIOIINX
B ATHUX mporeccax [81].
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3AK/TIOYEHUE

MukpoOHbIe KOHCOPLUYMBI HUIPAIOT KIIIOUEBYIO
poib B 3 heKkTUBHOI Aerpananuy KepaTHHCOACpKa-
LIMX OTXOJIOB M HABO3a, 00beANHSIS OaKTepru, TPHUOBI
W apXeu Uil COBMECTHOTO THPOJIH3a CIOKHBIX OHO-
MOJIMMEPOB — KepaTuHa Mepbes, BOJIOC, POTOB U KO-
IIBIT, @ TAKXKE OPTaHUYECKUX KOMIIOHEHTOB YKHBOT-
HOBOIYECKUX OTXOJ0B. MeTareHOMHKa CyLIeCTBEH-
HO pacIIMpHIia BO3SMOKHOCTH M3Y4YEeHUSI MUKPOOHBIX
KOHCOPIIYMOB, MTO3BOJISIS aHAJTM3UPOBATH TAKCOHOMU-
YEeCKH cOCTaB, (PYHKIMOHANBHBINA MOTESHIIMAT H Me-
Ta0OMMYECKHE MyTH 0e3 HEOOXOMUMOCTH KYJIETHBHU-
POBaHUS OTAEIBbHBIX IITAMMOB. BbIsIBII€HNE HEKYIBTH-
BHUPYEMBIX MUKPOOPTaHU3MOB U PEKOHCTPYHUPOBAaHHUE
COOpaHHBIX C MOMOIIBIO METar€HOMHBIX TEXHOJIOTHIA
T€HOMOB MUKPOOPTaHU3MOB MO3BOJIMIIN PUOTH3UTh-
csl K IOHUMAaHHUIO KOOTIepaIlii U KOHKYPEHIIMU BHY-
TPH KOHCOPLILYMOB.

[lonmy4yeHHble 3HAHUS OTKPBIBAIOT MEPCHEKTUBBI
IUis. OMOTEXHOJIOTHH, TJie MCKYCCTBEHHO CO3JaHHBIC
WA ONTHMHU3HUPOBAHHBIE KOHCOPLUYMBI MOTYT TPH-
MEHSTHCSI B IPOMBIIIJICHHOH TIepepadoTKe OopraHu-
YECKHX OTXOJIOB, YCKOPsisl OMOpEeMeTUaInio, CHIKAsI
00BEMBI OTXOJIOB U CIIOCOOCTBYS Pa3BUTHIO YCTONYH-
BOT0 )KUBOTHOBOJICTBA 32 CYET MPOU3BOICTBA HKOJIOT U~
YECKH YHCTHIX OMOyIO0OpEHUH 1 KOPMOBBIX JOOABOK.
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Abstract. Keratin-containing waste and manure are valuable raw material for biotechnology, but their current dis-
posal, namely incineration and burial, poses a threat to both the environment and livestock farms. The accumu-
lation of this waste leads to environmental pollution, the spread of antibiotic resistance among pathogenic and op-
portunistic microorganisms, and greenhouse gas emissions. Innovative recycling methods are being developed
within the framework of the circular economy, with the use of microbial consortia as a promising approach. Syn-
ergistic metabolic pathways among the organisms in the consortia enhance waste degradation efficacy. Metage-
nomics allows to study these communities without prior cultivation, revealing their composition and mechanisms
of interaction. The knowledge gained enables the design of optimized consortia for industrial waste recycling, ac-
celerating bioremediation and the production of environmentally friendly fertilizers and feed. This review sum-
marizes current data on the composition and metagenomic characteristics of such consortia, highlighting the po-

tential of these communities for use in the agro-industrial complex.
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Acknowledgements: this research was conducted within the framework of a state assignment from the Ministry
of Science and Higher Education of the Russian Federation (project FZGW-2026-0001)

INTRODUCTION

Keratin-containing waste and manure have signifi-
cant potential for use as feedstocks in the bioprocessing
industry. However, scientific and practical challenges
hinder the efficient and economically viable utilization
of these resources [1].

Current practices for the disposal of keratin-con-
taining byproducts of the agro-industrial complex in-
clude incineration, landfill disposal and chemical hy-
drolysis, which adversely affect the environment [2].
The large-scale accumulation of manure also causes
serious environmental problems, including unpleasant
odors, soil and water pollution, and the spread of an-
tibiotic resistance, which poses a serious threat to hu-
man health [3, 4]. Furthermore, they can emit gases
that contribute to the greenhouse effect [5].

To minimize adverse effects, innovative approach-
es to livestock waste management are currently being
actively developed and applied, aimed at optimizing
manure processing within the framework of the circu-
lar economy concept [6].

The use of consortia with complementary metabol-
ic pathways can ensure greater stability and efficacy of
the keratin degradation process due to the synergism
of enzymatic activities [7]. Understanding the nature
of interactions and distribution of metabolic functions
in such mixed substrates is key to developing efficient
waste recycling biotechnologies.

The research objective is to summarize current
data on the composition, functions and metagenomic
characteristics of microbial consortia involved in the
degradation of keratin-containing waste and manure.

KERATIN-CONTAINING WASTE
AND MANURE AS SUBSTRATES
FOR MICROBIAL DEGRADATION

One of the most common byproducts of agricultur-
al production is keratin-rich fibrous material, which be-
comes waste without any processing [8]. Keratin waste
is rich in amino acids, which can negatively affect the
atmosphere, water resources and soil if not properly
processed [9]. Keratin material, in turn, is the most du-
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rable biological structures, increasing interest in their
use in industrial processes [10].

The global poultry industry produces over 2 mil-
lion tons of feathers annually. Effective disposal of this
byproduct is essential to prevent environmental pollu-
tion with toxic substances [11]. Chicken feathers are
not just waste, but a valuable resource. They are rich
in amino acids and other essential nutrients, making
them a promising raw material for animal feed produc-
tion. Furthermore, they can be used as an effective or-
ganic fertilizer [12—14].

It is known that keratin-containing waste, partic-
ularly chicken feathers, provide a favorable environ-
ment for the proliferation of pathogenic bacteria [15].
Feathers are not only a key source of nitrogen pollu-
tion but also a source of inhaled allergens that pose a
health risk [16].

During the processing of animal raw material at
wool, tannery and fur factories, significant amounts of
waste and byproducts are generated at various stages
of production [17].

Only a small portion of this waste is used in the
production of fertilizers and feed [18]. The majority
is sent to landfills or incinerated, despite the signifi-
cant negative effect these disposal methods have on
the environment [19].

Slaughterhouse operations generate large quan-
tities of organic waste, such as hooves, horns, hides/
skins and bones of cattle, which directly or indirect-
ly affect the health of nearby residents [20]. Much of
this waste is disposed ineffectively: in landfills, by in-
cineration, or simply lost [21].

Keratins are insoluble, thread-like proteins pro-
duced by vertebrate epithelial cells [22]. Depending
on their sulfur content, these biopolymers, which have
significant differences in structure and properties, are
divided into hard and soft keratins. Hard keratins in-
clude structures such as horns, nails, hair, feathers,
claws and wool. Soft keratin, in turn, forms the skin
and hair medulla [23].

Keratin has a number of important properties, in-
cluding strength, viscosity and chemical inertness. The
structural rigidity of keratin is due to its supramolec-
ular organization, in which polypeptide chains form a
structure through hydrogen bonds, hydrophobic inter-
actions and disulfide bonds [24—26].

Hydrogen and disulfide bonds are used for kera-
tin packaging [27].

Due to this, keratin is resistant to degradation by
common proteases such as trypsin and pepsin [9]. This
feature is the main obstacle to the use of keratin mate-
rial in production [28, 29].
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MICROBIAL CONSORTIA
INVOLVED IN THE DEGRADATION
OF KERATIN-CONTAINING
WASTE AND MANURE

Currently, the field of biotechnology, which focus-
es on improving bioprocesses and previously relied on
pure cultures, has opened the way to the use of micro-
bial consortia to enhance overall efficacy. Such multi-
component microbial systems have become popular in
the food industry and for solving bioremediation prob-
lems related to the detoxification of toxic substances
and waste [30].

When the environment is unable to remove organic
and inorganic contaminants, a bioremediation method
is used based on the introduction of specially selected
microorganisms capable of directly degrading the con-
taminant or producing biosurfactants that facilitate its
degradation. For a long time, this method relied on the
use of microbial monocultures [31]. However, the re-
placement of individual microorganisms with microbi-
al consortia as inoculants has taken bioremediation to a
new and more effective level [32, 33]. Microbial con-
sortia, unlike homogeneous pure cultures, unite a mul-
titude of microorganisms with varying environmental
responses. The complex, multi-level organization of
a consortium enables it to build effective interactions,
generating synergy and ensuring high levels of effica-
cy [34]. The metabolic versatility and genetic diversi-
ty of microbial communities enable them to degrade
most organic compounds, enabling them to solve com-
plex problems inaccessible to individual strains [35].

The use of microbial consortia, even with the bi-
ological compatibility of their components, and the
stepwise execution of tasks can lead to a significant
increase in the overall productivity of the system [36].
Separation of functions reduces the metabolic burden
on individual organisms by distributing and reducing
the number of expressed enzymes and heterologous
components [37]. This mechanism ensures a high de-
gree of reliability and predictability in the performance
of specific tasks by cells. Furthermore, it facilitates the
efficient use of the specialization of individual system
components, leading to an expansion of its functional
potential [38]. The general organization of the micro-
bial consortium and the main stages of keratin degra-
dation are shown in Fig. 1.

MAIN TAXONOMIC GROUPS
OF MICROORGANISMS
When selecting microbial consortia for various
tasks, particularly the synthesis of useful compounds
and the removal of pollutants, their species composi-
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tion is an important factor. Components of consortia
designed for the degradation of organic matter include
bacterial species, fungi and archaea [37].

Key species in the microbiological process of trans-
forming difficult-to-decompose keratin-containing sub-

ORGANIC
WASTE

MECHANISM OF KERATIN DESTRUCTION

MICROBIAL CONSORTIUM

stances are representatives of bacterial genera such as
Eubacterium, Clostridium, Bacteroides and Bacillus.
These obligate and facultative anaerobes are capable of
initiating the fermentation process in conjunction with
micromycetes possessing keratinolytic activity [39].
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Fig. 1. Microbial consortium and mechanism of keratin degradation under anaerobic conditions

Among the microscopic fungi capable of breaking
down keratin are pathogenic dermatophytes, as well as
some fungi found in the soil. Dermatophyte fungi be-
longing to the genera Keratinomyces, Microsporum,
Trichophyton and Epidermophyton intensively decom-
pose keratinous material [40]. The enzymatic break-
down of natural keratin by keratinolytic fungi releas-
es mineral compounds of nitrogen and sulfur, which
are available for absorption by plants [41].

Among the bacteria capable of hydrolyzing ker-
atins are actinomycetes, such as Actinomyces kera-
tolyticus, as well as mesophilic bacteria of the gen-
era Streptomyces (S. rimosus, S. griseus, S. parvus),
Nocardia (N. rubra), Bacillus (B. subtilis and B. coag-
ulans) and Pseudomonas (P. caviae) [42]. Bacilli have
high potential for processing feather waste through bio-
conversion. For example, the bacterial strain Bacillus
altitudinis GVC11, isolated from slaughterhouse waste-
water, effectively biodegraded poultry waste [43].

Among thermophilic bacteria that degrade ker-
atin-containing compounds, representatives of the
phylum Thermotogae (Fervidobacterium penniv-
orans [44] and F. islandicum [45]) are stand out.
Thermoactinomyces candidus and Actinomadura ke-
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ratinilytica produce a heat-stable, highly active kerati-
nase, which allows them to be considered key compo-
nents in the development of environmentally friendly
methods for the disposal of poultry farm waste [40].
The representatives of the phylum Firmicutes include
Thermoanaerobacter keratinophilus, Brevibacillus
thermoruber, Keratinibaculum paraultunense,
Geobacillus stearothermophilus and Caldicoprobacter
algeriensis [46—50].

Syntrophic consortia are key agents in maintaining
balance in anaerobic ecosystems. They consist of fat-
ty acid-degrading bacteria and methanogenic archaea
that consume hydrogen and formate, ensuring the sta-
bility of these environments [51].

The use of single archaea as bioadditives carries
potential risks and uncertainties, particularly in the
context of their ability to effectively inhibit methano-
genic bacteria [52, 53].

Microbial communities characterized by high
abundance of hydrogenotrophic methanogenic ar-
chaea, such as the genera Methanoculleus and
Methanosarcina, demonstrate the potential to more ef-
fectively reduce the risks and uncertainties when used
as bioadditives [54].
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ECOLOGICAL INTERACTIONS
WITHIN CONSORTIA

Efficient degradation of complex organic com-
pounds in microbial communities is ensured by the syn-
ergy of microorganisms that jointly hydrolyze biopoly-
mers [9, 55, 56]. Metabolic cooperation arises within
consortia, in which some microorganisms produce sub-
stances necessary for the vital activity of others, which
facilitates the orderly breakdown of compounds [57].

Microorganisms are capable of hydrolyzing kera-
tin both directly during their growth and by secreting
extracellular keratinases. With their help, keratin is de-
graded into elementary protein structures [58]. These
structures can then be cleaved by standard proteolyt-
ic enzymes into more soluble peptide fragments and
individual amino acids. This process ensures the effi-
cient extraction of keratin nutrients for its subsequent
use in various fields [59]. The process of keratinoly-
sis is also enhanced by the action of reducing agents.
They include sulfites and other sulfur-containing com-
pounds produced by microorganisms, as well as disul-
fide reductase enzymes. All of these components are
critically important for the initial cleavage of disul-
fide bonds in the substrate [60]. For example, derma-
tophytes secrete sulfite to facilitate the process of ker-
atin degradation through the action of proteases [61].
When released, sulfites help keratinases produced by
dermatophytes continue their work of breaking down
keratin. This allows dermatophytes to more easily ac-
cess nutrients, such as oligopeptides and amino acids,
which they require for growth [62].

Cross-trophic relationships, also known as syn-
trophy, are a key interspecies interaction in which all
members of the community receive nutritional advan-
tages [63]. Syntrophic interactions take a variety of
forms, including the exchange of growth factors, such
as vitamins, between microorganisms and the transfer
of metabolic substrates, particularly carbon and nitro-
gen sources, where one member of the consortium re-
ceives energy while the other receives substances nec-
essary for growth. Syntrophy also manifests itself in
the joint removal of toxic metabolites, facilitating an-
abolic processes [64].

Despite their cooperative nature and symbiotic
goals, microbial consortia are characterized by inter-
nal competition. Microorganisms in such communi-
ties compete for resources, which is a manifestation of
the selection mechanisms operating within them [65].
The analysis of metabolites absorbed or secreted into
the culture medium can provide a deeper understand-
ing of the metabolic processes occurring in microbial
associations. Identifying substrates preferred by spe-
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cific microbial species can shed light on their poten-
tial for competition with other members of the micro-
bial community [66].

METAGENOMIC APPROACHES TO
MICROBIAL CONSORTIA STUDY

Understanding the structural and functional orga-
nization of microbial consortia requires methods ca-
pable of simultaneously analyzing the genetic materi-
al of all species present. Metagenomics addresses the
most fundamental problem in analyzing such complex
microbiological systems, the ability to simultaneous-
ly analyze the genetic material of all microbial spe-
cies present [67].

The transition from culture-based methods to
metagenome analysis was a revolutionary step, en-
abling the study of the full diversity of uncultured mi-
croorganisms that make up the majority of natural eco-
systems [68]. Metagenomics enables the investigation
of the taxonomic diversity of microorganisms in vari-
ous environments, identifying new species, as well as
bacterial and archaeal phyla that are difficult to culti-
vate in the laboratory [69], which is crucial for study-
ing complex ecosystems. Metagenomics can reveal
the role of microorganisms in global ecosystem pro-
cesses, enabling the identification not only of cause-
and-effect relationships necessary for understanding
the functioning of complex systems, but also of spe-
cific genetic determinants responsible for adaptation
and functional activity [70].

Modern metagenomic approaches enable the solu-
tion of a variety of problems, from rapid taxonomic
profiling to the reconstruction of entire genomes from
mixed samples [71].

The most common and cost-effective method re-
mains sequencing of marker genes, primarily /65 rRNA
for bacteria and archaea or /7 for fungi [72]. However,
this approach provides information only on the taxo-
nomic composition, but not on the functional poten-
tial of microorganisms [73]. A more in-depth and in-
formative approach is shotgun metagenomics, which
sequences the entire DNA of a sample without prelim-
inary amplification of specific markers [74]. Shotgun
sequencing identifies genes involved in various meta-
bolic pathways, including carbohydrate, lipid and ami-
no acid metabolism, as well as virulence and antibiotic
resistance genes [75]. This method allows for the re-
construction of the genomes of individual, previously
uncharacterized species directly from environmental
samples, bypassing the cultivation step [76].

A critical step in metagenomic analysis is the pro-
cess of determining the biological function of the pre-
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dicted genes, or functional annotation. Functional an-
notation allows not only the identification of individual
genes, but also the reconstruction of entire metabol-
ic pathways — from glycolysis and the tricarboxylic
acid cycle to specialized pathways for xenobiotic deg-
radation and secondary metabolite biosynthesis [77].

Metagenomic analysis enabled the detection of mi-
croorganisms uncultured on nutrient media. The meth-
od made it possible to determine the taxonomic struc-
ture of the microbial community [78].

Potential keratinases were predicted based on the
KMCG6 metagenome, and key metabolic pathways of
KMCG6 were investigated based on genome recon-
struction. The results suggested the presence of poten-
tial synergies between members of the microbial con-
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sortium, including cross-feeding and division of labor
between its members [79].

Metagenomic analysis was used to assess the ef-
fect of titanium dioxide nanoparticles on the biologi-
cal and chemical processes of various organisms and
microbial communities. The study revealed a decrease
in the number of functional genes and genes encoding
enzymes involved in nitrogen conversion and ATP and
NADH production [80].

The use of metagenomic analysis allowed for a
deeper understanding of the structure and functions
of the microbial community involved in sulfur oxida-
tion and denitrification, as well as the identification of
potential new bacterial species involved in these pro-
cesses [81].
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Fig. 2. The main stages of metagenomic analysis for the search and characterization of new enzymes.

CONCLUSION

Microbial consortia play a key role in the efficient
degradation of keratin-containing waste and manure,
combining bacteria, fungi and archaea to co-hydro-
lyze complex biopolymers (keratin from feathers, hair,
horns and hooves), as well as organic components of
animal waste.

Metagenomics has significantly expanded the pos-
sibilities for studying microbial consortia, enabling the
analysis of taxonomic composition, functional poten-
tial and metabolic pathways without the need to cul-
tivate individual strains. Identifying uncultured mi-
croorganisms and reconstructing microbial genomes
assembled using metagenomic technologies has pro-
vided a better understanding of cooperation and com-
petition within consortia.
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The knowledge obtained opens up prospects for
biotechnology, where artificially designed or opti-
mized consortia can be used in the industrial process-
ing of organic waste, accelerating bioremediation, re-
ducing waste volumes and promoting the development
of sustainable livestock farming through the produc-
tion of environmentally friendly biofertilizers and feed
additives.
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AHHOTaIUs. 3200JIeBaHUS JKEITYIOYHO-KUAIIICYHOTO TPAKTa MOJIOJHSIKA CBUHEH COTPOBOKIAOTCS HAPYIICHHEM
KHIIICYHOTO MUKPOOHOIICHO3a, OJJHAKO TAaHHBIC O JMHAMHKE €0 BOCCTAHOBJICHUS MOCIEC Kypca aHTHOMOTHKOTE-
parnuu pparmMeHTapHbl. L{enb uccnenoBanus — ONEHUTD BIUSHUC aMOKCUITUIITHHA Ha COCTaB KYJIbTUBAPYEMOTO
KHIIIEYHOTO COOOIIECTBA CBUHBY B CHCTEME MMHUTAIIUH KTy 104HO-KuIiedHoro tpakTa (WXKKT) u u3ydurs au-
HaMHKy €ro BOCCTAHOBJICHHS IIPH TTOCJIETYIOIEM BBEJICHUH NIPOONOTHKA Ha OCHOBe Bacillus subtilis. B padore
HCTIOJIL30BAJIM ABTOMATH3UpOBaHHY0 ycTaHOBKY MKKT ¢ MOTyiieM ToJICTOM KUIIKHY (PeaKIIMOHHBIN 00BEM 450 M1,
pH 6,5, cKyccTBEHHAsl KUILIEUHAs cpea) B TeUeHHE 9 CYTOK HEMPEPHIBHOTO KYJIBTHBUPOBAHUS. MHOKYISATOM
CITy)KHJIO COJIEPI)KUMOE TOJICTOTO OT/IeNa KHIEYHHKa CBUHBU-JIOHOpa Bo3pactoM 29 Hexenb. CocTaB MUKPOOHO-
ThI OIICHUBAJIY KYJIBTYpajibHbIM MeToioM 1 [1L[P B peanpHOM Bpemenu ¢ Habopom «Komorodmop-16 (6uoreHo3).
Ha 5—7-¢ cyTku B cpeny BHOCHIN AMOKCHTap/I 10 KOHEYHOHW KOHIICHTPAIUU aMOKCUITWILUTHHA 16 MI/i, ¢ 8-X cy-
Tok — Betocnopun XK (murammer B. subtilis 11B u 12B, 10 mn/n). JluHamudeckoe paBHOBECHE B OMOpEaKToOpe
YCTaHABJIMBAIOCH K 3-M CyTKaM. J[elicTBHEe aHTHOMOTHKA MPOSIBISUIOCH C 6-X CYTOK; MAKCHUMAJIbHOE YTHETCHHE
MHUKPOOHOIICHO3a PETUCTPUPOBAIN Ha 8-¢ CYTKH: JaKToOaIuibl 1 Oudunodakrepun camxanuch 1o 10° KOE/T,
o01ree MUKpOOHOE YUCIIO U oOnmuraTHbie aHa’poosl — 10 10° KOE/T, sutepokokku — 1o 10° KOE/T. [Tocne BBe-
JICHHS POOHOTHKA JIAKTOOAMILIBI ¥ OU(pUIT00aKTEpPUU BO3BPAIIAIUCH K (POHOBBIM 3HAYCHHUAM K 9-M CyTKaMm, TO-
raa kak odriee MukpooHoe urcio, bI'KII v 3HTepOKOKKH BOCCTaHABIMBAIKCH JHUIIbL YacTU4HO. [Jannbie [P o1-
pakaiid Ty K€ HAIPABIECHHOCTh U3MEHEHHI MPU KOJMYECTBEHHBIX PACXOKACHHUSX C KYJIBTYPAIbHBIM METOIOM.
[Toxy4deHHbIe pe3ysbTaThl TO3BOJISIIOT 3aKIIFOYUTh, YTO IIPUMEHEHUE CIIOpOo00pasyoniero npoOHOTHKA ITOCTIe aH-
THOMOTHUKOTEPAIIHH CIIOCOOCTBYET OIEPEIKAIOIIEMY BOCCTAHOBICHHIO OOIUTaTHOM JIAaKTO- U OuduaodIops.
KuroueBble ¢JI0Ba: CBUHBH, KUIIICUHAS MUKPOOUOTA, i1 Vitro-MOJIeTTh KUIIICYHUKA, AMOKCHTap]], AMOKCHITWILIHH,
Bacillus subtilis, BetoctiopuH.

BuaromapHocTs: paboTa BBITIOIHEHA [TPU MOIICPIKKE TOCYAaPCTBEHHOTO 3a1aHusl « MOJIEeKyIsIpHbIC MEXaHU3MbI
B3aMMOJICHCTBUS COOOIICCTB KUIIICYHBIX MUKPOOPTaHM3MOB iNVivo U invitro Ha 0a3e aBTOMaTU3UPOBAHHOMN CH-
crembl umutanuu JXXKT ceunbm» (Homep ETICY HUOKP 124111200008-4)

BBEJIEHUE
3ab01eBaHMS KETYIOTHO-KUIIIETHOTO TPAKTa MO-
JIONHSKA CEIHCKOXO3AMCTBEHHBIX KUBOTHELIX OCTa-
FOTCS OJTHOM M3 BEIYIIMX MPUYHH MAJekKa, CHUKCHUSI
MIPUPOCTOB U SIKOHOMHYECKHX MTOTEPh B )KHBOTHOBOJI-
cTBe. B ux maroreHese KJIFOYEBYIO POJIb UTPACT HAPY-
[ICHUE MUKPOOUOTHI KHIIIEYHUKA U (HOPMUPOBAHUE

YCTOWYHMBBIX MUKPOOHBIX COOOIIECTB C HETaTUBHBIMH
CBOICTBaMH, CIIOCOOHBIX AJIUTEJIBHO [IEPCUCTUPOBATD
B MMUIIIEBAPUTEIHHOM TpakTe [1—3].

OO0ue npeacTaBiICHUs O POJIM KUIIEYHOW MU-
KPOOHOTBHI B ()OPMUPOBAHUU CUCTEMHOIO UMMYHHO-
ro OTBeTa, METaOOIUYECKOTO CTaryca U yCTOHYUBO-
CTH XO35IMHA K MHPEKIUSIM C(OPMHUPOBAHBI TIPEUMY-
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LIECTBEHHO B paboTax Ha YelOBEeKe U JIAO0paTOPHBIX
MoJieNisiX. B paMkax 3Tux mpejcraBieHud aucOuo3
paccMaTpuBaeTCs HE TOJIBKO KaK CJIeACTBUE 1aTOJIOT -
YEeCKOro NpoLuecca, HO U KaKk CaMOCTOSITEIbHBIN (hak-
TOP, CITIOCOOHBIN MOIEPKUBATH XPOHHUUECKOE BOCTIA-
JIeHHE, U3MEHSTh MPOHUIAEMOCTh DIHUTEIHAIHLHOTO
Oapbepa 1 MO (UIMPOBATH PUCK UMMYHOTIATOJIOTH
[4], a neficTBHE TPOOMOTHUKOB CBSA3BIBAIOT C UMMYHO-
MOZYJISIIUEN U KOHKYPEHTHBIMH B3aUMOICHCTBUSIMU
B IpocBeTe KumeyHuka [5]. IIpsmoii nepeHoc 3tux 3a-
KOHOMEpPHOCTEH Ha CBUHEH TpeOyeT OCTOPOKHOCTH:
BUJIOBBIC PA3ITMUUS B aHATOMUHU U (PH3HOJIOTHH MHUIIIE-
BapeHUs, COCTaBE PalioHa U CTPYKType MUKPOOHO-
ro cooOuiecTBa CyIleCTBEHHbI, [I03TOMY IPUBENEH-
HBIC JaHHBIC UCIIONB3YIOTCS 34€Ch Kak OOLIMH KOH-
LEeNTyaJbHbIH (OH.

[TpuMeHHUTENEHO K CBUHOBO/ICTBY HAKOILIEH COO-
CTBEHHBIM MaccuB AaHHbIX. [IokazaHo, 4TO Hapy1le-
HUSI MUKPOOHOIICHO3a KHIIIEYHUKA Y TIOPOCST COTPO-
BOYK/IAIOTCSI CHMDPKEHHEM ITPUPOCTOB M MOBBIIICHHOM
YyBCTBHUTEJIBHOCTBIO K OaKTepranbHbIM HHDEKIUIM,
a cpenu Bo30OyauTesel, acCOLMUPOBAHHBIX C KHIIEY-
HOM [1aTOJIOTUEH IIPOMBIIIIEHHOTO IIOTOJIOBBS, OTMEYa-
FOT DHTEPOOAKTEPUH U CTPENITOKOKKH [6—8]. M3yueHa
AHTUOMOTUKOYYBCTBUTEIEHOCTH IITAMMOB, BBIJICIICH-
HBIX OT CBUHEH, ¥ IPOIEMOHCTPUPOBAHO BIMSHHE IIPO-
OMOTHUYECKHX TpernaparoB Ha OcHOBe Bacillus subti-
lis Ha IHTEHCUBHOCTB POCTa, KOHBEPCHIO KOPMA U re-
MAaTOJIOTMYECKHE TOKA3ATENH MOPOCIT-OThEMBILIEN
[9]. BmecTe ¢ TeM mepuoa paHHETO OHTOTEHE3a, KO-
rma GopMupyeTcs CHMOMO3 XO3IMHA M MHKPOOHOTO
cooOmiecTBa, OCTaéTCsl HAaMMEHEe N3yUYCHHbIM UMEH-
HO JUIsl CBUHEH, a JaHHBIE O AMHAMHKE BOCCTaHOBIIC-
HUSI MUKPOOMOLIEHO32a TTOCHe Kypca aHTHOMOTHKOTE-
panuu (pparMeHTapHbI, 4TO M OIPEISINIO 3a1a491 Ha-
CTOsIIIeH PaboTHI.

[TornMaHue TOro, 4TO KHILIEYHAs MUKpOOHOTa
UrpaeT KIKYEBYIO POJib B YCTOHUMBOCTH MOJIOTHSKA
K MH(EKIUSAM U B TOIACPKaHUH LIEIOCTHOCTH SIUTe-
JMaJbHOTO Oapbepa, AeiaeT Jo0ble BMEIaTenbCTBa
B €€ cocTaB 0c000 3HAYMMBIMU C TOYKH 3PECHUS T10-
CJICJICTBUH JUISl 37I0POBBS H TPOYKTUBHOCTH JKUBOT-
HbIX. OTHIM 13 HanOoJIee pacIpoCTPaHEHHBIX U OJTHO-
BpPEMEHHO HanboJiee MOLIHBIX (aKTOPOB, BIUSIOIINX
Ha CTPYKTYPY U QYHKIIMH MUKPOOHBIX COOOLIECTB KH-
LIEYHUKA, OCTaETCsl aHTUMUKPOOHAsl Teparusi, B ep-
BYIO ouepe/ib MPUMEHEeHNE B-TaKTaMHBIX aHTHOUOTH-
KOB IIIMPOKOI'O CIIEKTPa ACHCTBUS B YCIIOBUAX UHTEH-
CHUBHOTO >KHBOTHOBOICTBa. lllupokoe nmpumeHenue
AHTUOMOTHKOB NEHULMJUIMHOBOTO PSAJa, B TOM YHCIIE
AMOKCHIIMJUTMHA M €T0 KOMOMHUPOBAHHBIX (OPM, T10-
3BoJIsIeT 3(h(PEKTHBHO KOHTPOJIMPOBATH OCTphIe Oak-

TepualibHble MHPEKLUNH, OAHAKO CONPOBOXKIAETCS
pOCTOM aHTHOMOTHKOPE3UCTEHTHOCTH U W3MEHEHU-
€M CTPYKTYpbl MHUKpOOHBIX coobmecTB. [lokazaHno,
YTO aMOKCHLIWJIJIMH aKTUBEH B OTHOLICHUH IIUPOKO-
TO CIIeKTpa Bo30yuTesel 0akTepuanbHbIX HH(EKIUI
YKUBOTHBIX, BKJITIoUas Escherichia coli, Streptococcus
spp., Staphylococcus spp. 1 psin APYTUX NATOTCHOB,
OJHAKO ero 3(h(HEeKTUBHOCTH CHMXKACTCS MPH (POPMHU-
poBaHHM OMOTUIEHOK M Pa3BUTHH aHTUOMOTHUKOpE3U-
CTEHTHOCTU. B 3TOH CBsI3U 0COOBIM MHTEpEC Mpej-
CTaBIISIIOT JIEKApPCTBEHHBIE (DOPMBI aMOKCHITMIUINHA,
COYETaoNe aHTHOAKTepHaIbHOE IECHCTBUE C BO3-
MOXHOCTBIO BO3JEHCTBHS Ha OMOIUIEHOYHBIE COO0-
HIecTBa ¥ METabO0JIN3M PE3UCTEHTHBIX ITAMMOB MU-
Kkpoopranusmos [6, 10]. Amokcurapa, coaepskamui
aMOKCHUIIMJITUH B KOMOMHAIIUY C KIIABYJaHOBOW KHC-
JIOTOM, paccMaTpuBacTCsl Kak MEPCIEKTUBHOE CpeJi-
CTBO TS IOBBITIICHUS 3 (HEKTUBHOCTH AHTHONOTHKO-
TEpanuy ¥ YaCTUYHOTO NMPEOI0ICHUS ONOTIIIEHOYHOM
pesuctentHoctu [10].

LlenenarnpaBieHHOE TPUMEHEHHE AHTHONOTHKOB,
B TOM 4YHuciIe AMOKCUTrap/a, He0OX0MMO JIJIsl TTOJaB-
neHus OakTepruaIbHBIX HHPEKITNi, HO Hen30eKHO 3a-
TparuBaeT He TOJIBKO NMATOT€HHbIE, HO M1 KOMMEHCaJlb-
HbIE KOMIIOHEHTBI KHIIEYHOH MHUKPOOHMOTHI, CMeLIast
e€ AMHAMHYECKOE PaBHOBECHE M CO3/1aBasi MPEAIo-
CBUIKH JJIsl TUcOM03a ¥ OBTOPHBIX HApyLICHUH M-
meBapenHust [7].

ITosTOoMy Ha 3Tane BOCCTAaHOBJICHHUSI MUKPOOHOTO
coo01ecTa 0co00€e 3HAYCHHE PUOOPETAIOT IIpera-
parsbl, CIOCOOHbBIE KOPPEKTUPOBATh COCTAB U AKTUB-
HOCTB KUIICUHBIX OAKTEPHii, BEITECHATH HEXKeIaTelb-
HbIe MUKPOOPTaHWU3MbI U TOJIEPKUBATh (epMEHTa-
THUBHYIO 1 0apbhepHYI0 (DyHKIMIO KutnedHuka. K rakum
CpEICTBaM OTHOCATCS IIPOOMOTHYECKHUE ITpenaparsl Ha
OCHOBE crIopooOpasyrmux mrammoB Bacillus subti-
lis, KOTOpBIE CIOCOOHBI CTA0MIM3UPOBATH MUKPOOHO-
[EHO3 KHIICYHHKA, YITy4lIaTh epeBapUMOCTb MHTa-
TEJIbHBIX BEIIECTB ¥ TIOBBIIIATH POYKTUBHOCTb KU~
BOTHBIX. BeTocmopuH (pa3nudnbie (hOpMBI IIperapara,
coiepxalne mraMMel Bacillus subtilis) mponeMoH-
CTPUPOBAJI MOJIOKUTEIBHOE BIUSHUE HA WHTCHCHUB-
HOCTBH POCTa, KOHBEPCHIO KOpMa U COXPaHHOCTb MO-
JIOAHSIKA CBUHEW M KPYHMHOTO POraTroro CKoTa, MpH
3TOM TOKa3aTelld reMaTOJIOrHuecKOro u ONOXUMHU-
YECKOI'0 CTaTyca KUBOTHBIX OCTABAJIMCh B Ipeenax
¢usnonornyeckorr HopMmel [10, 11]. OTmeueno, 4yto
BKJIIIOUeHHE BeTocnoprHa B paunoH OBIYKOB U TIOPO-
CSIT IPUBOJUT K YBEIMUYCHHUIO CPEAHECYTOUYHBIX TPH-
POCTOB, CHIDKCHHIO 3aTpaT KOpMa Ha eTUHUILY TPHPO-
CTa Y MOBBIIICHUIO IKOHOMUYECKOH A(PPEKTUBHOCTH
BBIpamuBanms [12].
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HecMotpsi Ha HakoIUIeHHBIC JaHHBIE 00 3¢ dek-
TUBHOCTH aMOKCHUIIMJUTHHA (M €r0 KOMOMHHPOBAHHBIX
dhopm) u mpodroTHKa BeTocmoprHa, BOIPOCH UX I10-
CJIEZIOBATENLHOTO PUMEHEHHUS TIPY MOJISITMPOBAHUHT
HapyIICHHH MUKPOOMOIIEHO3a KUIIICYHHKA OCTArOT-
Csl HEJIOCTATOYHO M3y4YeHHbIMH. OCOOCHHO aKTyallb-
HO JKCIEPUMEHTAIbHOE 000CHOBAHUE CXEM, B KOTO-
PBIX aHTHOMOTHK CHavajIa [eJIeHAIIPAaBICHHO H3MEHSIET
JTUHAMHUYECKOE PAaBHOBECHE MUKPOOHOTO COOOIIIECTBA
KHIIIEYHUKA, a TIOCTeNyollee MpUMeHeHHe TpoOro-
THKA TI03BOJISIET BOCCTAHOBUTH HJIU YIIYUIIHTh (DYHK-
[IMOHAJILHOE COCTOSTHUE MHKPOOHMOTHI U TIOKa3aTeNu
0OMEHa BEIIECTB.

Lenp nccnenoBaHmst — OIEHUTH BIIHMSHUE aMOK-
CUIMJUTMHA/KJIaByJIaHaTa Ha COCTaB KyITETHBHPYEMOTO
kuiedHoro coobmectsa cBuHbM B KKT u m3yunthb
JIMHAMHKY €r0 BOCCTAHOBJIICHHSI MPH TOCIETYIOIIEM
BBezieHuu Bacillus subtilis-coneprxaiiero npoOHOTHKA.

MATEPHUAJIBI U METO/IbI
HUCCJIEJOBAHUM

Jlu3aitH uccneqoBaHus BKITFOUA CIISTYFOIINE Ta-
TIbI:

1. Monenuposanue B 1KK'T HOpMaIbHOTO MUKpO-
OHMOIIEHO3a TOJICTOTO KHUIIICYHUKA CBUHBU.

2. MonenupoBanue aHTHOMOTHUK-WHIYITUPOBaH-
HOTO 1HcOn03a MUKPOOHMOIIEHO3a TOJICTON KHUIITKH
CBUHBHU.

3. BBenenue npoOHOTHYECKOTO MTperapara Ha oc-
"HoBe Bacillus subtilis 1711 BOCCTAHOBJIEHUS TUHAMHU-
YecKoro 0aKTepraJIbHOTO PaBHOBECHS.

Pabora Oputa BemonHeHa B 2026 roqy Ha Oasze
WHcTuTyTa KMBBIX cUCTeM J{OHCKOTO rocyaapCTBEeH-
HOTO TEXHUYECKOTO YHHBEPCUTETA.

HWccnenoBanu o0pasiibl, MOJYYCHHBIC OT CBHHBU-
JIOHOpa Bo3pacToM 29 Henenb (MscomepepadarbiBa-
omiee npeanpustue «Bemo3y, 1. PoctoB-Ha-llony,
Poccust), a Takxe obpasubl u3 WXKKT (uckyccTBeH-
HBIH JKETYJJOYHO-KUIICYHBIH TPAaKT), KOTOPbIE OTOH-
paUCh HA IPOTSHKCHUU 9 THEH HePEPhIBHON PaOOThI
YCTaHOBKH. JIOHOP BBIPAIIMBAJICS B YCIOBUSIX ePMbI
Ha KOHIICHTPATHOM PAaI[MOHE, HE ITOJTyYal aHTHOMOTH-
KOTEparmu, KOpMIIeHHEe He U3MEHSIIOCH B Mpery0oii-
HBII Nepuo.

OTt60p npod mpoBoguIK Npu ydoe U3 TOJICTO-
ro OTJ/ieJla KUIIEYHUKA B CTEPUJIbHBIC KOHTEHHEPHI
C TMOCJCIYIOIINM UX Pa3MEIICHHEM B TEPMOKOHTEH-
Hepax ¢ XJaJareHTaMH W TPAaHCIOPTHPOBKOW B Ja-
Ooparoputo. Bece mporeaypsl COOTBETCTBOBAIIN ITH-
YECKUM CTaHIapTaM paboThI C JKUBOTHBIMH (3aKITFOYE-
Hue JIOKaaTbHOTr0 He3aBUCUMOT0 ATUYECKOTO KOMUTETa
JIOHCKOTO TOCYIapCTBEHHOTO TEXHUYESCKOTO YHUBEP-

cuteta Ne 6 ot 04.11.2024 1.). MccnenoBaHue BBITION-
HSUTH C MICTIONTb30BaHUEM aBTOMATU3HPOBAHHOM yCTa-
HoBKHM WOKKT cBunbu [13, 14], napameTpbl onucaHsl
nanee. B cocraB cuctemMbl BXOJUII OHOpPEaKTop, MO-
JETUPYIONTHI YCIIOBUS TOJCTOTO OT/IEIIa KUIIICIHUKA.

B kagecTBe cpenbl B OMopeakTope HCIOIb30BaIN
pa3paboTaHHYO ¥ MPOTECTUPOBAHHYIO paHee UCKYC-
CTBEHHYIO KUIIEYHYIO CPENy, MPEAHA3HAUCHHYIO [T
in Vitro-MoJIeIMPOBaHUSI MUKPOOHUOTHI Pa3JIUYHBIX OT-
nenos XKKT cuneit [15].

Jst mpuroTOBIEHUS 6a30BOH Cpebl B 1 71 AUCTHII-
JTUPOBAHHOW BOJBI TIOCIIEAOBATEIFHO BHOCHIIN CJe-
IYFOIIIMEe KOMIIOHEHTHI (B rpamMmax): mektuH — 9,0;
kcwnal — 9,0; apabunoranakran — 9,0; aMuonek-
tiH — 9,0; kazeun — 43,7; kpaxman — 50,0; Oak-
Torenton — 43,7; crepuiibHast Obrubst xendb — 0,7;
K2HPO4+3H.0O — 4,7; NaCl — 8,4; FeSO4+7H0 —
0,009; MgS047H.0 — 0,7; CaCl>2H20 — 0.8; re-
muH — 0,02; n-amuHoOeH30iHas kuciora — 0,2.
Cwmecs aBrokiaBuposanu npu 121 °C u B TeueHue
20 munyT. [Tocne oxnaxxaeHus B aCeNTHYECKUX yCII0-
BHSIX TOOABIISITN CJICTYIOIINE TyBCTBUTEIBHBIC K Ha-
TpeBaHUIO KOMIIOHEHTHI: TBUH 80—31,5; HUKOTHH-
amua — 2,5; tmamun — 0,004; ucrenn- HCI— 0,003;
MeHaguod — 0,001; D-omornr — 0,002; BuTaMuH
B,, — 0,0005; mantorenosas kucnora — 0,01; nua-
muaoMmu — 0,005.

Jist co3maHust TOJICTOKUIIIEYHOTO MOAYJsS B Oa-
30BYIO CpeJly BBOAWIH 9 I/JI MUKPOKPUCTAIUTHYECKON
nesunono3el. Ha Bcem nporskennu sxcriepumenta pH
MOJIICP>KUBAJICS HA YPOBHE 6,5 W PEryIHpOBaICS aB-
TOMATUYECKH TI0 TIPUHITAITY 0OpaTHOM CBS3H TTo1adeit
1M pactBopoB HCI u NaOH.

Bce Momynu ycTaHOBKM acenTHYeCKH coOmpa-
nu B OOKCe MHKPOOMOIOTrHYeCKOl 0e30MacHOCTH
2A-xiacca B €AMHYIO cUCTeMy. PeakiinoHHBIN 00beM
TOJICTOKHIIIETHOTO MOJTYJISI cocTaBiisut 450 mut. Kaskpie
24 gacamocite otrbopa 5 Mt mpo6 u3 dbropeaxTopa ya-
Jst11 100 MuT coAepKUMOTO ¥ BHOCUIIM aHAJIOTHYHBIN
00bEeM CBEXKEW KUIICYHOH Cpellbl, UMHTUPYS KOpMIIe-
Hue. B mepBrIii IeHb SKCIIEpUMEHTa TI0CIIe CTa0uIIH-
3alliU PEKUMHBIX IMapaMEeTPOB B OMOPEaKTOPhI BHO-
CHJTH TIPOOBI OT CBUHBU — aCENITUYECKH OTOOpaHHEBIE
npu 3a00€ CpeHre TTOPIHUN COAEPKUMOTO TOJICTOTO
otaena kumeganka (50 Min), JOCTaBICHHBIE B 1Ta00pa-
TOPHIO HE Mo3AHee 2 4acoB nocie otoopa npu 4 °C.

W3 1 mut kax10#t mpoObI rToTOBMIIN ceputo 10-kpat-
HBIX pa3BeJCHUN B CTEPUIILHOM N30TOHUYECKOM pac-
TBOpe xmopuaa Harpus (107'—107°), mocre gero BBI-
TIOJTHSIJTH BHICEBBI Ha CEJICKTUBHBIC U OOIINE ITUTATEb-
HBIE Cpelbl /ISl KOJMYECTBEHHOTO yU€Ta OCHOBHBIX
rpynn 6akrepuii. 4 M1 poObI UCIIOIB30BAIH ISl BbI-
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nenenust JIHK u nposenenus I1LIP B pexume peain-
HOTO BPEMEHH C HUCIOIB30BaHUEM HAabOpa peareHToB
«Komnonogmop-16.

W3 pazBenenuii npousBoauiu BeiceBbl o 0,1 M
Ha IJIOTHBIE NMUTATEIbHBIE Cpeabl: DHJ0-arap,
OHrepokokkarap, Jlakrobakarap (PEYH I'HII [IMB,
Poccus). J{ns kyneruBupoBanus oudumodakrepuii
u xkiaoctpuauit mo 1,0 M U3 pasBeAcHUN BHOCHIN
B mpobupku ¢ 9 M cpensl budnaymn Bumscon —
bmapa coorBercTenno (PEYH I'HIL [IMB, Poccus).
Jns nopcuera OMUY ucnons3oBanu I'PM-arap
(®BYH THII [IMB, Poccus). [ToceBbl nHKyOUpOBa-
mu pu + 37 °C, y4eT moCeBOB OCYIICCTBIISUIA B Te-
yeHue 24—72 u.

Wnentndukanuio sHTEpOOAKTEPHI M SHTEPOKOK-
KOB ITPOBOJIMJIN COIIACHO CTaHJaPTHBIM MUKPOOHOJIO-
rudyeckuM npotokonam [16, 17]. KauecTBeHHBIE U KO-
JMYECTBEHHBIN aHaIU3 KUIIEYHOW MHKPOOHOTHI OT
cBHUHEH-0HOPOB U o0pa3noB u3 WXXKT mpoBommmn
metozoM TP B pexnmMe peanbHOrO BpEMEHHU C UC-
rosik30BaHreM Habopa peareHToB «KomoHodrop-16
(6buoneno3)» («Anwanad», Poccus). DKrcTpakiuio
JHK ocymiectrisum ¢ momotpio Habopa JJHK-cop6-B
(®bYH IHHUU Drmmnemuonorun, Poccus). C nenbio
BBISIBJICHUSI COCTaBa MUKPOOMOTHI ¢ momortbio [T1[P-
PB, u3 monydeHHBIX 00pa3loB TOTOBUIIU CYCIICH-
3uro u3 pacuera 0,1 T 00pa3a HATUBHOTO KHUIIIEYHO-
ro cogepxkumoro Ha 0,8 MJI U30TOHUYECKOTO PACTBO-
pa NaCl. IHK skcrparuposanu u3 0,1 mi1 cycrnieH3uu
u kumeyHol cpensl n3 KKT.

Ha mepBom Tame mpoBOANIIN UCXOAHYIO OIIEHKY
MHUKpPOOHOTO COOOIIECTBa: M3 KUIIEYHBIX MTPOO CBH-
HbY TOTOBHJIN MTOCEBHBIN MaTepUa U BBITIOIHSITN KO-
JMYEeCTBEHHBII MUKPOOHOJIIOTHYECKUH aHAIN3, TTOCTIe
4ero MpoObl HHOKYJIMPOBAIN B OMOPEaKTOPBI CHCTEMBI
mKKT. Crabunuzanuio MUKpOOHUOIIeH03a KOHTPOIIH-
pOBaJM Ha 3-U CYTKH MOCIIE€ WHOKYIISIIUH 110 TAHHBIM
MHUKPOOHOJIOrMYECKHX ITOCEBOB (MHKYyOarms 24—48 4,
OIIEHKA YUCJIIEHHOCTH M COCTaBa OCHOBHBIX TAKCO-
HoB). [Ipu AOCTIKEHNN YCTOMYUBOTO MPOGUIIS U OT-
CYTCTBMHU KOHTaMHHALIMU TIEPEXOMIIN K ITaIly aHTH-
OMOTHKOTEpaIHH.

B teuenue 3 aHell B peakIIMOHHYIO Cpely BHOCH-
au AMoxcurapa. s oCTHKEHUs LeIeBOM KOHLIEH-
Tparuu aMOKCUIWIUTHHA 16 M1/ B 450 M1 KUATIIEYHON
Cpe/bl MpeBapUTEIbHO TOTOBUIM MPOMEKYTOUHBIN
pacTBop aHTHOMOTHKA. VICXOMHBIN Mpenapar ¢ KOH-
nentparueit 140 mr/mit pasBoawmm B 10 pas: 1 mi nc-
XOJTHOTO PacTBOPa BHOCHITH B CTEPUIIHHYIO ITPOOHPKY,
cojiepKairyr 9 M pactBoputens (Boaa JJisi HHBEK-
uuit), noBos oot 006éM 10 10 mit. PactBop akky-
paTHO IiepeMelInBaIi IIepeBOpaYrBaHUEM JTUOO0 Kpart-

KOBPEMEHHBIM BCTPAXMBAHUEM Ha BOPTEKCE, n3derast
BCIICHUBAHMS.

Wrorosasi KOHLIEHTpaLMsl TPOMEKYTOUHOTO pac-
TBOpa cocranysuia 14 mr/mit. M3 momy4eHHOTO pacTBoO-
pa otbupanm 514 M1 1 BHOCHIH B 450 MJT KHIIIETHON
Cpezbl C MOCJIEAYIOIUM IIepEMEIINBAaHUEM 10 OHO-
POAHOCTH, YTO 00ECIIEUNBAIO KOHEUHYIO KOHIICHTpA-
LU0 aMOKCUIIMIUTUHA 16 Mr/i1 (YyIBO€HHAss MUHAMAITb-
Hasl MTOJIABIISIONIAsl KOHIEHTPALUS ISl 9yBCTBUTEIb-
HBIX U30JITOB [16]).

ITo 3aBepmieHNn Kypca MpUMEHEHU aHTHONOTH-
Ka MHUITUUPOBAITH (Da3y MpoOHOTHIECCKONW KOPPEKITHH
npenaparoM Berocnopun JK: B TeueHue 2 nHel B cu-
cTeMy 100aBIsuIM TPOOMOTHYECKHI Mpenapar Ha oc-
HoBe Bacillus subtilis 8 no3uposke 10 M Ha 1 11 cpenpl,
COOTBETCTBYIOIIEH TE€PareBTUYECKOMY PEXHUMY TpHU
nuconose. [lepen BHeceHneM mpemnapar uccien0Bain
Ha YUCTOTY U COOTBETCTBHE 3asIBIICHHON KOHLIEHTpa-
uuu. Jls sToro rotoBuiiu ceputo 10-kpaTHBIX pa3Be-
JICHUH U BbICEBAJIM KaXx[j0€ U3 HUX Ha arap ' PM-arap
(®BYH I'HII I[TMB, Poccus) ¢ nocnenyromieli MHKyOa-
nueit. Yepes 24 4 mHKyOanny MoATBEP K IEH pOCT Oak-
Tepuil 3asiBJICHHOIO BUJA 0€3 IMPU3HAKOB [1OCTOPOH-
Hel Mmukpodiopsl. KonuenTpanus >xn3HecnocoOHbIX
KJIETOK COOTBETCTBOBAJIA 3asBJIcHHON (He menee 10°
KOE/mn) u cocraBuia 10° KOE/mu.

PE3YJBTATHBI U OBCYKJIEHUE
MCCJIEJJOBAHUM

MukpoOuoaorndeckie mokasaTell cocTaBa MH-
KpOOHMOTHI 00pa3IoB, MOJYYSHHBIX OT CBUHEH, TpH-
BezieHbl B Tabmuie 1. [lomydennsie 3naueHust ObUTH
COTIOCTaBUMBI C JINTEPATYPHBIMH JTAHHBIMHU JIJISI MH-
KPOOHOTHI TOJICTOTO OT/ela KHIIIEYHUKA CBUHEH U HC-
MOJIb30BAIMCH KaK HCXOAHBIM YPOBEHB IS TOCIIEAY-
OII[ETO0 MOJIEJIMPOBAHUS.

[Ipu pazpaboTke MOpeTH MHUKPOOHOIEHO3a HC-
MOJIb30BAINCH KPUTEPUH TUATHOCTHKU JHCOaKTe-
pHo3a, KOTOPHIE BKIFOYAIOT CHUKEHHE OOJHUTaTHON
MuKpo¢Iopsl (0udugodakTepuil, TaKTOOALNILI)
Y yBEJIMYEHHE YUCICHHOCTH YCIIOBHO-TIATOT€HHBIX MHU-
KpoopranusMoB. B pesynsrare BHECeHH AMOKCHTapa
B peakTopsl cuctemsl IDKKT u cTabumn3anmm B Tede-
HUE Tpex mHel OblT chopMupoBaH MUKPOOHOIICHO3,
COOTBETCTBYIOIINH TUCOMOTUIECKOMY COCTOSHHIO KH-
HICYHHUKA.

Ha pucynke 1 mokaszaHa mocyTo4yHas JUHaMU-
Ka MUKPOOMOJIOTHYECKHX TTOKa3areyiell ColepKUMO-
TO MOJIYJIsl, AMUTHPYIOIIETO TOJCThIA KUIICYHUK Ha
npoTsbkeHuu 9 nHel skcnepumenTa. Mcexons us rpa-
(uKa BHHO, YTO TUHAMHYECKOE paBHOBECHE B OHO-
peakTope, HacTyIaeT Ha 3-1 CyTKU KyJIbTHBUPOBAHUSI.
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Taoauuna 1

Konuuecmeenmnoe codepofcanue ucczze()yeMbm nokazameineil KUUeyHol Mukp06u0mbz ceunell
6 moacmom omoene Kuuleunuka, 6vlia61eHHoe KYyl1bmypalbHblm Memooom

[Tokazarens Conepxanne, KOE/r
OGiiee MUKPOGHOE YIHCIIO 102
Lactobacillusspp 108
Bifidobacteriumspp 107
Escherichiacoli 108
Enterococcusspp 104
Clostridiumspp. 10°
Pencamiil wppeinsgmsn Tocse susulmriine TLogne ppesfintaa —a—Ksocpuanm —a— Anapoliss
—a— Gngnzebiarapim Maxpefiaman Y e ThprpaEn —=EIKI
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3 G ) ] 9

JHan sxcnepusenTa

Puc. 1. luraMuka MUKPOOHOJIOTHYECKHX MTOKA3aTEIIeH MOYIIS «TOJICTAs KUITKay. [10 TOpU30HTAIN — JTHH JKC-
MEPUMEHTA; 110 BepTukanu — conepxkanne KOE/min

Ucxonnprit Mukpoouonenos (0—4-e cyTku) ObT
crabmiieH: o0miee MUKPOOHOE YUCIIO COCTABIISLIIO
10"'—10" KOE/T, coneprxkanue gakroOanmiui, Oudu-
nobakrepuit, oonuratHeix aHaspooos u BI'KIT Haxou-
sock B ipezenax 10—108 KOE/T, kinoctpunuii — 107
KOE/T, anrepokokkoB — 10*—10° KOE/r. Komebanms
BHYTPH [IEPUOJIa HE MPEBBIIIATN OHOTO MOPSIIKA, YTO
MO3BOJISICT MPHUHATH STH 3HAYCHUS 32 WHAUBUYaIlb-

HYO HOPMY JIJIs1 )KUBOTHBIX Tpymiibl. [[prMenenue an-
THOMOTHKA (5—7-€ CyTKH) He JIaBaI0 HEMEUIEHHOTO
addekra: Ha S5-€ CyTKH BCE [T0Ka3aTeN COXPaHsITUCh
Ha ypoBHE (poHa, CHWKEHHE PErHCTPUPOBATIOCH C 6-X
cyTok. [leiicTByto1Iee BENIECTBO Ipenapara — aMoOK-
CUIMIIINH, TOTYCHHTETHYECKUH aMIUHOTICHUIIMIUTAH
¢ OaKTEePHUITHIHBIM MEXaHU3MOM JIEHCTBUSI, pean3ye-
MBIM 4Yepe3 CBA3bIBAHUE IMEHUIUILTNH-CBS3BIBAIOIINX
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0eJIKOB M OJIOKaly TPAHCIICIITHIAIINY TSI THI0TIINKA-
Ha. CreKTp OXBaThIBACT IPaMIIOIOKHUTEIBHYIO (10~
Py ¥ 9acTh I'PaMOTPHUIATENBHBIX HTEPOOAKTEPHIA,
OJTHAKO TIperapar pa3pymaercs [-IakraMazaMu, IIin-
POKO TMpEACTaBICHHBIMH Y KOMMEHCAJIOB KHUIICYHHU-
Ka [8]. DTuM oOBsCHsIETCS TIONyUYeHHAs: HAMH KapTH-
Ha: HauboJiee YyBCTBUTEIBHBIMU OKa3aJIMCh TPaMIIO-
JIO)KHATEIBHBIC JTaKToOAMILTE (cHIDKeHne ¢ 10"—108
1o 10° KOE/r) n obmas MukpoOHas Macca (ImaaeHue
OMUY Ha ATk MOPSAIKOB K 7-M CyTKam), TOT/Ia Kak
BI'KII cHmxamucs numib Ha 1—2 nopsijika 1 coxpaHsi-
michk Ha ypoBHe 10° KOE/T, uto cornacyercs ¢ npen-
CTaBJICHHEM O pe3epByape [-JIakTamMa3HOW aKTHBHO-
CTH y SHTepoOakTeprii. MakcHMabHOE YTHETCHHE MH-
KpoOMOIIeH03a MPUXOAUIIOCH Ha 8- CyTKH — IEePBBIC
CYTKH HOCJI€ OTMEHBI aHTHOMOTHKA M Havaja BBeJe-
Husl TpoonoTuka. OMHOBPEMEHHO MUHIMABHBIX 3HA-
YCHMI TOCTUT AN OM(HI00aKTEPUH 1 JTAKTOOAIUILITBI
(o 10° KOE/T), ob11ee MUKpOOHOE YHCII0 ¥ aHAIPOOBI
(o 10° KOE/t), satepokoxku (10° KOE/T).

Hcnonp30BaHHBIA TPOOUOTHK COJEPKHUT JIBA
mramma B. subtilis — 11B u 12B — B tutpe He Me-
nee 1-10% KOE/mir; 3asBIeHHBIA MEXaHU3M BKJIIOYA-
€T MPOAYKIIMIO aHTUOMOTUYECKHUX BEIIECTB ITOJH-
MENTUIHON MPUPOJILL, TUAPOIUTHICCKUX (DEPMEHTOB
(TIpoTeaspl, aMHIIa3bl, TEMUIICIUTIONA3H), BATAMIHOB
Y aMHHOKHCIIOT, 8 TaKXKe MOaBIICHHE YCIIOBHO-TIATO-
renHoi Mukpoduopsl. s Buna B. subtilis B uenom
OIMCaH MUPOKUH apceHall aHTUMUKPOOHBIX MeTabo-
JIUTOB — IMKIMYECKUE JIMNIONENTUABI (CyphaKTHH,
WATypUH, (PSHTHUITNH), OaKTEPUOINHEI M TUTICTITH Oa-
nuiusuH [12].

Ha done npumenenus npodroruka (8—9-e cyTkn)
JMHAMMKa Oblia pa3HOHATIPaBJIeHHOH. JIaKTOOAUIITBL
1 OupuIo6aKTepUN BOCCTAaHABIMBAJIMCH OBICTpEE TPO-
YHX TPYIIIL: yXKe K 9-M CyTKaM UX coJiepkaHie BO3Bpa-
manoch K porosomy (108 u 107 KOE/T cooTBeTCTBEH-
HO). O011Iee MUKPOOHOE YUCIIO K 9-M CyTKam JIOCTH-
rano 10° KOE/r, ocraBasce Ha 2—3 mopsiika HIKe
ucxonnoro. Copeprxanue sHTepoKOKKoB (10° KOE/T)
u BI'KII (10° KOE/T) k 3aBepIIeHHUIO OTIBITa TAKKE HE
BOCCTaHaBIUBAJIOCH, TOT/IA KaK YPOBEHB KIIOCTPHIHIA
Bo3Bpamaics kK ucxomasiM 107 KOE/T.

[Ipu aToM KoHUIeHTpatwst Bacillus subtilis ocraBa-
nack 10" KOE/r Ha npoTsbkeHnn 3 JHEH.

K 3aBepmienuro Kypca nmpoOHOTHKA COOTHOIICHUE
IPYIII MEKPOOPTaHU3MOB CMEIAIOCH B ITOJB3Y 00N~
raTHOM J1akTo- 1 6uuA0GIOPH IPU COXPAHSIONIEM-
cs teunuTe yCIOBHO-TIATOICHHBIX MTPEACTaBUTEICH
(BI'KTI, sHTEpOKOKKH) M 001I1eil MUKPOOHOM MacCHhl.

CriopoBast ¢popma obecrieunBaeT yCTOWYHUBOCTh
K KUCIION Cpejie KeIy/IKa, KETIHBIM KHCIIOTaM B OCTa-

TOYHBIM KOHIICHTPAIUsIM B-JTaKrama, 4To MO3BOJISET
Ha3HauaTh Mpenapar HEeMOCPEACTBEHHO MOCIe OTMe-
HBI aHTHOMOTHKA; UCXOSI U3 9TOTO BBE/ICHNE HAYMHA-
JIM Ha 8-€ CYTKH — B TOYKE MAaKCUMAITLHOTO YTHETCHUS
MUKpoOuoneHo3a. [lonydenHas JuHaMKKa TOKa3ana
orepeskaroniee BOCCTAaHOBJICHUE JIAKTO- U OU(HI0-
¢utophI: K 9-M CyTKaM JIaKTOOALMIUIbI BO3BPAIIIAJIUCH
k 10® KOE/r, oupunodakrepun — x 107 KOE/T, To-
I7la KaK OCTaJbHBIC TPYIIIBI OCTABAINCH CHIKCHHBI-
mu; BI'KII coxpansuiucs Ha yposHe 10° KOE/T, sHTe-
poxokku — 10° KOE/T.

MexaHu3MBbl, JIexKalue B OCHOBE Takol u30upa-
TEJILHOCTH, B HACTOsAIIECH padoTe HErOCPEICTBEHHO
He M3y4alnch, OJHAKO HaOomaeMasi KapThHa COTa-
CyeTcsl ¢ ONMHUCAHHBIMU s B. subtilis cBoicTBaMu.
Kak (akynsraTuBHBIA aHadpOO, 3TOT BUI NOTPEOIIS-
€T OCTaTOYHbIM KHCIOPOI U CHHYKACT PEJOKC-TIOTEH-
[Uall Cpelibl, YTO MOXKET OJIaronpUsITCTBOBATH OOJH-
raTHBIM aHadpoOaM; OTHCcaHa TaKXKe 3alUTa KIETOK
MOJIOYHOKHCIIBIX OaKTepHil BHEKIETOYHBIM MaTpPUK-
com Oarmnr [11, 12].

Craep:xuBaHe YHTEPOOAKTEPUI U SHTEPOKOKKOB
MOKET OBITh CBSI3aHO C aHTATOHUCTUYECKON aKTHBHO-
CTBIO OAITMIIT M KOHKYPEHITHEH 3a cyocTpart. [IpoBepka
ITHUX MPEIIOTI0KESHAN TPeOyeT MPSIMBIX N3MEPEHIH —
MOHHUTOPHHTA OKUCIUTEIHHO-BOCCTAHOBUTEIBHOTO
MOTEHINAIA CPE/Ibl, OIICHKH aHTarOHUCTUYECKON aK-
TUBHOCTH i1 Vitro ¥ IOCTAHOBKH BapuaHTa 0e3 BBeIe-
HUs poOuoTHKa. K 3aBepiieHnto HabIroAeHUs OTMe-
4aJioCch HETOJIHOE BOCCTAHOBJICHHUE OTACITBHBIX TPYIIIT
MHUKPOOPTaHU3MOB, YTO MOXKET OTPaXkaTh KaK COXpa-
HSIOIIEECs] TIOCTAHTHOMOTHIECKOE CMEIIIEHHE MUKPO-
OMOIIeH03a, TaK U CEIEKTUBHBIN 3P PeKT mpoduoTnye-
CKOH Koppekuu. J{J1st yTouHeHHsT He0OX0IUMEBI Ooriee
JUINTEJILHBIE HAOIIOMEHHUS.

B Tabmuie 2 mpenacTaBieHBI TaHHBIE O KOJIAYeE-
CTBEHHOM COCTaBe KHIIEYHOH MUKPOOHOTHI, BBISB-
neHHoM MetonoMm [P ¢ momouipi0 KOMMEpPUECKOro
Habopa «Kononodmnop-16 (6roenos)».

OO0mas GaxkTepuaibHas Macca IEMOHCTPUpPOBaa
yBeJNWYeHHE K 3-M CyTKaM KyJIbTHBHpoBaHus ¢ 2-10"
1o 2- 10" xormii/Mi1, 9T0, BEPOSITHO, OTPaKaeT aarnTa-
IIUI0 MUKPOOHOTHI K YCIIOBHUSIM HCKYCCTBEHHOMU CPEIIbl
Y OTCYTCTBHE HIMMYHHBIX (DAaKTOPOB «Xx03stHaY. [Tocie
aHTUOMOTUKOTEpAIIMK OTMEYAIOCH CHIbKeHue 110 3-10"!
KOITUI/MJI C TOCTIEYIOLIMM HEMIOJTHBIM BOCCTaHOBIIE-
HueM 10 2-10'"? konuii/mi Ha poHe IPOOUOTHKA.

Oo6murarHas MuKpodIopa mokasaia BEIpaKeHHYTO
YyBCTBUTEIBHOCTh K [-JIAKTAMHOMY aHTHOWOTHKY,
TaK, Bifidobacterium spp. canzuiuck ¢ 5-10" Ha 3-¢
cyTku 70 6-10° xomuii/Mir mociie MPUMEHEHUST aHTH-
ouotuka, Torna kak Lactobacillus spp. — ¢ 3-10' 10
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6-10° xonmii/min. Beenenue B. subtilis-conepikaiiero
MPOOMOTHKA COMPOBOXKIAIOCH YaCTHYHBIM BOCCTA-
HOBJICHHEM OnduaooakTepuit 10 9-10° Kormid/mit, o11-
HAKO JIAKTOOAITMIIIIBI OCTaBaJNCh Ha ypoBHE 5-10° Ko-
IIUH/MIT HE IOCTUTHYB 3HAYCHHUN 3-TO JIHS.
Escherichia coli oxa3anach OTHOCHTEIBLHO pPe3U-
CTEHTHOH K aMOKCHIIMJUTMHY, TaK HaOII0Aanoch He-
3HauuTeNbHOE CHIKeHue ¢ 4-10° no 8-10% xonwmii/mn
COOTBETCTBEHHO, YTO COIVIACYETCSI C IPEJCTABICHUEM
0 pesepByape B-IaKTaMazHON aKTUBHOCTH Yy DHTEPO-
Oakrepuii. Ha pone nmpobuornka uncieHHocTs E. coli
HE3HAYMTENBHO Bo3pocia 10 10° komwid/ M.
['pamoTpuarenbHble 00IUTaTHBIC aHAYPOOBI posia
Bacteroides noMmuHUpOBaIN B MUKPOOHOIICHO3E, TIPH
9TOM HX KOHLEHTpauus MOocjiIe aHTHOMOTHKA M TIPO-
OuoTuka ocraBajgach Ha ypoBHe 2—3-10"! konmuit/mi1.

OTMeTHM, 4TO JaHHBIN PO HE OBLT BHISBICH KYJIBTY-
paTbHBIM MeTOIOM (Tab:. 1), 9To yKa3pIBaeT Ha Mpe-
oOajaHne HeKyIbTUBUPYEMBIX ITPEJICTABUTEIIEeH 3TO-
T'O TAKCOHA B TOJICTOM OT/IEJI€ KHIIIEUHUKA CBUHEH.
Byrtupartoobpasyrommuit Bun Faecalibacterium
prausnitzii XapaKTepru30BaJICs HU3KOW YHCIEHHOCTBIO
10—107 xomwit/Mi ¥ TEHACHITUECH K JalbHCUIIIEMY
CHIDKCHHIO ITOCJIE BBEICHUS IPpOoOHOoTHKA 110 6°10° KO-
MTUI/MII COOTBETCTBEHHO, YTO MOXET OTPaKaTh KOH-
KypEHTHOE YTHETEHUE CO CTOPOHBI B. subtilis vu He-
JOCTAaTOYHOCTH CyOCTPaTOB B HCKYCCTBEHHOM Cpejie.
Hannbie kITLP B 1ies10M oTpakainu Ty K€ Hallpas-
JICHHOCTh N3MEHEHNH, OTHAKO KOJTMYECTBEHHBIE OIICH-
KM MEXIy METOIaMH pa3jifdajich, 9TO, BEPOITHO,
CBSI3aHO C Pa3IUYHON aHAIUTUYECKON YyBCTBUTEINb-
HOCTBIO M IPUPOON PErUCTPUPYESMBIX MUIIICHEH.

Taoauma 2

Konuuecmeennoe cooepoicanue ucciedyemuvlx nokazamenei KUMEUHOU MUKPOOUOMbL CBUHEL,
svisasneHHoe memooom KIIL[P ¢ namusrnom mamepuane u omoopartom uz cucmemol uJKKT

ConeprxaHue, KOTTHNA/MIT
Toxazarens 3 JIeHb KyJbTHBH- Mocne anrubio- [Mocne npobuo-
LenbHas mpoba THKa 6 JIeHb
poBaHuUs THKA
KYJIETUBUPOBaHUS

OO01ast 6akTepHranibHas Macca 2-10M 2101 3-10" 2-10"
Lactobacillusspp 9-107 3-10'° 6-10° 5-10°
Bifidobacteriumspp 3-108 5-10" 6-10° 9-10°
Escherichiacoli 4-108 4-10° 8108 10°
Bacteroidesspp 1o" 2101 3-10" 2-10M
Faecalibacteriumprausnitzii 2-107 7-10° 8-10° 6-10°

3AKJIIOUEHUE
B ycnoBusix in vitro monenu XKXKT cBuHBH HaOMIO-
Jlanach Mocie10BaTeIbHas CMEHa COCTOSHUSI MUKPO-
OMoIIeH03a — OT UCXOTHOTO CTAOMIBHOTO MPOduIIs
4yepe3 aHTUOMOTHK-aCCOIMMPOBAHHBIN JIUCONO3 K T10-
clieyroleit npoOHuoTHYeCKoi Koppekin. Buecenne
AMoKcurapa cConpoBoKAaJI0Ch CHIPKCHUEM YHUCIIECH-
HOCTH KaK OOJHTaTHON MHUKPOOHMOTHI (JaKTOOAIHII-
11, OuprIoOaKTepHH, 00IIIEe MUKPOOHOE YHCIIO), TAK
1, B MCHBLICH CTENEHH, YaCTH yCIOBHO-IIATOT€HHBIX
sHTepobakTepuil. Hanbonee BepakeHHOE yTHETEHUE
OTMEYasioch Ha 8- CYTKH SKCIEPUMEHTA, B MEPBbIC

CYTKH I10CJI€ OTMEHbI aHTHONOTHKA.
[Tocne BBeneHUs: MPOOMOTUYECKOTO IIperapara
Berocnopun X na ocHoBe Bacillus subtilis conep-
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YKaHUE JTAaKToOAmmiuT 1 OudumodakTeprii Bo3Bpara-
J0Ch K (DOHOBBIM 3HAYCHHUAM K 9-M CyTKam HaOIro-
JIEHUs], TOTAA KaK MOKa3aTesd yCIOBHO-NAaTOT€HHOU
rpynmsl (BI'KII, sHTepokokkH) 1 001mast MEKpoOHast
Macca K 3aBEpUIEHUIO ONBbITa BOCCTAHABIMBAIUCH
JINIIb YaCTHUYHO.

Takast TMHaMHKa MOET OTPa)KaTh Pa3JUUYHYIO
YCTOMYUBOCTb OT/IEIBHBIX TAKCOHOB K MOCJIEACTBUSIM
AHTHOMOTHKOTEPAINU U PA3IMYHYIO CKOPOCTh UX pe-
aKIUK HA MPOOMOTUYECKYIO KOPPEKINIO, OTHAKO JUIS
OJTHO3HAYHBIX 3aKJIFOYCHUH 0 MeXaHu3Max Haluoiae-
MBIX U3MCHCHHH B paMKaxX JaHHOW paOOTHI OCHOBa-
HUU HEOCTATOYHO.

ITony4yennsle JaHHBIE TO3BOJISIIOT MPETONOKHUTH,
YTO IPHUMEHEHHE CIOpooOpa3ylouero npoonoTuka
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rociie aHTHOMOTHKOTEPAITH MOXKET CIIOCOOCTBOBATh
6oIee GBICTPOMY BOCCTAHOBIICHHUIO OTIEIBHBIX TPYIIT
00HUraTHON MUKPOQIIOPHI, OAHAKO 3TOT BRIBOA TPEOY-
eT JalbHEeHIIero MOATBePIKICHUS Ha O0Jiee KPYITHBIX
cepusix HaOMIONEeHHH.
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CORRECTION OF INTESTINAL MICROBIOCENOSIS
DYSBIOSIS IN PIGS IN A GASTROINTESTINAL
TRACT SIMULATION SYSTEM
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Abstract. Gastrointestinal disorders in young pigs are accompanied by disturbance of the intestinal microbio-
cenosis. However, the data on the dynamics of its recovery after a course of antibiotics remain fragmentary. The
research objective was to assess the effect of amoxicillin on the composition of the cultured porcine intestinal
community in a gastrointestinal tract simulation system (GITS) and to investigate the dynamics of its recovery
following subsequent administration of a Bacillus subtilis-based probiotic. An automated GITS system with a
large intestine/colon module (reaction volume 450 ml, pH 6.5, artificial intestinal medium) was used for 9 days
of continuous cultivation. The inoculum consisted of the large intestinal content from a 29-week-old donor pig.
The microbiota composition was assessed using the culture and real-time PCR with the Colonoflor-16 (bioceno-
sis) kit. On days 5—7, Amoxigard was added to the medium to achieve a final amoxicillin concentration of
16 mg/L; from day 8, Vetosporin Zh (B. subtilis strains 11B and 12B, 10 ml/L) was introduced. Dynamic equi-
librium in the bioreactor was reached by day 3. The antibiotic effect became apparent from day 6, with maximum
suppression of the microbiocenosis recorded on day 8: lactobacilli and bifidobacteria decreased to 10° CFU/g, to-
tal microbial count and obligate anaerobes — to 10° CFU/g, and enterococci — to 10* CFU/g. After probiotic ad-
ministration, lactobacilli and bifidobacteria returned to baseline values by day 9, whereas total microbial count,
coliform bacteria and enterococci recovered only partially. The PCR data reflected the same direction of change,
with quantitative discrepancies relative to the culture-based method. The results suggest that administration of a
spore-forming probiotic after antibiotic therapy promotes accelerated recovery of the obligate lacto- and bifido-
flora.

Keywords: pigs; intestinal/gut microbiota; in vitro intestinal model, Amoxigard, amoxicillin; Bacillus subtilis;
Vetosporin.
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INTRODUCTION

Gastrointestinal diseases in young farm animals re-
main a leading cause of mortality, reduced growth and
economic losses in livestock production. A key role in
their pathogenesis is played by disruption of the intes-
tinal microbiota and the formation of stable microbial
communities with negative properties that can persist
in the digestive tract for long periods [ 1—3].

General concepts regarding the role of the intes-
tinal microbiota in shaping the systemic immune re-

sponse, metabolic status and host resistance to infec-
tions have been formed primarily through the studies
in humans and laboratory models. Within this frame-
work, dysbiosis is considered not only a consequence
of the pathological process but also an independent
factor capable of maintaining chronic inflammation,
altering the permeability of the epithelial barrier and
modifying the risk of immunopathologies [4].

The action of probiotics is associated with immu-
nomodulation and competitive interactions in the in-
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testinal lumen [5]. Direct transfer of these patterns to
pigs requires caution: species differences in digestive
anatomy and physiology, diet composition and micro-
bial community structure are significant, so the data
presented here are used as a general conceptual back-
ground.

A body of data has been accumulated in relation
to pig breeding. It has been shown that disturbances
in the intestinal microbiome of piglets are accompa-
nied by reduced growth and increased susceptibility
to bacterial infections, and enterobacteria and strepto-
cocci are among the pathogens associated with intesti-
nal pathology in industrial livestock [6—38].

The antibiotic sensitivity of strains isolated from
pigs has been studied, and the effect of probiotic prepa-
rations based on Bacillus subtilis on growth rate, feed
conversion and hematological indicators of weaned
piglets has been demonstrated [9]. However, the period
of early ontogenesis, when symbiosis between the host
and the microbial community is formed, remains the
least studied specifically for pigs, and the data on the
dynamics of microbiome restoration after a course of
antibiotic therapy are fragmentary, which determined
the objectives of this study.

Understanding that the intestinal microbiota plays
a key role in the resistance of young animals to infec-
tions and in maintaining the integrity of the epitheli-
al barrier makes any interventions in its composition
particularly significant in terms of the consequences
for animal health and productivity. Antimicrobial ther-
apy, primarily the use of broad-spectrum p-lactam an-
tibiotics in intensive livestock farming, remains one of
the most common and, at the same time, most power-
ful factors affecting the structure and function of in-
testinal microbial communities. The widespread use
of penicillin antibiotics, including amoxicillin and its
combination forms, allows for the effective control of
acute bacterial infections.

However, it is accompanied by increased antibiot-
ic resistance and changes in the structure of microbial
communities. Amoxicillin has been shown to be ac-
tive against a wide range of bacterial pathogens in an-
imals, including Escherichia coli, Streptococcus spp.,
Staphylococcus spp. and a number of other pathogens,
but its efficacy decreases with the formation of bio-
films and the development of antibiotic resistance. In
this regard, dosage forms of amoxicillin that combine
antibacterial action with the ability to affect biofilm
communities and the metabolism of resistant strains
of microorganisms are of particular interest [6, 10].
Amoxigard, which contains amoxicillin in combina-
tion with clavulanic acid, is considered a promising
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agent for increasing the efficacy of antibiotic thera-
py and partially overcoming biofilm resistance [10].

The targeted use of antibiotics, including
Amoxigard, is necessary to suppress bacterial infec-
tions, but it inevitably affects not only pathogenic but
also commensal components of the intestinal micro-
biota, disrupting its dynamic equilibrium and creating
the conditions for dysbiosis and recurrent digestive dis-
orders [7]. Therefore, during the microbial communi-
ty restoration phase, preparations that can adjust the
composition and activity of intestinal bacteria, dis-
place unwanted microorganisms and support the en-
zymatic and barrier functions of the intestine are of
particular importance. These agents include probiot-
ics based on spore-forming strains of Bacillus subti-
lis, which can stabilize the intestinal microbiota, im-
prove nutrient digestibility and enhance animal pro-
ductivity. Vetosporin (various formulations containing
Bacillus subtilis strains) has demonstrated a positive
effect on growth rate, feed conversion and survival in
young pigs and cattle, while maintaining hematolog-
ical and biochemical indicators within physiological
norms [10, 11]. Including Vetosporin into the diet of
bulls and piglets increased average daily weight gain,
reduced feed costs per unit of gain and improved the
economic efficacy of rearing [12].

Despite accumulated data on the efficacy of amox-
icillin (and its combination forms) and the probiotic
Vetosporin, their sequential use in simulation of intes-
tinal microbiome disturbances remains poorly under-
stood. Particularly relevant is the experimental valida-
tion of regimens, in which the antibiotic first specifi-
cally alters the dynamic equilibrium of the intestinal
microbial community, followed by the use of a pro-
biotic to restore or improve the functional state of the
microbiota and metabolic indicators.

The research objective was to assess the effect of
amoxicillin/clavulanate on the composition of the cul-
tured intestinal community of pigs in the GITS and to
study the dynamics of its restoration following the ad-
ministration of a Bacillus subtilis-containing probiotic.

MATERIAL AND METHODS

The study design included the following stages.

1. Simulation of the normal microbiome of the por-
cine large intestine in the GITS.

2. Simulation of the antibiotic-induced dysbiosis
of the porcine large intestine microbiome.

3. Administration of a Bacillus subtilis-based pro-
biotic to restore the dynamic bacterial balance.

The study was completed in 2026 at the Institute of
Living Systems of the Don State Technical University.
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The samples obtained from a 29-week-old donor
pig (Vepoz meat processing plant, Rostov-on-Don,
Russia), as well as the samples from the gastrointestinal
tract simulation (GITS) system, were analyzed. They
were collected over 9 days of a continuous operation
of the setup. The donor was reared on a farm on a con-
centrate diet, did not receive antibiotic therapy and the
feeding was not changed in the pre-slaughter period.
The samples were collected at slaughter from the large
intestine into sterile containers, followed by placement
in thermal containers with refrigerants and transpor-
tation to the laboratory. All procedures complied with
ethical standards for working with animals (conclu-
sion of the Local Independent Ethics Committee of the
Don State Technical University No. 6 dtd. November
4,2024). The study was performed using an automat-
ed porcine GITS setup [13, 14], the parameters are de-
scribed below. The system included a bioreactor sim-
ulating conditions in the large intestine.

The bioreactor utilized a previously developed and
tested artificial intestinal medium designed for in vi-
tro simulation of the microbiota of various segments
of the porcine gastrointestinal tract [15].

To prepare the basic medium, the following com-
ponents (in grams) were sequentially added to 1 liter
of distilled water: pectin — 9.0, xylan — 9.0, arab-
inogalactan — 9.0, amylopectin — 9.0, casein —
43.7, starch — 50.0, bactopeptone — 43.7, ster-
ile ox bile — 0.7, KoHPO43H-O — 4.7, NaCl —
8.4, FeSO4+7H-0O — 0.009, MgS0O47H.0O — 0.7,
CaCl22H-0 — 0.8, hemin — 0.02, p-aminobenzoic
acid — 0.2. The mixture was autoclaved at 121 °C for
20 minutes. After cooling, the following heat-sensi-
tive components were added under aseptic conditions:
Tween 80—31.5, nicotinamide — 2.5, thiamine —
0.004, cysteine-HCI — 0.003, menadione — 0.001,
D-biotin — 0.002, vitamin B ,—0.0005, pantothenic
acid — 0.01, niacinamide — 0.005.

To design the colonic module, 9 g/L of micro-
crystalline cellulose was added to the basal medium.
Throughout the experiment, the pH was maintained at
6.5 and was automatically regulated using feedback by
adding 1 M HCI and NaOH solutions.

All modules of the setup were aseptically assem-
bled into a single system in a Class 2A microbiolog-
ical safety cabinet. The reaction volume of the large
intestine module was 450 ml. Every 24 hours, after
collecting 5 ml of samples, 100 ml of contents were
removed from the bioreactor, and an equal volume of
fresh intestinal medium was added, simulating feed-
ing. On day 1 of the experiment, after the operating
parameters had stabilized, porcine samples were add-
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ed to the bioreactors — mid-portions of large intesti-
nal contents (50 ml) aseptically collected at slaughter
and delivered to the laboratory no later than 2 hours
after collection at 4 °C.

A series of 10-fold dilutions was prepared from
1 ml of each sample in sterile isotonic sodium chlo-
ride solution (10'—107°), after which they were in-
oculated onto selective and general nutrient media for
quantitative enumeration of the main bacterial groups.
4 ml of the sample was used for DNA extraction and
the real-time PCR using the Colonoflor-16 reagent kit.

Dilutions were inoculated into 0.1 ml portions on
solid nutrient media: Endo-agar, Enterococcus agar
and Lactobacagar (State Research Center for Applied
Microbiology and Biotechnology, Russia). For cul-
turing bifidobacteria and clostridia, 1.0 ml of the di-
lutions were added to test tubes containing 9 ml of
Wilson Blair agar (bifidum medium) (State Research
Center for Applied Microbiology and Biotechnology,
Russia). GRM-agar (State Research Center for Applied
Microbiology and Biotechnology, Russia) was used to
calculate the total microbial count (TMC). The cul-
tures were incubated at 37 °C, and counts were made
over 24—72 hours.

Enterobacteria and enterococci were identified ac-
cording to standard microbiological protocols [16, 17].
Qualitative and quantitative analysis of the intestinal
microbiota from donor pigs and GITS samples was per-
formed using the real-time PCR with the Colonoflor-16
(biocenosis) reagent kit (Alfalab, Russia). DNA was
extracted using the DNA-Sorb-V kit (Central Research
Institute of Epidemiology, Russia). To identify the mi-
crobiota composition using the real-time PCR, a sus-
pension of 0.1 g of native intestinal content per 0.8 ml
of isotonic NaCl solution was prepared from the ob-
tained samples. DNA was extracted from 0.1 ml of the
suspension and intestinal fluid from the GITS.

The first stage involved an initial assessment of the
microbial community: inoculation material was pre-
pared from the porcine intestinal samples, and a quan-
titative microbiological analysis was performed, after
which the samples were inoculated into the bioreactors
of the gastrointestinal tract system. Microbiocenosis
stabilization was monitored on day 3 after inoculation
based on microbiological culture data (incubation for
24—48 hours, assessment of the abundance and com-
position of the main taxa). Once a stable profile was
achieved and there was no contamination, antibiotic
therapy was initiated. Amoxigard was added to the re-
action medium for 3 days. To achieve the target amox-
icillin concentration of 16 mg/L, an intermediate anti-
biotic solution was prepared in 450 ml of intestinal me-
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dium. The initial preparation with a concentration of
140 mg/ml was diluted 10-fold: 1 ml of the initial solu-
tion was added to a sterile test tube containing 9 ml of
solvent (water for injection), bringing the total volume
to 10 ml. The solution was gently mixed by inversion
or brief vortexing, avoiding foaming. The final con-
centration of the intermediate solution was 14 mg/ml.
514 pl of the resulting solution was added to 450 ml
of intestinal medium, followed by mixing until homo-
geneity, resulting in a final amoxicillin concentration
of 16 mg/L (double minimum inhibitory concentration
for susceptible isolates [16]).

After completing the antibiotic course, a probiot-
ic correction phase was initiated with Vetosporin Zh:
a probiotic preparation based on Bacillus subtilis was
added into the system for 2 days at a dosage of 10 ml
per 1 L of medium, corresponding to the therapeutic
regimen for dysbiosis. Before addition, the preparation

was tested for purity and compliance with the stated
concentration. For this purpose, a series of 10-fold di-
lutions were prepared and each was plated on GRM-
agar (State Research Center for Applied Microbiology
and Biotechnology, Russia) followed by incubation.
After 24 hours of incubation, growth of the bacteria of
the declared species was confirmed, with no signs of
extraneous microflora. The viable cell concentration
corresponded to the declared value (at least 10 CFU/
ml) and amounted up to 10° CFU/ml.

STUDY RESULTS AND DISCUSSION

Microbiological indicators of the microbiota com-
position in the samples obtained from pigs are present-
ed in Table 1. The obtained values were comparable
with published data for the microbiota of the large in-
testine of pigs and were used as a baseline for subse-
quent simulation.

Table 1

Quantitative content of the studied indicators of the intestinal microbiota of
pigs in the large intestine, detected by the culture method

Indicator Content, CFU/g
Total microbial count 10"
Lactobacillusspp 108
Bifidobacteriumspp 107
Escherichiacoli 108
Enterococcusspp 107
Clostridiumspp. 10°

When designing the microbiocenosis model, diag-
nostic criteria for dysbiosis have been used, which in-
clude a decrease in obligate microflora (bifidobacteria,
lactobacilli) and an increase in opportunistic microor-
ganisms. By adding Amoxigard to the gastrointestinal
tract system reactors and stabilizing it for three days,
a microbiocenosis corresponding to a dysbiotic intes-
tinal state was formed.

Figure 1 shows the daily dynamics of microbiolog-
ical indicators in the large intestine simulation mod-
ule over a 9-day experiment. The graph demonstrates
that dynamic equilibrium in the bioreactor is reached
on day 3 of cultivation.

The initial microbiocenosis (days 0—4) was sta-
ble: the total microbial count was 10''—10'2 CFU/g,
the lactobacilli, bifidobacteria, obligate anaerobes and
coliform bacteria counts were within 10’—108 CFU/g,
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clostridia were 107 CFU/g and enterococci were 10—
10¢ CFU/g. The fluctuations within the period did not
exceed one order of magnitude, allowing these val-
ues to be considered as individual norms for the ani-
mals in the group.

Antibiotic administration (days 5—7) did not pro-
duce an immediate effect: on day 5, all indicators re-
mained at baseline levels, with a decrease recorded
starting on day 6. The active ingredient of the prepa-
ration is amoxicillin, a semisynthetic aminopenicillin
with a bactericidal mechanism of action mediated by
binding to penicillin-binding proteins and blocking
peptide transpeptidation. Its spectrum of action covers
gram-positive flora and some gram-negative enterobac-
teria, but the preparation is destroyed by B-lactamas-
es, which are widely present in intestinal commensals
[8]. This explains our findings: the most sensitive were
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gram-positive lactobacilli (a decrease from 10—108
to 10° CFU/g) and total microbial counts (a five-fold
decrease in TMC by day 7), while coliform bacteria
decreased by only 1—2 orders of magnitude and re-
mained at 10° CFU/g, consistent with the concept of
a reservoir of B-lactamase activity in enterobacteria.

Initial ntioroblocenciis Aler antibiotic

a— [afidobhactemna Lastabacdli —a—=TM(

CFLml
-3

0 1 2 3 4
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Maximum inhibition of the microbiome occurred on
day 8 — the first day after discontinuing the antibiotic
and starting the probiotic regimen. At the same time, bi-
fidobacteria and lactobacilli (10° CFU/g each), total mi-
crobial counts and anaerobes (10° CFU/g each) and en-
terococci (10° CFU/g) reached their minimum values.
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Fig. 1. Dynamics of microbiological indicators of the large intestine module. Horizontal axis — days of the ex-
periment; vertical axis — content of CFU/ml.

The probiotic used contains two strains of B. sub-
tilis (11B and 12B) in a titer of at least 1-10®8 CFU/ml.
The claimed mechanism includes the production of
polypeptide antibiotic substances, hydrolytic enzymes
(protease, amylase, hemicellulase), vitamins and amino
acids, as well as the suppression of opportunistic mi-
croflora. A wide range of antimicrobial metabolites has
been described for the B. subtilis species as a whole:
cyclic lipopeptides (surfactin, iturin, fengycin), bacte-
riocins and the dipeptide bacilizin [12].

During probiotic administration (days 8—9), the
dynamics was mixed. Lactobacilli and bifidobacteria
recovered faster than other groups: by day 9, their lev-
els had returned to a baseline one (10® and 107 CFU/g,
respectively). The total microbial count by day 9
reached 10° CFU/g, remaining 2—3 orders of magni-
tude lower than the baseline. Enterococci (10° CFU/g)
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and coliform bacteria (10° CFU/g) levels also did not
recover by the end of the experiment, while clostridia
levels returned to the baseline of 107 CFU/g.

Meanwhile, Bacillus subtilis concentrations re-
mained at 10° CFU/g for 3 days.

By the end of the probiotic course, the ratio of mi-
crobial groups shifted in favor of obligate lacto- and
bifidoflora, with a persistent deficiency of opportunis-
tic pathogens (coliform bacteria, enterococci) and the
overall microbial mass.

The spore form provides resistance to the acidic
environment of the stomach, bile acids and residual
concentrations of fB-lactam, allowing the preparation
to be prescribed immediately after discontinuing the
antibiotic. Based on this, administration began on day
8 (the point of maximum microbiome suppression).
The resulting dynamics demonstrated an accelerated
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recovery of lacto- and bifidoflora: by day 9, lactoba-
cilli had returned to 10® CFU/g, bifidobacteria — to
107 CFU/g, while the other groups remained reduced.
Coliform bacteria remained at a level of 10° CFU/g,
enterococci — 10° CFU/g.

The mechanisms underlying such selectivity were
not directly studied in the present study. However, the
observed pattern is consistent with the properties de-
scribed for B. subtilis. As a facultative anaerobe, this
species consumes residual oxygen and reduces the re-
dox potential of the environment, which may favor ob-
ligate anaerobes; protection of lactic acid bacteria cells
by the extracellular matrix of bacilli has also been de-
scribed [11, 12]. The inhibition of enterobacteria and
enterococci may be associated with the antagonistic
activity of bacilli and competition for the substrate.
Verification of these hypotheses requires direct mea-
surements — monitoring the redox potential of the en-
vironment, assessing antagonistic activity in vitro and
setting up a variant without the introduction of the pro-
biotic. By the end of the observation period, incom-
plete recovery of individual groups of microorganisms
has been noted, which may reflect both the persistent
post-antibiotic shift in the microbiocenosis and the se-
lective effect of probiotic correction. Longer-term ob-
servations are needed to clarify this.

Table 2 presents the data on the quantitative com-
position of the intestinal microbiota, as determined
by the PCR using the commercial Colonoflor-16 (bio-
cenosis) kit.

The total bacterial count increased by day 3 of cul-
tivation from 2-10'" to 2-10" copies/ml, likely reflect-
ing the microbiota’s adaptation to the artificial envi-

ronment and the absence of host immune factors. After
antibiotic therapy, a decrease to 3-10'' copies/ml was
observed, followed by an incomplete recovery to 2-10'2
copies/ml with the probiotic.

The obligate microflora showed significant sen-
sitivity to the B-lactam antibiotic. For example,
Bifidobacterium spp. decreased from 5-10'"' on day
3 to 6-10° copies/ml after antibiotic administration,
while Lactobacillus spp. — from 3-10' to 6-10° cop-
ies/ml. The introduction of a B. subtilis-containing pro-
biotic was accompanied by a partial restoration of bi-
fidobacteria up to 9-10° copies/ml, but lactobacilli re-
mained at a level of 5-10° copies/ml, not reaching the
values of day 3.

Escherichia coli was relatively resistant to amox-
icillin, with a slight decrease observed from 4-10° to
8-108 copies/ml, respectively, consistent with the con-
cept of a reservoir of f-lactamase activity in entero-
bacteria. With the probiotic, E. coli numbers increased
slightly to 10° copies/ml.

Gram-negative obligate anaerobes of the genus
Bacteroides dominated the microbiome, with their con-
centration remaining at 2—3-10'! copies/ml after the
antibiotic and probiotic treatment. It is noteworthy that
this genus was not detected by culture (Table 1), indi-
cating the predominance of uncultured representatives
of this taxon in the large intestine of pigs.

The butyrate-producing species Faecalibacterium
prausnitzii was characterized by low abundance (10—
107 copies/ml) and a tendency to further decrease after
probiotic administration to 6-10° copies/ml, respective-
ly. This may reflect competitive inhibition by B. subtilis
or substrate insufficiency in the artificial environment.

Quantitative content of the studied indicators of the intestinal microbiota of pigs, detected fuble
by the qPCR in native material and material collected from the GITS system
Content, copies/ml
indicator Whole sample Day 3 tc;f(‘)lclultiva- /;1:;62 2‘?10121(;2;5: After probiotic
tion
Total bacterial mass 2-10M 2-101 3-10M 2-10"
Lactobacillusspp 9-107 3-10% 6-10° 5-10°
Bifidobacteriumspp 3-108 5-10M 6-10° 9-10°
Escherichiacoli 4-108 4-10° 8108 10°
Bacteroidesspp 10! 2-10° 3-10" 2-101
Faecalibacteriumprausnitzii 2-107 7-10¢ 8-10° 6-10°

110

Bulletin of Veterinary Pharmacology « No. 3 (36) « 2026



Correction of intestinal microbiocenosis dysbiosis in pigs in a gastrointestinal tract simulation system

The qPCR data generally reflected the same di-
rection of changes. However, quantitative estimates
differed between the methods, likely due to different
analytical sensitivities and the nature of the detect-
ed targets.

CONCLUSION

In an in vitro porcine gastrointestinal tract model,
a consistent change in the microbiome was observed
(from an initial stable profile through antibiotic-asso-
ciated dysbiosis to subsequent probiotic correction).
The introduction of Amoxygard was accompanied by
a decrease in the abundance of both obligate micro-
biota (lactobacilli, bifidobacteria and total microbial
counts) and, to a lesser extent, some opportunistic en-
terobacteria. The most pronounced suppression was
observed on day 8 of the experiment, the first day af-
ter discontinuing the antibiotic.

After administration of the probiotic preparation
Vetosporin Zh, based on Bacillus subtilis, the lacto-
bacilli and bifidobacteria counts returned to baseline
values by day 9 of observation, while the opportunis-
tic group (coliform bacteria, enterococci) and the total
microbial count only partially recovered by the end of
the experiment. Such dynamics may reflect the differ-
ent resistance of individual taxa to the effects of anti-
biotic therapy and the different speed of their response
to probiotic correction. However, there is insufficient
evidence to draw unambiguous conclusions about the
mechanisms of the observed changes within the frame-
work of this work.

The obtained data suggest that the use of a
spore-forming probiotic after antibiotic therapy may
promote more rapid recovery of certain groups of ob-
ligate microflora, but this conclusion requires further
confirmation in larger observation series.
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JIUHAMUKA BUOXUMUYECKHNX MOKA3ATEJIEN
CBIBOPOTKM KPOBHM MOCJE DKCOIEPUMEHTAJBLHOTO
MOJIEJTUPOBAHW A MIIEMHUM TUCTAJIBLHOTO
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AnHOTanms. [3yueHa quHaMuKka OMOXMMHYECKHX ITOKa3aTelel ChIBOPOTKH KPOBHM KPOJIMKOB IIOCIIE HKCIEPH-
MEHTAJIEHOTO MOJICJIMPOBAHMS MILIEMUH JANUCTAIBHOTO OTAeNa Touel kuku. [Ipoanann3upoBaHo conepkaHne
oOmero Oeska, albOyMHHOB, MOYEBHHBI, KpEATHHUHA, KaJIbIHs, Pochopa, MarHus, a Takke akTUBHOCTH (pepMeH-
TOoB — anannHamuHoTpancdepassl (AJIT), acnapraramunorpanchepassl (ACT), menounoii pocdarassr (LLD)
u xpeatuHpochokmraspl (KOK). O0bekToM HecineaoBaHus BIUTUCH S0 KIIMHUYECKH 3M0POBBIX CaMIIOB OecIIo-
POZIHBIX KPOJIMKOB B Bo3pacTe 8 MecsleB. DKCIEPHUMEHTaIbHOE MOJICINPOBAHUE UIIEMHHU AUCTAIBHOTO OT/IEIA
TOLIEH KUIIKK Y KPOJIMKOB COMPOBOXK/IAETCsl JOCTOBEpHBIM (p < 0,05) cHIKeHneM ob1iero 6enka ¢ 2 o 5 CyTKH,
MOYEBHHBI M KpeaTHHUHA Ha 4 cyTKH, a pocdopa Ha 2, 3 u 5 cyTku skcriepumenTa. [Ipeanonaraercs, 4Tto cHU-
JKEHHE ypOBHs 00mIero Oeika sSIBJISIETCS CIEACTBHEM JUCOYHKIUH XKETyJOYHO-KHIIEYHOTO TPAKTa, CHIKCHNE
YPOBHEH MOYEBHHBI M KPeaTHHHHA 00YyCIOBICHO Pa3BUTHEM OCIIKOBOTO Je(HUINTa U CHIDKEHUEM HWHTEHCHBHO-
CTH MBIIIEYHOTO METa0OJIN3Ma, a MPUIMHON CHIKeHHs (ocdopa SABISETCS HAPYILICHUE ero BCAChIBAHMS U3 TI0-
BPEXICHHOTO UIIEMHEH KUIIeYHNKa. AHAIIN3 (DEPMEHTOB CHIBOPOTKH KPOBH Y JKUBOTHBIX C 9KCIIEPUMEHTAIBLHON
MOJIEJIBIO MIIEMUH JIUCTAIBLHOTO OT/Iela TOMIEH KHMIIKH IoKa3al joctoBepHoe (p < 0,05) cHIKeHne akTHBHOCTH
ACT na 4 n 5 cytkn, a lI® na 2, 3 u 5 cyrky, npu 3toM aktiuBHOCTE KDK, Harporus, nocrosepho (p < 0,05)
BO3pacTaeT Ha 1 u 2 cyTku 3kcnepuMenTa. [lo Hamemy MHeHUIo, cHIbkeHHe akTUBHOCTH ACT He uMeeT KiIuHU-
YeCKOW 3HaYMMOCTH, CHIKeHHE akTHBHOCTH [1[d MokeT ObITH BBI3BAaHO HU3KHM cozaepxkanueM (ocdopa u 00-
11ero OeJika B CBIBOPOTKE KPOBH, a yBesnmueHue akTuBHOcTH KDK mporncxoanT u3-3a ee BEICBOOOKICHUS B KPOBb
13 TIOBPEXX/ICHHBIX MIIEMUEH TKaHEeH KUIICUHHKA.

KioueBble ciioBa: ocTpast Me3eHTepHaIbHAS NIIEMHS, JUCTAIBHBIN OT/IEJ TOLIEH KHIIKH, OHOXUMHUYECKUE M10-
KazaTely ChIBOPOTKH KPOBH, TPOMO03, (DepMEHTBI, MaKpOJIEMEHTHI, 001Nt O€JI0K, ab0yMUHBI, TPOITYKTHI a30-
THUCTOTO OOMEHa

Ocrtpast Me3eHTepHalIbHas UIIEMHsI — JTO TPYI-  HBIX M3MEHEHHUH B OpbDKEEYHBIX cocynax (Tpom003,

na 3a0oJIeBaHMid, XapaKTepU3yIOIascs HapyIICHUEM
WY TIOJTHBIM TIPEKpanieHueM KpOBOOOPAIeHUs B pa3-
JIMYHBIX OTJIEaX KUAIICUHHUKA, IPUBOJISIINAM K HIIIEMUAN
Y BTOPUYHBIM BOCHATUTENBHBIM Tiporieccam. TskecTh
HIIEMUYECKOTO TTOBPEKACHHS KUIIICYHUKA 0O0paTHO
MIPOTOPITUOHATIbHA KPOBOTOKY. CHHUKEHHE KPOBOTOKA
B KUIIICYHUKE MOXKET OBITH CJICZICTBHEM OOIIIET0 HAPY-
MIEHUST CACTEMHOTO KPOBOCHAOKEHUS (IIIOK MITH Cep-
JICYHAsT HEIOCTATOUYHOCTh) WA PE3YJbTATOM JIOKAITh-

© IIsi0ans A. K., lanaukos C. I1., KBouko A. H., 2026

nepexpyT kumeunuka.) [1]. Jlannas maronorusi co-
TIPOBOXKIACTCS BHE3AITHOM THIOTEp(y3ueH KHUIIeU-
HUKa, BO3HUKAIOLIEHW MOCIE PE3KOro HapyIIEHHs ap-
TEpUAIBHOTO MM BEHO3HOTO KpoBooOpaleHus [2].
HecnenuduyHocTh KIMHUYECKON KapTHHBI MPU
OCTpOH WIIEMUH OPBDKEWKH CO3JaeT TPYAHOCTH
B audQepeHansHoi JHarHOCTHKE, €€ CIOKHO OT-
JIMYUTDH OT APYTHX BHYTPUOPIOIIHBIX [IATOJIOTUH, Ha-
MIpUMEp, TAKUX KaK OCTPBIA XOJIEIUCTUT, TAHKPEATUT
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WU TOHKOKHUIIIEUHAsT HEMTPOXOIUMOCTh. 3-3a 0TCyT-
CTBUSA CIEIU(DPUIECKIX CHUMIITOMOB W 3aTPyIHEHHOMN
JTUArHOCTHKHN ME3eHTepHaibHas WIIeMHS UMEET BbI-
COKYIO JIETaJIbHOCTh BCJIEJICTBHE BOZHUKHOBEHHS BTO-
PUYHBIX OCJIOKHEHUH B BHJE HEKpPO3a KUIICUHHUKA
u pasButus cerncuca [3,4]. Y KUBOTHBIX OCHOBHBIMU
CUMIITOMaMHU MPH TPOMOO3€ U UIIEMUU ME3CHTEPHU-
AIBHBIX COCYIOB MOTYT SIBIATHCS BAJIOCTH, aHOPEK-
CHsl, PBOTa, OTCYTCTBHE e(eKannu, O0Ie3HEHHOCTh
’KMBOTA MpU najabnanuu [5,6,7].

W3BecTHBI METOMNBI PKCIIEPUMEHTAILHOTO MOJIe-
JIUPOBAHU UIIEMUHN KUIIEYHHUKA y CBUHEH [8], cobak
[9], xpwic [10, 11], mprmeit [12], kponukoB [13], ko-
TOpbIe OBITH pa3pabOTaHBI M BOCIIPOU3BEACHBI C I1e-
JIBIO YIITYOJIEHHOTO M3YYEeHHUS MaTO()U3HOIOTHIECKUX
MPOLIECCOB, TMHAMHUKU MUKPOLUPKYISTOPHBIX HAPY-
LIEHUN B KUILIEYHOU CTEHKE, OLIEHKU CTaAUWHOCTH
HIIEMHUYECKOTO MOBPSKICHUS U periep(y3uOHHBIX H3-
MEHEHHH, 1 pa3padOTKH TEOPETUIECKON 1 TTPaKTHYe-
CKO¥ 0a3bl TSI TMaTHOCTHKH U JICUCHUS JaHHOU TPyTI-
IbI NATOJIOTUH.

buoxumuueckue uccneqoBaHus ChIBOPOTKH Kpo-
BU UMCIOT BAKHOE 3HAYCHHUE B KIIMHUKO-1a00PaTOPHOM
JMUATHOCTHKE, OTPaXkasi COCTOSTHUE TOMEOCTa3a B JKHU-
BOTHOM OpPTaHU3MeE, TTO3BOJISTIOT IMTOTYIUTh Pa3BEPHY-
TYI0 KapTHHY MeTa0OJNYeCKUX MPOIECCOB B Opra-
HU3ME )KHBOTHOTO, CBO€BPEMEHHO BBISIBUThH HapYIIIe-
HUS TOMEOCTa3a U 000CHOBAHHO Ha3HAYMTBH JICUCOHBIC
U IPOUIAKTUYCCKUE MEPOTIPUSTHSL.

benku — SIBISIOTCS OCHOBHBIM CTPYKTYpOOOpasy-
IOIIIIM KOMITOHEHTOM BCEX TKaHeil opraHn3Ma, Kpome
9TOTO, OHU BBITIONHSIOT CTPYKTYPHYIO, TPAHCIIOPTHYIO,
3alIUTHYO, IBUTATEIILHYIO0, 3HEPTeTHUECKYTO (pepMeH-
TaTUBHYIO, PETYISTOPHYIO, PEHECOTOPHYIO U JIPYTUe
¢dynkiun B opranmsme [ 14].

[TpomyKThI a30THCTOTO OOMEHA, K KOTOPBHIM OTHO-
CSITCS MOYEBHHA, KPEAaTHHIH, MOYEBast KMCIIOTa, AaMMH-
aK, 00pasyroTcs B OpraHU3Me KHUBOTHOTO B PE3YIIbTaTe
kaTaboyin3Ma OeTKOB, HYKJICHHOBBIX KHCJIOT U IPYTHX
A30TCOJEPKALIUX COCTUHEHUN. DTU BelllecTBa SBJIS-
FOTCSI B Pa3HOM CTENIEHU TOKCUYHBIMU, U JTOJKHBI BBI-
BOIUTHCS M3 opranusma [15]. MoueBnHa n KpeaTH-
HUH — OCHOBHBIE TIOKa3aTelH, OpeesieMble B Ono-
XUMHUYECKAX HCCIEOBAHUSAX CHIBOPOTKU KPOBU ISt
(byHKIIMOHAITBHO OLIEHKH MTOYEK, CTAaTyCca MBIIIIEYHO-
ro 1 OEJIKOBOTr0 MeTaboIM3Ma.

DepMEHTHI YIaCTBYIOT B PETYISIIIUN METa0O0N3-
Ma, SBISIICH KaTajJu3aTopaMu Ui MPOTeKaHus Ono-
XUMUYECKHX PEaKINi B KJIETKaX JKUBBIX OPTaHU3-
MOB, TIOJIJICPIKABAIOT TOMEOCTa3, Y4aCTBYIOT B CHHTE-
3¢ U pacrnajie ONOJIOTUYEeCKH aKTHUBHBIX COCIIUMHEHHUIA,
U UX OINPENETICHUE B CRIBOPOTKE KPOBH SIBIISICTCS TA-

THOCTUYECKUM KPUTEPHEM TSIKECTH U HAIPABICHHO-
CTH MOBPEKICHUS Pa3IMYHBIX TKaHEH 1 opraHos [16].

MakposneMeHThl UMEIOT BaXKHOE 3HAYCHUE B pe-
TYJISAIUU MeTaboIM3Ma U HEOOXOMUMBI JUISl TIOJIEP-
YKaHUST HOPMAJILHOHN KU3HEICATEIFHOCTH YKHBOTHO-
TO OpraHu3Ma.

OHU uTparT poib B (yHKIHMOHUPOBAHUU MBI-
LICYHOU, CEePAECUYHO-COCYIUCTON, UMMYHHOU, HEPB-
HOI cucteM. MakpoaIeMeHThl TPUHUMAIOT Y4acTHE
B CHHTE3€ KM3HEHHO BAXKHEIX OMOJOTHMYECKH aKTHB-
HBIX BEIIECTB, B MPOIECCaX YHEPTETHIECKOTO OOMe-
Ha, KPOBETBOPEHUH M pabOTe >KEeITyIOTHO-KHUIICTHO-
ro Tpakta [17, 18].

Hecmotpst Ha pa3BuTHE COBPEMEHHOM KIMHUKO-
J1a00paTOPHOM JJMATHOCTUKHU U HEIIPEPHIBHOTO BHUMA-
HUS K U3yYEHUIO TTATOTeHEe3a ME3EHTEPHAILHON HIlie-
MUY, ONOXUMHUYIECKHE TIOKA3aTeITN CHIBOPOTKH KPOBH,
MIPH JAaHHOH MTAaTOJIOTHH, OCTAIOTCS JOCTATOYHO MaJIO-
M3yYEHHBIMU U HEPEIKO HOCAT MPOTHBOPEUUBBIN Xa-
paxrep [19].

B coorBercTBUU C BBIIICCKA3aHHBIM, LICIb JaH-
HOTO HMCCIICIOBAHUS COCTOWT B OTPEICIICHUH U aHa-
JI3e JMHAMHUKHA OMOXMMHYECKHUX IOKa3aTesel ChIBO-
POTKH KPOBH TOCIIE SKCIIEPUMEHTATHHOTO MOICTTHPO-
BaHUS UIIEMHH JUCTAIBLHOIO OTAENA TOIICH KUIIKH
Yy KPOJIUKOB.

MATEPUAJIBI U METOAbI

OO0BEKTOM HCCIIEIOBAHUS ABIIINCE 50 KIIMHNUYE-
CKH 3JTOPOBBIX CAMIIOB OECITOPOIHBIX KPOIUKOB B BO3-
pacte 8 MecsieB ¢ Maccoi Tena ot 4 10 4,5 KI, Ko-
TOpBIe OBUIM pasaeiiceHbl Ha 2 Tpynibl, onbITHYIO (1)
u koHTponbHyo (1), mo 25 ocobeii. Ha xaxxmaom cpo-
K€ UCCJICMOBAHMUs OT Havyasia SKCIIEpUMEHTa U3 00enx
TPYII BEIBOJIVIIH ITO 5 0COOCH.

JKUBOTHBIM, BKIIFOUEHHBIM BO | aKCTIEpUMEHTAb-
HYIO TPyIIILY, ObllIa CMOJICJIMPOBAHA UIIIEMUS JIUCTATb-
HOTO OTJIeJIa TOIICH KHILIKH M0 pa3paboTaHHON HaMu
Metonauke [20], B OCHOBE KOTOPOTO JICKUT HAJIOXKe-
HUE Ha TOLLEKUILIECYHBIN CTBOJI JIUTaTypbl U3 Hepacca-
CBHIBAOIIIETOCS IIIOBHOTO Marepualia Tak, 4TOOBI TO-
UICKULICYHbIE apTepUN HAXOAWIUCH TUCTaJbHEE ca-
MO JINTaTyPBL.

ITpencraBuresM I KOHTPOILHOM IPyIIIBI BBIIIO-
HSJTM HCMHTAJISIITUOHHBIA HAPKO3 U CPETUHHYIO JIama-
POTOMUIO C MOCIEAYIOIIUM 3aKPbITHEM OIEPALIMOH-
HBII paHbl B paBHO3HAYHOM O0BEME 110 OTHOIICHHUIO
K >KUBOTHBIM OTBITHOM TPYIIIIBL.

B nocneoneparuonnstii nepuon ocodsim u3 [ u 11
TPYIIBI Je4eOHbIC MEPOTIPUSATHS HE TTPOBOIUIIUCE.

KpoBb 1151 6GM0XUMHUYIECKOTO HCCIISIOBAHUS OTOH-
paji HaTOLIAK ITyTEM IIyHKIMU KPaeBOM YIIIHON BEHbI
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ﬂuHaMW(a buoXuMUYecKux noxkazamenet CblBOPOMKU KPOBU NOCJI€ IKCNEPUMEHMAIbHO2O MOO@IZU[JO@(JHU}I uwemuu...

yepes 1,2, 3,4 u 5 cyTKH dKCIIEpUMEHTA B BAKYyMHBIE
npodupku Lab-Vac ¢ aktiBaTopoM cBepThIBaHNS 00BeE-
MoM 4 mut mponsBozcTBa Shandong Chengwu Medical
Products Factory (Kwuraii). Ha xaxmom cpoke uccie-
JOBaHMS OT HayaJia HKCIIEPUMEHTA U3 00EHX IKCIIepH-
MEHTaJIbHBIX TPYII BEIBOJIUIIH 110 5 0COOEH.

st onpeaeneHns OMOXMMHUYECKHX TTapaMeTpoB
CBIBOPOTKH KPOBH, TaKUX KakK oOmuii Oeiok, aanoy-
MHHBI, MOYEBHHA, KPEAaTHHUH, KAJIBINHN, (hochop, Mar-

HUI, aKTHBHOCTH ataHuHaMuHOTpancdepassbl (AJIT),
acnapratamuHoTpancdepassl (ACT), menounoit doc-
¢daraser (LI[®D) n xkpearnrpochoknnazsl (KDK) uc-
MIOJIb30BAJICS] ABTOMATUYECKUN OMOXUMHUYECKUH aHa-
m3arop Accent 200. B pabore npumeHsIrch HAOOPEI
pearenToB npousBoacTBa Mindray (Kuraii).

PedepenTHbie 3HAYCHNST HOPMBI OHOXMMHUYECKHX
IIOKa3aTesiel ChIBOPOTKU KPOBU KPOJIMKOB IPEICTaB-
JIeHBl B Ta0imIe 1.

Taoauna 1

P€¢€p€HCHbl€ 3HAYeHUs OUOXUMUYECKUX noKazamenel KpOJIUKO8

buoxumuueckuii mokasareib

HOpMaJ’ILHLIe 3HA4YCHHUA

OOmuii 6eNoK, r/a 49—712
AnpOymuH, /1 27—50?
MoueBuHa, MMOJIB/JT 2,93—8,28!

Kpearnnun, MKMOITB/JT 74—171"
Kanbiuii, MMOIIB/IT 2,2—3,9!
docdop, MMOITB/IT 1,0—2,2!
Maruuii, MMOJIb/I 0,8—1,2?

AJIT, En/n 27,4—72,23
ACT, En/n 10,0—78,0°
D, Ex/n 36—224!

K@K, En/n 58,6—175°

"' A. Ewringmann (2010) [21]
2 M. Varga [22]
> P. Wesche (2016) [23]

JUiist BBISIBJICHUSI CTAaTUCTUYECKH 3HAYMMBIX pa3-
JUYUI MEXJy TPYNIamMH JaHHBIX ObUT UCIIOIh30BaH
OoIHO(MAKTOPHBIA TUCIIEPCUOHHBIN aHATN3 W KPUTE-
puit Hetomena — Keitnca. Bee Bbruncnenus BoInosn-
HsUTMCH B Tiporpamme Primer of Biostatistics 4.03 s
Windows, a mopor J0CTOBEPHOCTHU ObLI YCTAHOBIICH
Ha ypoBHe p < 0,05.

PE3YJBbTATHI UHCCJIEJOBAHUA
N UX AHAJIU3
AHanu3 ypoBHs o01ero 0enka mocie dKCIepH-
MEHTaJIbHOTO MOJICJIMPOBAHNS UIIIEMUH IUCTABHOTO
OT/IeJIa TOIEH KUIIKK Y KPOJIIMKOB MoKa3al (Tadm. 2),
YTO €r0 COAEp)KaHUE B CHIBOPOTKE KPOBH >KUBOTHBIX
OMBITHOM IpymnIne AOCTOBEPHO U3MEHseTcs Ha 2, 3, 4
U 5 CyTKM OT Hayajla SKCIEPUMEHTa, 10 CPABHEHHIO

C JKHBOTHBIMH KOHTPOJIBHOH Tpymmbl. OmpeneiacHo
CHIDKCHHE JTAaHHOTO TIOoKa3aTelis Y KpoaukoB | rpym-
1bl, B cpaBHeHuu ¢ Il rpynmnoii, Ha 20,85, 14,88, 11,06
n 10,62 % coorBeTcTBeHHO. CTaTUCTUYECKUI aHAIN3
MoKa3aJ JOCTOBEPHOE YMEHBIIICHUE YPOBHS OOIIETO
OeJika MKy CpOKaMH UCCIICIOBAHUS OT HayaJa 3KC-
nepumenTa B I rpynme wa 19,89 % uckmounTensHO
Ha 2 CyTKH, TOTJ]a KaK B WHBIE CPOKH HCCIIEIOBAHUS
JTUHAMHKH HE BBIsIBIIeHO. KOHIIeHTpaIus anb0yMIHOB
B CBIBOPOTKE KPOBHU KPOJIUKOB O0CHX IPYIIIT HE UMeTa
CTAaTUCTHUYECKHU TOCTOBEPHBIX OTIMYUN HA MPOTSKE-
HUU BCETO TIepHoa HAOIIOMEHUSI.

Ha ocHOBaHWY NOTYYEHHBIX JAHHBIX MOYKHO ITPE/I-
MTOJIOXKUTh, YTO CTATUCTHYCCKH 3HAUMMOE CHIDKCHHE
KOHIICHTpAIMKU 00IIero Oeixka B CBIBOPOTKE KPOBHU
JKUBOTHBIX OIBITHOM TpyIina, HabIromaemMoe co 2 cy-
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TOK HCCJICJIOBAaHUS, CBA3aHO C HAPYIICHUSIMHU OCJIKO-
BOI'0 ME€Ta00IM3Ma. DTH HAPYILICHUS, BEPOSTHO, SBJIS-
FOTCS CIIENICTBUEM JHCHYHKIMHU JKEITYT0UHO-KUIIIEY-
HOro Tpakrta. [Ipu 3TOM CHWKEHHUE YPOBHS OOIIETO
0erka MPUXOAUTCS Ha €r0 MIOOYJIWHOBYIO (DpaKIuio.
CpenHue 3Ha4YeHUs KOHIEHTpaluHu 00Iero Oeyka
1 abOYMUHOB HE BBIXOJIAT 32 MPECIIbl HOPMAJIbHBIX
BEITMYIHH, PEACTABICHHBIX B Ta0mwe 1.
KoHIleHTpalus a30TUCTHIX METaOOIUTOB B ChI-
BOPOTKE KPOBU KPOJUKOB TMOCIE IKCIEPUMEHTAIb-
HOTO MOJICIMPOBAHUS HIIEMUU JTUCTAJIBLHOTO OTE-
JIa TOIIECH KUIIIKU U3MEHSETCS CICIYIOIUM 00pa3oM
(Tabm. 3). YpoBeHb MOYEBHHBI B ONTBITHOM TPYIIIE J10-

CTOBEPHO CHIIKAETCS JINIIb HAa 4 CYyTKH SKCTIEPHUMEH-
TtaHa 54,26 %, B CpaBHEHHUH C KOHTPOJIHHOMN TPYTITOH.

ITpu ananu3e JUHAMUKA MOYCBHHBI B CBIBOPOTKE
KpPOBH Yy JKMBOTHBIX OIIBITHOW IPYIIIBI BBISBIEHO CY-
IIIECTBEHHOE CHIKEHHUE T0Ka3arens B nepuoj ¢ 3 1o
4 cytku 3kcriepuMenTa Ha 82,54 %, npuyem Ha 4 cyT-
KH UCCIIEIOBAHNS KOHLIEHTPAI MOYEBHHBI OCTHUTIIA
HaMMEHbILETO 3a()UKCUPOBAHHOIO 3HAYCHUS. AHAIN3
JUHAMHUKH YPOBHSI KpEaTHMHHMHA BBISIBUI CTaTHUCTH-
YECKH 3HAUMMOE YMEHBIIEHUE €ro KOHIEHTpaluu
B | sxcniepumenTansHO rpymnmne Ha 65,92 % B 4 cyT-
KM HCCIIEIOBaHNA, YTO CYIIECTBEHHO OTINYAJIOCh OT
3a(prKCHPOBAHHBIX B KOHTPOJIBLHOM rpyIIe 3HAYCHNUH.

Taoauna 2
Cooeporcanue obuge2o benka u arbOyMUHa 6 Cbl8OPOMKe KPOBU NOCIE IKCNEPUMEHMALLHOZO
MOOENUPOBAHUS UEMUU OUCTATLHO20 OMOeNd MOouel KUUKU
Tpymmsr CpOKH HCCIIeIOBaHUS OT Havajia SKCIICPUMEHTA
Uccnenyemblie
[IOKa3aTen mHBO_THHX 1 cyTkn 2 cyTKH 3 cyTKH 4 cyTku 5 cyTKH
(n=35) (M % m) (M £ m) (M % m) (M £ m) (M % m)
O6muii Gerok, KonTpomeHas | 62,92 0,96 68,04 £ 1,65 65,94 + 0,69 62,46 £ 1,03 63,12+ 1,00
T/ OnbiTHas 67,50+ 0,30 | 56,30 +2,16™ | 57,40 0,87 | 56,24 +0,90° | 57,06+ 1,56
ATTBGYMHHBL, KonTtpomenas | 41,92 +1,52 40,62 £ 1,84 41,06 + 1,82 40,18 £ 1,66 41,34 £ 0,74
T/ OmnpiTHAS 41,24 +£2,29 36,48 + 1,31 39,30 + 0,81 40,16 £ 0,82 38,52+ 1,91

Ipumeyanue: 3HaK * UCIOJIB3YETCS IS BBIICIECHHS CTATUCTUYECKH CYIIECTBEHHBIX pacxoxaeHuil (pu p < 0,05)
MEX]Ty TIOKa3aTeIISIMH OIBITHOW M KOHTPOJIBHOM TPy, 3a()HKCHPOBAHHBIMY B OJTHU U TC XK€ MEPHOJIbI HAOIFONCHHS; 3HAK
# mpuMeHsieTcst 11 0003HAYEHMS CTATUCTUYECKU 3HAYMMBIX TEHJICHIMI BHYTPH OIBITHOM IPYIIIBI II0 CPABHEHHUIO C TIpe-

JIBITYLIIUM CPOKOM.

Taoauna 3
Konyenmpayust mouesunvl u KpeamuHuHa 6 Cbl8OPOMKe KPOsU NOC/1e IKCNEPUMEHMANbHO20
MOOENUPOBAHUS ULeMUU OUCTATLHO20 OMOeNd Mouel KUUKU
Tpymms: CpOKH HCCIICIOBAHUS OT Havaja SIKCIICPUMEHTA
Uccnenyemblie
[IOKa3aTen mHBO_THHX 1 cyTkn 2 cyTKH 3 cyTKH 4 cyTku 5 cyTKH
(n=>5) (M % m) (M + m) (M % m) (M £ m) (M % m)
MoucsiHa, KonTponpHas 6,33 +£0,62 4,50+ 0,42 4,98 +0,27 4,86 + 0,37 5,76 £0,26
MMOIB/ 1 OnbiTHas 5,33+ 0,28 6,14+ 0,18 575+0,64 | 3,15+0,18% | 4,19+0,47
Kpearunum, KonTtpompnas | 102,10+ 10,63 | 98,82 + 3,89 86,74 + 4,84 104,50 2,41 | 104,50+ 3,24
MKMOIT/ 1 OrbITHAs 85,48+6,63 | 93,12+5,11 | 87,96+4,82 | 62,98+531"% |111,50 + 10,53

Ipumeyanue: 3HaK * UCIIOJIB3YETCS IS BBIICIECHHUS CTATUCTUYECKH CYIIECTBEHHBIX pacxoxaeHuil (pu p < 0,05)
MEXK/Ty MTOKA3aTeJSIMU OIBITHON M KOHTPOJIBHOM TPYIII, 3aMKCUPOBAHHBIMY B OJTHH H T€ JK€ MIEPUO/IbI HAOTIOICHHUS; 3HAK
# mpuMeHsieTcst 11 0003HAUEHMS CTATUCTUYECKU 3HAYMMBIX TEHJICHIMI BHYTPH OIBITHOM IPYIIIIBI II0 CPABHEHHUIO C TIpe-

JIBITYLIUM CPOKOM.
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JlnHaMuKa KpeaTMHUHA Yy >KMBOTHBIX OIIBITHOM
TPYIIBI XapaKTePU30BaIACh CICTYIONTIMH dTalaMu:
Ha 4 CyTKHU dKCIIepUMeHTa 3a()UKCHPOBAHO I0CTOBEP-
HOe cHIbKeHHe Ha 39,66 % 10 MUHUMAaJIBHBIX 3HAYe-
HUU, a HA 5 CYTKM — 3HAUUTEIHHOE YBEIMUCHUE HA
77,04 %. Cnemyer OTMETUTh, YTO CPEAHHUE 3HAYCHMUS
YPOBHSI KPEaTMHUHA B CBIBOPOTKE KPOBU Y KPOJIHUKOB
OTIBITHOM TPYIIIBI Ha 4 CYTKH IKCIEPUMEHTA CTaHO-
BSITCSI HIDKE TTOKaszarejielh HOPMBI, MPEACTABICHHBIX
B Ta0nure 1.

Habmromaemoe yMeHbIIIEHUE YPOBHS MOYCBUHBI
B CHIBOPOTKE KPOBH >KMBOTHBIX ONBITHOW TPYIIIIHI,
MIPEATIOIOKUTETHLHO, 00YCIIOBICHO PA3BUTHEM OCITKO-

BOTO JiehUIHTa, KOTOPBIA, MOXKET BBI3BIBATH TUITOJU-
HaMUIO U CHUKEHUE MHTEHCUBHOCTH MBILIEYHOTO Mé-
TaboJmM3Ma, YTO, B CBOIO OYepe/lb, IPUBOIUT K Ooee
HU3KUM 3HAYCHUSIM KPEaTUHUHA B CBIBOPOTKE KPOBHU.
JlaHHBIC TATONIOTMYECKUEC U3MEHEHHS] MOTYT SIBIISTh-
Csl Pe3yNbTaToOM JUCHYHKIUN KUIICYHUKA, WH]YIIH-
POBaHHOM SKCIEPUMEHTAIBHO CO3/JAaHHON HUILIEMUEH.

B npouecce uccienoBaHus ypoBHs MakposJie-
MEHTOB, ITPOBEJCHHOTO B 00pa3ax ChIBOPOTKH KPO-
BU KPOJIHKOB (Ta0i. 4), ObLIO BEISBICHO, YTO 3HAYE-
HUS KaJIbLIUSA ¥ MarHus HEe IEMOHCTPUPYIOT CTaTUCTH-
YECKM 3HAUMMBIX Pa3IudMil MKy IEpBOM U BTOPOH
TPyIIIaMy KUBOTHBIX.

Taoauua 4
Jlunamuka MaxkposiemMenmos 6 cbleopomKe Kpou nocie IKCNEPUMEHMANTbHO20
MOOENUPOBAHUS UeMUU OUCTATLHO20 OMOeNd MOouel KUUKU
Tpymmst CpoKH HCCIICIOBaHUS OT Havajia SKCIICPUMEHTA
Uccnenyemblie Y
[IOKa3aTe/n X{HBOEHHX 1 cytkn 2 cyTKU 3 cyTKH 4 cyTku 5 cyTKH
(n=5) (M % m) (M % m) (M % m) (M % m) (M % m)
Kabiui, KonTponsHas 2,95+ 0,05 3,05 +0,05 3,16 £0,09 3,13 +0,06 3,00 £0,05
MMOIIB/1T OrnbITHas 3,00 + 0,04 2,94 + 0,05 3,07+ 0,03 3,24+ 0,06 3,12+0,10
docdop, KonTposbHas 2,00 + 0,06 2,15+£0,12 1,97 £ 0,05 2,04+ 0,02 2,07 £ 0,04
MMOJIB/ T OnbiTHAs 1,75+ 0,04 1,54 +0,13" 1,55+£0,04" | 2,10+0,05" | 1,67+0,14"
Marmui, KonTponpHas 0,86 +0,07 1,01 £0,10 0,84 + 0,06 0,79 +£0,05 0,92 +0,03
MMOJIB/ 1 OnbiTHAs 0,75 + 0,06 0,75+ 0,07 0,70 + 0,04 0,99+0,06" | 0,93 +0,04

IMpumevanue: 3HaK ~ UCTIONB3YETCS TSI BBIICIICHUSI CTATHCTHYECKH CYIIECCTBEHHBIX pacxoxkaenuii (pu p < 0,05)
MEK]Ty ITOKa3aTesIMH OIBITHOM M KOHTPOJIBLHOU IPyIII, 3a()UKCHPOBAHHBIMHU B OJHU H TE )K€ TIEPUOJIBI HAOIIONCHNS; 3HAK
# mpumMensiercs Uist 0003HAYCHUS CTATUCTHYCCKH 3HAYUMBIX TCHACHIMI BHYTPHU OIBITHON IPYIIIIBI IO CPABHEHHIO C IPe-

JBIIYIIAM CPOKOM.

[To pe3ynbraraMm aHajm3a KOHIEHTPALUMH MaKpO-
3JIEMEHTOB B CHIBOPOTKE KPOBHU KPOJIUKOB 00CHX TPYIIIT
OTIpe/ieTIeHBI CIIEeMYIOINe CPeHNEe 3HAYCHUS: Kallb-
oM B 00enx Tpymmax BapbHpYOT OT 2,95 + 0,05 1o
3,24 + 0,06 mmomaw/n, marauii — ot 0,70 = 0,04 10
1,01 + 0,10 MMOJIB/JT COOTBETCTBEHHO.

JlocroBepHoe cHUkeHUE coaepkaHus docdo-
pa B CBIBOPOTKE KPOBH OIBITHOM TPYTITHI YCTaHOBJIE-
HO Ha 2, 3 1 5 CyTKHU, IO CPABHEHUIO C KOHTPOJIBHOM.
3HaueHue TOro nokaszarens yMeHbluaercs Ha 39,61,
27,10 m 23,95 % COOTBETCTBEHHO.

B ombiTe Ha 4 CyTKHM TPOMCXOAUT JOCTOBEPHOE
noBkbIlIeHUE coaepxkanus Gocdopa Ha 35,48 %, a Ha
5 cyTku gocroBepHoe cHmxkeHne docdopa 25,75 %
B CPaBHEHUH C MIPEABIYIINME cyTKaMu. CpeHne 3Ha-
YeHHsI COfIep KaHus Kanbius U pocdopa B CHIBOPOT-

K€ KPOBH KPOJIMKOB OITBITHOM ¥ KOHTPOJIEHOM TPYIITIBI
HaXOMATCs B IpeJiesiax MoKa3areneil HopMbl, yKa3aH-
HBIX B TaOnuIe 1, Torga Kak cpeiHue 3HaYeHUs Mar-
HUS B ONIBITHOM rpymie ¢ 1 mo 3 CyTkn skcriepuMeHTa
CTaHOBSITCSI OYEBUAHO HUKE pe()ePEHCHBIX BETUUNH.

HocroBepHoe cHmkeHne (ocdopa, a TakKe BbI-
SBIICHHAS TEHACHIINS K CHIKCHHIO MarHUs Y )KMBOT-
HBIX OIIBITHOM I'PYIIIbI HIPOUCXOAUT, BEPOSATHO, U3-3a
HapyILICHHs €r0 BCAChIBAHMS U3 TOBPEXKIEHHOTO UIlIe-
MHEHN KUIIEYHUKA.

AHanu3 akTUBHOCTH (DEPMEHTOB B CBIBOPOTKE KPO-
B KPOJIMKOB (Ta0JI. 5) yCTaHOBHII OTCYTCTBHE JOCTO-
BepHbIX paznuuuil aktuBHOCTH AJIT Mexy nepBoit
1 BTOPOH IpyniiaMH >KUBOTHBIX. AKTHBHOCTb IOKa-
3arensi Bappupyercs B npeaenax ot 49,08 2,91 no
89,18 £ 10,72 En/m.
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Taoauna 5
Axmuenocms (hepmenmos 6 coleopomKe Kpoeu nocie IKCHePUMEHMANbHO20
MOOENUPOBANUS ULeMUU OUCTALLHO20 0MOeNd Moujell KUUKU
Tpymme CpoKH HCCIeJOBaHMS OT Havasia SKCIepUMEHTa
Uccnenyemble
[IOKa3aTen mHBiTHLIX 1 cyTkn 2 cyTKH 3 cyTku 4 cyTKHn 5 cyTku
(n=5) (M = m) (M + m) (M % m) (M + m) (M % m)
Kourpomnpuast | 62,10 =+ 3,00 61,66 £5.29 80,34 £4,08 | 89,18 +10,72 | 55,24 £3,99
AJIT, En/n
OmnbITHAA 49,08 £2,91 49,86 = 4,83 69,44 = 7,34 71,60 £4,10 | 70,54 £ 17,25
Kourponbuast | 24,50 + 3,64 23,74 £4,13 35,70 £2,70 45,32 + 8,60 44,48 + 4,88
ACT, En/n
OnbITHAA 17,22 £1,81 21,98 +3,18 25,48 +4,17 14,92 £1,76" | 28,44 +4,70"
Kontponpnas | 119,50 +4,50 | 143,40 +7,71 123,00+ 4,47 | 118,20+3,74 | 124,10+ 3,73
1 ®, En/x
OnbITHAA 66,72 +£10,29" | 51,78 £5,13" | 86,48 £15,16™ | 110,20 + 7,84% | 59,56 + 11,12™
Konrponbnas | 325,00 + 28,73 | 310,60 + 39,90 | 428,90 + 95,33 | 425,00 + 50,38 | 352,50 + 22,62
K@K, En/r — 1771,00+ 1548,00+ 988,80 709,60+ 829,104+
432,20 496,30 80,81 49,52 136,20

IMpumeuanue: 3HaK * UCIIONB3YETCS JUTS BBIICICHHS CTATHCTUYECKU CYLIECTBEHHBIX pacxoxaeHuit (mpu p < 0,05)
MEXXIy MOKa3aTeJISIMK OIBITHON M KOHTPOJIBHOW IpyII, 3aMKCHPOBAaHHBIMH B OZIHU U T€ K€ TIEPHO/bI HAOIIOICHNS; 3HAK
* mpuMensieTcst IUisi 0003HAYCHUSI CTATUCTHYECKH 3HAYUMBIX TCHICHIMI BHYTPHU OIBITHOU IPYIIIIBI 0 CPABHEHUIO C IPe-

JBITYIIAM CPOKOM.

Pesynbrarsl ananuza akruBHoctu ACT nokasbiBa-
0T CJeayIoIyI0 IMHaMuKy. Ha 4 cyTku skciepuMeHTa
B TPYIIIE >KUBOTHBIX C MOJEJIBIO UIIIEMUH JUCTAIBHO-
TO OT/IeJIa TOMICH KUIIIKH, B CPABHEHUE C KOHTPOJIEM,
OTMEUACTCSl CTATHCTHUSCKHU 3HAYNMOE €€ CHUKCHIC
B 3,04 pa3za, ana 5 cyrku — B 1,60 pa3a cOOTBETCTBEH-
Ho. [locToBepHoe cHmkenne ACT B naHHBIN nepuof,
[0 HaIllEeMy MHEHHUIO, MOXKET OBITh CBSI3aHO C TEM, UTO
OCTPOE TMOBPEK/ICHUE TOIIEH KUIIKHU (MIIEMUsI) MOT-
JIO BbI3BaTh JAeUIMT BUTaMuHa B6 (mupuokcuHa),
ITOCKOJIBKY €ro 0OJbIlasi 4acTh CHHTE3UPYETCS B KH-
[IeYHUKE KPOJMKOB M HE HAKAIUIMBASTCS B OPTaHU3-
Me. AktuBHas opma BuTaMuHa B6 siBisiercs kodak-
topoM (kopepmerToM) ACT, KOTOpBIif HEOOXOAUM ISt
Tpolecca nepeHoca aMUHOT PYIIIB (TPaHCAMHHHUPOBA-
HUS1) MeXly aMUHOKHCI0oTaMu L-acriapraTtom u 2-0k-
comytaparoM. CietoBaTelbHO, OCTPOE MOBPEKICHIE
KHIIIEYHUKA MOTIIO TIPUBECTH K Je(PUIIUTY BUTAMHHA
B6 u, cienoBarensHo, kK cHbkeHUIO akTUBHOCTH ACT,
OJTHAKO JJI51 TOATBEPKACHUS JAHHOTO IPEATIOIOKEHUS
HY>KHBI 00JIee pacIIMPEHHBIE HCCICIOBAHMUS.

B xone axcniepumMenTa 3aIKCUPOBAHO CTATUCTH-
YECKU 3HaUUMOE CHUKeHue akTuBHOCTH LD B ombIT-
HOU IpyIine OTHOCUTEIbHO KOHTPOIbHOU. J[MHaMKKa
CHUDKCHUSI MMeJia BOJIHOOOpa3HbI XapakTep. Tak,
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B [IEPBBIC CYyTKH aKTUBHOCTH JAHHOTO ()epMeHTa ObLita
Huxke B 1,78 pasa, 2 cytku — B 2,77 pasa, 3 CyTKH —
B 1,42 paza, 5 cyrku — B 2,08 pa3sa.

IIpu orcnexuBanuu AMHAMUKA akTUBHOCTH [1[D
B CBIBOPOTKE KPOBH KPOJIUKOB ONIBITHOW TPYTIIBI BBI-
SIBIICHBI CTATUCTUYECKH JIOCTOBEPHBIC M3MEHEHUS Me-
KLy MCCIIEeAyeMbIMH BPEMEHHBIMH TOUKaMu. Tak, Ha
3 cyTku 3aKCUPOBAHO TIOBBIILICHUE aKTHBHOCTH (ep-
MenTta Ha 67,01 %, va 4 cytku — Ha 27,43 % mo cpas-
HEHUIO C MPEeIECTBYIOIUM nepuojgoM. Ha 5 cyTku
HaAOIIOMAIOCh CTaTUCTUYECKH 3HAYMMOE CHIDKEHHE
aktuBHOCTH 1D Ha 85,02 % OTHOCUTEILHO TTOKa3a-
TeJIs NPeAbIIY X CyTOK.

Ha wam B3misa, cHukeHue aktuBHoctu LD
B OINBITHOH I'pyNIe KPOJIUKOB OOBSICHSIETCS BBISB-
JIGHHBIM y HUX 0oJiee HU3KUM coaepkaHueM ¢oc-
¢dopa u obmiero OGenka B CHIBOPOTKE KpoBU. Cxoxkast
B3aMMOCBSI3b JJAHHBIX MIOKa3aTeJel MPOCIeKUBACTCS
B pabore M. C. Mancyposoii, E. 0. 3anmo0oBckoii,
M. E. OctsxoBoit (2024) [24]. Taxxe CHUKEHHUIO aK-
tuBHOCTH 11D B CHIBOPOTKE KPOBH Y JKUBOTHBIX OTIBIT-
HOW TPyNIBl MOTJIAa MTOCTIOCOOCTBOBATH BBISIBIICHHAS
TEHCHIINS K CHIDKEHUIO MarHUs, TaK KaK OH SIBIISET-
Cs1 BOKHEHITNM KO(PaKTOPOM U CTPYKTYPHBIM aKTHBa-
TOPOM JIAHHOTO (pepMeHTa.
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Pesynbrarsl uccienoBaHus BBISIBUIM J10CTOBEP-
Hoe yBennyeHue akTuBHOCTH KDK y )kuBoTHBIX I 3KC-
MIepUMEHTAIBLHON TPYIIEI B TIEpBBIC 2 THS HaOIIOme-
HUS 110 CPABHEHHUIO C KOHTPOJIbHBIMH TTOKA3aTeISIMU.
B konmnuecTBEHHOM BBIpa)KEHHH 3TO MPOSBISIOCH
CIIE/IYIOIIUM 00pa30M: Ha MepBbIe CyTKH aKTUBHOCTD
KO®K y onbITHBIX KpoiukoB Oblia BbIIE B 5,44 pas,
aB 2 cytku — B 4,98 paza.

Cpennue 3nauenus aktuBHocTu AJIT, ACT u I[P
B CBIBOPOTKE KPOBH Y KPOJIUKOB OIIBITHOM U KOHTPOJIb-
HOM rpyNIbl HAXOAATCS B IIpeJieNax nokasareneil Hop-
MBI, TIPEJICTABJICHHBIX B TaOnuIle 1, TOrIa Kak cpej-
uue 3HadeHns KOK y )KUBOTHBIX 00€UX TPYIII CyIIe-
CTBEHHO BBIIIE YKA3aHHBIX PeEPEHCHBIX BEIUUYHH.

[lo HameMmy MHEHMIO, YBEJINYCHHUE AKTUBHOCTH
K®K B cbIBOpOTKE KPOBH KUBOTHBIX OIBITHOM IpyTI-
ITbI TIPOUCXO/IUT U3-32 €€ BHICBOOOXKICHUS B KPOBb M3
MOBPEXK/JEHHBIX UIIIEMUEN TKAaHEN KUILIEYHUKA.

[ToryuenHble HAMU JaHHBIE OTJIMYAIOTCA OT pe-
3yJIETATOB MUCCIICOBAHUH [25], TIe aBTOPBI OTMEUAIOT
yBEJIMYCHUE aKTUBHOCTH aMHHOTpaHcdepas 1 Les0y-
HOM (hocdarasbl yepe3 HECKOJIBKO 4acoB MOCIE MO-
JIeJIUPOBAHUS TOTAJIbHOU OCTPON ME3EHTEPHUAIBHOU
UIIEMUHN Y KPOJIHKOB.

OTH JaHHBIE, MTO-HANIEMy MHEHHIO, yKa3bIBAlOT
Ha TO, YTO aKTUBHOCThb JAAaHHBIX ()EPMEHTOB Hamps-
MYIO 3aBUCHT OT PaclpOCTPaHEHHOCTH U CTEIICHH TH-
JKECTH MATOJIOTNYECKOT0 MpoLecca.

UeM BbIlLIIE aKTUBHOCTh aMUHOTpaH(epas u wie-
nouHoi ¢ocdaTassl B CHIBOPOTKE KPOBH, TEM Ooliee
OOIIMPHYIO UIIEMHUIO KMIIEYHUKA CIIEAYET IIPEAToa-
rathb 1, HaPOTHUB, IPU JIOKAJIbHOM HIIEMHUH AUCTAJIb-
HOTO OTJefa TOIIEeH KHUIIKH — TMOBBIICHHUS JaHHBIX
(hepMEeHTOB He OIpe/IeIIIeTCs.

3AKJIIOYEHHUE

Takum 00pa3oM, IKCIEPUMEHTATIBHOE MOAETIHPO-
BaHHME WIIEMHUH TUCTAJIBHOIO OTAEIA TOUICH KUIIKH
y KPOJIMKOB CONIPOBOXIAETCS 10CTOBEpHBIM (p < 0,05)
CHIDKEHHEM 00111ero Oerka ¢ 2 o 5 CyTKH, MOYEBHHBI
U KpeaTuHHHa Ha 4 cyTKH, a pochopaHa 2,3 u 5 cyTku
JKCTIepUMEHTa. AHAITN3 HEKOTOPBIX (DePMEHTOB CHIBO-
POTKH KPOBH Y )KHMBOTHBIX OIBITHON IPYIIIbI IIOKA3aJl
nmocroBepHoe (p < 0,05) cHmkenue aktuBHOCTH ACT
Ha 4 u 5 cytku, a lIl® Ha 2, 3 1 5 cyTkH, Ipu 3TOM
aktuBHOCTh KDK, HanmpoTus, noctosepuo (p < 0,05)
BO3pacTaeT Ha | 1 2 CyTKM SKCTIEpUMEHTA.
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Abstract. The dynamics of serum biochemical indicators in rabbits after experimental simulation of distal jeju-
num ischemia was studied. Total protein, albumin, urea, creatinine, calcium, phosphorus and magnesium levels
were analyzed, as well as the enzyme activities of alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP) and creatine phosphokinase (CPK). The study involved 50 clinically healthy
male mongrel rabbits aged 8 months. Experimental simulation of distal jejunum ischemia in rabbits was accom-
panied by a significant (p < 0.05) decrease in total protein from days 2 to 5, urea and creatinine — on day 4, and
phosphorus — on days 2, 3 and 5 of the experiment. It is believed that the decrease in total protein levels is a con-
sequence of gastrointestinal dysfunction, the decrease in urea and creatinine levels is due to the protein deficien-
cy development and a decrease in muscle metabolism, and the decrease in phosphorus is due to impaired absorp-
tion from the ischemic-damaged intestine. The analysis of serum enzymes in the animals with an experimental
model of distal jejunum ischemia revealed a significant (p < 0.05) decrease in AST activity on days 4 and 5, and
alkaline phosphatase — on days 2, 3 and 5. Conversely, CPK activity significantly (p < 0.05) increased on days
1 and 2 of the experiment. In our opinion, the decrease in AST activity is not clinically significant. The decrease
in ALP activity may be caused by low phosphorus and total protein levels in the serum, and the increase in CPK
activity occurs due to its release into the blood from ischemic-damaged intestinal tissue.

Keywords: acute mesenteric ischemia, distal jejunum, serum biochemical indicators, thrombosis, enzymes, mac-

ronutrients, total protein, albumins, nitrogen metabolism products

Acute mesenteric ischemia is a group of diseas-
es characterized by impaired or complete cessation
of blood flow to various parts of the intestine, lead-
ing to ischemia and secondary inflammatory process-
es. The severity of ischemic intestinal damage is in-
versely proportional to blood flow. Decreased intesti-
nal blood flow may be due to a general disruption of
the systemic blood supply (shock or heart failure) or
to local changes in the mesenteric vessels (thrombosis,
intestinal torsion) [1]. This pathology is accompanied
by sudden intestinal hypoperfusion, which occurs after
a sharp disruption of arterial or venous circulation [2].

The nonspecific clinical presentation of acute mes-
enteric ischemia creates difficulties in differential diag-
nosis. It is difficult to distinguish it from other intra-ab-
dominal pathologies, such as acute cholecystitis, pan-
creatitis, or small bowel obstruction. Due to the lack
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of specific symptoms and difficult diagnosis, mesenter-
ic ischemia has a high mortality rate due to the occur-
rence of secondary complications in the form of intes-
tinal necrosis and the development of sepsis [3, 4]. In
animals, the main symptoms of thrombosis and isch-
emia of the mesenteric vessels can include lethargy,
anorexia, vomiting, lack of defecation and abdominal
tenderness upon palpation [5—7].

Experimental simulation methods for intestinal
ischemia in pigs [8], dogs [9], rats [10, 11], mice [12]
and rabbits [13] have been developed and replicated
for the purpose of in-depth study of pathophysiolog-
ical processes, the dynamics of microcirculatory dis-
turbances in the intestinal wall, assessment of the stag-
es of ischemic injury and reperfusion changes, and the
development of a theoretical and practical basis for the
diagnosis and treatment of this group of pathologies.
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Biochemical studies of serum are important in clin-
ical laboratory diagnosis, reflecting the state of homeo-
stasis in the animal organism, allowing for a compre-
hensive picture of metabolic processes in the animal’s
body, timely detection of homeostasis disturbances,
and the appropriate prescription of therapeutic and
preventive measures.

Proteins are the primary structure-forming compo-
nent of all body tissues. They also perform structural,
transport, protective, motor, energetic, enzymatic, reg-
ulatory, receptor and other functions in the body [14].

Nitrogen metabolism products, including urea, cre-
atinine, uric acid and ammonia, are formed in the ani-
mal body as a result of the catabolism of proteins, nu-
cleic acids and other nitrogen-containing compounds.
These substances are toxic to varying degrees and must
be eliminated from the body [15]. Urea and creatinine
are the main indicators determined in serum biochem-
istry to assess renal function, muscle status and pro-
tein metabolism.

Enzymes regulate metabolism, acting as catalysts
for biochemical reactions in the cells of living organ-
isms. They maintain homeostasis and participate in the
synthesis and breakdown of biologically active com-
pounds. Their detection in serum is a diagnostic crite-
rion for the severity and direction of damage to vari-
ous tissues and organs [16].

Macronutrients are essential in regulating metab-
olism and are necessary for maintaining normal func-
tioning of animals. They play a role in the functioning
of the muscular, cardiovascular, immune and nervous
systems. Macronutrients are involved in the synthesis
of vital biologically active substances, energy metabo-
lism, hematopoiesis and gastrointestinal tract[17, 18].

Despite the development of modern clinical labo-
ratory diagnosis and continued attention to the study
of the pathogenesis of mesenteric ischemia, serum
biochemical indicators in case of this pathology re-
main relatively poorly understood and often contra-
dictory [19].

In accordance with the above, the research objec-
tive is to determine and analyze the dynamics of se-
rum biochemical indicators after experimental simu-
lation of distal jejunum ischemia in rabbits.

MATERIAL AND METHODS
The object of the study was 50 clinically healthy
male mongrel rabbits, 8 months old and weighing 4 to
4.5 kg, divided into two groups: experimental (I) and
control (II), each containing 25 animals. Five animals
were removed from each group at each study time point
from the experiment onset.
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The animals of the experimental group I have un-
derwent distal jejunum ischemia using a technique we
developed [20], which involves ligating the jejunal
trunk with a non-absorbable suture so that the jejunal
arteries are located distal to the ligature.

The animals of the second control group underwent
non-inhalation anesthesia and a midline laparotomy,
followed by wound closure to the same extent as those
in the experimental group. No postoperative treatment
was administered to the animals of groups I and II.

Blood for biochemical analysis was collected in a
fasting state by puncture of the marginal ear vein on
days 1, 2, 3,4 and 5 of the experiment. Blood was col-
lected into Lab-Vac vacuum tubes containing 4 ml of
clot activator (Shandong Chengwu Medical Products
Factory, China). Five animals were isolated from each
experimental group at each study date.

An Accent 200 automated biochemistry analyzer
was used to determine serum biochemical indicators,
including total protein, albumin, urea, creatinine, cal-
cium, phosphorus, magnesium, alanine aminotransfer-
ase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and creatine phosphokinase (CPK)
activity. Reagent kits from Mindray (China) were used
in the study.

Reference values of the norm for serum biochem-
ical indicators of rabbits are presented in Table 1.

To identify statistically significant differences be-
tween data groups, one-way analysis of variance and
the Newman — Keuls test were used. All calcula-
tions were performed using a Primer of Biostatistics
4.03 for Windows, and the significance threshold was
set at p <0.05.

STUDY RESULTS AND ANALYSIS

The analysis of total protein levels after experi-
mental simulation of distal jejunum ischemia in rab-
bits showed (Table 2) that serum total protein levels
in the animals of the experimental group significant-
ly changed on days 2, 3, 4 and 5 from the experiment
onset, compared to the animals of the control group.
This indicator was found to decrease in the rabbits of
group I, compared to group II by 20.85 %, 14.88 %,
11.06 %, and 10.62 %, respectively.

The statistical analysis revealed a significant de-
crease in total protein levels between study periods
from the experiment onset in Group 1 by 19.89 %, ex-
clusively on day 2, while no changes were observed at
other study time points.

Serum albumin concentration in the rabbits of both
groups showed no statistically significant differences
throughout the entire observation period.
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Table 1
Reference values of biochemical indicators of rabbits
Biochemical indicators Normal values
Total protein, g/L 49—712
Albumin, g/L 27—50?
Urea, mmol/L 2.93—8.28!
Creatinine, pmol/L 74—171!
Calcium, mmol/L 2.2—39!
Phosphorus, mmol/L 1.0—2.2!
Magnesium, mmol/L 0.8—1.22
ALT, U/L 27.4—72.2°
AST, U/L 10.0—78.0°
ALP, U/L 36—224!
CPK, U/L 58.6—175°
"' A. Ewringmann (2010) [21]
2 M. Varga [22]
3 P. Wesche (2016) [23]
Table 2
Serum total protein and albumin levels after experimental simulation of distal jejunum ischemia
' Groups of The study period from the experiment onset
Indicators mal
studied a““f*; S dl d2 d3 d4 ds
(n=3) (M £ m) (M + m) (M + m) (M + m) (M + m)
Total protein, Control 62.92+0.96 | 68.04+1.65 65.94+£0.69 | 62.46+1.03 63.12+1.00
gL Experimental | 67.50 +0.30 56.30 £2.16" | 57.40+0.87" | 56.24+0.90" | 57.06 + 1.56"
Control 41.92+1.52 | 40.62+1.84 | 41.06+1.82 | 40.18+1.66 | 41.34+0.74
Albumins, g/L
Experimental | 41.24+£2.29 36.48 +1.31 39.30+0.81 40.16 +0.82 38.52+1.91

Note. the " sign is used to highlight statistically significant differences (at p < 0.05) between the indicators of the ex-
perimental and control groups recorded during the same observation periods; the * sign is used to indicate statistically sig-
nificant trends within the experimental group, compared to the previous period.

Based on the data obtained, it can be assumed that
the statistically significant decrease in serum total pro-
tein concentration in the animals of the experimental
group, observed starting on day 2 of the study, is as-
sociated with protein metabolism disturbances. These
disturbances are likely the result of gastrointestinal
dysfunction. The decrease in total protein levels is at-
tributed to the globulin fraction. The mean total pro-
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tein and albumin concentrations are within the normal
ranges presented in Table 1.

The concentration of nitrogen metabolites in the
serum of rabbits after experimental simulation of dis-
tal jejunum ischemia changed as follows (Table 3).
Urea levels in the experimental group significantly de-
creased by 54.26 % only on day 4 of the experiment,
compared to the control group.
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The analysis of serum urea dynamics in the ani-
mals of the experimental group revealed a significant
decrease by 82.54 % between days 3 and 4 of the ex-
periment, with the urea concentration reaching its low-
est recorded value on day 4.

The analysis of creatinine dynamics revealed a sta-
tistically significant decrease by 65.92 % in creatinine
concentrations in the experimental group I on day 4
of the study, significantly different from the values re-
corded in the control group.

Creatinine dynamics in the animals of the experi-
mental group was characterized by the following stag-
es: a significant decrease by 39.66 % to minimum val-
ues was recorded on day 4 of the experiment, followed
by a significant increase by 77.04 % on day 5. It should

be noted that mean serum creatinine levels in the rab-
bits of the experimental group on day 4 of the experi-
ment fell below the normal values presented in Table 1.

The observed decrease in serum urea levels in the
animals of the experimental group is presumably due to
the development of protein deficiency, which can cause
physical inactivity and decreased muscle metabolism,
leading to lower serum creatinine levels. These patho-
logical changes may be the result of intestinal dys-
function induced by experimentally induced ischemia.

The study of macronutrient levels in rabbit serum
samples (Table 4) revealed that calcium and magne-
sium levels did not show statistically significant dif-
ferences between the animals of the first and second
groups.

Table 3
Serum urea and creatinine concentration after experimental simulation of distal jejunum ischemia
Groups of The study period from the experiment onset
Indicators imal
studied animas dl1 d2 d3 d4 ds
(n=3) (M £ m) (M £ m) (M = m) (M £ m) (M = m)
Control 6.33+£0.62 4.50+£0.42 498 +£0.27 4.86+0.37 5.76 £0.26
Urea, mmol/L
Experimental 5.33+0.28 6.14+£0.18 5.75+£0.64 3.15+£0.18" 4.19+0.47
Creatinine, Control 102.10 +10.63 | 98.82 +3.89 86.74+4.84 | 104.50+2.41 | 104.50+3.24
umol/L Experimental | 85.48+6.63 | 93.12+5.11 | 87.96+4.82 | 62.98+531% | 111.50 + 10.53*

Note. the * sign is used to highlight statistically significant differences (at p < 0.05) between the indicators of the ex-
perimental and control groups recorded during the same observation periods; the # sign is used to indicate statistically sig-
nificant trends within the experimental group, compared to the previous period.

Table 4
Dynamics of macronutrients in serum after experimental simulation of distal jejunum ischemia
) Groups of The study period from the experiment onset
Indicators mal
studied animas dl1 d2 d3 d 4 ds
(n=3) (M = m) (M £ m) (M £ m) (M £ m) (M = m)
Calcium, Control 2.95+0.05 3.05+0.05 3.16 £0.09 3.13+£0.06 3.00 £0.05
mmol/L | pyperimental | 3.00£0.04 | 2.94+005 | 3.07+0.03 | 324006 | 3.12+0.10
Phosphorus, Control 2.00 +0.06 2.15£0.12 1.97 +£0.05 2.04 £0.02 2.07 £0.04
mmol/L Experimental | 1.75+0.04 1,54 +0.13" 1.55+0.04 2.10 £ 0.05* 1.67 £0.14"
Magnesium, Control 0.86 +0.07 1.01 £0.10 0.84 +£0.06 0.79 £ 0.05 0.92+0.03
mmol/L Experimental | 0.75+0.06 | 0.75+0.07 | 0.70+0.04 | 0.99+0.06° | 0.93+0.04

Note. the " sign is used to highlight statistically significant differences (at p < 0.05) between the indicators of the ex-
perimental and control groups recorded during the same observation periods; the * sign is used to indicate statistically sig-
nificant trends within the experimental group, compared to the previous period.
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Based on the analysis of macronutrient concentra-
tions in serum of the rabbits of both groups, the follow-
ing mean values were detected: calcium in both groups
ranged from 2.95 + 0.05 to 3.24 + 0.06 mmol/L, and
magnesium — from 0.70 + 0.04 to 1.01 + 0.10 mmol/L,
respectively.

A significant decrease in serum phosphorus in the
experimental group was observed on days 2, 3 and
5, compared to the control group. This indicator de-
creased by 39.61, 27.10 and 23.95 % respectively.

In the experiment, a significant increase in phos-
phorus content by 35.48 % occurred on day 4, and a
significant decrease by 25.75 % — on day 5, com-
pared to the previous day. The mean serum calcium
and phosphorus levels in the rabbits of the experimen-
tal and control groups were within the normal ranges
shown in Table 1, while mean magnesium levels in the
experimental group from days 1 to 3 of the experiment
were significantly below reference values.

A significant decrease in phosphorus, as well as
the observed trend toward decreased magnesium lev-
els in the animals of the experimental group, likely
occurred due to impaired absorption from the isch-
emic-damaged intestine.

The analysis of serum enzyme activity in the rab-
bits (Table 5) revealed no significant differences in
ALT activity between the first and second groups of

animals. The activity ranged from 49.08 = 2.91 to
89.18 £10.72 U/L. The results of the AST activity
analysis show the following dynamics. On day 4 of
the experiment, a statistically significant 3.04-fold de-
crease was observed in the group of animals with distal
jejunum ischemia, compared to the control group, and
on day 5, a 1.60-fold decrease was observed, respec-
tively. The significant decrease in AST during this pe-
riod, in our opinion, may be due to the fact that acute
jejunum injury (ischemia) could have caused a vitamin
B6 (pyridoxine) deficiency, since most of it is synthe-
sized in the rabbit intestine and does not accumulate
in the body. The active form of vitamin B6 is a cofac-
tor (coenzyme) for AST, which is necessary for the
process of amino group transfer (transamination) be-
tween the amino acids L-aspartate and 2-oxoglutarate.
Therefore, acute intestinal injury could have led to a
vitamin B6 deficiency and, consequently, a decrease
in AST activity. However, more extensive studies are
needed to confirm this hypothesis.

During the experiment, a statistically significant
decrease in alkaline phosphatase activity was recorded
in the experimental group, relative to the control group.
The decline followed a wave-like pattern. Thus, on the
first day, activity of this enzyme was by 1.78 times low-
er, on day 2 — by 2.77 times lower, on day 3 — by
1.42 times lower, and on day 5 — by 2.08 times lower.

Table 5
Serum enzyme activity after experimental simulation of distal jejunum ischemia
. Groups of The study period from the experiment onset
Indicators i mal
studied anima’s d1 d2 3 d4 ds
(n=3) (M + m) (M + m) (M + m) (M +m) (M +m)
Control 62.10 £ 3.00 61.66 +5.29 80.34+4.08 | 89.18+10.72 | 55.24+3.99
ALT, U/L
Experimental | 49.08 +2.91 49.86 + 4.83 69.44 +7.34 71.60 +4.10 | 70.54+17.25
Control 2450+3.64 | 23.74+4.13 35.70+£2.70 | 4532+8.60 | 44.48+4.88
AST, U/L
Experimental | 17.22 +1.81 21.98+3.18 | 2548+4.17 | 14.92+1.76" | 28.44+4.70"
Control 119.50 £4.50 | 143.40+7.71 | 123.00+4.47 | 11820+3.74 | 124.10+3.73
ALP, U/L
Experimental | 66.72+10.29" | 51.78 £5.13" | 86.48 £ 15.16™ | 110.20 + 7.84* | 59.56 + 11.12™
Control 325.00 £28.73 | 310.60 £ 39.90 | 428.90 £ 95.33 | 425.00 £ 50.38 | 352.50 +22.62
CPK, U/L
’ . 1771.00 = 1548.00 + 829.10 +
Experimental 432.20° 496 30" 988.80 + 80.81 | 709.60 =49.52 136.20

Note. the * sign is used to highlight statistically significant differences (at p < 0.05) between the indicators of the ex-
perimental and control groups recorded during the same observation periods; the # sign is used to indicate statistically sig-
nificant trends within the experimental group, compared to the previous period.
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When monitoring the dynamics of serum alkaline
phosphatase activity in the rabbits of the experimen-
tal group, statistically significant changes were de-
tected between the studied time points. Thus, on day
3, an increase in enzyme activity by 67.01 % was re-
corded, and on day 4 — by 27.43 %, compared to the
previous period. On day 5, a statistically significant
decrease in alkaline phosphatase activity by 85.02 %
was observed, compared to the previous day’s value.

In our opinion, the decrease in alkaline phosphatase
activity in the rabbits of the experimental group is ex-
plained by the lower phosphorus and total protein lev-
els in their serum. A similar relationship between these
indicators is observed in the work of M. S. Mansurova,
E. Yu. Zalyubovskaya and M. E. Ostyakova (2024)
[24]. The observed trend toward decreased magne-
sium levels, as a key cofactor and structural activator
of this enzyme, could also have contributed to the de-
crease in alkaline phosphatase activity in the serum of
the animals of the experimental group.

The study results revealed a significant increase in
CPK activity in the animals of the first experimental
group during the first two days of observation, com-
pared to the control values. Quantitatively, this was
demonstrated as follows: on day 1, CPK activity in the
experimental rabbits was by 5.44 times higher, and on
day 2, it was by 4.98 times higher.

The mean serum ALT, AST and ALP levels in the
rabbits of the experimental and control groups were
within the normal ranges presented in Table 1, while the
mean CPK values in the animals of both groups were
significantly higher than the indicated reference values.

In our opinion, the increase in serum CPK activ-
ity in the animals of the experimental group is due to
its release into the blood from intestinal tissue dam-
aged by ischemia.

Our data differ from the results of studies [25],
where the authors noted an increase in aminotransfer-
ase and alkaline phosphatase activity several hours af-
ter simulating total acute mesenteric ischemia in rab-
bits. These data, in our opinion, indicate that the activi-
ty of these enzymes is directly related to the prevalence
and severity of the pathological process. The high-
er the serum aminotransferase and alkaline phospha-
tase activity, the more extensive intestinal ischemia
should be assumed. Conversely, in case of local isch-
emia of the distal jejunum, no increase in these en-
zymes is detected.

CONCLUSION
Thus, experimental simulation of distal jejunum
ischemia in rabbits was accompanied by a significant
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(p <0.05) decrease in total protein from days 2 to 5,
urea and creatinine — on day 4, and phosphorus — on
days 2, 3 and 5 of the experiment. The analysis of sev-
eral serum enzymes in the animals of the experimen-
tal group revealed a significant (p < 0.05) decrease in
AST activity on days 4 and 5, and alkaline phospha-
tase — on days 2, 3 and 5. Conversely, CPK activity
significantly increased (p < 0.05) on days 1 and 2 of
the experiment.
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AnHotanus. CebCKOX03IHCTBCHHAS NITHIIA OTIIMYACTCS] BBICOKOW HHTCHCHBHOCTBIO METa00IM3Ma, 4TO COMpPO-
BOXKIAETCS MOBBIIICHHON (PH3HOIIOTHYECKON HArPy3KOi Ha e¢ OpraHu3M, 00yCIIaBIHBast PUCKU HECOCTOATEIIEHO-
CTH pealTu3aIliii MEXaHU3MOB CTPECCOyCTOMUMBOCTH. Kak M3BECTHO, Bce OOMEHHBIC MPOIECCH B3aUMOCBSI3aHbI,
IT03TOMY 0COOEHHO Ba)KHO paCcCMAaTPUBATh UX B COBOKYITHOCTH. V3y4eHNE TAKOBBIX y PA3IMYHBIX BHIOB U KPOC-
COB C/X IITHIIBI 3HAYUTEIHHO YIITYOIISCT 3HAHMS O (PU3UOTIOTHICCKUX 0COOCHHOCTSIX POCTa M PA3BUTHUS MOJIOIHS-
Ka. B maHHOI cTaThe pacCMOTPEHO TPAHCOBAPHAIBHOE BIUSHIEC aHTHOKCHIAHTA — TITyTaTHOHA HA META00IN3M
HauOoJIee TMOMYISPHBIX BHIIOB CEIIbCKOXO3SIMCTBEHHON NTHIBI B CPAaBHUTEIHFHOM acrekre. Tak, Obiia 3aduKcH-
pOBaHa TEHACHIVS K HEKOTOPOMY UCTOIICHUIO OSITKOBOTO OOMEHA Y BceX 00CYKIAeMBIX BUIOB C/X IITHIL, YTO HE
ITO3BOJIHJIO ITOYYHTH ITPEBOCXOACTBA 10 KUBOK Macce OTHOCHTEIBHO KOHTPOJIst. [Ipu 3TOM, HanMeHee 3HaYnMBbIe
B 9TOM OTHOILICHHUH «CIIBUTH» (PUKCHPOBAIN Y UHJICCK, YTO, OJHAKO, OIPEICIHIO HEKOTOPYIO TIO3UTUBHYIO TCH-
JICHITHIO IO JAHHOMY ITOKa3aTelio. B cBoro odepenp, yIieBOAHBIH 0OMEH UMEIN TCHIICHITHIO K aKTUBU3AIIHH, YTO
00yCIIOBIIIO O0JIee BEICOKUE TTOKA3aTeT AMOPHOHAIFHOM KI3HECIIOCOOHOCTH — BBIBOJIA MOJIOAHSKA H BHIBOIH-
MOCTH siLl: y uHatowar Ha 3,9 u 1,2 %, y nepenenst Ha 7,6 u 4,4 %, y upiisat Ha 4,0 u 3,6 % cOOTBETCTBEHHO.
Haumenee BbIpakeHHBIH 3P PEKT MHTEHCH(PHUKAIUN OBLT YCTAHOBIICH Y MHIICCK, YTO OMPEHCIIIIO TIOTyICHUE MH-
HUMAIBHBIX «IIPHOABOK» IO 00CYKIaeMBIM BUTAIBHBIM Mapképam. [Ipu 5TOM HEKOTOpOE CHIYKCHNUE HHTCHCHB-
HOCTH JIMITHTHOTO OOMEHA y IBIIUIAT ¥ IEPETEIIsT, BEPOSITHO, YKAa3hIBACT HA MX IIEPEPACXO]T B IIPEIIICCTBYIOMIHE
TIEPUOJIBI IS aICKBaTHOTO YHEPro0OeCIIeueHst SMOPHOHA, B YACTHOCTH HA 3TaIe, KOrja ¢ pocToM ()yHKIIMOHAb-
HOCTH aJUIAaHTOHCA, B OPTaHM3ME YBEIMYMBACTCS KOHIICHTPAIIHS KHCIOPOAa, HEOOXOMUMOTO ISl PACIICIICHUS
KUPHBIX KUCIIOT (COCTABIIAIONINX JHUITUAIBI) Ha SHEPTHIO, YTO OTYACTH MOATBEPKIACTCS CHIDKCHHEM KaTeropHuid
OTXOJIOB MHKYOAIINX B BUJIC «KPOBSHBIX KOJIEI Y TPEACTABUTEIICH STHX BUIOB NTHUIL. Toraa Kak y WHAEEK ObLIa
3apUKCHpOBaHA TCHICHINS K aKTUBU3AIUH JIUITUAHOTO 0OMCHA, OIIPEACIHB UX MIPEUMYIIECTBO 10 00HEKTUBHO-
CyOBEKTHUBHBIM KpuTepusiM mikai «Ilacrap» u «OnTuctapT» OTHOCHTEIBHO APYTHX BHUIIOB IITHII.

KuroueBble c10Ba: TIIyTaTHOH, IBIIUIITA, HH/IONIATA, TIEpEMNeNsiTa, 0OOMEH BEIIeCTB, IMOPHUOTCHE3

BI)ICOKaSI HMHTCHCUBHOCTH O6MCHHBIX HpOHeCCOB
SIBJISIETCSI OJHOW M3 OMOJIOrMYECKHUX OCOOEHHOCTEH

Kaxk n3BecTHO, 15 OTICHKH (hH3HOIOTHIECKOTO CO-
CTOSTHHS TITUIIBI ¥ CBOEBPEMEHHOTO TIPETyTIPEKICHHS,

IITHL, KOTOpasi 00yclIaBIUBaeT OBICTPBIA POCT U BbI-
COKHIl ypOBEHb MPOTYKTUBHOCTH, YKAa3aHHOE HEU3-
0CKHO COMPOBOKAACTCS MOBBIIICHHOW HArpy3Kod Ha
OpraHu3M MOJIOAHSIKA, CHUXKAs €ro CTPECCOyCTONYH-
BoCTh [1, 2].

a TaK)Ke HUBEITMPOBAHUS META0OMUYCCKUX HAPYILICHHU
B UX OpraHu3Me, HeoOXOIUM KOHTPOJIb OMOXHUMHYE-
CKOTO cTaryca oco0eil Ha pa3HbIX dTanax OHTOTeHEe3a
[3]. Yka3zanHO€ 0COOEHHO aKTyalbHO B PAHHUH MOCT-
AMOpHOHATBHBIN TTepuo (1—3 CyTKH mociie BEUTYTI-
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JIEHUs), TaK KaK B 9TOT MOMEHT OPT'aHNU3M MOJIO/IHAKA
WCIIBITHIBAET MAKCUMAIIbHOE HAIIPSDKEHUE a/1anTallu-
OHHBIX MEXaHW3MOB, BCIIE/ICTBHE HE3aBEPIINBIIETO-
cst OPMHUPOBAHUS KITFOUEBBIX (DH3HOIOTHYECKUX CH-
CTEM, OJJHOBPEMEHHO HHTEHCUBHOTO (DYHKIIMOHUPOBA-
HHUsL OPraHOB M UX POCTA, IOBBIIIEHHON CTPECCOBON
Harpy3Kku, 00ycIOBIEHHOH 0COOCHHOCTAMH MPOU3BO/I-
CTBEHHOTO MUKIA [4].

Bce OnoxmMuyeckre mporiecchbl B3anMOCBSI3aHblI,
OCYIIECTBIISIOTCS. TIPU HETIOCPECTBEHHOM Y4acTUU
CTPOTO CIEHU(PUUIESCKHIX IS KayKI0H OMOXUMHYECKOM
peakiuu ropMoHoB u ¢epmenToB [1]. M3 storo cie-
JyeT, 9YTO N3MEHEHNe aKTUBHOCTH WMJIM HAIPaBICHUS
OITHOTO M3 OOMEHOB MOXET HapyIIUTh OajlaHC BCe-
ro metabonusma B nenom [1]. Tax, Hampumep, Oe-
KOBBIII OOMEH MEepPBOCTEIIEHHO OKAa3bIBACT BIIUSHUE
Ha pocT W pa3BuTHe NTHLH [5]. B mepuon smoOpuo-
reHesa noTpedieHue 3apoiblieM MPOTEHHOB 13 Oell-
KOBOTO MEIIIKa JETEPMHUHUPYET aKTHBAITUIO OEIKOBO-
TO MeTaboM3Ma, 9YTO CIIOCOOCTBYET YBEITHUCHUIO €T0
Macchl ¥ (QopMUpOBaHUIO oniepenus [2]. B cBoro ove-
penb, B pa3BUTHU SMOPUOHA MTHIIBI JIUITH]IBI SBIISI-
I0TCS TJIABHBIM MCTOYHUKOM SHEPTHH, TPEXK/IE BCETO
B CepelMHe WHKYOalluu M CTPYKTYPHBIM KOMITOHEH-
TOM KJIETOYHBIX MeMOpan [6,7]. Torga kak, yrieBom-
HBI OOMEH WTpaeT KIIIOYEBYIO POJIb B SMOpHOTEHE-
3€, B YaCTHOCTH B TIEPUOJIBI TUTIOKCHU, OCOOCHHO Ha
arare BbiBoza [8]. BricTphIil pocT aMOproHa Tpedyer
OOJIBIINX 3aTpar SHEPTHHU. 3arnachl INTUKOTeHa B Meye-
HU ¥ MBIIIIAaX HEPEAKO HeJOCTATOUHBI JIJIs BCEX MeTa-
OOTMYECKUX MTOTPEOHOCTEH 3apOobIIia, B YaCTHOCTH
B MTOCJIEIHAE CYTKH YMOPHOTeHEe3a BCIIEICTBUE HCTO-
IIEHUST B TIPEIICCTBYOIINE TIEPUOMBI U3-32 BBICO-
KHX CTPECCOBBIX HArpy30K, 00yCIOBICHHBIX HECOBEP-
LIIEHCTBOM MPOMBIIIIIEHHON HKyOanmy. Huzkas koH-
LIEHTPALUs TIUKOTEHA B TIEYSHHU MPSIMO KOPPETHPYET
C YIUTMHEHWEM TIepHOa BRUTYTIJICHUS M HU3KOW Mac-
coil MononHsAKa Ha BbIBozE [8.,9]. Jlns nmopnepxkanust
YPOBHS IIIIOKO3bI B KPOBH 3MOPHOH BBIHY)KJECH CHH-
TE3UPOBaTh SHEPIHIO ANBTEPHATUBHBIMH CIIOCO0aMH,
K IIpUMeEpY, TOCPEICTBOM IIIIOKOHEOTEHE3a C UCTIONb-
30BaHHEM B KQ4€CTBE CyOCTpaTa IIuIepona, (00pasy-
FOIIAHCS TTOCIIE JTUTIOIN3a) M aMHHOKHUCIIOT (TI0CTIe
MIPOTEONIH3a ¢ MOCIEAYIONIeH nerpananueil OeKoB),
YTO HEraTUBHO BIUSET Ha €ro pasBurue. M3-3a toro,
YTO B SIiIIe, B OCOOCHHOCTH MPH MOBBIIIEHHBIX CTPeC-
COBBIX Harpyskax, OBICTPO HCTOLIAIOTCS YIJIEBOIBI,
3arachl TIIMKOTEHa MOTYT HadaTh BOCCTaHABINBATH-
CSl TOJBKO TOCIIE TOTO, KaK BBUIYITUBIIUICS MOJOJ-
HSIK TIOJTYYHUT AOCTYT K KopMmy [8,10]. Takum oOpazom,
OEJIKOBBIH, JIUTIUIHBIH, YTIIEBOIHBI OOMEHBI B3aUMO-
CBSI3aHBI, 2 UX WHTCHCHUBHOCTHh Ha (PU3UOIOTUYCCKH

HEOOXOMMOM YPOBHE KPUTHYECKH BaXKHA IS Kade-
CTBEHHOTO pa3BUTHs ocodu. Hapymienne nx Oaanca
B YMOpHOTreHe3e 00yCIIaBIMBACT HEraTUBHBIC TTOCIIE/I-
CTBUS B JlajibHEIIeM oHTOreHese. [lonnmanue nuHa-
MHUKHU H3MEHEHHI 0OMEHa BEIIEeCTB BO BPeMst SMOPHO-
TeHe3a U TT0CIIe BBUTYTUICHHS MOJIOTHSIKA CYIIIECTBEHHO
pacmmpsieT 3HaHUS O (PU3HOIIOTHYECKUX 0COOEHHO-
cTsX pa3Butus ntuusl [1, 6]. B 210i1 cBsi3u, neranb-
HOE U3y4eHHe 0COOEHHOCTEH MeTaboIr3Ma B SMOPHO-
HaJIbHBII U TOCTAIMOPHOHAIIbHBIN TIEPUOBI TO3BOJISAT
SKOHOMHUYHO, B TOXKE BPEMs MPABUIIBHO, HAy4YHO-00-
OCHOBAHO YCOBEPIIIEHCTBOBATH ICKYCCTBEHHYIO HHKY-
0aruio, ONTUMHU3HPOBATH ITPOIECCHI POCTA U Pa3BUTHUS
0co0u, 94T0 0COOSHHO BaXKHO KaK IS €€ BRICOKOH pe-
3yJABTaTUBHOCTH, TAK M JAJLHEHIIETO BhIPAIIIMBAHUS
¢/x nrutipl. [Ipu 3TOM ciieyeT NpuHUMATh BO BHUMA-
HUE, 4TO BHJI, TOPOJIA, KPOCC, HAIPABICHUE MPOAYK-
TUBHOCTH 1 MHbIE MHIMBUIyaIbHbIE 0COOCHHOCTH TaK-
JKe OKa3bIBAIOT 3HAYMMOE BIIMSIHAE HA MHTEHCUBHOCTh
00MeHHBIX TporeccoB y ocodu [11]. B aToli cBs3m,
Ba)KHO OCYIIECTBIISITh TIIATSILHOE W3yUCHUE U aHa-
Jiu3 0COOEHHOCTEH MeTaboJIM3Ma Y MOMYJISPHBIX BH-
JTOB CENTbCKOXO3SHICTBEHHOM NMITHUIIHI B CPABHUTEIEHOM
aCTeKTe, YTO MO3BOJIUT HAUTH TPAMOTHBIN BEICOKOI(]-
(heKTUBHBIN TIOAXO/ K UX KOPPEKIIHH U TIOITYYHUTh 00-
Jiee )KU3HECTIOCOOHBIM MOJIOIHSK C BHICOKUMU ITOKa-
3aTeJIsIMU KaueCTBa M MTPOJYKTUBHOCTH.

Jlns momepykaHUs MHTEHCUBHOCTH OOMEHHBIX
MPOIIECCOB, B YCIOBUAX MOBBIMIEHHBIX CTPECCOBBIX
HaTPY30K, ¥ ITOITy4eHHsI OMOJIOTHYECKHU TTOJTHOIICHHBIX
0co0eil, MHOTHE yUeHbIe PEKOMEHIYIOT IIPUMEHEHUE
eCTeCTBEHHBIX MeTabouToB [ 12, 13]. OnHako cienyer
YUUTBIBATh, YTO BIIMSHUE OJHUX U TE€X K& OHOCTUMY-
JIITOPOB HAa OOMEH BEIIECTB Pa3HbIX BUIOB MTHII MO-
JKET OTIINYAThCS M IABATh JIAJIEKO HE BCET/Ia OIMHAKOBO
MIPOSIBIISFOIIUIACS ¥ JOJATOCPOUHBIN 3P QEKT, Mo3TOMY
HEOOXOMMO IPOBOJMTD OIICHKY UX BIIUSHUS HE TOJb-
KO cpa3y MocJjie BO3ICHCTBIS Ha OMOJIOTHYECKUI 00b-
€KT, HO, UTO 0COOEHHO BaXKHO, B 00JIee OTAAIEHHEIC T1e-
pHOIBI OHTOTEHE3a. B manHOM paboTe NCIoIb30Baln
TTyTaTHOH — TPHITETITH, COCTOSIINN U3 TITyTAMHHO-
BOW KHCJIOTHI, IIMIIUHA U IIUCTEHHA, TIPUCYTCTBYIOIIAN
BO BCEX DYKAPHOTUYECKUX KIIETKAX, TVIABHOU (DyHKITH-
el KOTOPOTO SIBJISCTCSI MHAKTUBAIIMS TOKCUYHBIX CBO-
OOMHBIX PAaJUKATIOB, OMPEICISIONINE MOBPEKICHIE
JHK, mumuaos, OeKOB, HapyIIAIOIINE KIICTOUHBIH
romeocrtas [14]. O6cyxmaemMblii METAOOIUT SIBISET-
Csl TOHOPOM BHYTPHUKJIETOYHOTO IUCTEHHA, YYaCTBY-
€T B CHHTE3¢ OKCHJIa a30Ta, BBIIOIHSIET POJIb THOJIO-
BOro Oydepa /Ui HEKOTOPBIX BHYTPUKJIETOUYHBIX O€II-
KOB (METAJUIOTHOHENH, THOPEIOKCHH), CIIOCOOCTBYET
BOCCTAHOBJICHUIO (DYHKIIMI IPYTUX aHTHOKCHIAHTOB
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(Toxodepousl, ackopOar) [15]. M3-3a B3aumoseiicTBus
BOCCTaHOBJIEHHOH M OKHCIEHHOHN (DOPMBI IITyTaTHOHA
C psiioM OenkoB U (DePMEHTOB, OH OKa3bIBACT PETYIH-
pyolliee BIMSHUE Ha YTIIEBOIHBIN, JTUITATHBIN, OSITKO-
BbIil 00MeHbI [16]. [ToMrMo 3TOTO OH TaKKe MPUHH-
MaeT y4acTHe B CHHTe3€e OeJIKOB TEILIOBOTO 110Ka, 00-
yCIIaBIMBas 3aIIUTY KJIETKH OT JAeHaTypaluu, IyTeM
penaryparuu [17]. Ucxons u3 Toro, 94To 3asBICHHBINA
TPUIIETITU/ SIBJISIETCS ITHPOKO PACIIPOCTPAHEHHBIM BO
BCEX DYKapUOTUYECKUX KIIETKaX, M IIPH CTPECcax ero
1y ObicTpo uctomiaercs [18,19], npuMeHeHue Tako-
BOTO TIepe]] MHKyOanuei it rapMOHU3aIHi MeTabo-
JIU3Ma MOMYJISIPHBIX BUJIOB CEJILCKOXO035UCTBEHHOM
MITUIIBI SIBIISIETCS AKTYaJIbHBIM.

Lenb paboThI: H3yIHTH OCOOSHHOCTH METa00IN3-
Ma y MOMYJISIPHBIX BUAOB CEIbCKOX03SHCTBEHHON MTH-
LIbI [IPY TPAHCOBAPHAIILHOM IPUMEHEHU Y TITyTaTHOHA.

MATEPHAJIBI U METOJbI
HUCCJIEJOBAHUM

OKCIEPUMEHT IIPOBOIWIIN B YCIOBUSIX bpoHHHIIKOM
nruuedadpuxu, CI'H «3aropckoe DI1X» — dunuan
OHL BHUTHUIT PAH, Hlenunosckoii ntunedadpu-
KM, a TaKkXke Ha Kadeape XMMUM UMEHHU mpodecco-
poB C. 1. Adonckoro, A. I. Mamaxosa ®I'bOY BO
MI'ABMub — MBA nmenn K. . CkpsOuna u B 11a-
ooparopun «Heoset». [[ns ocymiecTBieHus orbITa
B [IapTUH OBbLIX B3SITHI: Al1a HHJIEEK Kpocca «Xanopua
Kongeptep» (o 208 mtyk B Kaxayr), Kyp Kpocca
«Pocc 308» (1o 252 mTyKH B KaXIYI0) U MEPEIEIOB
STIOHCKOM TTOpobI (1o 250 MTyK B KaXKIYIO), IPH CO-
OJIOIEHNY TIPUHITUIIA aHAJIOTOB JUTS KaXI0TO BHIA
CEITLCKOXO03SHICTBEHHOM MTHIIBL, @ IMEHHO: CPOKOB CHE-
CEeHMsI, XpaHeHusl, Macchl. ONBITHBIEC APTHH OpPOILIa-
JIM ONITUMAJTEHBIM PACTBOPOM INIyTaTHOHA, KOHIIEHTpa-
IUs KOTOPOTO ObLIA BBISIBIIEHA B CEPUH ITPEAIIECCTBYIO-
IIUX dKCTIepUMEeHToB — 2,5 % [20,21,22]. KonTponu
o0paboTtke He moaBepranu. JKuByIO Maccy CyTOYHO-
IO MOJIOAHSIKA ONPEACIISIIN C ITIOMOILBIO BECOB MAPKH
KIL20-Series ¢ Tounoctsio 7o 0,001 . Pacuét BeIBO#A
UBIIUIAT ¥ BBIBOAUMOCTH STUII IPOBOJIMIIN, OCHOBBIBA-
sICh Ha pekoMeHaIusx beccapabosa b. @. (2015) [2].

Jist uccnenoBanns OMOXMMHYECKUX TMOKa3are-
JIeH MCTIONIb30BANIH LENbHYIO KPOBb U CHIBOPOTKY CY-
TOYHBIX MH/IOIIAT, EPEHEIST U UBIUIAT B CyTOUHOM
BO3pACTE ONBITHOW U KOHTPOJIbHOU rpymi. M3yueHnue
JTAHHBIX MTAPaMETPOB KPOBH IMPOBOJIMIIN C HCIIOJIb30Ba-
HHeM OnoxuMuaeckoro ananm3aropa Dirui CS-600B.

Hapsiny ¢ 3TuM cyTOUHBIA MOJIOIHSAK OLIEHUBA-
M o KputepusMm kadectBa mmkan «Ilacrap» (pe-
(riekc epeBopoTa co CIIMHBI Ha HOTH, COCTOSTHHE ITY-
MOYHOTO KOJIbIIA, IUTFOCHBI HOT, MaJIbIeB M JKUBOTA)
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u «Onructapt» (MBILIEYHBIH TOHYC (TTIOABEM TOJIOBBI
B TIOJIOKCHUH «IIPOBHC TOJIOBOM BHU3Y), pedlieKc me-
PEBOPOTa CO CIMHBI HA HOTH, COCTOSHHE MyIIOYHOTO
KOJIBLIA, KIIFOBA U JKUBOTA) B COOTBETCTBHH C METO/THU-
kot E. O. Enmmaxosoii (2013) [23].

TTonydeHHbIH B X0/1€ HAYYHO-UCCIIEA0BATEIbCKON
paboThI LM(POBOH MaTepHa MOABEPraIn CTaTUCTHYC-
CKOll 00paboTke npu nmomoiuu Kpurepus: CThioneHTa
C UcTonb30BaHueM mporpamMmel Microsoft Excel [24].
Pesynbrar cuntanu nocrosepabiMu mpH p < 0,05 (*-
p <0,05; ¥*- p <0,01; ***- p <0,001).

PE3YJIBTATHI UCCJEJOBAHUMN
N OBCYXKIAEHUE

TpancoBapuasbHas 00pabOTKa sIUIl ONTHMAaIbHON
KOHIIEHTpAIMel pacTBOpa IITyTaTHOHA CII0COOCTBOBA-
Jla YBEJIMUCHHUIO BHIBO/IA MOJIOJHSKA ¥ BHIBOJUMOCTH
SIAI B ONBITHBIX Tpymmax. Tak, pa3sHuIa Mo TaHHBIM
MOKa3aTesIsiM MEX]Ty OIBITOM M KOHTPOJIEM y HHIIFO-
mar cocrasuna 3,9 u 1,2 %, y nepenenst 7,6 u 4,4 %,
y ubtmat 4,0 u 3,6 % (nuarpamma 1), cOOTBETCTBEH-
HO. 13 9TOTO Crienyet, 4to HanOobIIUA 3P QEKT MOBbI-
IIEHUS KU3HECTIOCOOHOCTH OBIT 3aHKCUPOBAH y Tie-
pernenoB. Brlieyka3aHHbIE TPEUMYIIIECTBA OT TIPUMe-
HEHUS JaHHOTO TPUIIENITH/IA COIIPOBOXKIATHCH PSIOM
W3MEHEHUI MeTa0oIu3Ma y H3y4aeMbIX BHJIOB CEJIb-
CKOXO3SIMCTBEHHOM MTHUIIHI.

Kax BunmHO 13 Ta0muiie! 1, y Bcex mpencTaBuTenei
OTIBITHBIX TPy 3a(hUKCHPOBaHA HEKOTOpast TEHICH-
1S K CHIOKEHUIO MHTEHCHBHOCTH OEIIKOBOTO OOMEHa.
Tak, y mepenensT U UbIUIT KOHIIEHTPAUs 00IIero
Oenka ymenbimnach Ha 4,2 u 6,9 %, anbOyMuHOB Ha
7,2 % (p <0,05)19,9 % (p <0,05), COOTBETCTBEHHO.
‘YkazaHHOE He TT03BOJIHIIO TIOJTYYUTh ITO3UTHBHYIO Pa3-
HUILY 10 TTOKA3aTesIsiM JKMBOHM Macchl, OHa ObLTa (hak-
TUYECKH paBHO3HAYHA KOHTPOITIO Y 00CYK/TaeMbIX BH-
JoB ¢/x nruy (tadmn. 2). [Ipu sToM y nnatomar 06110
OTMEYEHO HaUMEHEE 3HAYUTEIbHOE YMEHbBIIIEHUE 00-
miero 6enka Ha 1,2 % npu MOBBIIIEHNH alTbOYyMUHOB Ha
5,8 %, 3T0 BepOSATHO, TIO3BOIIIIIO TTOTYYUTh HEKOTOPOE
MPEeUMYIIECTBO 10 XHUBOHM Macce Ha 2,5 % (p < 0,01)
OTHOCHUTEIILHO KOHTPOJIBHOH TPYIIIIBL

[Ipu 3TOM MOBBINICHHE UHTEHCHBHOCTH YIJIe-
BOJIHOTO OOMEHa ObLIO 3a)UKCHPOBAHO Y MEPETEIAT
1 LBIIUISIT, 32 CYET YBEIIMYCHHUS KOHIICHTPAIIUH TITFOKO-
3Bl B KPOBU OTHOCHUTEIHHO KOHTpOist Ha 20,8 % u Ha
1,6 %, aKTUBHOCTU O-aMUJIa3bl B CHIBOPOTKE KPOBU
B 1,5 pa3a u Ha 8,5 %, npu cumwxenuu JIJII" va 7,8 %
u Ha 21,5 % — 3TO CBUJETENBCTBYET 00 yMEHBIIIC-
HUH JIOJIA aHadPOOHOTO TIIMKOJIU3a U, BEPOSTHO, YBe-
JUYIEHUH a3pOOHOTO, 9TO HEOOXOTUMO IS YTy UIICHHUS
9HEProoOECIICUCHISI OPTaHOB M TKaHEH pa3BUBAOIIICH-
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ciA OC06H, a Tak)Ke MO3BOJIMJIO TTOBBICUTEH BUTAIbHBIN
MOTEHIMAJ y IPEICTABUTENIEH ONBITHBIX IPYII OT-
HOCHUTEIHHO KOHTpoIsa (muarpamma 1). [To maHHBIM
Huxunrnna 0. U. (2006), nonyyaemass opraHu3MoM
SHEPTHUsl B IEPBYIO OUYepeIb HAPABIISICTCS HA MOAAEP-
YKaHUe )KU3Heo0eceueH s, YT0 BO MHOTOM COTJIacy-
€TCs C JTaHHBIMH, TPEJCTABJICHHBIMH B HaIlCH pabo-
Te [25]. B cBOIO 0Uepens y MHAIOIIAT OBLIO OTMEUYECHO
CHW)KEHHME KOHLIEHTPALUU [IIIOKO3bI Ha 6,7 %, pu 1o-

BBIIICHUH aKTHBHOCTH o-amuiasbl Ha 47 %, JIJII Ha
40,5 %, 9TO MOXKET yKa3bIBaTh PUCKH UCTOIICHHUS YT -
JICBOJIOB, Pa3BUTHE JIAKTOAIM103a U TIOBBIIICHUE aK-
TUBHOCTH OCCKUCIOPOJHOTO TIMKOJIN3a, YTO CBHUJIC-
TEIBCTBYET O MOBBINICHUH HAMPSKSHHOCTH, TIPEKIIC
BCEr0, SHEPreTUYSCKOro OOMEHa. 3asBICHHOE OIpe-
JICJIAJIO0 MEHEE BBIPAKCHHOE IPEUMYIIECCTBO OTHOCH-
TEJILHO JIPYTUX BUIOB CEIbCKOXO3SHCTBECHHON MTHIIBI
10 AMOPUOHATBHOM YKU3HECTIOCOOHOCTH.

Juarpamma 1

Bv1600 monoonsxa u 661600umocmu suy

BriBoz cyTouHoro monoansaxa, %
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Tao6auna 1
EMOXMMHHECKue nokasameijii Kpoeu u Cbl6OpOmMKu Kpoeu MO/ZOOH}ZKCZ CYymo4Ho2o eo3pacma, n = 5
I'pynna Muromara Ilepenensra Hpimisara
HOKaSaTeH KOHTpOJILHaH OIIBITHAsL KOHTpOJIbHaH OIIBITHAsL KOHTpO.HbHa;[ OIIbITHAA
ng““ 010k, | 9544028 | 2514033 | 2204022 | 218021 | 25024013 | 2330%0.18
AnpOymun, /| 6,18+0,08 |  6,54+0,12 | 724+009 | 672+0,11"| 9,48+0.21 8,54 £0,17°
g'/iM““aBa’ 3164+ 1,96 | 46524247 | 2546+294 | 374,8+2,15 | 1084,6 6,67 | 1176,4+ 6,01
Tmoxosa, 13,4+ 0,06 12,5+0,12 11,5+0,22 13,9+0,09 | 13,57£0,02 | 13,79+0,03
MMOJIB/JI
JUIT, E/n 2452,8 £2,82 | 34450 +4,07 | 1306,4+3,57 | 1205,0£3,22 | 1265,6 2,16 | 1041,0 2,39
Tpurnuue-
pHIBL, 0,88+ 0,01 1,53+ 0,02 1,02+ 0,01 0,86+0,02 | 0,65+0,02 | 0,59+0,01°
MMOJIB/JI
Jlunasa, E/n 8,44 + 0,1 9,00+ 0,1° 61,7+0,44 | 53,6+0,50 | 11,78+0,09 | 9,62+0,10

31ech 1 gajaee

" p<0,05
" p<0,01
= p<0,001
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W3menenune nunmuaHOro oOMeHa y WHIIOIIAT CO-
MIPOBOXKIAIOCH TIOBBIIIIEHUEM aKTUBHOCTH JIUTIA3bI, KO-
TOpasi JOCTOBEPHO MOBBICHIIACh Ha 6,6 % (p < 0,05),
1 KOHLIEHTpALUU TPUIIULEPUI0B Ha 73,9 %, uto Mo-
JKET CBHJICTEIILCTBOBATh 00 OTCYTCTBHUH HX Iepepac-

X0Jla B NMPEALIECTBYIOMINE IEPUOIBI IMOpPHOTEHE3a,
BEPOSITHO, CO3/1aB MPEINOCHUIKYA K HAaMOOIBIIEH pa3-
HHIIBI OTHOCUTEIBHO KOHTPOJIS IO CPAaBHEHHIO C JIPY-
THMH BHIAMH NITHII 110 KpuTepusMm mmkan «[lacrap»
u «Onrtucrapr» (Tadm. 3).

Taoauma 2
Macca cymounvix unorowiam, nepenenam u yeinaam, (n =5), e
Mugromara Ilepenensra Lpimisata
ITokazareinb
KOHTPOJIb OTIBIT KOHTPOJIb OTIBIT KOHTPOJIb OTIBIT
XKwusast macca | 60,55+0,20 | 62,05+0,23" | 8,716 +0,131 | 8,718 0,155 45,6 £1,94 46,5+ 1,85

B cBoro ouepenp y nepenensiT U UbIUIAT ObLI0 3a-
(bUKCHPOBAaHO CHM)KEHHE TpUIIHLEepuaoB Ha 15,7 %
nua9,2 % (p <0,05), mpy yMEHbLICHUN aKTUBHOCTH
nunasel Ha 13,1 % Ha 18,3 %.

VYkazaHHOE MOXET OBbITh OOYCIIOBIIEHO TEM, YTO
B TIPEBIyIIHE 3TAnbl IMOPHOTEeHe3a y NaHHBIX BH-
JIOB ITHL 60JIee HHTEHCUBHO MOJIEPKUBAJICS IHEPIO-
0OMEH 3a CU€T JMIUAOB, YTO MPUBEIIO K HEKOTOPOMY
HCTOLIEHMIO UX 3aracoB [ 7] AJis aJleKBaTHOT'O SHEPTO-

obecrieueHusT SMOPHOHA, B YaCTHOCTH Ha dTaIe, Ko-
ra ¢ pocToM (QYHKIIHOHATLHOCTH aJNIAHTOKCA, B OP-
raHU3Me YBEIMYMBACTCsl KOHIEHTPALUS KHCIOpO/a,
KPUTUYECKH HEOOXOIMMOTO ISl pPacUICIUICHUS KHP-
HBIX KHUCJIOT (COCTaBHHIOHII/IX J'II/IHI/I):[BI) Ha 3HepI'I/IIO,
YTO OTYACTH MOATBEPIKIACTCS 00Jiee BBIPAKECHHBIM
CHIDKCHHEM KaTerophil OTXOIOB MHKYOAIlMK B BHJIC
«KPOBSTHBIX KOJICI» Y MPEJICTaBUTEINEH 00CYKIaeMbIX
OTIBITHBIX TPYIII, OTHOCUTEIHHO HUHJIECK.

Tabauua 3
Kauecmeo monoousika 6 cymounom eospacme no wikaiam «Ilaceapy u «Onmucmapmy, 6ann, n = 10
MNugromara Ilepenensra Lpimisata
ITokazareinb
KOHTPOJIb OTIBIT KOHTPOJIb OTIBIT KOHTPOJIb OTIBIT
COBOKYMHBIH
KpHUTEpUii 9,3+£0,42 9,8+£0,13 9,3 £0,40 9,5+0,17 9,6 £0,31 9,9+£0,10
«ITacrap»
COBOKYIHBIH
KpUTEPHiA 9,1 +£0,48 9,7+0,21 9,0 £ 0,40 9,3+£0,34 9,4+0,34 9,8+£0,20
«Omnrucrapm»
3AKJIFOYEHHUE MeTabosM3Ma — C KU3IHECIIOCOOHOCTRIO. YKa3aHHOE

TpaHcoBapuallbHOE NMPUMEHEHUE ONTHMAIBHON
KOHI[CHTPAIMK TIYyTaTHOHA OMPEIEIUI0 MOBHIIIE-
HUE SMOPHOHAILHOHN )KU3HECHOCOOHOCTH Y BeeX 00-
CYXJa€MbIX BHUJIOB CEJILCKOXO35MCTBEHHOMN MTHUIIBI.
Taxoke 6bUT0 3a(UKCHPOBAHO, YTO OOMEHHBIE TTPOIIEeC-
CBI OAJTAHCHUPYIOT «HA TPAHM», 34 CYET YeTo U OBLIO J10-
CTUTHYTO HEKOTOPOE YBEIHUEHHE ITOKA3aTelel BBIBO-
JIa MOJIOJTHSIKA M BEIBOJIMMOCTH STUI] Y OTIBITHBIX TPYIIL,
OJIHAKO HE IMOJIYYEHO 3HAYMMBIX Pa3JIUUUi 110 JKUBOU
Macce OTHOCUTEIIBHO KOHTpouIst. [Ipu 3TOM HY>KHO OT-
METHUTh, YTO HHTEHCUBHOCTH OEJIKOBOI0 OOMEHa MMe-
eT YETKYIO acCOIHMAIINIO, MPEXK/IE BCETo, C MoKa3are-
JISIMU JKUBOM MaccChbl, @ UTHTEHCHBHOCTh YIJIEBOHOTO

CO34acCT NCPCICKTUBLL HCO6XO,[[I/IMOCTI/I JOIIOJTHUTECIIb-
HOT'O BBEACHU JAHHOTO TPUIICTITUAA B ITOCJICAYOINEC
JTaIlbl OHTOI'CHE3a, a JJIsd HpCILBIHKY6aIII/IOHHOFO uc-
ITOJIb30BaHUA — IIPOBCACHUC Z[Opa6OTKI/I KOMIIO3UIINH
BEIIECTBAMU YKPCIUIAOIINUMU MeTa00JIU3M.
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Abstract. Poultry has a high metabolic rate, which is accompanied by increased physiological stress on their bod-
ies, increasing the risk of failure of stress-resistance mechanisms. All metabolic processes are interconnected, so
it is especially important to consider them holistically. Studying these processes in various poultry species and
crosses significantly enhances our understanding of the physiological features of young poultry growth and de-
velopment. This article examines the transovarial effect of the antioxidant glutathione on the metabolism of the
most popular poultry species in a comparative aspect. Thus, there was a tendency to a certain depletion of protein
metabolism in all poultry species discussed, which did not allow for superiority in live weight, relative to the con-
trol. At the same time, the least significant changes in this regard were recorded in turkeys, which, however, de-
termined some positive trend in this indicator. In turn, carbohydrate metabolism tended to intensify, which led to
higher rates of embryonic viability — hatchability of young poultry and capacity of egg hatching: in turkey
poults — by 3.9 and 1.2 %, in quail poults — by 7.6 and 4.4 %, in chicks — by 4.0 and 3.6 % respectively. The
least pronounced intensification effect was observed in turkeys, resulting in minimal gains in the vital markers
discussed. Moreover, a slight decrease in lipid metabolism in chicks and quail poults likely indicates their over-
consumption in previous periods to adequately supply the embryo with energy, particularly during the stage when,
with the growth of allantois functionality, the body’s oxygen concentration increases, which is necessary for the
breakdown of fatty acids (which make up lipids) into energy. This is partly confirmed by the reduction in the cat-
egories of incubation waste, such as “blood rings,” in the representatives of these poultry species. Whereas tur-
keys showed a tendency to activate lipid metabolism, determining their advantage according to the objective and
subjective criteria of the Pasgar and Optistart scales, relative to other poultry species.

Keywords: glutathione, chicks, turkey poults, quail poults, metabolism, embryogenesis

High metabolic rates are a biological characteristic
of poultry, leading to rapid growth and high productivi-
ty/yield. This inevitably leads to increased stress on the
young poultry, reducing their resistance to stress [1, 2].

As it is well known, monitoring the biochemical
status of poultry at various stages of ontogenesis is es-
sential to assess their physiological state and promptly
prevent and mitigate metabolic disturbances [3]. This
is especially important during the early postembryon-
ic period (1—3 days after hatching), as this is when
the young poultry experience maximum strain on their
adaptive mechanisms due to the incomplete develop-

ment of key physiological systems, the simultaneous
intense functioning and growth of organs, and the in-
creased stress associated with the specifics of the pro-
duction cycle [4].

All biochemical processes are interconnected and
are carried out with the direct participation of hor-
mones and enzymes strictly specific for each biochem-
ical reaction [1]. It follows that a change in the activ-
ity or direction of one of the metabolisms can disrupt
the balance of the entire metabolism as a whole [1].
For example, protein metabolism has a primary effect
on the growth and development of poultry [5]. During
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embryogenesis, the consumption of proteins from the
protein sac by the embryo determines the activation of
protein metabolism, which contributes to an increase
in its mass and the formation of plumage [2]. In turn,
lipids are the main source of energy in the development
of the bird embryo, especially in the middle of incu-
bation and a structural component of cell membranes
[6,7]. Whereas, carbohydrate metabolism plays a key
role in embryogenesis, in particular during periods of
hypoxia, especially at the hatching stage [8]. Rapid
growth of the embryo requires large amounts of ener-
gy. Glycogen reserves in the liver and muscles are of-
ten insufficient to meet all the metabolic needs of the
embryo, particularly during the last days of embryo-
genesis due to exhaustion in the preceding periods as
a result of high stress loads caused by imperfect in-
dustrial incubation. Low glycogen concentration in the
liver directly correlates with an extension of the hatch-
ing period and low hatchling weight [8,9]. To maintain
blood glucose levels, the embryo is forced to synthe-
size energy by alternative means, for example, through
gluconeogenesis using glycerol (formed after lipoly-
sis) or amino acids (after proteolysis with subsequent
protein degradation) as a substrate, which negatively
affects its development. Due to the fact that carbohy-
drates are quickly depleted in the egg, especially un-
der increased stress loads, glycogen reserves can begin
to restore only after the hatched young poultry have
access to food [8,10]. Thus, protein, lipid and carbo-
hydrate metabolism are interconnected, and their in-
tensity at the physiologically necessary level is criti-
cal for the high-quality development of the individu-
al. Disruption of their balance during embryogenesis
causes negative consequences in subsequent ontogen-
esis. Understanding the dynamics of metabolic chang-
es during embryogenesis and after hatching of young
poultry significantly expands knowledge about the
physiological characteristics of poultry development
[1, 6]. In this regard, a detailed study of the metabol-
ic characteristics in the embryonic and postembryon-
ic periods will allow for cost-effective, at the same
time correct, scientifically sound improvement of ar-
tificial incubation, optimization of the growth and de-
velopment processes of the individual, which is espe-
cially important both for its high productivity and for
the further rearing of poultry. It should be taken into
account that the species, breed, cross, productivity di-
rection and other individual characteristics also have a
significant effect on the intensity of metabolic process-
es in an individual [11]. In this regard, it is important
to conduct a thorough study and analysis of the meta-
bolic features of popular poultry species in a compara-
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tive perspective, which will allow to find a competent,
highly effective approach to their correction and ob-
tain more viable young poultry with high quality and
productivity indicators.

To maintain the intensity of metabolic processes
under conditions of increased stress and to obtain bio-
logically complete individuals, many scientists recom-
mend the use of natural metabolites [12,13]. However,
it should be taken into account that the effect of the
same biostimulants on the metabolism of various poul-
try species may differ and not always produce the same
manifested and long-term effect, therefore it is nec-
essary to assess their effect not only immediately af-
ter exposure to a biological object, but, most impor-
tantly, in more distant periods of ontogenesis. In this
study, we used glutathione — a tripeptide consisting
of glutamic acid, glycine and cysteine, present in all
eukaryotic cells, the main function of which is the in-
activation of toxic free radicals that determine dam-
age to DNA, lipids, proteins, disrupting cellular ho-
meostasis [14]. The metabolite in question is a donor
of intracellular cysteine, participates in the synthesis
of nitric oxide, acts as a thiol buffer for some intracel-
lular proteins (metallothionein, thioredoxin), and pro-
motes the restoration of the functions of other antioxi-
dants (tocopherols, ascorbate) [ 15]. Due to the interac-
tion of the reduced and oxidized forms of glutathione
with a number of proteins and enzymes, it has a regu-
latory effect on carbohydrate, lipid and protein metab-
olism [16]. In addition, it is also involved in the syn-
thesis of heat shock proteins, providing protection of
the cell from denaturation by renaturation [17].

Given that the claimed tripeptide is widespread
in all eukaryotic cells and its pool is rapidly depleted
under stress [18,19], its use before incubation to har-
monize the metabolism of popular poultry species is
relevant.

The research objective is to study the metabolic
characteristics of popular poultry species in case of
transovarial administration of glutathione.

MATERIAL AND METHODS

The experiment was conducted at Bronnitskaya
Poultry Farm, SGC “Zagorskoe EBF” — branch of the
FSC “ARRTPI” of the RAS, Shepilovskaya Poultry
Farm, also at the Department of Chemistry named af-
ter S. I. Afonskiy and A. G. Malakhov of Moscow State
Academy of Veterinary Medicine and Biotechnology
named after K. I. Skryabin and the Neovet laborato-
ry. The following eggs were used for the experiment:
eggs from Hybrid Converter turkeys (208 eggs each),
Ross 308 chicks (252 eggs each), and Japanese quail
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(250 eggs each), all with the same principles for each
poultry species, namely, laying time, storage time and
weight. Experimental lots were irrigated with an op-
timal glutathione solution, the concentration of which
had been determined in a series of previous experi-
ments — 2.5 % [20—22].

The controls were not treated. The live weight of
day-old chicks was determined using a KL20-Series
scale with an accuracy of 0.001 g. Hatchability of
chicks and capacity of egg hatching were calculated
based on the recommendations of Bessarabov B. F.
(2015) [2].

Whole blood and serum from day-old turkey
poults, quail poults and day-old chicks in the experi-
mental and control groups were used to study biochem-
ical indicators. These blood parameters were analyzed
using a Dirui CS-600B biochemical analyzer.

In addition, day-old chicks were assessed accord-
ing to the quality criteria of the Pasgar scale (the roll-
over reflex, the condition of the umbilical ring, metatar-
sus, toes and abdomen) and the Optistart scale (muscle

tone (head lift in the “head-down” position), the roll-
over reflex, the condition of the umbilical ring, beak
and abdomen) in accordance with the methodology of
E. E. Epimakhova (2013) [23].

The digital material obtained during the research
work was subjected to statistical processing using the
Student’s t-test in Microsoft Excel [24]. The result was
considered significant at p < 0.05 (* —p < 0.05; ** —
p <0.01; ¥** — p <0.001).

STUDY RESULTS AND DISCUSSION

Transovarian treatment of eggs with an optimal
concentration of glutathione solution increased the
hatchability of young poultry and capacity of egg
hatching in the experimental groups. The differences
in these indicators between the experimental and con-
trol groups were 3.9 and 1.2 % for turkey poults, 7.6
and 4.4 % — for quail poults, and 4.0 and 3.6 % —
for chicks (Chart 1) respectively. This suggests that
the greatest improvement in viability was observed
in quail.

Chart 1

Hatchability of young poultry and capacity of egg hatching

Hatchability of daily young poultry, %

mControl W Experiment

g7.9871.83 o
2.2

II ﬂdﬁi

Turkey poults Quail poults Chicks

The aforementioned benefits of using this tripep-
tide were accompanied by a number of metabolic
changes in the studied poultry species. As can be seen
from Table 1, all experimental groups showed a slight
tendency toward a decrease in protein metabolism.
Thus, in quail poults and chicks, total protein concen-
tration decreased by 4.2 and 6.9 %, and albumin —
by 7.2 % (p < 0.05) and 9.9 % (p < 0.05), respective-
ly. This did not result in a positive difference in live
weight indicators; it was essentially equivalent to the
control group for the discussed poultry species (Table
2). Turkey poults, however, showed the least signifi-
cant decrease in total protein by 1.2 % with an increase
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Capacity of egg hatching, %
mControl  mExperiment
93.17

091.96 I

86.09
83.12

79.48 I

81.74

Turkey poults Quail poults Chicks

in albumin by 5.8 %. This likely contributed to a slight
advantage in live weight by 2.5 % (p < 0.01), relative
to the control group.

Moreover, an increase in the intensity of carbo-
hydrate metabolism was recorded in quail poults and
chicks, due to an increase in the concentration of glu-
cose in the blood, relative to the control by 20.8 and
1.6 %, the activity of a-amylase in the blood serum —
by 1.5 times and 8.5 %, with a decrease in LDH by 7.8
and 21.5 %. This indicates a decrease in the propor-
tion of anaerobic glycolysis and, probably, an increase
in aerobic, which is necessary to improve the energy
supply of organs and tissues of a developing individ-
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ual, and also made it possible to increase the vital po-
tential of representatives of the experimental groups,
relative to the control (Chart 1). According to Nikitin
Yu. 1. (2006), the energy received by the body is pri-
marily directed to maintaining life support, which is
largely consistent with the data presented in our work
[25]. In turn, turkey poults showed a 6.7 % decrease
in glucose concentration, with an increase in o-am-
ylase activity by 47 % and LDH — by 40.5 %. This
may indicate risks of carbohydrate depletion, the de-
velopment of lactic acidosis, and an increase in anox-
ic glycolysis, indicating increased stress, primarily in

energy metabolism. This finding revealed a less pro-
nounced advantage relative to other poultry species in
terms of embryo viability.

Changes in lipid metabolism in turkey poults were
accompanied by an increase in lipase activity, which
significantly increased by 6.6 % (p <0.05), and tri-
glyceride concentration — by 73.9 %. This may in-
dicate the absence of excess consumption during the
preceding periods of embryogenesis, likely creating
the preconditions for the greatest difference, relative
to the control, compared to other poultry species, ac-
cording to the Pasgar and Optistart scales (Table 3).

Table 1
Biochemical indicators of blood and serum of day-old young poultry, n = 5
Group Turkey poults Quail poults Chicks

Indicator control experimental control experimental control experimental
g/oﬁal profeli | 5544028 | 251033 | 2204022 | 21.8+021 | 2502+0.13 | 2330+0.18
Albumin, g/L 6.18+£0.08 6.54+£0.12 7.24 £0.09 6.72+£0.11" 9.48 £0.21 8.54+0.17
v /*‘Lmylase’ 3164196 | 4652+247 | 2546+294 | 3748+2.15 | 1084.6+6.67 | 1176.4+6.01
Glucose, 1344006 | 125+0.12 | 115+022 | 1394009 | 1357+0.02 | 13.79+0.03
mmol/L
LDH, U/L 2452.8 £2.82 | 3445.0+4.07 | 1306.4 +3.57 | 1205.0£3.22 | 1265.6+2.16 | 1041.0 £2.39
Triglycerides, | (081001 | 1534002 | 1.02£001 | 086+0.02 | 065£002 | 0.59+0.01°
mmol/L
Lipase, U/L 8.44+0.1 9.00+0.1" 61.7+£0.44 53.6 £0.50 11.78 £ 0.09 9.62+0.10

Here and further:

" p<0.05
" p<0.01
= <0.001
Table 2
Weight of day-old turkey poults, quail poults and chicks (n = 5), g
Turkey poults Quail poults Chicks
Indicators
control experimental control experimental control experimental
Live weight 60.55+£0.20 | 62.05+0.23" | 8.716 £0.131 | 8.718+0.155 | 45.6+1.94 46.5+1.85

In turn, quail poults and chicks showed a decrease
in triglycerides by 15.7 and 9.2 % (p < 0.05), with a
decrease in lipase activity by 13.1 and 18.3 %. This
may be due to the fact that at the previous stages of
embryogenesis in these poultry species, energy metab-
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olism was more intensively maintained due to lipids,
which led to some depletion of their reserves [7] for
adequate energy supply of the embryo, in particular at
the stage when, with the growth of the functionality of
the allantois, the concentration of oxygen in the body
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increases, which is critically necessary for the break-
down of fatty acids (which make up lipids) into ener-
gy, which is partly confirmed by a more pronounced

decrease in the categories of incubation waste in the
form of “blood rings” in representatives of the dis-
cussed experimental groups, relative to turkeys.

Table 3
Quality of day-old young poultry according to the Pasgar and Optistart
Turkey poults Quail poults Chicks
Indicators
control experimental control experimental control experimental

The Pasgar
aggregate 9.3+0.42 9.8+0.13 9.3+0.40 9.5+0.17 9.6 +0.31 9.9+0.10
criterion
The Optistart
aggregate 9.1+0.48 9.7+0.21 9.0+0.40 93+0.34 9.4+0.34 9.8+0.20
criterion

4. Azarnova T. O. Scientific and practical aspects of oxi-

CONCLUSION

Transovarian administration of optimal glutathione
concentrations resulted in increased embryonic viabil-
ity in all poultry species discussed. Metabolic process-
es were also found to be “on the edge,” due to which
a slight increase in the hatchability of young poultry
and capacity of egg hatching was achieved in the ex-
perimental groups. However, no significant differenc-
es in live weight were observed, compared to the con-
trol group. It should be noted that protein metabolism
is clearly associated primarily with live weight, while
carbohydrate metabolism is associated with viability.
This suggests the need for additional administration
of this tripeptide during subsequent stages of devel-
opment, and for pre-incubation use, the composition
should be supplemented with substances that enhance
metabolism.
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TPEX®A3HAS MOJIEJIb CTAHOBJEHUA UMMYHHOMH
CUCTEMBI Y IOPOCAT B PAHHUM NOCTHATAJBHBIA
MMEPUO/I: UHTETPAIIMSI TOPMOHAJIBHOM,
IUTOKMHOBOM U METABOJIMYECKOM PEI'YJISIIIUA

EBrenunii Bnagumuposuy Muxaiision

Bcepoccutickuil Hayuno-uccied08amenscKull 6emepuHapHbill UHCIMUNYm Namoaio2u,
¢apmaronozuu u mepanuu, Boponesic, Poccus, voronezh81@rambler.ru

AHHOTanus. PaHHUI NOCTHATANBHBINA NEPUOJ SBISAETCS KPUTUUECKUM JUIsl IPOrpaMMUPOBaHUS UMMYHHOM CH-
CTEMBI MTOPOCAT, OHAKO MEXaHU3MbI KOOPAWHAIINY MEXTy YHIOKPUHHON, IMMYHHOH M MHUKPOOWOTHOW CHCTe-
MaMH OCTAlOTCS HEOCTAaTOYHO N3yUCHHBIMH. BBIsABICHNE 3aKOHOMEPHOCTEH CTAHOBICHHUSI UMMYHHON CHCTEMBI
y MOPOCAT B 3TOT MEPUOJ M YCTAHOBICHNE CHCTEMHBIX B3aMMOCBSA3EH MEXy TOPMOHAIBHBIM CTaTyCOM, ITUTO-
KHHOBBIM TTpodrieM 1 MeTaboINIeCKOH aKTHBHOCTHIO KUIIIEYHOTO MIUKPOOHNOMA SIBIISETCS OTHON M3 OCHOBHBIX
3anad. MccnenoBanme nposeneHo Ha 20 mopocstax-HopMoTpodukax B Bozpacte 1, 7, 14 u 21 nens. Onpenerne-
HBI TOPMOHBI (KOPTH30J1, TUMYIUH MeTofoM M®PA); nutokunsl B kpoBu U kumeunuke (IL-13, TNF-o, IFN-a,
TGF-B, IL-8, IL-4, IFN-y metogom RT-qPCR); mapkepsr npommdepanuu u guddepeHInpoBKrd TUMPOIIUTOBR
(Ki-67, CD-3*, PAX-5 MeTonoM MMMYHOTHCTOXHMHH); MeTaOoImIecKre MyTH MukpobOunoma (anamm3 KEGG/
MetaCyc). Craructiueckas 06paboTka BKIFOUaIa KOPPENAUOHHBIN aHanu3 [InpcoHa 1 MHOKECTBEHHYIO pe-
rpeccuro. YcTaHOBJIEeHA TpEéx(asHas AMHAMHKA PAa3BUTHS HMMYHHOU CHCTEMBbI, BKJIoUaromas (asy amganranun
(1—7 nan) — muk kopTH30Ja (B 4,5 pa3za) M CHCTEMHBIH TUTIEPUHMIIMMATOPHBIA OTBET (ITOBBIIIEHUE SKCIIPEC-
cum reHoB IL-1B B 18 pa3, IFN-a B 172 pasa); a3y cradmimmzaun (7—14 qHr) — HOpMaIu3amnus TOpMOHATb-
HOTO (hOHA, CHIDKEHHIE CHCTEMHOTO BOCTIAJICHHS I aKTUBAIIHS PETYISTOPHBIX MEXaHN3MOB (TTOBBIIIIEHUE IKCITPEC-
cun TGF-B B 14 pa3); da3y co3peBanmst (14—21 gan) — noKamu3aIisi HIMMYHHOTO OTBETA B KHIIICYHHUKE (IKC-
nmoreHIansHbIN poct IL-1B, IFN-a, IL-8 mo 10000—12 600 kpar) u ¢popMupoBaHHE KHIIEYHOTO UMMYHHOTO
6aprepa. BrisiBeHBI TpH KITIOUEBBIE CHCTEMHBIE OCH: KumiedyHO-TuMycHas (IL-1P xumeannk < Ki-67 tumyc:
r=0,82), metabonuko-niponudeparnBHas (cuHTEe3 HyKIeoTHA0B <> Ki-67 Tumyc: » = 0,92) 1 aMHHOKHCIIOTHO-
BOoCTanuTeNbHasA (cuHTE3 BasmHa <> CD-3" cemesénka: » = 0,81). OOHapy)eHa HHBEpCHAsT KOPPEISAIIUSI MEKIY
CHCTEMHBIM M JIOKAJIHBIM BocnasieHueM (7 =—0,73), obecneunBaroniasi OpanbHyIO TOIepaHTHOCTh. CTaHOBIIE-
HHE IMMYHHOW CHCTEMBI ITOPOCAT MPEACTABIISET COO0H KOOPMHUPOBAHHBIN ITPOIIECC, YIIPABIAEMbI TOPMOHATb-
HBIMHU CUTHAJIAMH, C MEKCUCTEMHOW HHTETpanneil yepe3 MeTabomIuTsl MUKPOOHOTHI. BRIABICHHBIE KPUTHIECKHE
nepros! (1—7 u 14—21 aan) onmpenensioT «oKHa» I (apMaKoJIOTHIECKOW KOPPEKIINH MMMYHOAE(DUITUTHBIX
COCTOSIHUH.

KiroueBble cjoBa: IMMYyHHAsI CHCTEMa, TOPOCATA, IOCTHATAIBHBIN OHTOT€HE3, KOPTHU30JI, TAMYJINH, INTOKUHBI,
KHINEYHBIN MUKpoOHoM, MeTabonmueckue mytn, KEGG

BBEJAEHUE

Pannuii nocTHaTaabHbIN EPUO KU3HU CEIIbCKO-
XO3AWCTBEHHBIX KMUBOTHBIX XapaKTePU3yeTCS BBICO-
KO yS3BUMOCTBIO K WH()EKIIMOHHBIM areHTam, 00-
YCIOBJIEHHOW HE3pPEIOCTbI0 UMMYHHOM CUCTEMBI |1,
2]. Y mopocsT, B OTIMYHUE OT YeJIOBeKa, TPAaHCIIAIEH-
TapHas nepeaaya MMMYHOITIOOYJIHMHOB OTCYTCTBYET,
YTO JIeaeT UX MOJHOCTHIO 3aBUCHUMBIMHU OT MacCHB-
HOTO UMMYHHTETA, [10JIy4aeMOro ¢ MOJIO3UBOM B Te-

© Muxaiinos E. B., 2026
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YeHHue nepBhiX 24 yacoB xu3Hu [3, 4, 25]. IIpu atom,
kak mokaszanu lllaxoB u coaBT. [25], B KoIOCTpyME
CBHHOMATOK coaepxkutcs 73,1 = 1,69 Mr/mi obmux
MMMYHOTTIOOYJIMHOB ¢ TipeobnananneM kimacca I1gG
(83,1 %), Torga Kaxk y mopocsT NPU POKICHUU CO-
Jep KaHre MMMYHOIIIOOYTMHOB 3HAYNTEIBHO HUKE —
0,3+ 0,01 mr/mm, gocturas Makcumyma uepes 24 4
rociie norpedieHust Mmonosusa — 48,8 + 2,24 Mr/miL.
OpmHaKo 1a)e MpH aIeKBaTHOM MOJTYYSHHH KOJIOCTPY-
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Ma UMMYyHHasl CHCTEMa HOBOPOXKICHHBIX MOPOCST
ocTaércsa (PyHKIIMOHAIBHO He3penoil [26], ocoOeHHO
y THIOTPOQUKOB [5, 6], 9TO 0OYCIOBIUBACT BEICOKYIO
3200J71€Ba€MOCTh ¥ SKOHOMHUYECKHE ITOTEPH B CBUHO-
BozcTBe. KieTouHbIf IMMYHHUTET B paHHUHN MOCTHA-
TaJIbHBII IIEPUOJ] XapPAKTEPU3YETCs JICHKOLUTOIICHUEH,
mumMpormTonenueit u aeduiurom T- u B-mumdormros
110 TipréMa MOJIO3UBA, C TOCIETYIONINM TTOBBIIICHH-
eM Ha (poHe KOJIOCTPaTbHOW 3alTUThI K TPAH3UTOPHBIM
CHIKCHHEM ToKazaTenel K 14 cyTkam, oTpakarolum
epuo/ 0cabIeHUs TACCUBHOTO MUMMYHHUTETA U HavYa-
JI0 aKTUBALIUU COOCTBEHHON UMMYHHOM CUCTEMEI [26].

CoBpeMeHHBIC KOHIICTIIIMA UIMMYHHOTO OHTOTCHE-
3a paccMaTpUBAIOT Pa3BUTHE UMMYHHOW CHCTEMEBI HE
KaK U30JIMPOBAaHHBIH MTPOIIECC, a KaK PE3YIIbTaT CIO0XK-
HOM MEKCUCTEMHOM UHTErpalluy, BKIIOYAIOIeH SHI0-
KPUHHYIO PETYJISIIHIO, IMTOKHHOBBIC CETH U MeTa0o-
JMYECKYI0 aKTUBHOCTh KHUIIEYHOTO MHUKpoonoma [7,
8]. Tunoranamo-runodu3apHo-HaAMOYEUHUKOBAS OCh
(I'TH-0c¢b) UTpaeT KIIFOYEBYIO PO B MOAYIISAIINN UM-
MYHHOTO OTBETa 4Yepe3 IITFOKOKOPTHKOU/IBI, B TO Bpe-
Ms KaK THMYC-3aBHUCHMBII TOPMOH TUMYIIUH OoOecTe-
YUBAET CHEUU(UUECKYIO MOANEPKKY T-KIeTOYHOTOo
3Bena [9, 10]. B3aumogeiicTBre MeXay [IEHTpaJIbHbI-
MU (TUMYC) U TIepudeprIecKuMH (cene3éHka, TuMQo-
Y3161, KHIIEYHUK ) TUM()OUTHBIMEA OPTaHaMH KOOPIH-
HUPYETCS ITATOKHHOBBIMU CHUT'HAJIAMH, CPE/TA KOTOPBIX
ocoboe 3HaueHne npuodpeTaroT uuTepeponsl I Tuma
u Tpanchopmupytomumii pakrop pocra-f [11, 12].

B nocneanue rogp HAKOTUIEHB! YOeTUTENbHBIE JTaH-
HBIE O POJIM KUIIIEYHOTO MUKPOOHOMa KaK MeTaboI-
YECKOTO «OpraHay, 00eCIIeunBAOIIETO CHHTE3 HE3aMe-
HUMBIX AMUHOKHCJIOT, HyKJICOTHUI0OB U BATAMUHOB, He-
00XOIUMBIX Ut Tponudepanun u AuphepeHIUPOBKH
MMMYHOKOMIIETEHTHBIX KJIeTok [13, 14, 27]. B cratse
[Tapmmaa u coaBrt. [27], B paHHUI HEOHATAIBHBIN TIe-
puon y HopMoTpoduKoB TipeodnamaroT Enterococcus
cecorum, Clostridium sensu stricto 2 disporicum,
Atopobium fossor n Faecalicoccus pleomorphus, B T0
BpeMsi KaK y TUIIOTPO(HUKOB OTMEUACTCSI CHIDKCHUE BU-
JIOBOTO pazHooOpasus U AeUIMT yKa3aHHBIX BUJIOB,
YTO KOPPEJIUPYET C HU3KOM pEaKTUBHOCTHIO BPOXKIEH-
HOTO UMMYHHUTETA U JIe30pTaHu3aIen TuM(pOuIHbIX
opranoB. OTHaKO MEXaHU3MBI METa0OTHUECKON KOOP-
JUHAIIUY MEXKIY MUKPOOUOTOM 1 JIMM(MOUTHBIMHU Op-
raHam# B paHHEM MOCTHATAJILHOM TEPUOJIE U3YUCHBI
HE/I0CTaTOYHO, YTO OPAaHUYUBAET BO3SMOKHOCTH Pa3-
pabOTKM MaTOTeHEeTHYECKH 0OOCHOBAHHBIX METOOB
(hapMaKOKOpPEKIINU IMMYHOIE(DUITUTOB.

Llenp HACTOSIIIETO MCCIeIOBaHNUS — BBISIBUTH 3a-
KOHOMEPHOCTH CTaHOBJICHUSI HMMYHHOUW CHUCTEMBbI
y MOpOCST-HOPMOTPOPHUKOB B Bozpacte 1—21 neHb

N YCTaHOBUTL CUCTEMHBIC B3aMMOCBA3U MEXK Y rOPMO-
HaJIbHBIM CTaTyCOM, HUTOKMHOBBIM HpO(i)I/IJ'ICM nmerTa-
0OIMYECKOM aKTUBHOCTBIO KHIIIEYHOIO MI/IKpO6I/IOMa.

MATEPHAJIbBI U METOAbI
HUCCJIEJOBAHUSA

Uccnenosanue nposeaeno Ha 20 mopocsTax
Fi: ¢ HopmanpHON Maccoll Tena MpH POXKAECHUU
(1200—1400 1), mOMy4YEeHHBIX OT 30POBBIX CBH-
HOMAaTOK 3—5-r0 omopoca B YCJIOBHUSAX KPYIHO-
TO TIPOMBIIIIJIEHHOTO CBMHOBOJYECKOTO KOMIUIEKCa
Boponexckoii obmactu. JKUBOTHBIE COAEPKATHUCH
B COOTBETCTBUU C MPUHATBHIMU CTaHJApTaMU TEXHO-
noruu. MccrnenoBarenbckue Tpymisl chopMUpoBa-
HBI TI0 BO3pacTy: 1-i genb (n =5), 7-i neHs (n=15),
14-it nenp (n=135), 21-i1 gens (n =5). DOBTaHazuO
MIPOBOAMIIA C COONIOIEHNEM TPUHIUIIOB TyMaHHO-
ro OTHOMmIEHHs K *UBOTHBIM (dupextuBa 2010/63/
EU). KonuenTpanuio KOpTH30Jia U TUMYJIMHA B ChI-
BOPOTKE KPOBH ONpPEACISIN UMMYHO(DEPMEHTHBIM
METO/IOM C HCIoIb30BaHueM aHanu3zartopa AUDP-01
«YHUIIJIAH» u xoMmMep4YecKuX HaOOpPOB pearcHTOB
(Cusabio, Kuraif). KoHnenrpamus BeIpakeHa B HT/
M. DKcnpeccuto reHoB nuTokuHOB (IL-1P, TNF-a,
IFN-a, TGF-B, IL-8, IL-4, IFN-y) onpezaensiin MeTo-
noM xkonuuectBenHo# [P B peanbrom Bpemenu (RT-
gPCR) c ucronbp3oBanueM MpaiiMepoB, crielnUIHbIX
k Sus scrofa (ta0mn. 1). PHK u3zonupoanu u3 romore-
HATOB KPOBH W CIM3UCTOW OOOJOYKH TOIIECH KHIIIKH
¢ momo1pto Habopa «Cunren» (Poccus). ObparHyto
TPAHCKPHUIILHIO BBITOJIHSUIN C HCIIOIb30BaHUEM Ha0O-
pa «Reverta» (Amruincenc, Poceust). Peakuuto nposo-
i Ha ipuoope CFX96 (Bio-Rad, CILIA) ¢ ucriosns-
3oBaaneM SYBR Green. I'en -aktuHa MCIonb30Ba-
M Kak pedepeHcHbIil. OTHOCUTETBHYIO SKCIIPECCHIO
paccunTbiBanu o Meroay 2 (—AACt).

OparMeHTsl TUMYCa, CEIe3EHKN U ME3eHTEpUaIIb-
HBIX JInMGoy3110B pukcupoBaiu B 10 % HeHTpamb-
HOM (opmalinHe, 3ayMBaiu B napadun. Cpessl TON-
IIMHOW 5 MKM OKpalllMBajJd UMMYHOTHCTOXHMHUYE-
CKH C UCTIONIh30BaHNEM NepBUYHBIX aHTUTEN K Ki-67
(nponudepanus), CD-3 (T-numponuts) u PAX-5
(B-nmum¢pounter) (Abcam, BenukoOpuranus) u cu-
crembl Busyanusaiuu Novolink Polymer (Leica
Biosystems, I'epmanus). KonnuecTBo mMO3UTHBHBIX
KJIETOK TmoacunuThiBask B 10 momsx 3penus (%400)
U BbIpaxkaiu B npoueHTtax. Merarenomuyro JJHK wus3-
BJIEKAJIM U3 COAEP’KUMOTO TOLICH KUIIKH C MCIIOJb-
3oBanueM Habopa QIlAamp DNA Stool Mini Kit
(Qiagen, I'epmanus). CeKBeHHPOBaHHUE MTPOBOAMIH
Ha tutatopme DNBSEQ-G50 (MGI, Kurait) ¢ am-
mInduKanuel TuneppapradebHoro yuactka V3 16S
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pPHK. Buounndopmarnueckuii ananus BKIIIOYaN aH-
HOTAIIHIO OTIEPAIIMOHHBIX TAKCOHOMHYECKUX EINHHUII
(OTU) u peKoHCTPYKITHIO META0OTNIECKUX ITyTEH 110
6azam KEGG n MetaCyc ¢ ncnoip30BaHAEM ITaKkeTa
PICRUSt2. AKTUBHOCTB IyTel BBIpa)kajil B OTHOCH-
tenbHbIX eanHunax (0—1). Cratuctuueckast oOpa-
0OTKa BBITIOJHEHA C TIOMOIILIO TIpOTrpamMMbl Statistica
v.6.1 (StatSoft, CIIIA). HopmansHOCTE pacmpezerne-

Hus olleHuBau Tectom Llanupo — Yunka. Jljist cpas-
HEHHSI TPy NIpUMeHsH t-Kputepuii CThIOEHTa WITH
U-xputepuit Manna — Yutau. KoppensunoHHbIH
aHaJIM3 MIPOBOJIMIIHA C PACUETOM KO3 PHUIIMEHTA KOP-
pensinun [lupcona (r). MHorodakTopHbIi perpeccu-
OHHBII aHAJIN3 HUCIOJIB30BANN JUIS MOCTPOCHUS Mpe-
JIUKTUBHBIX MojieNiel. Pa3inuuus cuuranu 10CToBep-
HBIME Tipu p < 0,05.

Ta6auna 1
Iocnedosamenvrocmu npatimepos oii RT-gPCR
Ien [psimoit npaiimep OOparHsIii paiimep
IL-1B AGCCAGTGAAATGATGGCT AGGCTGTCTAATGGGAACG
TNF-a CCCTGGTATGAGCCCATG CCATTGGCCAGGAGGGAT
IFN-a GCTGCGGAGAGAGAAGAA CAGGTCATCAGCATCCTC
TGF-p CCGCAGCTCAGAGAGAAG GGGTTGTGTTGGTTGTAG
IL-8 TTCGATGCCAGTGCATAA GGGTGGAAAGGGTGAGA
IL-4 CCTGGATTCATCGCAACT GGTCTTCCTTCTCCTCAC
IFN-y GCTGACTGAACTGGCAA GACTCCTTTTCCGCTTC
B-axTuH CATCCTGCGTCTGGACCT GGTGAGGATCTTCATGAG

PE3YJBTATbBI HCCJIEJOBAHUS
N UX OBCYXKIEHUE

AHanu3 TOpMOHAJIBHOTO MPO(UIIS BBISIBHUII BhIpa-
*keHHYI0 tuHaMuKy I TH-ocu v TuMycC-3aBHCHMOI pe-
rynsieH (puc. 1). Ha 1-e cyTku ypoBeHb KOPTH30J1a CO-
cTaBisi 0a30BO€ 3HAYECHHUE, K 7-M CyTKaM OTMEJaJICcs
ero peskuii poct B 4,5 paza (p < 0,001), nocTurarormii
[MMKOBOT'O 3HaUeHUs 666,72 HI/MII, 4TO COOTBETCTBY-
€T OCTPOH CTPECCOBOM peaKLMU Ha KOJIOHU3ALUIO MU-
Kpo(IIOphl U MIEPBUYHYIO aHTUTECHHYIO CTUMYIISIITHIO.
K 14-m cyTkaMm KOHIIEHTpAIHsI KOPTH30J1a CHU3UIIACh
Ha 58,0 % (p <0,01), a k 21-M cyTKkam TOCTHITIA 3HA-
YEeHUH, OJIM3KUX K UCXOTHBIM. [[pOTHBOIIONOKHYO JTH-
HAMUKY HaOJFOau 171t TAMYJHHA. Tak, Ha ()OHE MHKa
KopTH30Ja (7-€ CyTKH) OTMeUall CHUKEHNE KOHIIeH-
TpaIy TAMYJIMHA, TOTAA KaK TPH HOPMaJIU3aIid KOp-
TH30Ja K 14-M CyTKaM MPOUCXOAMIIO TIOBBIIIIEHUE KOH-
ueHTpauuu TumynuHa. K 21-m cytkam ypoBeHb TUMY-
nuHa cHu3mics Ha 50,6 % ot makcumyma (p < 0,05),
YTO OTpa)kaeT 3aBepLICHNE OCTPOH (ha3bl THMHUYECKO-
IO CO3pPEBaHMS.

DKcmpeccrsi TCHOB MIUTOKWHOBOTO TIpodwis 1ie-
MOHCTpHpOBaia AByX(}aszHyro nquHamMuky (Tadmn. 2).
B nepuon 1—7 nHeit Habmonany «runepuH(IIMMa-
TopHYyI0 (hazy»: skcripeccus IL-1p Bospocna c 0,037 no

0,672 otH. en. (B 18 pa3, p < 0,001), [IFN-a — ¢ 0,002
10 0,413 otH. ex. (B 172 paza, p <0,001), uro cBuje-
TEJIbCTBYET 00 aKTHBAI[MU BPOKIEHHOTO MPOTHUBO-
BHUPYCHOTO HMMYHHUTETA ¥ CHCTEMHOW BOCIIAINATEb-
HOM peakIuu.

B nmepuon 14—21 nueit npouncxonmna dasza um-
MYHOPETYJISIIUN: YPOBHH MPOUH(IAMMATOPHBIX IIH-
TOKWHOB CHU3WJIKCH B 3—35 pa3, B TO BPeMsl KaK JKC-
npeccust TGF-B ysenmnunnace ¢ 0,004 1o 0,057 otH.
en. (B 14 pa3, p <0,01), 9o yka3pIBacT Ha BKIIFOUCHUE
MEXaHU3MOB TOJIEPOTEHE3A.

B cnm3ucToii 000m09Ke KUIIKK JUHAMHUKA DKC-
MPECCUM TEHOB HOCHJIA SKCIOHCHIMAIbHBINA Xapak-
tep (puc. 2). K21-My aHI0 0OTMeuancs B3pbIBHON pocT
akcripeccuu reHoB [FN-a — ¢ 0,002 go 25,211 otHh.
en. (B8 12600 paz), IL-1B — ¢ 0,00016 mo 1,6245 oTH.
ex. (8 10000 pa3), IL-8 — ¢ 0,00009 no 2,408 otH.
en. (8 12000 pa3). D10 cBUAETEIHCTBYET 00 MHTCH-
CUBHO KOJIOHU3AIIUH MUKPOOHOTHI U (HOPMUPOBAHUU
KHILIEYHOTO UMMYHHOTO Oapbepa. IFN-y nemoncTpu-
poBan pe3kuii poct B kumednuke (¢ 0,0005 mo 0,004
OTH. e11.), Toraa Kak 1L-4 ocraBacs Ha HU3KOM ypOB-
He (0,0005—0,0015 oTH. ex.), 4TO yKa3bIBaeT Ha He-
nocrarounyto aupepenupoBky Th2-cyonomymsiumii
Y TIO3/IHEE CO3pEeBaHUE T'yMOPAIbHOIO 3BeHa (puc. 1).
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Tabauna 2
Jlunamuka yumoxkuHogozo npoghuia 6 kposu nopocam (omu. eo., M + m)
Bospacr IL-1P IFN-a TGF-B TNF-a
1 nenn 0,037 £ 0,005 0,002 + 0,001 0,004 + 0,001 0,015 + 0,003
7 nHei 0,672 £+ 0,089" 0,413 +0,052" 0,008 = 0,002 0,089 £0,012"
14 nueit 0,156 +0,021" 0,124 +0,018" 0,031 +0,005" 0,042 + 0,006
21 neHb 0,018 + 0,003 0,089 + 0,011 0,057 +0,008" 0,028 + 0,004

* p < 0,05 10 CpaBHEHHIO C MPEABIIYIIEN TOYKOU
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Puc. 1. HI/IHaMI/IKa TOPMOHAJIBHOT'O CTaryCca U CUCTEMHOT'O UMMYHHUTETA Yy MOPOCAT HOpMOTpO(l)I/IKOB B paHHI/Iﬁ
MOCTHATAJIbHBII nepuong

VMMyHOTHCTOXHUMHUYECKOE HCCIIEIOBAaHUE BBbI-
SIBUJIO OpraHocrnenuduyueckre narTepHbl co3peBa-
Hust (Tabn. 3). B tumyce HaOmonanu cTabMiIbHO BBICO-
Kyto mponmeparuBHyto aktuBHOCTH (Ki-67 > 91,3 %
Ha BCeX JTanax) ¢ JOMHHHpPOBaHHEM T-KIETOK
(CD-3*>94,0 %). B cene3énke ormeuanu apyxdas-
HYI0 TMHAMUKY: HaOJIOOaloch CHUKEeHUE T-KiIeTok
K 7-MY JHIO C TOCIIEAYIOIUM BOCCTAaHOBJICHUEM U 3HA-
YUTETHHBIM yBennueHneM B-kinetok (PAX-5) k 14-my
maio (¢ 15,3 % no 53,8 %, p < 0,001). B iumdoy3max
MPOCIIEKUBAIOCH TIOCTETIEHHOE HaKoIUIeHHe T-KIIeToK
(c 25,4 % o 50,9 %) u popmupoBanue B-30HbI.
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AHanu3 (QyHKOHOHAIBHOTO MOTEHIHAIa MU-
KpoOMOMa BBISIBUJI TPH KJIIOUYEBbIE METaOOIHMUYECKHUE
¢yukiun (puc. 3). HauBbiciyto akTHBHOCTh OTME-
JaJu 411 cuHTe3a aMUHOKUCIIOT (0,785), 910 KpuTHY-
HO JUIsl OBICTPOPACTYLIETO OpraHu3Ma. YMEpEHHYIO
AKTUBHOCTH HAOMIOANM AJISl CUHTE3a HYKJICOTHIIOB
(0,433), HeoOXOMUMBIX /1715 TposUdepatun TMMEGOLH-
ToB. HarMeHbI1asi akTHBHOCTb XapaKTEpHa JJIsi CHH-
te3a ButamMuHOB (0,195), 4yTO yKa3pIBaeT Ha 3aBUCH-
MOCTB OT 3K30T€HHOTO HOCTYIUICHHUS.

KoppensnoHHbIH aHaIn3 BBISIBUJI TPH KIIIOUEBBIE
CUCTEMHBIE OcH (Talu. 4).
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Al IRCHOHENIHLTLILGE POCT IHTOKHIINE B KHIRCnnee
(popunpopanme Bsyunor Gaphepa)
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Jlunamuxa mapkepoé nponugpepayuu u oupepenyuposku 6 TUMPouoHwvix opeanax (% no3umueHsIxX Kﬂemoza]?lﬂ ::Hrl;; :
Opran/Mapkep 1 menn 7 nueu 14 nueit 21 nenn
Tumyc
Ki-67 91,3+ 1,74 92,7+0,82 93,8+ 0,90 96,2 + 0,46
CD-3* 95,6 + 2,64 97,0 £ 0,54 94,7+ 0,42 95,8 +0,38
PAX-5 2,44 +1,58 1,1 £0,60 He Br1siBIIEHO He BrIsIBIIEHO
Cenesénka
Ki-67 60,1 £2,71 59,7+ 1,20 55,0+0,83 643 +1,12
CD-3* 56,2+ 1,33 43,6 + 1,54 46,1 +0,79 52,2+£0,51"
PAX-5 21,3+ 1,41 15,3+1,23 53,8 +0,72" 492 +1,36
Jlumoy3znsl (maxoBble)
Ki-67 56,5+ 1,33 56,3 £ 3,01 43,6 £0,83" 50,3 £2,25
CD-3* 25,4+0,76 31,3+1,71 37,5+1,18" 50,9 + 1,66
PAX-5 26,4+ 6,27 27,2+ 13,2 34,5+ 1,66 40,3+ 1,39

" p < 0,05 10 cpaBHEHUIO C TPEIBIIYINCH BO3PACTHOMN TOUKOH
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Puc. 3. dynkimonanbHas aktuBHOCTH MUKpoOnoMa (KEGG/MetaCyc) u popmupoBaHne KUIIEYHO-THMYCHOH,
MeTabOIMKO-TIPOIIH(epaTHBHON M TOPMOHAIEHO-MIMMYHHOI OCel B MOCTHATAIILHOM OHTOTE€HE3€ MOPOCST

YcraHoBIeHA HHBEPCHAS KOPPEJISIIIUS MEKLY JI0-
KaJTbHBIM (KUIIICYHUK) U CHCTEMHBIM (KPOBB) BOC-
naneHueM (r =—0,73), 9To CBUACTENHCTBYET O Me-
XaHW3Me OpallbHOW TOJEPaHTHOCTH, MpPeJoTBpaIla-
IOIEM TeHEepaln3aluio BOCIAJIUTEILHOTO OTBETA.
Merabonnieckue MyTH CHHTE3a HYyKJICOTHIOB M aMH-
HOKHCIIOT ¢ pa3BeTBi¢HHON 1enbio (BCAA) nemoH-
CTPHUPOBATN HamboJIee TeCHBIC CBsI3U ¢ mpoiudepa-
nuerr B tumyce (= 0,92 u 0,85 cOOTBETCTBEHHO).
MsuorodakTopHast perpecCHOHHasi MOJEIb pecKa3a-
HUS ponrepaTUBHON aKTUBHOCTH B TUMYCE BKITIO-
yaJia cuHTe3 HykieoTuoB (S = 0,47; p < 0,001), cun-
te3 BanuHa (= 0,32; p <0,01) u cucremusiit 1L-13
(#=0,21; p<0,05) c obmieii 0OBACHEHHON mUCIIEp-
cueit R?= 0,894 (p <0,001).

[lony4eHHbIE JaHHBIE CBHIECTENBCTBYIOT O TPEX-
(azHoOi MonIenu CTaHOBICHHUSI UIMMYHHOH CHCTEMBI
IIOPOCAT B pAHHUI [TOCTHATAJIbHBII IEPUOJL, UHTEIPU-
pyromieii TopMOHAIBHYIO, TATOKWHOBYIO M METa00JH-
YECKYIO PETYISIHIO.

@aza I (1—7 neHb) — amanTauusi, XapakTepusy-
€TCs1 OCTPOM CTPECCOBOH peaKkMei ¢ MMKOM KOPTH30-
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Ja ¥ CHCTEeMHBIM THIICPUH(IIMMATOPHBIM OTBETOM.
Ota (a3a COOTBETCTBYET «OKHY BOCTIPUUMYHBOCTI
(window of susceptibility), onucannomy B 3apy0Oex-
Ho nuTepatype [15, 16]. Beicokne ypoBHU KOPTH-
30512, KOPPEJIUPYIOIIUE C CUCTEMHBIMU [TUTOKHHAMH
(= 0,95), BBIMONHSAIOT aJaNTHBHYIO (YHKIHIO, MO-
OuM3ysl pecypchbl OpraHu3Ma, HO [OJABIISIIOT TUMO-
11033, YTO MOATBEPXKAAETCS OTPHLATEIBHON KOoppe-
nsiueit koptusona ¢ tumynuHoM (r =—0,89). Hamm
JTAaHHBIE COTIIACYIOTCsI ¢ pabotamu [ 17], neMoHCTpupy-
IOIIMMH HIMMYHOCYTIPECCHBHOE JICHCTBHE TIIIOKOKOP-
TUKOMJIOB HAa TUMYC B HEOHaTaJlbHOM 1epuoze. Kpome
TOT0, IPUMEHEHHE HHTEPHEPOHCOAEPIKAILNX TIpera-
paroB (6udepon-C) B paHHNI HEOHATAIbHBIN IEPUOA
CIOCOOCTBYET MOBBILICHHUIO ECTECTBEHHOH PE3UCTEHT-
HOCTH ¥ TPO(DUITAKTHKE KETYT0YHO-KUIIEYHBIX 3200-
neBanui [28], uto monTBepkaaeT 3GHEKTUBHOCTH 1H-
TOKWHOBOM KOPPEKIIUU B KPUTHUECKOE «OKHO» 1—3
nueit. @aza Il (7—14 nenp) — crabuimzanus: Tpo-
ucxoaut HopManuzauus ['TH-ocu, cHukeHne cucteM-
HOT'O BOCIIAJICHUSI M aKTHUBALUS PETyISITOPHBIX MeXa-
Hu3moB uepe3 TGF-f.
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Kniouegvie koppenayuu mexcoy memadoruueckumu, UMMYHOI0SUYEeCKUMU U 20PMOHAbHBIMU napamem;:fgzﬂua !
IMapamerp 1 ITapamerp 2 r p
Kureuno-tumycHas och
IL-1P kumredHuK Ki-67 Tumyc +0,82 < 0,001
IFN-0 kumeqyHuk Ki-67 tumyc +0,74 <0,01
Mertabomnuko-miponudepaTHBHAS OCh
CuHTE3 HYKJIEOTUIOB Ki-67 tumyc +0,92 < 0,001
CuHTe3 BajuHa CD-3" cenme3énka +0,81 < 0,001
CuHres n3oneiaa Ki-67 tumyc +0,85 < 0,001
T'opMOHaTPHO-UMMYHHAs! OCh
Koptuzon IL-1pB xpoBB +0,95 <0,001
Koptuzon Tumyna -0,89 < 0,001
Tumymna CD-3" cenme3énka +0,51 <0,05
[TpoTuBOBOCTIANUTETbHAS PETYIIALMS
IL-1P xumeynnk IL-1P xpoBb -0,73 <0,01
TGF- kpoBb Ki-67 tumyc -0,41 <0,05

Orta (aza KpUTHYHA ISl TPEIOTBPALICHUS ayTO-
WMMYHHBIX peakiuii ¥ OPMUPOBAHUS HMMYHOJIOT U~
YECKOI TOJIEPaHTHOCTH K KOMMEHCATBHONH MUKPOOHO-
te. aTepecHo, uTo Ha (hOHE CHIKEHHSI CHCTEMHOTO
BOCIIAJICHUS] B KPOBU IIPOMCXOAMUT HapacTaHUE LIUTO-
KMHOBOTO OTBETA B KUIICYHHUKE, YTO OTPAKaeT Hada-
710 (OPMUPOBAHHSI MECTHOTO HIMMYHHOTO Oapbepa.

@a3za III (14—21 nensr) — co3peBaHHE: UMMYH-
HBIM OTBET OKOHYATENFHO JIOKATU3YETCS B KUIIICUHH-
K€, 4TO CBA3aHO C MHTCHCUBHOW KOJIOHM3aLMEH MH-
KPOOHOTHI U TIOATOTOBKOH K OTBHEMY.

OKCIOHEHINAIBHBIN POCT SKCIPECCUN TUTOKMHOB
B kutreynuke (10 000—12 600 kpar) conpoBoxIacT-
Cs BTOPO# BOJTHOH nponugepannu B nepudepuiaecknx
TUM(OUITHBIX OpraHax 1 GOpMUPOBaHUEM 3pebiX T-
1 B-KIeTOuHbIX NOMyJISIUH.

OTta IUHAMUKa KOppeaupyeT ¢ aaHHbiMu [18],
MMOKAa3bIBAIOIIUMH, YTO MHUKPOOMOTa CTUMYIHPYET
Th1-nonspusauuto yepes akrusanuto TLR u mpomyk-
umto [FN-y.

KirroueBbIM pe3yibTaToM SBISIETCS BBISBICHUE
MeTa0O0INKO-TIPOSTU(DEPAaTHBHON OCH — TECHOU CBSI-
31 MEXIY CUHTETHYE€CKUM MOTSHIIMAIOM MUKPOOHO-
Ma M aKTUBHOCTBIO JTUM(OUHBIX OPTraHOB.

Haunbonee cuiibHast KOppEsILUs MEKAY CHHTE30M
HYKJICOTHJIOB U nipoiudepanueii B tumyce (7 = 0,92)
MOoMUEPKUBAET POITHh MHUKPOOHMOTHI KaK MOCTABIIH-
Ka «CTPOUTENbHBIX OokoB» it JIHK-perumkarmm
B YCJIOBHSX WHTEHCHUBHOTO KJIOHAJIBHOTO pacIIvupe-
Hust T-kieTok. DTo corjacyerca ¢ AaHHeIMuU [27],
MOKAa3bIBAIOLINMH, YTO THIOTPO(HS aCCOLMUPOBaHA
cO cJ1abbIM BHJIOBBIM Pa3HOOOpa3neM MHKpoOHoMa
¥ HU3KOH PEaKTHBHOCTBIO BPOXKIAEHHOTO MMMYHHTE-
Ta, a TAaKXKe C KOHIENIHeH «MMMYHHOTO METa0O0IH3-
ma» [19], cornacHo koTopoii nposnmdepanus aumdo-
LUTOB TpeOyeT IK30TCHHBIX NCTOYHUKOB HYKJICOTH-
JIOB 1 aMUHOKHCIIOT. CBsI3b CHHTE3a BaJIMHA C MTYJIOM
T-xneroxk B cene3énke (» = 0,81) orpaxkxaet meTabomu-
YeCKYI0 3aBUCUMOCTH TIepu(PepuIeCKUX TUMQPOIUTOB
0T MUKPOOHOTHBIX MeTabomToB. BCAA (BanuH, jeii-
[IUH, U30JICHITNH) SIBIITIOTCS CyOCTpaTaMu JIsl CHHTE-
3a MIyTaMMHA, KPUTHYECKOTO JJISi SHEPTreTUYECKOTO
obecnieueHuss UMMyHHOTO OoTBeTa [20].

CpaBHeHHE ¢ TaHHBIMH, TIOTYYEHHBIMH TIPH aHA-
JIOTHYHBIX UCCIIEIOBAHUSAX HA TOPOCATAX-TUIIOTPODH-
Kax [5,22—24, 277], noKa3bIBAET, UTO MPHU BPOKAEHHON
TUNOTPO(UHU BCE OMMCAHHBIE MPOLECCHl HAPYIICHBI:
OTCYTCTBYET MUK KOPTHU30JIa HAa 7-€ CYTKH, CUCTEM-
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HOE BOCHAJICHUE XPOHHUYECKU TIOBBIIICHO, a JIOKAJIb-
Hasl ATOKWHOBAS MPOAYKIIMS B KMIIICUHUKE CHIKCHA.
3TO MOATBEPIKIACT MATOrCHETUUYCCKYIO 3HAYMMOCTD
BBISIBIIEHHBIX MEXaHHU3MOB M 000CHOBBLIBAET HEOOXO0-
JUMOCTB (hapMaKOKOPPEKIH B KPUTHUECKHUE TIEPUO-
nel (1—7 u 14—21 num).

3AKJIIOYEHHUE

CraHoBI€HUE UMMYHHOU CHCTEMBI y MOPOCAT-
HOPMOTPO(HUKOB B PaHHUHU MMOCTHATAIBHBIA TIEPH-
on cienyer tpéxdazHoit momenu: amanrtamus (1—7
JTHU) — OCTPBII CTPECC U CHCTEMHOE BOCHAJICHHCE;
crabmmmzanus (7—14 1ar) — HOpMaJIU3aIus TOpMO-
HaJIBHOTO ()OHA ¥ BKITFOUEHHE PETYIATOPHBIX MEXaHH3-
MOB; co3peBanue (14—21 mHUM) — JOKaTU3aIUI M-
MYHHOTO OTBETa B KHIIIEYHUKE U (DOPMUPOBAHUE TIe-
pudepudecKkux TUMQPOUTHBIX CTPYKTYP.

BhIsIBJICHBI TPH KJIFOYEBBIC CHCTEMHBIC OCH, KO-
OPJMHUPYIOIIHE UMMYHHBIH OHTOTEHE3: KHIIECYHO-
TUMYCHasl OCh (JIOKaJlbHOE BOCTAJICHHWE CTHMYJIHUPY-
€T THMOII033), MeTa0O0INKO-TIpoIHdepaTuBHASL OCh
(MHKPOOHMOTHBIE META0OIUTHI 00SCIICUUBAIOT MTPOJIH-
(depanuo TUMEGOIMTOB) ¥ TOPMOHATBHO-UMMYHHAs
0Chb (KOPTH30JI-TUMYJIMHOBBIN OanaHc). YcTaHOBIIEHA
HEeHTpaIbHAs POIh (YHKITMOHAIBLHO 3PEIOH MHKPO-
OHMOTHI KaK METa0OJIMYECKOTO «TapTHEPAY UMMYHHON
CUCTEMEI Yepe3 00ecredeHne HyKIeOTHIaMU U aMHU-
HOKHUCJIOTaMHU.

OnpenenieHbl KPUTHYESCKHUE IEPUOJIbI (hapMaKoKop-
pekmun: 1—7 qHu (KOPPEKIUs CTpecca U MOAIePKKa
THMOTI0332) U 14—21 nmeHpb (MOAYIALNS KAIIECTHOTO
MMMYHHOTO Oapbepa nepen orbéMom). [IpakTiueckas
3HAYMMOCTh PE3YJbTAaTOB 3aKIII0YaeTCs B pa3paboTke
MaTOTeHETUYESCKN 000CHOBAHHBIX TIOIXO0JIOB K IPOQH-
JIAKTUKE UMMYHO/IC(DUIIUTOB Y HOBOPOXKICHHBIX I10-
POCSIT, BKJIFOUAsi BDEMEHHBIC PAMKH MPUMEHEHHUS UM-
MYHOMOZYIIITOPOB U META0OIMYECKIX KOPPEKTOPOB.
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Abstract. The early postnatal period is critical for the development of the piglet immune system. However, the
mechanisms of coordination between the endocrine, immune and microbiota systems remain poorly understood.
One of the main objectives is to identify the patterns in the development of the piglet immune system during this
period and to establish systemic relationships between the hormonal status, cytokine profile and metabolic activ-
ity of the intestinal (gut) microbiome. The study was conducted on 20 normotrophic piglets aged 1, 7, 14 and 21
days. There were detected hormones (cortisol, thymulin by ELISA); cytokines in the blood and intestine (IL-1p,
TNF-a, IFN-a, TGF-B, IL-8, IL-4, IFN-y by RT-qPCR); lymphocyte proliferation and differentiation markers
(Ki-67, CD-3*, PAX-5 using immunohistochemistry); microbiome metabolic pathways (KEGG/MetaCyc analy-
sis). Statistical processing included the Pearson correlation analysis and multiple regression. A three-phase dy-
namics of immune system development was established, including the adaptation phase (days 1—7) — cortisol
peak (by 4.5 times) and systemic hyperinflammatory response (increased IL-1p gene expression by 18 times,
IFN-0 — by 172 times); stabilization phase (days 7—14) — normalization of hormonal levels, reduction of sys-
temic inflammation and activation of regulatory mechanisms (increased TGF-P expression by 14 times); matura-
tion phase (days 14—21) — localization of the immune response in the intestine (exponential growth of IL-1p,
IFN-a, IL-8 up to 10000—12600 times) and formation of the intestinal immune barrier. Three key systemic axes
were identified: gut-thymus (IL-1p intestine/gut «> Ki-67 thymus: » = 0.82), metabolic-proliferative (nucleotide
synthesis <> Ki-67 thymus: » = 0.92) and amino acid-inflammatory (valine synthesis <> CD-3" spleen: » = 0.81).
An inverse correlation was found between systemic and local inflammation (» = —0.73), providing oral tolerance.
The development of the piglet immune system is a coordinated process driven by hormonal signals, with inter-
system integration via microbiota metabolites. The identified critical periods (days 1—7 and 14—21) define “win-
dows” for pharmacological correction of immunodeficiency conditions.

Keywords: immune system, piglets, postnatal ontogenesis, cortisol, thymulin, cytokines, intestinal microbiome,
metabolic pathways, KEGG

INTRODUCTION

The early postnatal period of life of farm animals
is characterized by high vulnerability to infectious
agents due to the immaturity of the immune system
[1, 2]. Piglets lack transplacental transfer of immu-
noglobulins, making them completely dependent on
passive immunity obtained with colostrum during the
first 24 hours of life [3, 4, 25]. Moreover, as shown
by Shakhov et al. [25], the colostrum of sows con-
tains 73.1 + 1.69 mg/ml of total immunoglobulins,
with a predominance of the IgG class (83.1 %), where-
as in piglets at birth, the immunoglobulin content is
significantly lower — 0.3 £ 0.01 mg/ml, reaching a
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maximum 24 hours after colostrum consumption —
48.8 + 2.24 mg/ml. However, even with adequate co-
lostrum intake, the immune system of newborn pig-
lets remains functionally immature [26], especially in
hypotrophic piglets [5, 6], leading to high morbidity
and economic losses in pig breeding. Cellular immu-
nity in the early postnatal period is characterized by
leukopenia, lymphopenia and a deficiency of T- and
B-lymphocytes prior to colostrum ingestion, followed
by an increase in these parameters against the back-
ground of colostral protection and a transient decrease
by day 14, reflecting a period of weakening passive im-
munity and the onset of activation of the intrinsic im-
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mune system [26]. Modern concepts of immune onto-
genesis view the development of the immune system
not as an isolated process, but as the result of complex
intersystemic integration, including endocrine regula-
tion, cytokine networks and the metabolic activity of
the intestinal microbiome [7, 8]. The hypothalamic-pi-
tuitary-adrenal axis (HPA axis) plays a key role in mod-
ulating the immune response through glucocorticoids,
while the thymus-dependent hormone thymulin pro-
vides specific support for the T-cell component [9, 10].
The interaction between central (thymus) and periph-
eral (spleen, lymph nodes, intestine) lymphoid organs
is coordinated by cytokine signals, among which type
I interferons and transforming growth factor-p are of
particular importance [11, 12, 30].

In recent years, convincing data has accumulated
on the role of the intestinal microbiome as a metabol-
ic “organ” that ensures the synthesis of essential ami-
no acids, nucleotides and vitamins necessary for the
proliferation and differentiation of immunocompetent
cells [13, 14, 27].

In the article by Parshin et al. [27], in the early neo-
natal period, normotrophic individuals are dominated
by Enterococcus cecorum, Clostridium sensu stricto
2 disporicum, Atopobium fossor and Faecalicoccus
pleomorphus, while hypotrophic individuals exhibit a
decrease in species diversity and a deficiency of these
species, which correlates with low reactivity of the in-
nate immune system and disorganization of the lym-
phoid organs. However, the mechanisms of metabol-
ic coordination between the microbiota and lymphoid
organs in the early postnatal period have not been suf-
ficiently studied, which limits the possibilities of de-

veloping pathogenetically based methods for the phar-
macocorrection of immunodeficiencies.

The research objective was to identify patterns of
immune system development in normotrophic piglets
aged 1—21 days and to establish systemic relationships
between hormonal status, cytokine profile and meta-
bolic activity of the intestinal microbiome.

MATERIAL AND METHODS

The study was conducted on 20 F piglets with
normal birth weight (1200—1400 g) obtained from
healthy sows in parity 3—>5 at a large industrial pig
breeding farm in Voronezh region. The animals were
kept in accordance with accepted standards. Study
groups were formed by age: day 1 (n=15), day 7
(n=15),day 14 (n=5) and day 21 (n = 5). Euthanasia
was performed in compliance with the principles of hu-
mane animal welfare (Directive 2010/63/EU). Serum
cortisol and thymulin concentrations were detect-
ed by enzyme-linked immunosorbent assay using an
AIFR-01 UNIPLAN analyzer and commercial reagent
kits (Cusabio, China). Concentrations are expressed
in ng/ml. Cytokine gene expression (IL-1B, TNF-a,
IFN-a, TGF-B, IL-8, IL-4, IFN-y) was determined by
quantitative real-time PCR (RT-qPCR) using primers
specific for Sus scrofa (Table 1). RNA was isolated
from blood and jejunal mucosal homogenates using
a Syngen kit (Russia). Reverse transcription was per-
formed using a Reverta kit (Amplisens, Russia). The
reaction was performed on a CFX96 device (Bio-Rad,
USA) using SYBR Green. The B-actin gene was used
as a reference. Relative expression was calculated us-
ing the 2"(~AACt) method.

Table 1
Primer sequences for RT-qPCR

Gene Direct primer Reverse primer

IL-1B AGCCAGTGAAATGATGGCT AGGCTGTCTAATGGGAACG
TNF-a CCCTGGTATGAGCCCATG CCATTGGCCAGGAGGGAT
IFN-a GCTGCGGAGAGAGAAGAA CAGGTCATCAGCATCCTC
TGF-p CCGCAGCTCAGAGAGAAG GGGTTGTGTTGGTTGTAG

IL-8 TTCGATGCCAGTGCATAA GGGTGGAAAGGGTGAGA

IL-4 CCTGGATTCATCGCAACT GGTCTTCCTTCTCCTCAC
IFN-y GCTGACTGAACTGGCAA GACTCCTTTTCCGCTTC
B-actin CATCCTGCGTCTGGACCT GGTGAGGATCTTCATGAG
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Thymus, spleen and mesenteric lymph node frag-
ments were fixed in 10 % neutral formalin and em-
bedded in paraffin. 5-pm-thick sections were stained
immunohistochemically using primary antibod-
ies to Ki-67 (proliferation), CD-3 (T-lymphocytes),
and PAX-5 (B-lymphocytes) (Abcam, UK) and the
Novolink Polymer imaging system (Leica Biosystems,
Germany). The number of positive cells was counted
in 10 fields of view (x400) and expressed as a percent-
age. Metagenomic DNA was extracted from the jeju-
num contents using the QIAamp DNA Stool Mini Kit
(Qiagen, Germany). Sequencing was performed on the
DNBSEQ-G50 platform (MGI, China) with amplifi-
cation of the V3 hypervariable region of 16S rRNA.
Bioinformatics analysis included operational taxonom-
ic units (OTU) annotation and metabolic pathway re-
construction using the KEGG and MetaCyc databas-
es with the PICRUSt2 package. Pathway activity was
expressed as rel. units (0—1). Statistical processing
was performed using Statistica v.6.1 (StatSoft, USA).

Normality of distribution was assessed using the
Shapiro — Wilk test. The Student’s t-test or Mann —
Whitney U-test were used to compare groups. The
correlation analysis was performed using the Pearson
correlation coefficient (r). The multivariate regression
analysis was used to build predictive models. The dif-
ferences were considered significant at p < 0.05.

STUDY RESULTS AND DISCUSSION

The analysis of the hormonal profile revealed sig-
nificant changes in the HPA axis and thymus-depen-
dent regulation (Fig. 1).

On day 1, cortisol levels were at baseline, but by
day 7, they sharply increased by 4.5 times (p < 0.001),
reaching a peak of 666.72 ng/ml. This corresponds to
an acute stress response to microflora colonization and
primary antigenic stimulation. By day 14, cortisol con-
centrations had decreased by 58.0 % (p < 0.01), and by

day 21, they had returned to baseline levels. Opposite
dynamics was observed for thymulin. Thus, against the
background of a cortisol peak (day 7), a decrease in
thymulin concentrations was observed, whereas with
cortisol normalization by day 14, an increase in thy-
mulin concentrations occurred. By day 21, the thy-
mulin level has decreased by 50.6 % from the maxi-
mum (p < 0.05), which reflects the completion of the
acute phase of thymic maturation.

The expression of cytokine profile genes demon-
strated biphasic dynamics (Table 2). In the period
from 1 to 7 days, a “hyperinflammatory phase” was
observed: IL-1p expression increased from 0.037 to
0.672 rel. units (by 18 times, p < 0.001), [FN-o.— from
0.002 to 0.413 rel. units (by 172 times, p < 0.001), in-
dicating activation of innate antiviral immunity and
systemic inflammatory response.

In the period from 14 to 21 days, an immunoreg-
ulatory phase occurred: the levels of proinflammatory
cytokines decreased by 3—>5 times, while TGF-f3 ex-
pression increased from 0.004 to 0.057 rel. units (by 14
times, p < 0.01), indicating the activation of tolerogen-
esis mechanisms.

In the intestinal mucosa, the dynamics of gene ex-
pression was exponential (Fig. 2). By day 21, an ex-
plosive increase in the expression of IFN-a genes was
observed from 0.002 to 25.211 rel. units (by 12 600
times), IL-1B — from 0.00016 to 1.6245 rel. units
(by 10000 times), IL-8 — from 0.00009 to 2.408 rel.
units (by 12000 times). This indicates intensive coloni-
zation of microbiota and the formation of an intestinal
immune barrier. IFN-y showed a sharp increase in the
intestine (from 0.0005 to 0.004 rel. units), while I1L-4
remained at a low level (0.0005—0.0015 rel. units), in-
dicating insufficient differentiation of Th2 subpopula-
tions and late maturation of the humoral link (Fig. 1).

Immunohistochemical studies revealed organ-spe-
cific maturation patterns (Table 3).

Dynamics of the cytokine profile in the blood of piglets (rel. units, M + m) fable2
Age IL-1P IFN-a TGF-B TNF-a
1d 0.037 + 0.005 0.002 £ 0.001 0.004 £ 0.001 0.015 +0.003
7d 0.672 £ 0.089" 0.413 +0.052" 0.008 = 0.002 0.089 £0.012"
14d 0.156 +0.021" 0.124 +0.018" 0.031 +0.005" 0.042 + 0.006
21d 0.018 +0.003 0.089 +0.011 0.057 £ 0.008" 0.028 £ 0.004

* p <0.05, compared to the previous point
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Dynamics of proliferation and differentiation markers in lymphoid organs (% of positive cells, M +m) fable
Organ/Marker 1d 7d 14d 21d

Thymus

Ki-67 91.3+1.74 92.7+0.82 93.8+£0.90 96.2 £0.46"

CD-3* 95.6 £2.64 97.0+£0.54 94,7 +0.42" 95.8 +0.38

PAX-5 2.44 +1.58 1.1£0.60 Not detected Not detected
Spleen

Ki-67 60.1 £2.71 59.7+1.20 55.0+£0.83 643 £1.12°

CD-3* 56.2+1.33 43.6 £1.54" 46.1 +£0.79 52.2+£0.51"

PAX-5 21.3+£1.41 153+1.23 53.8+0.72° 49.2£1.36

Lymph nodes (inguinal)

Ki-67 56.5+1.83 56.3+3.01 43.6 +0.83" 50.3+£2.25

CD-3* 254+0.76 31.3+1.71 37.5+1.18 50.9 £ 1.66"

PAX-5 26.4+6.27 272+13.2 34.5+1.66" 40.3£1.39

* p <0.05, compared to the previous age point

The thymus demonstrated consistently high pro-
liferative activity (Ki-67 > 91.3 % at all stages) with
T-cell dominance (CD-3*>94.0 %). A biphasic dy-
namics was observed in the spleen: a decrease in T-cells
was observed by day 7, followed by a recovery and a
significant increase in B-cells (PAX-5) by day 14 (from
15.3 % to 53.8 %, p <0.001). In the lymph nodes,
a gradual accumulation of T-cells (from 25.4 % to
50.9 %) and the formation of a B-zone were observed.

The analysis of the functional potential of the
microbiome revealed three key metabolic functions
(Fig. 3). The highest activity has been observed for
amino acid synthesis (0.785), which is critical for a
rapidly growing organism. Moderate activity was ob-
served for the synthesis of nucleotides (0.433), neces-
sary for lymphocyte proliferation. The lowest activity
was observed for vitamin synthesis (0.195), indicat-
ing dependence on exogenous intake.

Correlation analysis revealed three key systemic
axes (Table 4). An inverse correlation has been found
between local (intestine) and systemic (blood) inflam-
mation (» = —0.73), suggesting an oral tolerance mech-
anism that prevents the generalization of the inflam-
matory response. The metabolic pathways for nucleo-
tide and branched-chain amino acid (BCAA) synthesis
demonstrated the strongest associations with prolifer-
ation in the thymus (» = 0.92 and 0.85, respectively).

154

A multivariate regression model predicting prolifer-
ative activity in the thymus included nucleotide syn-
thesis (5 = 0.47, p <0.001), valine synthesis (5 = 0.32,
p <0.01), and systemic [L-1B (# = 0.21, p < 0.05), with
a total explained variance of R?=0.894 (p < 0.001).

The obtained data indicate a three-phase model of
the development of the piglet immune system in the
early postnatal period, integrating hormonal, cytokine
and metabolic regulation.

Phase I (days 1—7) is adaptation, characterized by
an acute stress reaction with a peak in cortisol and a
systemic hyperinflammatory response. This phase cor-
responds to the “window of susceptibility” described
in the foreign literature [15, 16]. High levels of corti-
sol, correlating with systemic cytokines (» = 0.95), per-
form an adaptive function by mobilizing the body’s re-
sources, but suppress thymopoiesis, which is confirmed
by the negative correlation of cortisol with thymulin
(r=-0.89). Our data are consistent with the works of
Coutinho A. E. and Chapman K. E. [17], demonstrat-
ing the immunosuppressive effect of glucocorticoids
on the thymus in the neonatal period. In addition, the
use of interferon-containing drugs (Biferon-S) in the
early neonatal period helps to increase natural resis-
tance and prevent gastrointestinal diseases [28], which
confirms the efficacy of cytokine correction in the crit-
ical “window” of days 1—3.

Bulletin of Veterinary Pharmacology « No. 3 (36) « 2026



A three-phase model of immune system development in piglets in the early postnatal period: integration of hormonal...

A. Functional potential of the microblome

(KEGGMetaCye)
v“mm:" 0195 Low porential
synihesis
Mucleotide
il 0,433 Moderate potential
Amine acid
synthesis §.785
oo oz o4 o o 1o
C. Correlation matrix
(main parameters) e
Cortisel
075
Thymalin
- L0
1L 1[5 Blood
025
[FM-o blood
= oo
L~ 1]V Erviest
~0.23
Ki-67 thymus
0.50
L1034 spleen
4.75
PAX-3
Iymegh nodes . f 200
N e "
= o & ¢ o o \'ﬁé:;

B. Corrclations of metabolic pathways
with immune markers

o=

K67 (e
- 03 apleen)
_— AN (hrpk moded

Comelation cocfficient (r)

Muclootxle Waline Tssleucang Pymudozion:
syvarhesia waiithess syriibesas synihcsis
Metabolic pathway
D Imtegrative model of system axes
Key axes:
« il -thymmus (I T — Ki-6T)
« mesahalic-proliferative (mschmtides — Ki-67)
« hrmonal-mmmsne T
Penntisal + Wrinaling | Teriphery '-\-_‘
! ey
g [ e
— el A PN
L1 "‘"""m"_" * feonisol}
] -
Microbiome
{mectabalite)

Fig. 3. Functional activity of the microbiome (KEGG/MetaCyc) and the formation of the gut-thymus, metabol-
ic-proliferative and hormonal-immune axes in postnatal ontogenesis of piglets

Key correlations between metabolic, immunological and hormonal parameters fabled
Parameter 1 Parameter 2 r P
Gut-thymus axis
IL-1p intestine Ki-67 thymus +0.82 <0.001
IFN-a intestine Ki-67 thymus +0.74 <0.01
Metabolic-proliferative axis
Nucleotide synthesis Ki-67 thymus +0.92 <0.001
Valine synthesis CD-3* spleen +0.81 <0.001
Isoleucine synthesis Ki-67 thymus +0.85 <0.001
Hormonal-immune axis
Cortisol IL-1pB blood +0.95 <0.001
Cortisol Thymulin -0.89 <0.001
Thymulin CD-3* spleen +0.51 <0.05
Anti-inflammatory regulation
IL-1P intestine IL-1P blood -0.73 <0.01
TGF-p blood Ki-67 thymus -0.41 <0.05
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Phase II (days 7—14) — stabilization: normaliza-
tion of the HPA axis, a decrease in systemic inflamma-
tion and activation of regulatory mechanisms through
TGF-B [29] occur. This phase is critical for the pre-
vention of autoimmune reactions and the formation of
immunological tolerance to the commensal microbio-
ta. Interestingly, against the background of a decrease
in systemic inflammation in the blood, an increase in
the cytokine response in the intestine occurs, which
reflects the beginning of the formation of a local im-
mune barrier.

Phase 111 (days 14—21) — maturation: the immune
response is finally localized in the intestine, which is
associated with intensive colonization of the microbi-
ota and preparation for weaning. An exponential in-
crease in intestinal cytokine expression (by 10 000—
12 600 times) is accompanied by a second wave of
proliferation in peripheral lymphoid organs and the for-
mation of mature T- and B-cell populations. This dy-
namics correlates with the data [18] showing that the
microbiota stimulates Thl polarization through TLR
activation and IFN-y production.

A key result is the identification of a metabol-
ic-proliferative axis — a close link between the syn-
thetic potential of the microbiome and the activity of
lymphoid organs. The strongest correlation between
nucleotide synthesis and proliferation in the thymus
(r=0.92) underscores the role of the microbiota as a
supplier of “building blocks” for DNA replication un-
der conditions of intense clonal expansion of T-cells.
This is consistent with the data [27] showing that hy-
potrophy is associated with low microbiome diversi-
ty and low innate immune reactivity, as well as with
the concept of “immune metabolism” [19], according
to which lymphocyte proliferation requires exogenous
sources of nucleotides and amino acids. The relation-
ship between valine synthesis and the T-cell pool in
the spleen (r = 0.81) reflects the metabolic dependence
of peripheral lymphocytes on microbiota metabolites.
BCAA (valine, leucine, isoleucine) are substrates for
the synthesis of glutamine, which is critical for the en-
ergy supply of the immune response [20].

A comparison with the data obtained in similar
studies on hypotrophic piglets [5, 22—24, 27] shows
that in case of congenital hypotrophy, all the described
processes are impaired: the cortisol peak on day 7 is
absent, systemic inflammation is chronically elevat-
ed and local cytokine production in the intestine is re-
duced. This confirms the pathogenetic significance of
the identified mechanisms and substantiates the need
for pharmacological correction during critical periods
(days 1—7 and 14—21).
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CONCLUSION

The development of the immune system in normo-
trophic piglets in the early postnatal period follows a
three-phase model: adaptation (days 1—7) — acute
stress and systemic inflammation; stabilization (days
7—14) — normalization of hormonal levels and activa-
tion of regulatory mechanisms; maturation (days 14—
21)—localization of the immune response in the intes-
tine and formation of peripheral lymphoid structures.

Three key systemic axes coordinating immune on-
togenesis were identified: the gut-thymus axis (local
inflammation stimulates thymopoiesis), the metabol-
ic-proliferative axis (microbial metabolites promote
lymphocyte proliferation) and the hormonal-immune
axis (cortisol-thymulin balance). There was established
the central role of functionally mature microbiota as a
metabolic “partner” of the immune system through the
provision of nucleotides and amino acids.

Critical periods for pharmacotherapy were deter-
mined: days 1—7 (stress correction and thymopoie-
sis support) and days 14—21 (modulation of the in-
testinal immune barrier before weaning). The practical
significance of these results lies in the development of
pathogenetically based approaches to the prevention
of immunodeficiencies in newborn piglets, including
the timing of the use of immunomodulators and met-
abolic correctors.
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«[IPOAYTOBAKOM-C» IIPU BAKIIMUHALIUU
UX IIPOTUB KJACCUYECKOM YYMBbI CBUHEHN
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AnnoTtanus. V3zyueHo pinusiaue «IIpoayroBaka-Cy» Ha OHOXUMUYECKHUN CTATYC IOPOCAT P UMMYHHU3AIUH TIPO-
THUB KJIaCCUYECKON YyMbl CBUHEH, COIPOBOXK/IAIOIICICS pa3BUTHEM CTPECC-PEaKLMK. YCTaHOBIEHO, uTo «IIpo-
ayTOBaK—C» OKa3aJl BEIPAXKCHHOC ONITUMU3UPYIONICE BIIMAHUC Ha MCTE[6OJ'II/I‘-I€CKI/II>1 CTaTyC JXMBOTHBLIX, IPOABJIIA-
IolIeeCs aKTHBAIMEl yBEINYEHHEM KOJIMYecTBa 00Iero Oeska, y-riio0yIMHOB, CHIYKEHUEM IToKa3aTesel MpooK-
CHJIAHTHOTO CTaTyca M IMOBBIIICHUEM aHTHOKCHIAHTHOH 3alllUThI, YTO OOYCIIOBJICHO HAJIMYUEM B €r0 COCTaBE
I'M-KC®, perynupyroiiero npoiudepariuio u 1uhhepeHIHanno KISTOK MUSIIOIHOTO Psijia, 0~ U Y-HHTepdepo-
HOB, 00€CIIEUMBAIOIINX PETYISIIMIO KJIETOYHOTO M T'YMOPajbHOTO UMMYHHOTO OTBeTa, U BUTaMuHOB A, E 1 C, 00-
JJagaromux aHTUOKCUAAHTHBIMU CBOMCTBAMHU U urparomumx 60.]'1]:.111le POJIb B PEryJIIIUN OKUCIUTEIbHO-BOCCTA~

HOBHUTCJIbHBIX IMTPOLECCOB B OPraHnu3Me.

KuaroueBbie ciaoBa: nopocsta, BakiuHanus, KYC, ouoxumuyeckuii craryc, «IIpoayroBak-Cy», 'M-KC®, a-

u y-uHTepdepoHsbl, ButaMuHbl A, E u C

IIpumensiemble B Poccuiickoii @enepanun xu-
BbI€ BaKI[MHbI NPOTUB KJIACCUYECKOM UYyMbl CBUHEU
00eCTIeYnBAIOT MMU300THIECKOE OJIaronoaydne mpo-
MBIIIJICHHBIX CBUHOBOTYECKUX XO3SIHCTB 1O 3a0o0Jie-
BanHwuto [1, 2].

[Ipu crenuduueckolt mpopuIakTUKe UHPEKIH-
OHHBIX 0OJIe3HEH B3aUMOJIEHCTBHE MaKpPOOPTraHM3-
Ma U BaKIMHHBIX aHTUTEHOB TPOSIBIISETCS HE TOIb-
KO U3MEHEHHSMH CO CTOPOHbI UMMYHHOU CHCTEMBI,
HO U JPYTUX OPraHOB U CUCTEM, IPUHUMAOUINX y4a-
cTtue B (pOpMUPOBAHMN WMMYHOJIOTHYECKOU Tepe-
CTpoUkH [3, 4].

BBenenue BakiMH y KMBOTHBIX COMPOBOXKAAET-
Csl pa3BUTHEM CTPECC-PEaKI, YTO MOXKET HEeraTHuB-
HO BJIMATH Ha T€YCHHE META0OIMUYECKUX MPOIECCOB,
MPOSBIISIOIINXCS PA3BUTHEM UHTOKCUKALIMU OpraHu3-
Ma, OciallieHHeM UX PE3UCTEHTHOCTH M aHTHOKCHU-
JTAHTHOM CHCTEMBI 3aIUTHI, a TAK)KE CHHKEHHEM I10-
Kazareynel MpOAyKTUBHOCTH U COXPAHHOCTH ITOT0JIO-
Bbs [5—9].

BnusHue uMMyHU3a1IUK TOPOCST MPOTUB KIACCH-
YECKOM UyMbl CBUHEHN MTPOSBISAETCS TEHJAEHIIMEN K CHU-
YKEHUIO0 UHTEHCUBHOCTH 3PUTPOII0A3a, AKTUBHOCTHU CO-
CYAMCTO-TPOMOOIIMTAPHOTO MEXaHH3Ma IeMOoCTa3a,
MOBBINIICHHEM (PYHKITMOHATHHON HATPY3KH HA ITEYCHb
Y MOYKHU, UHTCHCU(DUKALIMEH TTPOIECCOB MEPEKUCHO-
TO OKUCTICHUS JTUIHI0B 1 D)HIOTCHHON HHTOKCHKAITIH
[9]. [TomnepsxaHre TOMEOCTa3a M PeaTH3aIlus 3aIluT-
HO-TIPUCITIOCOONUTETBHBIX PEaKIIUii OpraHu3Ma Hepas-
PBIBHO CBSI3aHBI C 0aJIAaHCOM MEXK/Ty HHTEHCHBHOCTBIO
MIEPEKUCHOTO OKUCIICHUS JIUMTUAOB U AKTUBHOCTBIO aH-
TUOKCUAHTHOMU 3aiuThl [ 10]. DHIOTEHHAS HHTOKCU-
KaIysl BBICTYIAET KaTaJIU3aTOPOM OKHUCITHUTEIHHOTO
cTpecca 3a CYET CTUMYJISALMU NPOAYKIUHA aKTUBHBIX
¢dopm kucmopona. [lokazarensimu BBIpaKEHHOCTH TO-
IO COCTOSIHUSI CITY>KaT YPOBEHb CPEIHEMOJIEKYIISIPHBIX
TETITHIO0B U MHJEKC YHAOTEHHON MHTOKCUKamuu [11].

OcnabseHre aHTHOKCHJIAHTHOW CUCTEMBI Opra-
HH3Ma B YCJIIOBUSX CTPECCa U MOBBIICHHON aHTHTCH-
HOM Harpy3Ke COMPOBOXKTACTCS H3OBITOYHBIM HAKOII-
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JICHWEM MPOAYKTOB MEPEKUCHOTO OKMCIICHHS JIUITH/IOB,
KOTOpBIE OKa3bIBAIOT IMTOTOKCHYECKOE IEHCTBHE, 10-
JaBJIsisl CUHTE3 HYKJIEMHOBBIX KUCIIOT U O€JKOB, 1e3-
aKTUBUPYs (PepMEHTAaTUBHbBIC CUCTEMBI M HAapy1Ias Lie-
JIOCTHOCTB KJIETOYHBIX MeMOpaH. B coBokynHOCTH 3TH
MIPOIIECCHI BEAYT K METa0OIMYECKUM PacCTPOHCTBAM
U CyNpeccuy KIETOUHOTO M TYMOPaJbHOTO UMMYHH-
tera [12, 13].

Panee npoBeaeHHBIMY HCCIIEIOBAHUAMH YCTAHOB-
JICHO, YTO HMMYHH3aIHs COTPOBOXK/IAETCS aKTUBALIU-
ell Ipo11eccoB MEPEKMCHOTO OKUCIIEHUS JTUIHUO0B, YTO
KOppeNupyeT CO CHUKEHHEM aKTMBHOCTH KaTajas3bl
Y TIOBBIIIIEHNEM YPOBHS CHHTE3a OKCHaa azora [13].

JUisd onTHMHU3aLUU FOMEOCTa3a, CHUKEHUS OT-
PHULIATETILHOTO BIMSHUS BaKIMHAIMKA HAa MaKpoopra-
HU3M PEKOMEHI0BaHbI MPOOUOTHKY [14], OnoreHHbIC
ctumyisitopsl [13], uarepdeponst [15, 16], untep-
newkun-1 [17].

Lenp mccaenoBaHusi — M3y4eHUE BIUAHUS
«IIpoayroBaka-Cy» Ha roMeocTas opoCcAT MPU BaKIH-
HalM{ IPOTUB KJIACCUYECKOM YyMbl CBUHEH.

MATEPHUAJ U METOJbI

HWccnenoBanus BBINOTHEHBI B CBUHOBOIYECKOM XO-
3siicTBe Ha 2 rpynmax 1mo 25—30 mopocsr. B 45-mHeB-
HOM BO3PacTe KUBOTHbIE ObIIIM BAKLIMHUPOBAHBI IIPO-
TUB KJIACCUYECKOM YyMbl CBUHEH KYJIbTypajbHOU
BakuuHOH (mpou3BoacTBo PI'BY «DenepanbHblii
LIEHTP OXpaHbI 37I0POBbs KUBOTHBIX», I. Bmaaumup).
ITopocsTtam nepBoW IpyHIbl CIYyXHUIH KOHTPO-
neM. JKHBOTHBIM BTOpPOH (OTMBITHOM) TPYIIIBI OHO-
BPEMEHHO C BAKIMHON BHYTPHMBIIIEYHO BBOIHIIN
«IIpoaytoBak-C», conepxaruii B cBoeM coctase ['M-

KC®, a- u y- uaTephEpOHbI CBUHBIE PEKOMOWHAHT-
uele ¥ ButaMuHbl A, E u C, mo 1 mi/10 maccel Tena.

Ot nopocsT (1 = 5) 10 IMMYHHU3AIUH U 5 )KUBOT-
HBIX U3 KaXI0U rpyninsl cirycTs 13 gHeit mocie BBee-
HUs1 OuorpenaparoB ObUTH B3STHI IPOOBI KPOBU OHO-
XUMHUYECKUX UCCIICIOBAHUN.

broxumudeckue uccienoBaHus ChIBOPOTKH KPO-
BU TIPOBOJIMIIA B COOTBETCTBHH C «MeTOAMYECKUMU
PEKOMEHIAIUSAMHU 10 TPUMEHEHUI0 OHOXUMHUYECKIX
METOJIOB HCCIICOBAHUN KPOBU KUBOTHBIX» [18].
Conepsxanue MajoHoBoro nuanbaeruaa (MJIA), ak-
TUBHOCTH TiryTatuonmnepokcuaassl (I'TI0) u xaramna-
3BI OTIPENEISIIA B COOTBETCTBHH € «MeTOAMIECKUMU
MTOJIOKEHUSIMU TI0 M3YyUEHHIO TIPOIIECCOB CBOOOIHOPA-
JIUKAJIbHOTO OKUCIICHUS U CUCTEMbI aHTHOKCUTAHTHON
3amuThl opranusma» [19]. Uuaexc 3HIOTeHHON UH-
tokcukanuu (MOU) B cbIBOPOTKE KPOBU OTIPENEISIIN
T10 CO/IEP>KaHUIO BEIECTB HUZKOW U CPEIHEN MOJIEKY-
nsipHO# Macchl [20], KOHIIEHTpaIHIO CTaOUITHHBIX Me-
TabOJIMTOB a30Ta B IJIa3Me KPOBU — CIIEKTPOQOTOME-
TpUYeCKUM MeTomoM [21].

CrarucTudeckyo o0pabOTKy MOJYYSHHBIX pe-
3yJIBTaTOB TIPOBOIUIIH C IIOMOIIBIO ITAKETa IMIPOTPaMM
Statistica, Bepcwust 6.0.

PE3YJBTATbBI I/ICCJIEI[OBAHI/Iﬁ
N OBCYXJIEHUE

Y nopocAat KOHTpOIbHOI rpynms! Ha 14 1eHb mo-
CJIe IMMYHH3AIUN OTMEUCHO YBEITUMICHUE CONEPIKAHS
MJIA n1a 32,5 %, cpeTHeMONeKYISPHBIX MTEeNTHI0B —
Ha 24,3 % u WHAEKca SHIOTeHHON MHTOKCHUKAIIMN —
Ha 31,1 %, 4TO CBUETEIILCTBOBAJIO 00 aKTUBAIIUH TPO-
LECCOB MEePOKCHIAIMHU JIMTHIO0B (Tadm. 1).

Taoauna 1
Hokazamenu cneyughuueckoeo KiemouHo2o UMMYHUMema y nopocsam
['pymimsr
Ilokazarenu don
KOHTPOJIbHAs OIIBITHAS
MJIA, Mx/M/n 1,63 £ 0,04 2,16 +£0,11" 1,58+ 0,13 +
Karanaza, MkM H202/J1~MI/IH-103 53,8 +2,03 53,6 +£ 1,28 69,9 +£0,96" +
I'TIO, BI'/n-mun-103 13,4+ 0,55 12,1+ 1,11 16,2 £0,67" +
NO*, MkM/n 52,8 +£2,48 54,3 + 3,55 67,9+1,79" +
CMIL y. e. 0,74 + 0,033 0,92 £ 0,064 0,82 +0,055 +
Uon,y.e. 16,1 £0,37 21,1 £0,49" 18,5+0,53" +

*p<0,05—P<0,001 — K pony
*P<0,05— P <0,001 — k KOHTpOJTIO
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[Tpu 5TOM aKTUBHOCTDH (PEPMEHTOB AHTHOKCH/IAHT-
HOM 3amuThl Karanasel U ['TIO Oblia cHMIKEeHa Ha 5,6
1 9,5 % COOTBETCTBEHHO, UYTO 00YCIIOBICHO HAKOII-
JICHUEM TOKCHYECKHUX MPOIYKTOB MEPEKHUCHOTO OKHUC-
JICHUSI IUTIHIOB, B YACTHOCTH, MAJIOHOBOTO JUATIL/IC-
TUja, U, KaK CIICJCTBUE, IOBLIIICHUS YPOBHS CpeIHe-
MOJICKYJISIPHBIX TIETITHIOB OMOXUMHUUYECKOTO MapKepa
SHJIOTCHHOW MHTOKCUKAIIHH.

HerarusHoe BIHSIHHE HA TOMEOCTA3 YKUBOTHBIX
BaKIMHAIINH, TIPOSBISIONIEECS YCUICHUEM IPOIIeC-
COB IIEPEKUCHOTO OKUCIICHUS JINTTUIOB U MTOBBIIICHU-
€M YPOBHS DHJOTCHHON MHTOKCHUKAIIUHU, OKa3bIBACT
AMMYHOCYTIPECCUBHOE IecTBHE HA (haKTOPHI CITCIIN-
(hIeCcKOro IMMYHHUTETA, HHAKTUBUPYS (DePMEHTHI, 13-
MEHSIS CTPYKTYPHO-(QYHKITHOHAIILHOE COCTOSTHUE O1O-
MeMOpaH IMMYHOKOMITETEHTHBIX KJIETOK.

B Toxe Bpemsi UMMYHU3AINS HHULTUUPYET aKTH-
BaIlMIO CHCTEMBI BPOXKICHHOTO U aIalITUBHOTO HUMMY-
HHUTETA, B TOM YHCJIC MMPOBOCTAUTEILHBIX IIUTOKU-
HOB M TIPOTHBOBOCTIAIMTEIHLHBIX MEIAATOPOB, MHIY-
LIUPYIONINX KIETOYHBIA 1 TYMOPaIbHBI HMMYHHTET.
[Tpu 3TOM JOKaTBHBIN BOCIIATUTEIHLHBIN IIPOIIECC, 00-
YCIIOBJICHHBIN BaKI[MHHBIM aHTUTEHOM, IIPOBOIHPYET
JECTPYKITUIO TKAHEH, COMTPOBOKIAIOTIIYIOCS BBIXOAOM
BHYTPHKJICTOUYHBIX KOMIIOHEHTOB B MEXKKJICTOUHOE

MIPOCTPAHCTBO, YTO 3aKOHOMEPHO MOBBIIIAET KOHIICH-
TPAIHIO CPETHEMOJICKYISPHBIX TTEMITHIOB.

Y KUBOTHBIX OIBITHON TPYIITBI BaKIIUHUPOBAH-
HBIX B coueranuu ¢ «lIpoaytoBak-C» yCTaHOBICHO
MIOBBIIICHUE COACPIKAHUS CPEIHEMOJICKYIISIPHBIX TICTI-
tuaoB — Ha 10,8 % M MHAEKCA YHJOICHHOW MHTOK-
cukarn — Ha 14,9 %. Ilpu aToM nx 3Ha4eHNs ObUTH
MEHbIIIe aHAJIOTHYHBIX TOKa3aTelel MmopocAT KOH-
TpoabHOM rpynmnsl Ha 10,9 1 12,3 % cooTBeTCTBEHHO.

Hapsiy ¢ 3TiM y TOpOCSIT OIBITHOM TPYIIIBI HA-
0Jr071a10Ch MOBBIIIEHNE aKTUBHOCTH KaTajia3bl Ha
29,9 % uI'TIO —na 20,8 %, a Tak)Ke ypOBHS CTAOMITh-
HBIX METa0OJINTOB OKCcHIa a30Ta — Ha 28,6 %, KoTo-
pBIE TIPEBBITIIANN aHAIOTHYHBIE 3HAYSHHSI )KHBOTHBIX
KOHTposibHOM Tpynmel Ha 30,4 %, Ha 33,9 u 25,0 %
COOTBETCTBEHHO, YTO CBHJICTEILCTBYET 00 aKTHUBa-
[IUM CUCTEMbI aHTHOKCHJIAHTHOM 3auThl. [1py Onoxu-
MHUYECKOM HCCIICAOBAHUH KPOBH (Ta0I. 2) y IOPOCST
KOHTPOJBHOHN TPYTITBI yCTAHOBIIEHO TTOBBIIEHUE CO-
JIepKaHUS 0-TIIOOYIMHOB, COIEPKAIINX OCTpOoda3HbIe
Oenku BocnianeHus, Ha 8,3 % u y-Io0yIMHOB, y4acT-
BYIOIIIUX B (JOPMHUPOBAHUY CIIEIU(PUIESCKOTO UMMYH-
HOTO 0TBeTa, Ha 34,8 %, MPU CHUKCHUH KOTUICCTBA
aap0ymMrHOB Ha 12,8 %, Urparommx 3HaYUTENbHYIO
pOJTb B JIETOKCHKAITMH OpTraHu3Ma (Taoi. 2).

Tabnmuna 2
Tokazamenu cneyuguuecko2o KiemouHo2o UMMYHUMEMa Y NOpoCsim
I'pynnsr
Iloxazarenu don
KOHTPOJIbHAS OIIBITHAS
OO0mmii 6enoK, /1 59,6 +0,32 60,1 0,09 62,3+ 0,45 +
AnpOymuHbI, % 47,6 £ 0,83 41,5+0,54" 44,1 £0,48"
0-r100yTHHEL, %o 15,6 £0,41 16,9 +£0,18 13,1 +£0,41" +
B-rmo6ymunsL, % 21,3+0,26 20,7+ 0,34 19,3 £0,25" +
y-To0ynuHbBI %o 15,5+ 0,57 20,9 +0,49" 23,5+0,31" +

*p<0,05— P<0,001 —k pony
*P<0,05— P <0,001 — k KOHTPOJTIO

W3BecTHO, 4TO BAaKIMHAIMS, COMPOBOXKIAONIAS-
Cs TIOBBIIIEHHOW aHTUIE€HHOW HArpy3Koil, MPUBOJUT
K M30BITOYHOMY HAKOTUJICHHIO B OPTaHU3ME aKTHBHBIX
(op™ Kucnopona, 00pasyroLmxcs B Ipolecce akThBa-
uun [10J1, ciocoOHBIX OKUCTSATE MEMOpaHHbBIE CTPYK-
TYpBL, B T. 4. 6eJ'IKOBBIe KOMITOHCHTBI U UHAKTUBHUPO-
BaTh MeMOpaHHbIe hepMeHTHI. [loBpexnenne MeMOpaH
Y HapylIeHne padoThl MEMOPAHOCBSA3aHHBIX CUCTEM,
B TOM YHCJIE YIaCTBYIONUX B TPAHCIIOPTE aMUHOKHC-

JIOT KOCBEHHO BIHAET Ha OeiKkoBbIii oOMeH. Kpome
TOTO, IIPHU OKHCIUTEIHHOM CTpPECCe MOIYT IOBpe-
KIaTbCsl pUOOCOMBI WK (aKTOPBI TPAHCISLUH, CHU-
xast 9pHeKTUBHOCT cHHTe3a OejKa, HAKAITUBATHCS
NOBpeKAEHHBIE, He(DYHKIIMOHAIBHBIC OCTIKU 1 Hapy-
1aThCsi paboTa CUCTEM, 3aBUCSIIUX OT OeKoB ((ep-
MEHTaTHBHBIX, TPAHCIIOPTHBIX, PETYIATOPHbIX). [Ipu
3TOM MOAU(HUIMPOBAHHbIEC OCIKH CUUTAIOTCS HATEK-
HBIM MapKEpOM OKUCIIUTEIILHOTO MOBPEKICHHS U3-32
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PacIpOCTPaHESHHOCTHU U CTAOUIIBHOCTH TPOLYKTOB UX
oKucieHus [22].

B nporenHorpamMmme mopocsT ONBITHOW T'PYIIbI
YCTaHOBJICHO YMEHBIIICHHE KOJIMYECTBA aIbOYMIUHOB
7,4 %, npu 3TOM UX 3HAYCHHE OBLIO OOJNbBINE, YeM
B KOoHTpoJse Ha 6,3 %. Conepkanue o- u B-ro0ysu-
HOB CHU3MJI0CH Ha 16,0 11 9,4 % 1 OBLJIO0 MEHBIIIE aHa-
JIOTHYHBIX MTOKa3aTene KoHTposs Ha 22,5 u 6,8 % co-
OTBETCTBEHHO.

[Ipu 3TOM ypOBEHB Y-TIIOOYITHMHOB, COMEPIKAIIIX
aHTuTeNna, ypenuumica Ha 51,6 % u mpeBblman mo-
Kazatenb KoHTposs Ha 11,2 %, 4To CBHIETEIBCTBYET
0 OoJtee BEIPAKEHHOHN TyMOpaIbHOM 3aIlluTe.

Taxum o6pazom, mpumenenue «lIpoayroaka-Cy,
conepskaiero B ceoeM cocrare [M-KCO®, a- u y- un-
Tep(epoHbl CBUHBIE PEKOMOWHAHTHBIC U BUTAMH-
Hbl A, E 1 C, OTHOBpEMEHHO C BBEJICHHEM BaKI[UHBI
nporuB KYC monokuTenpHO cKa3aloch Ha MeTabo-
JINYECKOM CTATyCE YUBOTHBIX, CHU)KAsl MOCTBAKIIH-
HaJIbHBIA CUHIPOM.

HNmmyHOMOIypyrotiee neiictre nHTep(hepoHoB
orpenensieTcss UHAYKIIUEH CUCTEMbI SHIOTCHHOTO HH-
TepdepoHa, aKTUBHU3AIUEH KIIETOYHOTO U TyMOpaiib-
HOro uMMyHHuTeTa. [IpH 3TOM 0- U Y- UHTEPHEPOHBI
CBUHBIC PEKOMOMHAHTHBIC OKa3bIBAIOT MPOTHBOBOC-
NAJIUTENBbHOE JIeHCTBUE, BO3ACHCTBYIOT HAa KJIIETOY-
HOE 3BEHO MMMYHHOW CHCTEMBI, CTHMYIUPYS JTUTH-
YECKYH aKTUBHOCTH JIMM(OIUTOB, CHEIH(PHUSCKUX
LUTOTOKCUYHBIX T-TUMQPONUTOB U Makpodaros, mo-
BbIas 3Q(GEeKTUBHOCT, MMMYHHOTO PacIiO3HABAHUS
AHTUTCHA, aKTUBU3UPYIOT 0OpazoBaHue crerudpude-
CKUX aHTHUTeN B-mumdonutamu u criocoO0CTBYIOT OI1-
TUMU3AIUN META00IINYECKUX TIPOIIECCOB B OPTaHU3-
M€ KUBOTHBIX [23, 24].

Bxonsaumii B cocras npenapara ' M-KCO, sBis-
SIChb KJIFOUEBBIM POCTOBBIM (DaKTOpOM, 0OecreurBaeT
peryisuro nponudepartuu, mudepeHITnPOBKH U CO-
3peBaHUS MHEJIOUIHBIX KIIETOK-IIPEIIIeCTBEHHUKOB,
MOIYTHPYET (PYHKIMOHAIBHYIO aKTHBHOCTh 3PEIIbIX
HEUTPODUIIOB: aKTHBUPYET (ParoiuTo3, UHAYIHPYET
CUHTE3 MOJICKYJI aJIFC3UHU U MOBBIIIACT YPOBEHb 3KC-
[IPECCUH aHTUTCHOB TJIABHOT'O KOMITIIEKCA THCTOCOBME-
ctumoctH I xkiracca (MHC—II). Kpome Toro, GM—
CSF ctumynupyet cunre3 IL-12 u TNF-a, a taxxe
WHAYIUPYET BRICBOOOXICHUE MOHOIIUTAMHU XEMOTAaK-
cuueckoro 6emka MCP-1, BBICTYHAIOIIETO B POJTU KITHO-
YEBOrO MEIMATOpa MUTPAIMK HEUTPO(DHUIIOB U MOHO-
IIATOB B Oo4ar BocmajgeHus [25].

Butamunst A, E u C, Bxomsmue B coctas «IIpo-
aytoBaka-Cy, SIBISIOTCS aKTHBHBIMU aHTHOKCHJIaH-
TaMH, UTPAIOT BAXHYIO POJIb B PErYJISIIUUA OKUCIIH-
TEJIbHO-BOCCTAHOBHUTEIIBHBIX MTPOIECCOB, OKA3bIBAIOT

MOJIOKUTEIBHOE BINSHUE HA HOPMajIbHOE (YHKIHO-
HUPOBaHNE NMMYHHOH CHCTEMBI )KUBOTHBIX [26, 27].

Buramun A BbICTyIaeT B poiu 3PPEeKTUBHOTO
AHTHOKCHIAHTa, 00ecTieynBast 3aIIUTy JTUIHJIOB KIle-
TOYHBIX MEMOpaAH OT OKHCIUTEIHFHOTO TIOBPEKICHIS,
BBI3BAHHOI'O CHHIVIETHBIM KHcIoponoM. biaromaps
HQJINYMIO B MOJIEKYJISIPHOW CTPYKTYpE CHCTEMBI CO-
NPSOKCHHBIX IBOMHBIX CBSI3€H, BUTAMUH A cOCOOCH
HEUTpanu3oBaTh CBOOOAHBIC PaJUKalbl, TEM CaMbIM
MHTHOUPYS TPOIECCH MEPEKUCHOTO OKUCIIEHUS JIH-
uoB [28].

Butamun E BbicTynaer B poiau MOIIHOTO aHTHOK-
CHJIaHTa, OAABJISIFOLLETO [IEPEKUCHOE OKUCIICHHUE JIU-
MUI0B Ha dTane uHUIuanuu. OH OIOKUPYeT LeNHbIe
peaKIuu OKMCIEHHUs, Ipe0oTBpallaeT HaKoIJIeHHe
THJIPOTIEPOKCUIOB U HEUTPATU3YeT pa3INyHbIC aKTHB-
HbIE ()OPMBI KHCIIOPOA, TAKHE KaK CHHIJIETHBIN KHCIIO-
POz, a TaKkXKe NePOKCHIIbHBIE U AJIKOKCHIIbHBIE PaUKa-
nb1. KpoMe aHTHOKCHAAHTHBIX CBOWUCTB, 0-TOKO(EpOIT
Y4YacTBYET B PErysiuu Metadonu3ma Gochoaunmmios
B KJICTOUHBIX MEMOpaHax, 4To IIPH MaToJIO0TUH CIIoco0-
CTBYET YJIYUIIECHNIO OKCUT'€HALMU TKaHel. biaaronaps
CITOCOOHOCTH CTAOMITU3UPOBATh MEMOPAHHBIE CTPYK-
TypBbI ¥ GOPMUPOBATH KOMIIJIEKCHI C dKUPHBIMH KHCIIO-
TaMH, BUTaMHH E 3HAUUTEIbHO MOBBIIIAET yCTONYH-
BOCTb KJIETOK K ITOBPEXAAIOIIEMY BO3AEHCTBUIO CBO-
O6omHBIX pamukanos [19].

Bynyuu a3pekTHBHBIM BOCCTAaHOBUTEIIEM, ACKOP-
OMHOBAasI KUCJIOTa WHAKTUBUPYET aKTHBHBIE (DOPMEI
KHCJIOpO/a (BKIIFOYAst CyTIEPOKCHIHBIC ¥ THIPOKCHIIb-
HBIE PaJIMKAJbl), YTO CIIOCOOCTBYET POCTY AaHTHOKCH-
JTAHTHOTO MOTEHLMANA MJ1a3MBbl.

Buramun C Takxke BBINOJHSET KOPEPMEHTHBIE
¢GbyHKINY B psae MeTabOMINYeCKUX MyTel, CTUMYIH-
PYET IETOKCHKALMOHHYIO M OEIOKCHHTE3UPYIOILYIO
AKTHUBHOCTbH I'€MaTOLUTOB, a TAKKE MOAYIUPYET UM-
MYHHBIH oTBeT [19].

3AKJIIOYEHHUE

[IpoBeneHHBIMU HCCIIEOBAHUSAMH YCTAHOB-
JIEHO, YTO MPUMEHEHHE KOMIUIEKCHOTO Iperapara
«IIpoayToBak-C», conepaaliero B cBoeM cocrase ' M-
KC®, a- u y- uHTEpdepOoHbI CBHHBIE PEKOMOMHAHTHEIE
u Butamusbl A, E u C, OTHOBPEMEHHO C BaKIIMHOMN
MIPOTHB KJIACCHYECKOW YyMBl CBHHEH CIIOCOOCTBOBA-
JI0 CYIIECTBEHHOMN KOPPEKIINH META00INIECKUX TIPO-
[IECCOB Yy TOIOTBITHBIX )KUBOTHBIX, ITPOSBIISIONICHCS
B HOpMaJu3alyu OelIKOBOTO OOMEHa, aKTUBAIIMH aH-
TUOKCUIAHTHOM 3aIIUTHI U CHI>KEHUSI UHTCHCUBHOCTHU
MIPOIECCOB MEPEKUCHOTO OKUCICHUS JIUITUAO0B U MO-
KET OBITh PEKOMEHIOBAH ISl CHEIU(UISCKON Tpo-
¢unakTrke HHOEKITMOHHBIX 00JIe3HEH
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Takum 00pa3oM, pe3yasTarhl HPOBEICHHBIX UCCIIe-
JIOBaHHH JTAl0T OCHOBaHHE PEKOMEH/I0BATh IIPUMCHE-
uue «lIpoayroBaka-C» OIXHOBPEMEHHO ¢ BaKI[MHAMU
JUTSL ONTUMH3AIMN OMOXMMHYECKOTO CTaTyca KUBOT-
HBIX IIpH crienuprUecKoil mpopunakTiuke HHPeKIu-
OHHBIX OOJe3Hei.
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Abstract. The study investigated the effect of “Proautovak-S” on the biochemical status of piglets during immu-
nization against classical swine fever, a process accompanied by a stress response. It was found that “Proauto-
vak-S” exerted a pronounced optimizing effect on the animal metabolic status. This was manifested by increased
levels of total protein and y-globulins, reduced pro-oxidant status indicators and enhanced antioxidant defense.
These effects are attributed to the drug composition, which includes GM—CSF (regulating the proliferation and
differentiation of myeloid cells), interferons -a and -y (regulating cellular and humoral immune responses), and
vitamins A, E and C (possessing antioxidant properties and playing a key role in regulating redox processes in the

body).

Keywords: piglets, vaccination, CSF, biochemical status, “Proautovak-S”, GM—CSF, interferons -a and -y, vi-

tamins A, E and C

Live vaccines against classical swine fever (CSF)
used in the Russian Federation ensure the epizootic
safety of commercial pig breeding farms regarding
this disease [1, 2].

In the specific prophylaxis of infectious diseases,
the interaction between the host organism and vac-
cine antigens manifests not only through changes in
the immune system but also in other organs and sys-
tems involved in the development of immunological
restructuring [3, 4].

Vaccination in animals triggers a stress response
that can adversely affect metabolic processes, mani-
festing as systemic intoxication, a weakening of physi-
ological resistance and antioxidant defense system, and
reduced productivity and herd survival rates [5—9].

Immunization of piglets against classical swine fe-
ver is associated with a tendency toward reduced eryth-
ropoiesis and vascular-platelet hemostasis activity, in-
creased functional strain on the liver and kidneys, and
an intensification of lipid peroxidation and endogenous
intoxication processes [9].

The maintenance of homeostasis and the execution
of the body’s protective and adaptive reactions are in-

extricably linked to the balance between the intensi-
ty of lipid peroxidation and the activity of the antiox-
idant defense system [10]. Endogenous intoxication
acts as a catalyst for oxidative stress by stimulating
the production of reactive oxygen species. The sever-
ity of this condition is indicated by the level of medi-
um-molecular-weight peptides (MM WPs) and the in-
dex of endogenous intoxication (IEI) [11].

A weakening of the body’s antioxidant system un-
der conditions of stress and increased antigenic load is
accompanied by the excessive accumulation of lipid
peroxidation products, which exert a cytotoxic effect
by inhibiting nucleic acid and protein synthesis, deac-
tivating enzyme systems, and disrupting the integrity
of cell membranes. Collectively, these processes lead
to metabolic disorders and the suppression of cellular
and humoral immunity [12, 13].

Previous studies have established that immuniza-
tion is accompanied by the activation of lipid peroxi-
dation processes, which correlates with reduced cata-
lase activity and increased nitric oxide synthesis [13].

To optimize homeostasis and mitigate the adverse
effects of vaccination on the host organism, the use of
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probiotics [14], biogenic stimulators [13], interferons
[15, 16] and interleukin-1 [17] has been recommended.

The research objective was to investigate the effect
of “Proautovak-S” on the homeostasis of piglets during
vaccination against classical swine fever.

MATERIAL AND METHODS

The study was conducted at a pig breeding farm
using two groups of 25—30 piglets each. At 45 days
of age, the animals were vaccinated against classical
swine fever using a cell-culture vaccine (manufactured
by the Federal Center for Animal Health, Vladimir).
The piglets in the first group served as the control. The
animals in the second (experimental) group were giv-
en an intramuscular injection of “Proautovak-S”, con-
taining GM—CSF, recombinant porcine interferons -o
and -y, and vitamins A, E and C at a dosage of 1 ml
per 10 kg of body weight, administered concurrently
with the vaccine.

Blood samples for biochemical analysis were col-
lected from the piglets (n = 5) prior to immunization
and from five animals in each group 13 days after the
administration of the biological preparations.

Biochemical analysis of blood serum was per-
formed in accordance with the Methodological

Recommendations on the Use of Biochemical Methods
for Animal Blood Analysis [18].

Malondialdehyde (MDA) content and the activi-
ty of glutathione peroxidase (GPx) and catalase were
determined in accordance with the Methodological
Guidelines for Studying Free-Radical Oxidation
Processes and the Body’s Antioxidant Defense System
[19].

The index of endogenous intoxication in blood se-
rum was determined based on the content of low- and
medium-molecular-weight substances [20], while the
concentration of stable nitrogen metabolites in blood
plasma was measured using a spectrophotometric
method [21].

Statistical analysis of the obtained results was per-
formed using the Statistica software package (ver-
sion 6.0).

RESULTS AND DISCUSSION
In the piglets of the control group, 14 days after
immunization, an increase was observed in the levels
of MDA (by 32.5 %) and medium-molecular-weight
peptides (by 24.3 %), as well as in the index of endog-
enous intoxication (by 31.1 %), indicating activation
of lipid peroxidation processes (Table 1).

Table 1
Indicators of specific cellular immunity in piglets
Groups
Indicators Baseline
control experimental
MDA, uM/L 1.63 +£0.04 2.16+0.11" 1.58+0.13 +
Catalase, uM H,0O,/L-min-10° 53.8+2.03 53.6+1.28 69.9 +£0.96" +
GPO, IG/L'min-10? 13.4+0.55 12.1+1.11 16.2+0.67" +
NO*, uM/L 52.8+2.48 543 +3.55 67.9+1.79" +
MMWPs, c. u. 0.74 £ 0.033 0.92 +£0.064" 0.82 £0.055 +
IEL c. u. 16.1 £0.37 21.1+0.49° 18.5+0.53" +

*p<0.05— P <0.001, relative to the baseline
* P <0.05— P<0.001, relative to the control

At the same time, the activity of the catalase and
GPx antioxidant defense enzymes were reduced by 5.6
and 9.5 % respectively. This was attributed to the ac-
cumulation of toxic lipid peroxidation products (spe-
cifically malondialdehyde) and the consequent rise in
the level of medium-molecular-weight peptides, a bio-
chemical marker of endogenous intoxication.

Bulletin of Veterinary Pharmacology « No. 3 (36) « 2026

The negative effect of vaccination on animal ho-
meostasis, manifested by intensified lipid peroxida-
tion and increased endogenous intoxication, exerts an
immunosuppressive effect on specific immunity fac-
tors by inactivating enzymes and altering the structur-
al and functional state of the biomembranes of immu-
nocompetent cells.
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At the same time, immunization triggers the acti-
vation of innate and adaptive immune systems, includ-
ing the release of pro-inflammatory cytokines and an-
ti-inflammatory mediators, thereby inducing cellular
and humoral immunity. The local inflammatory pro-
cess caused by the vaccine antigen leads to tissue de-
struction and the release of intracellular components
into the intercellular space, which inevitably raises the
concentration of medium-molecular-weight peptides.

In the experimental group of animals vaccinated
with the addition of “Proautovak-S,” an increase was
observed in the levels of medium-molecular-weight
peptides (by 10.8 %) and the index of endogenous
intoxication (by 14.9 %). However, these values re-
mained by 10.9 and 12.3 % lower respectively, than the
corresponding figures for the control group of piglets.

In addition, the piglets in the experimental group
exhibited a 29.9 % increase in catalase activity and a
20.8 % increase in glutathione peroxidase (GPO) ac-
tivity, as well as a 28.6 % rise in stable nitric oxide
metabolites.

These values exceeded those of the control group
by 30.4, 33.9 and 25.0 %, respectively, indicating ac-
tivation of the antioxidant defense system.

Biochemical blood analysis (Table 2) has revealed
that the piglets in the control group have shown an
8.3 % increase in a-globulins (which include acute-
phase inflammatory proteins) and a 34.8 % increase
in y-globulins (involved in the specific immune re-
sponse), alongside a 12.8 % decrease in albumins,
which play a significant role in the body’s detoxifica-
tion processes (Table 2).

Table 2
Indicators of specific cellular immunity in piglets
Groups
Indicators Baseline

control experimental
Total protein, g/LL 59.6 £0.32 60.1 +0.09 62.3+£045 +
Albumin, % 47.6 +£0.83 41.5+£0.54 44.1 £0.48"
a-globulins, % 15.6 £ 0.41 169 +0.18 13.1+041"+
B-globulins, % 21.34+0.26 20.7+0.34 19.3+£0.25"+
y-globulins, % 15.5+0.57 20.9 +£0.49° 23.5+031"+

" p<0.05— P <0.001, relative to the baseline
*P<0.05— P <0.001001, relative to the control

It is known that vaccination, accompanied by an
increased antigenic load, leads to the excessive ac-
cumulation of reactive oxygen species in the body,
generated during the activation of lipid peroxidation,
which are capable of oxidizing membrane structures
(including protein components) and inactivating mem-
brane-bound enzymes. Damage to membranes and the
disruption of membrane-bound systems, including
those involved in amino acid transport, indirectly af-
fect protein metabolism. Furthermore, oxidative stress
can damage ribosomes or translation factors, thereby
reducing protein synthesis efficacy. It can also lead to
the accumulation of damaged, non-functional proteins
and impair the functioning of protein-dependent sys-
tems (enzymatic, transport and regulatory). Modified
proteins are considered reliable markers of oxidative
damage due to the prevalence and stability of their ox-
idation products [22].
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The analysis of the protein profile in the piglets
from the experimental group revealed a 7.4 % decrease
in albumin levels, although the absolute value re-
mained by 6.3 % higher than that of the control group.
The content of a- and B-globulins decreased by 16.0
and 9.4 % respectively, falling 22.5 and 6.8 % below
the corresponding control values. Conversely, the lev-
el of y-globulins, which contain antibodies, increased
by 51.6 % and exceeded the control value by 11.2 %,
indicating a more pronounced humoral immune re-
sponse. Thus, the use of “Proautovak-S”, which con-
tains GM—CSF, recombinant porcine interferons -o
and -y, and vitamins A, E and C, concomitantly with
the administration of the vaccine against CSF had a
positive effect on the animals’ metabolic status, there-
by mitigating post-vaccination syndrome.

The immunomodulatory action of interferons is
mediated by the induction of the endogenous interfer-
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on system and the activation of cellular and humor-
al immunity. Specifically, recombinant porcine inter-
ferons -a and -y exert an anti-inflammatory effect and
act on the cellular component of the immune system
by stimulating the lytic activity of lymphocytes, spe-
cific cytotoxic T-lymphocytes, and macrophages, en-
hancing the efficacy of immune antigen recognition,
stimulate the production of specific antibodies by
B-lymphocytes and help optimize metabolic process-
es within the animals’ bodies [23, 24]. GM—CSF, a
component of the drug, acts as a key growth factor that
regulates the proliferation, differentiation and matu-
ration of myeloid progenitor cells, and modulates the
functional activity of mature neutrophils. It activates
phagocytosis, induces the synthesis of adhesion mol-
ecules and upregulates the expression of MHC class 11
antigens. Furthermore, GM—CSF stimulates the syn-
thesis of IL-12 and TNF-a, and induces the release of
the chemotactic protein MCP-1 by monocytes. MCP-1
serves as a key mediator of neutrophil and monocyte
migration to the site of inflammation [25].

Vitamins A, E and C, which are components of
“Proautovak-S”, act as potent antioxidants, play a vi-
tal role in regulating redox processes and positively
affect the normal functioning of the animals’ immune
systems [26, 27].

Vitamin A acts as an effective antioxidant, pro-
tecting cell membrane lipids from oxidative damage
caused by singlet oxygen. Due to the presence of a sys-
tem of conjugated double bonds in its molecular struc-
ture, vitamin A can neutralize free radicals, thereby in-
hibiting lipid peroxidation processes [28].

Vitamin E functions as a potent antioxidant that
suppresses lipid peroxidation at the initiation stage.
It blocks oxidative chain reactions, prevents the ac-
cumulation of hydroperoxides and neutralizes vari-
ous reactive oxygen species, such as singlet oxygen
as well as peroxyl and alkoxyl radicals. In addition to
its antioxidant properties, a-tocopherol participates in
regulating phospholipid metabolism within cell mem-
branes, which helps improve tissue oxygenation in case
of pathological conditions. By stabilizing membrane
structures and forming complexes with fatty acids, vi-
tamin E significantly enhances cellular resistance to
the damaging effects of free radicals [19].

As an effective reducing agent, ascorbic acid inac-
tivates reactive oxygen species (including superoxide
and hydroxyl radicals), thereby enhancing the plasma
antioxidant capacity. Vitamin C also functions as a co-
enzyme in various metabolic pathways, stimulates the
detoxification and protein-synthesizing activity of he-
patocytes, and modulates the immune response [19].
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CONCLUSION

The studies have demonstrated that the use of
the complex drug “Proautovak-S”, containing GM—
CSF, recombinant porcine interferons -a and -y, and
vitamins A, E and C concomitantly with the vaccina-
tion against CSF facilitated a significant correction of
metabolic processes in the experimental animals. This
was evidenced by the normalization of protein metab-
olism, activation of antioxidant defenses and a reduc-
tion in the intensity of lipid peroxidation. The drug can
be recommended for the specific prevention of infec-
tious diseases.

Thus, the results of the studies conducted provide
grounds for recommending the use of “Proautovak-S”
concurrently with vaccines to optimize the biochem-
ical status of animals during the specific prophylaxis
of infectious diseases.
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YCJOBUA NTYBJINKAILINU
U MMPABUJIA O®OPMJIEHUS CTATEN

YBAKAEMBIE KOJIJIET'A!

Penakuus sxypHana «BerepunapHbiii hapMakolOrHuecKuii BECTHUK» Bcepoccuiickoro HayqHO-HUCCIEe0-
BaTeIbCKOTO BETEPHHAPHOTO NHCTUTYTA MATOJIOTHH, (hapMaKoJIOTHH U Tepanuu Poccenbxo3akagemMun npuria-
mIaeT HayYHBIX COTPYAHHUKOB, ITPETIOIAaBATEICH By30B, CONCKATENEH YUEHBIX CTEIIEHEH U MPAKTUKYIOLINX CIIe-
LUAJIMCTOB JJIsl MYOJIMKALUK PE3yIbTaToB 3KCIEPUMEHTAIBHBIX UCCIEIOBAaHUN, TEOPETHUECKUX U 0030PHBIX
CTaTeH, KacarolKXcs aKTyaJlbHBIX BOPOCOB BETEPUHAPHOH (papMakosoru.

Leunb s)xypHana «BerepuHapHbiil (hapMakoIoruueckuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HaIlpaBJie-
HUI pa3BUTHsI BeTepUHAPHOU (papMaKoIIOTHH, IPUBJICYCHNE BHUMAHUS HAyYHBIX PAOOTHHKOB U CIIELIUAIIUCTOB
K aKTyaJbHBIM TIpo0OIeMaM, POIBMKEHE MHHOBAIIMOHHBIX pa3paboToK.

OCHOBHBIE TeMaTHYeCKUE HAIPABICHUS KypHaIa:

1. DxcniepuMeHTaNbHAS HapPMaKOJIOTHSL.

2. Knununueckast papmMakoinorusi.

3. buoxumuueckas 1 MOJIEKYJIIpHas (GapMaKoJIOTHS.

4. dapmarus.

5. HoBele JiekapCTBEHHBIE CPEIICTBA U NIPENAPAThI Ul TEPAUU U IPOPUIAKTUKY OONIE3HEH.

6. CpezncrBa 300TUTHEHBI, AE3UH(EKLUH, JE3MHCEKIUH U IepaTU3aLuy.

7. JleueOHBIE MPEMUKCHI U KOPMOBBIE 100ABKH.

8. [Tatodusmnonorus, narToOMOXUMHS U SKCIIEPUMEHTAIbHAS TePaTTHS.

Temarnueckoe coepxkaHue )KypHaJIa MOKET MEHSTHCS B 3aBUCMMOCTH OT TEKYIIUX 3a/1a4 HAYKH U [IPAKTUKU.

YCJIOBUA TYBJIUKALIMHU

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTepPHAIbL:

1. Crarpio, 0hOpMIICHHYIO B COOTBETCTBHH C TpeOoBaHUSIMH, Ha mouTy vetfarm.journal@yandex.ru
(«B pemakuuto )xypHana «BeTepruHapHbIi (apMaKOIOrHYECKHIH BECTHUKY ).

Marepuai, npemiaraeMblid s MyOIUKalyy, T0JDKEH OBITh TIIATENIFHO OTPEIAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HanpasJsieMble B PEIAKLUI0, IPOXOIAT PELIEH3UPOBAHUE U BBIHOCATCS HA PACCMOTPEHUE PEIKOII-
nerun. [Ipu HE0OXOANMOCTH peaKuys CBA3bIBACTCS C aBTOPaMH 110 TejeoHy MM 3JIeKTpoHHOH noure. 1o
pesynbrataM 00CyKACHUS] IPUHUMACTCS PEIIeHHE O BO3MOKHOCTH BKJIIOUEHHUS CTaThbU B JKypHaJl, 00 OTKasze
WM 10paboTke.

Crarbs, HanlpaBlieHHAs] aBTOPY Ha JOPa0OTKY, TOKHA OBITH BO3BPAIICHA B HCIIPABICHHOM BH/IE B MaKCH-
MaJILHO KOPOTKHE CpokH. K pyKkomnrcn HeoOX0anMO MPUIIOKUTH TUCBMO OT aBTOPOB, COJIEPIKAIIE OTBETHI Ha
Bce 3ameudanust. Ctarbsi, TpeOyrolias IOBTOPHON 10padOTKH, paccMaTprBaeTcs Kak BHOBb ocTynusas. [1pu
9TOM JaTOM MOCTYIUICHHSI CYUTAETCS Jara MOJIyYeHHs PEAAKLIUEH OKOHYATeIbHOTO BAPHAHTA CTAaThU.

[Inata ¢ aBTOpOB 32 MyOJINUKAIMIO HE B3UMACTCSL.

ABTOpPCKOE BO3HATPAXKICHUE 32 pPa3MEIlCHUE CTaTel B MEYaTHON U DJICKTPOHHON BEPCHUHU >KypHaIa aBTO-
pam crareil He BBITUIAYMBACTCSL.

Marepuaiibl, HOCTYIMBIINE B PEAAKLNIO, aBTOPAM HE BO3BPAILAIOTCSL.

2. Ceenenmus 00 aBTOpax:

damuusi, UMs1, OTIYECTBO

VYuyeHas cTeneHb

VYueHoe 3BaHUE

JlomKHOCTD

[TonHoe Ha3BaHUE OpraHu3aluu

Anpec, Tenedon, e-mail

OtaenbHO HEOOXOIUMO yKa3aTh JIMLO U €ro KOHTaKTHBIE JaHHBIE, C KOTOPBIM peAakuus OyJeT BeCTH mepe-
TOBOPBI M TIEPETINCKY.
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3. HampagsiieHue oT y4upex/ieHus, B KOTOPOM BBITIOJIHEHA paboTa 110 opme:

B penakuuto xxypHana
«BerepuHapHBIH (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH ITeYaTH MOFO (HAIIy ) CTAaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOJTHOCTHIO He OBUTH paHee OmyOITHKOBAHBI .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh M OPUTHHATIHLHOCTH MAaTePUAIIOB, H3JIOKEHHBIX B CTAThE; JAFOT
cornacue Ha cOop, 00pabOTKy U pacIipoCTpaHEeHNE CBOMX IEPCOHATIBHBIX JAHHBIX B COOTBETCTBHH C TPEOO-
BanusmMu denepanbuoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHaNbHBIX TaHHBIX»; TapaHTU-
PYIOT, UTO HE HAPYyIIAOT HUYBUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIb, HE TIOJIekKAIUe K ITyOlTuKa-
LIMM B OTKPBITOM N€YaTh B COOTBETCTBUHU C JIEUCTBYIOIIMM 3aKoHOAaTenbcTBOM Poccuiickoit @enepanuu.

BwmecTe co cTaTtheil aBTop mepenaet penakiiuy Ha HeOTPaHUICHHBIN CPOK CIISAYIONINE TIpaBa: MpaBo Ha
pasMeIeHne, BOCIIPON3BEICHNE U PaCIIPOCTPAaHEHUE CTAThH JIFOOBIM CITOCOO0OM; TIPaBO Ha IMepepaboTKy cTa-
ThY ¥ BHECEHHE N3MEHEHHI B CTaThIO; MPaBO Ha MMyOJIMYHOE UCIIOIB30BAHUE MaTePHANIOB CTaThH U JE€MOH-
CTpaIrio UX B MH(OPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxke aBTOPBI MOJTBEPIKAAIOT, YTO COMIACHBI C MPABIIIAMH PEIAKIUH TI0 MTOJTOTOBKE PYKOITUCH K U3-
nanuto. [Tocne myOnukanuu ee NUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBUIKOHM Ha *KypHal «BeTepuHapHbIi
(hapMaKoJIOrMueCKUN BECTHUKY.

MOANHUCH (OAMUCH) aBTOpa (aBTOPOB) bamMums, UMs, OTYECTBO

[oanucs (moammcn) 3aBEPSIIO.

nonnuck 1 @O nuua, 3aBepuBILIETO NOAIUCH
ML.II. opranuzanun
« » I.

* Ecan Ob11n 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'OJ BbIITYCKa, HOMCP, CTPAHUIIBI.

Jis yckopeHus Iy OIMKaIUy CTaThH B PEAKIINI0 HEOOXOAMMO MTPEIOCTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPEHHYIO B OTJIEJIC KaJ[POB 10 MECTY paboThI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMoM 710 15 cTpaHuIl mpegocTasisgercs B mporpamme Microsoft Word: mpudt — Times
New Roman, keribp — 14 1T, MeXXCTpOUHBI HHTEpBal — 1,5, ab3amubrii orctyn — 1,25, 6e3 nmepeHocoB. Dop-
MaT cTpaHuIlbl — A4; 1ost: IeBoe — 3 CM, BEpXHEe, IIPaBoe U HIDKHEE — 2 CM.

DJeMEeHTaMU M3/1aTeNIbCKOro O(OPMIICHHUS CTATeH SIBIISIFOTCS:

— CBejieHus 00 U3/IaHUH, B KOTOPOM OIyOJIMKOBaHA CTaThs;

— Ha3BaHUE pyOPUKH WU pa3nesia u3IaHus;

— THII CTaThu (Hay4YHas CTaThs, 0030pHAs CTaThH, PEJAKIIHOHHAS CTAThs, AUCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUY, pEIaKTOPCKAs 3aMeTKa, PEIICH3Ms Ha KHUTY, PEIICH3HsI Ha CTAaThIO, CIIEKTAKIIb U T. I1., KPaTKOE COOOIIICHUE);

— WHJICEKC YHHUBepCalIbHOU necatuuHoi kinaccudukanuu (YK);

— 1udposoii naenTudurarop oobekra (Digital Object Identifier — DOI); ero mpusogsat mo 'OCT P UCO
26324 u pacnonaratot nocie uanekca YK otnenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyaBHe CTaThH;

— TIOJ3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KJIFOYEBBIC CJIOBA (CIIOBOCOYCTAHHMS);

— OJIarogapHOCTH;

— 3HaK OXPaHbI aBTOPCKOTO MPaBa;

— TIepEYCHb 3aTEKCTOBBIX OMOMMOrpadMuecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThy;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa MOCTYTUICHHUS PYKOIIMCH B PEIAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTAaThU K OITyOJIMKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEACHBI:

— Oubnuorpaduueckas 3aruch Ha CTaThIO JUIsl TAJIBHEHIIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIE KaXKJIOTO aBTOPA, €CIIU CTaThsl IMEET HECKOJIBKO aBTOPOB;

— yKa3zaH#e 00 OTCYTCTBHH WM HATMYNN KOH(DIMKTA HHTEPECOB U AETATIM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 CJI0BOCOUYETAHUS B AJIEMEHTAX M3/1aTeIbCKOr0 O(OPMIICHHUS CTaTbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 yueHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CJIOBOCOYCTAHUN B OMOIHOTrpaduyecKiX CChUIKAX U CIIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO# TEKCT CTaThH MOXET ObITh CTPYKTYPHUPOBAH U COCTOSITH U3 CIEIYIONIIX YaCTeH:

— BBEJICHHUE;

— TEKCT CTaTbH (C BBIICIICHHEM pa3/ienoB «MaTtepuaiibl 1 MeTOAb, «Pe3ynbrareny, «O0cyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJieHue OCHOBHOTO TEKCTa CTaThH Ha TEMAaTHUECKUE PYOPHKH U TOIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepually MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK IPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM si3bIKe. OCHOBHOM TEKCT CTAaThU B M3IAHHUH MOXKET OBbITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmuBaTh B OHOM cTaThe TEKCT Ha JABYX S3bIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTa CTAThH U 3aT€M MOBTOPSIOT HAa AaHTIINHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3aHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Thsl, HA3BaHHE PYOPHUKH WK pa3Jielia, THII CTaThH, €¢ 3aryIaBhe 1 MM03aroJ0BOYHbIE JaHHbIE, OCHOBHBIE CBEIC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpaduIecKyIo 3auch s
nuTHpoBaHwms. ViMeHa IpUBOAAT B TpaHCIUTEpHUpoBaHHO# popme Ha matuauIe o ['OCT 7.79 wmm B ToM dop-
Me, B KaKOH €e yCTaHOBHII aBTOP WIJIM PEeIaKINs U3/TaHusl.

[Tociie 0CHOBHOTO TEKCTa CTaThU MPUBOJIAT HA SI3bIKE TEKCTA CTAThU U 3aTEM MOBTOPSIOT HA aHTIIMACKOM
SI3BIKE CIIEAYIOIINE AIEMEHTHI U3/1aTeIbCKOTO 0(OPMIICHUS: IOTIOTHUTENIBHBIE CBEACHUS 00 aBTOpe (aBTOpaXx),
CBEJICHHSI O BKJIAJIC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(IMKTA HHTEPECOB U IeTalH-
3aIUs TAKOTO KOH(IIUKTA B CITydae ero HaJi4usl, a TAKKe JIaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIINIo, 01o0pe-
HUS TIOCTIE PEIICH3UPOBAHMS, TPUHATHUS CTATHHU K OITyOIIMKOBAHUIO.

OcHOBHBIE cBeZIeHHS 00 aBTOPE COJepKar:

— UM, 0TYECTBO, (haMUIIHIO aBTOpa (MTOJTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aiuy (YUpeKJIeHus), ee MoApa3aeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmMbl ropuanueckoro jiuma: ®I'BYH, ®I'BOY BO, [TAO, AOuT. 1.);

— aJpec opraHu3aiy (YIpexkJIeHus ), ee TOoIpa3IelieHus, I71e paboTaeT Uil YIUTCs aBTOp (TOPOJ] M CTPaHA);

— DJICKTPOHHEIH azxpec aBTopa (e-mail);

— oTKpeITHI HaeHTH(HKaTOop yueHoro (Open Researcher and Contributor ID — ORCID) (mipu Hamu-
yun). AJipec opranusanuu (yU4pexIeHus), rie padoTaeT UM YYUTCS aBTOP, MOXKET OBITh YKa3aH B MOTHOU
(dbopme. DIEKTPOHHBIN aJIpec aBTOpa NPUBOIAT O€3 cIoBa «e-maily, mocse MeKTPOHHOTO ajjpeca TOYKY He
craear. ORCID npuBozstT B hopme ammekrpoHHOTO anapeca B ceti MuTepHeT. B xone ORCID Touky He cra-
BaT. HamMmenoBaHnne opranuzanun (yIpekXIeHUs), € aapec, aeKTpoHHbi aapec 1 ORCID aBropa oTaemsioT
IpyT OT ApyTa 3arsThIMH.

B ciydae, xoryia aBrop paboTtaeT (YUUTCs) B HECKOJIBKUX OpraHU3aIHsIX (YIPEKISHHIIX ), CBEICHUS O KaX-
JI0M MecTe paboThI (yueObl), YKa3bIBalOT IIOCJIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX M CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO0 HAJCTPOYHBIX TUPPOBBIX 0003HAYCHHIA.
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Ecnmu y craThbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HHUX MPHUBOIAT C YUYETOM HIIKECIIEAYIOIINX MPaBHUIL
Hmena aBTOPOB PUBOJIST B IPUHITONW UMH TIOCIIEI0BATEIIBHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM U30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH TPOTPAMM-
HBIM O0ecIieueHrEeM ITyONUKAMK U3AaHHsL.

Bo3MoxHO nprBeieHNE IIEKTPOHHOTO aJpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICIbHOE yKa3aHUe aBTopa JIJIsl KOPPECIOHACHIINH IO opMe: « ABTOp, OTBETCTBEHHBIH 3a Mepermc-
ky:» («Corresponding author:y).

JlommoTHUTETFHBIE CBEIEHUS 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUeCTBa U pamunuy, snekTpornbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MEepBOil MOJI0CEe CTAThH;

— YYCHBIC 3BaHMS;

— Y4YCHBIC CTCIICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH(OUKAIIMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTope (aBTOpax) MPHUBOAT C MpeaNIecTByOmnUMHU cioBamu «Hpopmanmst 06 aBTope (aBTo-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThu ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekrpornbie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX U(POBLIX 0003HaYeHNH H-
nekc YJIK pacriomaraeTcst B IeBOM BepXHEM YIITy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIIONAraeTCsl HA3BAaHHUE CTAThU — 3aNIaBHBIMU OyKBaMU, OTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE T10 LICHTPY.

damuusi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, IO IIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTY>KUP-
HBIM IIpHdTOM.

Annoranuio Gopmupytor mo F'OCT P 7.0.99. O6bem anHoTanmu He npesbimiaet 250 cios. [lepen anHoTa-
[UeH TIPUBOIAT CIIOBO « AHHOTAITH) («Abstract).

KiroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 00001IeHHbIe 1 MHOTO3HAUHBIE CJI0BA, & TAKIKE CIIOBOCOYETA-
HUS, COAEPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITFOUEBBIX CJIOB (CIIOBOCOYETAHU ) HE JJOJDKHO OBITH MEHbIIE 3 U 0oJibine 15 ciioB (ci10Boco-
yetaHuit). VIx mpuBoaaT, peasapsis cioBamu «Kirouessie cioBa:» («Keywords:»), U OTAEISIOT APYT OT IpY-
ra 3ansThIMH. [1oce KITF0YeBbIX CIIOB TOUKY HE CTaBST.

[Mocne KITIOUEBBIX CIJIOB TPUBOAAT CJIOBA OJaroIapHOCTH OPraHU3alUsIM (YUPEkKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEISIM U IPYTHM JIUIAM, OKa3aBIIIKM TIOMOIIb B MOJITOTOBKE CTAThU, CBEJICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MyONMKAIK CTAaThU, IPOEKTaX, HAy4HO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaX MM 110 pe-
3yJBTaTaM KOTOPBIX OIyOJIIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJISIT C NPEAIISCTBYIONIMM clIoBoM «biaronapHoctu:». Ha aHmmiickoM si3bIKe clioBa
OIarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHDIMKUCKOM SI3bIKE C MPEIIICCTBYIOIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKa3aHUs HAa3BaHHS pasiena), MaTepHajbl 1 METOABI, pe-
3yJIBTaThl UCCIE0BAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyro 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchutkn Ha MCTOYHUKH JIAIOTCSA TI0 TEKCTY QPO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crMCKe UTEpaTyphl xKelnarebHO Hanndue kKak MuUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

Tabmuubl 10KHBI OBITH BITONHEHB! B Microsoft Word u conepxarh craTucTHuecKn 00paboTaHHBIN Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHH 3ar0JIOBOK M CCBHUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH u (poTtorpaduu HeoOXOAUMO MPENOCTABIATH B popmMare jpeg, tif mim gif
(c paspemenunem He MeHee 300 TOYCK) C COOTBETCTBYIOIIUMH TTOITUCSIMA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusl TEePMUHOB, OTIIUYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJNBKO MOCIE YIOMIHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxknyHapoanoi cucremoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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