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29 centsiops 2025 roma Beepoccuiickomy Hayd-
HO-HCCIIEZI0BATENIbCKOMY BETEPHHAPHOMY HHCTHUTY-
Ty TATOJOTHH, (PapMaKOIOTHN W TEpariuu MUCTIONHS-
ercs 55 ner.

KOGuneit — 370 BakHas Bexa B UCTOPUH, CTAHOB-
JICHUW W TIporpecce o060l opranuzanun. CeromHs
HNHCTUTYT sABJISIETCS TOJOBHOM HAy4YHO-UCCIENO0Ba-
TEJILCKOM OpraHu3aluei mo pazpaboTKe TeopeTuye-
CKHX OCHOB M TIPAKTHYCCKUX METOJOB OOPHLOBI C He-
3apa3HbIMH OOJIE3HSIMH CEIbCKOXO35IHCTBEHHBIX JKU-
BOTHBIX, KOOPAMHUPYET HAyYHYIO TEMAaTHKY HayYHBIX
YUPEXKIECHUI 1 HHCTUTYTOB, CHCTEMaTHYECKH IPOBO-
JUT KOH(EPEHINH, CUMIIO3UYMBI, BBITyCKAaeT Haydy-
HBIC TPY/bl, TOTOBUT HAYYHBIC KaAPhbI.

Heobxomumocts co3ganus HUM qns pemrenust
3as1ad o 0oprOe ¢ OONe3HAMU He3apa3HOW MPHUPOIBI
Obu1a BbI3BaHA HEMIPOCTOI CUTYyalMel, KoTopasi Clo-
KHUJIaCh B JKMBOTHOBOJYECKOH OTpaciiu Ha pyoOexe
50—60 rozoB, B CBSI31 C MaCCOBOM 3a00J1€BaEMOCThIO
CEIBCKOX03IMCTBEHHBIX JKUBOTHBIX BHYTPCHHUMMU HE-
3apa3HbIMU O0JIE3HSAMU, HApyLIAIOIMMHA HOPMaJIbHOE
(yHKIMOHMPOBaHUE OPraHU3Ma 1 HeJOIOJIy YEHHIO Ka-
YECTBEHHOH MPOIYKIIHH.

OnbIT BeyIUX CTPAH U MPAKTUKU NIEPETOBBIX XO-
31CTB IMOKa3bIBaJl, YTO NEPEXO/] ) KUBOTHOBOAYCCKUX
W MITUIIEBOYECKUX OTpAaciiell Ha COBPEMEHHBIE MPO-
MBIIIJICHHBIE TEXHOJIOTHU CIIOCOOCTBYeT Oosee Obl-
CTPOMY IIPOM3BOICTBY HEOOXOIUMBIX 00BEMOB Msica,
MOJIOKA H SIUII.

B pamkax yka3aHHBIX OpraHM3alHOHHO-TEXHOJIO-
rUYecKuX (hopM MPOU3BOJCTBA MPOAYKTOB KUBOTHO-
BOJICTBA, KaK [IPOJEMOHCTPUPOBAIIa IIEPBOHAYAIbHAS
IIPaKTHKa, TpeOyeTcs HaJe:KHasl 3aIINUTa JKUBOTHBIX OT

3aboneBanuii. OCOOEHHO 0CTPO CTOsUIA IPOOIIeMa, TaK
HA3bIBAEMBIX «HE3apa3HbIX» 00Ne3HEH.

Hayunoe BeTepmHapHOE COOOIIECTBO MPEATPHU-
HUMAJIO IIard JUIsi COKPAIEHUs JTaHHOW MPOOIEMBI.
OpnHako, uU3-3a Pa3poO3HEHHOCTH ATUX MEp B pa3iny-
HBIX MPUPOJAHO-KIMMATHUYECCKUX 30HaX OOMIMPHOI
CTpaHbIL, Pe3yNIbTaThl OKa3aliCh HEJOCTATOUHO 3 hek-
TUBHBIMU. B 9TOM CBs3M, BO3HUKIIA HEOOXOIUMOCTh
CO3/IaHUs CIEIUAIM3UPOBAHHOTO HAYYHOTO IEHTPA,
MOCBSILICHHOTO 0Opb0e ¢ He3apa3HbIMU 3a0o0eBa-
HUAMU KHUBOTHBIX. I/IHI/IHI/IaTI/IBa 61)1.]13 noaacpiKkana
MMPaBUTCIILCTBECHHBIMU OpraHaMu. OI[HaKO, K yauBJiC-
HUIO0, MOCKOBCKHUE BETCPUHAPHBIC YYCHBIC HACTanlBa-
JIM Ha pa3MeIleHu HayqYHOTO [IEHTpa B CTOJIUIE WIIN
€€ OKpPECTHOCTSAX. DTO MPHUBENIO K MHOTOJIETHHM 3a-
JIep>KKaM B CO3/IaHUU MHCTUTYTA [1].

II. 1. T'on4apoB, pyKOBOAUTEINL BETEPUHAPHOUN
cityx0b1 BopoHexkckoii 001acTH, MOHMUMAasI, YTO CyIIe-
CTBYIOII[E METOJIBI 3AIIUTHI JKUBOTHBIX OT OOJIe3HEH
B HOBBIX IIPOU3BOJICTBEHHBIX YCIOBUSAX HE HMEIOT JI0-
CTaTOYHOM HAyYHOM MOJJICPIKKH, BBICTYIIFII C HHUIHA-
TUBOH CO3JaHNUs 00IIECOI03HOTO HAYyYHOTO [IEHTPA 10
M3yUYCHUI0 U 00phOe ¢ He3apa3HbIMU 3a00JICBAHUSIMU
KMBOTHBIX Ha 6a3e BopoHeXCKO# HaydHO-MCCTIeI0Ba-
TETHLCKOW BETEPUHAPHOU CTAHITHH. ITO MPEIOKCHIE
OBLIIO 03ByYEHO HaYAIIbHUKY [ TaBHOTO BeTepHUHAPHO-
ro ynpasnenust Muncenbxo3za CCCP A. JI. TpeTbsakoBy
18 suBaps 1968 rona.

B xauectBe oTBeTHOU Mepwl, B Mae 1968 ropa,
B Boponex mpuObLIa KOMUCCHS U3 CIICIIHAIUCTOB
Munncrepcrpa cenbckoro xossiictea CCCP u PCOCP.
[Tociie u3y4eHus cuTyanuu Ha MecTe, KOMUCCHS TTPH-
112 K BBIBOAY, YTO BOpOHEK ABISIETCS MOIXOSAIINAM

© [Mabynun C. B., [Tapmmun I1. A., Boctpounosa I'. A., Epmaxosa T. 1., 2025
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MECTOM JUIS CO3/IaHHsI HAyYHOTO LIEHTPa. DTO pelleHne
ObUTO 00YCIIOBIIEHO TeM, YTO BopoHex pacmonoxeH
B eBpomneiickoii gactr CCCP, rme mpon3BOAMIOCH OKO-
710 70 % >KMBOTHOBOAYECKOM MPOAYKIUHU, U AKTUBHO
BHEJPSINCH COBPEMEHHBIE arpOINPOMBIIITIEHHBIE TEX-
Hosoruu. CyIiecTByrolas HayqHO-IIPOU3BOACTBEH-
Has 6aza BopoHEKCKOM HaydHO-HCCIIEIOBATEIbCKON
BerepuHapHoi crannuu (HUBC) mo3Bossma omepa-
THUBHO TIPUCTYITUTH K HEOOXOIUMBIM HAyYHBIM HCCIIE-
JIoBaHUsIM [4].

Komuccust npencrasuiia cBo€ 3akiIlO4eHHE PYy-
KOBOJICTBY 00JIaCTH, KOTOPOE OJ00PHIIO CO3aHue
WHCTHTYTa MO HE3apa3HbIM OOJIE3HSAM >KHBOTHBIX.
EnnHCTBEHHBIM yCTIOBHEM OBLITO MTPETYCMOTPETH B €T0
CTPYKTYpE OT/IEN M0 MHPEKITMOHHBIM OOJIE3HIM JKH-
BOTHBIX, OPHEHTHPOBAHHBIH Ha HYK/bl BOpoHEKCKOM
obnactu.

Tem ne menee, [ockoMHuTET 1O Hayke W TEXHHU-
ke pu Coere MunuctpoB CCCP cBoum pemieHu-
€M TIpeKpaTu JajbHeHIee pacCMOTPEHNE ATOTO BO-
Ipoca, CChUTAsCh Ha OTCYTCTBHE HEOOXOANMOM Hayd-
HO-TIPOM3BOJICTBEHHON 0a3bl (IIPOTOKOJ KOJIJIETHH OT
24 urons 1969 r. Ne 38).

[TorpeboBanock UCKaTh HOBbIE MYTH. B cBs3n
C 9TUM, TWIaBa | TaBHOTO yTNpaBieHHs BETEPHUHAPUHU
Muncensxo3za CCCP A. Jl. TpetbsikoB, obpatuiics
K 3aMECTHTENI0 HadalbHHKa BopoHexkckoro o0Icerns-
xosynpasineHus II. M. [oH4apoBy C npemioKeHueM
paccMOTpeTh BO3MOXKHOCTB co3/laHus BcecorozHoro
HAy4YHO-HCCIIEI0BATEILCKOTO HHCTUTYTa He3apas-
HBIX OOJIe3HEH XWUBOTHBIX B BopoHekckoil oOma-
ctu. ToT, B CBOIO OdYepelb, OIIEPaTUBHO OOCYIHI ATy
WHULMATHBY C MEpBbIM cekperapeMm odkoma KIICC
H. M. MupoiH#u4eHKo.

B xome o0cyxjeHus ObUIM MpPOaHATU3UPOBA-
HBI KJIFOYEBBIE aCIMEKThI: cepa JIesTeTbHOCTH, Ka-
JpOBOE O0ECTIeYeHNEe U CO3aHNe HAYYHO-TIPOU3BO/-
cTBeHHOH 0a3bl. [Ipoekt nmpuBiek ocodoe BHIMaHNE
H. M. MupomHH4eHKO, Yb€ BBICIIEE BETEPUHAP-
HOe 00pa3oBaHME W YCHEIIHBIN OMBIT BOCCTAaHOBIIC-
Hus 3naaus Boponexckoit HUBC B 1946 rony cre-
JIATM eTo 3auHTepecOoBaHHBIM JuroM. OH Hezamen-
TUTENbHO oOparmics k npencenarento ['KHT mpu
Cosmuuae CCCP JI. H. EdbpemoBy, n3noxui Bo3-
HUKIIHNE CIOKHOCTU U 3apYUHIICS €ro MOAEPIKKOM.
BriocnencrBuu, OT ©IMEHH IEPBOTO CEKpeTapst 00Koma
KIICC H. M. MupoImHu4eHKo 1 pejiceaTesis 00Iuc-
monikoma H. A. EBcurneesa, Ob110 HampaBiieHO Ohu-
nuanpHOoe mickMo B Muncensxo3 CCCP. B Hem 00-
JIACTHOE PYKOBOJICTBO TapaHTHPOBAIIO BCECTOPOHHIOO
MOJAEPKKY HOBOMY MHCTUTYTY Ha 3Tale €ro CTaHOB-
JieHus 1 00ycTporicTra [6, 7].

B mae 1970 rona I'ocynapcTBEHHBII KOMUTET IO
Hayke u rexnuke (I'KHT) narrpaBun B Boponesk komuc-
cuto. [locie neranpHOro aHamIM3a CUTyalluu KOMUCCHS
MIPUIILIA K BBIBOJLY, YTO CO37aHHE HOBOTO MHCTUTYTA
Ha 0a3e BopoHEeKCKOW HaydHO-MCCIIeI0BATEIhCKOM
BETEPUHAPHON CTaHIMH SIBIISETCS IEIeCO00pa3HbIM
1 OCYIIIECTBUMBIM.

B cootBeTcTBUM ¢ pe3yiabTaTaMu pabOTBI KO-
Muccuu I'ockomuTeT Hayku U TexHUku npu Cosere
MununctpoB CCCP npussin penienue o0 opraHusa-
uu Bcecoro3Horo HaydHO-MCCIIEA0BAaTENBCKOTO HH-
CTHUTyTa HE3apasHBIX 0oJie3HEH JKMBOTHBIX Ha 0ase
Boponexckoil HayqyHO-HCCIIEI0BATENbCKOM BETEPHU-
HapHOU cTaHuuu (mpoTokoa 3acenanus Komnerun
Komurera ot 28 urons 1970 r. Ne 38).

OT0 pelienne ObUI0 peain30BaHo IyTeM Nepeiadu
BopoHeKCKoi1 HaydHO-UCCIIeI0BATENBCKOM BETeprUHap-
HOH cTaHuu u3 BeeHuss Muncensxo3za PCOCP B He-
nocpencTseHHoe noguuHenue Muncensxozy CCCP
(conmacHo pacriopsiokenuto Cosera MunrctpoB CCCP
or 10 centadps 1970 . Ne 1896p). OkonuarensHoe
odopMIIeHIE CO3IaHUA MHCTUTYTA IIPOU30IILIO 29 CeH-
1s10pst 1970 rona, korma Muncensxozom CCCP Obut 13-
naH npuka3 Ne 294 [1].

Takum o6pazom — 29 centsadps 1970 rona Mmox-
HO B34Tb 32 TOYKY OTCYETA, C KOTOPOIl Hayanach Hc-
Topusi Beepoccuiickoro Hay4HO-MCCIIEA0BaTENbCKO-
r'0 BETEPUHAPHOTO WHCTUTYTA MATONOTHH, (papMako-
JIOTHH W TEPaIuH.

N3MeHeHUs B OpTaHU3AMUOHHOW CTPYKTY-
pe uHcTUTyTa npousonuin B 1989 rony: npuxazom
T'ocynapcTBeHHOTO ATrpONpPOMBIIIIEHHOTO KOMHUTE-
ta CCCP ot 30 mas Ne 14-JIK-2, a Takke mpuKaza-
Mmu U pacnopsikeaneM BACXHUIT ot 25 mas (Ne 83,
Ne 29) un mocnenyromm npukazom ot 20 HIOHS, OH
OBLJI TIOCTABJICH MO HEMTOCPEACTBEHHOE PYKOBOJICTBO
IIpesunnyma BACXHUJIL. [lanee, B 1991 rony, uncrtu-
TYT OBLI IEpEeMMEHOBaH BO Bcecolo3Hblil HayYHO-HC-
CJIEI0BATENIbCKUI BETEPUHAPHBIM UHCTUTYT IATOJIO-
ruH, GapMaKOJIOTHH M TEPaITuH, 9TO OBLIO 3aKpeTiIe-
Ho npukazoMm [ocynapctBennoir Komuccun Cosera
Munuctpos CCCP 1o npoioBoibCTBHIO U 3aKyIIKaM
ot 14 suBaps Ne 9 u npukazom BACXHWJI ot 25 des-
passt Ne 10.

Ha ocnoBanuu VYka3za Ilpesunenra Poccuiickoi
Deneparmm ot 30 staBapst 1992 roma Ne 84 «O Poccmiickoit
aKaJIeMUHU CEeIbCKOXO3SIIICTBEHHBIX Hayk» Ha 0a3e
Poccuiickoil akageMun cenbCKOX035UCTBEHHBIX HAyK
n Bcecoro3Hol akajieMun cenbCKOX035HCTBEHHBIX
Hayk cozjaHa Poccuiickas akaneMusi CelbCKOXO03s1i-
CTBEHHBIX HaykK (mamee — PoccenpxozakageMus).
CoriracHO 3TOMY YKa3y HHCTUTYT OBLI IepenaH
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B Poccenpxo3akanemuto. M B COOTBETCTBUH C TIPHKA-
30M Poccenbxo3akagemun ot 20 mast 1992 roga Ne 48
repenMeHoBaH B l'ocynapcTBeHHOE HAaydHOE yupe-
xkaenue Beepoccuiickuih HayyHO-UCCIEI0BATENb-
CKUU BEeTEPUHAPHBIN HHCTUTYT NATOJIIOTUH, (hapMaKo-
noruu u Tepanuu. B 2013 roay, B cBsi3u ¢ peopraHu-
3aIeil CUCTEMBI TOCYIapCTBCHHBIX aKaJeMUN HAyK
(PAH, PAMH, PACXH), HHCTHTYT OBLI WHTETPH-
poBaH B CcTpyKTypy DeneparbHOro areHTCTBa Hayd-
HeIx opranuzanuii (PAHO) u nomyuun craryc ¢ene-
PaNBHOTO TOCYIaPCTBEHHOTO OFOPKETHOTO HAyYHOTO
yupexzaenus. B coorsercteuu ¢ Ykazom IIpesnnenra
Poccutickoit @eaepanuu Ne 215 ot 15 mas 2018 roma
u pacnopsxenuem IlpaBurensctBa Poccuiickoit
®enepaunun Ne 1293-p ot 27 urons 2018 roxpa, un-
CTUTYT OBUI IIEpefaH B BeJAeHHe MUHUCTEPCTBA Ha-
VKU | BbICIIero oOpa3oBanus Poccuiickoit deneparum.

Eunie 10 oduimaibHOro OCHOBAaHUS MHCTUTYTA,
¢ Hagana 1970 roma, Boponexckas HUBC nox pyko-
BojictBoM H. JI. MuxalintokoBa akTHUBHO TpPHUBIIEKa-
Jla MOJIOABIX U NEPCNEeKTUBHBIX yueHbIX. C 24 neka-
Ops 1969 rona otnenom Oose3Hel CBUHEH PyKOBOANI
A.T. Illaxos. K nagany 1970 rona B Boponexckoit
HUBC yxe Tpynunuch CTaplIMMH HAayYHBIMU CO-
tpyaaukamu C. M. Cyneiimanos, H. U. Ky3uenos,
A.T. HexnanoB u I'. H. Ky3pmun. K centsiOpro toro
ke roga wrat Boponexckoit HUBC nHacuutsiBan
42 4enoBeKa, BKIII0Yasi OTHOTO IOKTOPA U IBEHAILATh
KaHIUJATOB BETEPUHAPHBIX HayK. IMEeHHO 3TH crie-
UATCThI chopMupoBaiii ocHOBY Beecoroznoro HUN
He3apa3HbIX O0JIe3HEN KUBOTHBIX.

B 1971 rogy uHCTUTYT mpoBen CBOU mep-
BBIIl KOHKYPC, IO UTOraM KOTOPOTO OBLIM TpHU-
HSATHI Ha pabOTy YeThIpe 3aBENYIOIIHUX JIabopaTo-
pusimu: K. B. H. Anoxun b. M. (bapnayn), k. B. H.
bysnama B. C. (HoBocubupck), k. B. H. [lerpos I1. E.
(boposck) n k. B. H. UBammypa A. U. (benropom). OtoT
rOJ1 03HAMEHOBAJI HayaJIo IepBOTO 3Tana (opMHUpOBa-
Husi Beecoroznoro HUU nezapasubix Oosne3Hel Ku-
BOTHBIX, IpoanuBIIerocs 10 Hadana 1980-x rogos.

PazButne mucturyra mocne 21 mas 1972 roma
OBUTO OMPAYCHO TPATHUECKOU THOETBIO €T0 MepBO-
T'O IUPEKTOPA, TAIAHTIUBOTO YYEHOTO M OPTraHU3aTo-
pa H. JI. MuxaiintokoBa. Bckope nocie 3Toro HHCTH-
TYT IOKHHYJI B €r0 3aMECTHTEIb 110 HAyYHOH paboTe,
. II. KonapaxuH, BHECIINNA 3HAYUTEIbHBIN BKJIA]
B ero cosmanue [6, 7].

PykoBOICTBO MHCTUTYTOM C KOHITA HIoHS 1972 roga
ocyuiectsisul B. T. CaM0oXuH, BIOCIEACTBUH CTABLIMIA
akagemrkoM PACXH.

B TedeHue nepBhIX OECATHU JIET CBOETO CYLIECTBO-
BaHUSI UHCTUTYT 3JI0KWI (YHIAMEHT JIJISl UCCIICI0-

BaHWH He3apa3HBIX 3a00JIeBaHW JKUBOTHBIX, cop-
MHUPOBAB HAaY4HBIE LIKOJIBI [10]] PYKOBOACTBOM MOJIO-
JIBIX, SHEPTMYHBIX U OJIAPEHHBIX YUYEHBIX B BO3pacTe
32—35 net. 3HakoBBIM cobObITHEM cTana IlepBas
Bcecoro3nas koH(pepeHus 1o npodiemMam He3apas-
HBIX 00JIe3HEH KMBOTHBIX, IPOLIEIIAs B HHCTUTYTE
22—25 oxtsa6ps 1974 roma. 3T0 MeporpusTHe, CO-
Opasiiee BeAyIMX CIIELHAINCTOB CTPAHBI, 1aJI0 MOIL-
HBIH UMITYJIBC Pa3BUTHIO HAyUHO-HCCIIE0BATENCKON
paboThl U ONPEACTHIO KIIOUEBbIC HANPABICHUS HC-
CIIEMOBAHUH JUISI MOJIOABIX yUeHBIX. Ha koH(pepeH-
LUU C JOKJIAJaMHU BBICTYIMJIN BBIJAIOLINECS HAEs-
TeNu Hayku, Bkirouas akagemukoB B. 1. [llumkosa
u U. E. Mosrosa, HauanbHUKa [J1aBHOTrO ynpasie-
Husa BerepuHapuu MCX CCCP A. JI. TpetpskoBsa,
wieH-koppecniongenToB BACXHWII I. B. 3BepbeBy
u P. I. MycrakuMoBa, a Takxe psJl U3BECTHBIX IPO-
(heccopoB U OIICHTOB.

VYueHble, BHICTYNIMBIINE HA MEPOIPHUSTHH, BBIPa-
3UJIU BBICOKYIO OLIEHKY MOTEHI[aly HHCTUTYTa U €T0
20 Hay4HBIX TOApa3/eIeHUN B pelIeHUH IJIaBHOW 3a-
Jladu: pa3paboTKe TEOPETHYECKUX M MPAKTHYECKHUX
MTOZIX0/IOB K O0pKOE ¢ He3apa3HBIMH 3a00JICBAaHISIMHU
CEJIBCKOXO3SMCTBEHHBIX KMBOTHBIX U NTHII, a TAKXKE
300TUTHEHNYECKUX HOPM JJI1 HHTEHCUBHOTO JKUBOT-
HOBOZICTBA. bblla oTMeueHa Iuaupyromas pojib HH-
CTUTYTa B KOOPJMHAIMH HAYYHBIX UCCIIEOBAHUI 110
JTAHHBIM HAIIPaBJICHUSM, IIPOBOTUMBIX IPYTUMH yUpe-
KICHUSAMHU, OPTaHU3ALMAMH U MPEATPUATUSIMU arpo-
MPOMBILUIEHHOTO KOMILIEKCA.

bnaropapst MonepHu3ay noapasAeIeHui HHCTH-
TyTa Iepe/IoOBBIM 000PYIOBaHUEM B 00JIACTH CBETOBOA,
JIFOMUHECLIEHTHOM U AJIEKTPOHHOW MUKPOCKOIIUH, XPO-
Marorpadu, CrieKTpohoTOMETpUH U IPYTHX HATIPAB-
JIEHUH, HayYHO-METOJIMYECKUI YPOBEHb HUCCIIEI0BA-
HUH 3HAYUTEIBHO MOBBICHICA. DTO CHOCOOCTBOBAJIO
CTaHOBJIEHMIO K KOHIy 70-Xx — cepenune 80-x rogos
BE/IYIIUX HAYYHBIX IIKOJI B TAKUX OOJIACTSX, KaK aKy-
IIEpCTBO, THHEKOJIOTHS U OMOTEXHUKA Pa3MHOKEHUS
’KMBOTHBIX, OMOXUMMUSI, BETEpUHAPHAs (PapMaKOIOTHsI
Y TOKCHKOJIOT U], ANarHOCTHKA U Tepanus 3a001eBaHUH
JKUBOTHBIX, @ TAK)KE ATOJIOT WS, OHKOJIOTUS U MOpdoO-
JIOTHS )KUBOTHBIX. PYKOBOIUTESIMU STHX IIKOJI OBLIH
BBIJIAIOIIMECS YUEHbIE HHCTUTYTa, B YHCIIE KOTOPBIX
B. T. Camoxun, I. A. Uepemucunos, A. I'. [llaxos,
b. M. Anoxun, B. C. by3znmama, M. H. HemueHnxo,
H. 1. Ky3neuos, B. JI. Mucaiinos, B. A. [lapuxos,
A.T. Hexnanos, C. M. CyneiiMmaHOB U Jpyrue.

ITox pyxoBoacTBoM mpodeccopa I. A. Uepemu-
CHHOBA U €ro KOMaHJbl OBUIM HMCCIIEIOBAHBI TOPMO-
HaJlbHBIE W CTPYKTYPHO-(DPYHKIIMOHATBHBIE acTIeK-
ThI PETYJISIMU MOJOBOM cucTeMbl. PesynbraToM 3TOM
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paboThI CTAJIO CO3/IaHME M BHEAPEHUE B MPOU3BOJI-
CTBO TOHAJIOTPOIIMHOB W MPOCTArIaHIWHOB, 3a YTO
KOJUIEKTHB OBUI ymocToeH ['ocymapcTBeHHON Tpe-
mun Poccuiickoit @enepanuu. B obnactu Betepu-
HapHOTO aKyIIePCTBAa WHCTUTYT O0JIaJan YHHUKAIb-
HBIM i1 Poccuu HOKTOPCKUM IHCCEPTALHMOHHBIM
COBETOM, TJIC 3AIUIIAIN CBOU PabOTHI BEAYIIUE CIIe-
nuamucTsl co Bcero Coserckoro Coroza. M3 gmcna
COTPYIHUKOB MHCTUTYTA BBIIIUIA AT MPodheccopoB
(I'. A. Yepemucunos, A. I. Hexxnanos, B. A. [lapukos,
B. JI. Mucatinos, B. 1. Ciio00sIHUK) U [ITh JIOKTOPOB
BeTepuHapHbIX Hayk (Bnacos C. A., llymckuit H. U.,
Komapes B. H., Kiiumos H. T., Muxanes B. I1.).
Tpoe u3 mpodeccopos-akymepos (A. I. Hexxnanos,
B. A. ITapuxos, B. JI. MucaiinoB) BIOCI€ACTBHHA T10-
JIY4YHITH TIOYE€THOE 3BaHUE «3aCITy KEHHBIH JIesTeIb Ha-
yku Pocculickoit @enepanum.

B nacTosimii MOMEHT B pe3yJibTare UCCIIeI0BaHNI
Jokropamu Hayk MuxanéssiM B. 1., Konapessim B. H.
U KaHAWJaTaMW HaykK 3WUMHHUKOBBIM B. U.,
CkopukoBbsiM B. H. 1OCTUrHYTHI 3HaUUTEIbHBIE pe-
3yJBTaThI B 00JIACTH PEIIPOAYKIIMU KPYITHOTO POraTo-
IO CKOTa: YIIyOJICHO TOHUMAaHHE MEXaHH3MOB Pa3BH-
THS OBAPHATLHON HEJIOCTATOYHOCTH Yy KOPOB B TIEPUOT
TIOCJIe OTelIa, TMPEIIOKESHBI HOBBIE TIOAXOBI U TIperia-
partbl s JIedeHus HapylleHnd (QyHKINH SIHIHUKOB
Y BOCCTAHOBJICHUS PENPOYKTUBHOMN CIIOCOOHOCTH KO-
POB, u3y4yeHa 3(pPEKTUBHOCTH HOBBIX METOJIOB ITPOQU-
JIAKTUKH U JICYCHUS 3200JIeBAaHUI MaTKU U SMOPUOHOB
y KOPOB, C HUCIIOJIb30BAHUEM IIPEMapaToB, PETYIUPY-
FOIAX UMMYHUTET U (PYHKIIHIO sKenToro Tena. B 00-
JIACTH CBHHOBOJICTBA Pa3pad0TaHbl METOIMKH PO H-
JIAKTUKH U JIEYCHUS] IMMYHO/IE(DUIIUTHBIX COCTOSIHUI
y CBUHEH B KPUTHUUYECKHUE MEPUOABI POCTA C UCIIOIb-
30BaHUEM IPEINapaToB Ha OCHOBE PEKOMOWHAHTHBIX
nHTEp(HEPOHOB, CO3/IaH HOBBIH Iperapar AJis peryJiu-
POBaHUS PETIPOAYKTUBHON (DyHKITMHA CBUHOMATOK, OC-
HOBAHHBIN Ha TEXHOJIOTUSAX PEKOMOMHAHTHBIX OEIIKOB
1 KprUO(PaKIMOHUPOBAHUS.

Axanemuk B. T. CaMOXHH ChITpajt KJIFOUEBYIO POJIb
B CTaHOBJICHHU WHCTUTYTA KaK BEAYIIETO HAyYIHOTO
neHTpa. Ero 6omee uem 30-1eTHsIs paboTa B yupekie-
HHUH, BKJTIOYas 23 roga Ha MOCTy 6€CCMEHHOTO THPEK-
Topa (c 1972 o 1995 roxm), mo3Bonuia NOATOTOBHTH
MHOXKECTBO JTOKTOPOB M KaHIUJATOB Hayk. Ilox ero
PYKOBOACTBOM ObLia c(hOpMHUPOBAHA IITKOJIA TATOOHO-
XHUMHKOB, a TaK)Ke OIMyOJIMKOBaHbI MOHOTpaduu, mo-
CBAIIECHHBIC TIPOQUIAKTHKE HApYIIEHUH 0OMEHA MU-
KpO3JIEMEHTOB Yy )KHBOTHBIX. BriociencTeum, Harpas-
JICHUE NMaTOOMOXUMUH B HHCTUTYTE Pa3BUBAI JOKTOP
OnonornuecKux Hayk, npogeccop Peukuit M. 1., oc-
HOBHBIC HAIIPABJICHUS HAYYHOU NEATEILHOCTH KOTO-

POTO OBIITH CBSI3aHBI C H3YYEHHUEM ITPOIIECCOB CBOOO/I-
HOPaIUKAIILHOTO OKUCIICHUSI TUITHAIOB, CHCTEMbI aHTH-
OKCHJIAHTHOM 3aIlIUThI U OKCHJIAa a30Ta B OHTOTE€HE3E,
MeXaHU3Max cTpecca, alanTaii, GOPMUPOBAHUS pe-
3UCTEHTHOCTH, BOSHUKHOBEHNS ¥ Pa3BUTHSA MTATOJIOTUN
y ’KUBOTHBIX, & TAK)Ke ¢ M3yUeHUEM (hHU3HOIOT0-0MO-
XUMHYECKUX MEXaHU3MOB JIEHCTBUS U Pa3padOTKON
HOBBIX (hapMaKOJIOTHUECKUX MTPENapaToB AJIs PEryJisi-
uu crpecca. [Ipodeccopom Perkum M. U. ormyomnu-
KoBaHO Oonee 250 neyarHbIX padoT, B T. 4. 21 mareHT
P® Ha n306peTeHne u MoaAroToBIeHO 16 KaHTUAATOB
U 5 JTOKTOpPOB HayK.

IIpodeccop B. C. By3nama u ero Hay4Has mko-
7a, pa3zpaboTaB OOILIYIO TEOPUIO MATOJIOTHH M 3aIlId-
THI 340POBbSI MPOAYKTUBHBIX KUBOTHBIX, cPopmy-
JUPOBAIIM KOHIIETIIINIO CTPECCOBBIX JI€3aJalTalni.
HWccnenoBanus mokas3aiiy, 9TO 3TH J1€33/TalTaIlAH SBIIS-
FOTCS KITFOYEBBIM (DAKTOPOM B Pa3BUTHH TaKHX 3a00J1e-
BaHUIi, KaK remarogucTpodus, keTo3 u uUMMyHoaehu-
LHUTBI, & TAK)KE MOBBIILICHHOM 32001€BaeMOCTH MOJIO-
HSIKa ¥ MaTOYHOTO TOTOJIOBBS. BBUIO BBISBIEHO, YTO
CTPECCOBBIE JIe3aIaNTallUH CHIDKAIOT 3 PEeKTHBHOCTD
CTaH/IAPTHBIX METOIOB MPOPIIAKTUKN U JICUCHUSI.

[on pyxoBoacTBoMm B. C. By3mamsr Obutr co3maHbl
¥ BHEApEHbI 3G QEeKTUBHBIE ITpenaparsl 7151 00pbObI co
CTPECCOM U MOBBIIIEHNS yCTOMYHNBOCTH CEITLCKOXO35IH-
CTBEHHBIX )KUBOTHBIX, a TAKXKE KOMIUIEKCHbIE CPEJICTBA
JUTS JIedeHns uX 3a0oneBannid. Ero Bkian B pa3BuTue
BeTepuHapHOU (hapmakosornn Poccum 3HaYnTENCH,
BKITIOYAst CO3/]aHHE HOBOTO HAIIPABIIEHUS — BETEPH-
HapHOH KOJOrHYECKOH (hapMaKOIOTHH.

Mpuoronetnss aestensHocts B. C. by3namsl oT-
MeueHa 3aluToit 45 auccepranui, pazpadboTkoi S50
M300peTeHuil, 7 MegaIsIMH BBICTABOK, 8 MOHOTpa-
dbusamu, 9 mekapCcTBEHHBIMU TIpernaparaMu U Ooiee
500 Hay4HBIMH TTyONUKAIUSMU. 3aciyru npodecco-
pa B. C. byznambl B IOATOTOBKE KaJpOB OTMEUEHBI
[ToueTHbIM 3BaHUEM «3acTyXEHHBIH J1eATeNlb HAayKu
Poccutickoit denepamumy» [3].

JoxTop 6nonornueckunx Hayk benses B. U., koto-
PBIN SIBUJICS THOHEPOM B OOJIACTH BBISBIICHUS TeHE-
TUYECKUX MApKEPOB YCTOMYUBOCTH U IMPEIPACIIOINO-
JKEHHOCTH CEJIbCKOXO3SHCTBEHHBIX HBOTHBIX K He-
3apa3HbIM 3a00JI€BaHUsIM Hadasl paboTy B HHCTUTYTE
¢ centsaops 1975 . CoBMeCTHO ¢ COTPYIHUKAMHU OH
000CHOBaJ ¥ BIEpPBbIE MPUMEHWT B TIPAKTUKE METO-
JIbI 0TOOpA KUBOTHBIX, HACIEACTBEHHO YCTOMUNBBIX
K aKyLIepCKHM 3a00JIeBaHUsAM, ITpenaparsl 1715t 00pb-
OBl ¢ apaXHOPHTOMO3aMH M KOPPEISIUH UMMYHO/Ie-
¢unmroB. OH siBisieTcs aBTOpoM Oosiee 250 HaydHBIX
myOnuKaIuii, BKIIo9as MOHOTpaduu, OpOIIIOpEI, Ta-
TEHTBI, H300PETCHHSI, METOIUICCKHE ITOCOOWS 110 Be-
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TepUHAPUH, ONOXUMHH M 300TEXHUU 1 HACTABIICHUS 110
MIPUMEHEHUIO JICKAPCTBEHHBIX Tperaparos [5].

Pa3BuTHe BeTepuHApHOM (hapMaKOIOTHH B HHCTH-
TyTE Ha COBPEMEHHOM JTarle CBSI3aHO C HCCIeq0Ba-
nusivmu akajgemuka C. B. lllaOyHuna u moxropa 6mo-
mornueckux Hayk I. A. BoctpousnoBoii. AkanemMuk
[[Ma6ynunu C. B. BeIIatomuiics CIEIHAINCT B BETEPH-
HapHOMU marosioruu, GapMaKkoJOrMK U Tepaluu, BO3-
maBisu1 Beepoccuiickuil HayYHO-HCCIE10BATENbCKUI
BETEPUHAPHBII MHCTUTYT MATOJOTUH, (hapMaKoIo-
MU ¥ Tepanuu Ha npoTsbkeruu 15 et (¢ 2005 roaa).
OH ocHOBan HOBOE HaIpaBlIeHUE — KpHOpapMaKo-
norus. Ero Hay4yHble paboThl HallpaBJIeHbI HA CO3/1a-
HHUE KOMIUIEKCHBIX CHCTEM BETEPHHAPHOIO 01arormno-
Jy4Hsl >KUBOTHOBOJICTBA, Pa3pabOTKy BETEPHHAPHBIX
[penaparoB ¥ KOHTPOJIb KauecTBa JiekapcTB. OKoIo
130 ero Hay4HbIX pa3paOOTOK ObLIH yTBEPKACHBI Be-
nyuMu BerepunapHbiMu cityx6amu CCCP u Poccun
Y HAIJIM NIMPOKOE NMPUMEHEHHE Ha MpPaKTHKeE.
[Ta6yauay C. B., B cocTaBe KOIIEKTHBA aBTOPOB, pac-
nopsbxenueM [IpasurensctBa Poccuiickoit denepanumn
3a Ne 146-p ot 06.02.2012 r. 612 IPUCYKICHA Tpe-
mus [IpaButenscTBa Poccutickoit denepanuu B 0651a-
CTHU HayKU U TEXHUKH [2].

Jloktop Guonormnuecknx Hayk Bocrponiosa I A.
CIELHAIN3UPYETCs] Ha U3YUEHUH U pa3paboTKe opra-
HOIIpErapaToB ¥ METO/I0B TKaHeBOH Tepanuu. Ee nc-
CJIC/IOBAHUS OXBAaTHIBAIOT BUAOCHICIIM(DUYHBIE PEKOM-
OWHaHTHBIE UHTEP(PEPOHBI, BKIOYAs WX CKPUHUHT,
(hapmMarieBTHIECKYIO pa3paboTKy U H3yUCHHUE MEXaH3-
MOB JIeHICTBUS Ha Pa3IMUYHBIX OMOJIOTHYECKUX MOJe-
751X (KUBOTHBIE, OPTaHbl, TKAaHU, KJIETOUYHBIE KYyJIbTY-
PBbl), BKIIIOYAsl HCCIICIOBAHUE OCTPBIX U XPOHUYECKUX
3¢ dekToB, cienudpuIeckux BUI0B TOKCHYHOCTHU U He-
JKeJaTeNIbHBIX TOOOYHBIX PEaKIINH.

OTnen maTroJorudaecko MOpQOIOTHH, OCHOBAH-
HBIH TIepBbIM JupekTopoM uHctutTyTa H. JI. Muxaii-
JIIOKOBBIM, CTaJl LIEHTPOM Pa3BUTHS MIEPELOBOTrO Ha-
YYHOI'O HamnpaBlieHHWs B BETEPHUHAPHON Mopdoiio-
rud. Briocneacteun, moa pykoBoJCTBOM npodeccopa
C. M. CyneiimaHoBa 371eCh M3ydajiach YIbTPacTPyK-
TypHas OpraHU3aIMs OPTaHOB KUBOTHBIX IPH ITATOJIO-
I'MYECKHUX COCTOSHUAX, OXBAThIBAsI SHIOKPUHHYIO, M-
MYHHYIO, TUILEBAPUTEIBHYIO, AbIXaTeIIbHYIO U APYTHUE
cucreMbl. Mopdoornuecknue ucciaeoBaHus BCEria
OBLIM HEOTHEMIIEMOM YaCThI0 HAYYHOU JeSITeIbHOCTH
nHCTUTyTa. Ha 6a3e maboparopuu ycrienHo 3aiuiie-
Ho Oonee 40 kapaunaTckux 1 20 JOKTOPCKUX AUCCEP-
TalWi, OCHOBAaHHBIX HAa MOP(OJIOIHIECKUX JaHHBIX.
Kpome Toro, oTaen aBaxabl IpUHUMAI MEXTyHapOI-
Hble KoH(pepeHunu o mopgonoruu (B 1993 1 2006 ro-
nax). B mactosmiee Bpemst 1abopatopust o1 pyKoBO/I-

CTBOM K. B.H. Muxaiinosa E. B. 3aHuMaeTcst akTUBHBIM
MCCIIeZIOBAHUEM ITaTOMOP(OIOTHH KPYITHOTO POTaTo-
IO CKOTa, CBUHEH, PhIOBI U ITHIIBI.

[Tog pykKoBOJACTBOM UYJIECH-KOPPECHOHACHTA
A. T. IllaxoBa, KOTOPBIH BO3MIABISI HHCTUTYT ¢ 1995
o 2005 rox, KOJJIEKTUB pa3padoTall KIIF0UeBhIe KOH-
HENINH: SKOJIOT0-aJalTAlMOHHYI0 TEOPHIO BO3HUK-
HOBEHHUS U Pa3BUTHS MACCOBBIX 3a00JI€BAHUI KUBOT-
HBIX B CCJIILCKOM XO3SIHCTBE, a TAKiKe KOMILICKCHYIO,
JKOJIOTHYECKH O€30IaCHYI0 CUCTEMY BETEPHHAPHOU
samuTel. A. I [IlaxoB BHEC 3HAYMTEILHBIA BKJIA]
B POCCHICKYIO BETEPHHAPHYIO IMMH300TOJIOTHIO, MH-
KpOOHOJIOTHIO U BUPYCOJIOTHIO, Y4aCTBOBAJ B pa3pa-
0OTKE CHUCTEMBI BEJICHHS arpOIPOMBIIIUICHHOTO TPO-
n3BoacTBa BopoHneskckoit oonactu 1o 2010 roxpa. Ero
Hay4dHOe Hacyieane BkitouaeT 0osee 500 pa6ot. OH co-
aBTOpP MHOXKECTBAa METOIUICCKUX YKa3aHWH 10 Tua-
THOCTHKE, PO(IIIAKTHKE U JICYEHHUIO PACTIPOCTPAHEH-
HBIX 3200JI€BaHNH CBUHEH U TEJIAT, 45 aBTOPCKUX CBH-
JICTEIILCTB Ha M300PETEHMSI, a TAKKE HACTABICHHI 110
MIPUMEHEHUIO PA3TMYHBIX BETEPUHAPHBIX MPEMapaToB.

A. T llaxoB — 3aciy>KeHHBIH e Teb HayKH, Ha-
rpakaeHHbIH 3HaKoM «306peTarens CCCP» u mena-
assmu CCCP u BJIHX. Ilog ero pykoBOJACTBOM 3allly-
THH auccepranuu 6onee 40 kaHaUAaToB U 12 MOK-
TOpOB Hayk [4].

3a moiBeKa CyIIeCTBOBAHUS HHCTUTYT BHEC CYIIIC-
CTBEHHBIHN BKJIAJ B Pa3BUTHC HAYKH M TPAKTHKHU OJia-
roapsi paboTe CBOMX COTPYIHUKOB:

« Co3mano 0ojiee 75 KOMITIEKCHBIX CHCTEM, METO-
JUYECKUX YKa3aHUU U PEKOMEH AL, MOBBIIIAIOIINX
3P PEKTUBHOCTH PAOOTHI.

« Pazpaborano cBeiie 100 HOBBIX XUMHOTEpAIIeB-
TUYCCKUX MPENapaToB, MPEMHUKCOB U JJOOABOK, pACIIIH-
PSIOIINX apCeHal CPECTB.

o 3amumnieno 6onee 200 mzobpereHuit, mox-
TBEPXKJCHHBIX aBTOPCKHMH CBHJICTECIILCTBAMU U Tia-
TEHTaMH.

o ChopmupoBaHa Hay4dHas [IIKOJIA: IIOATOTOBICHO
6omee 40 moxropoB u 120 KaHAMIATOB HAYK.

I[ToxpaszneneHnuss MHCTUTYTa CTald TJIO-
MIaKOW NI BBINOJHEHUS W 3aMUTHI JOKTOP-
CKHX JNHCCEPTANHUN LEABIM PANOM YUYEHBIX,
BkJtouas AntyxoBa H. M., Autunosa B. A.,
AprynoBa M. H., benstiea B. U., bpuraguposa 0. H.,
bysnamy B. C., by3zmamy C. B., Bmacosa C. A.,
Bocrpounosy I'. A., T'onuaposa II. 1., Epemuna C. I1.,
KoxeBuukona E. M., Konsiea M. T., Kocteiny M. A.,
Komapesa B. H., Ky3uneunosa H. U., Ky3pmuna I'. H.,
Martwomesckoro JI. A., Memepskosa H. II.,
Mucaiinosa B. [I., Muxanesa B. 1., Haymoa M. M.,
Hexnanosa A. I'., [lapukosa B. A., [lapmmna I1. A.,
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Bcepoccutickuil hayuno-ucciedosamensckuil 6emepuHapHulil UHCMUMYm namonozutl, apmakoiosuu U mepanuu...

PakoBy T. H., Penkoro M. U., CamoTtuna A. M.,
Cnobongsauka B. 1., Canobonsuuxk B. C.,
CyneiimanoBa C. M., Uepemucunona I'. A.,
[lla6ynuna C. B., lllaxosa A. I'., lllymckoro H. U.,
Anexuna FO. H., bauznenosy I'. H., Camununy JI. FO.,
Yeckuaony JI. B., [llanomnukosa . T. u apyrux.

Ha nanHbIil MOMEHT B MHCTUTYTE IPOBOIUTCA MO/~
TOTOBKa KaJIpOB BBICIHICH KBaTH(PHUKAIINY B acTIMpaH-
Type, QYHKIHOHUPYET TUCCEPTAIIMOHHBIA COBET 1O
3alllUTe JOKTOPCKUX M KaHAMJATCKUX JAHCCEpTaLuH,
KOOPJAMHUPYETCS HayuyHas TeMaruka MHorux HUY
u BY3oB PO, cucreMaTnuecku MpoBOISTCS HAYIHO-
MpaKkTU4YecKne KOH(EepeHIInH, CUMITIO3UYMBbI, CEMH-
Haphbl ¢ y4aCTUEM BEAYIIUX YUCHBIX U IPAKTUUECKUX
300BETEPUHAPHBIX CIIELUATIUCTOB.

OI'BHY «BHUBUII®uT» akTUBHO B3aUMO-
JeHCTBYeT ¢ BeAyLIMMU 0Opa3oBaTelbHBIMU ydpe-
KAeHusIMU Kak B Poccuu, Tak u 3a pybexom. Cpenu
poccuiickux mapTHepoB — MOCKOBCKUN rocynap-
cTBeHHBIN yHHBepcuteT; MTABMub — MBA ume-
Hu K. U. Ckpsbuna; BopoHeKCKHil TOCYIapCTBEeH-
HBI YHUBEPCHUTET MHKEHEPHBIX TEXHOJOTHUMH;
Boponexckuit 'AY nmenu umneparopa Ilerpa I;
BopoHexXCKHI roCcyJapCTBEHHbIM YHUBEPCUTET;
Ky6ancknii I'AY, Kpacronapckuit HUBU, o60co6nen-
Hoe cTpykTypHoe noapasnaenenue ®I'bHY KHII3B;
Poccuiickuii ynusepcuret apyx0b! HapogoB 1 CaHKT-
[letepOyprckast rocygapcTBeHHast aKaJeMHsl BETEpH-
HapHOU MEJULUHBL.

MexIyHapoHOE COTPYAHUYECTBO TaKkKe BKIIIO-
yaeT napTtHepcTBo ¢ KazaxCkum arpoTexHUYeCKUM
yauBepcuteroM uM. C. Celidynuna, bemopycckum
rOCYy/IapCTBEHHBIM YHUBEPCUTETOM; BuTeOckoii rocy-
JTApCTBEHHOM aka/ieMUeil BeTeprHAapHON MEAMLIMHBL,
PVII «MIHCTUTYT 3KCIIEPUMEHTAILHON BETEPUHAPUU
nm.C.H. Brimenecckoro», a Takke ¢ EBporeiickoit
accoruanuel BeTepuHapHOH (HapMaKOJIOTHHA M TOK-
cukonorun (EAVPT)

B nacrosiiee Bpemst B uHCTUTYyTE padotaet 142 ye-
JIOBEKA, B TOM yHciie 68 HayYHbIX COTPYAHHKA, B UHCIIE
KOTOpBIX 1 akageMmuk, 2 uineH-koppecrnonaenta PAH,
19 moxTopoB, u3 HEX 10 UMEIOT yueHOE 3BaHHE TIPO-
(heccopa, 34 xannunaroB Hayk. CpeqHHiA BO3pacT Hc-
cienoBareneil cocraBisieT — 46 JerT.

WuctutyToM BeneTcs paboTa B ATH HayYHBIX OT-
Jenax, BKIIOYAIOIX BOCEMb J1abopaTopHii U CEeKTO-
POB, a Taxke obecrieuuBaeTcs PyHKIIHOHHPOBAHHE XO-
351ICTBEHHOIO OTJIEJIa U BUBApPUSL.

Y4eHble MHCTHTYTa aKTUBHO Pa0OTAIOT HAJ| perie-
HUEM aKTyaJbHBIX IpoOieM BeTepuHapuu. Mx uccie-
JOBaHMS HalpaBJIeHbl Ha TIIyOOKOE MOHUMaHKE MPU-
YUH ¥ MEXaHM3MOB BO3HHKHOBEHHMsI OONIE3HEH Cellb-

CKOXO3SIICTBEHHBIX U APYTUX KUBOTHBIX, CBA3aHHBIX
C HeMH(EKINOHHBIMHU areHTaM1 M yCJIOBHO-TIaTOI¢H-
HBIMH MHKpOOpTraHu3sMamu. M3yuarrcs Bce ypoB-
HU — OT MOJIEKYJISIPHOTO JIO CHCTEMHOT0. BaxxHO 3a-
Jladeil SBISETCS YCTAaHOBJICHHUE B3aWMOCBSI3U MEXKIY
COCTOSTHHEM OKPY’KAIOLIEH Cpellbl U 300POBBEM KH-
BOTHBIX. Mccnenyercs, kKak IMMYHUTET U OOMEH Be-
[IECTB BJIMAIOT HAa Pa3BUTHE M HUCXOA 3a00JCBaHUI.
Ha ocHoBe moiy4eHHBIX JaHHBIX pa3padaThIBAIOTCS
WHHOBAIIMOHHBIE METO/BI MPOTrHO3UPOBAHUS, OIICH-
KM T€YeHHA M Mcxoza 0oyie3Hel, a TakKe CO3/1at0TCs
KOMILJIEKCHBIE CUCTEMBI U1l 00€CIIeUeH s BETepUHAp-
Horo Oarononyuusi. IHCTUTYT TakXke UrpaeT Kiltoue-
BYIO pojib B (HOPMHUPOBAaHHH BETEpUHAPHOH (hapMaKo-
JIOTHYECKOH MOIHUTHUKH, pa3padarbiBast 3pekTHBHEBIE
Mpernaparsl 1 OMOJIOTHYECKH aKTHBHBIE BEIECTBA IS
MpO(MMITAKTHKHY, JISICHUS W TOBBIIICHUS TIPOYKTHB-
HOCTH JKHBOTHBIX. JleSITENbHOCTh MHCTUTYTA BKIIIO-
qaeT B ce0s1 00yueHHe U aTTeCTaluIo CIEeLHAUCTOB,
a TaK)ke aKTUBHOE COTPYJHHUYECTBO C APYTUMH Hay4-
HBIMHU UM NPOU3BOJCTBEHHBIMU OpPTaHM3alMSIMH, Kak
B Poccum, Tak u 3a pybexom, 1 KOOPAWHAIUIO HAy4-
HBIX HCCIICIOBAaHUI B 001aCTH BETEpHHAPHOH MTATOJIO-
UM, GapMaKoJIOruu U Teparuu.

Co3anue MHCTUTYTa OBUIO HMPOJUKTOBAHO BpeE-
MEHEM U MOJIHOCTHIO cebst onpasaano. Hecmorpst Ha
CYIIECTBYIOIME CIIOKHOCTH, HHCTUTYT MPOIOIIKA-
€T CBOIO JIeSTeNbHOCTh, BHOCA 3HAUYUTENBHBIA BKIA
B Pa3BUTHE BETEPUHAPHON HAYKH, IPETOCTABIISS TPAK-
TUKaM 3G QPEKTUBHBIC UHCTPYMEHTBI U METOJBI JUIS
00pBOBI ¢ OOIE3HIMU KUBOTHBIX.

KOGuneii anst HacC — 3TO CTUMYII K JaIbHEHIIEMY
pa3BuTHIO. MBI HE HAMEPEHBI OCTaHABJIMBATHCS Ha J10-
CTUTHYTOM, a CTPEMHUMCS K HOBBIM BepiruHaM. Hamra
3aJja4ya pearupoBarh Ha CaMble CMEJIBIE U HEOKUIAH-
HBIE BBI30BBI, NMPOSIBIATh MHUIMATHUBY, JIUIUPOBATH
B HCCJIEZIOBATEIbCKUX OTKPBITHAX.
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ALL-RUSSIAN VETERINARY RESEARCH INSTITUTE
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55 YEARS OF SERVICE TO VETERINARY SCIENCE
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Tatyana Igorevna Ermakova

All-Russian Veterinary Research Institute of Pathology, Pharmacology

and Therapy, Voronezh, Russia, doctor.57@mail ru®™

On September 29, 2025, the All-Russian Veterinary
Research Institute of Pathology, Pharmacology and
Therapy turns 55 years old.

An anniversary is an important milestone in the
history, development and progress of any organization.
Today, the Institute is the leading research organiza-
tion for the development of theoretical foundations and
practical methods for combating noncontagious dis-
eases of farm animals, coordinates the research topics
of scientific institutions and institutes, regularly holds
conferences, symposia, publishes research papers and
trains scientific personnel.

The need for the foundation of SSI to solve prob-
lems in combating noncontagious diseases was caused
by the difficult situation that developed in the livestock
industry at the turn of the 50s and 60s, due to the mass
incidence of farm animals with internal noncontagious
diseases that disrupted the normal functioning of the
body and led to the lack of quality products.

The experience of leading countries and the prac-
tices of advanced farms has shown that the transition
of livestock and poultry industries to modern industri-
al technologies contributes to faster production of the
necessary volumes of meat, milk and eggs.

Within the framework of the specified organiza-
tional and technological forms of production of live-
stock products, as demonstrated by the initial practice,
reliable protection of animals from diseases is required.
The problem of so-called noncontagious diseases was
especially acute.

The scientific veterinary community took steps
to reduce this problem. However, due to the disuni-
ty of these measures in various natural and climatic
zones of the vast country, the results were not effec-
tive enough. In this regard, there was a need to estab-
lish a specialized scientific center dedicated to the fight

against noncontagious animal diseases. The initiative
was supported by government authorities. However,
surprisingly, Moscow veterinary scientists insisted on
placing the scientific center in the capital or its sub-
urbs. This led to many years of delays in the founda-
tion of the institute [1].

P. I. Goncharov, the Head of the Veterinary Service
of Voronezh region, realizing that the existing methods
of protecting animals from diseases in the new produc-
tion conditions did not have sufficient scientific sup-
port, came up with the initiative to establish an All-
Union Scientific Center for the study and fight against
noncontagious animal diseases based on Voronezh
Research Veterinary Station. This proposal was voiced
to the Head of the Main Veterinary Department of the
USSR Ministry of Agriculture A. D. Tretyakov on
January 18, 1968.

In response, in May 1968, a commission of spe-
cialists from the USSR and RSFSR Ministries of
Agriculture arrived in Voronezh. After studying the
situation on the spot, the commission came to the con-
clusion that Voronezh was a suitable place to estab-
lish a scientific center. This decision was due to the
fact that Voronezh was located in the European part
of'the USSR, where about 70 % of livestock products
were produced, and modern agroindustrial technolo-
gies were actively introduced. The existing scientific
and production base of Voronezh Research Veterinary
Station (RVS) made it possible to quickly begin the
necessary research [4].

The commission presented its conclusion to the re-
gional leadership, which approved the foundation of
the Institute for noncontagious animal diseases. The
only condition was to include in its structure a depart-
ment for infectious animal diseases focused on the
needs of Voronezh region.
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However, the State Committee for Science and
Technology under the Council of Ministers of the USSR
by its decision stopped further consideration of this is-
sue, citing the lack of the necessary scientific and pro-
duction base (minutes of the board dtd. June 24, 1969,
No. 38). It was necessary to look for new ways. In this
regard, the Head of the Main Veterinary Department
of the USSR Ministry of Agriculture A. D. Tretyakov,
addressed the Deputy Head of Voronezh Regional
Agricultural Administration P. I. Goncharov with
a proposal to consider the possibility of establish-
ing an All-Union Scientific Research Institute of
Noncontagious Animal Diseases in Voronezh region.
He, in turn, promptly discussed this initiative with the
first secretary of the regional committee of the CPSU
N. M. Miroshnichenko.

During the discussion, key aspects were ana-
lyzed: the scope of activities, personnel provision
and the formation of a scientific and production
base. The project attracted the special attention of
N. M. Miroshnichenko, whose higher veterinary edu-
cation and successful experience in restoring the build-
ing of Voronezh RVS in 1946 made him an interested
party. He immediately contacted the Chairman of the
State Committee for Science and Technology under
the Council of Ministers of the USSR L. N. Efremov,
outlined the difficulties that had arisen and secured
his support. Subsequently, on behalf of the First
Secretary of the Regional Committee of the CPSU
N. M. Miroshnichenko and the Chairman of the
Regional Executive Committee N. A. Evsigneev,
an official letter was sent to the USSR Ministry of
Agriculture. In it, the regional leadership guaranteed
comprehensive support for the new institute at the stage
of its foundation and development. [6, 7].

In May 1970, the State Committee for Science and
Technology (SCST) sent a commission to Voronezh.
After a detailed analysis of the situation, the commis-
sion came to the conclusion that the foundation of a
new institute on the basis of Voronezh RVS was ap-
propriate and feasible.

In accordance with the results of the commission’s
work, the State Committee for Science and Technology
under the Council of Ministers of the USSR made a
decision to organize the All-Union Scientific Research
Institute of Noncontagious Animal Diseases on the ba-
sis of Voronezh RVS (minutes of the meeting of the
Board of the Committee dtd. July 28, 1970, No. 38).

This decision was implemented by transferring
Voronezh RVS from the jurisdiction of the Ministry
of Agriculture of the RSFSR to the direct subordina-
tion of the USSR Ministry of Agriculture (in accord-
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ance with the order of the Council of Ministers of the
USSR dtd. September 10, 1970, No. 1896r). The fi-
nal formalization of the establishment of the institute
took place on September 29, 1970, when the USSR
Ministry of Agriculture issued the order No. 294 [1].

Thus, September 29, 1970 can be taken as the
starting point from which the history of the All-
Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy began.

The changes in the organizational structure of the
institute took place in 1989: by the order of the State
Agroindustrial Committee of the USSR dtd. May 30,
No. 14-LK-2, as well as the orders and instructions
of the All-Union Academy of Agricultural Sciences
named after Lenin (AUAAS named after V. 1. Lenin/
VASKhNIL) dtd. May 25 (No. 83, No. 29) and a sub-
sequent order dtd. June 20, it was placed under the
direct management of the Presidium of VASKhNIL.
Later, in 1991, the institute was renamed the All-
Union Veterinary Research Institute of Pathology,
Pharmacology and Therapy, which was confirmed by
the order of the State Commission of the Council of
Ministers of the USSR on Food and Procurement dtd.
January 14, No. 9, and the order of VASKhNIL dtd.
February 25, No. 10.

Based on the Decree of the President of the Russian
Federation dtd. January 30, 1992, No. 84 On the
Russian Academy of Agricultural Sciences, the Russian
Academy of Agricultural Sciences (hereinafter referred
to as the RAAS) was established on the basis of the
Russian Academy of Agricultural Sciences and the All-
Union Academy of Agricultural Sciences. According to
this Decree, the institute was transferred to the RAAS.
And in accordance with the order of the RAAS dtd.
May 20, 1992 No. 48, it was renamed State Scientific
Institution All-Russian Veterinary Research Institute
of Pathology, Pharmacology and Therapy. In 2013, in
connection with the reorganization of the system of
state academies of sciences (RAS, RAMS, RAAS),
the institute was integrated into the structure of the
Federal Agency for Scientific Organizations (FASO)
and received the status of a Federal State Budgetary
Scientific Institution. In accordance with the Decree
of the President of the Russian Federation No. 215
dtd. May 15, 2018 and the Order of the Government
of the Russian Federation No. 1293-r dtd. June 27,
2018, the institute was transferred to the jurisdiction
of the Ministry of Science and Higher Education of
the Russian Federation.

Even before the official foundation of the insti-
tute, since the beginning of 1970, Voronezh RVS
of Noncontagious Animal Diseases under the su-
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pervision of N. D. Mikhaylyukov actively attract-
ed young and promising scientists. Since December
24, 1969, the Department of Swine Diseases was
headed by A. G. Shakhov. By the beginning of 1970,
S. M. Suleymanov, N. I. Kuznetsov, A. G. Nezhdanov
and G. N. Kuzmin were already working at Voronezh
RVS as Senior Scientific Associates. By September
of the same year, the staff of Voronezh RVS of
Noncontagious Animal Diseases numbered 42 peo-
ple, including one Doctor and twelve Candidates
of Veterinary Sciences. It was these specialists who
formed the basis of the All-Union SRI of Noncontagious
Animal Diseases.

In 1971, the institute held its first competition, fol-
lowing which four Heads of Laboratories were hired:
Candidate of Veterinary Sciences Anokhin B. M.
(Barnaul), Candidate of Veterinary Sciences
Buzlama V. S. (Novosibirsk), Candidate of Veterinary
Sciences Petrov P. E. (Borovsk) and Candidate of
Veterinary Sciences Ivashura A. I. (Belgorod). This
year marked the beginning of the first stage of the for-
mation of the All-Union SRI of Noncontagious Animal
Diseases, which lasted until the early 1980s. The devel-
opment of the institute after May 21, 1972 was over-
shadowed by the tragic death of its first director, the
talented scientist and organizer N. D. Mikhaylyukov.
Soon after, his Deputy for Research, I. P. Kondrakhin,
who made a significant contribution to its foundation,
also left the institute [6, 7].

From the end of June 1972, the Institute was headed
by V. T. Samokhin, who later became an Academician
of the RAAS.

During the first ten years of its existence, the
Institute laid the foundation for research of noncon-
tagious animal diseases, forming scientific schools
under the guidance of young, energetic and gift-
ed scientists aged 32—35. A landmark event was
the First All-Union Conference on Noncontagious
Animal Diseases, held at the Institute on October
22—25, 1974. This event, which brought togeth-
er the country’s leading specialists, gave a power-
ful impetus to the development of research and deter-
mined the key areas of research for young scientists.
Outstanding scientists presented reports at the confer-
ence, including the Academicians V. P. Shishkov and
I. E. Mozgov, Head of the Main Veterinary Directorate
of the USSR Ministry of Agriculture A. D. Tretyakov,
Corresponding Members of VASKhNIL G. V. Zverev
and R. G. Mustakimov, as well as a number of famous
professors and associate professors.

The scientists who spoke at the event highly appre-
ciated the potential of the institute and its 20 research
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departments in solving the main task: developing the-
oretical and practical approaches to combating non-
contagious diseases of farm animals and poultry, as
well as zoohygienic standards for intensive livestock
farming. The leading role of the institute in coordinat-
ing research in these areas conducted by other institu-
tions, organizations and enterprises of the agroindus-
trial complex was noted.

Thanks to the modernization of the institute’s de-
partments with advanced equipment in the field of light,
luminescent and electron microscopy, chromatography,
spectrophotometry and other areas, the scientific and
methodological level of research has increased sig-
nificantly. By the end of the 70s — mid-80s, this con-
tributed to the formation of leading scientific schools
in such areas as obstetrics, gynecology and biotech-
nics of animal reproduction, biochemistry, veterinary
pharmacology and toxicology, diagnosis and therapy
of'animal diseases, as well as pathology, oncology and
morphology of animals. The leaders of these schools
were outstanding scientists of the institute, including
V. T. Samokhin, G. A. Cheremisinov, A. G. Shakhov,
B. M. Anokhin, V. S. Buzlama, M. I. Nemchenko,
N. I. Kuznetsov, V. D. Misaylov, V. A. Parikov,
A. G. Nezhdanov, S. M. Suleymanov et al.

Under the supervision of Professor G. A. Chere-
misinov and his team, hormonal and structural-func-
tional aspects of regulation of the reproductive sys-
tem were studied. The result of this work was the
design and introduction into production of gonado-
tropins and prostaglandins, for which the team was
awarded the State Prize of the Russian Federation.
In the field of veterinary obstetrics, the insti-
tute had a unique doctoral dissertation council for
Russia, where leading specialists from all over the
Soviet Union defended their works. Five professors
(G. A. Cheremisinov, A. G. Nezhdanov, V. A. Parikov,
V. D. Misaylov, V. 1. Slobodyanik) and five doctors
of veterinary sciences (Vlasov S. A., Shumskiy N. L.,
Kotsarev V. N., Klimov N. T., Mikhalev V. I.) came
from among the employees of the institute. Three
of the obstetrician professors (A. G. Nezhdanov,
V. A. Parikov, V. D. Misaylov) subsequently received
the honorary title of the Honored Scientist of the
Russian Federation.

At present, as a result of research by Doctors
of Sciences Mikhalev V. 1., Kotsarev V. N. and
Candidates of Sciences Zimnikov V. 1., Skorikov V. N.,
significant results have been achieved in the field of cat-
tle reproduction: the understanding of the mechanisms
of ovarian insufficiency development in cows in the pe-
riod after calving has been deepened, new approach-
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es and drugs for the treatment of ovarian dysfunction
and restoration of the reproductive capacity of cows
have been proposed, the efficacy of new methods for
the prevention and treatment of uterine and embryon-
ic diseases in cows has been studied, using drugs that
regulate immunity and the function of the corpus lu-
teum. In the field of pig breeding, methods have been
developed for the prevention and treatment of immu-
nodeficiency states in pigs during critical periods of
growth using preparations based on recombinant in-
terferons; a new preparation has been designed to reg-
ulate the reproductive function of sows, based on re-
combinant protein and cryofractionation technologies.

The Academician V. T. Samokhin played a key role
in the development of the Institute as a leading scientif-
ic center. His more than 30 years of work at the institu-
tion, including 23 years as its permanent Director (from
1972 to 1995), allowed him to prepare many Doctors
and Candidates of Sciences. Under his leadership, a
school of pathobiochemists was formed, and mono-
graphs were published on the prevention of microele-
ment metabolism disorders in animals. Subsequently,
the direction of pathobiochemistry at the Institute was
developed by Doctor of Biological Sciences,

Professor M. I. Retskiy, whose main areas of re-
search activity were related to the study of free-radical
lipid oxidation processes, the antioxidant defense sys-
tem and nitric oxide in ontogenesis, stress mechanisms,
adaptation, resistance formation, the occurrence and
development of pathology in animals, as well as the
study of physiological and biochemical mechanisms
of action and the development of new pharmacologi-
cal drugs for stress regulation. Professor M. 1. Retskiy
published more than 250 printed works, including
21 Russian patents for inventions, and trained 16
Candidates and 5 Doctors of Sciences.

Professor V. S. Buzlama and his scientific school,
having developed a general theory of pathology and
health protection of productive animals, formulated the
concept of stress maladaptations. Research has shown
that these maladaptations are a key factor in the devel-
opment of diseases such as hepatodystrophy, ketosis
and immunodeficiencies, as well as increased morbid-
ity in young animals and breeding stock. It has been
found that stress maladaptations reduce the efficacy of
standard methods for prevention and treatment.

Under the leadership of V. S. Buzlama, effective
drugs for combating stress and increasing the resist-
ance of farm animals, as well as complex means for
treating their diseases, were designed and introduced
into practice. His contribution to the development of
veterinary pharmacology in Russia is significant, in-
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cluding the creation of a new direction — veterinary
environmental pharmacology. The long-term activity
of V. S. Buzlama is noted for the defense of 45 disser-
tations (theses), the development of 50 inventions, 7
exhibition medals, 8 monographs, 9 medicinal prepa-
rations and more than 500 scientific publications. The
merits of Professor V. S. Buzlama in training personnel
were noted by the Honorary Title the Honored Scientist
of the Russian Federation [3].

Doctor of Biological Sciences Belyaev V. 1., who
was a pioneer in the field of identifying genetic mark-
ers of resistance and predisposition of farm animals to
noncontagious diseases, began working at the institute
in September 1975. Together with his colleagues, he
substantiated and first applied in practice methods for
selecting animals that are hereditarily resistant to ob-
stetric diseases, drugs for combating arachnoentomoses
and correlating immunodeficiencies. He is the author of
more than 250 scientific publications, including mon-
ographs, brochures, patents, inventions, methodologi-
cal manuals on veterinary medicine, biochemistry and
zootechnics, and instructions for the use of drugs [5].

The development of veterinary pharmacology at
the institute at the present stage is associated with
the research of the Academician S. V. Shabunin and
Doctor of Biological Sciences G. A. Vostroilova. The
Academician Shabunin S. V. is an outstanding special-
ist in veterinary pathology, pharmacology and therapy,
headed the All-Russian Veterinary Research Institute
of Pathology, Pharmacology and Therapy for 15 years
(since 2005). He founded a new field — cryopharma-
cology. His research works are aimed at creating com-
plex systems of veterinary welfare of animal husband-
ry, designing veterinary drugs and quality control of
medicines. About 130 of his scientific developments
were approved by leading veterinary services of the
USSR and Russia and found wide application in prac-
tice. Shabunin S. V., as part of a team of authors, was
awarded the Russian Government Prize in Science
and Technology by the order of the Government of
the Russian Federation No. 146-r dtd. 06.02.2012 [2].

Doctor of Biological Sciences Vostroilova G. A.
specializes in the study and design of organ prepara-
tions and tissue therapy methods. Her research cov-
ers species-specific recombinant interferons, includ-
ing their screening, pharmaceutical development and
study of the mechanisms of action on various biolog-
ical models (animals, organs, tissues, cell cultures),
including the study of acute and chronic effects, spe-
cific types of toxicity and undesirable side reactions.

The Department of Pathological Morphology,
founded by the first director of the institute
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N. D. Mikhaylyukov, became the center for the de-
velopment of an advanced scientific direction in vet-
erinary morphology. Subsequently, under the supervi-
sion of Professor S. M. Suleymanov, the ultrastructural
organization of animal organs in case of pathologi-
cal conditions was studied here, covering the endo-
crine, immune, digestive, respiratory and other sys-
tems. Morphological studies have always been an in-
tegral part of the scientific activities of the institute.
More than 40 candidate and 20 doctoral dissertations
based on morphological data have been successfully
defended on the basis of the laboratory. In addition, the
department has twice hosted international conferenc-
es on morphology (in 1993 and 2006). Currently, the
laboratory under the head of Candidate of Veterinary
Sciences Mikhaylov E. V. is actively engaged in the
study of the pathomorphology of cattle, pigs, fish and
poultry.

Under the leadership of the Corresponding Member
A. G. Shakhov, who headed the institute from 1995 to
2005, the team developed key concepts: an ecologi-
cal-adaptation theory of the emergence and develop-
ment of mass animal diseases in agriculture, as well
as a comprehensive, environmentally safe system of
veterinary protection.

A. G. Shakhov made a significant contribution to
Russian veterinary epizootology, microbiology and
virology, participated in the development of a system
for managing agroindustrial production in Voronezh
Region until 2010.

His scientific legacy includes more than 500 works.
He is a co-author of many guidelines for the diagno-
sis, prevention and treatment of common diseases of
pigs and calves, 45 inventor’s certificates, as well as
instructions for the use of various veterinary drugs.

A. G. Shakhov is an Honored Scientist, awarded
the badge the Inventor of the USSR and medals of the
USSR and VDNKAh. Under his supervision, more than
40 Candidates and 12 Doctors of Sciences defended
their dissertations [4].

Over the half-century of its existence, the Institute
has made a significant contribution to the develop-
ment of science and practice thanks to the work of its
employees.

« More than 75 complex systems, guidelines and
recommendations have been created, increasing the
efficacy of work.

« More than 100 new chemotherapeutic drugs,
premixes and additives have been designed, expand-
ing the arsenal of means.

» More than 200 inventions have been protected,
confirmed by inventor’s certificates and patents.
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« A scientific school has been formed: more than
40 Doctors and 120 Candidates of Sciences have been
trained.

The divisions of the institute have become a
platform for the execution and defense of doctor-
al dissertations by a number of scientists, includ-
ing Altukhov N. M., Antipov V. A., Argunov M. N.,
Belyaev V. 1., Brigadirov Yu.N., Buzlama V. S.,
Buzlama S. V., Vlasov S. A., Vostroilova G. A.,
Goncharov P. 1., Eremin S. P., Kozhevnikov E. M.,
Konyaev M. T., Kostyna M. A., Kotsarev V. N.,
Kuznetsov N. 1., Kuzmin G. N., Matyushevskiy L. A.,
Meshcheryakov N. P., Misaylov V. D., Mikhalev V. L.,
Naumov M. M., Nezhdanov A. G., Parikov V. A.,
Parshin P. A., Rakova T. N., Retskiy M. 1.,
Samotin A. M., Slobodyanik V. L., Slobodyanik V. S.,
Suleymanov S. M., Cheremisinov G. A.,
Shabunin S. V., Shakhov A. G., Shumskiy N. I.,
Alekhin Yu.N., Bliznetsova G. N., Sashnina L. Yu.,
Cheskidova L. V., Shaposhnikov I. T. et al.

At the moment, the institute trains highly qualified
personnel in postgraduate studies, has a Dissertation
Council for the defense of doctoral and candidate dis-
sertations, coordinates scientific topics of many nation-
al research universities and higher education institu-
tions of the Russian Federation, systematically holds
scientific and practical conferences, symposia, sem-
inars with the participation of leading scientists and
practicing veterinary specialists.

FSBSI ARVRIPP&T actively cooperates with
leading educational institutions both in Russia and
abroad. Among the Russian partners are Moscow
State University, MSAVM&B — MVA named af-
ter K. I. Skryabin, Voronezh State University of
Engineering Technologies, Voronezh State Agrarian
University named after Emperor Peter the Great,
Voronezh State University, Kuban State Agrarian
University, Krasnodar Research Institute of Veterinary
Medicine — a separate structural division of FSBSI
KRCZVM, Peoples’ Friendship University of Russia
and St. Petersburg State Academy of Veterinary
Medicine. International cooperation also includes
partnerships with Kazakh Agrotechnical University
named after S. Seyfulin, Belarusian State University;
Vitebsk State Academy of Veterinary Medicine, RUE
“Institute of Experimental Veterinary Medicine named
after S. N. Vyshelessky”, as well as the European
Association for Veterinary Pharmacology and
Toxicology (EAVPT).

Currently, the Institute employs 142 people, in-
cluding 68 Scientific Associates, 1 Academician, 2
Corresponding Members of the RAS, 19 Doctors
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of Sciences, 10 of whom have the academic title of
Professor, 34 Candidates of Sciences. The average age
of researchers is 46 years.

The Institute has five research departments, includ-
ing eight laboratories and sectors, and also ensures the
functioning of the economic department and vivarium.

The Institute’s scientists are actively working on
solving urgent problems of veterinary science. Their
research is aimed at a deep understanding of the caus-
es and mechanisms of diseases of farm and other an-
imals associated with non-infectious agents and op-
portunistic microorganisms. All levels are studied —
from molecular to systemic. An important task is to
establish the relationship between the state of the en-
vironment and animal health. The effect of immuni-
ty and metabolism on the development and outcome
of diseases is studied. Based on the data obtained, in-
novative methods of forecasting, assessing the course
and outcome of diseases are developed, and complex
systems for ensuring veterinary well-being are creat-
ed. The Institute also plays a key role in the forma-
tion of veterinary pharmacological policy, designing
effective drugs and biologically active substances for
the prevention, treatment and improvement of animal
productivity. The Institute’s activities include training
and certification of specialists, as well as active coop-
eration with other scientific and industrial organiza-
tions, both in Russia and abroad, and coordination of
research in the field of veterinary pathology, pharma-
cology and therapy.

The foundation of the Institute was dictated by the
times and has fully justified itself. Despite the existing
difficulties, the Institute continues its activities, mak-
ing a significant contribution to the development of
veterinary science, providing practitioners with effec-
tive tools and methods for combating animal diseases.

For us, the anniversary is an incentive for further
development. We do not intend to stop at what has been

achieved, but strive for new heights. Our task is to re-
spond to the boldest and most unexpected challeng-
es, to show initiative, to lead in research discoveries.
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Hauasno ¢opmupoBanusi BopoHexckoi HayqHOH
IIKOJIBI BETEPUHAPHBIX aKyIIEPOB CBA3aHO C IMEHEM
[Tou€THOrO rpaxKaaHvHa
r. Boponexka, 3aciyxeH-
HOTO JAeATeNsl HayKu
Poccuiickoii @enepanuu,
JIOKTOpa BETEPUHAPHBIX
Hayk, mpodeccopa
AkatoBa Bacunus
AnekceeBuya, BO3IJIaB-
JIsBIIIEro B 60-x rogax Ka-
benpy akymepcTBa
Boponexckoro cenbcko-
X0351HCTBEHHOI'O MHCTHU-
tyTa. B 1962 rony Ha
0a3e 1ol Kadeapbl Obljla OTKPHITA ACTIUPAHTYPa. ITO
BpeMsI MO)KHO CUMTATh UCTOPUYECKUM MOMEHTOM 3a-
POXIIeHHS HAayYHOH MIKOJIbI. OHUMU U3 IEPBBIX MTPE-
cTaBUTEIEN BOpOHEKCKOM IIKOJIBI BETEPUHAPHBIX AKY-
IEPOB SBJISIOTCS JIOKTOpa Hayk UepemucuHoB I A.,
Mucaiinos B. /1., Ilapukos B. A., Hexxnanos A. I.
u apyrue. Onu BMecTe ¢ mpodeccopom AkaroBsiM B. A.
CO3J1aJIM KPyTHEHIIYIO KOy BETEPUHAPHBIX aKyIlle-
POB, MOJTYYUBIIYIO BCEMUPHOE MPU3HAHHE.

Yepemucunos I'puropuii AnapuaHoBHY,
1927 roma pokaeHUST — TEPBBIA YICHUK Mpodecco-
pa AxartoBa B. A.,
Jlaypeat rocynapcTBeH-
Hoil mpemun P®, nokrop
BETEpUHAPHBIX HAYK,
npodeccop. I'puropuit
AHIpUAHOBHUY SBIISLICS
BBIXO/ILIEM MHOTOJETHOU
KPECThSIHCKOU CEMbHU
Kypckoii obnactu. Ero
JIETCTBO MPUIIIOCH HA TO-
JIOJHBIE TOABI Hayaja
30-x rogoB, B 1942—

1943 1. — HaxoaWIICA HAa OKKYTTMPOBAHHOW HEMIIAMHU
Tepputopuu, B 1944—1946 1. — cImy’kuia B psigax
Coserckoit apmun, B 1946—1948 rr. — 3akaHuuBan
oOydeHue B MIKOJIE, OCIEe OKOHYaHUSI KOTOPOH, I0-
cTynu1 B Boponexxckuit 300BeTepuHapHbI HHCTUTYT.
B 1953 rony I'puropuii AHApHaHOBUY OKOHYMII MH-
CTHUTYT.

OOy4asich B MHHCTHTYTE OH IPOSBHJI CKJIOHHOCTD
K [I03HaHHUIO HOBOTO, PE3YyJIbTaTOM KOTOPOT'O CTaJIH BO-
ceMb OITyONTMKOBaHHBIX HayuHbIX cTateil. [locine yué-
on1 B BY3e I'. A. UepemucunoB 9 siet paborai npak-
TUYECKUM BeTepuHapHBIM BpadoM B Kypckoii obma-
ctd, a B 1965 rony — OKOHUMJI acTIUPAHTYPy IIPH
Kadenpe aKyepcTsa 1 THHEKOJIOrMH BopoHexxckoro
CXM u nocarun cedbs HaydHOH paboTe cHavasa
B Boponesxckoit HUUBC, a ¢ 1970 rona — B HUU ne-
3apa3HbIX 00JIE3HEH KUBOTHBIX.

Hayunas nesrensHocth Uepemucunona . A. xa-
paKTepHu30BaslaCh NIMPOKUM IUANIa30HOM HHTEPECOB
TEOPETUUECKOI U MPAaKTUUECKOH HanpaBieHHOCTH. OH
BHEPUII B AKyIIEPCKYIO HAYKy COBPEMEHHBIE METObI
TUCTOMOP(OJIOTHH ¥ OMOXUMHH, BBITOTHUI (QyHIIa-
MEHTAJIbHBIE HMCCIIEOBAHUS U3YUCHHUIO CTPYKTYpPHO-
(DYHKIIMOHAJBHBIX ¥ TOPMOHAIBHBIX MEXaHU3MOB pe-
ryasiauy GyHKIUH BOCIIPOU3BOJCTBA.

Y4EHBIM BBITIOTHEHO | OIyOIrKoBaHO Ooee 200
Hay4yHBIX paboT, HeCKOIbKO MoHorpaduil. Ha npors-
JKEHUU BCEH CBOEH KU3HU OH aKTUBHO 3aHUMAJICS BHE-
JIPEHUEM JIOCTUKEHUI HAYKHU B CEITbCKOX03A1CTBEHHOE
pou3BoACTBO. . A. UepeMHUCHHOBBIM CO3/1aHa HAYY-
Hasl [ITKOJIa YYEHBIX, BKITFo4aromiast 0oie 20 KaHAuIaToB
U JOKTOPOB Hayk. I'puropuii AHIpUaHOBUY JOCTOM-
HO MPOMLIEN 110 CBOEMY KU3HEHHOMY ITyTH KaK 4eJIo-
BEK M YYEHBIN, 3aCITYKUBLIMN OOJBIIOTO YBaKEHHS CO
CTOPOHBI JIpy3€eH, KOJIIET U HAy9IHOH 00IIIeCTBEHHOCTH.

He menee noctoitHbiM mipencraButeneM Bopo-
HEXKCKOH LIKOJIBI BETEPHUHAPHBIX aKyIIEPOB SIBIISCTCS
Mpmucaiinos Baaguvup JImurpueBud, 1929 roga po-
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XKJIEHHsI — JIOKTOp BeTEpUHAPHBIX HayK, podeccop,
3aCiy>KEHHbIN JiesaTenb Hayku POD.

Brnagumup JIMUTpUEBUY — BBIXOJICI] U3 CEMbIO
BETEPHUHAPHBIX CHELUAINCTOB, IOCIE OKOHYAHMUS
Bypstckoro 300Berepu-
HapHOTO MHCTUTYyTa
B 1950 roxy B TeueHue
10 sret paboTa rIaBHBIM
BETEPHUHAPHBIM BpPauoM
B UpkyTckoii obmacTu,
JIBa T0JIa — aCCUCTEHTOM
kadenpsl akymepcTBa
Bypsarckoro CXU. B Bo3-
pacte 33 met Bmagumup
JmutpueBnd mocrynaer
B aCIUPAHTYPy K MPO-
¢deccopy AkatoBy B. A.,
rocJie OKOHYaHusl KoTopoi, B 1967 rony 3ammuiaer
KaHAuAaTckyro auccepranuioo. C 1965 mo 1974 r
MucaiinoB B. JI. — accUCTEHT, I0LIEHT, 3aBeAYOIIU I
kadenpoit akymepctBa bypsatckoro CXWU,
¢ 1977 rona — 3aBenytomuii nadboparopueii 6one3Hen
OpPraHOB Pa3MHOXKEHUSI U MOJIOUHOM jKese3bl CBUHEN
BHUBMU naronoruu, Gpapmakonoruu u repanuu. OH,
BMECTE CO CBOMMH YUEHHKAMH, SBISIICS OCHOBOIIO-
JIO)KHUKOM pEIEHUs IPOOIEeMbl METPUT-MacTUT-ara-
JIAKTHSl Y CBUHOMATOK. Pe3ynbTaThl KOMIUIEKCHBIX HC-
CIJICZIOBaHUH 110 JaHHOW MpoOIeMe MOCTYKWIH Hayd-
HOW 0Oa3zol nng 3alUTHl 3 JOKTOPCKUX U §
KaHauaaTckux auccepranuid. B 1990 rogy Branuvup
JAMuUTpHEBHY 3aLIUTHI AOKTOPCKYIO IHUCCEPTALHIO.
B nocnennue roasl cBoei AKU3HA OH MHOTO BPEMEHHU
YA TaK e BOIIpocaM U mpodiiemMaM maToioruu oe-
PEMEHHOCTH U TIOCIIEPOI0BOTO NMEPHOAA Y MOJIOYHBIX
kopoB. Biagumupom JIMuTpreBrueM OMyOIUKOBAHO
oosiee 100 Hay4HBIX PabOT, MOIYYEHO § aBTOPCKUX
CBHJICTEIHCTB M TIATEHTOB Ha M300perenus, 17 Hayd-
HBIX pa3paboTOK, ITOATOTOBIEHO Oosiee 15 kaHmuma-
TOB U IOKTOPOB HayK. Mucaiinos B. /. ocraércs mpu-
MepoM Oe33aBeTHON PeTaHHOCTH BETEPHHAPHOH aKy-
LIEPCKO HayKe M MPaKTHKE, 3TAJOHOM BBICOKOIO
npodeccronana u Toopeiineit qynm yeaoBeKa.

3acimy)XeHHBIN nesTens Hayku PD, mokrop Be-
TEepUHAPHBIX HayK, npodeccop [MapukoB Buramuii
AuexcanapoBu4, 1928 rona poxJIeHHs — BBIXO-
JIel] U3 KPECThSHCKOW ceMbH VIBaHOBCKOU 00JacTH.
B 1947 rony oKOHYMI 300BETEPUHAPHBIN TEXHUKYM,
6 meT paboTay 3aBEAYIONIAM 300BETIIYHKTOM, 3aTeM
npejacenareseM koiaxos3a, ¢ 1953 mo 1958 rr — cry-
JIEeHT BOpOHEXKCKOTO 300BETUHCTUTYTA, ¢ 1958 mo
1963 rr — mpenopasarenb bepe3oBCKOro CEIbCKO-
X03sMCTBEHHOTO TexHukyma. B 1963 roay, B BO3-

pacte 35 ner, OH moO-
CTyHaeT B OYHYIO aclu-
paHTypy K mpodeccopy
AxatoBy B. A., ¢ koTO-
PBIM CO31a€T HOBOE Ha-
[ Y4YHOE HaIpaBJICHUE B BE-

4 | TEpUHApHOM aKyluep-
4 ) CTBE — YJIBTPa3ByKOBOE
A | JieYeHUE JKUBOTHBIX MPH

| [

00J1e3HIX MOJIOYHOH Ke-
ne3sl. B 1973 romy, mo-
clie ceMH JIeT paboTH
ACCHCTEHTOM M JoLeHTOM Kadeapsl BopoHeskckoro
CEeJIBCKOXO3SIICTBEHHOTO MHCTUTYTA, MEPEXOIUT BO
Bcecotoznbiit HUM nezapazHbix 6one3Hel )KHBOTHBIX,
BO3IVIaBHB JIA00OPATOPHIO 00JIe3HEH MOJIOUYHOM KKeJie-
3b1. Bes nayunas nesirensHocts [lapukoBa B. A. cBsiza-
Ha C U3yYCHHUEM 3THOJIOTUH, IATOTeHEe3a U pa3padoTKe
HOBBIX METOJIOB AUATHOCTUKH, JIEUCHUS U POQHIIaK-
THUKU BOCHAJIUTEIILHBIX 3a00JIeBaHUN MOJIOYHOM Ke-
JIe3bl, HOBBIX HEAHTHOMOTHYECKHUX SKOJIOTHUECKH Oe3-
OTAaCHBIX IpernapaToB. BMecte co cBOMMH ydeHUKaMu
OH BIIEPBbIE PACKPBLI POJIb UMMYHOJIOTHYECKON 1 aH-
THOKCHJIAHTHOH 3aIllUTBI MOJIOYHOM KEJIE3BI B TEHE3E
e€ BocanuTeNnbHbIX 3a00neBanuii. [lapukoBeim B. A.
omyOnmkoBano 6onee 200 HayuHBIX PaOOT, MOTYUECHO
18 aBTOpCKMX CBUIETENLCTB U TATEHTOB Ha M300peTe-
HUS, TIOJ] €T0 PYKOBOJICTBOM BBITIOTHEHO ¥ 3aIUIIEHO
Oomee 15 KaHAMAATCKUX U JOKTOPCKUX JUCCEPTAITUN.
TpynomtoOue, TBOpUECKOE OTHOLIEHHUE K PadoTe, Mpo-
CTOTa B OOILEHUH, UCKPEHHOCTh U CKPOMHOCTb CHU-
ckanu [lapukoBy B. A. Gonbioe yBakeHUE KOJJIET
1 BCETO COO00IIeCcTBa BETEPUHAPHBIX aKyIIIEPOB.
He:xnanoB Anarosmii I'puropbeBuy — 3aciy-
>KEHHBIH fesaTenb Hayku Poccuiickoii denepanmu, 10K-
TOP BETEPUHAPHBIX HAYK,
npodeccop, 1939 roga
POXIEHNs, ABISETCS Ol
HUM M3 BBIAAIOLINXCS
npeacTaBUTEenECH
Boponesxckoii HIKobI Be-
TEPUHAPHBIX aKyIIEpOB.
Hexnanos A. I. pommics
B cene TBIHKOBO
N3bepreeBcKOro HBIHE
ITerpoBckoro paiiona
TamboBcko#l obnacTu.
B 1961 roay ¢ otnmuunem
OKOHYMJI BETEpUHAPHbIN
¢axynsreT BopoHeKCcKoro 300BeTEpUHAPHOTO MHCTH-
TyTa ¥ paboTaj BeTBPauoM-31I1300TOJIOTOM, [JIABHBIM
BeTBpauoM MUUYYPHHCKON CTaHLMH 1O Oopbde ¢ 6o-

[ —
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JIC3HSIMH )KUBOTHBIX TaMOOBCKoM obnacTu, ¢ 1965 mo
1970 rog — acmmpaHT, aCCUCTEHT Kadeaphl aKyIIep-
ctBa Boponesxckoro CXU, ¢ 1970 mo 1989 rom — crap-
LIUI HAy4YHBIA COTPYIHUK, YUEHBIH CEKpETaphb, 3aBe-
OyIOMUA TadopaTopueil MaTOdHAOKPHUHOIOTUH
Bcecoro3noro HayyHo-MCCIe10BaTeNbCKOTO HHCTHUTY-
Ta He3apa3HeIX 0OJe3HEW XKUBOTHBHIX, ¢ 1989 mo
2004 rog — 3aBenyromui kadeapol akymepcTBa
Boponexckoro rocarpoynusepcurera, ¢ 2004 no
2008 rog — maBHbIN HayuHbld coTpyaauk BHUBU
naToNoruu, Gapmakosoruu u tepanuu, ¢ 2008 mo
2014 rog — 3aBenyIOMUHOTACIOM MaTOJIOTHH BOC-
IIPOU3BOJICTBA U MOJIOYHOMH Jkese3bl Beepoccuiickoro
HHWBU martonoruu, dhbapMakoJOTHH U TEpAIHH,
¢ 2014 roga — raBHBIA HAyYHBIH COTPYIHUK JIa0O-
paropuu Oose3Hel OpraHoB BOCIPOU3BOACTBA, MOJIOU-
HOM eJe3bl U MOJIOAHSKA CETTbCKOXO3SIHCTBEHHBIX KH-
BOTHBIX Beepoccuiickoro HUBU narosnoruu, hapma-
KOJOTUHM ¥ Tepanuu. HaydHas AesATeIbHOCTH
Hexnmanosa A. I. mocBsimieHa mposeaeHuto (hyHIaMeH-
TaJbHBIX UCCIIEIOBAHUM IO BBISIBICHHUIO POJIM TOPMO-
HaJIbHO-METa00JIMUECKOTO TOMEOCTa3a OpraHu3Ma K-
BOTHBIX B PETYIALNU (YHKIUU PasMHOKEHHS, TIPH-
YUH M NaToreHe3a Hamboiee pacrnpoCTpaHEHHBIX
AKYMIEPCKUX M THHEKOJOTHUYECKHX OOJe3HEeH.
HccnenoBaHusiMu yu4eHOTO PacKpbIThl MOJIEKYJISIPHO-
OMOXMMHUYECKHE MEXaHU3MbI IATOTCHHOTO ACHCTBUS
HeOnaronpuATHbIX (PaKTOPOB BHELIHEH M BHYTPEHHEH
cpenbl opranu3Ma Ha ()YHKIIMOHAIBHYIO IESITEIbHOCTh
OpPraHOB SHJOKPUHHOM M PENPOLYKTHUBHOU CUCTEM.
JokazaHo, YTO B OCHOBE Pa3BUTHS aKyIIEPCKOW NaTo-
JIOTHH Y ’KUBOTHBIX JISKUT (PyHKIIMOHAIbHAS HEA0CTA-
TOYHOCTb FUIIOTATaMO-TUIIO(PHU3APHON 1 (heToIUIaLCH-
TapHOHN CHUCTEM. DTH HCCIEI0BAaHUS MTO3BOJIMIN Pa3-
paboTaTh W MPEMIOKUTH MPOU3BOACTBY METOIBI
paHHEeH TMarHOCTHKY ¥ IPOTHO3UPOBAHMS PUCKA Pa3-
BUTHS aKyILIEPCKON IATOJIOINH € UCIIONB30BaHUEM IOp-
MOHAJIbHO-OMOXUMHYECKUX U IEKTPOPHU3H0IOTHYe-
CKHX METO/IOB, HOBBIE NIPUHIIUIIEI U METOABI €€ MPOo-
GUNTaKTUKH U JEYEHHs] C HMCIOJb30BAaHHEM
KOMIUIEKCHBIX BUTAMHUHHO-MUHEPAJIbHBIX, I'eNaTo-
TPOTHBIX, TKAHEBBIX, TOPMOHAIBHBIX U JPYTHX OHO-
JIOTMYECKH aKTUBHBIX IIPENapaToB U HOBBIX (u3noTe-
paneBTHYECKUX CPelCTB. B mocnennue roasl sKU3HU
€ro BHUMaHue ObIJIO IPUKOBAHO K U3YUEHHIO HApyIlIe-
HUI paHHero SMOpHOreHe3a y BHICOKONPOIYKTHBHO-
ro MoyiouHoro ckora. A. I'. HexxnaHoBeIM o1y Onuko-
BaHo Oosiee 400 HayIHBIX U YICOHO-METOIUICCKHUX
pabot, momy4eno 6omnee 20 aBTOPCKUX CBUICTENHCTB
U TIaTEHTOB Ha M300pETEHUs], OH Y4acTBOBAJ B pa3pa-
6oTke Oosnee 30 METOAMYECKMX PEKOMEHAALH, yKa-
3aHUI U HACTABICHUH, BHEIPEHHBIX B CEJILCKOXO3SM-

CTBEHHOE MPOU3BOCTBO HAa TOCYIaPCTBEHHOM YPOB-
He. oy ero pyKoBOJICTBOM BBIITOJIHEHO U 3AIIHUIIEHO
6onee 20 mokropckux auccepranuii U 6onee 30 kaH-
MUAATCKUX AUccepTanuii. AHatonuii [ puropreBud Ha-
TpaXkJeH MHOTMMH MENaJsiIMU U TIOYETHBIMH TpPaMo-
Tamu. HayuHast spyauimst, HEOpAWHAPHOCTH MBIIIIJIe-
HUs, TPUHIIUTIAAIBHOCTh U TPeOOBATEIHHOCTH
CHHCKaJIM eMy INTyOOKOe YBa)KEHHE KOJIJIET M IIUpPO-
KYIO U3BECTHOCTb.

Caob6oassHuk Buxrop UBaHOBHY — yUEHUK IIPO-
¢eccopa [Tapukora B. U., ponuics B 1949 rony B cene
VYerbsiHKa bypiiMHCKOrO
palioHa AnTalickoro
kpas. B 1972 romy ¢ ot-
TUYUEM OKOHYHI
Jlenunrpaackuit Betepu-
HapHBIH HHCTUTYT,
B 1982 rogy — 3ammrun
KAaHOAUIATCKYIO,
a B 1994 — moxTOpCKyTIO
nuccepranuu. C 1974 no
1996 rr padoran 8 HUBU
naToJoruu, (hapMKoIIOo-
UM U Tepanui, ¢ 1996 no
2019 rr — npodeccop BopoHEkCcKOTO TOCYTapCTBEH-
Horo arpapHoro yuusepcuteta uMmenu K. JI. Imunku,
3areM umenu Mmneparopa [lerpa [. Hayunast nesitens-
HocTh CrioOonsHuKa B. WM. mocesitieHa u3y4eHunro M-
MYHOJIOTHYECKHX OCHOB 3THOIATOTEHEe3a BOCHAJIH-
TEIBHBIX 3a00J€BaHUII MOJIOYHOM JKelIe3bl KOPOB
1 pa3paboTKe CPEeJCTB W METOIOB MX KOPPEKIUH.
ABTOpPOM JaHO HaydyHOE 000CHOBAaHWE /IS TIPUMEHe-
HUSI UMMYHOKOPPUTHPYIOIINX PErapaToB I Tepa-
NUU U NPOPUIAKTUKH MACTUTAa y KOPOB.
Crnobonsaukom B. . ony6nukosano 200 Hay4HBIX
crarei, 16 yueOHbBIX U y4eOHO-METOANYECKUX pa3pa-
0OTOK, ITOJTy4eHO 7 aBTOPCKUX CBUJIETEIIHCTB U ITaTCH-
TOB Ha M300pETEHUsI, O] €T0 PYKOBOIACTBOM ITOJIO-
TOBJICHBI M 3aIMILEHBI 13 KaHAMIATCKUNA AUccepTa-
uuii. B mamsaTu OH ocTaHeTcs Kak HAaCTOSILIUMI
npodeccroHa CBOero Jeia, T00pOYIIHbIH U OT3bIB-
YUBBIW YEJIOBEK.

Emé ommmm w3 yuyeHUKOB mpodeccopa
[MTapukoBa B. A. aasercs Knumos HukoJaaii
TumopeeBH4 — JOKTOp BETEpPUHAPHBIX HayK,
1959 rona poxxaenus. Kinumos H. T. B 1981 roxy okon-
YHJI BeTepUHAPHBIN (hakynbTeT BopoHekckoro cenb-
CKOXO3SMCTBEHHOTO MHCTUTYTA, ¢ 1981 o 1985 rom—
pabora B 00acT MpaKTHIECKON BeTepruHApUH, 1985
o 1994 ron — corpynauk HMBU naronoruu, dap-
MakoJIoruu u Tepanud, ¢ 1994 no 2005 roq — BHOBB
€ro JIesITeIbHOCTD CBsI3aHa C BETEPUHAPHOM MPaKTH-
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koif, ¢ 2005 mo 2021 roj rIaBHBIN Hay4HBIH COTPYA-
HuK Beepoccniickoro HUBU natonoruwm, papmakosio-
ruu u tepanud, ¢ 2022 roja no Hacrosiee Bpems Ha-
XOAMUTCSI HA 3aCITy>KEHHOM OTZbIXE.

Hayunas nestensHocts Kimumona H. T. mocssie-
Ha IIPOBE/ICHUIO (DYHIaMEHTAJIbHBIX HCCIICA0BAHUN 11O
M3YYCHHUIO U pa3padoTKe
HOBBIX CPEIICTB U CITOCO-
00B ¢dapmakoTepamuu
u (apmakonpoduakTu-
KM MAacTHUTa y KOPOB.
HccnenoBanusimu yueHo-
0 pacKpbITa BO3MOXK-
HOCTb HCIOJIb30BAHMUSA
CpeACTB Hecnenudpuye-
CKOH MaTOTeHEeTUYECKOU
Tepanuu npu CyOKITUHU-
YECKOM MAacCTUTE y KOPOB
C MENBI0 TTOTYYCHUS MO-
JIOKA BBICOKOI'O CAHUTAPHOI'O KauecTBa. Y UYEHBIM Ha-
YY9HO 00OCHOBaH COCTaB M pa3paboTaHbl MHOTOYHC-
JIGHHBIE TpenapaTsl ISl JCUEHUsI MACTUTa Y KOPOB,
KOTOPBIC HAIILIH MIUPOKOE MPUMEHEHUE HA TEPPUTO-
puu Poccun u ctpan CHI.

Huxomaii TumodeeBud SBISETCS OJHIM U3 OCHO-
BOIOJIOKHHUKOB IPOIPaMMbl 0370POBJICHUS MOJIOUHBIX
CTaJl OT MacTUTa B 3aBUCUMOCTH OT YPOBHs 3a00iie-
BAa€MOCTHU KOPOB, UM BBISIBICHO 3HAUCHUE TEXHOJIOTU-

JecKuX (haKTOPOB U MATOTCHHON MUKPO]IIOPHI B pa3-
BATUHU BOCHAIHUTEIHHOTO TIPOIECCa B MOJIOYHOM XKe-
ne3e KopoB. B mocnennee BpeMs ero BHIMaHUE ObLIO
MPUKOBAHO K M3yUCHHIO METOAOJIOTHIO KOPPEKIMHU 00-
HIETO U JIOKAJILHOTO KMMYHOOHOJIOTHYECKOTO TOMEO-
CTa3a JIAKTUPYIOUIHX KOPOB C HENBI0 MPOPUIAKTHKH
BOCIIAJMTENHHBIX 32a00JI€BaHUN MOJIOYHOHN KeJle3bl.
H. T. KnumoBbM omyOnmkoBano 6osee 90 HaydHBIX
U yuyeOHO-MeToauYecKuX padort, moiaydeHo Ooiuee 15
ABTOPCKUX CBHUJICTEIBCTB M MATEHTOB Ha M300peTe-
HUSI, TIOJl €0 PYKOBOACTBOM BBITIOJIHEHO M 3allUIle-
HO 3 KaHJUAATCKUX JIUCCEPTALIUU.

IleneycTpeMa€HHOCTD, IUPOKUM KPYTO30P MBIIII-
JICHUsI, CKPOMHOCTbH B OOIIIEHUN CHUCKAJIU eMy TITy0o-
KO€ YBa)KEHHE KOJIJIET.

B macrtositiee Bpems MpoaoKaTEISIMH HACH
BopoHexcKoii IIKOJIbI BETEPUHAPHBIX aKyIIEPOB SIB-
nstoTest tokropa Hayk Jloboamn K. A., Komapes B. H.,
Muxanés B. U., xkanaunarel Hayk 3uMHIKOB B. 1.,
Cxkopuxos B. H. u ap.

JlanpHeiinee pa3BUTHE BETEPUHAPHOW aKyIIep-
CKOW HayKM CBA3aHO C BHEAPEHHEM B HEE€ COBPEMEH-
HBIX METOZI0B (PU3HUOJIOTHU, OMOXUMHUH, SHIOKPHUHOJIO-
THH, UMMYHOJIOTHH, MEKPOOHOJIOTHH, (hapMaKOJIOTHH,
ructoMopdonoruu, 9To OyAeT CnocoOCTBOBATH CO3/Ia-
HUIO TEOPETUYECKUX OCHOB TSI pa3paOOTKH MPAKTH-
YEeCKHX PEKOMEHJALHNIO [0 00ECIEYeHUIO PETPOLyK-
THUBHOTO U TPOJYyKTUBHOTO 3/I0POBbSI )KUBOTHBIX.
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C. B. lla6ynnn — akagemuk PAH, mokTop BeTepmHapHBIX Hayk, mpodeccop, HaydHbI pykoBoautens OIBHY

«BHUBUII®uT»;

II. A. TIapummH — MOKTOp BEeTePHHAPHEIX HayK, mpodeccop, nupekrop PIBHY «BHUBUIIDuTY;
B. . MuxaJyéB — JOKTOp BETEpPUHAPHBIX HAyK, 3aBEAYIOILUNA CEKTOPOM.

Cratps moctynmia B pegakmmio 08.07.2025.

24 BerepunapHsiii papmaxomorudeckuii BecTHUK o No 3 (32) « 2025



Bulletin of veterinary pharmacology « 2025 « No. 3 (32)
L A A A A R A AT g

Original article
UDC 619:618.2/7

VORONEZH SCHOOL OF VETERINARY OBSTETRICIANS
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The beginning of the formation of Voronezh sci-
entific school of veterinary obstetricians is associated
with the name of the
Honorary Citizen of
Voronezh, Honored
Scientist of the Russian
Federation, Doctor of
Veterinary Sciences,
Professor Vasiliy
Alekseevich Akatov,
who headed the
Department of Obstetrics
of Voronezh Agrarian
Institute in the 60s. In
1962, a postgraduate pro-
gram started its work on the basis of this department.
This time can be considered a historical moment in the
emergence of a scientific school. Some of the first rep-
resentatives of Voronezh school of veterinary obstetri-
cians are Doctors of Sciences Cheremisinov G. A.,
Misaylov V. D., Parikov V. A., Nezhdanov A. G. et al.
Together with Professor Akatov V. A., they created the
largest school of veterinary obstetricians, which gained
worldwide recognition.

Cheremisinov Grigoriy Andrianovich, born in
1927, is the first student of Professor V. A. Akatov,
Laureate of the State Prize of the Russian Federation,
Doctor of Veterinary
Sciences, Professor.
Grigoriy Andrianovich
came from a large peas-
ant family in Kursk re-
gion. His childhood fell
on the hungry years of the
early 1930s. In 1942—
1943, he was in the terri-
tory occupied by the
Germans. In 1944—
1946, he served in the
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ranks of the Soviet Army. In 1946—1948, he complet-
ed his studies at school, after which he entered
Voronezh Zooveterinary Institute. In 1953, Grigoriy
Andrianovich graduated from the institute. While stud-
ying at the institute, he showed a penchant for learn-
ing new things, which resulted in eight published re-
search articles. After studying at the university,
G. A. Cheremisinov worked as a practicing veterinar-
ian in Kursk region for 9 years, and in 1965, he com-
pleted postgraduate studies at the Department of
Obstetrics and Gynecology of Voronezh Agrarian
Institute and devoted himself to research work, first at
Voronezh RVS, and since 1970, at the Scientific
Research Institute of Noncontagious Animal Diseases.
The scientific activity of Cheremisinov G. A. was char-
acterized by a wide range of interests of theoretical
and practical orientation. He introduced modern meth-
ods of histomorphology and biochemistry into obstet-
ric science, carried out fundamental studies on struc-
tural-functional and hormonal mechanisms of the re-
productive function regulation. The scientist has
completed and published more than 200 research pa-
pers and several monographs. Throughout his life, he
was actively involved in the implementation of scien-
tific achievements in agricultural production.
G. A. Cheremisinov created a scientific school of sci-
entists, including more than 20 Candidates and Doctors
of Sciences. Grigoriy Andrianovich walked his life’s
path with dignity as a person and a scientist, deserv-
ing great respect from friends, colleagues and the sci-
entific community.

No less worthy representative of Voronezh school
of veterinary obstetricians is Vladimir Dmitrievich
Misaylov, born in 1929, Doctor of Veterinary Sciences,
Professor, Honored Scientist of the Russian Federation.
Vladimir Dmitrievich came from a family of veterinary
specialists, after graduating from Buryat Zooveterinary
Institute in 1950, he worked for 10 years as the Chief
Veterinarian in Irkutsk region, two years — as a
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Teaching Assistant at the Department of Obstetrics of
Buryat Agrarian Institute. At the age of 33, Vladimir
Dmitrievich entered postgraduate studies (research ad-
visor — Professor V. A. Akatov), after which, in 1967,
he defended his candidate dissertation.

From 1965 to 1974, V. D. Misaylov — Teaching
Assistant, Associate Professor, Head of the Department
of Obstetrics of Buryat
Agrarian Institute, since
1977 — Head of the
Laboratory of the
Reproductive Organs and
Mammary Gland
Diseases of Pigs at
Veterinary Research
Institute of Pathology,
Pharmacology and
Therapy. Together with
his students, he was the
founder of the solution to
the problem of mastitis-metritis-agalactia in sows. The
results of complex studies on this problem served as
the scientific basis for the defense of 3 doctoral and 8§
candidate dissertations. In 1990, Vladimir Dmitrievich
defended his doctoral dissertation. In the last years of
his life, he also devoted a lot of time to issues and prob-
lems of pregnancy pathology and the postpartum pe-
riod in dairy cows. Vladimir Dmitrievich published
more than 100 research papers, received 8 inventor’s
certificates and patents for inventions, 17 scientific re-
search results, prepared more than 15 Candidates and
Doctors of Sciences. Misaylov V. D. remains an ex-
ample of selfless dedication to veterinary obstetric sci-
ence and practice, a standard of a high professional
and a very kind person.

Honored Scientist of the Russian Federation,
Doctor of Veterinary Sciences, Professor Vitaliy

Aleksandrovich
Parikov, born in 1928,
came from a peasant fam-

ily in Ivanovo region. In
1947, he graduated from
Zooveterinary College,
worked for 6 years as the
Head of the Zooveterinary
Station, then as the

| Chairman of the collec-
n': tive farm, from 1953 to
i 1958 he was a student at
Voronezh Zoovetinary
Institute. From 1958 to 1963, he was a Teacher at
Berezovskiy Agrarian College. In 1963, at the age of
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35, he entered full-time postgraduate studies (research
advisor — Professor V. A. Akatov). With V. A. Akatov
he created a new scientific direction in veterinary ob-
stetrics — ultrasound treatment of animals with mam-
mary gland diseases. In 1973, after seven years of work
as a Teaching Assistant and Associate Professor at
Voronezh Agrarian Institute, he transferred to the All-
Union Scientific Research Institute of Noncontagious
Animal Diseases and was the Head of the Laboratory
of Mammary Gland Diseases. All scientific activities
of V. A. Parikov are associated with the study of the
etiology, pathogenesis and development of new meth-
ods of diagnosis, treatment and prevention of inflam-
matory diseases of the mammary gland, design of new
non-antibiotic environmentally safe drugs. Together
with his students, he was the first to reveal the role of
immunological and antioxidant protection of the mam-
mary gland in the genesis of its inflammatory diseas-
es. V. A. Parikov published more than 200 research pa-
pers, received 18 inventor’s certificates and patents for
inventions, under his supervision more than 15 candi-
date and doctoral dissertations were completed and de-
fended. Hard work, creative attitude to work, simplic-
ity in communication, sincerity and modesty earned
V. A. Parikov great respect from colleagues and the
entire community of veterinary obstetricians.
Nezhdanov Anatoliy Grigoryevich — Honored
Scientist of the Russian Federation, Doctor of
Veterinary Sciences,
Professor, born in 1939,
is one of the outstanding
representatives of
Voronezh School of
Veterinary Obstetricians.
Nezhdanov A. G. was
born in Tynkovo village,
Izberdeevskiy, now
Petrovskiy district,
Tambov region. In 1961,
he graduated with honors
from the Veterinary
Faculty of Voronezh Zooveterinary Institute and
worked as a Veterinarian-epizootologist, Chief
Veterinarian of Michurinsk station for the Fight against
Animal Diseases in Tambov region, from 1965 to
1970 — Postgraduate Student, Teaching Assistant at
the Department of Obstetrics of Voronezh Agrarian
Institute, from 1970 to 1989 — Senior Scientific
Associate, Academic Secretary, Head of the Laboratory
of Pathoendocrinology of the All-Union Scientific
Research Institute of Noncontagious Animal Diseases,
from 1989 to 2004 — Head of the Department of
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Obstetrics of Voronezh State Agrarian University, from
2004 to 2008 — Chief Scientific Associate of the
ARVRI of pathology, pharmacology and therapy, from
2008 to 2014 — Head of the Department of
Reproduction and Mammary Gland Pathology of the
All-Russian Veterinary Research Institute of Pathology,
Pharmacology and Therapy, since 2014 — Chief
Scientific Associate of the Laboratory of the
Reproductive Organs and Mammary Gland Diseases
in Young Farm Animals of ARVRI of Pathology,
Pharmacology and Therapy. The scientific activity of
A. G. Nezhdanov is devoted to conducting fundamen-
tal research to identify the role of hormonal and met-
abolic homeostasis of the animal body in regulating
the reproductive function, the causes and pathogene-
sis of the most common obstetric and gynecological
diseases. The scientist’s research revealed the molec-
ular and biochemical mechanisms of the pathogenic
effect of unfavorable factors of the external and inter-
nal environment of the body on the functional activi-
ty of the endocrine and reproductive systems. It has
been proven that the development of obstetric pathol-
ogy in animals is based on functional insufficiency of
the hypothalamic-pituitary and fetoplacental systems.
These studies made it possible to develop and offer
production methods for early diagnosis and risk pre-
diction of obstetric pathology using hormonal-bio-
chemical and electrophysiological methods, new prin-
ciples and methods for its prevention and treatment us-
ing complex vitamin-mineral, hepatotropic, tissue,
hormonal and other biologically active drugs and new
physiotherapeutic agents. In the last years of his life,
his attention was focused on the study of early embry-
ogenesis disorders in high yielding dairy cattle.
A. G. Nezhdanov published more than 400 research
and educational and methodological works, received
more than 20 inventor’s certificates and patents for in-
ventions, he participated in the development of more
than 30 methodological recommendations, guidelines
and instructions introduced into agricultural produc-
tion at the state level. Under his supervision, more than
20 doctoral dissertations and more than 30 candidate
dissertations were completed and defended. Anatoliy
Grigoryevich was awarded many medals and certifi-
cates of honor. His scientific erudition, originality of
thinking, adherence to principles and exactingness
earned him the deep respect of his colleagues and wide
fame.

Slobodyanik Viktor Ivanovich is a student
of Professor Parikov V. I. He was born in 1949 in
Ustyanka village, Burlinskiy district, Altai territory.
In 1972, he graduated with honors from Leningrad
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Veterinary Institute. In
1982, he defended his
candidate dissertation,
and in 1994 — his doc-
toral dissertation. From
1974 to 1996, he worked
at VRI of Pathology,
Pharmacology and
Therapy, from 1996 to
2019 — Professor at
Voronezh State Agrarian
University named after
K. D. Glinka, then named
after Emperor Peter the Great. The research activity of
Slobodyanik V. I. is devoted to the study of the immu-
nological basis of the etiopathogenesis of inflamma-
tory diseases of the mammary gland of cows and the
development of means and methods for their correc-
tion. The author provides a scientific justification for
the use of immunocorrective drugs for the therapy and
prevention of bovine mastitis. Slobodyanik V. I. pub-
lished 200 research articles, 16 educational and guid-
ance papers, received 7 inventor’s certificates and pat-
ents for inventions, under his supervision 13 candidate
dissertations were completed and defended. He will re-
main in memory as a true professional in his field, a
good-natured and sympathetic person.

Another student of Professor V. A. Parikov is
Nikolay Timofeevich Klimov, Doctor of Veterinary
Sciences, born in 1959.
N. T. Klimov graduated
from the Veterinary
Faculty of Voronezh
Agrarian Institute in
1981. From 1981 to 1985,
he worked in the field of
practical veterinary med-
icine. From 1985 to 1994,
he was an employee of
VRI of Pathology,
Pharmacology and
Therapy. From 1994 to
2005, his activities were again related to veterinary
practice. From 2005 to 2021, he was the Chief
Scientific Associate of the All-Russian VRI of
Pathology, Pharmacology and Therapy. From 2022 till
the present, N. T. Klimov has been on a well-deserved
rest. The research activity of N. T. Klimov is devoted
to conducting fundamental research on the study and
development of new means and methods of pharma-
cotherapy and pharmacoprophylaxis of bovine masti-
tis. The scientist’s research revealed the possibility of

27



S. V. Shabunin, P. A. Parshin, V. I. Mikhalev

using non-specific pathogenetic therapy for bovine
subclinical mastitis in order to obtain milk of high san-
itary quality. The scientist scientifically substantiated
the composition and designed numerous drugs for the
treatment of bovine mastitis, which have found wide
application in Russia and the CIS countries. Nikolay
Timofeevich is one of the founders of the program for
improving the health of dairy herds from mastitis de-
pending on the level of morbidity in cows. He identi-
fied the importance of technological factors and path-
ogenic microflora in the development of the inflam-
matory process in the mammary gland of cows.
Recently, his attention has been focused on studying
the methodology for correcting the general and local
immunobiological homeostasis of lactating cows in
order to prevent inflammatory diseases of the mam-
mary gland. N. T. Klimov has published more than 90
research and educational-methodical works, received

more than 15 inventor’s certificates and patents for in-
ventions, and under his supervision, 3 candidate dis-
sertations were completed and defended. His dedica-
tion, broad outlook and modesty in communication
earned him the deep respect of his colleagues.

Currently, the continuers of the ideas of
Voronezh school of veterinary obstetricians are
Doctors of Sciences Lobodin K. A., Kotsarev V. N.,
Mikhalev V. 1., Candidates of Sciences Zimnikov V. 1.,
Skorikov V. N. et al.

Further development of veterinary obstetric sci-
ence is associated with the introduction of modern
methods of physiology, biochemistry, endocrinology,
immunology, microbiology, pharmacology, histomor-
phology, which will contribute to the creation of the-
oretical foundations for the development of practical
recommendations for ensuring the reproductive and
productive health of animals.
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IKCIIEPUMEHTAJIBHA A ®APMAKOJIOI'USA

Hayunas cratbs
YK 619:615.065:615.37/281
DOLI: 000

N3YYEHUE BE3BPEJHOCTH (IIEPEHOCUMOCTHN)
HOBOI'O KOMIIJIEKCHOI'O ITPEITAPATA UTHTEPAMUH
B PAMKAX JOKJIMHUYECKUX UCCJEJOBAHUMH

FOumust Cepreesna Iapxomenko™, Huna AnexceeBna XoxJjio0Ba,

JIlunus BasepbeBHa YUeckuaoBa

Bcepoccutickuil hayuno-ucciedo8amenbcKull 6emepuHapHbill UHCIUNYM Namoaio2u,
papmaxonozuu u mepanuu, Boponeoic, Poccus, yuliyasp2 1 @mail. ru®

AunHortanus. [Ipodunakriuueckas BeTeprHapHas MEMIMHA B COBPEMEHHbBIX YCIOBHIX MHTEHCH(DUKAIINH JKHBOT-
HOBOJICTBA HYXkaeTcsi B 3()(eKTUBHBIX Mpenaparax. B crarbe npencraBieHbl pe3ysabTarbl H3yueHus: 0e3BpeIHO-
cTi (IIepeHOCUMOCTH) HOBOTO KOMILIEKCHOTO Ipernapara HHTepaMiuH B paMKax JOKIMHHUYECKHX MCCIIEIOBAHUM.
B skcniepumMenTe y4acTBOBANIO 15 KIMHUYECKH 30POBBIX TEJIAT, pa3ieleHHbIX Ha 3 Tpynmbl (1o 7 = 5). TIpoOsl
KpoBU oTOMpasu yepe3 7 u 14 cyTok nociie OIHOKPaTHOTO BHYTPUMBIIIEYHOTO BBEJICHUS IIperiapara B Tepares-
tryeckoit go3e (0,1 mur/kr) u B 10-kpatHO#t TepaneBTuueckoit 1o3¢e (1,0 mir/kr). Pe3yasrarsl HCCIICIOBAHUS TTOKa-
3aJIM, 4TO MOP(HOJIOTHUECKHUil COCTAB KPOBH U OMOXUMUYECKUE ITOKa3aTen 00MEHa BELIECTB Y TEJIAT, OIydaB-
LIMX OJHOKPATHO MHTEPAaMHH, COOTBETCTBOBAIM (DU3HOIOTHYSCKUM 3HAYCHHSIM JIJIsl JAHHOW I10JI0OBO3PACTHOM
IPYIIIBI XKUBOTHBIX. DTO MO3BOJISIET CJIENIATh BHIBOJI, YTO HOBBIM KOMIUIEKCHBIH Tperapar HHTepaMuH Oe3BpeieH

JUTS )KMBOTHBIX M 00JIaZaeT XOpOIIel IepeHOCUMOCTBIO.

KutioueBble cji0Ba: MTHTEpaAMUH, TEPEHOCUMOCTH (0€3BpeHOCTD), MOPGOIOTHs U OMOXUMUS KPOBH, TEJISATA

dyHaMeHTaIbHOM 3a/jaueii BeTepuHapHO# (ap-
MAaKOJIOTHH SIBJISIETCSI pa3padoTKa BBICOKOA(P(EKTHB-
HBIX, DKOJOTHYECKH O€30TaCHBIX JIEKapCTBEHHBIX
CPEICTB, MPUMEHSIEMBIX IS )KHBOTHBIX, KOTOPBIE HE
JIOJDKHBI OKa3bIBaTh HETaTUBHOTO JISHCTBHS HAa UX OP-
TaHWU3M U HE CHIDKATh Ka4€CTBO IMOJTy4aeMOU CETbCKO-
XO3SIICTBEHHOM MPOIYKITUH [5].

OCHOBOTIONIATAIONIYIO POJIb B TOM HUTPAET JO-
KIIMHUYECKOE MCCIIEeI0OBAaHNE HOBBIX MTPEMaparos, Mo-
3BOJISIFOIIEE OTMPEIENIUTh UX CIe(ruecKyto Gpapma-
KOJIOTUYECKYIO0 aKTHBHOCTH, 0€301IaCHOCTh, JArOIIee
BO3MOYKHOCTB OIIEHUTh UX OMOXUMHYECKOE U (hU3HO-
JIOTUYECKOE JCHCTBUEC HA OPTaHU3M, YCTAHOBUTH B3aU-
MOCBSI3b MEXKY KOHIEHTpALME JIeUCTBYIONIErO Be-
mecTBa U ero dhdexTaMu 1 ONpeneIuTh MOKa3aHus
Y IPOTHUBOINOKA3aHUs K IPUMEHEHUIO [6], a TAK)KE BbI-
SIBUTh TOOOYHBIE 3P PEKTHI, U3MEHSIOIIUE COOTHOLIIE-
HUE TIONIB3BI U pucka [4].

[MpodunaktTuueckas BeTEpUHAPHAS MEIHMIIMHA
B COBPEMEHHBIX YCIOBHSIX HHTCHCU(DUKAIIUU YKUBOT-
HOBOJZICTBA HY)XKJaeTcs B 2P PEeKTHBHBIX Tpernaparax.

YHUKalbHBIM MOTEHIIMAJIOM B PEIIEHUHN 3TOH 3a1auu
OTJIIMYAIOTCSA JIEKAPCTBEHHBIE CPEACTBA MPHUPOTHOTO
MIPOUCXOXKIACHHS, KOTOPBIM TIPHUCYIIa BBICOKAs OMO-
JIOTUYeCKast aKTUBHOCTh. HOBBII KOMILIEKCHBIN TIpe-
napar HHTEPaMHUH, B COCTaB KOTOPOTO BXOJST THAPO-
¢unbHas KpHOPpaKIUs CENEe3eHKH KPYIHOTO pora-
TOTO CKOTa, PEKOMOMHAHTHBIC BHIOCHEHH(pHUUCCKIE
(6brapM) amb(a- 1 TaMmMa — WHTEPPEPOHBI M BUTA-
MuHbl A, E, sBnsierca onHuM u3 Hux. Ilo pesynbra-
TaM PEABLIYIINX HCCIeJOBaHUH ObLIO MOKa3aHO, 4TO
KOMIUICKCHBIH Ipernapar HHTepaMUH MOKHO OTHECTH
K V Ki1accy mpakTHUIeCKH HETOKCHYHBIX JIEKapCTBEH-
HbIX BemecTs o Hodge H. etal., 1975; Cunopos K.K,
1977, u IV knaccy onacHOCTH — MaJIOOTIaCHBIE Bellle-
cta 1o 'OCT 12.1.007—76 [1], uT0o OH HE IPOSABIS-
€T MECTHO-Pa3paXaroliero U KOXKHO-PEe30pOTUBHO-
ro JielcTBUi [3] 1 He OKa3bIBaeT IMOPHOTOKCUYECKO-
r0 ¥ TepaTtoreHHoro 3¢ ¢exros [2].

Ilens paboTHl — MOKIMHUYECKOE M3ydeHHe 0e3-
BPEOHOCTH (TIEPEHOCUMOCTH) HOBOTO KOMILJIEKCHOTO
nperapara MHTepaMHH Ha TeJsaTax.

© IMapxomenko 0. C., Xoxmosa H. A., Yeckumosa JI. B., 2025
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MATEPHUAJIBI U METOJbI
NCCIEJOBAHUSA

UccnenoBanus mpoBeneHsl Ha 0a3e OIHOTO W3
YKUBOTHOBOJYECKHMX KOMILIEKCOB BopoHexckoi 00-
JIACTH B COOTBETCTBHH C TPEOOBAHUSIMU JICHCTBYIO-
LIUX MEXTyHapOIHBIX U POCCUICKUX 3aKOHOJATEeNb-
HeIx aktoB (dupexrua 2010/63/EU ot 22.09.2010,
EBpomeiickoit xonBennuu (ETS123), Strasbourg,
1986), a Taxxe TpeOOBaHMI OMOATUIECKON KOMUCCHH
OI'BHY «BHUBUII®uT», Ha 15 KIMHUYECKHU 310pO-
BBIX TEJIATaxX FOJIMTHHCKON MOPOAbI B Bo3pacTte 5S—6
MecsueB. JKUBOTHBIM NIepBOil rpynmsl (7 = 5) npena-
par He BBOAMIIN, OHHU CITY>KWJIH KOHTposieM. Temsram
BTOPOH TpyMIIEI (7 = 5) OMHOKPAaTHO BHYTPHUMBIIICU-
HO HHBETIMPOBAIIV HOBBIH KOMIUIEKCHBIH TIpernapar uH-
TEpaMUH B TepaneBrudeckoit no3e (0,1 Mi/kr), TpeTh-
eit (n=5) — B 10-kpaTHOI TepameBTUYECKON 03¢
(1,0 mn/xr). BinsiHue Ha OpraHu3M TEJST UCITBITYEMO-
O IIpernapara OLeHUBAIIH 0 pe3yJIbTaTaM JabopaTop-
HOTO UCCIIe/TOBAHMS TeMaTOIOTHIECKUX 1 OMOXUMIYe-
ckux mokasareneid. [IpoOsl kpoBU oTOMpa uepes 7
u 14 cyTok mmociie OHOKpPaTHOTO BHYTPUMBIILIEUHOTO
BBEJICHUS NIperapara y 3/10pOBbIX )KUBOTHBIX U3 APEM-
HOM BEHBI ITOCPEIICTBOM BEHEITYHKITHH.

I'emaTonmornyeckue moxaszarenu (IPUTPOLHUTHI,
TeMOTIOOWH, JICHKOIUTHI, JISHKOTPAMMY) OIPEIeIs-

JIX Ha TeMaTosiorudaeckoM ananmnzarope ABX Micros
60 CT/OT (®dpanius) 1 MOCPEACTBOM OOIICTTPHHS-
TBIX METOJIOB, OEJIKOBBIE (hpaKIK — 3IEKTPOdope-
30M Ha arapo3HOM Tejie, ypOBEHb MOYEBMHBI, Kpea-
TUHHUHA, XOJIECTEPHHA, TIIOKO3bI, OOIIETO KaJbIus,
Heopranuieckoro Gochopa, aKTUBHOCTh aJIaHUHAMH-
Hotpanchepassl (AnAT), acnmapraramMuHOTpaHCcde-
passl (AcAT) u menounoit pocdarazer (ILID) — Ha
onoxumudeckom ananuzarope Hitachi-902, a oOmmii
0esoK, 00umii OMITMPYyOHH — CIIEKTPOPOTOMETpHYE-
cku ¢ moMotbio Habopa AO «Bwutan JleBenonmeHT
Kopmopaiima». O6paboTKy MOTy4eHHBIX IKCIEPH-
MEHTAJIPHBIX JAHHBIX MPOBOIUIN C MCIOIH30Ba-
HUEM CTaTHCTHYECKOW mporpammbl Statistica v. 8.0
(StatSoft Inc.).

PE3YJBTATHI UCCJEIOBAHUN

Tlocne oHOKpaTHOrO NPUMEHEHUS] UHTEPAMHUHA
B TepareBTuuecko u 10-kpaTHOM TepareBTUYEeCKON
JI03aX Ha OCHOBAaHWH aHAJIN3a MIOYYEHHBIX PE3yIIbTa-
TOB J1JaOOPATOPHOTO UCCIEIOBAHUS IPOO KPOBH TEISAT
OIIBITHBIX I'PYIIT YCTAHOBJICHO, YTO I'€MATOJIOTMYCCKUEC
MOKa3aTell He BBIXOMIIHU 32 Mpe/ielibl peepeHCHBIX
3HAYEeHUH U B OOIBITUHCTBE CBOEM JIOCTOBEPHO HE OT-
JTUYaINCh OT MOKa3arejei KMBOTHBIX KOHTPOJIHHOU
rpynisl (Tabm. 1).

Temamonozuueckue nokasamenu 300po8biX MM Npu usydeHuu 6e36peoHoCmu npenapama uHmepaﬁf:S et
[Moka3zarenb KouTposbHas rpyrmna HepBaﬂ( (i rllbif;ii)rpynna Brop aﬂ( E gbﬁ;ii)rpynna
1 2 3 4
Uepes 7 nHell nmocie BBEIECHUs IIpenapara
Dpurpouutsi, 10'%/1 7,46 £0,38 7,92 £0,55 7,93 £0,36
I'emornoOuH, 1/11 113,1 £2,52 115,3 £ 3,74 114,8 £ 3,41
JletikonuTsr, 10°/1 8,62 + 0,34 9,34+ 0,36 9,21 +0,23
Bazodmer, % 0,47 £ 0,62 0,30 +0,26 0,38 £0,24
E:f;f;ﬁ‘;g;‘me, " 2,46+ 0,52 2,66 + 0,63 2,52+ 0,42
iii?ﬂ(ﬁﬁﬁﬁéme, " 26,8 + 0,96 26,9+ 0,82 27,1+ 0,68
Dosunoduisl, % 4,45+ 0,20 4,02+0,18 3,92 +£0,28
Momnouutsl, % 4,72+ 0,54 4,92 +0,88 4,78 0,96
Jlumdoruter, % 61,1 +£1,63 61,2+ 1,84 61,3+2,02
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Uzyuenue bezspednocmu (nepeHocumMocmi) HOB020 KOMIIEKCHO20 NPenapama UHMepamut 8 pamKax...

Oxonuyanmue Ta0.1. 1

1 2 3 4
Uepes 14 nueil nocne BBeCHU MpenapaTa

Dpurponutsi, 10'%/1 7,22 +0,81 7,58 £0,67 7,11 +£0,57
I'emornoOuH, /71 112,2+1,83 114,1 £ 2,25 113,2+ 2,06
Jleiikormter, 10%/1 8,58 £ 0,26 9,17 +£0,43 9,08 £0,21
Bazodmer, % 0,24 +0,18 0,12+ 0,06 0,22 +0,12
Heifrpogmer 2,36+ 0,49 2,28+0,53 2,12 40,47
MaovKosiIepHbIE, %o

iel“i[TepHo’l‘?)I}/II;]Z;HHe, " 28,1+ 1,41 29,5+ 0,52 29,7 +0,72
Dosunoduisl, % 4,58 +£0,26 3,96 £ 0,24 3,44+0,33
MomnouuTsl, % 5,42 £ 0,46 4,64 + 0,54 4,42 + 0,39
Jlumoruter, % 59,3 +1,03 59,5+ 0,94 61,1 £0,84

Kak crnemyer u3 TabmuIpl 2, Ipu OAHOKPATHOM
BHYTPHUMBIIIICYHOM BBEICHUU MHTEPAMUHA B HCCIIC-
myeMbix mo3ax (0,1 mi/kr u 1,0 Mi1/KT) KoJTe0aHus 3Ha-
YeHHWI OCHOBHBIX IOKasaTesiell 0OOMEHa BEIecTB Te-
JIST ONBITHBIX TPYTINT HAXOAMITUCH B TIpefiesiaX (Gu3no-
JIOTUYECKOM HOPMBI U IOCTOBEPHO HE OTIIMYAIUCH OT
AHAJIOTMYHBIX [T0KA3aTENEeH TEIAT KOHTPOJIbHOU IPyII-
IIbI, YTO CBUJIETENBCTBYET O XOPOLIEH IEPEHOCUMOCTH
HOBOT'O KOMIUIEKCHOTO IIpenapara.

[To uroram MpoBEICHHOTO UCCIIEAOBAHS HE OBLIIO
00HapyKEHO HEraTUBHOTO BIUSHUS Ha OpraHbl, ep-
BOOUYEPENHO IOABEPraroluecs BO3MOKHOMY TOKCHU-

YEeCKOMY BO3/JI€HCTBHIO JIEKAPCTBEHHBIX IpEnapaToB.
Hexotopsie n3meHneHust MOPGOIOTHISCKUX B OMOXH-
MHUYECKUX IIOKa3aresied KpOBU IOCJE BBEICHUS O1-
HOKpPAaTHOM ycIOBHO-TepaneBTUYeckoil u 10-kpat-
HOH yCJIOBHO-TEPANeBTHYECKON 103aX UMEJIH Xapak-
Tep TEHICHIMH 1, BEPOSITHO, CBS3aHBI C aKTUBU3ALNEH
nporeccoB MeTadoIM3Ma ONOIOTHYECKH aKTUBHBIMH
BeIlleCTBAMHU IIperapara.

W3 3T0r0 MOXXHO crenarh BbIBOJ 00 OTCYTCTBUH
TOKCHYECKOTro 3¢ eKTa Ha OPraHu3M 340POBBIX K-
BOTHBIX Ipernapara MHTEPaMUH MPU OJHOKPATHOM
BBEJICHUU.

Taoaunma 2
buoxumuueckue noxazamenu 300p0o8bIX Measim npu u3yueHuu 6e36peoHoCmiL nPpenapama UHMepamun
[okazarens KouTposbHas rpyrmna HepBaﬂ( (i I;L;f;ii)rpynna BTOpaH( E gbﬁ;ii)rpynna
1 2 3 4
Uepes 7 nHeli mociie BBEJCHUS Mpemnapara
OOwmii 6eNokK, r/a 65,9 +0,95 66,8 = 1,06 69,90 £ 0,87
AnpOymuHBL, % 445+ 1,17 449 + 1,23 44,6 £ 0,97
a-r100ysIHHEL, % 17,4+ 0,63 16,52 + 0,81 16,76 + 0,73
B-roOynuHsl, % 15,2+0,53 14,38 £ 0,75 14,54 + 0,66
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Oxonuyanue Ta0J1. 2

1 2 3 4
y-To0ymuHbL, % 22,9+ 1,17 242 +1,32 24,1 +1,04
D, E/n 131,3+2,13 134,1 + 3,05 133,3 +4,01
AcAT, E/n 55,1 +1,72 55,5+2,61 54,9+2,03
AnAT, E/n 26,8 = 0,69 27,1 +1,09 26,9+ 0,74
Kpearuaun, MM/ 78,1 £2,10 78,3 £2,21 79,3 £1,78
MoueBuna, MM/ 5,18+ 0,34 5,79+ 0,19 5,95+ 0,26
OO6muit oummpyouH, MKM/I 3,08+0,07 3,12+ 0,14 3,27+0,17
I'mroko3a, MM/t 5,07+ 0,11 4,76 £0,26 482 +0,13
Xonecrepun, MM/ 2,29+ 0,04 2,01 +£0,22 1,96 £ 0,21
OOt Kanbuuii, MM/It 2,48 £0,09 2,69 +£0,10 2,71+0,18
®docdop Heopr., MM/ 2,32+ 0,05 2,21 +0,06 2,27+ 0,03

Uepes 14 nueil mocie BBeICHUs Mpenapara
OO0wmwuii 6enok, r/1 66,2+ 1,12 68,4+ 1,01 67,8 0,82
AnpOymuHBL, % 44,6 +£ 1,03 44,6 £ 0,97 44,7+ 1,17
a-r100ys1HHbL, % 17,06 £ 0,43 16,18 £ 0,51 16,84 + 0,49
B-rinoOysuHsL, % 15,14 £ 0,37 14,42 £ 0,56 14,16 + 1,06
Y-TI00yuHbI, % 23,24+ 1,24 248 +1,25 23,6 + 1,11
D, E/n 133,5+3,12 136,6 + 2,88 140,1 £ 3,30
AcAT, E/n 53,3+2,07 56,2+ 1,73 56,7+ 1,45
AnAT, E/n 25,3+ 1,59 26,5 +0,99 28,4 + 0,85
Kpearnamn, MkM/n 78,6 2,84 79,6 £ 1,77 78,4+ 1,38
MoueBuna, MM/ 5,23+0,18 5,71 £0,23 5,65+0,16
OO6mmuit GummpyOonH, MKM/ 2,84 +0,11 2,78 £ 0,06 2,87 +0,05
I'moko3za, MM/n 5,01 £0,12 4,86 + 0,04 4,98 + 0,08
XomnecrepuH, MM/ 2,37+0,13 2,29 +£0,27 2,16 +0,13
OOt Kambuui, MM/t 2,63 +£0,05 2,75 +£0,04 2,70 £ 0,03
Docdop vHeopr., MM/ 2,35+0,07 2,24 £ 0,05 2,26 = 0,06
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Uzyuenue bezspednocmu (nepeHocumMocmi) HOB020 KOMIIEKCHO20 NPenapama UHMepamut 8 pamKax...

3AKJIIOYEHUE

[Tocne n3yuenus 0e3BpeAHOCTH (TIEPEHOCHMO-
CTH) IIpernapara UHTEPaMUH Ha LEJIEBOM BHJE XKH-
BOTHBIX MOKHO 3aKJIIOYMTh, YTO HOBBII KOMILIEKC-
HBI{ IIpenapaT He OKa3blBaeT OTPULATEIILHOTO BIIHUS-
HUSI HA TapaMeTpbl MOPPOIIOTMYECKOTO COCTaBa KPOBH
1 OMOXUMMYECKHE [T0Ka3aTesid 0OMEHa BEIIeCTB y Te-
JISIT — y JKUBOTHBIX OIBITHBIX TPYIIl HE OOHapyxe-
HO JI0CTOBEPHBIX OTKJIOHEHUH. [I03TOMY HOBBII KOM-
IUIEKCHBIN Tpernapar HHTepaMuH Oe3BpesieH AJIs JKu-
BOTHBIX U 00J1a/1aeT XOpoLIel epeHOCUMOCTBHIO.
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Abstract. Preventive veterinary medicine in the modern conditions of intensification of animal husbandry re-
quires effective drugs. The article presents the results of a study of the safety (tolerability) of the new complex
drug interamin in the framework of preclinical studies. The experiment involved 15 clinically healthy calves, di-
vided into 3 groups (n = 5 each). Blood samples were collected 7 and 14 days after a single intramuscular admin-
istration of the drug at a therapeutic dose (0.1 ml/kg) and at a 10-fold therapeutic dose (1.0 ml/kg). The study re-
sults showed that the morphological composition of the blood and biochemical indicators of metabolism in calves,
which received interamin once, corresponded to the physiological values for this age and gender group of ani-
mals. This allows to conclude that the new complex drug interamin is safe for animals and has good tolerability.
Keywords: interamin, tolerability (safety), blood morphology and biochemistry, calves

The fundamental task of veterinary pharmacology
is the design of highly effective, environmentally safe
drugs used for animals that should not have a nega-
tive effect on their body and not reduce the quality of
the resulting agricultural products [5]. A fundamen-
tal role in this is played by preclinical study of new
drugs, which allows to determine their specific phar-
macological activity, safety, making it possible to as-
sess their biochemical and physiological effects on the
body, establish the relationship between the concen-
tration of the active substance and its effects, and de-
termine the indications and contraindications for use
[6], as well as to identify side effects that change the
risk-benefit ratio [4].

Preventive veterinary medicine in the modern con-
ditions of intensification of animal husbandry requires
effective drugs. Medicines of natural origin, which
are characterized by high biological activity, have a
unique potential for solving this problem. The new
complex drug interamin, which includes hydrophilic
cryofraction of bovine spleen, recombinant (bovine)
species-specific interferons —alpha and —gamma and
vitamins A, E, is one of such medicines. According to
the results of previous studies, it has been shown that
the complex drug interamin can be classified as class V
of practically non-toxic medicinal substances accord-

ing to Hodge H. etal., 1975; Sidorov K. K., 1977, and
class IV of hazard — low-hazard substances according
to GOST 12.1.007—76 [1], that it does not exhibit lo-
cal irritant and skin-resorptive effects [3] and does not
have embryotoxic and teratogenic effects [2].

The work objective is a preclinical study of the
safety (tolerability) of the new complex drug interamin
on calves.

MATERIAL AND METHODS

The studies were conducted on the basis of one of
the livestock complexes in Voronezh region in accor-
dance with the requirements of current international
and Russian legislative acts (Directive 2010/63/EU
of 22.09.2010, the European Convention (ETS123),
Strasbourg, 1986), as well as the requirements of the
bioethics commission of FSBSI “ARVRIPP&T”, on 15
clinically healthy Holstein calves aged 5—6 months.
The animals of the first group (n =5) were not ad-
ministered the drug, they served as the control. The
calves of the second group (rn =5) were given a sin-
gle intramuscular injection of the new complex drug
interamin at a therapeutic dose (0.1 ml/kg), the third
group (n = 5) — at a 10-fold therapeutic dose (1.0 ml/
kg). The effect of the test drug on the calves was as-
sessed based on the results of a laboratory study of he-
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matological and biochemical indicators. Blood sam-
ples were collected 7 and 14 days after a single intra-
muscular injection of the drug to healthy animals from
the jugular vein by venipuncture.

Hematological indicators (erythrocytes, hemoglo-
bin, leukocytes, leukogram) were determined on a he-
matological analyzer ABX Micros 60 CT/OT (France)
and by conventional methods, protein fractions — by
electrophoresis on agarose gel; the level of urea, cre-
atinine, cholesterol, glucose, total calcium, inorganic
phosphorus, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST) and alkaline phospha-
tase (ALP) activity — on a Hitachi-902 biochemi-
cal analyzer; and total protein, total bilirubin — spec-

trophotometrically using a set of Vital Development
Corporation JSC. The obtained experimental data were
processed using the statistical program Statistica v. 8.0
(StatSoft Inc.).

STUDY RESULTS

After a single use of interamin at therapeutic and
10-fold therapeutic doses, based on the analysis of the
obtained results of laboratory testing of blood samples
from the calves in the experimental groups, it was es-
tablished that the hematological indicators did not go
beyond the reference values and, for the most part, did
not differ significantly from the indicators of the ani-
mals in the control group (Table 1).

Hematological indicators of healthy calves in the study of the drug interamin safety fabled
Indicator Control group First etg'elr i::le/lritéa)l group Segcrg?; e(:;(%e;ilrlr/lle(gal
7 days after the drug administration
Erythrocytes, 10'%/L 7.46 £ 0.38 7.92+0.55 7.93+0.36
Hemoglobin, g/L 113.1+£2.52 1153 +£3.74 114.8 £3.41
Leukocytes, 10°/L 8.62+0.34 9.34+0.36 9.21+0.23
Basophils, % 0.47 +0.62 0.30+0.26 0.38+0.24
Stab neutrophils, % 2.46+0.52 2.66+0.63 2.52+042
Segmented neutrophils, % 26.8+0.96 26.9+0.82 27.1 £0.68
Eosinophils, % 4.45+0.20 4.02+0.18 3.92+0.28
Monocytes, % 4.72 +£0.54 4.92+0.88 4.78 £0.96
Lymphocytes, % 61.1+1.63 61.2+1.84 61.3+£2.02
14 days after the drug administration
Erythrocytes, 10'%/L 7.22 £0.81 7.58 £0.67 7.11+0.57
Hemoglobin, g/L 112.2+1.83 114.1+£2.25 113.2+2.06
Leukocytes, 10°/L 8.58+0.26 9.17+0.43 9.08 £0.21
Basophils, % 0.24+0.18 0.12£0.06 0.22+0.12
Stab neutrophils, % 2.36 £0.49 2.28+0.53 2.12+0.47
Segmented neutrophils, % 28.1 £1.41 29.5+0.52 29.7+0.72
Eosinophils, % 4,58 +£0.26 3.96+0.24 3.44+0.33
Monocytes, % 5.42+0.46 4.64 £0.54 4.42 +0.39
Lymphocytes, % 59.3+1.03 59.5+0.94 61.1£0.84
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As follows from Table 2, with a single intramuscu-
lar injection of interamin at the studied doses (0.1 ml/kg
and 1.0 ml/kg), fluctuations in the values of the main
metabolic indicators of the calves in the experimen-

tal groups were within the physiological norm and did
not differ significantly from similar indicators in the
calves in the control group, which indicated good tol-
erability of the new complex drug.

Biochemical indicators of healthy calves in the study of the drug interamin safety fuble
Indicator Control group First eig.elr ixle/rlitg)l group S:;zﬁi ?T%eirilrlr;ﬁgal
1 2 3 4
7 days after the drug administration
Total protein, g/L 65.9+0.95 66.8 £1.06 69.90 £ 0.87
Albumin, % 445+ 1.17 449 +1.23 44.6 +0.97
a-globulins, % 17.4+0.63 16.52 +£0.81 16.76 +0.73
B-globulins, % 152+0.53 14.38 £0.75 14.54 +0.66
v-globulins, % 229+ 1.17 242+ 1.32 24.1£1.04
ALP, U/L 131.3+2.13 134.1 +£3.05 133.3£4.01
AST, U/L 55.1+1.72 55.5+2.61 54.9+2.03
ALT, U/L 26.8 £ 0.69 27.1+1.09 26.9 +0.74
Creatinine, uM/L 78.1+£2.10 78.3+£2.21 793 +£1.78
Urea, mm/L 5.18+0.34 5.79+0.19 5.95+0.26
Total bilirubin, pM/L 3.08 £0.07 3.12+0.14 327+0.17
Glucose, mm/L 5.07+0.11 4.76 £0.26 4.82+0.13
Cholesterol, mm/L 2.29+0.04 2.01+0.22 1.96+0.21
Total calcium, mmol/L 2.48 £0.09 2.69£0.10 271 £0.18
Inorganic phosphorus, mm/L 2.32+0.05 2.21 +£0.06 2.27+0.03
14 days after the drug administration
Total protein, g/L 66.2+1.12 68.4+1.01 67.8 £0.82
Albumin, % 44.6 +1.03 44.6 +0.97 447+ 1.17
a-globulins, % 17.06 + 0.43 16.18 £0.51 16.84 +0.49
B-globulins, % 15.14 £ 0.37 14.42 £0.56 14.16 £ 1.06
v-globulins, % 23.2+1.24 24.8+1.25 23.6+1.11
ALP, U/L 133.5+3.12 136.6 = 2.88 140.1 £3.30
AST, U/L 53.3+2.07 56.2+1.73 56.7+1.45
ALT, U/ 2534+ 1.59 26.5+0.99 28.4+0.85
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Table 2 (the end)

1 2 3 4
Creatinine, uM/L 78.6 £2.84 79.6 £1.77 78.4+1.38
Urea, mm/L 5.23+0.18 5.71+0.23 5.65+0.16
Total bilirubin, pM/L 2.84+0.11 2.78 £0.06 2.87 +0.05
Glucose, mm/L 5.01+0.12 4.86 +0.04 4.98 +£0.08
Cholesterol, mm/L 2.37+0.13 2.29+0.27 2.16+0.13
Total calcium, mmol/L 2.63 £0.05 2.75+£0.04 2.70 £0.03
Inorganic phosphorus, mm/L 2.35+£0.07 2.24+£0.05 2.26 £0.06

The study did not reveal any negative effects on
organs that are primarily exposed to possible toxic ef-
fects of drugs. Some changes in morphological and bio-
chemical blood indicators after the administration of a
single conditionally therapeutic and 10-fold condition-
ally therapeutic doses were of a trend nature and were
probably associated with the activation of metabolic
processes by biologically active substances of the drug.

From this, we can conclude that there is no toxic
effect of the drug interamin on the body of healthy an-
imals after a single administration.

CONCLUSION

After studying the safety (tolerability) of the drug
interamin on the target animal species, it can be con-
cluded that the new complex drug does not have a
negative effect on the indicators of the morphologi-
cal composition of the blood and biochemical indica-
tors of metabolism in calves — no reliable deviations
were found in the animals of the experimental groups.
Therefore, the new complex drug interamin is safe for
animals and has good tolerability.

REFERENCES
1. Vostroilova G. A. Assessment of reproductive toxic-
ity of the drug “Interamin” in the framework of preclinical
trials / G. A. Vostroilova, Yu.S. Parkhomenko, N. A. Khokh-

lova, A. A. Korchagina // Uchenye zapiski uchrezhdeniya
obrazovaniya Vitebskaya ordena Znak pocheta gosudarst-
vennaya akademiya veterinarnoy meditsiny (Transactions
of the educational establishment “Vitebsk the Order of ‘the
Badge of Honor’ State Academy of Veterinary Medicine”).
2022. Vol. 58. No. 3. P. 18—21.

2. Vostroilova G. A. Toxicometric characteristics of a
complex drug with immunotropic activity / G. A. Vostroi-
lova, Yu. S. Parkhomenko, N. A. Khokhlova // Bulletin of
Veterinary Pharmacology. 2022. No. 2 (19). P.21—33. DOI:
10.17238/issn2541-8203.2022.2.21

3. Parkhomenko Yu. S. Characteristics of local irritant
and skin resorption effects of the drug interamin / Yu.
S. Parkhomenko // Priority vectors of industry and agricul-
ture development: materials of the V International scientif-
ic and practical conference. 2022. Vol. 1. P. 72—76.

4. Guidelines for conducting preclinical studies of drugs.
Part one. / Mironov A. N. Moscow: GrifiK, 2012. 944 p.

5. Hafez S. M. Development of new strategy for non-an-
tibiotic therapy: bovine lactoferrin has a potent antimicro-
bial and immunomodulator effects / S. M. Hafez, A. B. Is-
mael, M. B. Mahmoud, A. A. Elaraby // Adv Infect Dis.
2013. V. 3. P. 185—192. DOI: 10.4236/aid.2013.33027

6. Stanulovi¢ V., Hodolic M., Mitsikostas D. D., Papa-
dopoulos D. Drug tolerability: How much ambiguity can be
tolerated? A systematic review of the assessment of tolera-
bility in clinical studies / V. Stanulovi¢, M. Hodolic,
D. D. Mitsikostas, D. Papadopoulos // British Journal of
Clinical Pharmacology. 2022. No. 88(2). P. 551—565. DOLI:
10.1111/bcp.15016

INFORMATION ABOUT THE AUTHORS

Yu. S. Parkhomenko — Junior Scientific Associate;

N. A. Khokhlova — Candidate of Veterinary Sciences, Senior Scientific Associate;
L. V. Cheskidova — Doctor of Veterinary Sciences, Chief Scientific Associate.

The article was submitted 03.07.2025.

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025

37



Berepunaphsiii papmakonorndecknii BecTHUK 2025 « Ne 3 (32) « C. 38—42
IO OO RO OO OO RO OO OO OO OO OO OO OO OO RO OO OO O O O

Hayunas crates
YK 619:615.2/.3:616-056.54:636.2-053.2
DOI: 000

OLHEHKA BJIMAHUA ITPEITAPATA BBIYBEI'O
PEKOMBUHAHTHOI'O IFN-y HA IIOKA3ATEJIN
HECNEIIU®UYECKOM PESBUCTEHTHOCTH
Y TEJAT-TUIOTPO®UKOB C KOMOPEUJJHOM MATOJIOTUEN

JOmurtpuii Anexcanaposuy Caspacos™™, [laBea Anapeesny [Mapmwan™

*Boponedicckutl 20Cy0apcmeentblil aepaphblil VHUSEPCUMeNt UMEHU UMRePamopa
Ilempa I, Boponesc, Poccus, dmitrij-savrasov@yandex.ru®™

" Beepoccutickuil HayuHO-UCCLe006AMeNbCKULL 6eMePUHAPHBILL UHCIIUNTYI
namonozauu, papmaxoroeuu u mepanuu, Boponesxnc, Poccus

AHHOTanus. B crarbe npeacrasieHbl pe3ynbTaThl U3yuyeHus BiIMsHMS npenapara IFN-y Ha nokasarenu ecrte-
CTBEHHOH Hecnenu(puIecKoil pe3UCTEeHTHOCTH TEIAT PU KOMOPOUIHBIX IMAaTONIOTHSAX (THIOTPOGUS, UMMYHOJIC-
¢ummr). [ uccnemoBanus ObLTH OTOOPAHBI HOBOPOJKICHHBIC TEJSATA TONIITHHCKOH TOPOJIBI, KOTOPBIE HAXOAU-
JIUCH B @aHAJIOTUYHBIX YCIOBUAX COACPKAHUS U KOPMIICHHUS. DKCTIEPUMEHTAITBHBIX )KUBOTHBIX PA3/ICIININ Ha TPYII-
el | Tpymnma — KIMHAYECKHU 3/10POBBIE TeIATa-HOPMOTPOdUKH (7 = 5); 2 Tpymnma (KOHTPOIbHAS) — TEIATa-TH-
MOoTpo(UKH, KOTOPBIM HE TIPUMEHSITH Tpenapatsl (n = 5); 3 rpynma (OmbITHAs) — TeNATa-THIOTPO(PHKH, KOTO-
PBIM B IIEPBBIC U BTOpPBIC CYTKH XKU3HH MapeHTepanbHo BBOAWIN npernapar IFN-y 6prdpero pekoMOMHAHTHOTO
B 03¢ 0,1 mur/kr (n = 5). YcTaHOBIEHO, 4TO MPUMEHEHHE TIperapara Obrabero pekoMouHanTHoro IFN-y Tensram-
THIOTPO(HKaM C KOMOPOHTHON TATOJIOTHEH CIIOCOOCTBYET BOCCTAHOBJICHUIO YPOBHSA KieTouHoro 3BeHa (PAH,
OU u DY) Ha 7-e cyTkH, a k 30-My IHIO ONTHMH3HPYIOTCS 1 TymopaibHble mokazarenu (BACK, KACK, JIACK)
Hecnenu(GUIecKor pe3UCTEHTHOCTH, TTOBBIIIAS 3aIUTHBIE BO3MOXXHOCTH OpraHu3Ma B 00pb0e ¢ pa3muIHbIMU 00-

JICBHECTBOPHBIMU ar¢cHTaMH.

KuroueBble ciioBa: TensiTa, THIOTPOG U, KOMOPOUIHOCTE, PE3UCTEHTHOCTh, HHTEP(hEPOH-Y

B ycnoBusix MHTEHCU(PHUKAIUN KUBOTHOBOJCTBA
YCHIJIMBAETCSI HETaTUBHOE BIMSHUE KOHTPOJIMPYEMBIX
Y HEKOHTPOJIHMPYEMBIX YEIIOBEKOM CTpeCcC-(PaKTOpoOB
Pa3IMYHON NPUPOJIBI HA KUBOTHBIX, YTO COIIPOBOXKIA-
eTcs noBbIeHneM 3aboneBaemoctu. [Ipobiema mo-
JYYCHHUSI U COXPAHEHHUS 3]I0POBOTO MOJIO/IHSKA CEllb-
CKOXO3SIICTBEHHBIX XUBOTHBIX OTHOCHUTCS K YHUCIY
HanOoyee akTyalbHBIX B )KHBOTHOBOJICTBE, pellle-
HHUE KOTOPOl BO MHOTOM ONpeAensieT ero 3pQexTus-
HOCTh [1].

B nocnennue necstuieTus yBeaIMuUBaeTCs KOJIH-
YeCTBO TEJSIT C HAPYUICHUSIMA HYTPUTUBHOTO CTATY-
ca, 9YTO KIIMHWYECKH MPOSBIseTCs runorpodueii. I1o
Mepe yCyryOJIeHHs CTETeHH TsKeCTH 3a00JeBaHUS
y ’KHBOTHBIX TIPU THIIOTPOGUHN Pa3BUBACTCS BTOPUY-
HO€ UMMYHOIE(PUIIUTHOE COCTOSIHUE, UTO IUKTYET He-
00XOIMMOCTh IPUMEHEHHS B KOMIUIEKCHOM JICUCHHH
MpernapaTroB ¢ MMMYHOKOPPHUTHPYIOIIUM 3P PeKToM
[2, 3]. [lepcrieKTHBHBIM HampaBIcHHEM GapMakoTepa-
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IIUY B 3TOM HalpPaBJICHUU SBIISIETCSA IPUMEHEHUE Ipe-
MapaToB Ha OCHOBE BUIOCHEIM(PUUHBIX HHTEPPEpO-
HOB [4]. UaTepdepoHb! MpeacTaBisioT coOO0H rpyImy
OMONIOrMYeCKN aKTUBHBIX OCIIKOB HM/WIIH TITUKOTIPOTEH-
HOB, CHHTE3MPYEMBIX KJIETKaMH B MIPOIECCE UMMYH-
HOM peakiMy B OTBET Ha BO3JIEUCTBUE CTUMYIUPYIO-
ITUX areHToB. biaromaps cBoeit GyHKITMOHATBEHOM aK-
TUBHOCTH OHHU B MIOJIHOM MEPE MOT'YT IPETEH0BATh Ha
POJb BEICOKOA(P(PEKTUBHBIX MMMYHOMOAYIHPYIOMINX
W aHTHCTPECCOBBIX areHTOB, MO3TOMY BIOJIHE 000C-
HOBaHHO, YTO HauboJee N3yYeHHBIMHI B TYMaHHOW Me-
JIULMHE U NIUPOKO UCIIOJIb3YEMbIMU Ha IIPAKTUKE SIB-
ssitotest IFN-o u IFN-y.

B nacrosiiee Bpemst tepanust [IFN-y siBnsiercs of-
HUM U3 HanOoJiee MepCreKTUBHBIX M MOCTOSIHHO pac-
HIMPSIIONIUXCS HalpaBlIeHUH UMMYHO(papMaKoo-
TUH U JISYCHHsI 3a00JICBaHUNA Pa3IMIHON dTHOJIOTHH.
Hcnonp3oBanne pekomOmHaHTHBIX [FN-y, obecme-
YUBAIOIIMX aJCKBATHYIO U LEICHANPABICHHYIO Me-
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JMKaMEHTO3HYIO KOPPEKIIMI0O HMMYHHBIX THCQYHK-
LW, MOBBIIIaeT 3P(PEeKTUBHOCTh UMMYHOTEPAIUH.
[Ipu BBeeHNH B OPraHW3M OHH BOCTIONHSAIOT Ae(H-
LUT HJIOTEHHBIX PETYISTOPHBIX MEAHATOPOB H TIOJ-
HOCTBIO BOCTIPOU3BOAT X 3D (DeKThl. DTO 0COOSHHO
BAYKHO B YCJIOBUSIX TSKEJION WIIM XPOHUYECKOU 1AaTO-
JIOTHH, KOTJIa IPUMEHEHHUE TPAJAUIIHOHHBIX CTUMYIIHU-
PYIONINX UMMYHHYIO CHCTEMY BEIIECTB HITH HHYKTO-
POB CHHTE3a IINTOKHHOB Ma103((EKTUBHO H3-32 HCTO-
IICHUS KOMIIEHCATOPHBIX BO3MOXXHOCTEH MMMYHHOMN
cuctemsl [4, 5].

Lenbto uccnenoBanusi ObUIO W3yYCHHUE BIMSHUS
npemapara [FN-y Ha mokasarenn Hecnenu(uyueckon
PE3UCTEHTHOCTH Y TEIAT-TUITOTPOPUKOB C KOMOPOHI-
HOH NaToJIOTHEH.

MATEPUAJI U METO/bI
HUCCJIEJOBAHUM

Hayunsle uccnegoBaHust MpOBEAEHBI HA TeJs-
TaxX TOJIITUHCKOM MOPOJBI C POXKIEHUS U 10 MECsU-
HOro Bo3pacta. JKMBOTHBIE HAXOAMUINCH B AHAJIOTHY-
HBIX YCJIOBHSIX COJIEpXKaHUS, KOPMJIEHUS U yXOJa.
HoBopoxaéuusle Temnsita ObUIH pasiesieHbl o MpHUH-
IIUITY aHAJIOTOB Ha 3 TPYIIIIHI 110 TSTh TOJI0B B KAYKIOH.

1 rpynma — KIMHUYECKH 37I0POBbIE TEISATa-HOP-
MoTpohuKy; 2 Tpyma (KOHTPOJIbHAS ) — TENATa-THITO-
TporKH, KOTOPBIM HE IPUMEHSIIN IIpernapar; 3 rpymnmna
(onbITHAS ) — TENATA-THIIOTPOPHUKH, KOTOPHIM MapeH-
TepanbHO BBoAMIM npenapar [FN-y Obrumnii pexkomoOu-
HaHTHBIH B 103¢ 0,1 MII/KT IByKpaTHO B IEpBbIC U BTO-
pbI€ CyTKH KHU3HU.

VY tensaT Opanu KpoBb U3 APEMHON BEHBI € Y4ETOM
MpaBWJI ACENTHKU M aHTUCENTHKHU B 1-e, 7-¢ u 30-¢
cytku. @aronurapusiii naaexc (ON), parounraproe
gucio (PY), ¢paronurapHylo aKTUBHOCTH HEHTpO-
¢uno (PAH), 6akrepunmanyio (BACK), muzonum-
ayio (JIACK) u xommiementapayio (KACK) aktus-
HOCTB CBIBOPOTKH KPOBU — COIJIACHO YTBEPIKICHHBIM
«MeToaMYEeCKUM PEKOMEHAALNSAM 110 OLIEHKE U KOp-
PEKILUN IMMYHHOTO cTaTyca >KUBOTHBIX» [6]. C moMo-
IO IporpamMMmbl Statistica 6.0 IPOBOIMIIM CTATUCTH-
YeCKyI0 00pabOTKy MONyYCHHBIX JAHHBIX, IO KPUTE-
puto CThIOIEHTa — OLIEHKY JOCTOBEPHOCTH.

PE3YJbTATHI UCCJIEJOBAHUM

B Xone mpoBeneHHBIX KIMHUYECKUX HCCIIEeI0Ba-
HUIl Y HOBOPOXKICHHBIX TEJAT-TUIOTPO(UKOB C KO-
MOpPOUIHOMN ATOJIOTHUEN B IIEPBBIE CyTKU XKU3HU ObLIN
BBISIBJICHBI [IOHIKEHHBIE TI0Ka3aTe N KIETOUYHOTO U I'y-
MOpPAJILHOTO 3BEHbEB HECIEM(PUIECKON PEe3UCTEHT-
HOCTH OTHOCHUTENIBHO TAKOBBIX Y KIIMHUYECKH 3/10PO-
BbIX TeNAT. Tak ypoBeHb ®AH, ®U u @Y 6611 HUXE Ha

11,9 %, 35,0 u 39,4 % coorBercTBeHHO. [loKazarenun
ryMOpajbHOTO 3BeHa Takxke Obutn MeHbiie KACK na
34,1 %, JIACK na 33,1 u BACK na 16,0 % no cpas-
HEHUIO aHAJOTHYHBIMU 3HAUEHUAMH TENSIT-HOPMO-
Tpo(HKOB.
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Puc. 1. [lunamuka u3MeHEHHUN (HarouuTHPYOLICH
AKTMBHOCTH HEUTPOHIIOB

Y KIMHUYECKHU 3JI0POBBIX KHBOTHBIX (paroru-
TapHasi aKTUBHOCTh HEUTPO(UIIOB B TEUEHHE OMbBITA
MPaKTHYECKU HE U3MEHSIIACh, Y TEIAT-TUIIOTPO(PHUKOB
KOHTPOJIBHOM TPYIIIBI OTMEUYEHO HE3HAYUTEIHHOE TI0-
BoimeHue Ha 7 cyTku @AH nHa 7,1 %, npu 3ToM ocTta-
Bajach Ha Oonee HU3KOM ypoBHe 110 30 mHs (puc. 1).
VY TeNnsAT-rUImOTPOPHUKOB OIBITHOW IPYIIITHI [IOCIIE TPH-
menenus npernapara INF-y Oprapero pekoMOMHaHTHOTO
®AH yBemmumnack Ha 7-e cytku Ha 17,3 % (P < 0,05),
JIOCTHUTAs 3SHAYCHUH HOPMOTPO(hUKOB 1 Ha 30-¢ CyTKH
OCTaBaJICS B TIepeieiax ITHX JKe TPAHHIIL.

daronuTapHoe YHCIO U (ParouuTaAPHBIN HMHIIEKC
y KIIMHUYECKH 3I0POBBIX TENAT HE IIPETepIey 3HaYH-
MBIX U3MEHEHUN BO BCE CPOKH HCCIIEA0BaHU (puc. 2).
YV TensaT-runoTpohuKoB ¢ KOMOPOUTHON MMaTOIOTHUEH
KOHTPOJIbHOW TPYIIbl OTMEYEHO Ha 7 JI€Hb MOBBIIIIE-
Hue ®Y u O®U na 24,0 u 19,9 % npu camxennu Ha 30
JIeHb yKa3aHHBIX Mokasareneit Ha 19,3 u 18,7 % co-
OTBETCTBEHHO. Hapsiay ¢ 3TUM B TeueHHE BCETO OIbI-
Ta y TENSAT-TUIOTPO(UKOB YPOBEHB IMOTIIOTUTEIBHOM
(GyHKIMM HEUTPO(DUITOB OB 3HAYUTENHHO HIKE aHa-
JIOTUYHBIX 3HAYCHHUH TENIAT-HOPMOTPODHUKOB. Y KH-
BOTHBIX OIBITHOH TPYNIIBI TIOCTIE TPUMEHEHHUS ObIYb-
ero pekomOuHanTHoro IFN-y ycraHoBineHO Ha 7 CyTKH
3HaunTenbHoe yBennuenue ®Y u @Y na 59,5 u 52 %
(P <0,01), nocturas 3HaYeHUH TEIAT-HOPMOTPODHU-
KoB. M3MeHenus, orMmeueHHble K 30 qHIO HCCienoBa-
HUM, CBUAETEIBCTBOBAIN O BBIPAKCHHONW MHTEHCHUB-
HOCTH U 3aBEPIICHHOCTH (ParoiuTo3a Mol BIHSHIEM
npenapara (puc. 2).
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Puc. 2. lnramuka n3MeHeHHH TTOKa3aTenei (arommrosa:
a— dY; 6 — dU

CnenoBarenbHO, IPUMEHEHHE Mpenapara ObIdbero
pexomOuHanTHOro IFNY akTHBU3MpOBao mokasarenn
KJIETOYHOTO 3BEHa HEeCTeUU(pUUECKON Pe3nCTEHTHO-
CTH Y TeISAT-THIIOTPOPHUKOB ¢ KOMOPOMTHOM TaToJI0-
rUel, ypOBEHb KOTOPBIX Ha 7-U IEHb TOCTUTAJI 3HAUE-
HUH TENAT-HOPMOTPO(HKOB.

KommnemenTapHasi akTHBHOCTb CIBOPOTKH KPOBU
y TENSAT-HOPMOTPO(MHUKOB MOCIIE POKIACHUSI COCTABHU-
1ma 8,97 £ 0,72 %rem., a Ha 7-1i v Ha 30-1i NeHb )KU3HU
peructpupoBam nonmkeHue yposus KACK na 50,2
n 18,9 % (P < 0,005). Ha 7 cyTku uccienoBanuil y Ho-
BOPOXJIEHHBIX TEJIAT KOHTPOJIBHON IPYIIIBI OTMEUAIIH
TaKKe CHUKCHHE YKa3aHHOTO Mmokasarens Ha 32,1 %
(P <0,01) ypoBens kotoporo 10 30 aHs HE U3MEHsUICS
1 OBUT MEHBIIIE AaHAJIOTHYHOTO 3HAYCHHS TeIST-HOPMO-
TpoukoB Ha 25,2 % (puc. 3). lnHaMrKa n3MEHEHN
AKTUBHOCTH KOMIUIEMEHTA T10]1 BIIMSHAEM Tpernapara
pexomOuHanTHOTO IFN-Y y HOBOPOXKIAECHHBIX TENAT-
TUNOTPO(HUKOB ¢ KOMOPOHMIHOW MATONOTHEH Xapak-
Tepu3oBajach ymMeHbleHueM Ha 23,6 % (P < 0,005)
Ha 7 IEeHb WCCIICOBAHUN U yBeaumdeHneM Ha 27,8 %
(P <0,005) x 30 mHIO 10 YPOBHS KITMHHYECKH 37I0PO-
BBIX )KHBOTHBIX, YTO CBUJETEIHCTBYET O MOBBIIIICHUN
ryMOpPaJIbHOHM Hecnenn()uieckon 3aInThl.
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Puc. 3. lunamuka n3MeHEHU KOMIJIEMEHTapHOM
AKTUBHOCTH CBIBOPOTKH KPOBU

bakrepunuaHas akTHBHOCTh CBHIBOPOTKH KpO-
BH Yy TEIAT-HOPMOTPO(QUKOB B 1 CyTKH cOcCTaBhia
79,5 + 2,13 % 1 10CTOBEPHO HE U3MEHSLIACH K MECSIYHO-
My Bo3zpacty (81,7 = 2,08 %). Y 5KUBOTHBIX KOHTPOJIb-
Hoii Tpynnbsl BACK Ha 7 n 30 cyTku He n3MeHMIIach
OTHOCHTEITLHO MEPBBIX CYTOK M ObLIa HibKe Ha 18,2—
14,2 % 3HaueHn KIMHIYECKH 30POBBIX KUBOTHBIX.

B 1o xe Bpems npumeHenue npenapara [FN-y
TEJISTaAM-THIIOTPOPUKAM ¢ KOMOPOHTHOW ITaTOIOTH-
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et cmocoocTBoBao yBenuueHnio bACK na 7 nenn
Ha 4,7 % (P <0,05), a na 30-it nesp — Ha 13,6 %
(P <0,01) He3HAUNTENBHO TIPEBBINIAs YPOBEHb aHa-
JIOTUYHOTO TIOKa3aTeNsl TeIST-HOPMOTPO(HKOB, TIpH
ATOM CHIKAsi PUCK BOBHUKHOBEHUS BOCTIAJICHHI U T10-
BBIIIIasl YCTOWYMBOCTh OpraHu3Ma K 0akTepraJbHbIM
BO30OYIUTEISAM KEITyTOTHO-KUIIIEUHBIX U PECITUPATOP-
HBIX OOJIe3HEN.
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Puc. 4. Jlunamuka n3MeHEeHUH OaKTEPUIIUIHON
AKTUBHOCTH CBIBOPOTKH KPOBH

B nepsrie cytku JIACK y Tenar-runorpoduxon
KOHTPOJIBHOW W OIBITHOHN Tpymm OblTa MEHBIIE Ha
33,1 % (P <0,05) 3Ha4eHus TENAT-HOPMOTPOPHKOB.
Ha 7 cyTkun y TensT-HOpMOTPO(QHKOB U THIOTPOdU-
KOB KOHTPOJIbHOHM T'pyNIbl YCTAHOBJIEHO CHIDKEHUE
JIU30IIMMHON aKTUBHOCTH CBHIBOPOTKH KpOBM Ha 7,8
u 22,2 % cooTBeTCTBeHHO, a Ha 30 CyTKH yBennde-
Hue Ha 12,7 % (tensra-HopmoTpodukn) u Ha 38,4 %
(P <0,005) (xuBotHBIe -TUNIOTpOdUKH). [Ipu 3TOM
yposenb JIACK y TensT-runorpoukoB mo cpaBHe-
HUIO C TAKOBBIM Y KIIMHUYECKH 3/I0POBBIX TEJAT OCTa-
BaJIcst HIDKe Ha 27,5 %.
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Puc. 5. lunamuka n3MEHEHHUs TU30IUMHOM aKTHB-
HOCTH CHIBOPOTKU KPOBHU

YV JKMBOTHBIX OIIBITHOM I'PYIIIBI OCJIE IPUMEHE-
Hus pexkombunantHoro IFN-y JIACK nHa 7 neHsp yBe-
JIMYWIACh HE3HAYUTEILHO, [IPEBBILLIAS B TOXKE BpeMs
aHAJIOTHUYHBIN MTOKA3aTeIh TENAT-TUITOTPO(PHUKOB KOH-
TpoabpHOU rpynmbl. Ha 30 cyTku oTMedeHo Ooliee BhI-
paskeHHOe noBbIeHue Ha 56,5 % (P < 0,05) 1o ypos-
HSl KIIMHUYECKU 3/IOPOBBIX TEJIST, YTO XapaKTepU3yeT
TIOBBIIIIEHHYIO PO epaTUBHYIO aKTUBHOCTD TPaHy-
JIOLIMTOB, MOHOIIUTOB M MaKpO(haroB, CHHTE3UPYEMBIX
nu3ouuM, nof aericreuem IFN-y.

TakuMm 00pa3zom, rocie NpUMEeHEHHs ObIYbETo pe-
koMOMHaHTHOTO IFN-y y TensT-runoTpopukoB ycra-
HOBJICHO TIOBBIIIEHHE MOKa3areseil KJIeTOYHOTO Ha
7 cyTkH ¥ TyMopanbHoTo Ha 30 CYyTKH 3BEHBEB €CTe-
CTBEHHOH PE3UCTEHTHOCTH /10 YPOBHS 3I0POBBIX KU-
BOTHBIX, YTO O0YCIIOBIIEHO HIMMYHOKOPPETHPYFOIIAM
JIeCTBUEM Ipenapara.

Wnrepdepon 11 tuna — [FN-y sBasiercss ogHUM
U3 OCHOBHBIX (PakTOpPOB HecHerpUIecKor 3amu-
ThI U KJIFOYEBBIM [IUTOKMHOM KaK €CTECTBEHHOIO, TaK
Y a/IalITUBHOTO UMMYHHUTETA, y4aCTBYET B oOecrede-
HUU B3aMMOCBS3H MKy TUMpoIruTaMu U Makpoda-
ramu, CTUMYJIUPYET aHTHI'CHITPE3CHTUPYIONTYI0 (DyHK-
IO MaKpo(aroB, peryJimpyer COOTHOIICHUE KJIETOU-
HOTO M TYMOPAJILHOTO 3BEHLEB UMMYHHOTO OTBeTa [ 7].

IFN-y ctumynupyet (haromnuros, SIKCIPECCHIO Te-
HOB INIABHOT'O KOMIIJIEKCA THCTOCOBMECTUMOCTH U aK-
TUBHOCTb €CTECTBEHHBIX KHIIepoB. Cpenu hyHKIUN
IFN-y onHOW M3 BaXHEWIIMX SIBISETCS aKTHUBALUS
3 PexkTopHBIX QYHKIUH MakpodaroB: UX MHUKpOOH-
LUJHOCTH U HUTOTOKCUYHOCTH, IPOAYKIIMK UMU LU~
TOKUHOB. OZJTHOBPEMEHHO C 3TUM OH PETYINpYyeT 00-
pazoBaHue aHTUTEN, mposrdepanuo TMMOOIUTOB,
TUIIEPUYBCTBUTENBHOCTD 3aMeJIeHHOTO Tuna. B Ha-
crosiee Bpems u3BectHo, uto IFN-y obecrneunBaet
KOMOMHUPOBAHHBIH d(QGEKT: ITHOTPOIHBIN (TIPOTH-
BOBHPYCHBIN) IMUPOKOTO CIEKTpa JICUCTBHS M MOIII-
HBI UMMYHOMOTYTHPYIOIHA (MMMYHOCTAMYITHPYIO-
M U HHIYIUPYIONIMA HeCeIMPUISCKYIO 3aIIUTY)
[8]. Hapsimy ¢ atum IFN-y BausieT Ha KJIETOUHBIN UM-
MYHHBIH oTBeT, akTuBupyeT Thl-knerku, NK-kneTku,
Makpodaru, MUTOTOKCHIecKre T-TMM(OIUTEI, ITOBHI-
raeT Hecnenu(UIeCcKyro Pe3UCTEHTHOCTh OpraHnu3Ma
Y aHTUTEHCIEIN(PHUYECKU MMMYHHBIA OTBET, OKa3bI-
BaeT BBIPAKCHHOE NMPOTUBOBUPYCHOE, aHTHOAKTEPH-
anbHOE, UMMYHOMOZEHPYIOIIee U aHTHITpoIudepa-
THBHOE JIEHCTBUE W SIBIISETCS OJHUM W3 PEryiasiTop-
HBIX (DaKTOPOB KJIETOUHOTO MMMYHHUTETA [7].

SAKJIIOYEHUE
IIpoBeneHHBIMU HCCIIENOBAHUSAMU YCTAHOBIIE-
HO, YTO JIBYKpaTHOE MPHUMEHEHHUE OBIYBETO PEKOM-
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ounanTHoOro IFN-y TenstaM-runorpodukamMm okazaio
IOJIOKUTEJIBHOE BIUSHUE HA TIOKA3aTENIN KJIETOYHOIO
¥ TYMOPAJILHOTO 3B€HA HeCTIeNN()hUIECKOTO MMMYHH-
TeTa, MOBBIIIA UX JI0 3HAYCHUN TeNAT-HOPMOTPO(H-
KOB, CBUJIETENBCTBYIOLIEE O BEIPAKCHHOM UMMYHOMO-
JyJIUPYIOLIEM AEUCTBUM MIpenapara.
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Abstract. The article presents the results of studying the effect of the IFNy preparation on the natural non-specif-
ic resistance indicators in calves with comorbid pathologies (hypotrophy, immunodeficiency). Newborn Holstein
calves were selected for the study, which were kept in similar keeping and feeding conditions. The experimental
animals were divided into groups: group 1 — clinically healthy normotrophic calves (n = 5); group 2 (control) —
hypotrophic calves, which were not given the preparation (n = 5); group 3 (experimental) — hypotrophic calves,
which were parenterally administered recombinant bovine IFNy at a dose of 0.1 ml/kg on the first and second
days of life (n = 5). It has been established that the use of a recombinant bovine IFN-y preparation in hypotrophic
calves with comorbid pathology contributes to the restoration of the level of the cellular link (NPA, Phl and PhN)
on the 7" day, and by the 30™ day, humoral indicators (SBA, SCA, SLA) of non-specific resistance are optimized,
increasing the body’s defense capabilities in the fight against various pathogenic agents.

Keywords: calves, hypotrophy, comorbidity, resistance, interferon-y

In the conditions of animal husbandry intensifica-
tion, the negative effect of stress factors of various or-
igin (controlled and uncontrolled by humans) on ani-
mals increases, which is accompanied by an increase in
morbidity. The problem of obtaining and maintaining
healthy young farm animals is one of the most press-
ing in animal husbandry, the solution of which large-
ly determines its efficacy [1]. In recent decades, the
number of calves with nutritional status disorders has
increased, which is clinically manifested by hypotro-
phy. As the disease severity worsens, a secondary im-
munodeficiency state, which dictates the need to use
preparations with an immunocorrective effect in com-
plex treatment, develops in animals with hypotrophy
[2, 3]. Apromising direction of pharmacotherapy in this
case is the use of preparations based on species-spe-
cific interferons [4]. Interferons are a group of biolog-
ically active proteins and/or glycoproteins synthesized
by cells during the immune reaction in response to the
effects of stimulating agents. Due to their functional
activity, they can fully claim the role of highly effec-
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tive immunomodulatory and anti-stress agents, so it
is quite reasonable that IFN-o and IFN-y are the most
studied in human medicine and widely used in practice.

Currently, IFN-y therapy is one of the most prom-
ising and constantly expanding areas of immunophar-
macology and treatment of diseases of various etiol-
ogies. The use of recombinant IFN-y, which provides
adequate and targeted drug correction of immune dys-
functions, increases the efficacy of immunotherapy.
When administered into the body, they compensate for
the deficiency of endogenous regulatory mediators and
completely reproduce their effects. This is especially
important in conditions of severe or chronic patholo-
gy, when the use of traditional substances stimulating
the immune system or inducers of cytokine synthesis
is ineffective due to the depletion of the compensato-
ry capabilities of the immune system [4, 5].

The research objective was to study the effect of
the IFNy preparation on the non-specific resistance
indicators in hypotrophic calves with comorbid pa-
thology.
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MATERIAL AND METHODS

Scientific studies were conducted on Holstein
calves from birth to one month of age. The animals
were kept in similar keeping, feeding and care con-
ditions. Newborn calves were divided according to
the principle of analogues into 3 groups of five ani-
mals each.

Group 1 — clinically healthy normotrophic calves;
group 2 (control) — hypotrophic calves, which were
not administered the preparation; group 3 (experimen-
tal) — hypotrophic calves, which were parenterally ad-
ministered the recombinant bovine IFNy preparation at
a dose of 0.1 ml/kg twice on the first and second days
of life. Blood was taken from the jugular vein of calves
taking into account the rules of asepsis and antisepsis
on the 1%, 7" and 30™ days. Phagocytic index (Phl),
phagocytic number (PhN), neutrophil phagocytic ac-
tivity of (NPA), serum bactericidal (SBA), lysozyme
(SLA) and complementary (SCA) activity — according
to the approved Methodological Recommendations for
the Assessment and Correction of the Immune Status
of Animals [6]. Using the Statistica 6.0 program, sta-
tistical processing of the obtained data was carried
out, according to the Student criterion — an assess-
ment of reliability.

STUDY RESULTS

During the clinical studies in newborn hypotrophic
calves with comorbid pathology, reduced indicators of
cellular and humoral links of non-specific resistance
were found on the first day of life relative to those in
clinically healthy calves. Thus, the level of NPA, Phl
and PhN was lower by 11.9 %, 35.0 and 39.4 %, re-
spectively. The indicators of the humoral link were
also lower than SCA by 34.1 %, SLA — by 33.1 and
SBA — by 16.0 %, compared to similar values in nor-
motrophic calves.

In clinically healthy animals, neutrophil phagocyt-
ic activity remained virtually unchanged during the ex-
periment. In hypotrophic calves, a slight increase in
NPA by 7.1 % was noted on the 7™ day, while it re-
mained at a lower level until the 30" day (Fig. 1). In
the experimental group of hypotrophic calves, after the
use of the recombinant bovine INF-y preparation, NPA
increased by 17.3 % on the 7™ day (P < 0.05), reach-
ing the values of normotrophic calves and remained
within the same limits on the 30" day.

The phagocytic number and phagocytic index in
clinically healthy calves did not undergo significant
changes at any time during the study (Fig. 2). In hypo-
trophic calves with comorbid pathology of the control
group, an increase in PhN and Phl by 24.0 and 19.9 %
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was noted on the 7™ day, with a decrease in these in-
dicators by 19.3 and 18.7 %, respectively, on the 30™
day. Along with this, throughout the experiment, the
level of neutrophil absorptive function in hypotrophic
calves was significantly lower than similar values in
normotrophic calves. In the animals of the experimen-
tal group, after the use of recombinant bovine IFN-y, a
significant increase in PhN and Phl by 59.5 and 52 %
(P <0.01) was established on the 7" day, reaching the
values of normotrophic calves. The changes noted by
the 30" day of the study indicated a pronounced inten-
sity and completeness of phagocytosis under the effect
of the preparation (Fig. 2).
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Fig. 1. Dynamics of changes in neutrophil phago-
cytic activity

Consequently, the use of the recombinant bovine
IFNy preparation activated the indicators of the cellu-
lar link of non-specific resistance in hypotrophic calves
with comorbid pathology, the level of which on the 7
day reached the values of normotrophic calves.

Serum complementary activity in normotrophic
calves after birth was 8.97 + 0.72 % hem., and on the
7™ and 30" day of life, a decrease in the level of SCA
by 50.2 and 18.9 % (P < 0.005) was recorded. On the
7™ day of the studies, a decrease in the indicated indi-
cator by 32.1 % (P < 0.01) was also noted in the new-
born calves of the control group, the level of which
did not change until the 30" day and was lower than
the similar value in normotrophic calves by 25.2 %
(Fig. 3). The dynamics of changes in complement ac-
tivity under the effect of the recombinant [FN-y prepa-
ration in newborn hypotrophic calves with comorbid
pathology was characterized by a decrease by 23.6 %
(P <0.005) on the 7™ day of the study, and an increase
by 27.8 % (P < 0.005) by the 30™ day to the level of
clinically healthy animals, which indicated an increase
in humoral nonspecific defense.
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Fig. 3. Dynamics of changes in serum complemen-
tary activity

Serum bactericidal activity in normotrophic calves
on the 1% day was 79.5 + 2.13 % and did not change
significantly by the age of one month (81.7 £ 2.08 %).
In the animals of the control group, SBA on the 7" and
30™ days did not change relative to the first day and
was by 18.2—14.2 % lower than the values of clini-
cally healthy animals.
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At the same time, the use of the IFN-y preparation
in hypotrophic calves with comorbid pathology con-
tributed to an increase in SBA by 4.7 % (P < 0.05) on
the 7" day, and on the 30™ day — by 13.6 % (P < 0.01),
slightly exceeding the level of a similar indicator in
normotrophic calves, while reducing the risk of inflam-
mation and increasing the body’s resistance to bacterial
pathogens of gastrointestinal and respiratory diseases.

On the first day, SLA in the hypotrophic calves of
the control and experimental groups was by 33.1 %
(P <0.05) lower than the value in the normotrophic
calves. On the 7" day, the normotrophic and hypo-
trophic calves of the control group showed a decrease
in serum lysozyme activity by 7.8 and 22.2 %, re-
spectively, and on the 30" day, an increase by 12.7 %
(normotrophic calves) and 38.4 % (P < 0.005) (hypo-
trophic animals). At the same time, the SLA level in
hypotrophic calves, compared with that in clinically
healthy calves, remained lower by 27.5 %.

In the animals of the experimental group after the
use of recombinant IFN-y, SLA on the 7" day increased
slightly, at the same time exceeding the similar indi-
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cator of the control group of hypotrophic calves. On
the 30™ day, a more pronounced increase by 56.5 %
(P <0.05) to the level of clinically healthy calves was
noted, which characterized the increased proliferative
activity of granulocytes, monocytes and macrophages
synthesized by lysozyme under the effect of [FN-y.
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Fig. 4. Dynamics of changes in serum bactericidal
activity

Thus, after the use of recombinant bovine IFN-y
in hypotrophic calves, an increase in the indicators of
cellular (on the 7™ day) and humoral (on the 30" day)
links of natural resistance to the level of healthy ani-
mals was established, which was due to the immuno-
corrective effect of the preparation.
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Fig. 5. Dynamics of changes in serum lysozyme
activity

Interferon type II (IFN-vy) is one of the main fac-
tors of non-specific defense and a key cytokine of both
natural and adaptive immunity, participates in ensur-
ing the relationship between lymphocytes and macro-
phages, stimulates the antigen-presenting function of
macrophages, regulates the ratio of cellular and hu-
moral links of the immune response [7].
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IFN-y stimulates phagocytosis, gene expression of
the major histocompatibility complex and the activi-
ty of natural killers.

Among the functions of IFN-y, one of the most
important is the activation of the effector functions of
macrophages: their microbicidal activity and cytotox-
icity, their production of cytokines.

At the same time, it regulates the formation of anti-
bodies, proliferation of lymphocytes, and delayed-type
hypersensitivity. It is currently known that IFN-y pro-
vides a combined effect: etiotropic (antiviral) of a broad
spectrum of action and a powerful immunomodulato-
ry effect (immunostimulating and inducing non-spe-
cific defense) [8]. Along with this, IFN-y affects the
cellular immune response, activates Thl cells, NK
cells, macrophages, cytotoxic T lymphocytes, increas-
es the non-specific resistance of the body and the anti-
gen-specific immune response, has a pronounced an-
tiviral, antibacterial, immunomodulatory and antipro-
liferative effect and is one of the regulatory factors of
cellular immunity [7].

CONCLUSION

The conducted studies have established that two-
fold administration of recombinant bovine IFN-y to
hypotrophic calves had a positive effect on the indi-
cators of cellular and humoral non-specific immunity,
increasing them to the values of normotrophic calves,
indicating a pronounced immunomodulatory effect of
the preparation.
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AHHoTanusl. B craTbe npeacraBiieHbl pe3ysIbTaThl HCCIIEI0BAHMs, HAIPABJICHHOTO Ha OLIEHKY TepareBTUYeCKON
3(h(HeKTUBHOCTH MpemnapaTa Ha OCHOBE peKOMOMHAHTHBIX HHTephepoHoB (I[IpoayToBak) mpu pecnupaTopHOM ma-
TOJIOTUH TEJISIT Yepe3 aHAIIU3 ero BIUSHUS Ha MOJICKYIISIPHO-ONMOXUMHUYECKIE MapKePhl aHTHOKCHIAHTHOM 3alii-
THI. Y OOJBHBIX JKUBOTHBIX 3aPETUCTPUPOBAHA TIOBBITIIEHHAS YKCTIPECCHs T€HOB TiTyTaTHoHIepokcuaassl (GPX1)
u cynepokcuaucemyTtassl (SOD1), aro oTpaxkaeT KOMIIEHCATOPHYIO aKTHBAIlMI0O aHTHOKCUIAHTHOW CHCTEMBI
B YCJIOBUSIX NMATOTEHETHYECKN 3HAYMMOTO OKHCIHMTEILHOTO cTpecca. B pamkax CpaBHHTENBHOTO aHAN3a ABYX
TepareBTHYECKUX cXeM — A3uTpoHUT + [IpoayroBak u A3UTPOHUT + ByTodan — ycTaHOBIIEHO, YTO BKITFOUE-
nue [IpoayToBaka B KOMIUIEKCHYIO Teparuio odecredrBaeT 0ojiee BBIPAKEHHYIO M MPOJIOHTMPOBAHHYIO CTUMY-
JISIIAIO @HTHOKCUJIAHTHBIX MeXaHu3MOB. [IpuMeHeHre JaHHOTo mpernapara KOppeslupyeT ¢ ONTUMH3aIUeH IKC-
MIPECCUOHHOTO Tpod st TeHoB aHTHOKcHAaHTHOH 3amuThl (CAT, GPX1, SOD1), noBsimerneM QpyHKIIHOHATb-
HOW aKTUBHOCTH COOTBETCTBYIONIMX (PEPMEHTATHBHBIX CHCTEM U YCKOPEHHEM KIMHHUYECKOTO BBI3JIOPOBICHUS
YKMBOTHBIX. BBISIBIIEHHAS COTIACOBAaHHOCTH TMHAMUKH TPAHCKPHUIIIIOHHON aKTUBHOCTH MCCIISYEMBIX T€HOB H Ka-
TaJIUTHYECKOW aKTHBHOCTH, KOJUPYEMbIX UMH (DEPMEHTOB MOATBEPKIAeT NHPOPMATUBHOCTh U30PAHHBIX Map-
KepOB TSI MOHUTOPUHTA d(H(HEKTUBHOCTH HHTEPHEPOHOTEPATHH TP PECTTMPATOPHBIX 3a00JIeBaHUAX TeJAT. [1o-
JIy4deHHbIE pe3yJbTaTbl 000CHOBBIBAIOT 11€1€C000pa3HOCTh pUMeHeHus [IpoayToBaka B KauecTBe MTaTOreHeTHYe-
CKU OPHEHTHPOBAHHOTO KOMIIOHEHTA KOMILIEKCHOM Teparny peCupaToOpHbIX MATOIOTHI Y MOJIOJHSKA KPYITHOTO
poraroro ckora.

KaioueBble ciioBa: TelsTa, pecipaTtopHasi HaToJIor s, OpPOHXOITHEBMOHUS, YPOBEHb IKCIIPECCHU T€HOB, HHTEP-
(eponsl, [IpoayToBak, aHTHOKCHIAHTHAS 3AIIUTA

Pecrniuparopubie 3a00eBaHNs 3aHUMAIOT JIUJUPY-  MPHUITHBIX (DAKTOPOB OKPY’KaIOIIeH cpenbl (HapyIe-

OIIHE MO3UIINU B CTPYKTYpe 3a00JIEBAEMOCTH KPYII-
HOTO POTraToro CKOTa, HAHOCS 3HAYUTEILHBINH HKOHO-
MHUYECKHH yIepO KUBOTHOBOJUECKUM XO3SIHCTBAM.
[laroreHeTnuecKkue MEXaHU3MbI PECITUPATOPHBIX 3200-
JIEBAHUU y TEJISAT XapaKTEPU3YETCsl CJIOKHBIM U MHO-
ro(aKTOPHBEIM B3aUMOJACHCTBUEM DTHOJIOTHICCKUX
areHToB (BUPYCOB, OaKTEpHii, MUKOIIIa3M), HeOIaro-

HUE MHMKPOKJIMMAaTa, BBICOKAs IUIOTHOCTb IOCAIKH)
1 ocnabieHrneM UMMYHHO cructembl [1]. KirroueByto
pOJb B pa3BUTUHU U MPOTPECCUPOBAHUM PECIIUPATOP-
HBIX MaTOJIOTHI OTBOJSAT OKCHIATUBHOMY CTpECCY,
00yCIIOBIICHHOMY JAMCOaaHCOM MEX]y TeHepaluei
akTUBHBIX Qopm kuciopoaa (APK) n noreHnmamom
CHUCTEMbl AaHTHOKCUIAHTHOHN 3amuThl. M30bITOUHAS
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npoaykuus AQK nHuImupyer 1ecTpyKTUBHBIE TIPO-
LIECCHI B KJIETOUHBIX CTPYKTypax, BKITFOUast SIMUTEITNN
PECTTUPaTOPHOTO TPAKTA, ATHBEOIOIUTHI U DHIOTEIH-
aJbHBIE KIIETKU COCYIOB, YTO IOTEHIIMPYET PA3BUTHE
BOCTIAJIUTENIBHBIX peakiuid, (POPMHUPOBAHUE OTEYHO-
IO CHH/pPOMA JIETKUX U HapylleHHe MpPOIeCCOB ra3o-
obmena [2, 3].

CucrtemMa aHTHOKCHIAHTHOW 3aIIUTHI OPTaHU3-
Ma, TIpeJCTaBICHHAs aHcaMOIeM (EpPMEHTOB, BKJIIO-
yalomuM cynepokcuaaucmyrtasy (SOD), karanasy
(CAT) u ryraruonnepokcuaasy (GPX), urpaer kpu-
TUYECKYIO poiib B HeTpanuzanuu ADK u momnepxa-
HUU OKHCIUTEIHHO-BOCCTAHOBUTEIHHOTO TOMEOCTa3a
[4, 5]. AuchyHKITHSA CHCTEMBl aHTHOKCHIAHTHOM 3a-
AT, CBSI3aHHAS C adeppaIfsiMH B OKCIIPECCHH T'€HOB,
KOAMPYIOIIUX AaHHbIE (EPMEHTHI, MOXKET IIOTEHIMPO-
BaTh pa3BUTHE PECIHUPATOPHBIX 3a00NEeBaHUN U MPO-
JIOHTUPOBATH MIEPHUO PEKOHBAJICCIICHITHH [6].

Unrepdeponnr (MDPH) — rpymnma cUrHAIBHBIX
0eITKOB, MPOAYIIUPYEMBIX KJIETKaMH B OTBET Ha MIPH-
cyrcTBue matoreHoB [7]. Tpaxummonno naTepdepo-
HBI pacCMaTPHUBAJINCh NPEUMYLICCTBEHHO KaK Mpo-
TUBOBUPYCHBIE (DaKTOPBI, OAHAKO B TIOCIIEIHNE 1ECs-
TUJIETUS] HAKOTIMJIUCH JaHHBIE 00 MX TUIEHOTPOIIHBIX
addexTax, BKITIOTAST MOIYISAIIAI0 aHTHOKCHIAHTHOMN
3amuTH [8, 9].

Hannsbie, nonyuennsie Kroetz u coasrt. [10], cBu-
JETENbCTBYIOT O TOM, YTO MHTEP(HEPOHBI MOTYT MOAY-
JIUPOBATh 3KCIIPECCHUIO CYTIEPOKCUIIMCMYTa3bl U Ka-
Taja3bl Yepe3 aKTHBALMIO CUTHaJIbHOTO MyTH JAK-
STAT. B akciepuMeHTaTbHBIX MOJEIISIX BOCITAICHUS
JIETKUX MPUMEHEHHE PEeKOMOWHAHTHBIX MHTEp(epo-
HOB CII0COOCTBOBAJIO CHIKCHHIO KOHIICHTPAIIH Map-
KEpOB OKHCIIUTEIBHOIO CTPECCA U OBHIIIEHUIO aHTH-
OKCHJAaHTHOM eMkocTu TKaHel [ 11]. Cunepretndeckuit
¢ dext naTepPEepOHOB U AHTHOKCUIAHTOB OBLIT MPO-
JIIEMOHCTPHUPOBAH B psaae ucciemoBanuit [12, 13].
Jo6asnenune BuramuuoB A, E u C x uHTEppEepOoHOTE-
parnuu no3BoJIsieT yCUINTh IPOTUBOBUPYCHYIO aKTHB-
HOCTb 1 OTHOBPEMEHHO MOBBICUTH aHTHOKCHAAHTHBIN
cTatyc opranmusma [14].

Pa3BuTHe OMOTEXHOIOTHH MO3BOJUIIO CO3JaTh
HOBOE ITOKOJICHHE TIPEraparoB Ha OCHOBE PEKOMOM-
HaHTHBIX BUOCTICIU(UIHBIX HHTEPPEPOHOB IS Be-
TepuHapHoi Meaununsl [15]. [IpeumymecTBamu Ta-
KHX TIPENaparoB sIBISIOTCS BHICOKAs 3 PEKTUBHOCTD,
BO3MOKHOCTB CTaH/IapTU3AIMY TIPOU3BO/ICTBA U MUHU-
MaJIbHBIN PUCK aJUICPTHICCKUX peakituii [16].

Leabio uccnenoBanus ABISETCS U3YUCHNE BIHS-
HUS BUAOCTICIIU(PUIHBIX aHAJIOTOB YHIOTEHHBIX IIUTO-
KMHOB Ha OTHOCHUTEJBbHBIN YPOBEHb SKCIPECCUH TEHOB
AQHTUOKCHJIAHTHOTO CTaTyca M aKTUBHOCTH (DEPMEHTOB

AOC y TensT npu pecnupaTopHOi MaToJ0ruu Hesa-
Pa3HOM 3THOJIOTHH.

MATEPHUAJIBI U METOAbI
NCCJIEJOBAHUM

WccnenoBanns ObUTM TIPOBENEHBI B KPYITHOM YKH-
BOTHOBOJ[YE€CKOM KOMTILUTeKce BopoHexkckoit obmacTy.
Jlist pereHus 3aa4 UCCIIeI0BaHMsI ObLT CIUIAHUPOBAH
Y TIOCTaBJIeH MTPOU3BO/ICTBEHHBIH OIBIT.

HccnenoBanus mpoBeeHBl B COOTBETCTBUU
¢ Memopan yMoM 0 TYMaHHOM OOpAIeHUH C JKUBOT-
HBIMH, VCTIOJIb3YEMbIX B HAYYHBIX M YIEOHBIX IETISX.

JlJ1s TaHHOTO OTBITA TT0 M3YYCHHIO BIUSHHS BH-
Jocnenn(UIHOro peKOMOMHAHTHOTO MHTEpdepoHa
Ha OTHOCHUTEJIBHBIN YPOBEHB SIKCIIPECCUU T€HOB aHTH-
OKCHJIAHTHOTO CTaTyca y TeJAT MPHU KOMIUIEKCHON Te-
panuy pecimpaTopHON MaTONIOTUH He3apa3HOM 3THO-
JIOTHH TPOBEJEHO MTPOU3BOJICTBEHHOE UCTIHITAHHE Ha
TeSITax 3-X MECSYHOTO BO3pacTa OOJIbHBIX OPOHXO-
nHeBMOHMEeH. bbutn mogoOpansl 310poBbie (= 10)
u OonbHBIE OpOHXOMHEBMOHUEH TensiTa (n = 20) Bo3-
pactoMm 3 Mecsia, KoTopble ObITH Pa3/ieeHbl Ha TpU
HCCIIeyeMbI€ TPYTIITHI 10 TPUHIIUAITY «TIap-aHaJIOTOBY.
IepBas rpymma (7 = 10) — 310pOBBIE JKUBOTHBIE, CITY-
JKHJIa KOHTPOJIEM.

Bropas rpynmna (7 = 10) — nepBasi onbITHasI —
00JIbHBIE TENATa, KOTOPHIM NMPUMEHSIIN BHYTPUMBI-
meqHo mpemapar A3uTpoHuT B o3¢ 1 mur Ha 20 kT
Macchl Tena 1 pa3 B JieHb B T€UEHUE 5 JTHEH COBMECT-
HO ¢ mpenapaTtoMm [IpoayToBak, AeicTByOIINE Bellle-
CTBa B KOTOPOM IPEJCTABICHBI KOKTEIIEM peKoMOu-
HAHTHBIX Bujocnenupuieckux 1urokuHos I, I tuna
Y TPaHYJIONUTAPHOTO MaKpo(araibHOrO KOJIOHHECTH-
mymnupytomero gaktopa — ['M-KCD (GM-KSF-2)
JIOTIOJTHEHHBIE cMechio BUTaMUHOB A, E n C B hn3mo-
JIOTUYECKH 000CHOBAHHBIX KOHIIEHTPAIUAX [T YCH-
JIEHWsI IPOTHBOBUPYCHON U MMMYHOMOAYJIUPYIOIIEH
AKTUBHOCTH IIUTOKHHOB, BHYTPUMBIILIEUHO JBYKpaT-
HO ¢ MHTepBasoM 48 yacoB B 03¢ 10 M1 Ha TOJIOBY.

Tpetes rpymma (n = 10) — BTOpas ONMBITHAS —
OOJbHBIE TENATA, KOTOPHIM MPUMEHSIIA BHYTPUMBI-
meyHo A3UTpOHUT B 103€ 1 mu1 Ha 20 KT Maccel Tena
1 pa3 B 1eHb B TeUeHHE 5 HEH COBMECTHO C Ipemna-
parom Bytodan B 103¢ 10 MJ1 BHYTPUMBIIIEYHO Ha TO-
JIOBY OJTHOKpaTHO. J[M3aliH SKCIIEpUMEHTA IPECTaB-
JIeH Ha pUCyHKe 1.

KpoBb 15151 mabopaTropHbIX HCCIEOBAHNHN OT XKH-
BOTHBIX KaKJIOW TPYNIIbI OTOMpanu ciycts 12 4acos,
3areM 48 4acoB M0CJIe TOBTOPHOTO MPUMEHEHUS TIpe-
napara [IpoayToBak, u Ha 2 CyTKH MOCJIE OKOHYAHHS
Teparnmy. Ha mpoTskeHnn BCero meprosia SKCrepruMeH-
Ta POBOIMIIN KIIMHWYECKIE HAOTIOACHNUS, YIUTHIBAIN
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3a0oneBaemMocTh U naaexk. KpoBb i ncciaenoBanus
AHTHOKCHIAHTHOTO CTaTyca OTOMpaIH B BaKyyMHbBIE
MPOOUPKH U3 APEMHOM BeHBI. KpOBb TSI MOJIEKYIISIp-

HO-TCHCTHYCCKUX I/ICCJIGIIOBaHI/Iﬁ noMeumain B Ipo-
oupku Onnenaopda 1 moaBepranu rIyOoKoi 3amo-
PO3KE C UCIOJIb30BAHUEM KHUJIKOTO a30Ta.

OMBIT MO OIICHKE BIMSIHUS BUIOCTIEIIU(DUUSCKUX aHAIOTOB YHIOTCHHBIX
LUTOKMHOB HA OTHOCUTEJbHBINA YPOBEHB AKCIPECCUU T€HOB AHTUOKCHIAHTHOTO
craryca u akTuBHOCTh pepMeHTOB AOC y TENAT NMpU peCIMpaTOPHON MaTOIOTUH
HE3apa3HOU 3THOJIOTUU

( 310pOBBIE TENATA ) (

Tensita ¢ pecnuparopHON NaTOJOTUEN )

- =

-

BBomunu B/m
npenapar A3BUTPOHUT
B 103¢ 1 mi Ha 20 Kr

Macchel Tena 1 pas
B JICHb B T€UE€HUE 5
JTHEW COBMECTHO
C mpenaparom
[IpoayToBak B/M
JIBYKPaTHO
C UHTEPBAJIOM
48 yacoB B 103€
10 M1 Ha ronoBy )

) 4 )

BBoaunu B/M
npenapar A3UTPOHUT
B 103¢ 1 mia Ha 20 Kr

Maccel Tena | pa3
B JICHb B T€UCHHE 5
JTHEH COBMECTHO

C TIpernapaToM

Bytodan B/M B 103¢
10 mu1 Ha rONIOBY
OJTHOKPATHO

- J

D I ¢

T I G

Puc. 1. Jlu3aiin npoBeICHHOTO UCCIIETOBAHUS

[TomumepasHy1o HEMHYI0 PEaKIfio OCYIECTBIISA-
nmu Ha npudopax Bio-Rad CFX 96 (Bio-rad, CIIA),
Rotor-Gene 6000 (Corbett Research, ABctpanus)
n DTLite 4S1 (JIHK-Texuomnorus, Poccus) ¢ rotoBoit
KOMMepuecku aoctynHoi cmeckto st PCRSX qP-
CRmix-HS LowROX (EBporen, Poccust). Beinenenue
toransbHO PHK ocymecTtBieno mabopom «PHK-
Okcrpan» (CunTomn, Poccust) mo yTBepKIaeHHOI HH-
cTpykuun. Onenky kadectsa BolienenHo PHK npo-
BOJIMJIH C ITOMOIIIBIO 31eKTpodopesa B 2 % arapo3Hom
rene. Mccnenosanue npooamiu nocpeacrsom [MIIP-
ananmza ¢ gobasienueMm kpacutenas SYBR Green.
DKcTpeccus TeHOB PacCYUTHIBANIACH 110 METOAMKE
2-AACt, rae cHauajla pacCUUTBBIBACTCA pa3HULA Me-
KTy TEHOM JIOMAIITHETO XO3UCTBA (KOHTPOJIS) U UC-

cinemyembiM reHoM (ACt = Ct (B-actin) — Ct (uccie-
nyeMelii reH)). [lomydeHHoe 3HaYeHne BO3BOIUIIOCH
B cremneHb 2-AACt.

JIJis OLlEHKU SKCIPECCHH M3Y4YaeMbIX T'€HOB HC-
M0JIb30BajIaCh MaHENH CHEeU(UUHBIX MpaiiMepoB
JUTSL KCCTICIOBAHMS YPOBHEH JKCIPECCUU T'€HOB, OT-
BETCTBEHHBIX 32 UMMYHHYIO U aHTHOKCHIAHTHYIO CH-
cremy (tadm. 1).

HWccnenoBanue mokasareneit aHTHOKCHUAAHTHOM 3a-
IIUTHI TPOBEJICHO B COOTBETCTBUU C « MeTOIMIeCKIUMU
MOJIOXKEHHUSIMHU TI0 M3YUEHHIO TIPOIIECCOB CBOOOHOPA-
JTUKAJIHOTO OKHUCJICHHUS U CHCTEMBI aHTHOKCUIAHTHON
3aIUThI opraHuzma» [17].

Craructuueckast 00pa0dOTKa IMOTyYeHHBIX JAHHBIX
MIPOBOJIWIIACH C UCIIOJIB30BAaHUEM IPOTPAMMHOTO T1a-
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kera Microsoft Excel 2019 ¢ npumeHeHHEM BCTPOCH-
HBIX (DYHKIIMH CTATUCTHYECKOTO aHaTN3a U HaJICTPOii-
KU «AHaIN3 JaHHBIX.

HopmanbHOCTE pacrpeneneHuss JaHHBIX MPO-
BepsuIM ¢ moMoIibio kpurepus Lllamupo — Yuka.
[Ipun HOpMalbHOM paclpeielieHUH JaHHbIe Mpel-
CTaBIISUTH B BUJIE CPETHETO apU(PMETUICCKOTO 3Ha-
geHust (M) w cTaHIapTHON OIUOKH CpemaHero (m).
JlOCTOBEpHOCTh pa3auuuil MeXay rpyInaMu OLEHU-
BaJIH C HCITONb30BaHueM t-kpurepus CteronenTa. [pu
OTCYTCTBUU HOPMAJILHOTO PACIIPEICICHUS TPUMECHSI-

W HEeTapaMeTPUIECKUE METOIbI CTAaTUCTUKHU (KpH-
Tepuii ManHa — YWUTHH, KpUTEPUN YHIKOKCOHA).
Pasznuuns cuntany cTaTHCTUYECKH 3HAYUMBIMU TIPU
p <0,05. /14 BbIABIEHUS B3aUMOCBS3EH MEXKIY UC-
CJeIyeMBbIMHU MapaMeTPaMHU IPOBOIMIN KOPPETISIHOH-
HBII aHaIM3 ¢ pacueToM Kod(PGUIUEHTa KOPPEISIUH
IMupcona (r). Crity KOppensInOHHOM CBSI3U OI[CHUBA-
s o mkaje Yemmoka: 0,1 <r < 0,3 — cnabas CBsI3b;
0,3 <r<0,5 — ymepeHnHas cBs3p; 0,5 <r<0,7 —
3aMeTHas cBsA3b; 0,7 <7 <0,9 — BBICOKas CBS3b;
0,9 <r<1,0 — BecbMa BBICOKASI CBSI3b.

Taoauna 1
Ipaiimepot, ucnonvzyemvie npu nocmaroske I1L[P 6 peanvrom epemenu (mensma)
No Haszsanue [TocnenoBarenbHOCTb HYKJIEOTHIOB
| [-actinf CTCTTCCAGCCTTCCTTCCT
f-actinr GGGCAGTGATCTCTTTCTGC
) SODIf CACCATCCACTTCGAGGCAA
SODIr GCACTGGTACAGCCTTGTGT
3 CATf TCACTCAGGTGCGGACTTTC
CATr GGATGCGGGAGCCATATTCA
4 HIF-1of CCACGAGGAAATGAGAGAAATGCTT
HIF-1ar CCGCTGTGTATTTTGCTCTTTACC
5 GPXIf GAGCCCTTCAACCTGTCCTC
GPXIr GCGTTTTCCTGATGCCCAAAC

PE3YJBTATHI UCCJEJOBAHUMI

OTHOCHTENBHBIN YPOBEHb IKCIIPECCUH TEHOB aH-
THOKCUAAHTHOM CUCTEMBI Y TEJISAT UCCIIELYEMbIX IPYIII
yepe3 12 yacoB mociie IOBTOPHOTO BBEICHUSI Mpera-
para [IpoayToBak nmpeacTaBiieH Ha PUCYHKE 2.

Bo BTOpOIi rpynne HabmomaeTcs 3HAYUTEIbHAS
WHTCHCU(UKAIUS DKCIIPECCUH TEHOB, OTBEYAIOIINX
3a aHTUOKCHUJIAHTHYIO 3alllUTy opraHu3Mma. J{aHHbIi
(heHOMEH yKa3bIBaeT Ha CTPEMHTEIBHYIO MOOMIIN3a-
LU0 (PePMEHTATUBHBIX KOMIIOHEHTOB aHTHOKCHIAHT-
HOU CHCTEMBI B OTBET Ha KOMOMHUPOBAaHHOE ITPUMEHE-
Hue rnpenaparoB A3uTpoHuT u [IpoaytoBak. AHanus
JAHHBIX BBISIBUII, YTO YPOBEHB IKCIIPECCUH KaTajla3bl
(CAT) y >XKMBOTHBIX BTOPOH OIBITHOW TPYIIIHI TIpe-
BOCXO/AMJI MOKa3zareau nepBoil rpynnsl B 20,9 pasa,
a TpeTbelt rpynnsl — B 13,8 pasa. Eme Gosee Bbipa-
YKEHHBIE pa3JInuusi OOHAPYKEHBI 10 TeHY CYTIePOKCHI-
mucmyTasbl (SOD1), akTHBHOCTH KOTOPOTO BO BTOPOH
rpyTmIie IpeBkIajia 3HaYeH!s TIepBOH rpymisl B 46,9
pasa u TpeThel rpynisl B 6,1 pa3a. Uto kacaeTrcs riny-
tarnoHnepokcuaassl (GPX1), ee axcrpeccus Tak-
K€ JIOCTUrajga MaKCHMaJbHBIX 3HAYE€HHH BO BTOPOMH

TpyTIe, TPEeBOCXOAS aHAIOTUYHBIE MTOKa3aTeN Mep-
BOH rpynsl B 6,1 pasza u Tpetrbeil rpymnimsl B 1,7 pasa.
[TomyueHHBIE pe3yabTaThl CBHIAETEIHCTBYIOT O BBIPA-
JKEHHOM CTUMYJIUPYIOIIEM BIUSHUH JaHHON KOMOU-
HaIMH [IpernapaToB Ha TeHETUYECKUE MEXaHU3MBbl aH-
TUOKCUJAHTHOMU 3aIlUTHI.

OTHOCHTENBHBIN YPOBEHBb IKCIIPECCHUU TEHOB aH-
THOKCHJIAHTHOW CHCTEMBI Y TEIISIT HCCIIETyEeMBIX TPYTIIT
yepe3 48 4acoB MocCIie TOBTOPHOTO BBEICHHUS TIpera-
pata [IpoayToBak npeacTaBieH Ha PUCYHKE 3.

VYposens sxcnipeccun CAT B TpeThel rpyrine ObLt
HamBbiciuii: Ha 31,2 u 70,4 % BBIIIIE OTHOCHTEIb-
HO TepBO¥ W BTOpO# rpymmel. Dkcrpeccus GPX1
BBIILIE B TpeThel rpymme: Ha 93,7 u 71,5 % otHOCH-
TEJIbHO MEPBOH M BTOPOI TPYIIIBI COOTBETCTBEHHO.
Okcnpeccust SOD1 Oblna HauBbICHICH B TPETHEH IPyII-
ne: Ha 35,4 % u 2,1 paza BBl OTHOCUTEIHHO ITEPBOI
¥ BTOPOH TPYHIIBI COOTBETCTBEHHO.

OTMedeHO TIOBBIIIIEHHE YPOBHS DKCIIPECCHU Te-
HOB aHTHOKCHJIAHTHOW CHUCTEMBI B TPETbEW TpyTIie,
B TO BpeMs Kak BO BTOPOH IpyIIe SKCIpPecCusi CHU-
3WJIaCh, YTO yKa3bIBaeT Ha 00JIEE€ OTCPOUCHHOM JCHi-
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CTBUE TEPANEBTUYECKOM CXEMBI TPETHEHN IPYIIIbI, OT-
HOCHUTEIIBHO CXEMBI BTOPOM I'PYTIIBI, TaK KaK CUCTEMA
AQHTUOKCUIAHTHOM 3aLIUTHI Y TEJISIT BTOPOU FPYIIIbI 3a-
IIyCTHJIAch yKe depe3 12 yacoB mociie BBEIEHUs Ipe-
naparoB. B skcriepuMeHTaIbHON MOIeNT OpPOHXOITHEB-
MOHHMH y TeJisT, Patel u coapr. [ 18] moka3zanu, 4To KOM-
OMHAIUS PEKOMOMHAHTHOTO OBIYbET0 HHTEPHEPOHA-0,
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HBIM BJIMSIHIEM KOMIIOHEHTOB Ha 3KCIIPECCHIO TCHOB,
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Puc. 2. OTHOCHTENBHBIN YPOBEHB SKCIIPECCHH TCHOB HMMYHHOW W aHTHOKCHIAHTHOI CHCTEMBI y TEJAT HCCie-
JIyeMBIX TpyIII yepe3 12 yacoB mociie MoBTOPHOTo BBejieHus npenapara [IpoayroBak (¥ — P < 0,05)

OTHOCUTENBHBIN YPOBEHb IKCIIPECCUU T€HOB aH-
THUOKCHUJIAHTHOM CUCTEMBI Y TEJISAT UCCIICTYEMBbIX TPYIIIT
Ha BTOPBIC CYTKH ITOCJIC TTOBTOPHOTO BBEACHISI TIpeTIa-
para [IpoayToBak mpeacTaBiieH Ha PUCYHKE 4.

HccnemoBanue mpoieMOHCTPUPOBAIO MAKCHMAITh-
HBIE [TOKA3aTeIN SKCITPECCUU TeHOB aHTHOKCHIAHTHOW
CUCTEMBI BO BTOPOH OIBITHOU rpyrmie. AKTUBHOCTh
rera CAT npeBbicuia MoKa3aTesu IepBoi U TpeTbeit
rpynn B 3,1 1 2,6 pa3a COOTBETCTBEHHO. AHAJIOTHIHAS
TeHaeHIus HaOmroganack st reHa GPX1, ubs skc-
npeccust Obiia Beie B 3,1 u 1,8 pasa, a Taxke s

rera SOD1, npeBocxoasiero KOHTPOJIbHbIE 3HAYE-
HusA B 5,7 4,1 paza mo CpaBHEHHIO C IEPBOM U TPETh-
eli rpynnamu.

IIpumeuarenbHO, 4TO BO BTOPOI Ipynie, HECMO-
Tpsl HA HEKOTOPOE CHU)KEHHUE OT MUKOBBIX 3HAYCHUH,
COXpaHsIach MOBBIIIEHHAs SKCIIPECCHUS TEHOB aHTH-
OKCHJIAaHTHOW 3alllMThI, CBUJIETEJILCTBYIOIIAs O IPO-
JoJKaroILeiics akTUBHOCTH 3aLUTHBIX MEXaHU3MOB.
B npoTHBONONOKHOCTE 3TOMY, TPEThSI OIIBITHAS IPYII-
I1a XapaKTeprU30BajIach Pe3KUM IaJJeHUEM IKCIIPECCUH
KOMIIOHEHTOB aHTUOKCHAAHTHOH CUCTEMBI.
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Puc. 3. OTHOCUTENILHBIN YPOBEHB SKCIPECCHH TCHOB UMMYHHOU M aHTHOKCHIAHTHOM CHCTEMBI y TEJIST HCCIIe-
JyeMBIX TPy yepe3 48 4acoB mociie MOBTOPHOTO BBeAeHUs npenapara [Ipoayrosak (¥ — P < 0,05)

TepaneBTuueckast cxema ¢ BKIIFOUEHUEM Tpernapa-
ta [IpoayroBak mpomeMOHCTpUpOBaia CIIOCOOHOCTD
K OBICTPOM aKTHBAIMM aHTUOKCHUIAHTHOH CHCTEMBI,
YTO BBIPAYKAJIOCH B 3HAYUTEIHHOM ITOBBIIIEHUH YPOB-
Heit akcripeccun reHoB CAT, GPX1 n SODI yxe ge-
pe3 48 yacoB mociie MOBTOPHOrO BBeneHUs. J[aHHOe
HaOJII0JeHUEe KOPPEIUpyeT ¢ ucciegoBaHusiMu Li
1 C0aBTOPOB [ 19], BBISBUBIINMU CIIOCOOHOCTH UHTEP-
(hepoHOTEpanyy K OBICTPOH MHTYKIIUH YKCIIPECCHH Te-
HOB aHTMOKCHJIAHTHOM 3aIIUTHI.

KoMmiekcHbIN aHannu3 MNOJYyYEHHBIX PE3yJbTa-
TOB yKa3bIBaeT HA TO, YTO TE€PANEBTUUECKUH MOAXO/
¢ npumenenueM lIpoaytoBaka obecreunBaeT Oojee
MpeACcKa3yeMblil M BBIPQKEHHBIH d(QEKT B OTHOIIIE-
HUU MTOJIABJICHNUS TIPOILIECCOB CBOOOTHOPAANKAIEHOTO
OKHCIIEHUS, B TO BpeMsI Kak CXeMa JISYeHHUS C FCTIONb-
30BaHMeM Ipernapara byrodan qeMoHCcTpUpyeT MeHee
BBIPaKEHHOE AHTUOKCUJAHTHOE JIEHCTBHE.

AHaIn3 KOPPEJISIHUOHHBIX B3aUMOCBS3€H BBISIBHI
3HAYMMYO MOJIOKUTEIHHYIO aCCOLUAIINI0 MEK/TY IKC-
npeccueit GPX1 u SOD1 (»=0,71), gaTo cortacyercs
¢ MX QYHKIIMOHAIILHON POJTBIO KaK KITFOYEBBIX AJIEMEH-
TOB KJIETOYHOTO OTBETA Ha OKUCIUTEIbHBIN CTpecC.

B KkoHTEKCTE 3KCIIEpUMEHTAIBHOM MOAETH OPOH-
XOIMHEBMOHUH y TEJAT ObLIO MPOJEMOHCTPUPOBAHO,
YTO KOMOWHHPOBaHHOE MPUMEHEHNE PEKOMOMHAHTHO-
ro OpIYBero HHTEPhEepOHa — 0. ¢ BUTaMUHOM E obec-
nieqnBaeT Oonee d(hHEKTUBHOE KYyITMPOBAHHIE BOCTIAJIH-
TEJIBHOTO MPOIlecca U BOCCTAHOBJIICHUE PECIIUPATOP-
HOH (PYHKLIUH B CPABHEHUU C MOHOTEPAIIEBTHYECKUMH
MOAXOJIAMH.

HccnenoBareny HHTEPIIPETUPYIOT TAHHBIH QeHo-
MEH Yepe3 MPU3MY CHHEPTUUECKOTO BO3IEHCTBUS yKa-
3aHHBIX KOMITOHCHTOB Ha TPAHCKPHIIIINIO T€HOB, KOH-
TPOJMPYIOLIMX AHTHOKCHIAHTHBIC ¥ TPOTUBOBOCIIAJIN-
TEJIbHBIE MEXaHU3MBI.
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Puc. 4. OTHOCHTENBHBIN YPOBEHD SKCIIPECCHH TCHOB NMMYHHOW W aHTHOKCHIAHTHOI CHCTEMBI y TEJISAT HCCie-
JIyeMBIX TPYMII Ha BTOpPBIC CYTKH TOCJIE MOBTOPHOTO BBeAeHMs mpemapara [IpoayroBak (* — P <0,05, ** —
P<0,01)

Pestomupys monmydeHHBIE TaHHBIE, HEOOXOANMO
MOMYEPKHYTh, YTO NATOJIOIMYECKUE MPOLECCHI B pe-
CIIUPATOPHOM TPAKTE€ HEM3MEHHO COMPOBOXKIAOT-
Csl pa3BUTHEM OKCHJATHBHOTO CTpecca U FMIIOKCHYe-
CKMX COCTOSIHMI.

TepamneBTu4yecKnil MPOTOKOJ C BKIKOUYEHHUEM IIpe-
napara [IpoayToBak xapakrepusyercst Ooinee orepa-
TUBHOU UHAYKUUEH aHTUOKCUAAHTHBIX 3al[UTHBIX ME-
XaHU3MOB OpraHn3Ma, YTO KIMHUYEeCKH MaHU(eCTH-
pPYeT YCKOPEHHBIM pa3pelieHHeM BOCHAIUTEIHLHOTO
mporecca. AJbTepHATHBHAS CXeMa C NMPUMEHEHHEM
npemapara bytodan nreMoHCTpHpyeT MEHBIITYTO TTPO-
THOCTUYECKYIO LIEHHOCTh BCIJIEICTBHE BBIPAKEHHOMN
BaprabeIbHOCTH SKCIPECCHH T€HOB-MHILICHEH.

Ha cnenyromiem starne Obliia OlleHeHa aKTUBHOCTh
(hepMEHTOB aHTHOKCHJAHTHOW CHUCTEMbI OpraHH3Ma
TEJIST B KPOBH.

AKTHUBHOCTH (PEpPMEHTOB aHTHOKCHIAHTHOH 3a-
LIUThI OpPraHU3Ma y TEJIST UCCIEAYEMBIX TPYIII Ipel-
cTaBJieHa B Tabmuue 2.

W3 nanHbIX TaOIMLIBI MOXKHO HAOIIOAATh, YTO AK-
TUBHOCTH KaTanasbl yepe3 12 yacoB BO BTOPOH IpyIl-
ne ObLIa BBIIIE, YEM Yy 310POBBIX KUBOTHBIX MIEPBOM
rpynnsl, Ha 19,7 % (p < 0,05), a k 48 yacam u 2-M cy1-
KaM TIpeBbINIeHNe cokpamaercs 10 5,3 u 1,1 % coor-
BETCTBEHHO. B TpeTbhell rpynne akTUBHOCTh Karajia-
3bI yepe3 12 yacoB ObLIa HIDKE, YeM Y TEJAT MepPBOU
rpynnsl Ha 11,9 %, HO K 2-M cyTKaM NoKa3arenb OKa-
3bIBaeTcs BhIe Ha 8,7 % (p < 0,01). Pe3kuii npupoct
AaKTUBHOCTH KaTajia3bl BO BTOPOIl IpyIIe Ha paHHUX
CTaIUsIX MOKET OBITh CBSI3aH C OBICTPBIM pearupoBa-
HHUEM OpraHu3Ma Ha OKCUJIaTUBHBIN cTpecc. B TpeTh-
eil rpymnmne akTUBHOCTh BO3PAcTacT MEIJICHHEE, UTO,
BEPOSITHO, CBSI3aHO C IIOCTEIICHHOM aKTUBalel aHTH-
OKCUJAHTHOU CUCTEMEIL.

AxtuBHOCTH myTatroHnepokcunassl (I'TIO) ve-
pe3 12 gacoB BO BTOpOW TpyIiie ObUIa BBIINIE YPOB-
Hs niepsoit Ha 30,8 % (p < 0,05), k 48 yacam pazHuna
muHuManbeHa (1,4 %), a Ko 2-M CyTKaM MOBBIIIICHHE
coctaBuiio 2,6 %. B Tperbeil rpynme yepes 12 gacos
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aktuBHOCTH ['TIO ObLiia BBILIE YPOBHS 3710POBBIX Ha
4,1 %, Ho k¥ 48 wacam u 2-M cyTkaM cHu3MIach Ha 0,1
u 10,5 % cooTBeTcTBeHHO. [TOBBINIICHNE aKTUBHOCTH
[Ty TaTHOHIEPOKCUAA3bl BO BTOPOM TIpyTIE CBSI3aHO
C paHHell akTuBanuel pepMenTa i HeHTpalin3anuu

MIEPOKCHIOB, OJHAKO CHUKCHHE HA MMO3HUX CTATUIX
yKa3bIBaeT Ha BOCCTAaHOBJICHHE paBHOBeCHA. B TpeTh-
ell rpynIe akTHBHOCTh MEHee CTa0MIIbHA, YTO MOXKET
YKa3bIBaTh HA HEJIOCTATOYHYO aHTUOKCHIAHTHYIO 3a-
LIUTY B JOJITOCPOYHOU MEPCIICKTUBE.

Taoauma 2
Axmuenocms gepmenmos anmuoKCUOAHMHOU 3auumsl OP2AHUIMA Y MENAM UCCTe0YeMblX epynn
KaTaasa. MKMOAL ['myTaTHoH nepokcu-
HUccrnenyemas rpymma Bpewms ’ . Jla3a, MKMOJIb BOCT CO/l (e. a./mMr Hb)
BOCT IIEPEKUCH/IT MHH .
TIYT./JT MAH
124 38,55+ 3,30 13,56 +2,15 2,57+0,13
I 48 4 46,24 2,93 8,74 £ 1,60 2,66 + 0,05
2-e CyTKH 47,10 £2,09 17,47 £2,37 3,10+ 0,06
124 46,16 +3,28° 17,74 £ 5,90 2,49 +0,12
I 48 4 43,94 + 4,15 8,80+ 1,84 2,59+ 0,07
2-e CyTKH 55,29 + 4,08 17,93 +2,39" 3,26 £ 0,03
124 42,98 +£1,68 14,12 £ 1,44° 2,87+0,11
I 48 4 41,85+3,78 8,83+2,14 2,89 +0,04™
2-e CyTKH 51,19 £5,62 15,64 £ 1,57 3,44 + 0,09
" P<0,05—0,02
“P<0,01
™ P<0,001

AKTHBHOCTH cymnepokcuaanucmyTassl (CO/l) ge-
pe3 12 vacoB Bo BTOpOi rpy1ire Oblia HUKE, 4eEM Y TIep-
Boif, Ha 3,11 % (p < 0,05), HO K 48 yacaMm U 2-M cyTKam
npeBbimaet Ha 2,93 % (p < 0,01) u 5,16 % (p < 0,001).
B Tpetneii rpynne uepe3 12 4acoB aKTHUBHOCTb BBIIIIE
ypoBHs niepBo# rpymnmsl Ha 11,67 %, k 48 yacam u 2-m
cytkam — Ha 8,65 % (p <0,01) u 11,04 % (p < 0,05).
Hwuzkas nagansaas aktuBHOCTE CO/] BO BTOpO# TpyTI-
e MOTYT OTpa)kaTh McUepraHue pecypca hepMeHTa
mpu ocTpoi (pase BocmaneHHs, TOTNA KaK JajbHEH-
MK POCT aKTUBHOCTU CBUAETEIBCTBYET O BOCCTA-
HOBJICHUM CHCTEMBI. B TpeThell rpymnne aKTUBHOCTh
CO/l monmep>kuBaeTcsl Ha BEICOKOM YPOBHE Ha BCEX
JTarax, YT0 MOJKET OBITH CBSI3aHO C MEHEe NHTEHCHB-
HBIM BO37ICHCTBHEM OKCHIATHBHOTO CTpecca Wi 00-
Jiee yCTOMYMBOM ajanTanue.

Ha pucynke 5 rpadguyecku oTpakeHa TUHAMHUKA
W3MEHEHUI aKTUBHOCTH ()EpPMEHTOB aHTHOKCHJIAHT-
HOM CHCTEMBI OpraHU3Ma TEJAT UCCIETYyEeMbIX TPYIII
IO XOJTy OTIBITA.

[Ipu mpoBenieHNN KOPPEIAIMOHHOTO aHAlIN3a OT-
MeUeHa MOJIOKHUTENIbHAs KOPPEISLH MEXIY KCIpec-

cueit GPX1 u aktuBHOoCTH I'TIO B KpoBH (r = 0,65),
0COOEHHO BO BTOPOH TpyIme uepe3 12 gacoB mocie
MOBTOPHOTO BBesieHus ipenapara [Ipoayrosak. Tak ke
CTOUT OTMETUTH MOJOKUTEIbHYIO KOPPEISILUOHHYIO
3aBHCHMOCTH Mex 1y skcipeccueit SOD1 u akTuBHO-
cteio COJl B kpoBu (» = 0,68), 4T0 IOATBEPKIAET CO-
IJIaCOBAaHHOCTb IOJIy4E€HHBIX JaHHbIX. Oco00 ciemyer
OTMETUTH HAOII0AAaEMYIO MOJIOKUTEIIBHYIO KOppes-
LU0 MEXKAY HKCIIPECCUEH TeHOB U aKTUBHOCTBIO CO-
OTBETCTBYIOLIMX ()EPMEHTOB aHTHOKCUIAHTHOW 3a-
muThl. Tak, akTHBHOCTb IITyTaTHOHIIEPOKCHIA3bI Ue-
pe3 12 yacoB BO BTOpOIi rpyririe OblIa BBIIIEC YPOBHS
KOHTpOIBbHOU Tpymsl Ha 30,8 %, 94TO COOTBETCTBOBA-
710 TIoBBITIIeHHOM dKkcnpeccuu reHa GPX1. [lomoOnas
COIVIACOBAHHOCTH MOJIEKYJISIPHBIX M OMOXHMHYECKUX
MapKepoB ObUIa OTMeueHa U B paboTax Liu u coasrt.
[20], gTOo MOATBEpPKIAET BATUIHOCTH MOTYYCHHBIX
HaMU pe3ysbTaToB. B nccnenoBanusax Yukaaosa U co-
aBT. [21] OpuTa MOKa3aHa 3PPEKTUBHOCTH NTPUMEHE-
HUSl PEKOMOMHAHTHOTO OBIYbETO MHTEep(hepoHa mpu
OpOHXOIMHEBMOHHUH TEJIAT, YTO MPOSIBISIIOCH COKpa-
HICHUEM CPOKOB BBI3ZIOPOBJICHUSI M CHU)KEHUEM Ya-
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CTOTBI OCJIOKHEHUH. ABTOPBI OTMEUAIOT MOJI0KUTEIb-
HOC BJIMSIHME MHTEP(PEPOHOTEPANIMU Ha MOKa3aTesln
AHTUOKCHJIAHTHOH 3aIIUTHI OpraHN3Ma, BKIIFOUYas aK-
THUBHOCTB KaTaJla3bl ¥ CyIIePOKCHIINCMYTa3bl. BaykHO
OTMETHUTb, YTO B rpynrne, nonydasuieid [IpoayroBaxk,
HaOrofanacy Oonee coOamaHCUPOBAHHAS AKTHUBALMSI
AHTUOKCUJIAHTHON CUCTEMBbI 0€3 pPe3KHuX KoJcOaHui
YPOBHSI SKCIIPECCHUU TEHOB, YTO MOXKET OBITH CBSI3aHO
C BUJOCTICIN(PMIHOCTHIO UCTIOIB3yEeMbIX IMTOKHHOB.
JlanHast 0cOOEHHOCTH OBLIA TaKXKe OTMEYeHa B pado-
Tax Sang u coabT. [22], NOAYEPKUBAIOINX BaKHOCTh
MIPUMEHEHUS BUIOCTICIIM(DUIHBIX HHTEP(HEPOHOB IS
JIOCTHOKEHUST ONITHMAaJIbHOTO TEPAICBTHUYECKOTO 3(h-
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¢exra. Hammuue B coctaBe npenapara [IpoayToBak He
TOJIBKO PEKOMOMHAHTHBIX LIUTOKMHOB, HO U BUTAMU-
HOB A, E u C, BeposaTHO, cITOCOOCTBYET CHHEpTreTHYe-
CKOMY JIEHCTBUIO KOMIIOHEHTOB. Butamun E, siBiisisich
MOLIHBIM JIMIO(QUIEHBIM aHTHOKCHUIAHTOM, 3alUIa-
€T KJIETOYHbIE MEMOpPaHbI OT MEPEKUCHOTO OKUCIIEHUS
[23], B To Bpems kak ButamuH C obecriednBaeT BOC-
CTaHOBJICHHUE OKUCIICHHOU opMBI BUTamMuHa E 1 y4a-
CTBYET B PETE€HEPALMH JPYIHX aHTUOKCUJIAHTOB [24].
Butamun A, noMUMO aHTHMOKCUJAHTHOTO JNEHCTBUS,
CHOCOOCTBYET pereHepalyy SUTENNS AbIXaTeIbHBIX
MyTeH, 4T0 0COOEHHO BayKHO TIPU PECITUPATOPHBIX I1a-
Tonorusix [25].
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a — Karajasa, MKMOJIb BOCT MEPEKUCH/T'MUH; 6 — IIIyTaTHOH MEPOKCHAa3a, MKMOJIb BOCT My T./1-MuH; 2 — CO/], e. a./mr Hb

3AKJIIOYEHHUE

CpaBHUTEIbHBINA aHAIU3 JABYX TEPaNeBTHUCCKUX
CXEM IOKa3aJl, YTO KOMILUICKCHAs Tepamusi ¢ Mpume-
HeHneM Tipenapara IIpoayToBak, comepikamiero BU-
nocrerpuIHble peKOMOMHAHTHBIC WHTEPGhEpOHBI
B coueTanuu ¢ ButamuHamu A, E u C, obecnieunBaeT
Ooutee ObICTPYIO ¥ cOAIAHCHPOBAHHYIO AKTHBAIUIO aH-
TUOKCUJAHTHON CHCTEMBI TI0 CPABHEHHUIO CO CXEMOH,
BKIrovaromeit byrodan. Yke yepes 12 vacos nocie
oBTOpHOTO BBeneHus lIpoayroBaka Habmomanoch
3HAYUTENBHOE MOBBIIEHHE dKcnpeccun reHoB CAT,
GPX1 u SOD1, yTo KOppenupoBayIo C yBETUUEHUEM
AKTUBHOCTU COOTBETCTBYIOIIUX (DEPMEHTOB B KPOBH.
BrisBrieHa mOI0XKUTENBHAST KOPPEIISIITUST MEXKIY JKC-
MPECCUE TEHOB M aKTHBHOCTHIO ()EPMEHTOB aHTH-
okcumanTHOH 3amuThl (= 0,65 mma GPX1 u I'TIO;
r=0,68 ms SOD1 u COJl), uTo CBUAETEIHCTBYET
O COTIIACOBAaHHOCTHU MOJICKYJISIPHBIX M OMOXHMHYE-

CKHX MapKepOB aHTHOKCHAAHTHOTO CTaTyca U MOJ-
TBEP>KIIAET JJOCTOBEPHOCTD IMOIYICHHBIX PE3YTETATOB.
Taxum o6pazom, mpuMeHeHwHe nmpenapara [IpoayToBak
B KOMIUIEKCHOM TEparui pecnupaTopHbIX 3a001eBa-
HUH TEJAT SBISETCS TATOTeHETUIECKA 000CHOBaHHBIM
1 3 EKTUBHBIM TTOIXO/IOM, TTO3BOJISIOIINM CHU3UTh
MHTEHCUBHOCTh OKHCIUTEIBLHOTO CTPECCa, YCKOPUTH
MIPOIIECCHI BBI3IOPOBICHIS U MUHUMU3UPOBATH PUCK
OCJIOKHEHUH.
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Abstract. The article presents the results of a study aimed at assessing the therapeutic efficacy of the recombi-
nant interferon-based drug (Proautovak) in case of respiratory pathology in calves through the analysis of its ef-
fect on molecular-biochemical markers of antioxidant protection. Increased expression of glutathione peroxidase
(GPX1) and superoxide dismutase (SOD1) genes was registered in sick animals, which reflected compensatory
activation of the antioxidant system under conditions of pathogenetically significant oxidative stress. As part of
a comparative analysis of two therapeutic regimens (Azitronit + Proautovak and Azitronit + Butofan), it has been
found that the inclusion of Proautovak in complex therapy provides a more pronounced and prolonged stimula-
tion of antioxidant mechanisms. The use of this drug correlates with the optimization of the expression profile of
antioxidant defense genes (CAT, GPX1, SOD1), an increase in the functional activity of the corresponding enzy-
matic systems and an acceleration of clinical recovery in animals. The revealed consistency of the dynamics of
transcriptional activity of the studied genes and catalytic activity of the enzymes encoded by them confirms the
informativeness of the selected markers for monitoring the efficacy of interferon therapy in case of respiratory
diseases in calves. The obtained results substantiate the feasibility of using Proautovak as a pathogenetically ori-
ented component of complex therapy of respiratory pathologies in young cattle.

Keywords: calves, respiratory pathology, bronchopneumonia, gene expression level, interferons, Proautovak, an-

tioxidant protection

Respiratory diseases occupy a leading position in
the structure of cattle morbidity, causing significant
economic damage to livestock farms. Pathogenetic
mechanisms of respiratory diseases in calves are char-
acterized by a complex and multifactorial interaction
of etiological agents (viruses, bacteria, mycoplasmas),
unfavorable environmental factors (microclimate dis-
turbance, high stocking density) and a weakened im-
mune system [1]. A key role in the development and
progression of respiratory pathologies is assigned to
oxidative stress, caused by an imbalance between the
generation of reactive oxygen species (ROS) and the
potential of the antioxidant defense system. Excessive
production of ROS initiates destructive processes in

cellular structures, including the epithelium of the re-
spiratory tract, alveolocytes and vascular endothelial
cells, which potentiates the development of inflamma-
tory reactions, the formation of pulmonary edema syn-
drome and disruption of gas exchange processes [2,3].

The body’s antioxidant defense system, represent-
ed by an enzyme ensemble including superoxide dis-
mutase (SOD), catalase (CAT) and glutathione perox-
idase (GPX), plays a critical role in neutralizing ROS
and maintaining redox homeostasis [4,5]. Dysfunction
of the antioxidant defense system associated with ab-
errations in the expression of genes encoding these en-
zymes can potentiate the development of respiratory
diseases and prolong the period of convalescence [6].
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Interferons (IFNs) are a group of signaling pro-
teins produced by cells in response to the presence of
pathogens [7]. Traditionally, interferons were consid-
ered primarily as antiviral factors. However, in recent
decades, there have been accumulated the data on their
pleiotropic effects, including modulation of antioxi-
dant defense [8,9].

The data obtained by Kroetz et al. [10] indicate
that interferons can modulate the expression of super-
oxide dismutase and catalase through activation of the
JAK-STAT signaling pathway. In experimental mod-
els of lung inflammation, the use of recombinant inter-
ferons contributed to a decrease in the concentration
of oxidative stress markers and an increase in the an-
tioxidant capacity of tissues [11]. The synergistic ef-
fect of interferons and antioxidants has been demon-
strated in a number of studies [12,13]. The addition of
vitamins A, E and C to interferon therapy can enhance
antiviral activity and simultaneously increase the anti-
oxidant status of the body [14].

The biotechnology development has made it pos-
sible to design a new generation of drugs based on re-
combinant species-specific interferons for veterinary
medicine [15]. The advantages of such drugs are high
efficacy, the possibility of standardizing production
and minimal risk of allergic reactions [16].

The study objective is to investigate the effect of
species-specific analogues of endogenous cytokines on
the relative expression level of antioxidant status genes
and the activity of AOS enzymes in calves with respi-
ratory pathology of non-infectious etiology.

MATERIAL AND METHODS

The research was conducted at a large livestock
complex in Voronezh region. To solve the research
problems, a production experiment was planned and
carried out. The research was conducted in accordance
with the Memorandum on the humane treatment of
animals used for scientific and educational purposes.

For this experiment on studying the effect of spe-
cies-specific recombinant interferon on the relative
expression level of antioxidant status genes in calves
during complex therapy of respiratory pathology of
non-infectious etiology, a production test was con-
ducted on 3-month-old calves with bronchopneumo-
nia. Healthy calves (n =10) and calves with bron-
chopneumonia (n = 20) aged 3 months were selected,
which were divided into three study groups according
to the pair-analogue principle. The first group (n = 10)
with healthy animals served as the control. The sec-
ond group (n = 10) — the first experimental group with
sick calves, which were administered the drug Azitronit
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intramuscularly at a dose of 1 ml per 20 kg of body
weight once a day for 5 days together with the drug
Proautovak, the active substances of which are rep-
resented by a cocktail of recombinant species-specif-
ic cytokines of type I, Il and granulocyte macrophage
colony-stimulating factor — GM—CSF (GM-KSF-2)
supplemented with a mixture of vitamins A, E and C
in physiologically justified concentrations to enhance
the antiviral and immunomodulatory activity of cy-
tokines, intramuscularly twice with an interval of 48
hours at a dose of 10 ml per animal. The third group
(n=10) — the second experimental group with sick
calves, which were administered Azitronit once intra-
muscularly at a dose of 1 ml per 20 kg of body weight
once a day for 5 days together with the drug Butofan
at a dose of 10 ml intramuscularly per animal. The ex-
perimental design is presented in Fig. 1.

Blood for laboratory studies was collected from the
animals of each group in 12 hours, then 48 hours after
repeated administration of Proautovak, and on the day
2 after the end of therapy. Throughout the entire ex-
perimental period, clinical observations were carried
out, morbidity and mortality were taken into account.
Blood for studying the antioxidant status was collected
in vacuum tubes from the jugular vein. Blood for mo-
lecular genetic studies was placed in Eppendorf tubes
and deep frozen using liquid nitrogen.

Polymerase chain reaction was carried out on
Bio-Rad CFX 96 (Bio-rad, USA), Rotor-Gene 6000
(Corbett Research, Australia) and DTLite 4S1 (DNA-
Technology, Russia) devices with a ready-made com-
mercially available PCR mixture 5X qPCRmix-HS
LowROX (Evrogen, Russia). Total RNA was isolated
using the RNA-Extran kit (Syntol, Russia) according
to the approved instructions. The quality of the iso-
lated RNA was assessed using electrophoresis in 2 %
agarose gel. The study was conducted using the PCR
analysis with the addition of SYBR Green dye. Gene
expression was calculated using the 2-AACt method,
where the difference between the housekeeping gene
(control) and the gene under study is first calculated
(ACt = Ct (B-actin) — Ct (gene under study)). The re-
sulting value was raised to the power of -AACt. To as-
sess the expression of the genes under study, a panel
of specific primers was used to study the expression
levels of the genes responsible for the immune and an-
tioxidant systems (Table 1).

The study of antioxidant protection indicators was
carried out in accordance with the Methodological
Pprovisions for the Study of Free Radical Oxidation
Processes and the Antioxidant Defense System of the
Body [17].
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Experiment on assessing the effect of species-specific analogues of endogenous
cytokines on the relative expression level of antioxidant status genes and the
activity of AOS enzymes in calves with respiratory pathology of non-infectious

etiology
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together with the
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dose of 10 ml per
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Fig. 1. Experimental design
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Table 1
Primers used in real-time PCR (calves)
No Name Nucleotide sequence
1 f-actinf CTCTTCCAGCCTTCCTTCCT
S-actinr GGGCAGTGATCTCTTTCTGC
) SODIf CACCATCCACTTCGAGGCAA
SODIr GCACTGGTACAGCCTTGTGT
3 CATSf TCACTCAGGTGCGGACTTTC
CATr GGATGCGGGAGCCATATTCA
4 HIF-1af CCACGAGGAAATGAGAGAAATGCTT
HIF-1or CCGCTGTGTATTTTGCTCTTTACC
5 GPXIf GAGCCCTTCAACCTGTCCTC
GPXIr GCGTTTTCCTGATGCCCAAAC
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Statistical processing of the obtained data was car-
ried out using the Microsoft Excel 2019 software pack-
age with the built-in statistical analysis functions and
the Data Analysis add-in.

The normality of the data distribution was checked
using the Shapiro — Wilk test. With a normal distri-
bution, the data were presented as the arithmetic mean
(M) and the standard error of the mean (m).

The reliability of differences between the groups
was assessed using the Student’s t-test. In the absence
of a normal distribution, nonparametric statistical
methods were used (Mann — Whitney test, Wilcoxon
test). The differences were considered statistically sig-
nificant at p < 0.05. To identify relationships between
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the studied parameters, a correlation analysis was per-
formed with the calculation of the Pearson correlation
coefficient (r). The strength of the correlation was as-
sessed using the Chaddock’s scale: 0.1 <r<0.3 —
weak correlation; 0.3 <7 <0.5 — moderate cor-
relation; 0.5 <r < 0.7 — noticeable correlation;
0.7 <r<0.9—high correlation; 0.9 <r < 1.0 — very
high correlation.

STUDY RESULTS
The relative expression level of antioxidant sys-
tem genes in the calves of the studied groups 12 hours
after repeated administration of Proautovak is shown
in Fig. 2.
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Fig. 2. Relative expression level of genes of the immune and antioxidant systems in the calves of the studied
groups 12 hours after repeated administration of Proautovak (* — P < 0.05)

In the second group, there is a significant intensi-
fication of the expression of genes responsible for the
antioxidant defense of the body. This phenomenon in-
dicates a rapid mobilization of the enzymatic compo-
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nents of the antioxidant system in response to the com-
bined use of Azitronit and Proautovak.

The data analysis revealed that the level of cata-
lase (CAT) expression in the animals of the second ex-
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perimental group exceeded the indicators of the first
group by 20.9 times, and the third group — by 13.8
times. Even more pronounced differences were found
for the superoxide dismutase (SOD1) gene, the activ-
ity of which in the second group exceeded the values
of the first group by 46.9 times and the third group —
by 6.1 times.

As for glutathione peroxidase (GPX1), its expres-
sion also reached maximum values in the second group,

CAT
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exceeding similar indicators of the first group by 6.1
times and the third group — by 1.7 times. The results
obtained indicate a pronounced stimulating effect of
this combination of drugs on the genetic mechanisms
of antioxidant protection.

The relative expression level of antioxidant sys-
tem genes in the calves of the studied groups 48 hours
after repeated administration of Proautovak is shown
in Fig. 3.
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Fig. 3. Relative expression level of genes of the immune and antioxidant systems in the calves of the studied
groups 48 hours after repeated administration of Proautovak (* — P < 0.05)

The level of CAT expression in the third group
was the highest: by 31.2 and 70.4 % higher than in
the first and second groups. The GPX1 expression was
higher in the third group: by 93.7 and 71.5 % higher
than in the first and second groups, respectively. The
SOD1 expression was the highest in the third group:
by 35.4 % and 2.1 times higher than in the first and
second groups, respectively.

An increase in the level of expression of antioxi-
dant system genes was noted in the third group, while

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025

in the second group the expression decreased, indi-
cating a more delayed effect of the therapeutic regi-
men of the third group, relative to the regimen of the
second group, since the antioxidant defense system in
the calves of the second group was launched already
12 hours after the administration of the drugs. In an
experimental model of bronchopneumonia in calves,
Patel et al. [18] showed that the combination of recom-
binant bovine interferon-a and vitamin E contributed
to a more rapid resolution of the inflammatory process
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and restoration of lung function, compared to mono-
therapy. The authors attribute this effect to the syner-
gistic effect of the components on the expression of
genes responsible for antioxidant protection and an-
ti-inflammatory activity.
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The relative expression level of antioxidant system
genes in the calves of the studied groups on the sec-
ond day after repeated administration of Proautovak
is shown in Fig. 4.
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Fig. 4. Relative expression level of genes of the immune and antioxidant systems in the calves of the studied
groups on the second day after repeated administration of Proautovak (* — P <0.05, ** — P <0.01)

The study demonstrated the highest expression
rates of antioxidant system genes in the second exper-
imental group. The activity of the CAT gene exceeded
the values of the first and third groups by 3.1 and 2.6
times, respectively. A similar trend was observed for
the GPX1 gene, the expression of which was by 3.1
and 1.8 times higher, as well as for the SOD1 gene,
which exceeded the control values by 5.7 and 4.1 times,
compared to the first and third groups.

It is noteworthy that in the second group, despite
some decrease from the peak values, increased expres-
sion of antioxidant defense genes was maintained, indi-
cating the continuing activity of defense mechanisms.
In contrast, the third experimental group was charac-
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terized by a sharp drop in the expression of antioxi-
dant system components.

The therapeutic regimen including Proautovak
demonstrated the ability to rapidly activate the anti-
oxidant system, which was expressed in a significant
increase in the expression levels of the CAT, GPX1
and SOD1 genes within 48 hours after repeated ad-
ministration.

This observation correlates with the studies of Li et
al. [19], which revealed the ability of interferon thera-
py to rapidly induce the expression of antioxidant de-
fense genes.

A comprehensive analysis of the results indicates
that the therapeutic approach using Proautovak pro-
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vides a more predictable and pronounced effect in sup-
pressing free radical oxidation processes, while the
treatment regimen using Butofan demonstrates a less
pronounced antioxidant effect.

The analysis of correlation relationships revealed
a significant positive association between the expres-
sion of GPX1 and SOD1 (»=0.71), which was con-
sistent with their functional role as key elements of the
cellular response to oxidative stress.

In the context of an experimental model of bron-
chopneumonia in calves, it was demonstrated that the
combined use of recombinant bovine interferon — o
with vitamin E provided more effective relief of the
inflammatory process and restoration of respiratory
function, compared to monotherapeutic approaches.
The researchers interpret this phenomenon through the
prism of the synergistic effect of these components on

the transcription of genes that control antioxidant and
anti-inflammatory mechanisms.

Summarizing the data obtained, it is necessary to
emphasize that pathological processes in the respira-
tory tract are invariably accompanied by the develop-
ment of oxidative stress and hypoxic conditions. The
therapeutic protocol with the inclusion of Proautovak
is characterized by a more rapid induction of the body’s
antioxidant defense mechanisms, which clinically man-
ifests itself in an accelerated resolution of the inflam-
matory process. An alternative scheme using Butofan
demonstrates a lower prognostic value due to the pro-
nounced variability of target gene expression.

At the next stage, the activity of antioxidant en-
zymes in the blood of calves was assessed.

The activity of antioxidant enzymes in the body
of calves of the studied groups is presented in Table 2.

Table 2
Activity of antioxidant enzymes in the calves of the studied groups
Catalase. umol of Glutathione peroxi-
Studied group Time s . dase, pmol of red. SOD (U/mg of Hb)
red. peroxide/L'min . -
glut./L"min
12h 38.55+3.30" 13.56 £2.15" 2.57+0.13
I 48 h 46.24 +2.93 8.74 £1.60 2.66 +0.05
2d 47.10 £2.09° 17.47 +£2.37 3.10+£0.06
12h 46.16 £3.28" 17.74 £ 5.90° 249 +0.12°
11 48 h 43.94+4.15 8.86+1.84 2.59+0.07"
2d 55.29 £4.08 17.93 £2.39° 3.26+0.03™
12h 4298 +1.68 14.12 £ 1.44° 2.87 £0.11
1 48 h 41.85+3.78 8.83+2.14 2.89+£0.04™
2d 51.19+£5.62" 15.64 +1.57 3.44+0.09"
* P<0.05—0.02
" P<0.01
P <0.001

From the data in the table, it can be seen that the
catalase activity in 12 hours in the second group was
higher than in the healthy animals of the first group by
19.7 % (p < 0.05), and by 48 hours and by day 2, the ex-
cess was reduced to 5.3 and 1.1 %, respectively. In the
third group, the catalase activity in 12 hours was lower
than in the calves of the first group by 11.9 %, but by
day 2, the indicator was higher by 8.7 % (p <0.01). A
sharp increase in catalase activity in the second group at
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the early stages may be associated with a rapid response
of the body to oxidative stress. In the third group, the
activity increases more slowly, which is probably due
to the gradual activation of the antioxidant system.
The glutathione peroxidase (GPX) activity in 12 hours
in the second group was higher than the level of the
first one by 30.8 % (p < 0.05), by 48 hours, the differ-
ence was minimal (1.4 %), and by day 2, the increase
was 2.6 %. In the third group, the GPX activity in 12
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hours was higher than the level in healthy animals by
4.1 %, but by 48 hours and day 2, it decreased by 0.1
and 10.5 %, respectively. The increase in glutathione
peroxidase activity in the second group is associated
with early activation of the enzyme to neutralize per-
oxides, but a decrease at later stages indicates the res-
toration of balance. In the third group, the activity is
less stable, which may indicate insufficient antioxidant
protection in the long term.

Superoxide dismutase (SOD) activity in 12 hours in
the second group was lower than in the first by 3.11 %
(» <£0.05), but by 48 hours and day 2, it exceeded it
by 2.93 % (»p<0.01) and 5.16 % (» <0.001). In the
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third group, in 12 hours, the activity was higher than
the level of the first group by 11.67 %, by 48 hours and
day 2 —by 8.65 % (p <0.01) and 11.04 % (p < 0.05).
Low initial SOD activity in the second group may re-
flect the depletion of the enzyme resource during the
acute phase of inflammation, while further growth of
activity indicates the system restoration. In the third
group, SOD activity is maintained at a high level at
all stages, which may be due to a less intense effect of
oxidative stress or more stable adaptation.

Fig. 5 graphically shows the dynamics of changes
in the activity of antioxidant enzymes in the calves in
the studied groups during the experiment.

2d 2d

Fig. 5. Dynamics of the indicators of the LPO-AOD system in the studied groups of calves:

a — catalase, umol of red. peroxide/L-min; b — glutathione peroxidase, pmol of red. glut./L-min; ¢ — SOD, U/mg of Hb

During the correlation analysis, a positive correla-
tion was noted between GPX1 expression and GPX
activity in the blood (r = 0.65), especially in the sec-
ond group 12 hours after repeated administration of
Proautovak. It is also worth noting the positive cor-
relation between SOD1 expression and SOD activity
in the blood (» = 0.68), which confirmed the consis-
tency of the obtained data. Particularly noteworthy is
the observed positive correlation between gene expres-
sion and the activity of the corresponding antioxidant
defense enzymes. Thus, glutathione peroxidase activi-
ty in 12 hours in the second group was higher than the
control group level by 30.8 %, which corresponded to
increased GPX1 gene expression. Similar consistency
of molecular and biochemical markers was noted in
the works of Liu et al. [20], which confirmed the va-
lidity of our results. In the studies of Ushkalov et al.
[21], the efficacy of using recombinant bovine inter-

66

feron in case of bronchopneumonia in calves, which
was manifested by a reduction in the recovery peri-
od and a decrease in the incidence of complications,
is shown. The authors noted the positive effect of in-
terferon therapy on the indicators of the body’s anti-
oxidant defense, including the activity of catalase and
superoxide dismutase. It is important to note that in
the group receiving Proautovak, a more balanced ac-
tivation of the antioxidant system was observed with-
out sharp fluctuations in the level of gene expression,
which may be associated with the species-specificity
of the cytokines used. This feature was also noted in
the works of Sang et al. [22], emphasizing the impor-
tance of using species-specific interferons to achieve
an optimal therapeutic effect. The presence of not only
recombinant cytokines, but also vitamins A, E and C in
the composition of Proautovak, probably contributes
to the synergistic effect of the components. Vitamin E,
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being a powerful lipophilic antioxidant, protects cell
membranes from peroxidation [23], while vitamin C
ensures the restoration of the oxidized form of vita-
min E and participates in the regeneration of other an-
tioxidants [24]. Vitamin A, in addition to its antioxi-
dant effect, promotes the regeneration of the respira-
tory tract epithelium, which is especially important in
case of respiratory pathologies [25].

CONCLUSION

A comparative analysis of two therapeutic reg-
imens showed that combination therapy using
Proautovak, which contains species-specific recom-
binant interferons in combination with vitamins A, E
and C, provides a faster and more balanced activation
of the antioxidant system, compared to a regimen in-
cluding Butofan.

Already 12 hours after repeated administration of
Proautovak, a significant increase in the expression of
the CAT, GPX1 and SOD1 genes was observed, which
correlated with an increase in the activity of the cor-
responding enzymes in the blood. A positive correla-
tion was found between gene expression and activity
of antioxidant defense enzymes (» = 0.65 for GPX1 and
GPX; r=0.68 for SOD1 and SOD), which indicated
the consistency of molecular and biochemical mark-
ers of antioxidant status and confirmed the reliability
of the results obtained. Thus, the use of Proautovak in
the complex therapy of respiratory diseases in calves
is a pathogenetically justified and effective approach
that allows reducing the intensity of oxidative stress,
accelerating recovery processes and minimizing the
risk of complications.
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AHHOTaIIl/Iﬂ. B craTtpe MPEACTaBJICHBI PE3YJIbTAThI U3YUCHUS BIUAHUA HpO6I/IOTI/IKa «HeHTaHpOH» Ha reMOMOp-
(1)OJ'IOFI/I‘{GCI(I/II\/'I 1 OMOXUMUYECKHUI CTaTyC HOPOCAT IIPHU TEXHOJIOTHYCCKOM CTPECCEC, CBA3aHHOM C OTbEMOM U IIC-
PEBOAOM Ha JOpallilUBAHUC. I/ICCJ'Ie,HOBaHI/ISI MPOBCACHBI B IPOMBIINIJICHHOM CBUHOBO4YCCKOM XO3SMCTBE. YCTAaHOB-
JICHO, YTO rOMEO0CTAa3 JKUBOTHLIX, IMOJyYaBIINX HpO6I/IOTI/IK, IO CPABHCHUIO C KOHTPOJIEM (663 Hper[apaTa) Xapak-
TEPU30BAJICA IMOBLIIICHUEM aKTUBHOCTHU COCy,I[PICTO-TpOM6OL[I/ITapHOFO MEXaHU3Ma reMOCTa3a U OMOXUMUYECKO-
Tro craryca, CHUKCHUCM MHTCHCHUBHOCTH NPOLICCCOB IICPOKCHAANNHN JIUTTUI0B U SHHOFCHHOﬁ HWHTOKCHKAINH, 4YTO
CII0COOCTBOBAJIO YMCHBUIICHUIO 3a00J1€Ba€MOCTH KUBOTHBIX JKCIIyAOYHO-KUIICYHBIMU 00JIC3HSIMU U YBCJIUYCHUTIO

HX COXPAHHOCTH.

KiaroueBrble ciioBa: nopocsra, TEXHOJOTMICCKUN cTpecC, HpO6I/IOTI/IK «HeHTaHpOJ’I», roMeocTas

Texnonornyeckue crpecc-hakropsl (paHHUH OTb-
€M MOPOCAT OT CBUHOMATOK, MEPErpyIIUPOBKH, CBSI-
3aHHBIC C TIEPEBOIOM MX Ha JOPAIIHMBAHUE U OTKOPM,
CMEHa YCIIOBHH KOPMIICHHS 1 COZIEpKAHUS, OE3BBITYIIb-
HOE BBIpAIUBAHUE U JP.), CBOMCTBEHHBIEC TTPOMBIIII-
JIEHHOMY CBUHOBOZCTBY, OKa3bIBalOT CYLIECTBEHHOE
BIUSHUE HAa (PYyHKIIMOHUPOBAHUE (PU3UOJOTHUSCKHUX
cuctem opranmsma [1, 2].

YcTaHOBIIEHO, YTO TEXHOJIOTHIECKUHN CTPECC, CBSI-
3aHHBIA C pAHHUM OTHEMOM IIOPOCAT OT CBUHOMATOK
U MEPEBOJIOM UX Ha JOpalIMBaHUE, COMPOBOKIACTCS
CYIICCTBEHHBIMU WU3MEHEHHUSIMH TeMOMOp(OoIoruyie-
CKOTO ¥ OMOXMMHYECKOTO CTaTyCa, IIOBBIICHUEM Tep-
OKCHJIAIIUY JTUTTUIOB U SHJOTEHHOW MHTOKCUKAITUHN Ha
(hoHE CHIIKEHHON aHTHOKCHUIAHTHOM 3aIlMThI, 00JIb-
IIMHCTBO TIOKa3aresiei KoTopbix uepes 20 1He mocie
CTPECCOBOI0 BO3JCHCTBUS HE JOCTUTAET MPEAOTHEM-
HBIX 3HaYeHui [3].

s npenynpeskaeHust CTpecCoBOM Ae3aanTalu,
OTITUMHU3AIIUY TOMEOCTAa3a JKUBOTHBIX PEKOMEHIOBAHBI
pasznugHbIe (hapMaKoJIOTHIECKUE TPenapaThl IPUPO-
HOT'O M CHUHTETUYECKOIO MPOUCXOKICHUS, aanTore-

HBI, CTPECC-KOPPEKTOPbI, aHTHOKCUIAHTBI, HHTepQe-
poHCcoaepxkarue cpeactaa [4—3§].

YCTaHOBJICHO MOJIOKHUTENLHOE BIUSHUE Pa3JIny-
HBIX TIPOOMOTHUYECKUX TpernaparoB Ha (PU3HOIOTO-
OMOXMMHUYECKUHN CTAaTyC W MPOAYKTHBHOCTH MOPO-
car [9—13].

KopmoBas mo6aska «Ilentampon» paszpabdo-
tana OO0 «buoHay» mis cTaOWIM3AUA MHUKPO-
(bI0pHI KUIIEYHWKA, MOBBIIICHUS MPOXYKTHBHO-
CTH W COXPaHHOCTH CBUHEH M CEIhCKOXO3S1CTBEH-
HOU ntunbl. Mukpoopranusmel Lactobacillus spp.
u Bifidobacterium spp., BXOAsIIUE B COCTaB Ipe-
napara, 0o0JaJaloT aHTAarOHUCTHYECKOW aKTHBHO-
CTBIO IO OTHOLWICHUIO K MAaTOI'CHHBIM M YCJIOBHO-IIAa-
TOT€HHBIM MHUKPOOpPTaHW3MaM, BOCCTAHABINBAIOT
MHKPOQIIOPY KHUIICUHHKA ¥ CTUMYJIUPYIOT OOMEH
BEIIECTB.

Lean uccaenoBanuii — n3ydeHue BIUSHUS IPO-
ounoruka «lleHranpon» Ha TeMOMOP(OIOTrHIECKHHA
1 OMOXMMHYECKHH CTaTyC MOPOCAT MPH TEXHOIOTH-
YECKOM CTpecce, 00yCIIOBICHHOM OThEMOM HX OT CBH-
HOMATOK W TIEPEBOJIOM Ha JIopallliBaHue.
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A. I Hlaxos, JI. FO. Cawnuna, I A. Bocmpounosa, B. H. Koyapes, B. U. Mopaynosa, /1. U. [llabanos, B. FO. boes

MATEPUAJ U METO/1bI
HUCCJIEJOBAHUM

UccnenoBanusi nmpoBeneHbl Ha MPOMBIIIIICHHOM
CBHHOBO/IYECKOM KOMILIEKCE Ha 2 TPYyMIIax MOPOCAT
(onbiTHAs n = 320 1 koHTpONBHAS 71 = 320), OMTyUYEeH-
HBIX OT CBUHOMATOK TIOMECHBIX MOpOoJ (KpyrHast Oe-
nas-a’apac + AI0POK), KOTOPBIX B Bo3pacte 28 nHen
OTHSUJTH OT CBUHOMATOK Y TIEPEBEIIH Ha TOpalfBaHNe.
OnbIT TPOBOJUIIM B COOTBETCTBHU C TPEOOBAHUAMU
JNEUCTBYIOIUX MEXIyHAPOIHBIX U POCCUUCKHX 3a-
koHonarenbHbIX akToB (dupextuna 2010/63/EU ot
22.09.2010, EBpomneiickoit kouBenunu (ETS123))
(Strasburg, 1986), a Taxke TpeOOBaHUN KOMHCCHH 110
ouostruke « BHUBUII®uT» (mpotoxon Ne 1-02/24 ot
1.02.2024 7).

JKUBOTHBIX cofepKalid IPH ONTHMaJIbHBIX Mapa-
METpax MUKPOKIIMMATa ¢ YYETOM HX (PU3HOJIOTHYE-
CKOTO COCTOsIHMSI. B mepuos nopaiuBanust mopocsT
xopmmin komOukopmamu CK-3 n CK-4, cbamancu-
POBAaHHBIMH 110 YHEPTHH, TPOTEHHY, AaMHHOKHCIIOTaM,
BHTaMHUHaM, MaKpO- U MUKpO3JIeMeHTaM. JKUBOTHBIM
OIBITHOHM TPYIITBI TIOCIIE TIEPEBO/Ia HA JIOpAIIMBAHUE
C IIUTHEBOW BOJIOW YEpPE3 MEAUKATOP €HKETHEBHO Ha-
3Hauany npoouotk «IleHranpom mo 3 M1 Ha TOJIOBY
B Teuenne 14 gueii. [lopocsitaMm KOHTPOIBHOH TpyTI-
ITBI TIpeTIapar He PUMEHSITH.

[Ipo6uotuk «IlenTanpon» comepKut OHOIO-
FHYECKH aKTUBHBIC METaOOIUTHI, )KUBbIC BEreTa-
THBHBIC KJICTKU M criopsl: Lactobacillus acidoph-
ilus u Lactobacillus plantarum — 1-108 KOE/mu,
Lactococcus lactis subsp. lactis v Enterococcus faecium
1-10 KOE/mm, Bifidobacterium pullorum — He MeHee
5-107 KOE/mu.

3a KMBOTHBIMH BEJIM HAOOICHNE, YUUTHIBAJIH 3a-
6oeBaeMocCTh, maaex. OT mopocar (n = 5) onbITHON
Y KOHTPOJBHOMU Tpynil B 26 1 43-7HEBHOM BO3pacTe
MIPOBEJICH 3200 KPOBH A1t MOPHOIOTHUECKUAX 1 OHO-
XUMHYECKHUX HCCIICIOBAHUN.

Mopdonoruueckuii aHaau3 KPOBH IMPOBOAMIN
Ha reMaToyiormueckoM anaimzarope «ABX Micros
60, OMOXMMHIYECKHUE UCCIICTOBAHUS CEIBOPOTKH KO-
BH — Ha aHanm3arope «Hitachi-902» B cooTBeTcTBHH
¢ «MeTonnYecKUMH PEKOMEHIAITUSMH 110 TIPUMEHE-
HUI0 OMOXUMHUYECKHX METOJIOB HUCCIICIOBAHUN KPOBU
>KUBOTHBIX» [14]. ConmeprkaHue MaJOHOBOTO JAHAIIb-
neruna (MIA), akTHUBHOCTH TJIyTaTHOHIIEPOKCHIA-
361 (['TIO) m karama3sl ONPENEISUTH B COOTBETCTBUU
¢ «MeToaruecKUMH TTOJIOKEHUSMH 110 H3Y9IEHHIO TPO-
LECCOB CBOOOIHOPAIUKAILHOTO OKUCIICHHS U CHCTe-
MBI AHTUOKCHUJJAHTHOM 3aIUTHI opranusmay [15].

KoHneHTpanuo cpeHeMONIeKYISIPHBIX MeNTH-
noB (CMII) onpenensiy 1o Conep >KaHmio B CBIBOPOT-
K€ KPOBM BEIIECTB HU3KOW U CpeAHEN MOJIEKYISIPHOMN
MAaccChl ¢ OCIIEAYIONIMM PACYeTOM MH/IEKCa SHIIOTeH-
Hoii naToKcuKarmu (MOU) [16], crabuinbHBIX MeTabo-
smtoB azora (NO ) B 1azsmMe KpoBH -CIEKTPO(pOTOME-
Tpudeckum Metonom [17].

CrarucTudeckyo o0pabOTKy MOJYy4YSHHBIX pe-
3yJIBTaTOB MPOBOJIMIIN C IOMOIIBIO MTAKETa MPOrPamMM
Statistica, Bepcus 6.0.

PE3YJBTATHI UCCJIEJTOBAHUM
N OBCYXKJIEHHUE
OTtpem IMOPOCAT OT CBUHOMATOK U NEPCBO UX Ha
JIOpaIMBaHIEe OKa3aJ CYIECTBEHHOE BIMSHIE Ha MOP-
(omoruueckue moxkazarenan Kposu (Taodm. 1).

Taoauna 1
Mopdghonozuueckue nokazamenu Kpogu y nopocsim
Bospact (nHu), rpymnms
[Tokazatenu 26 43 43
¢bon KOHTPOJIbHASI OIBITHAS
1 2 3 4

Dpurpouutsl, 102 /1 6,05+0,12 5,78+ 0,16 5,77+ 0,15
I'emoriio0uH, /11 109,0 2,37 94,8 +1,78" 952+261"
TpomGouuTsr, 10%/1 322,6 + 11,16 503,2 +21,52" 522,6 £ 55,42"
Jleiikountsl, 10°/11 15,0 +£ 1,46 18,0+ 1,74 18,7+ 1,71
Heiitpoduist: 1onb1e% — — —
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Onmwvzu3auuﬂ comeocmasa nopocsam npo6uomuKOM «HeHmanpOﬂ» npu mexHoiocuiecKom cmpecce...

Oxonuyanmue Ta0.1. 1

1 2 3 4
MaJouKosAepHbIE, %o 7,8+0,74 5,2+0,49" 4,6 £0,37
CerMeHTOsIIepHbIE, %0 32,4+1,33 38,6 £0,58" 38,0 £0,88"
DozuHodmIEL, % 1,2+0,21 3,0+0,55" 1,5+0,29"
bazoduisl, % — — —
MounouwuTsl, % 2,2+0,37 2,8+ 0,37 3,3+0,40
Jlumdouutsr, % 56,4 + 0,69 50,4 +0,96" 52,6 £ 0,87

* p<0,05—0,001 — K OTHOIIICHUIO K TIPEBIIYIIEMY IEPHOTY

*p <0,05—0,001 — 1o OTHOIICHHIO K KOHTPOJIIO

VY KUBOTHBIX KOHTPOJBHOW U ONBITHOW I'PyII
CHHU3UJIOCH 10 CPAaBHEHUIO C (DOHOM COZICPIKAHUE IPU-
TpouuToB Ha 4,5 u 4,6 %, remornioouna — Ha 13,0 %
(»<0,002)1 12,7 % (p < 0,01) mpu OTCYTCTBUH Y HIX
Pa3HUIIBI B MIOKA3ATEISAX, YTO CBUIETEIHCTBOBAIO 00
YMEHBIIICHHH UHTCHCUBHOCTH DPUTPOII033a U HACKI-
LICHHOCTHU 3PUTPOIIMTOB TEMOITIOOUHOM.

Bwmecte ¢ TeM y HOAOMBITHBIX TIOPOCSAT YBEJIUYH-
JI0Ch KOJTMYECTBO TpoMOoITOB Ha 56,0 % (p < 0,001)
1 62,0 % (p < 0,01) u neiixormroB — Ha 20,0 1 24,7 %,
YTO yKa3bIBAJIO HA TIOBBIIICHNE aKTUBHOCTH COCYIIH-
CTO-TPOMOOIIMTAPHOTO MEXaHH3Ma IreMOoCTas3a U Kiie-
TOYHOM 3aIIUTEL.

YV 5KUBOTHBIX 00CUX IPYIII IPOUCXOINIIO TIOBBIIIIE-
HHE KOJMIECTBA CETMEHTOSIIEPHBIX HEHTPO(DHIIIOB Ha
19,1 % (p <0,01)u 17,3 % (p < 0,01) mpu cHMKEHUN
OTHOCHUTEIILHOTO COJIEPIKAHUS MAT0YKOSIEPHBIX HE-
tpodunos Ha 33,3 % (p <0,02) u 40,3 % (p <0,01)
Oounee BeipakeHHoe (Ha 11,5 %) y >KUBOTHBIX OIBIT-
HOH TpyIIIbIL.

VYBenmnueHne OTHOCUTEIIBFHOTO KOJIMUECTBA DO3H-
HO(UIIOB Y IOPOCSIT KOHTPOJIHHON M ONBITHOW TPYTIIT
B2,5pa3za(p < 0,02) muna 25,0 %, 00ycIOBICHO HAJIH-
YHEM CTPECC-PEaKIMK U MOBBIIIECHUEM BOCITPUAMYH-
BOCTH K OaKTepHaIbHBIM ITATOreHaM, 0COOECHHO Y KH-
BOTHBIX B KOHTPOJIE, Y KOTOPBIX UX 3HAYEHUE TPEBbI-
maino B 2,0 paza (p < 0,05).

YpOoBEHb MOHOIIUTOB, SIBIISFOIINXCS TPE/IIISCTBeH-
HUKaMU TKaHEBBIX MaKpO(]aroB U OCYIIECTBISIONINX
(haronMTapHyr, aHTUTCHIPECTABIISIONIYIO U peria-
paTuBHYO (DYHKIMH, YBEIUYHWICS Y MOPOCAT 00enX
rpymm Ha 27,3 1 50,0 %, 9TO CBUACTEIHCTBOBAIO O MO-
OmnM3aIu MOHOHYKJIeapHBIX (aronuTtoB. [Tpu aTom
WX 3HAUEHUE y )KUBOTHBIX OIMBITHOM TPYIIIBI TPEBhI-
1aJI0 KOHTPOJIBHBIN TIOKa3arenb Ha 17,9 %.

OTHOCHTENBHOE KOJINYECTBO JIMM(POILUTOB, KOTO-
pBIe U3 BCEX CYOIOMYIAINi JIEHKOIMTOB HanOosee
YYBCTBUTENBHBI K CTPECCOBBIM BO3JICHCTBUSAM, Y T10-
POCAT KOHTPOJILHOW ¥ OIIBITHOMN IPYIIIT CHU3WIOCH Ha
10,6 % (p < 0,002) u 6,7 % (p < 0,01), B TO )€ Bpems
WX 3HaYCHHUE Y KMBOTHBIX ONBITHOW I'PYIIIBI IPEBHI-
114710 KOHTPOJIBHBIN MoKazarenb Ha 4,4 %.

TexHOMOTHYECKHI CTpecc, 00yCIOBICHHBIH OTh-
€MOM TOPOCAT OT CBHHOMATOK ¥ TIEPEBOJIOM Ha JI0pa-
LIMBaHUE, COMPOBOKAAIICS CHIKCHUEM COACPIKAHUS
OeJKa y )KMBOTHBIX KOHTPOJILHOM M OTIBITHOM TPyIIN Ha
9,9 % (p <0,001) n 6,2 % (p <0,02), npu 3TOM Y TI0-
POCST OIBITHOW IPYIIIBI €r0 YPOBEHB ITPEBhIIIA KOH-
TPOJBHBIHN MokazaTens Ha 4,1 % (p < 0,05) (Tadm. 2).

W3MeHeHus B MpOTEeHMHOTpaMMe XapaKTepH30Ba-
JIMCh CHUYKEHHEM Y KUBOTHBIX KOHTPOJIBHOU TPYTIITBI
KOJIMYECTBA aJIbOyMUHOB, UTPAIOLINX 3HAYUTEIHLHYIO
pOJTb B IETOKCUKAIIUY OpraHu3ma, Ha 8,7 % (p < 0,01),
1 Y TIOPOCAT ONBITHOW TPYIIIBI MX 3HAYCHHE TIPEBbI-
1110 KOHTpoib Ha 7,3 % (p < 0,02).

VYpoBeHb 0-II100yTMHOBON (Ppakumu, conepxa-
mieid ocrpodasHeie OENKH, Y ’KUBOTHBIX KOHTPOJIBHOM
rpynmnsl nosicuiicd Ha 12,8 % (p <0,05), a B onbIT-
HOW — He M3MEHMJICS U ObLT MEHbIIE, YeM B KOHTPO-
ne Ha 11,9 %.

Coneprxanvie B-rIT00yIHHOB, BKIFOYAOIIIX KOMITO-
HEHTBI CUCTEMBI KOMIUIEMEHTA M YaCTh IMMYHOITIO0Y-
JIMHOB, Y TIOPOCST KOHTPOJIBHOH TPYMIIbI HE U3MEHU-
JIOCh, @ B OIBITHOW — cHu3miI0ch Ha 10,0 % u ObL1O
MEHBIIIE, YeM aHaJOTMYHBII TTOKa3aTeib KHUBOTHBIX
B KOHTpoJie Ha 9,8 %. YpoBeHb Y-17100y/InHOB, o0ec-
MEYUBAOIINX TYMOPAITBHBI UMMYHHTET, ¥ XKHBOT-
HBIX 00eux rpymnn yBenuuwics Ha 14,7 % (p < 0,02)
u 20,5 % (p <0,01), u ObUT HE3HAYUTEIIHHO BBIIIEC
(12 5,0 %) y mOpoCAT OIBITHOM TPYTIIHI.
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Tabauna 2
Buoxumuueckue noxazamenu y nopocam
Bospacr (mau), rpymmms
INokazarenn 26 43 43
¢don KOHTPOJIbHAs OTIBITHAS

O6mmii 6eIoK, I/1 59,8 £ 0,99 53,9+ 0,39 56,1 £0,76"
AnsOymuHBI, % 48,3+ 0,19 44,1 £097" 47,3 +0,97"
o —To0yTuHEI, % 15,6 £0,22 17,6 +£0,83" 15,5+ 0,85
 —rmoOymuHsI, % 20,5+ 0,37 20,4 +0,78 18,4 £0,87
y-ri100yuHbI, % 15,6 £0,34 17,9 +£0,62" 18,8+ 0,77
MJIA, mx/M/n 1,22 £ 0,041 1,67 + 0,249 1,26 £0,107
Karanasza, mkM H,O,/n-Mun 55,6 £1,320 57,0+ 1,150 60,5+ 1,322™
I'TIO, BI'/n-mun 18,3+ 1,190 18,1 £0,798 15,8 £0,897
Oxcup azora, MKM/1 34,0+ 2,110 34,2+ 0,863 36,5+ 1,971
CMIL y. e. 0,66 + 0,020 0,91 +£0,056" 0,51 £0,096*
HdN,y.e. 9,6 £ 0,420 13,0+ 0,561 10,2 £ 0,603

* p<0,05—0,001 — K OTHOIIECHHUIO K TIPEIBIAYIIEMY TIEPHOTY

*p <0,05—0,001 — 10 OTHOIIEHUIO K KOHTPOIIO

ITox BO3AEHCTBHEM TEXHOJOIMYECKOIO CTpecca
y )KUBOTHBIX KOHTPOJIBHOW TPYIIIbI TIOBBICHIIOCH CO-
JepKaHNe MaJOHOBOTO JHANIBJCTHIA, SBISFOIIErOCs
rmokasareieM akTuBHOCTH Tiporieccos [10J1, Ha 36,9 %
U CPETHEMOJICKYISIPHBIX TIENTUJIOB, SBIISTIONAXCS
MapKepOM PHJIOT€HHON MHTOKCUKauK, — Ha 37,9 %
(» <0,01) mpu cHIKEHUU TTOCIIEAHUX Y TTIOPOCSIT OTIBIT-
HOM Tpynmnel HA 22,7 %. I1pu 3TOM UX 3HaUEHUS Y KH-
BOTHBIX, MTOJYYaBIINX MPOOUOTHK, OB MEHBIIIE TIO
OTHOIIEHUIO K KOHTpoIro Ha 24,6 m 44,0 % (p < 0,001).

WHnekc SHAOTEHHOW MHTOKCUKAIUU Y TIOPOCST
KOHTPOJILHOM I'pyTIbI Takxke yBeauuuscs Ha 35,4 %
W'Y )KHBOTHBIX OITBITHOM Ipymibl Obit HUOKE HA 21,5 %.

3TO comtacyeTcs ¢ paHee MPOBEICHHBIM UCCIIE0-
BarneM Wanchao Ha Momenu umemMun u pernepdysu-
OHHOTO II0Ka Mo3Ta Y KpbIc Sprague Dawley, B koTo-
oM OBLJIO TOKa3aHO, UTO BBEICHHE KYJIBTYPHI IITaMMa
Lactobacillus spp. yMEHBIINIO KOJTUYECTBO MaJIOHO-
BOTO JHAJIBJICTHIA ¥ YBEINUUBATIO aKTUBHOCTH SOD
IIPU 3HAYUTEILHOM YIYYIICHUN KJIMHUYECKHUX OKa-
3areneit [18].

Kpome Toro, ycTaHOBIIEHO, YTO BBEICHUE IITAM-
Ma L. Brevis 47f mpimam BALB/c ¢ 5-¢Topypauu-

oM (5-FU)-uHAynuupoBaHHBIM MYKO3UTOM 3alllH-
1aJI0 SHTEPOIUTHI M CHIKANO B 2—3 pas3a YpOBHHU
MDA B ma3me kpoBH ¥ ypoBHU MDA B TKaHsX Ku-
IIEYHUKA B CPABHEHUH C TIOJIOKUTEITHHON KOHTPOJIb-
HoM rpynmnoii [19].

[Ipu n3yyeHnu GpepMeHTaTUBHOTO 3BEHA aHTHOK-
CHUJAHTHOM 3alllUThl YCTAHOBJIEHO, YTO aKTHBHOCTH
KaTanasbl, 00ECIIEYNBAIOIIEH Pa3IOKEHNE TIEPEKUCH
BOJIOpO/Ia HAa BOAY W MOJIEKYJISPHBIA KUCIIOPO U Xa-
paKTepu3yolIell aHTHIIEPEKUCHYIO 3alIHTYy, y MOpPO-
cAT 00enX TPpyNI HE3HAYUTEILHO MOBBICKIIACH Ha 2,2
u 8,8 % (p <0,05) u y mopocsT nocie mpuMEeHEHHS
«Ilenramnposa ObuIO BINIE HAa 6,1 % HOKa3arest KOH-
TPOJISL.

AHnTHOKCHAaHTHBIE cBolicTBa «IleHTamponay
obycnosnensl HanuuneMm reHa CAT, koaupytone-
IO BOXHBI aHTHOKCHJAHTHBIA (hepMEHT, y OT/IEIIb-
HBIX BUJIOB JIAKTOOAITMIII, COJIEPIKAIIUX TPYIITY TeMa
i Mn (pexxe) B Ka4eCTBE MPOCTETHYECKOH TpyTI-
el [20].

[Ipn aHanm3e reHOMOB MPOMBIILICHHO 3HAYU-
MBIX JIJAKTOOAIMIUT yCTaHOBJICHO, YTO T'eH I'eM-KaTasa-
3Bl paclpoOCTpaHeH cpenu rpynn L. brevis, L. planta-
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rum u L. sakei, Torna kak Mn-karajasa npucyTCTBY-
€T TOJIBKO B OTZICIHHBIX IITAMMAX, TAKUX Kak L. casei
u L. zeae [21]. B 10 Bpems kak L. casei N87 comep-
*uT aBa reHa CAT — rem u Mn-tur, kotopble pen-
KO BCTpeyaroTcs y jakrodaumin [22].

[Ipu 5TOM aKTUBHOCTH IIyTAaTHOHIIEPOKCUAA3HI,
KaTaJu3UpYIOIIeH TpeBpalleHne MepekucH BOIOPO-
Jla ¥ OPTAaHIMYECKUE TIEPEKUCH JI0 THIPOCOCTUHCHHUH,
y KHUBOTHBIX OIBITHOH Ipymniiel cHU3MIack Ha 13,7 %
1 ObLTa MeHBbIIIE, YeM B KoHTposte Ha 12,9 % (p < 0,05),
YTO CBSI3aHO C PACXOIOM HA CHMKEHUE MHTCHCHUBHO-
ctu I1OJI 1 PHAOTE€HHON MHTOKCUKAIIHH.

KonnuecTBo cTaOMIBHBIX META0OIUTOB OKCHIA
a30Ta, MPUHUMAIONINX YYacTHE B PEAKIHMIX OKUCIIH-
TEBHOTO CTpecca W MeXaHM3MaxX aHTHOKCHIAHTHON
3aIUTHI, YBEIUYMIOCH TOJBKO Y MOPOCAT OMBITHOU
rpynmnsl Ha 7,4 % U MPEBbIIIAN0 KOHTPOIbHBIN MOKa-
3aresb Ha 6,7 %.

OnTuMHU3aIs TOMEOCTa3a MOPOCT C IPUMEHEHH-
eM npobuoTuka «IleHTanpom B Iepro BO3NEHCTBHS
TEXHOJIOTHUYECKOTO CTPECCa MOJIOKUTEIHHO CKa3anach
Ha UX KJIMHHYECKOM cTaTtyce. 3a001eBaeMOoCTh ITOpPO-
CSAT KENYTOUYHO-KHUIIICUHBIMUA OOJIE3HSIMU B OTIBITHON
TPyIIE B IEPBYIO HENEIO MMOCTE IEpeBoa Ha opa-
muBanue cocrasuia 3,1 % (10 roi.), B KOHTPOJb-
HOMt — 7,8 % (25 Tom.).

[IpomomKUTETHPHOCTH JeUeHUs OOIBHBIX MOPO-
CSAT ONBITHON U KOHTPOJIBHOU TPYIII C UCTIOIB30BAHU-
€M aHTUMHKPOOHOTO TIpernapara JekcoduioHa opalib-
HO B J103¢ 0,5 Mui/20 KT Macchl Tena OJJfH pa3 B CyTKH
COCTaBuJIa COOTBETCTBEHHO 4 U 5 JHEH, KOJTHYECTBO
BbI3I0poBeBLINX Mopocat — 80,0 u 76,0 % npu ne-
tanbHOCTH 20,0 11 24,0 % COOTBETCTBEHHO.

SAK/IIOYEHUE

[Ipumenenune npobuoruka «Ilenrampon» mopo-
csiITaM TIPH TEXHOJIOTHYECKOM CTpecce, 00yCIIOBIEeH-
HOM OTHEMOM IOPOCAT OT CBUHOMATOK U MEPEBOAOM
Ha J0pallluBaHUE, OKA3bIBACT MOJIOKUTEILHOE BIIUSI-
HHE Ha UX TOMEOCTa3, MPOSBIISAIONICECS TOBBIICHUEM
AKTHBHOCTH COCYJHCTO-TPOMOOIIMTAPHOTO MEXaHH3-
Ma reMocTasa, 0eJIOKCUHTE3UpYFolei (YHKIINH Ieue-
HU, TIOBBITIICHUEM HeCTIeH(PIIeCKOM KIIETOTHON U TY-
MOPaJIbHOM 3aLUTHI.

[Tpu sTOM MoA1 BAMSIHUEM ITPOOUOTHKA Y JKUBOTHBIX
OTMEUYCHO CHUIKCHHNUE YPOBHS MaJIOHOBOT'O IUAJILACT U~
J1a, CPeTHEMOJIEKYIISIPHBIX MENTHI0B U MHIEKCa YH]I0-
T€HHOI MHTOKCUKAIIUH.

BrisiBeHHBIE U3MEHEHUST TOBBIIIANIN yCTONYH-
BOCTB ITOPOCAT K OaKTEPUATBHBIM MTATOTEHAM, YTO CII0-
COOCTBOBAJIO YMEHBIICHHUIO 32001€BaEMOCTH U YBEIIH-
YCHHUIO COXPAHHOCTU KUBOTHBIX.
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Abstract. The article presents the results of studying the effect of the probiotic “Pentaprol” on the hemomorpho-
logical and biochemical status of piglets under technological stress associated with weaning and transfer to rear-
ing. The studies were conducted at an industrial pig breeding farm. It was found that the homeostasis of animals
receiving the probiotic, compared to the control (without the drug), was characterized by an increase in the activ-
ity of the vascular-platelet mechanism of hemostasis and biochemical status, a decrease in the intensity of lipid
peroxidation and endogenous intoxication, which contributed to a decrease in the incidence of gastrointestinal

diseases in animals and an increase in their livability.

Keywords: piglets, technological stress, probiotic “Pentaprol”, homeostasis

Technological stress factors (early weaning of pig-
lets, regrouping associated with their transfer to rear-
ing and fattening, change in feeding and keeping con-
ditions, indoor rearing, etc.), typical of industrial pig
breeding, have a significant effect on the functioning
of the physiological systems of the body [1, 2].

It has been established that technological stress as-
sociated with early weaning of piglets and their trans-
fer to rearing is accompanied by significant changes
in the hemomorphological and biochemical status, an
increase in lipid peroxidation and endogenous intoxi-
cation against the background of reduced antioxidant
protection, most of the indicators of which do not reach
pre-weaning values 20 days after stress exposure [3].

To prevent stress maladaptation and optimize an-
imal homeostasis, various pharmacological drugs of
natural and synthetic origin, adaptogens, stress correc-
tors, antioxidants, and interferon-containing agents are
recommended [4—S8].

A positive effect of various probiotic drugs on the
physiological and biochemical status and productivi-
ty of piglets has been established [9—13].

The feed additive “Pentaprol” was designed
by Biona LLC to stabilize the intestinal microflo-

ra, increase productivity and livability of pigs and
poultry. Microorganisms Lactobacillus spp. and
Bifidobacterium spp., included in the composition of
the drug, have antagonistic activity against pathogen-
ic and opportunistic microorganisms, restore intesti-
nal microflora and stimulate metabolism.

The research objective is to study the effect of the
probiotic “Pentaprol” on the hemomorphological and
biochemical status of piglets under technological stress
caused by weaning and transfer to rearing.

MATERIAL AND METHODS

The studies were conducted at an industrial pig
breeding complex on 2 groups of piglets (experi-
mental, n = 320, and control, n = 320) obtained from
crossbred sows (Large White-Landrace + Duroc),
which were weaned at the age of 28 days and trans-
ferred to rearing. The experiment was carried out in
accordance with the requirements of current interna-
tional and Russian legislation (Directive 2010/63/EU
dtd. 22.09.2010, European Convention (ETS123))
(Strasburg, 1986), as well as the requirements of the
Bioethics Commission of ARVRIPP&T (protocol
No. 1-02/24 dtd. 1.02.2024).
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The animals were kept under optimal microclimate
parameters, taking into account their physiological con-
dition. During the rearing period, the piglets were fed
with compound feeds SK-3 and SK-4, balanced in en-
ergy, protein, amino acids, vitamins, macro- and micro-
elements. After being transferred to rearing with drink-
ing water through a medicator, the animals of the exper-
imental group were prescribed the probiotic “Pentaprol”
daily at 3 ml per animal for 14 days. The piglets of the
control group were not administered the drug.

The probiotic “Pentaprol” contains biologically
active metabolites, live vegetative cells and spores:
Lactobacillus acidophilus and Lactobacillus plan-
tarum — 1-108 CFU/ml, Lactococcus lactis subsp.
lactis and Enterococcus faecium — 1-108 CFU/ml,
Bifidobacterium pullorum — at least 5-10” CFU/ml.

The animals were observed, morbidity and mortal-
ity were taken into account. Blood was taken from the
piglets (n = 5) of the experimental and control groups
at the age of 26 and 43 days for morphological and
biochemical studies.

Morphological blood analysis was performed
on the hematological analyzer ABX Micros 60, bio-

chemical studies of the blood serum — on the analyz-
er Hitachi-902 in accordance with the Methodological
Recommendations for the Use of Biochemical Methods
for Studying Animal Blood [14]. The content of
malondialdehyde (MDA), the activity of glutathione
peroxidase (GPx) and catalase were determined in ac-
cordance with the Methodological Provisions for the
Study of Free Radical Oxidation Processes and the
Antioxidant Defense System of the Body [15].

The concentration of medium molecular peptides
(MMP) was determined by the content of low and me-
dium molecular weight substances in the blood serum
with subsequent calculation of the index of endoge-
nous intoxication (IEI) [16], stable nitrogen metabo-
lites (NO,) in blood plasma — by the spectrophoto-
metric method [17].

Statistical processing of the obtained results was
performed using the Statistica software package, ver-
sion 6.0.

STUDY RESULTS AND DISCUSSION
Weaning and transfer to rearing had a significant
effect on the morphological blood indicators (Table 1).

Table 1
Morphological blood indicators in piglets
Age (days), groups
Indicators 26 43 43
baseline control experimental

Erythrocytes, 10'%/L 6.05+0.12 5.78+0.16 5.77+0.15
Hemoglobin, g/L 109.0 £2.37 94.8 £1.78" 95.2+2.61"
Thrombocytes, 10°/L 322.6+11.16 503.2 +£21.52" 522.6 £55.42"
Leukocytes, 10%/L 15.0+1.46 18.0+ 1.74 18.7+1.71
Neutrophils: young% — — —
stab, % 7.8+0.74 5.2+0.49 4.6+0.37
segmented, % 324+1.33 38.6+0.58" 38.0+0.88"
Eosinophils, % 1.2+£0.21 3.0 +0.55 1.5+0.29"
Basophils, % — — —
Monocytes, % 2.2+0.37 2.8+£0.37 3.3+0.40
Lymphocytes, % 56.4 +£0.69 50.4£0.96" 52.6 £0.87

* p <0.05—0.001 — relative to the previous period

*p <0.05—0.001 — relative to the control
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In the animals of the control and experimental
groups, the content of erythrocytes decreased by 4.5
and 4.6 %, compared to the baseline, hemoglobin —
by 13.0 % (p <0.002) and 12.7 % (p < 0.01) with no
difference in the indicators, which indicated a decrease
in the intensity of erythropoiesis and the saturation of
erythrocytes with hemoglobin. At the same time, the
experimental piglets showed an increase in the num-
ber of platelets by 56.0 % (p <0.001) and 62.0 %
(p <0.01), and leukocytes — by 20.0 and 24.7 %, indi-
cating an increase in the activity of the vascular-plate-
let mechanism of hemostasis and cellular protection.

In the animals of both groups, there was an increase
in the number of segmented neutrophils by 19.1 %
(»<0.01) and 17.3 % (p <0.01) with a decrease in
the relative content of stab neutrophils by 33.3 %
(» <0.02) and 40.3 % (p <0.01), more pronounced
(by 11.5 %) in the animals of the experimental group.

The increase in the relative number of eosinophils
in the piglets of the control and experimental groups
by 2.5 times (p <0.02) and by 25.0 % is due to the
presence of a stress reaction and increased suscepti-
bility to bacterial pathogens, especially in the animals

in the control, in which their value exceeded by 2.0
times (p < 0.05).

The level of monocytes, which are precursors of
tissue macrophages and perform phagocytic, anti-
gen-presenting and reparative functions, increased in
the piglets of both groups by 27.3 and 50.0 %, indicat-
ing the mobilization of mononuclear phagocytes. At
the same time, their value in the animals of the experi-
mental group exceeded the control indicator by 17.9 %.

The relative number of lymphocytes, which are
the most sensitive to stress effects among all leuko-
cyte subpopulations, decreased by 10.6 % (p < 0.002)
and 6.7 % (p < 0.01) in the piglets of the control and
experimental groups, while their value in the animals
of the experimental group exceeded the control val-
ue by 4.4 %.

Technological stress caused by weaning and trans-
fer to rearing was accompanied by a decrease in protein
content in the animals of the control and experimen-
tal groups by 9.9 % (p <0.001) and 6.2 % (p < 0.02),
while in the piglets of the experimental group its lev-
el exceeded the control value by 4.1 % (p < 0.05)
(Table 2).

Table 2
Biochemical indicators in piglets
Age (days), groups
Indicators 26 43 43

baseline control experimental
Total protein, g/L 59.8+0.99 53.9+0.39" 56.1 £0.76"
Albumin, % 48.3+£0.19 441 +£0.97 473 +£0.97"
a-globulins, % 15.6+£0.22 17.6 £0.83" 15.5+0.85
B-globulins, % 20.5+0.37 20.4+0.78 18.4 +0.87
y-globulins, % 15.6+£0.34 17.9 £ 0.62 18.8£0.77
MDA, uM/L 1.22 £ 0.041 1.67 £0.249 1.26 £0.107
Catalase, pM H,O,/L-min 55.6+1.320 57.0+1.150 60.5+1.322™"
GPx, uM G-SH/L'min 18.3+£1.190 18.1 £0.798 15.8 +£0.897
Nitric oxide, pM/L 34.0+2.110 34.2+0.863 36.5+1.971
MMP, c. u. 0.66 +0.020 0.91 +0.056" 0.51 +0.096"
IEL c. u. 9.6 +£0.420 13.0+0.561" 10.2 £ 0.603

* p <0.05—0.001 — relative to the previous period
*p <0.05—0.001 — relative to the control
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Changes in the proteinogram were characterized
by a decrease in the amount of albumins in the animals
of the control group, which play a significant role in
detoxification of the body, by 8.7 % (p < 0.01), and in
the piglets of the experimental group their value ex-
ceeded the control by 7.3 % (p < 0.02).

The level of the a-globulin fraction containing
acute-phase proteins in the animals of the control
group increased by 12.8 % (p < 0.05), and in the ex-
perimental group it did not change and was less than
in the control by 11.9 %.

The content of B-globulins, including components
of the complement system and some immunoglobu-
lins, did not change in the piglets of the control group,
while in the experimental group it decreased by 10.0 %
and was by 9.8 % less than the similar indicator of the
animals in the control.

The level of y-globulins, which provide humoral
immunity, increased by 14.7 % (p < 0.02) and 20.5 %
(p <0.01) in the animals of both groups, and was
slightly higher (by 5.0 %) in the piglets of the exper-
imental group.

Under the effect of technological stress, the con-
tent of malondialdehyde, which is an indicator of the
activity of LPO processes, increased in the animals of
the control group by 36.9 % and medium molecular
peptides, which are a marker of endogenous intoxica-
tion, increased by 37.9 % (p < 0.01), while the latter
decreased in the piglets of the experimental group by
22.7 %. At the same time, their values in the animals
receiving the probiotic were lower in relation to the
control by 24.6 and 44.0 % (p < 0.001).

The index of endogenous intoxication in the pig-
lets of the control group also increased by 35.4 % and
was lower in the animals of the experimental group
by 21.5 %.

This is consistent with a previous study by
Wanchao on a Sprague Dawley rat model of cerebral
ischemia and reperfusion shock, which showed that ad-
ministration of Lactobacillus spp. decreased malond-
ialdehyde levels and increased SOD activity with sig-
nificant improvement in clinical indicators [18].

In addition, administration of L. Brevis 47f strain
to BALB/c mice with 5-fluorouracil (5-FU)-induced
mucositis protected enterocytes and reduced plasma
MDA levels and intestinal MDA levels by 2—3 times,
compared to the positive control group [19].

When studying the enzymatic link of antioxidant
defense, it has been found that the activity of catalase,
which ensures the decomposition of hydrogen perox-
ide into water and molecular oxygen and characterizes
antiperoxide protection, in the piglets of both groups
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increased slightly by 2.2 and 8.8 % (p < 0.05), and in
the piglets after the use of “Pentaprol” it was by 6.1 %
higher than the control value.

The antioxidant properties of “Pentaprol” are due
to the presence of the CAT gene, encoding an import-
ant antioxidant enzyme, in certain types of lactoba-
cilli containing a heme group or Mn (less often) as a
prosthetic group [20]. When analyzing the genomes of
industrially significant lactobacilli, it has been found
that the heme-catalase gene is common among the L.
brevis, L. plantarum and L. sakei groups, while Mn-
catalase is present only in certain strains, such as L.
casei and L. zeae [21]. While L. casei N87 contains
two CAT genes (heme- and Mn-type), which are rare
in lactobacilli [22].

At the same time, the activity of glutathione per-
oxidase, which catalyzes the conversion of hydrogen
peroxide and organic peroxides to hydrocompounds,
in the animals of the experimental group decreased
by 13.7 % and was lower by 12.9 % (p < 0.05) than
in the control, which was associated with the expen-
diture on reducing the intensity of LPO and endoge-
nous intoxication.

The amount of stable metabolites of nitric oxide,
participating in oxidative stress reactions and antiox-
idant defense mechanisms, increased only in the pig-
lets of the experimental group by 7.4 % and exceeded
the control indicator by 6.7 %.

Optimization of the homeostasis of piglets using
the probiotic “Pentaprol” during the period of techno-
logical stress had a positive effect on their clinical sta-
tus. The incidence of gastrointestinal diseases in the
piglets in the experimental group in the first week af-
ter transfer to rearing was 3.1 % (10 animals), in the
control group — 7.8 % (25 animals). The duration of
treatment of the sick piglets in the experimental and
control groups using the antimicrobial drug lexoflon
orally at a dose of 0.5 ml / 20 kg of body weight once
a day was 4 and 5 days, respectively, the number of
recovered piglets was 80.0 and 76.0 %, with a mortal-
ity 0of 20.0 and 24.0 %, respectively.

CONCLUSION

The use of the probiotic “Pentaprol” in piglets un-
der technological stress caused by weaning and trans-
fer to rearing has a positive effect on their homeostasis,
manifested by an increase in the activity of the vascu-
lar-platelet mechanism of hemostasis, protein-synthe-
sizing function of the liver, an increase in non-specif-
ic cellular and humoral protection. At the same time,
under the effect of the probiotic, a decrease in the lev-
el of malonic dialdehyde, medium molecular peptides
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and the index of endogenous intoxication was noted
in animals. The identified changes increased the resis-
tance of piglets to bacterial pathogens, which contrib-
uted to a decrease in morbidity and an increase in the
livability of animals.
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AHHOTaIIl/Iﬂ. B YCJIOBUAX MPOMBIIIJICHHOTO CBUHOBOAYCCKOTO KOMIIJICKCA U3YUCHO BJIMAHUC HpO6I/IOTI/IKa «Ilen-
TamnpoJ»» Ha HMMyHHLIﬁ CTaTyC MOPOCAT IMPHU TEXHOJIOTHYCCKOM CTPECCE, O6YCJ'IOBJ'I€HHLIM OTBEMOM HX OT CBHU-
HOMAaTOK U IMEPEBOAOM Ha AOpAllIUBAHHUC. HpenapaT MNPUMCHSIIN TIOPOCATAM B TCUCHUC 14 I[Heﬁ II0CJIe BOS,I[eﬁ—
CTBUS TCXHOJOTHMYCCKOI'O CTpECCa. yCTaHOBJ'IeHO, YTO MPUMCHCHUC ((HeHTaHpOJ'Ia)) JKUBOTHBIM COITPOBOXIAACTCA
TOBBIIICHUEM 110 CPABHCHHUIO C KOHTPOJIEM, HE TTOJTy4YaBIINM HpO6I/IOTI/IK, HGCHGL[PI(l)H'IGCKOﬁ FyMOpaJ’ILHOﬁ " KJIC-
TOYHOU 3alIUThI U cneunq)nqecxoro KJIIETOYHOI'0O UMMYHHTETA, CHUKCHUEM COACPIKAHUA MPOBOCIAIUTCIBHBIX
IUTOKWHOB IIPU MMOBBIIICHUU YPOBHS HPOTUBOBOCHIAJIUTCIIBHBIX MEAUATOPOB, YTO OKa3aJI0 MMOJIOKUTCIbHOC BJIUS-
HHE Ha KIIMHUYECKOE COCTOSHUE KMBOTHBIX U CIIOCOOCTBOBAJIO CHHKEHHUIO MX 3a00J1CBAEMOCTH U YBCJIMYCHUTIO

COXPAaHHOCTH.

KiaroueBrbie ciioBa: nopocsrta, TEXHOJOTUICCKUN cTpecC, HpO6I/IOTI/IK «HeHTar[pon», HMMyHHLIﬁ cTaryc

WHTEHCUBHBIE TEXHOJIOTUU B MPOMBIIUICHHBIX
CBHHOBOJTYECKHMX XO3SHUCTBAX MPEAyCMaTPHUBAIOT PaH-
HUH OTBEM IOPOCAT OT CBUHOMATOK, WX Teperpyt-
MMMPOBKH, CBSI3aHHBIE C MTEPEBOIOM Ha JIOPAITBAHNE
U OTKOPM, CMEHY YCJIIOBHH KOPMIIEHUS U COMEpIKa-
HUs1, OOJBIIME KOHIIEHTPAIIMH )KUBOTHBIX Ha OTpaHHU-
YEHHBIX MPOU3BOACTBEHHBIX IIomaasix [1, 2], koTo-
pBI€ OKa3bIBAIOT UMMYHOCYTIPECCUBHOE JIEHCTBHE HA
OpTaHM3M, TPOSABIISAIONIEECs yTHETCHHEM KIETOYHOTO
U TYMOPAJIbHOTO UMMYHHTETA [3—5].

Jly1st TIOBBITIIEHUS UMMYHHOTO CTaryca MOpOCsT
B KPUTHYECKHUE MEPHUObI BHIPAIIIMBAHMSI, COIPOBO-
JK/AIOIIHEeCs] CTPECCOM, PEKOMEH/I0BAaHbI 1Al TOT€HB,
CTpecC-KOPPEKTOPHI, BUTAMHHBI, ITPETIapaThl Ha OCHO-
BE HYKJICHHOBBIX KUCJIOT U HHTEP()EPOHOB, 0013110~
e UMMYHOMOIYIUPYIOIIUMU CBOMCTBaMU [6—S].

HNmmyHOperynupytoliee BIASHAE HA UMMYHHYIO
CHCTEMY >KHBOTHBIX TaKXXe YCTAHOBJIECHO y MPOOHO-
TukoB [9, 10].

[IpobuoTtnueckast kopmoBas nmobaska «IlenTa-
poim», pazpadorannas OO0 «bruoHay, mpeaHa3zHauC-

Ha JUIsl CTa0MIN3aIlluid MUKPO(IIOPHI KUAIIIEYHHUKA, T10-
BBIILICHUSA HpOZIYKTI/IBHOCTI/I n COXpaHHOCTI/I CBI/IHCI>’I
M CEIIbCKOXO03SMCTBCHHOM IITHITHI.

Lean uccaenoBanus — n3ydeHUE BIUSHUS IIPO-
ounornka «lleHTanpomy Ha UMMYHHBINH CTaTyc MOPO-
CSAT MPHU TEXHOJOTHIECKOM CTpecce, 00yCIOBICHHBIM
OTHEMOM HX OT CBUHOMATOK W TIEPEBOJOM Ha J0opa-
LIMBaHHUE.

MATEPUAJ U METO/bI
HCCJIEJOBAHUM

HccnenoBanusi MpoBe/icHbl Ha TTPOMBIIUICHHOM
CBHHOBOJ/IYECKOM KOMILIEKCE Ha 2 IPyIIax MmopocsT
(omerTHAs, n = 320 u KoHTpONBHAS, 1 = 320), TOITY-
YEHHBIX OT CBUHOMATOK MMOMECHBIX MOPOJ (KpyIHast
Oenasi-maHpac + JOPOK), KOTOPBIX B Bo3pacte 28
JTHEH OTHSUTH OT CBUHOMATOK ¥ TICPEBEIIH Ha JIOPAIIH-
BaHue. OMBIT IPOBOMIN B COOTBETCTBUH C TPeOOBa-
HUSIMH JICUCTBYFOIIUX MEK/TYHAPOIHBIX U POCCUHCKUX
3akoHOoAaTeIbHBIX akToB (dupektuBa 2010/63/EU
ot 22.09.2010, EBpometickoii xouBeHmu (ETS123))

© [axoB A. I',, Cammramaa JI. FO., Konapes B. H., Bonkosa 1. B., boes B. 10O., ®dypuakos C. H., 2025
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(Strasburg, 1986), a Taxxke TpeOOBaHUN KOMUCCUU 110
onostrke « BHUBUIIDuT» (mpotokon Ne 1-02/24 ot
1.02.2024 1).

JKUBOTHBIX conmepkajiy IPpH ONTHMAJIbHBIX Ia-
paMeTpax MHKpPOKIMMAaTa C Yy4eTOM HX (PHU3UOIOTHU-
YEeCKOTO COCTOsIHWA. B mepuopn nopamiuBaHus 1mo-
pocat kopmunu komOukopmamu CK-3 n CK-4,
cOaJaHCUPOBAHHBIMU 110 3HEPTUH, IPOTEUHY, aMU-
HOKHCJIOTaM, BUTAMHUHAM, MaKpO- ¥ MHKpPO3JIEMEH-
TaM. JKMBOTHBIM OIBITHOW TPYMIIBI [TOCIIE MEPEBOIA
Ha JOopallliBaHue C MUTHEBOM BOJOW Uepe3 MeAuKa-
TOp €KEIHEBHO Ha3HaYaIu NpoOnoTHK «IleHTampom)
mo 3 mi B Teuenue 14 mueit. Ilopocsitam KOHTPOIB-
HOHM TPYIIIBI IIpernapar He NpuMeHsud. [Ipoouotuk
«IlenTanmpom» comep>KuT OMOJIOrMYECKH aKTUBHBIC
MeTaOOoUThI, )KUBbIE BEreTaTUBHBIC KJICTKH M CIIO-
pwl: Lactobacillus acidophilus u Lactobacillus plan-
tarum — 1-108 KOE/mn, Lactococcus lactis sub-
sp. lactis w Enterococcus faecium 1-10% KOE/mu,
Bifidobacterium pullorum — ue menee 5-10"KOE/mu.

3a )KUBOTHBIMU B TeueHHe 15 nHel Benn HaOio-
JICHUE, yUYUTBIBAJIN 3200J1eBa€MOCTh, naaex. OT mopo-
AT (1 = 5) KOHTPOJIBHOH U OIIBITHOM IPYIII B3SITHI ITPO-
ObI KPOBH 10 TIEpEeBOJIa Ha AOPALIMBAHKE U CITyCTsI 47
JHEW JIsi UMMYHOJIOTHYECKUX UCCIIEJOBAHUM, KOTO-
pble IPOBOAMIM B COOTBETCTBUU C «MeETOIUUECKUMU
PEKOMEHAALMSIMH 110 OLICHKE U KOPPEKLMHA HMMYHHO-
O cTaryca >KMBOTHBIX» [ 11]. YpoBeHb IIUTOKMHOB: UH-
tepiaeikuna-1p (IL-1p), narepneiikuna-2 (IL-2), un-
tepneiikuna-4 (IL-4), uatepneiikuna-10 (IL-10), dhak-
Topa Hekpo3a omyxonu-o (TNF-a), uarepdepona-y
(IFN-y) ompenensiin MEeTOIoOM WMMYHO(MhEepMEHTHO-
ro ananmza (MDA) ¢ mocieayonmm y4eToM pesyib-
TaToB Ha crieKTpodoTomeTpe « Yauran-TM» B coot-
BETCTBHU C YTBEPKIECHHBIMH HACTABICHUSMH K AHA-
THOCTHYECKUM Habopam.

Jia oneHkn GamaHca Mpo- W MPOTHBOBOCTIANIN-
TEJIbHBIX MEAMATOPOB BBIYMCIICHBI MHJIEKCHI: O0IIee
COOTHOLICHHUE MPO- U MPOTHBOBOCHAIUTEIIBHBIX -
tokuHoB (OLIN) u menuaropos, npoxyuupyembix Th-I
u Th-1I knerkamu (LI Th-1/ Th-2) [12].

Mopdonoruueckuii aHaau3 KPOBH MPOBOIIIN Ha
remMaroJiormueckom ananmzarope «ABX Micros 60».

CrarucTudeckyio 00pabOTKy MOTYyYeHHBIX pe-
3yJBTaTOB MPOBOAMIN C TOMOLIBIO [TAKETa IPOrPaMM
Statistica, Bepcus 6.0.

PE3YJIBTATHI UCCJEJOBAHUMI
U OBCYXKIEHHUE
ITon BIMsSHUEM TEXHOJIOTHYECKOTO CTpECCa y TO-
POCST KOHTPOJIBHON M ONBITHOM IPyMI MOBBICHIIACH
HecnenupuuecKas TyMopajibHast 3alIUTa: TU30UMHAsT

1 KOMITJIEMEHTapHast aKTHBHOCTh CHIBOPOTKH KPOBH Ha
86,71 93,3 %,82,1 (p<0,01) 12,4 paza (p <0,001),
MIPH 3TOM HMX 3HAYCHUS Y KUBOTHBIX OIBITHOH TPYII-
MBI TIPEBBILIANTA KOHTPOJBHBIE MOKa3aTelan Ha 3,6
u 10,4 % (tabn. 1). B panee mpoBeIeHHBIX YKCIICPU-
MEHTaJIbHBIX HCCIICJIOBAHUSAX BIUSHUS MPOOUOTHYE-
CKHX TIpernapaToB Ha UMMYHHYIO CUCTEMY KPBIC TaK-
JKe OBLT0O OTMEYEHO YCUIICHUE aKTHBAINN OCIKOB CH-
cTeMbl KomIuiemenTa [13].

Conep:kanue oOLUIMX UMMYHOITIOOYJIHHOB Y K-
BOTHBIX 00eHX Tpymnn yBenuuuioch Ha 5,0 u 18,1 %
(p <0,05) 1 y mOpoCAT ONBITHOU TPYIIITHI OBLIO BEITIIE
12,4 %. YpoBeHb HUPKYIUPYIOIINX HMMYHHBIX KOM-
TUIEKCOB, TIPE/ICTABIISIONINX COO0M KOMIUIEKC aHTUTeH-
AQHTUTEIIO U SIBIISIOMINXCS MApKEPOM UMMYHHOTO OT-
BE€TA, y OPOCAT KOHTPOJIbHON U OIIBITHOM IPYIII CHU-
3usicsi, B ToM ymcie KpynHsix (3,0 %) B 4 (p < 0,001)
u 3,5 paza (p < 0,001), menxonucnepcHsix (7,0 %) —
Ha 41,4 % (p <0,01)n 48,3 % (p < 0,001), HO yBeNH-
ymitack ux maroreHHoctsh (C7/C3) B 2,3 (p <0,001)
u 1,7 paza (p <0,001) (tabmn. 1).

IIpu 5TOM y KMBOTHBIX OIIBITHOM I'PYIIIBI CONEP-
xanune kpynHeix [{UK 6bu10 6onbiie Ha 14,3 %, yem
B KOHTpOJIE, a MeskoaucnepcHbix [IUK u nx naroren-
HOCTh MeHbIle Ha 11,8 1 27,3 % (p < 0,02), uro cBH-
JeTEIbCTBOBAJIO O 00Jiee BEIPAKEHHOM I'yMOPaIbHOM
3amute. KnerouyHoe 3BeHO HecenupruecKoi 3aiu-
TBI TIO/I BIIMSTHUEM TEXHOJIOTHUECKOTO CTPEcca TakKe
npeTeprneno u3MeHeHus. Tak, KOJTMYeCTBO aKTUBHBIX
(haroUTHPYIOMMX HEUTPODUIIOB, WX TOTIOTHTETh-
Hast criocoOHocTh: U 1 DY y mopocsaT KOHTPOIBHON
TPYIIbI UMENIU TEHACHIINIO K CHUXKEeHUIO Ha 3,3; 5,1;
u 8,6 %, a B onbiTHON — DPAH He m3menunacs, DU
noBbicuiics Ha 3,4 % u @Y ymensmunocs Ha 3,7 %
(tabm. 1).

B T0 e Bpems 3nHaueHuss PAH, O OY y xu-
BOTHBIX, mony4daBmux «lleHTanpom» mpesbImaiu
KOHTPOJIbHBIE MOoKa3arenu Ha 3,7; 9,0 u 5,4 % coot-
BETCTBEHHO, YTO OOYCIIOBJICHO aKTUBHOCTBIO KOMIIO-
HEHTOB CHCTEMbI KOMIUIEMEHTA, YCHUITUBAIOIIEH ITOTJI0-
THTEIHHYIO CTIOCOOHOCTH (haroIuTOB.

DTO comacyeTcs ¢ UCCIEOBAHUAME B PA3ITHIHBIX
OHMOJIOTMYECKUX CUCTEMaX, KOTOPBIMU OBLIO JO0Ka3a-
HO, 4TO JTAKTOOAMIUTEI ¥ OMPUI00aKTEPUU MOTYT aK-
TUBUpOBaTH (harountos [14].

[Ipu u3yuyenun metabonnueckoit (GyHKIIMOHAIb-
HOHM) aKTUBHOCTH HEUTPO(DUIIOB YCTAHOBIICHO, UTO
cnonranubli HCT-Tect, oTpaxkarouuii coCTosiHUE
KHCJIOPOA3aBUCUMOTO MeXaHn3Ma OaKTepUIIMIHOCTH
(harounTOB KPOBH 1N Vitro, y ’KMBOTHBIX KOHTPOJIBHOM
IPYIIIBI HE U3MEHHJICS, & B OTIBITHOW — YMEHBIIHJIICS
Ha 13,0 % u ObuT HIDKE KOHTpOIsT HA 13,8 %.
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Tao6auna 1

ITlokazamenu CYMOPAIbHO2O U KJI€mO4YHO20 36€HA Hecneuuqbuqecmzo UMMYHUmMema y nopocsm

Bospacrt (mam), Tpymmmbe
Ioxazarenn 26 43 43

¢don KOHTPOJIbHAS OIIBITHAS
JIACK, MKr/mi 1,35+ 0,96 2,52+0,17 2,61+0,19
KACK, % rem. 6,29 + 0,30 13,4 + 1,68 14,8 £ 0,96
O6mwe Ig, Mr/mi 19,9 £ 0,88 20,9 +£0,91 23,5+1,14"
LUK 3,0 % mr/mn 0,28 + 0,02 0,07 £0,01 0,08+0,01"
LUK 7,0 % mr/mn 0,29 + 0,021 0,17 £0,02 0,15+0,01"
C7/C3 1,07 +£ 0,021 2,49 £ 0,20 1,81 £0,11"
DAH, % 77,8 £ 0,93 75,2+ 1,49 78,0 £ 1,41
oU 5,28 +0,22 5,01 £0,02 5,46 +0,02
oY 4,28 +£0,22 3,91+0,20 4,12 +0,02
cn-HCT, % 18,4+ 0,84 18,4+ 0,75 16,0 + 0,98
c1-HCT, % 36,3+ 1,20 36,8 +0,87 39,6 £ 0,96
P 2,15+0,11 2,11+0,08 2,58 +£0,28

* p<0,05—0,001 — K OTHOIIICHHUIO K TIPEBIAYIIEMY TIEPHOTY

*p <0,05—0,001 — 10 OTHOIIEHHUIO K KOHTPOIIO

B T0 Bpemsa kak crumynuposanubiii HCT-tecr,
paccMaTpuBaEMBbIil KaK KpUTEPUIl TOTOBHOCTH HEUTPO-
(bnITOB K 3aBepIIEHHOMY (haroIiTo3Yy, y HUX MPEBhIIIAl
KOHTPOJIbHBIN NTOKa3aTenb Ha 7,6 %, TakxKe Kak U Mo-
KazaTellb pe3epBa KIeToK Ha 22,3 %, 4TO CBUACTEIb-
CTBYET O MOBBIIICHUN AKTUBHOCTU KJIETOYHOTO 3BEHA
HecnenupuIecKoi Pe3UCTCHTHOCTH.

B mepuoa amantanny K HOBBIM YCIOBHUSM Yy TIOJI-
OTIBITHBIX YKUBOTHBIX IIPOHM30IITN U3MEHEHHUS 1 B KJIe-
TOYHOM UMMYHHTETE. Y MOPOCAT KOHTPOJIbHOU
U ONBITHOM TPy YBEIUYUIOCH COACPIKAHUE JEHKO-
uutoB Ha 20,0 u 24,7 %, He3HAYUTEIBHO MPEBHIIIAs
(1a 3,9 %) B ombiTe (TAbM. 2).

OTHOCHUTENIBHOE KOJIMIECTBO JIMM(OIIUTOB Y JKH-
BOTHBIX 00€MX TPYNI CHU3UIOCH IO CPaBHEHHIO
¢ ¢onom Ha 10,6 % (p <0,001) u 6,7 % (p <0,01)
1 OBLJIO BBIILIE Y TOPOCAT ONBITHOM rpynibl Ha 4,4 %.
AOCOJIIOTHOE MX COJIEP)KaHUE MOBBICHIIOCH Ha 7,2 %
(p<0,02) m 16,3 % (p <0,001) cOOTBETCTBEHHO
Y TIPEBBIIANO Y )KHBOTHBIX OMBITHOW TPYMIBI KOH-
TpoJib Ha 8,5 %, 4TO CBUAETEIHCTBOBAIO O MOBBIILIE-
HUU KJIETOYHOM 3aIUTHI

Y nopocsAT KOHTPOIBHOM I'pyNIlbl YMEHBIINIOCH
OTHOCHTENBHOE coneprkanne T-mmponnToB Ha 8,4 %,
a 'y KHBOTHBIX OIIBITHOW TPYIIITHI YBEIUIHIOCH a0CO-
JIOTHOE MX KoindecTBo Ha 19,1 % (p < 0,05), npeBbI-
CUB KOHTpPOJIbHBIE TIOKa3aTenu Ha 11,8 % (p < 0,002)
n21,4% (p <0,001), uTo yxa3pIBaio Ha 0oJiee BeIpa-
KEHHYIO aKTHBAIIAIO KJIETOYHOTO MMMYHHTETA.

[Ipu onpenenenun cyonomysuit T-mmdoruToB
YCTaHOBJICHO, YTO OTHOCHUTEIIEHOE KOJIMYECTBO TEO-
(GWUIMHYYBCTBUTENBHBIX T-KIIETOK, 001aJal0LIHX CY-
MPECCUBHON aKTUBHOCTBIO, Y TIOJIONBITHBIX JKABOTHBIX
npeTepreny He3HAYNTEIbHbIC U3MCHEHHSL.

Conepxaane TeODUUTHHPE3UCTCHTHRIX T-JTIM-
¢dommToB, 0beceunBarOIX GOPMUPOBAHNE TYMO-
PaJIBHOTO M KJIETOYHOTO MMMYHHUTETa U aKTHBALHIO
MakpoQaroB, y HTOPOCST OMBITHON I'PYIIIBI TPEBbIIIA-
JI0 aHAJIOTHYHBINA TIOKa3aTesb KUBOTHBIX KOHTPOIIb-
HOM Tpymmel Ha 12,0 % (p < 0,05), 3HaYeHHe KOTO-
PBIX TIO CPaBHEHHIO ¢ (POHOM CHU3MIIOCH B KOHTPO-
ne Ha 11,5 %.

[Ipu yMeHbIIEHNH HMMYHOPET YIS TOPHOTO HHACK-
ca (Trdpp/Trdu) y HOAONBITHBIX KUBOTHBIX Ha 12,6

Berepunaphsrii papmakomorudaeckuii BeCTHUK o No 3 (32) « 2025 83



A. I Hlaxos, JI. FO. Cawnuna, B. H. Koyapes, H. B. Boakosa, B. IO. boes, C. H. @ypuaxos

u 6,8 % ero 3HaYEHHE y MOPOCAT OIMBITHON TPYIIIBI
MIPEBBINIAIO AHAIOTHYHBIN ITOKa3aTelb OPOCIT KOH-
TPOIBHON rpynmsl Ha 6,7 %o.

OTHOCHTeNbHOE M a0CONIOTHOE KOJIUYECTBO
B-nmum¢ounToB, urparomumx BaKHYIO poJib B peau-
3alUK TYMOPaJIbHOTO IMMYHHOTO OTBETa U BBIPa0OT-

Ke crenu(pUICCKUX aHTUTEIN, Y )KUBOTHBIX KOHTPOJIb-
HOM rpymimbl cHu3uiock Ha 17,4 % p < 0,05)u 11,2 %,
B ONBITHOW — COOTBETCTBEHHO YMEHBIIMWIIOCH Ha
6,5 % u noBeicuinock Ha 9,0 %, npu 3TOM UX 3HaYe-
HUSl y TIOPOCSAT ONBITHON TPYIIIbI ObUTH BHIIIE, YeM
B KoHTpose Ha 13,2 % (p < 0,05) u 22,7 % (p < 0,01).

Tabauna 2
Tloxazamenu Kniemouno2o UMMYHUMEMa y nopocsm
Bospacrt (mam), rpymimms
IToxazarenn 26 43 43

¢don KOHTPOJIbHAS OIIBITHAS
Jletikonntsl, 10°/11 15,0 £ 1,46 18,0+ 1,74 18,7+ 1,710
Jlumdoruter, % 56,4 + 0,69 50,4+ 0,97 52,6 +0,87"
Jlumorurer, 10°/n 8,46 +0,10 9,07 +0,17" 9,84 +0,16"
T-mumdoruter, % 50,0 £2,92 45,8+ 0,74 51,2+ 0,87"
T-mamorurer, 10°/1 423+0,24 4,15+0,07 5,04 +£0,08"
Trdu% 17,0 £ 1,54 16,6 = 1,03 17,2+0,70
Trdp% 33,0+ 1,38 29,2 +£0,96 32,7+0,67"
Trop/Ttdu 2,06 £ 0,24 1,80+ 0,19 1,92 +0,11
B-numdonutsr, % 27,6 1,70 22.8+0,66" 25,8 £0,93"
B-nmumdormtst, 10%/n1 2,33+0,14 2,07 +£0,06 2,54 £0,09"

* p<0,05—0,001 — K OTHOIIIECHUIO K TIPEIBIAYIIEMY TIEPHOTY

*p <0,05—0,001 — 10 OTHOIIEHHUIO K KOHTPOIIO

Panee mpoBefeHHBIMU HCCIIEJOBAaHUAMH yCTa-
HOBJICHA BO)KHAS POJIb NPOOMOTHKOB B PETYJISIIMN KaK
BPOXKJIEHHOM, TaK M aJallTUBHOM MMMYHHOH CHCTe-
MBI, TIPOSIBIISTIONIASICS aKTHBAIe Makpodaros, NK-
KJIETOK U LUTOTOKCHYECKHX T-TMM(OIUTOB, CTUMY-
nsiei toll-momoOHbIX penenTopoB 1 MOTUpUKAIeH
poduIs SKCOPECCHH UUTOKHHOB [ 15—17].

[Ipu n3yueHnn CUCTEMBbl IUTOKUHOB, UTPAIOLIHX
BaKHEHIIIYIO pOJIb B 00ECMEUEHNH COTIIACOBAaHHOTO
JIEHCTBUS OCHOBHBIX TOMEOCTAaTHUCCKUX CHCTEM [9],
y IIOPOCAT 00€UX TPyl OTMEUEHO CHH)KEHHE YPOBHS
IpoBOCHANUTENBHOTO Meauaropa IL-13 Gonee Bripa-
xenHoe (Ha 12,0 %) B OIBITHOI IpyIIe U ObLIO MEHB-
11e KOHTpoJIs Ha 8,5 %.

VY KHBOTHBIX 00€WX TpyNI aHAJOTHYHBIE W3-
MEHEHHE yCTaHOBJIEeHbI B cojepxkanun TNFa -a
u IL-2 xoropoe cumsunocy Ha 10,0 % (p <0,0001)
1 20,5 % (p <0,0001) u 10,4 u 14,3 % cooTBETCTBEH-

Ho. Konnenrpanus IFN-y He npeTepniena usMmeHeHni
U HE MMeEJa 3HAYUMBIX Pa3Iuduid MEXIy TpyIIamMu
nipu 3ToM ypoBeHb TNFa-o n IL-2 y mopocsT omnbit-
HOW Tpynmsl ObuT HKe Ha 11,7 1 4,4 % anamorud-
HBIX MOKAa3aTesiei KUBOTHBIX KOHTPOJIBHOU TPYIIIIbI
(Tabm. 3).

KonunuectBo IL-10, sBrsromierocss aHTarOHUCTOM
MIPOBOCTIAIUTEIHHBIX IIMTOKUHOB ¥ HHYITHPYIOIIETO
TYMOPAJIbHBIN UMMYHHTET, Y TIOPOCST OTIBITHOM TPYTI-
Bl YBEJTMYMIIOCH Ha 7,2 % W MPeBBIIIAIO0 KOHTPOIIb-
HBIA mokazareib Ha 5,6 %.

AHaJIOTUYHBIC PE3YIIBTAThI ITOJYYCHBI B OIBITAX in
Vitro npu U3y4eHUH UMMYHOPETYISTOPHBIX CBOWCTB
mraMMoB Lactobacillus spp. v Bifidobacterium spp.,
BBIJIEJICHHBIX U3 OaKTepHANbHBIX KYJIBTYD IPH UCCIIe-
JTOBaHUU MUKPOOHOTHI TOJICTOTO KATIIEYHUKA KOTOPHIE
OTIMYAIUCH IPEUMYIIECTBEHHBIM YBEIUYCHUEM IPO-
nykuuu [L-10 u camkenunem TNFa, IL-17 u IL-2 [18].

84 BerepunapHsiii papmaxomorudeckuii BecTHUK o No 3 (32) « 2025



Tosviwernue UMMYHHO2O cmiamyca nopocsm npo6u0muKOM «HeHmanpOJz» npu mexnoiocuiecKom cmpecce...

Tabauna 3
Lumokunoswviii npoghunv y nopocam
Bospacrt (mau), rpymimb
U TOKUHBI, TIT/MIT 26 43 43
¢don KOHTPOJIbHAS OITBITHAS
IL-1B 3,91+0,075 3,76 £ 0,055 3,44 £ 0,063
IL-2 2,80+ 0,093 2,51+0,077 2,40+ 0,021
1IL-4 1,54 +£ 0,003 1,63 +0,101 1,69 + 0,057
IL-10 3,19+0,127 3,24+ 0,081 3,42 +£0,0,057
TNFa -o 5,61 +0,08 5,05+0,019 4,46 +0,077
IFN-y 11,7+ 0,148 12,2+0,194 12,0 +£ 0,096
onun 5,1 4,75 4,44
LU (ThI/ThII) 4,2 3,94 3,24

* p<0,05—0,001 — K OTHOIIECHHUIO K TPEBIIYIIEMY TIEPHOTY

" p <0,05—0,001 — 1o OTHOIIEHHIO K KOHTPOJIIO

B T0 e BpeMs npu IKCIEpUMEHTAILHOM HCCIIe-
JTIOBaHUH BIUSTHHS POOMOTHKOB Ha MPOTYKITUIO ITUTO-
KHHOB YCTAaHOBJICHA BBIPAKCHHAS DKCTIPECCHUS TEHOB,
konupyromux [L-10 B ki1eTkax Me3eHTEepUATbHBIX y3-
JIOB KpBIC, MOTYYaBIINX SHTEPOKOKKH [19].

[Ipu nossimennn xonuyectsa IL-4 y )KUBOTHBIX
o0eux rpymm Ha 5,8 u 9,7 %, ero 3HaYCHUE Y OIBIT-
HBIX ITOPOCAT HECKOJIBKO (Ha 3,7 %) MpeBhIIIano KOH-
TPOJIBHBIN MOKa3aTeb.

[Ipu 3TOM y mOpoCsAT 00X TpyII CHU3WUIUCH
OOIMI IUTOKUHOBBIN HHAEKC Ha 6,9 1 12,9 % u uH-
nexc coornornenuii Thl/ThIl na 6,2 u 22,6 % coor-
BETCTBEHHO U Y JKUBOTHBIX OIBITHOW TPYIIIBI ObLIH
HIKe Ha 6,5 u 17,8 % 3HaueHN KOHTPOJIS, 9TO CBHU-
JETENBCTBYET O OoJiee BRIPAKEHHOW T'yMOpPaIbHON
3amuTe. KIMHUYECKNMHU HCCIIETOBAaHUAMHU YCTaHOB-
JIEHO, 4TO B MEPBYIO HEJIENIO TOcye epeBojia Ha JI0-
pamuBaHue 3a00J€eBa€MOCTh MOPOCST KEIYyA0U-
HO-KUIIEYHBIMU OOJIE3HAMH B KOHTPOJIBHOW TPYTI-
e cocraBmia 7,8 %, a B ONBITHOHN OblIa B 2,5 pasa
Hmxe (3,1 %).

[Tpu MpOOIKUTENHLHOCTH JICUCHHS OOIBHBIX KH-
BOTHBIX O0CHX TIPYyNIl C UCIOIb30BAHUEM aHTUMHU-
KpoOHOTO mpenapara JeKkco(iaoHa, BHYTPb B J03€
0,5 m1/20 kT Maccel TeJa OJUH Pa3 B CYTKH, PAaBHON
COOTBETCTBEHHO 5 U 4 THEH, KOJIMYECTBO BhI3I0POBEB-
mux nopocst cocrtasuio 76,0 u 80,0 % npu serans-
Hoctu 24,0 u 20,0 %.

3AKJIIOYEHHUE

IIpoBeneHHBIMU HCCIEIOBAHUSIMHU YCTAHOB-
JIGHO, YTO MPUMEHEHHUEe MopocsiTaM NMPOOUOTHKA
«IlenTanmpom» mpu TEXHOIOTUYECKOM CTpEcce Co-
MIPOBOYKIAETCS TIOBBIIICHUEM HeCIeIU(pUICCKOM TIy-
MOPAJIBHOM M KJIETOYHOW 3alMThl U aJallTUBHOIO
HMMYHUTETA. YPOBEHb IMUTOKHMHOBOTO TPOdHIIsI Xa-
PAKTEpHU30BAJICA CHUKEHUEM COJEPIKAHUS MPOBOC-
nanutenbHbIX TUTOKUHOB 1L-103, TNFa-a, I[L-2 u un-
JIeKca OOIIEr0 COOTHOIICHUS MPO- ¥ MPOTHBOBOCTIA-
JIUTEIBHBIX UTOKUHOB U mnoka3aresist Thl/ThIl npu
YBEIIMUCHUH KOHIICHTPAIIMH MPOTHBOBOCIIATUTEIb-
HbIX MeauatopoB IL-4 u IL-10, yTo cBUAETEILCTBYET
0 OoJiee BEIpakeHHOM r'yMOpaIbHOM 3aIlUTE U CIIOCO0-
CTBYET CHMYKEHHIO 3200JIeBACMOCTH UX KEITYIOUHO-KH-
HICYHBIMU OOJIC3HSIMU U YBEIIMYCHUIO COXPAHHOCTH.
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Abstract. The effect of the probiotic “Pentaprol” on the immune status of piglets under technological stress caused
by weaning from sows and transfer to rearing was studied at an industrial pig breeding complex. The drug was
administered to piglets for 14 days after exposure to technological stress. It had been found that the use of “Pen-
taprol” by animals was accompanied by an increase in non-specific humoral and cellular protection and specific
cellular immunity, compared to the control that were not administered the probiotic, a decrease in the content of
pro-inflammatory cytokines with an increase in the level of anti-inflammatory mediators, which had a positive ef-
fect on the clinical condition of the animals and contributed to a decrease in their morbidity and an increase in

livability.

Keywords: piglets, technological stress, probiotic “Pentaprol”, immune status

Intensive technologies at industrial pig breeding
farms include early weaning of piglets from sows, their
regrouping associated with transfer to rearing and fat-
tening, changes in feeding and keeping conditions,
large concentrations of animals in limited production
areas [1, 2], which have an immunosuppressive effect
on the body, manifested by the suppression of cellu-
lar and humoral immunity [3—S5].

To improve the immune status of piglets during
critical periods of rearing, accompanied by stress,
adaptogens, stress correctors, vitamins, drugs based
on nucleic acids and interferons with immunomodu-
latory properties are recommended [6—8].

The immunoregulatory effect on the immune sys-
tem of animals has also been established for probiot-
ics [9, 10].

The probiotic feed additive “Pentaprol”, designed
by Biona LLC, is for stabilizing the intestinal micro-
flora, increasing the productivity and livability of pigs
and poultry.

The research objective is to study the effect of
the probiotic “Pentaprol” on the immune status of pig-
lets under technological stress caused by weaning and
transfer to rearing.

MATERIAL AND METHODS

The studies were conducted at an industrial pig
breeding complex on 2 groups of piglets (experimental,
n =320, and control, n = 320) obtained from crossbred
sows (Large White-Landrace + Duroc), which were
weaned at the age of 28 days and transferred to rear-
ing. The experiment was carried out in accordance with
the requirements of current international and Russian
legislation (Directive 2010/63/EU dtd. 22.09.2010,
European Convention (ETS123)) (Strasburg, 1986), as
well as the requirements of the Bioethics Commission
of ARVRIPP&T (protocol No. 1-02/24 dtd. 1.02.2024).

The animals were kept under optimal microclimate
parameters taking into account their physiological con-
dition. During the rearing period, the piglets were fed
with compound feeds SK-3 and SK-4, balanced in en-
ergy, protein, amino acids, vitamins, macro- and mi-
croelements. The animals of the experimental group,
after transfer to rearing with drinking water through a
medicator, were prescribed the probiotic “Pentaprol”
daily at 3 ml for 14 days. The piglets of the control
group were not administered the drug.

The probiotic “Pentaprol” contains biologically
active metabolites, live vegetative cells and spores:
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Lactobacillus acidophilus and Lactobacillus plan-
tarum — 1-108 CFU/ml, Lactococcus lactis subsp.
lactis and Enterococcus faecium — 1-108 CFU/ml,
Bifidobacterium pullorum — at least 5-10” CFU/ml.
The animals were observed for 15 days, morbidity
and mortality were recorded. Blood samples were taken
from the piglets (n = 5) of the control and experimental
groups before transfer to rearing and 47 days later for
immunological studies, which were carried out in ac-
cordance with the Methodological Recommendations
for the Assessment and Correction of the Immune
Status of Animals [11]. The levels of cytokines (inter-
leukin-1f (IL-1p), interleukin-2 (IL-2), interleukin-4
(IL-4), interleukin-10 (IL-10), tumor necrosis factor-a
(TNFa), interferon-y (IFN-y)) were determined by en-
zyme-linked immunosorbent assay (ELISA) with sub-
sequent recording of the results on a Uniplan-TM spec-
trophotometer in accordance with the approved in-
structions for diagnostic kits. To assess the balance of
pro- and anti-inflammatory mediators, the following
indices were calculated: the total ratio of pro- and an-
ti-inflammatory cytokines (TrPC) and mediators pro-

duced by Th-I and Th-II cells (CI Th-1/Th-2) [12].
Morphological blood analysis was performed on the
hematological analyzer ABX Micros 60.

Statistical processing of the obtained results was
performed using the Statistica software package, ver-
sion 6.0.

STUDY RESULTS AND DISCUSSION

Under the effect of technological stress, non-spe-
cific humoral protection increased in the piglets of the
control and experimental groups: serum lysozyme and
complementary activity — by 86.7 and 93.3 %, by 2.1
(» <0.01) and 2.4 times (p < 0.001), while their val-
ues in the animals of the experimental group exceed-
ed the control indicators by 3.6 and 10.4 % (Table 1).

In previously conducted experimental studies of
the effect of probiotic drugs on the immune system of
rats, an increase in the protein activation of comple-
ment system was also noted [13]. The content of to-
tal immunoglobulins in the animals of both groups in-
creased by 5.0 and 18.1 % (p < 0.05), and it was higher
than 12.4 % in the piglets of the experimental group.

Indicators of humoral and cellular links of non-specific immunity in piglets e
Age (days), groups
Indicators 26 43 43

baseline control experimental
SLA, pg/ml 1.354+0.96 2.52+0.17 2.61£0.19
SCA, % hem. 6.29+0.30 13.4 +1.68" 14.8 £0.96"
Total Ig, mg/ml 19.9 £0.88 20.9+0.91 23.5+1.14*
CIC3.0 % mg/ml 0.28 £0.02 0.07+0.01" 0.08 £0.01"
CIC7.0 % mg/ml 0.29+£0.021 0.17 £0.02" 0.15+£0.01"
C7/C3 1.07 £0.021 2.49 +£0.20" 1.81+0.117
PAN, % 77.8+0.93 75.2+1.49 78.0 +1.41
Phl 5.28+0.22 5.01+0.02 5.46+0.02
PhN 428 +£0.22 3.91+0.20 4.12+0.02
spNBT, % 18.4+0.84 18.4+0.75 16.0 +£0.98
stNBT, % 36.3+1.20 36.8 +0.87 39.6 £0.96
RI 2.15+0.11 2.11+£0.08 2.58 £0.28

" p <0.05—0.001 — relative to the previous period

* p <0.05—0.001 — relative to the control

88

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025




Increasing the immune status of piglets with the probiotic “Pentaprol” under technological stress caused by weaning...

The level of circulating immune complexes, which
are an antigen-antibody complex and are a marker
of the immune response, in the piglets of the control
and experimental groups decreased, including large
(3.0 %) —Dby 4 (p <0.001) and 3.5 times (p < 0.001),
fine (7.0 %) — by 41.4 % (p <0.01) and 48.3 %
(» <0.001), but their pathogenicity (C7/C3) increased
by 2.3 (» <0.001)and 1.7 times (p < 0.001) (Table 1).

Moreover, in the animals of the experimental
group, the content of large CIC was by 14.3 % higher
than in the control, and the content of finely dispersed
CIC and their pathogenicity was by 11.8 and 27.3 %
lower (p < 0.02), which indicated a more pronounced
humoral protection.

The cellular link of non-specific protection also
underwent changes under the effect of technological
stress. Thus, the number of active phagocytic neutro-
phils, their absorption capacity: Phl and PhN in the
piglets of the control group tended to decrease by 3.3,
5.1 and 8.6 %, and in the experimental group — PAN
did not change, Phl increased by 3.4 % and PhN de-
creased by 3.7 % (Table 1).

At the same time, the values of PAN, Phl, PhN in
the animals receiving “Pentaprol” exceeded the control
indicators by 3.7, 9.0 and 5.4 %, respectively, which

was due to the activity of the components of the com-
plement system, enhancing the absorption capacity of
phagocytes.

This is consistent with the studies in various bi-
ological systems, which have shown that lactobacil-
li and bifidobacteria can activate phagocytosis [14].

When studying the metabolic (functional) activity
of neutrophils, it had been found that the spontaneous
NBT test, reflecting the state of the oxygen-dependent
mechanism of bactericidal activity of blood phago-
cytes in vitro, did not change in the animals of the con-
trol group, but in the experimental group, it decreased
by 13.0 % and was lower than the control by 13.8 %.

While the stimulated NBT test, considered as a cri-
terion of neutrophil readiness for complete phagocy-
tosis, exceeded the control value by 7.6 %, as well as
the cell reserve value by 22.3 %, which indicated an
increase in the activity of the cellular link of non-spe-
cific resistance.

During the period of adaptation to new conditions,
changes in cellular immunity also occurred in the ex-
perimental animals. In the piglets of the control and
experimental groups, the leukocyte content increased
by 20.0 and 24.7 %, slightly exceeding (by 3.9 %) the
experiment (Table 2).

Table 2
Indicators of cellular immunity in piglets
Age (days), groups
Indicators 26 43 43
baseline control experimental
Leukocytes, 10°/L 15.0+£1.46 18.0+1.74 18.7+1.710
Lymphocytes, % 56.4 +0.69 50.4+£097 52.6 +£0.87"
Lymphocytes, 10°/L 8.46+£0.10 9.07+0.17 9.84£0.16"
T-lymphocytes, % 50.0 £2.92 458 +0.74 51.2+0.87*
T-lymphocytes, 10°/L 4.23+0.24 4.15+0.07 5.04 £0.08"
Ttps% 17.0 £ 1.54 16.6 = 1.03 17.2+0.70
Ttpr% 33.0+1.38 29.2 £0.96 32.7+0.67"
Ttpr/Ttps 2.06+0.24 1.80 £0.19 1.92+0.11
B-lymphocytes, % 27.6+£1.70 22.8+0.66 25.8+0.93"
B-lymphocytes, 10°/L 233+0.14 2.07 £0.06 2.54 £0.09*
* p<0.05—0.001 — relative to the previous period
* p <0.05—0.001 — relative to the control
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The relative number of lymphocytes in the ani-
mals of both groups decreased by 10.6 % (p < 0.001)
and 6.7 % (p <0.01), compared to the baseline, and
was higher in the piglets of the experimental group
by 4.4 %. Their absolute content increased by 7.2 %
(» <0.02) and 16.3 % (p <0.001), respectively, and
exceeded the control in the animals of the experimen-
tal group by 8.5 %, indicating an increase in cellular
protection. In the piglets of the control group, the rel-
ative content of T-lymphocytes decreased by 8.4 %,
and in the animals of the experimental group, their
absolute number increased by 19.1 % (p < 0.05), ex-
ceeding the control values by 11.8 % (p < 0.002) and
21.4 % (p <0.001), indicating a more pronounced ac-
tivation of cellular immunity.

When determining the subpopulations of
T-lymphocytes, it was found that the relative num-
ber of theophylline-sensitive T-cells with suppressive
activity in the experimental animals underwent mi-
nor changes.

The content of theophylline-resistant T-lympho-
cytes, which ensure the formation of humoral and cel-
lular immunity and the activation of macrophages, in
the piglets of the experimental group, exceeded the
similar indicator of the animals of the control group
by 12.0 % (p <0.05), the value of which decreased
in the control by 11.5 %, compared with the baseline.

With a decrease in the immunoregulatory index
(Ttpr/Ttps) in the experimental animals by 12.6 and
6.8 %, its value in the piglets of the experimental group
exceeded the same indicator in the piglets of the con-
trol group by 6.7 %.

The relative and absolute number of B-lymphocytes,
which play an important role in the implementation of
the humoral immune response and the production of
specific antibodies, decreased by 17.4 % (p < 0.05) and
11.2 % in the animals of the control group, in the exper-
imental group — it decreased by 6.5 % and increased
by 9.0 %, respectively, while their values in the pig-
lets of the experimental group were higher than in the
control by 13.2 % (p < 0.05) and 22.7 % (p < 0.01).

Previous studies have established the import-
ant role of probiotics in the regulation of both the in-
nate and adaptive immune systems, manifested by
the activation of macrophages, NK cells and cyto-
toxic T-lymphocytes, stimulation of toll-like recep-
tors and modification of the cytokine expression pro-
file [15—17].

When studying the cytokine system, which plays
a critical role in ensuring the coordinated action of
the main homeostatic systems [9], the piglets of both
groups showed a decrease in the level of the proinflam-
matory mediator IL-1f, which was more pronounced
(by 12.0 %) in the experimental group and was less
than the control by 8.5 %.

In the animals of both groups, similar chang-
es were found in the content of TNFa and IL-2,
which decreased by 10.0 % (p <0.0001) and 20.5 %
(» <0.0001), and by 10.4 and 14.3 %, respectively.
The concentration of IFN-y did not change and did not
have significant differences between the groups, while
the level of TNFo and IL-2 in the piglets of the exper-
imental group was lower by 11.7 and 4.4 % of similar
indicators in the animals of the control group (Table 3).

Table 3
Cytokine profile in piglets
Age (days), groups
Cytokines, pg/ml 26 43 43
baseline control experimental
1 2 3 4
IL-1B 3.91+£0.075 3.76 £0.055 3.44 £ 0.063"
IL-2 2.80 £ 0.093 2.51+£0.077 2.40 £ 0.021
IL-4 1.54 £0.003 1.63 £0.101 1.69 £ 0.057
IL-10 3.19+0.127 3.24 +£0.081 3.42 +£0.057
TNFa 5.61+0.08 5.05+0.019 446 +0.077
IFN-y 11.7+0.148 12.2+£0.194 12.0 £ 0.096
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Table 3 (the end)
1 2 3 4
TrPC 5.1 4.75 4.44
CP (ThI/ThII) 4.2 3.94 3.24

* p<0.05—0.001 — relative to the previous period
*p <0.05—0.001 — relative to the control

The amount of IL-10, which is an antagonist of
proinflammatory cytokines and induces humoral im-
munity, increased by 7.2 % in the piglets of the ex-
perimental group and exceeded the control indicator
by 5.6 %.

Similar results were obtained in in vitro experi-
ments when studying the immunoregulatory properties
of Lactobacillus spp. and Bifidobacterium spp. strains
isolated from bacterial cultures during the study of the
microbiota of the large intestine, which were charac-
terized by a predominant increase in IL-10 production
and a decrease in TNFa, IL-17 and IL-2 [18].

At the same time, in an experimental study of the
effect of probiotics on cytokine production, a pro-
nounced expression of genes encoding IL-10 was es-
tablished in the cells of the mesenteric nodes of rats
receiving enterococci [19].

With an increase in the amount of IL-4 in the ani-
mals of both groups by 5.8 and 9.7 %, its value in the
experimental piglets was slightly (by 3.7 %) higher
than the control value.

In this case, the total cytokine index of the piglets
of both groups decreased by 6.9 and 12.9 %, and the
Thl/ThlI ratio index — by 6.2 and 22.6 %, respective-
ly, and they were by 6.5 and 17.8 % lower in the ex-
perimental group than the control values, indicating a
more pronounced humoral protection.

Clinical studies have shown that in the first week
after transfer to rearing, the incidence of gastrointes-
tinal diseases in the piglets of the control group was
7.8 %, and in the experimental group it was by 2.5
times lower (3.1 %). With the duration of treatment
of sick animals of both groups using the antimicrobi-
al drug leksoflon, orally at a dose of 0.5 ml / 20 kg of
body weight once a day, equal to 5 and 4 days, respec-
tively, the number of recovered piglets was 76.0 and
80.0 % with a mortality of 24.0 and 20.0 %.

CONCLUSION

The conducted studies have established that the use
of'the probiotic “Pentaprol” in piglets under technolog-
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ical stress is accompanied by an increase in non-spe-
cific humoral and cellular protection and adaptive im-
munity. The level of the cytokine profile has been
characterized by a decrease in the content of pro-in-
flammatory cytokines (IL-1p, TNFa, IL-2) and the in-
dex of'the total ratio of pro- and anti-inflammatory cy-
tokines and the Thl/ThlII indicator with an increase in
the concentration of anti-inflammatory mediators IL-4
and IL-10, which indicates a more pronounced humor-
al protection and helps to reduce the incidence of gas-
trointestinal diseases and increase livability.
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PAPMAKOKOPPEKIIUA AHEMUMU Y TEJAT-I UTIOTPOPUKOB
IMPEIHAPATOM AMUHOCEJIE®EPOH-b

JAvutpuii Anexcanaposny CaBpacos

Bopouestcckuii 2ocyoapcmeentulii acpapHulil yHu8epcumem umeHu umnepamopa
Ilempa I, Boponeoic, Poccus, dmitrij-savrasov@yandex.ru

AHnHOTanms. B crarbe paccMOTpeH OIBIT IPUMEHEHHUs] KOMIUIEKCHOTO Ipernapara aMuHocenedepoH-b npu ko-
MOpPOUTHON aHEeMHUH y TeNAT-THHOTPo(HKOB. ONBITHI OBUTH TPOBEJCHBI HA TEISATAX TOIIMTHHCKON ITOPOABI C PO-
xJeHns 1 10 30-1HeBHOTO BO3pacTa. B mepBoil cepuu OnbITOB ObUIO COPMHUPOBAHO JIBE TPYIIIBI JKHBOTHBIX:
KIIMHUYECKH 3/10pPOBbIE HOBOPOXKACHHBIE TEJISATA M TENATA-THIOTPO(UKH ¢ aHeMuei. Bo Bropoii cepuu onbIToB
TEJISAT C PEHATAIbHOM THIOTPO(dUel 1 aHeMUEH pacTIpeeHiI Ha IBE TPYIIIbI: KOHTPOJIbHYIO M ONBITHYTO. Jlyist
BOCCTaHOBJICHHUS SPUTPOII0A3a TEJIATaM-TUIIOTPO(UKAM C aHEMHEH OITBITHOM TPYIIIBI IPUMEHSUTH ITpeTiapar aMy-
Hocenedepor-b monkoxHO AByKpaTHO B 1 1 3 cyTku »u3HH B no3e 0,1 M Ha | kr mMaccel Tena. Texsram KoH-
TPOJILHOH TPYNITEI M HOPMOTPO(HUKAM Iperaparsl He BBOAWIN. Y KMBOTHBIX Opayii KPOBb ISl T€MaTOoJIOTHYe-
CKOT'O aHaJIM3a U3 SIPEMHOW BEHBI JI0 TIEPBOH BHIITOWKN MoJio3nBa 1 uepe3 30 1Hel nocie IpUMEHEHUs] aMHUHHO-
ceneepona-b. Ilocne npumenenust amunocenedepona-b B KpoBH TENAT OTMEUAIN yBEIWYEHHE KOJIMYECTBA
spuTporuToB Ha 28,3 %, remorobuHa B 1,6 pa3a, rematokpura Ha 24,2 % u 1iBeToBoro mokasarens Ha 40,5 %,
CBIBOPOTOYHOTO kene3a B 1,6 pasa, menu Ha 38,6 % u Mapranna Ha 18,5 %, 4To CBUIETENBCTBYET O BOCCTAHOB-

JICHHUH I'eMOI1093a Y TGJ'IHT-I‘I/IHOTPO(I)I/IKOB.

KiaroueBrble cioBa: TCJATa, reMaToOJIOrH4€CKUE IOKa3aTeiiu, FI/IHOTpO(i)I/ISI, aHEMUA, aMI/IHOCGJ'Ie(l)epOH-B

Bone3nn MornoHsKa B HACTOsIIIEE BPEeMs IIHPO-
KO PaclpoCTpPaHEHbI B JKUBOTHOBOACTBE. Cpenn HUX
3HAYUTEIBHOE MECTO 3aHUMAIOT MATOJIOTHH KPOBU
1 HauOoJiee PacpOCTPAHCHHBIMHU SIBJISIOTCSI aHEMUU
Pa3IMYHOTO MPOUCXMKACHUS. YacTo aHeMus y TeISIT
pa3BHUBaETCs B pe3yabTaTe HapymeHs CHHTE3a TeMO-
m100uHa n3-3a AeduiuTa xemnesa. 3a0oneBaHue COIpo-
BOXK/IA€TCS PACCTPOMCTBOM (PYHKIIMU KPOBETBOPHBIX
OpPraHOB, YMEHBIIIEHUEM 00Pa30BaHUs APUTPOIUTOB,
HHU3KUM COJICp)KaHUEM I'eMOITIOOMHA, HApYIICHHU-
eM Tporecca oOMeHa BeIIeCTB, BeIyIuX K OTCTaBa-
HUIO B POCTE M CHIDKEHUIO PE3UCTEHTHOCTH OPTaHU3-
ma [1—S5, 6].

[Tomumo 3TOTO, Pa3BUTHIO KEIE30ACPUITUTHON
aHEeMHUH CrocoOCTBYIOT MOPPOPYHKIIMOHAILHAS He-
3pENIOCTh MOJIOIHSAKAa — rUHOTPoQus, a TaKKe Hecha-
JIAHCWPOBAHHBIN PaIFOH, paHHEee BCKapMIIMBaHUE He-
aIalI TUPOBAHHBIMH 3aMEHHUTEIISIMU 11eJTbHOTO MOJIOKA,
BBEJICHHE B PAIIMOH rpyObIX KOPMOB U T. TI.

[ToTpebaeHue xeneza kKopoBaMu BO Bpems Oe-
PEMEHHOCTH BJIMSICT Ha YPOBEHb JKejie3a y TeJAT.
[TaTonormueckoe TeueHne 6epeMEHHOCTH (TECTO3), CO-
IIPOBOXKTAIOIIEECS HAPYIIIEHUEM MaTOYHO-TIIAlleHTap-

© Caspacos /1. A., 2025

HOTO KPOBOTOKA U IJIaLIEHTaPHON HEJJOCTAaTOYHOCTBIO,
NPUBOAMT K YMEHBILICHUIO TOCTYIUICHUSI JKeie3a B Op-
TaHU3M I1J10/1a. 3HAYMMOCTD KaXKJI0M U3 IMepeunciicH-
HBIX TIPUYUH MEHSIETCS B 3aBUCHMOCTH OT BO3PACTHO-
ro nepuoza [2—3, 7].

[ocne pokIeHNst ICTOYHUKAMH XKeJle3a SBIISTFOTCS:
9K30T€HHOE JKEJIe30 B COCTABE KOPMa U Y THIIM3UPOBaH-
HOE YKeJIe30 U3 SHJIOTEHHBIX 3a11acoB, KOTOPBIE OBICTPO
UCTOIIAIOTCS. B TeUeHME TIepBBIX MECSIICB )KU3HH MO-
JIOKO SIBISIETCS €MHCTBEHHBIM MPOAYKTOM, KOTOPBIN
o0ecreqrBaeT OpraHu3M KHBOTHBIX JKEJIE30M, TIPUIEeM
JKEJIe30 U3 MOJIOKa ycBauBaetTcst 6osnee 3pQeKTUBHO.

DakTopsl, HapyIIAIOIINE BCACBIBAHUE JKelle3a: 3a-
0oIeBaHUs KETYJOUHO-KHIIIEYHOTO TPAKTa, KOPMOBEIE
W JIGKapCTBEHHBIE BEIIECTBA, HEJIOCTATOK IPUTPOIIOD-
THHA. YMEHBIICHHUE COMIEPIKaHU jKele3a B ChIBOPOT-
Ke KPOBH, KOCTHOM MO3T€ ¥ TKAHEBBIX JIETIO TPUBOIUT
K CHIDKEHHUIO TEMIIOB CHHTE3a M HapyLICHUIO 00pa3o-
BaHUsI TEMOITIOOMHA, Pa3BUTHIO TUIIOXPOMHOU aHe-
MUH, U, CICJOBATEIBHO, K TPOPHUUECKUM paccTpoii-
CTBaM B TKaHSX, 3aMEJIJICHHOMY pPa3BUTHIO M Hapy-
IICHNIO KOOPIUHAIINH, TIOBEIEHYECKIM OTKIOHEHUSIM
Y CHIDKEHMIO akTUBHOCTH [1, 2, 8, 9].
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[To HamuM HaOMIOAEHUSM, B YCIIOBUSX XO3SHCTB
MIPOMBIIIJIEHHOTO )KHBOTHOBOJICTBA TMArHOCTHKA aHe-
MUH [IPAKTUYECKHU HE IPOBOIUTCS, XOTSI METOABI VIS
[IOCTAaHOBKH NPEABAPUTEIILHOTO AMArHo3a, B 4acT-
HOCTH, aHEMHUH AJIMMEHTAPHOTO MPOHCXOKJICHUS HE
MIPEACTABISIOT TPYAHOCTEH: HEOOXOMMO ONPEICIIUTh
KOJIMYECTBO IPUTPOIMTOB U TeMOIIIOONHA B KPOBU
KUBOTHBIX, @ TAKKE MPOAHAIU3UPOBATH IIOJIHOLIEH-
HOCTb PAaLMOHA KOPMJIEHHS 110 OCHOBHBIM ITUTATElIb-
HBIM KOMITIOHEeHTaM. llpu 3ToM sxene3opeduunTHAS
aHemust fuarHoctupyercs 10 100 % y tensrt ¢ rumno-
Tpodueii paznuunoii crernenu [3—35, 10]. Takum 00-
pas3om, pa3paboTKa AMArHOCTHUYECKUX AJITOPUTMOB
1 croco0OB Tepanuu HOBOPOXKIEHHBIX TEJISAT-TUIIO-
TPOHKOB C aHEMHUEH, KaK ITPOSIBICHUE KOMOPOUAHOM
[IaTOJIOT U, SIBIISICTCS IEPCIEKTUBHON 3aaueil 1 uMe-
€T NMPaKTHUUECKYIO U HayYHYIO 3HAUUMOCTb.

Lenbio uccienoBanus ObUIO onpeaeiacHue 3¢h-
(hekTHBHOCTH (PapMaKOKOPPEKIMH aHEMHUH y TEIAT
B YCJIOBHAX KOMOPOHIHOCTH C IOMOIIBIO KOMILIEKC-
HOTO npenapara amuHocenedepon-b.

MATEPHUAJ U METOJbI
HUCCJIEJOBAHUM

OmnprTe! ObiH TipoBeieHsl B OO0 «OxoHnBaArpo»
Kamenckoro paitioma BopoHexckoi obiacTH.
Knunndeckue nccienoBanus NpoBeISHBI Ha TEIATaX
TOJILITUHCKOM MOPOAbI ¢ poskaeHHs U 10 30-1HEBHO-
ro Bo3pacta. B nepBoii cepuu onbIToB ObLI0 CHOpPMHU-
POBAHO JBE TPYIIIBI )KUBOTHBIX: KIMHUYECKH 3/10PO-
BbI€ HOBOPOXKJICHHBIE TEJIATA U TEISATA-TUIIOTPOPUKH
¢ aHemuel. Bo BTOpoil cepuu OMNBITOB TEJAT C Ipe-
HaTAJILHOW THIIOTPO(UEH U aHEeMHUEH pacrpeneIiiin
Ha JIB€ TPYIIIbI: KOHTPOJIBHYIO U ONBITHYIO. J1J1s BOC-
CTaHOBJICHHSI 3PUTPOII0I3a TEIATaM-TUIOTPOPHUKAM
C aHEMHEH OIBITHOW TPYIIIBI IPUMEHSIN IIpenapar
amuHocenedepon-b monkoxxHo MByKpatHO B 1 11 3 CyT-
KM x&u3HU B 103¢€ 0,1 mut Ha 1 kr Maceel Tena. Tenasitam
KOHTPOJILHOW TPYIIBl U HOPMOTpodHKaM mpenapa-
ThI HE BBOJIWJIN.

VY KUBOTHBIX Opajii KpOBb JJIsi TeMaToJIOTHye-
CKOI'0 aHaJIW3a U3 SIPEMHOM BEHBI J10 IIEPBOM BBIIOM-
Ku MoJio3uBa U yepes 30 jqHel mocie mpUuMEeHEeHUs
amuuHocenedepona-b. JlaboparopHsie uccnenoBaHus
npoBoanin Ha 6aze PI'BHY «Bcepoccuiickuii Hayu-
HO-UCCIIE0BATEIbCKUN BETEPUHAPHBIA MHCTUTYT I1a-
TOJNOTHH, (hapMaKOJIOTHH U Teparuny. B kpoBu onpe-
JeJISUIN COJep KaHue HIPUTPOLIUTOB, FEMOITIO0HHA, Te-
MaTOKpHTa, cpeaHero oobema sputporuto (MCV),
CpeiHell KOHLEHTPALUU FeMOITIO0NHA B OJHOM 3pH-
tpouute (MCHC), cpenHero conep:kaHusi reMOorioou-
Ha B ogHOoM sputpouute (MCH) Ha remaronornieckoMm

anammsarope «ABX Micros 60», 001IIyTo jKene30CBs-
3BIBAIOLIYIO c11I0COOHOCTD chiBOpOoTKH (OXKCC) — Ha
cnekrpodoromerpe Shimadzu UV-1700. Konmngectso
PETUKYJIOIUTOB B KPOBHU IMOJCUYUTHIBAIN B KaMepe
Topsiea mo metony A. C. Xpycranépa. [luameTp apu-
TPOLIUTOB OLIEHUBAJIHU C MOMOIIBIO OKYJIAP-MHKPO-
MeTpuu (mytem mpsimoro uaMepeHus: 100 KieTok).
Brluucnenue 1BETOBOrO MoKas3aTelsi NPOBOAMWIH IO
¢dopmyre [11]. B cbiBOpoTKe KpOBH OMPEAETSITH CO-
JieprKaHKe JKeJle3a, MeIi 1 MapraHIia ¢ ITOMOIIbIO OHo-
xumudeckoro ananusaropa «Hitachi-902».
CrarucTHdeckyio 00padoTKy TaHHBIX MPOBOIWITH
C MCIIOJIb30BAaHUEM METOJ0B MaTeMaTHUYECKOM CTaTu-
CTHKH, IPUHATHIX B OMOIOTHH M MEJULIMHE C UCTIONb-
30BaHUEM IMPUKIIAJHON TporpaMMmbl «Statistica 10».

PE3YJBTATHI HCCJEJTOBAHUN

[Ipu wccnenoBaHUM KPOBU y TENMAT-TUTIOTPODH-
KOB C aHEMHeH HaOIONAIH JOCTOBEPHOE CHUKECHHE
KOJIU4eCTBa 3puTporuToB Ha 23,4 %; remorioOuHa
Ha 40,9 %; remarokputa Ha 32,7 % (Tabmn. 1). Takxke
OBLJI0 OTMEUCHO YMCHBIIICHUE JHAMETPA IPUTPOIIUTOB
Ha 28,2 %, cpenHero cofepaHus TeMOTIO0NHA B OJ1-
HoM sputpormre (MCH) Ha 16,5 %, iBeToBOTO TIOKa-
3arens Ha 25,0 %, cpeqHel KOHIIEHTPAIUH FeMOTIIO0H-
Ha B onHoM sputpouute (MCHC) na 19,7 %, cpennero
06néma aputpouutoB (MCV) Ha 15,9, uto cBUACTETD-
CTBOBAJIO O THITIOXPOMHOM aHemuu. KosnnmuectBo petu-
KYJIOIIUTOB B KPOBHU TENAT-THITOTPOQHKOB OBLIO HIKE
3I0POBBIX )KUBOTHBIX Ha 45,3 %. UccnenoBanue mas-
KOB KPOBH IOKa3aJI0 HaIM4ue MUKpouutos y 21,8 %
>)KUBOTHBIX. JOBOJTBHO YacTO BCTpeUascs aHU30-
Y TIOWKUJIOLIMTO3, B CpeHeM ObLI0 BhIssBIIeHO 17,3 %
W3MEHEHHBIX KJIETOK.

[Tpn anemMny B KpOBH y TENAT-TUIIOTPO(PUKOB (prK-
CHPOBAJIN JOCTOBEPHO HU3KHE KOHIICHTPAIINH KeJie3a
Ha 32,5 %, meau Ha 24,4 %, mapranua Ha 16,1 % no
CpaBHEHUIO CO 3J0POBBIMHU KHBOTHBIMU. BeneacTaue
YMEHBITICHUST YPOBHSI ’KeJie3a OTMEUCHO yBEIHMUCHUE
00111eH KEeTe30CBI3BIBAIONICH CTTOCOOHOCTH CHIBOPOT-
KM KpoBH Ha 23,7 %.

Henocratok sxene3a B opranusme 00yCIOBIHBAET
HapylieHue (QyHKIIMOHUPOBAHUS AIEKTPOHHO-TPAHC-
IIOPTHOHM L€ MUTOXOHAPHH, a TaKXKe KUCIOPOA-
TpPaHCTIOPTHOW (PYHKUINHU KpOBH. B pesynbrare pa3sBu-
THS THTTOKCHUH B TKAHAX 3aMEJISIETCSA POCT TEJAT, CHU-
JKAeTCsl CPETHECYTOYHBIN MIPUBEC U PE3UCTEHTHOCTh
K nHpeknusM [3, 8, 9].

Takum 00pa3oM, ipeIaraeM paccMaTpUBaTh aHe-
MU0 Y (PU3HOJIOTUYECKU HE3PENbIX TENIAT KaK Iaro-
TCHETHUYECKH CBSI3aHHBIC U B3aUMOOTSTOIIAIOIITHE KO-
MOPOHTHBIC ITaTOJIOTHHU C TUITOTPOGHCH.
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Dapmaroxkoppexyus anemuu y meism-eunompopurkos npenapamom amurocenedepon-b

Tabaumna 1
Temamomoponozuueckue nokasamenu KIUHUYECKU 300POSHIX U MENAM-2UNOMPOPUKOS ¢ anemuell
['pynris! >KHBOTHBIX
Ioxaszarenu
BonbHBIE TEsATA 310poBBIe TETATA
I'emorno6uH, r/1 84,20 +4,92° 142,63 £ 7,70
DpurponuTtsl, 10'%/71 6,11 +0,19 7,98 £0,18
I'emaroxpur, % 0,33 +£0,02" 0,49 £ 0,03
JlaMeTp SpUTPOLIUTA, MKM 5,11+£0,77" 7,12+0,27
MCH, mr 16,80 = 1,39 20,12+ 1,74
MCYV, ¢n 49,10 +£2,8" 58,39 +£2,19
MCHC, r/n 27,73 + 1,44° 34,54+ 1,31
Petukynonutsl, % 0,98 £0,11" 1,79 +£0,19
Keneszo, MKMOJIL/T 15,63 +£2,87 23,15+5,93
Menn, MKMOJIB/T 9,56 +2,33 12,65+ 4,01
Mapraser;, MKMOJIb/JT 7,70 £ 1,98 9,18+ 1,43
OXCC, MkMoNb/1 88,23+ 17,97 71,33 £ 15,32

* P <0,05 — Mo cpaBHEHHIO CO 37I0POBBIMH TEJIATAMH

B cBsi3u ¢ 3TUM, B cTaHAapThl 00CIeA0BaHUs HO-
BOPOXIEHHBIX TEJIAT C IEPUHATAIBHON FUIOTPOdUeH
HEOOXOIMMO BKJIFOYATh OTIPEACTICHNE X TeMaTOI0T U~
YEeCKOTO CTaryca U ¢ Y4ETOM TOJyUYeHHBIX Pe3yJbra-
TOB IIPOBOAUTH (DaPMAKOKOPPEKIIHIO.

B kadecTBe cpencTBa, MOIOKUTENBHO BIHSIOLIE-
r0 Ha TeMOII033, TEIATaM-THHIIOTPO(UKAM C aHEMHU-
ell MOJKOKHO IBYKpPATHO B 1 M 3 CYTKM KM3HH IPHU-
MEHSUTH KOMILIEKCHBIN Mpernapat amuHocenedepoH-b
B 03¢ 0,1 MJI Ha KI' Macchl Tea.

YcTaHOBIIEHO, YTO Yy KUBOTHBIX KOHTPOJIBHOU
IPYIIBI COAEPIKaHUE SPUTPOLIUTOB ObUIO HHUXKE, YEM
y HopMoTpodukoB Ha 38,9 %, remornoouna ua 35,5 %,
rematokputa Ha 13,3 % u 11BeTOBOrO Mokaszaress Ha
21,4 %, a B CBIBOPOTKE KPOBHU OTMEUaIu Oojiee HU3-
K¥e KOHIICHTpaItiw skene3a Ha 23,2 %, mequ Ha 19,8 %
u mapranmna Ha 27,3 % (tabm. 2).

[Tocne npumenenus amunocenedepona-b B kpo-
BU TEJIAT OTMEYAJIH YBEIMYCHUE KOJTMYECTBA SPUTPO-
uutoB Ha 28,3 %, remomiobuHa B 1,6 pa3a, remaro-
kputa Ha 24,2 % u iBeToBoro nokasaresns Ha 40,5 %.
Takke y )KUBOTHBIX ONBITHOM IpyMIIbl (PUKCUPOBAIH
POCT KOHIIEHTPALMH CHIBOPOTOYHOIO Xkene3a B 1,6
pa3za, meau Ha 38,6 % u mapranna Ha 18,5 %.
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Takum 00pa3oM, y TENsIT KOHTPOJIBHON TPYIIIBI
reMaToMopoJOrHUecKHe MOKa3aTen He TOCTHra-
JIY 3HAYEHUH KITUHUYECKU 310POBBIX )KUBOTHBIX, B TO
BpEeMs KaK y TeIAT-TUIOTPO(UKOB MOCIEe NMPUMEHE-
HUsl amuHocenedepona-b ormeuanu BoccTaHOBIIe-
HHUE TeMOII033a.

Tenara-runotpoduku c aHeMue ONBITHOM IPyII-
bl K KOHILy HaOIIOMEHUH JAOCTHTaIN MOPOJIHO-BO3-
PACTHBIX TTaPaMETPOB U OBLIN MIEPEBEACHBI B OOIITYIO
BO3PACTHYIO I'PYIIILY, TOIZIa KaK )KUBOTHBIC KOHTPOJIb-
HOU TIpYIIIBI OTCTABAJIM B POCTE U Pa3BUTUH. B KoH-
1€ KCIIEPUMEHTA y TEJISIT, KOTOPBIM IPUMEHSUIH aMU-
HocenedepoH-b, cpeiHecy TOUHBIH MPUPOCT COCTABUI
750 1, a Macca Tena Obuta Oosbie Ha 25,2 % 1o cpaB-
HEHHIO C KOHTPOJIEM. Y TUIOTPO(GHKOB, KOTOPBIM HE
POBOAMIHN (PaPMAKOKOPPEKLHUIO, AMArHOCTHPOBAIIH
OpOHXOIHEBMOHHIO M OHU OBLIM NEPEBEACHBI B TOC-
MUTAJIBHYIO TPYIITY JUIs AajbHEHIIEro JCUCHUSI.

3AKJIIOYEHHUE
[Ipu nuarHocTuke 1 BBIOOPE CXEMbI JICUCHUS aHe-
MHUH y TEJIAT C aHTE€HATaJIbHOM rMnoTpoduei mocie
POXKICHHUS CIEAYET YUYUTHIBATh HAJTUUME KOMOPOHI-
HOCTH.
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Businue npenapama amunocenepepon-b na cemamonocuveckue noxazamenu y measim-2unompoQuros ¢ c;l:fwtzga ’
['pynIibr )KUBOTHBIX
ITokazarenu
OnbiTHAA KonTponbeHas Tensta-HOpMOTpOPUKH
DpurpouuTtsl, 102/ 7,84 £ 0,98 5,02 +0,51 821+0,87
I'emorioOuH, 1/71 135,78 £ 5,91 90,10+ 11,0 139,65 £ 6,11
I'emaroxpur, % 0,41 0,03 0,39+0,29 0,45 0,26
LIBeTOBO} MMOKa3aTeib 0,97 +£0,11 0,77+0,12 0,98 +£0,10
Keneso, MKMOJIB/T1 24,61 £1,98 19,88 + 2,00 2590+ 1,77
Menb, MKMOJIB/JI 13,25+ 1,01 11,32 + 1,25 14,11 +£ 0,87
Mapraserr, MKMOJIb/JT 9,13+0,76 7,10 £ 0,69 9,77+ 0,81
OXXCC, Mkmomb/1 75,98 £ 9,87 80,98 + 8,77 71,73 £ 8,71

[TpumeHeHre KOMILIEKCHOTO Mperapara aMHHOCEe-
nedepor-b TemaraM ¢ KOMOPOHUAHBIMHU ITATOJIOTHUSIMHU
(aHeMus1, TUIIOTPOQUST) TIOAKOKHO JIBYKPAaTHO B TEp-
BbIM U TpeTHii AeHb xKu3HU B 03¢ 0,1 M Ha 1 kT Mac-
CBI TeJIa CIIOCOOCTBYET YBEIMUCHHUIO B UX KPOBH KO-
JIMYECTBA IPUTPOLIUTOB, TEMOIIIOOMHA, TEMaTOKPHTA,
LIBETOBOTO [TOKA3aTEJIs, B CBIBOPOTKE KPOBU — KOHIICH-
TpaIu JKeJe3a, MeTU i MapraHIia 10 3HaYeHNH (PH3HO-
JIOTHYECKHU 3peIbIX )KUBOTHBIX. HopManm3arus remaro-
JIOTHYECKUX TIOKa3aTelieH y TeIST, KOTOPhIM Ha3HAYAIH
amuHocenedepon-b, conpoBoxkaanace ynydiieHu-
€M COCTOSIHHUSI UX 3/I0POBbSI U PU3MYCCKOTO PA3BHUTHSL.
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PHARMACOCORRECTION OF ANEMIA IN HYPOTROPHIC
CALVES WITH AMINOSELEFERON-B
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Abstract. The article describes the experience of using the complex drug aminoseleferon-B for comorbid anemia
in hypotrophic calves. The experiments were conducted on Holstein calves from birth to 30 days of age. In the
first series of experiments, two groups of animals were formed: clinically healthy newborn calves and hypotrophic
calves with anemia. In the second series of experiments, the calves with prenatal hypotrophy and anemia were di-
vided into two groups: control and experimental. To restore erythropoiesis, the hypotrophic calves with anemia
of the experimental group were administered aminoseleferon-B subcutaneously twice on the 1% and 3 days of
life at a dose of 0.1 ml per 1 kg of body weight. The calves of the control group and normotrophic calves were
not administered the drugs. Blood was taken from the jugular vein of animals for hematological analysis before
the first colostrum feeding and 30 days after the use of aminoseleferon-B. After the use of aminoseleferon-B, the
following was noted in the blood of calves: an increase in the number of erythrocytes by 28.3 %, hemoglobin —
by 1.6 times, hematocrit — by 24.2 % and color index — by 40.5 %, serum iron — by 1.6 times, copper — by
38.6 % and manganese — by 18.5 %, which indicated the restoration of hematopoiesis in hypotrophic calves.

Keywords: calves, hematological indicators, hypotrophy, anemia, aminoseleferon-B

Diseases of young animals are currently wide-
spread in animal husbandry. Among them, blood pa-
thologies occupy a significant place, and the most com-
mon are anemias of various origins. Anemia in calves
often develops as a result of a violation of hemoglobin
synthesis due to iron deficiency. The disease is accom-
panied by a disorder of the function of the hematopoi-
etic organs, a decrease in the formation of erythrocytes,
low hemoglobin content, a violation of the metabolic
process, leading to growth restriction and a decrease
in the body’s resistance [1—S5, 6]. In addition, the de-
velopment of iron deficiency anemia is facilitated by
the morphofunctional immaturity of young animals —
hypotrophy, as well as an unbalanced diet, early feed-
ing with unadapted whole milk substitutes, the intro-
duction of roughage into the diet, etc.

Iron consumption by cows during pregnancy af-
fects the iron level in calves. Pathological pregnancy
(gestosis), accompanied by disruption of uteroplacen-
tal blood flow and placental insufficiency, leads to a
decrease in iron intake by the fetus. The significance
of each of the listed reasons changes depending on the
age period [2—35, 7].

After birth, the sources of iron are exogenous iron
in the feed and utilized iron from endogenous reserves,

© Savrasov D. A., 2025
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which are quickly depleted. During the first months
of life, milk is the only product that provides the ani-
mal’s body with iron, and iron from milk is absorbed
more effectively.

The factors that disrupt iron absorption are gastro-
intestinal tract diseases, feed and medicinal substanc-
es, erythropoietin deficiency. A decrease in the iron
content in the blood serum, bone marrow and tissue
depots leads to a decrease in the rate of synthesis and
disruption of hemoglobin formation, the development
of hypochromic anemia, and, consequently, to trophic
disorders in tissues, restricted growth and impaired co-
ordination, behavioral deviations and decreased activ-
ity [1, 2, 8, 9].

According to our observations, in conditions of
industrial livestock farms, anemia diagnosis is practi-
cally not carried out, although the methods for estab-
lishing a preliminary diagnosis, in particular, anemia
of alimentary origin, do not present difficulties. It is
necessary to determine the number of erythrocytes and
hemoglobin in the blood of animals, as well as to an-
alyze the adequacy of the feed ration for the main nu-
tritional components. At the same time, iron deficien-
cy anemia is diagnosed in up to 100 % of calves with
hypotrophy of varying degrees [3—5, 10]. Thus, the

97



D. A. Savrasov

development of diagnostic algorithms and methods of
therapy for newborn hypotrophic calves with anemia,
as a manifestation of comorbid pathology, is a prom-
ising task and has practical and scientific significance.

The research objective was to determine the ef-
ficacy of pharmacocorrection of anemia in calves in
conditions of comorbidity using the complex drug ami-
noseleferon-B.

MATERIAL AND METHODS

The experiments were conducted at EkoNivaAgro
LLC, Kamenskiy r., Voronezh region. Clinical stud-
ies were conducted on Holstein calves from birth to
30 days of age. In the first series of experiments, two
groups of animals were formed: clinically healthy new-
born calves and hypotrophic calves with anemia. In
the second series of experiments, the calves with pre-
natal hypotrophy and anemia were divided into two
groups: control and experimental. To restore erythro-
poiesis, the hypotrophic calves with anemia in the ex-
perimental group were administered aminoseleferon-B
subcutaneously twice on the 1% and 3™ days of life at
a dose of 0.1 ml per 1 kg of body weight. The calves
in the control group and normotrophic calves were not
administered any drugs.

Blood was taken from the jugular vein of animals
for hematological analysis before the first colostrum
feeding and 30 days after the administration of ami-
noseleferon-B. Laboratory studies were conducted at
FSBSI “All-Russian Veterinary Research Institute of
Pathology, Pharmacology and Therapy”. The blood
was determined to contain erythrocytes, hemoglobin,
hematocrit, mean corpuscular volume (MCV), mean
corpuscular hemoglobin concentration (MCHC), mean

corpuscular hemoglobin (MCH) on an ABX Micros
60 hematological analyzer, and total iron-binding ca-
pacity (TIBC) on a Shimadzu UV-1700 spectropho-
tometer. The number of reticulocytes in the blood was
counted in a Goryaev chamber using the method of
A. S. Khrustalev.

The diameter of erythrocytes was estimated us-
ing ocular micrometry (by direct measurement of 100
cells). The color index was calculated using the formu-
la [11]. The content of iron, copper and manganese in
the blood serum was determined using a Hitachi-902
biochemical analyzer.

Statistical data processing was performed using
the methods of mathematical statistics accepted in bi-
ology and medicine using the application program
“Statistica 10”.

STUDY RESULTS

When examining the blood of hypotrophic calves
with anemia, there was observed a reliable decrease
in the number of erythrocytes by 23.4 %, hemoglo-
bin — by 40.9 %, hematocrit — by 32.7 % (Table 1).
There was also noted a decrease in the diameter of
erythrocytes by 28.2 %, mean corpuscular hemoglobin
(MCH) — by 16.5 %, color index — by 25.0 %, mean
corpuscular hemoglobin concentration (MCHC) — by
19.7 %, mean corpuscular volume (MCV) —by 15.9,
which indicated hypochromic anemia. The number of
reticulocytes in the blood of hypotrophic calves was
by 45.3 % lower than in healthy animals. A study of
blood smears showed the presence of microcytes in
21.8 % of animals. Aniso- and poikilocytosis were
quite common, with an average of 17.3 % of altered
cells detected.

Hematomorphological indicators of clinically healthy and hypotrophic calves with anemia e
Groups of animals
Indicators
Sick calves Healthy calves
1 3
Hemoglobin, g/L 84.29 £4.92° 142.63 £7.70
Erythrocytes, 10'%/L 6.11+0.19 7.98 £0.18
Hematocrit, % 0.33 £0.02" 0.49+0.03
Erythrocyte diameter, pm 511077 7.12+£0.27
MCH, pg 16.80 + 1.39 20.12+1.74
MCV, fl 49.10 £2.8" 58.39+2.19
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Table 1 (the end)

1 2 3
MCHC, g/L 27.73 £ 1.44° 34.54 £ 1.31
Reticulocytes, % 0.98 +£0.11" 1.79+0.19
Iron, pmol/L 15.63 £2.87 23.15+5.93
Copper, pmol/l 9.56 +£2.33 12.65+4.01
Manganese, pmol/L 7.70 £1.98 9.18+1.43
TIBC, umol/l 88.23 +£17.97 71.33 £15.32

* P <0.05 — compared to healthy calves

In case of anemia in the blood of hypotrophic
calves, there were recorded significantly low concen-
trations of iron by 32.5 %, copper — by 24.4 %, man-
ganese — by 16.1 %, compared to healthy animals.
Due to the decrease in the iron level, there was not-
ed an increase in the total iron-binding capacity of the
blood serum by 23.7 %.

Iron deficiency in the body causes a disruption in
the functioning of the electron transport chain of mi-
tochondria, as well as the oxygen transport function
of the blood. As a result of the hypoxia development
in tissues, the growth of calves slows down, the aver-
age daily weight gain and resistance to infections de-
crease [3, 8, 9]. Thus, we propose to consider anemia
in physiologically immature calves as pathogenetically
related and mutually aggravating comorbid pathologies

with hypotrophy. In this regard, the standards for ex-
amining the newborn calves with perinatal hypotrophy
must include determination of their hematological sta-
tus and, taking into account the results obtained, carry-
ing out pharmacocorrection. As a means of positively
affecting hematopoiesis, the complex drug aminosele-
feron-B was administered subcutaneously twice on the
1** and 3™ days of life to hypotrophic calves with ane-
mia at a dose of 0.1 ml per kg of body weight.

It has been found that in the animals of the control
group, the content of erythrocytes was lower than in
normotrophic animals by 38.9 %, hemoglobin — by
35.5 %, hematocrit — by 13.3 % and color index —
by 21.4 %, and in the blood serum, lower concentra-
tions of iron by 23.2 %, copper — by 19.8 % and man-
ganese — by 27.3 % were noted (Table 2).

Effect of the drug aminoseleferon-B on hematological indicators in hypotrophic calves with anemia fable2
Groups of animals
Indicators
Experimental Control Normotrophic calves

Erythrocytes, 10'%/L 7.84 +0.98 5.02+0.51 8.21 +0.87
Hemoglobin, g/L 135.78 £5.91 90.10+11.0 139.65 £ 6.11
Hematocrit, % 0.41 +£0.03 0.39+0.29 0.45+0.26
Color index 0.97+£0.11 0.77+£0.12 0.98 £0.10
Iron, pmol/L 24.61 +1.98 19.88 +=2.00 25.90 +1.77
Copper, pmol/L 13.25+1.01 11.32+£1.25 14.11 £0.87
Manganese, pmol/L 9.13+£0.76 7.10 £ 0.69 9.77 £ 0.81
TIBC, umol/L 75.98 £9.87 80.98 +£8.77 71.73 £8.71
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After the use of aminoseleferon-B, there was noted
an increase in the number of erythrocytes by 28.3 %,
hemoglobin — by 1.6 times, hematocrit — by 24.2 %
and color index — by 40.5 % in the blood of calves.
Also, in the animals of the experimental group, there
was recorded an increase in the concentration of se-
rum iron by 1.6 times, copper — by 38.6 % and man-
ganese — by 18.5 %.

Thus, in the calves of the control group, hemato-
morphological indicators did not reach the values of
clinically healthy animals, while in hypotrophic calves,
after the use of aminoseleferon-B, there was noted the
restoration of hematopoiesis.

By the end of the observation period, the calves
with hypotrophy and anemia in the experimental group
reached breed-age indicators and were transferred to
the general age group, while the animals in the control
group lagged in growth and development. At the end
of the experiment, the calves that were administered
aminoseleferon-B had an average daily weight gain
of 750 g, and their body weight was by 25.2 % great-
er than in the control group. The calves with hypotro-
phy that did not undergo pharmacocorrection were di-
agnosed with bronchopneumonia and were transferred
to the hospital group for further treatment.

CONCLUSION

When diagnosing and choosing a treatment regi-
men for anemia in the calves with antenatal hypotro-
phy, the presence of comorbidity should be taken into
account after birth. The use of the complex drug ami-
noseleferon-B in the calves with comorbid patholo-
gies (anemia, hypotrophy) subcutaneously twice on
the 1% and 3™ days of life at a dose of 0.1 ml per 1 kg
of body weight contributes to an increase in the num-
ber of erythrocytes, hemoglobin, hematocrit, color in-
dex in their blood, and in the blood serum — the con-
centration of iron, copper and manganese to the values
of physiologically mature animals. The normalization
of hematological indicators in the calves that were pre-
scribed aminoseleferon-B was accompanied by an im-
provement in their health and physical development.

REFERENCES

1. Zavalishina S. Yu. Vascular hemostasis in newborn
calves with iron deficiency anemia / S. Yu. Zavalishina //
Veterinariya (Veterinary science). — 2012. — No. 5. —
P. 43—45.

2. Karelin A. 1. Alimentary iron deficiency anemia of
farm animals: guidelines / A. 1. Karelin, V. S. Buyarov //
Publishing house: Moscow Veterinary Academy. — Mos-
cow, 1993. — 54 p.

3. Karashaev M. F. Prevalence of anemia in calves /
M. F. Karashaev // Vestnik Rossiyskoy akademii selskok-
hozyaystvennykh nauk (Bulletin of the Russian Academy
of Agricultural Sciences). — 2007. — No. 1. — P. §9—90.

4. Kovalev S. P. Anemia of newborn calves: etiology,
pathogenesis, diagnosis and prevention: abstract of a thesis
... Doctor of Veterinary Sciences: 16.00.01 / S. P. Kova-
lev. — St. Petersburg, 1999. — 37 p.

5. Makrinova N. Yu. Clinical and laboratory diagnosis
and therapeutic efficacy of hemofer and suiferrovit in case
of hypochromic microcytic anemia in calves: abstract of a
thesis ... Candidate of Veterinary Sciences: 16.00.01 /N. Yu.
Makrinova. — Belgorod, 2003. — 21 p.

6. Skachkov D. V. Comparative characteristics of blood
indicators of healthy calves and calves with signs of ane-
mia / D. V. Skachkov // Omskiy nauchnyy vestnik (Omsk
Scientific Bulletin). —2010.—No. 1 (94). —P. 186—188.

7. Methodological manual for diagnosis and prevention
of disorders of antenatal and intranatal origin in calves /
A. G. Shakhov, Yu. N. Alekhin, S. V. Shabunin [et al.]. —
Voronezh: Istoki Publishing House, 2013. — 92 p. —
ISBN978—5—88242—990—3.

8. Abramov S. S. Latent iron deficiency anemia in
calves / S. S. Abramov, S. V. Zasinets // Veterinariya (Vet-
erinary science). — 2004. — No. 6. — P. 43—45.

9. Iron deficiency and iron deficiency anemia in children
of the first year of life / R. A. Zhetishev, D. R. Arkhestova,
L. S. Zhetisheva, E. A. Kamyshova // Pediatriya. Zhurnal im.
G. N. Speranskogo (Pediatrics. Journal named after G. N. Sper-
ansky). — 2014. — Vol. 93. — No. 1. — P. 89—94.

10. Shabunin S. V. Perinatal pathology in cattle — an
urgent problem of veterinary medicine / S. V. Shabunin, Yu.
N. Alekhin, A. G. Nezhdanov // Veterinariya (Veterinary sci-
ence). — 2015. — No. 1. — P. 3—10.

11. Kondrakhin I. P. Methods for veterinary clinical lab-
oratory diagnosis: reference book / I. P. Kondrakhin. — M.:
KolosS, 2004. — 520 p.

INFORMATION ABOUT THE AUTHOR
D. A. Savrasov — Candidate of Veterinary Sciences, Associate Professor, Head of the Department of Therapy and

Pharmacology.

The article was submitted 09.07.2025.

100

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025



CPEACTBA 300I'MI'MEHBI, AESUH®EKIINU,
AESUHCEKIINUU U JEPATU3ALIUU

Hayunas cratbs
YIAK 615.28:579
DOI: 000

OLHEHKA AHTUBNOTUKOPE3ZUCTEHTHOCTHU
MOJIOYHOKMCJbIX BAKTEPUM, U30JIUPOBAHHBIX
N3 KNIIEYHUKA ITOPOCAT U MOJIOKA KOPOB

* *

Muxauin FOpseBuy Coipomsataukos™ ™, Cepreii Bukropouy Illabynun™",
Exarepuna IOpreBHa HecrepoBa®, Mapus UBanoBHa [aakux’,
OJubra BiagumuposHa 3BepeBa’, EBrenuii Baagumuposuy Muxaiisiop™

*

*Boponedicckutl 20Cy0apCcmeeniblil YHUBCPCUMem UHICEHEPHbIX mexHonozuil, Boponesc, Poccus
“Boponedicckuil 2ocydapemeenivlil yrueepcumen, Boponec, Poccust

" Beepoccutickuil HAyYHO-UCCLEO06AMENbCKUL 6eMEPUHAPHBIL UHCIMUNYI NAMOLO2UL,
papmaronozuu u mepanuu, Boponeoc, Poccus, mihan.vin@mail.ru™

AunHoTanusi. HepannoHaabHOE HCIIONB30BAHHE MPOTHBOMHUKPOOHBIX MPEMApaToB B CETLCKOM XO3SICTBE U BETE-
PHHAPUH CITOCOOCTBYET (POPMHUPOBAHUIO, HAKOIUICHUIO U MUTPAILIUK F€HOB YCTOWYHUBOCTH B OPraHU3Me U OKpPY-
)Karotei cpeze. Pe3srucTeHTHOCTh (POPMUPYETCS HE TOJIBKO CPEIU MATOTCHHBIX IITAMMOB, HO U Y MIPOOHOTHYEC-
cKkux OakTepuil. B pesyspTare ncciaenoBanus, Obiia MpoBeIcHA OI[CHKA (PEHOTUTTMICCKOM U TeHOTUTIHICCKOM pe-
3UCTEHTHOCTH IITAMMOB OaKTepuil ¢ MPOOHOTHYECKAM TOTEHIINATIOM, H30JIMPOBAHHBIX M3 KUIIEYHUKA CBUHEH,
MOJIOKa U MOJIO3MBA KOPOB MHUKPOOHOJIOTMYECKUM M MOJICKYJISIPHO-TE€HETHYECKUM MeTofaMu. Jucko-muddysu-
OHHBIM METOJI TIO3BOJIWIT BBISIBUTH PE3UCTCHTHOCTD ITAaMMOB Weissella confusa x niedaiocrnopuHam, MaKkpOJIH-
JlaM ¥ MICHUIWUIMHAM, a Weizmannia coagulans k ambennkonam. Lactobacillus plantarum w Lactobacillus sali-
varius 13 KAIICYHUKA TTIOPOCSIT OBUTH yCTOHYMBBI K aMUHOTITHKO3UIAM, TIPU 3ToM Lactobacillus plantarum nven
JIOTIONTHUATENBHYIO YCTOHYMBOCTD K TETPANUKINHAM, a Lactobacillus salivarius k Makponuaam. [1o pesymsratam
[MI[P-ananm3a BO BCEX UCCAEAYEMbIX 00pa3iax BbISBIECHBI T€HBl YCTOWYUBOCTH K 9PUTPOMUIIMHY U TETPAIUKIIH-
Hy. B GakrepuaibHBIX IITaMMax, H30JMPOBAHHBIX U3 MOJIO3MBA M MOJIOKA KOPOB BBISIBJICHBI T€HBI PE3UCTEHTHO-
CTH K KJIapUTPOMHUITHHY. HalTnure reHoTHITHYecKoi U (heHOTUITMYECKON PE3UCTEHTHOCTH Y MOJIOYHOKHCITBIX OaK-
TepUil KUIIEYHUKA U MOJIOKA CEJTbCKOX03SMCTBEHHBIX JKUBOTHBIX MOYKET HECTH PUCKH TIEPEIadyn aHTHOUOTHKOPE-
3UCTEHTHOCTH MATOTCHHBIM MUKPOOPTaHU3MaM MyTeM TOPH30HTAIBHOTO MEPEHOCA TCHOB.

KiroueBble cj10Ba: aHTHOMOTHKOPE3UCTECHTHOCTD, [11P, aucko-audy3uonnsiit meton, Lactobacillus plantarum,
Lactobacillus salivarius, Weissella confusa, Weizmannia coagulans

BaarogapHocTh: BccneI0BaHKE BRITIONHEHO B paMKaX rOCYIapCTBEHHOTO 3a/1aHnsl MUHHCTEPCTBA HAyKU U BBIC-

mero oopaszoBanusi Poccuiickoit @eneparuu (npoekt FZGW-2024-0003)

3a mocnenHee NeCATHIETHE TeMa aHTUOMOTHUKO-
PE3UCTEHOCTH KaK ABJICHHS IIOIHUMAJIaCh UCCIIE/I0Ba-
TeNsIMU 10 BceMy MUpy. Takoi MHTEpec CBS3aH C aK-
TUBHBIM [IPUMEHEHUEM aHTUOMOTUKOB, 3a4aCTyI0 He-
panroHaNbHBIM, B CEJILCKOM XO3SHCTBE, BETEpUHAPUH
n Meaunuse [1]. HekonTponupyemoe ncnoab3oBaHue
MIPOTUBOMHUKPOOHBIX TIPEMAPATOB 15l JICUCHUSI U TIPO-
(bmmakTUKE MUKPOOHBIX 3a005IeBaHUIl CTIOCOOCTBYET
(hopMHUPOBaHMIO, HAKOIUICHHUIO M MUIPALIMH YCTONYH-
BOCTU BHYTPHU U BHE KUBBIX OPraHU3MoB [2, 3]. Ot0

OCYILIECTBIISICTCS 32 CUET Pa3BUBILETOCS B MpOIECcCe
IBOJIOIMKA MEXaHW3Ma FOPH30HTAIBHOTO TepeHoca
reHoB. TaknM crocoboM uepes3 MpOayKTHI KHU3HEIes-
TENLHOCTU TeHBI PE3UCTEHTHOCTH IIOTIA/IAI0T B TPYH-
TOBBIE BOJIBI, 3apaxkast cCOOOM MOYBY M pacTEHHsI, TEM
CaMBbIM CO3/1aBasi yIpo3y yxKe IS ueoBeka [4].
[TaroreHHble OakTepuu W TPHOBI, MPOTHB KOTO-
pBIX HallelieHa aHTHOMOTHKOTEPAaIusl, CO BpeMEHEM
HE TOJILKO CTAHOBSTCS HEBOCIIPUMMYHBEI K aHTHOHO-
THKaM, HO ¥ IPUHUMAIOT HETIOCPEICTBEHHOE y4acTHe

© CerpomsataukoB M. FO., [lTabynun C. B., Hecreposa E. FO., Imagxux M. 1., 3Bepesa O. B., Muxaiinos E. B., 2025
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B [IEpEHOCE T'eHOB pe3ucTeHocTHocTH [5]. Hanpumep,
YCTOMUYUBBIC K Pa3IHYHBIM KJIAaCCaM aHTUOMOTHUKOB
OakTepuii pona Staphylococcus ObUTH H30IUPOBAHBI
13 MOJIOKa OOJIBHBIX MacTUTOM KOopoB [6]. Ilpu aTom
TaKue TEHBI MOMAAal0T HE TOJBKO B NMATOTCHHBIC MU-
KpPOOPIraHU3Mbl, HO TaKXKe M MepeJaroTcs MpoOHOTH-
YECKUM OaKTEpHSIM.

Monounokucasie 6akTepun (MKB) sBistoTcs
Ba)KHBIMU KOMIIOHEHTaMH MHMKPOOMOMOB >KHBOTHBIX
U BCTPEYAIOTCSl HAa MOBEPXHOCTH PACTEHUH, a Tax-
K€ aKTUBHO HCIIOJIB3YIOTCS AJISl CO3IAaHUs 3aKBACOK
u npobuoTukoB. B ciyuyae ecniu MKB HecyT B cebe
I'eHbl YCTOHYHMBOCTH, YHOTpeOsisi (hepMEHTHPOBaH-
HbIE€ MIPOIYKTHI, CO3JaHHbIE HA UX OCHOBE, YEJIOBEK
CTaHOBUTCS PE3E€PBYyapoM Ul F€HOB aHTHOMOTHKO-
pe3uctentoctu [7—9].

PernameHT nmpou3BoACTBa 3aKBACOK U TIPOOHOTH-
KOB IIOJ[pa3yMeBaeT ) KECTKHI KOHTPOJIb OE30I1acCHOCTH,
OJTHAKO, 3TO HE MCKIIIOYAaeT BO3MOXKHOCTbH ITOTIaIaHuUs
B FOTOBBIE ITPOAYKTHI OAKTEPHii, HECYILINX B ce0€ FeHBI
aaTrOnoTHKopesnctenTHocTH [10]. Tak, ycranoBie-
HO, y mpencraBurenel Lactobacillus, Streptococcus
u Bifidobacterium, akTHBHO TPUMEHSFOILIUXCS ITPH U3~
TOTOBJICHUU (PEPMEHTHPOBAHHBIX MPOILYKTOB, HANOO-
Jiee 9acTO BCTPEYAETCS yCTOMYNBOCTh K aHTHOMOTH-
KaM TeHTaMHUITMHOBOM, KaHAMHUIIMHOBOH, Xiopamde-
HUKOJIOBOM U TeTpauuKiInHoBoOM rpymnm [11].

MHUKpOOpraHu3Mbl ¢ MPOOMOTHYECKON aKTUBHO-
CTBIO 00J1a1a10T OOJTBIINM MOTEHIIUAIOM IS 3aMEHBI
U COKpAIIIEHUsI UCIOJIb30BAHNS aHTUOWOTHUKOB B ar-
PO300TEXHUYECKON oTpaciivn. MOJIOKO SIBJIsSI€TCS 11E€H-
HBIM MCTOYHHUKOM NMPOOMOTHYECKUX Oaktepuii [12].
Hanpumep, 13 Monoka 1 MOJI03MBa 310POBBIX KOPOB
OBUTM N30JIMPOBAHBI TAKUE TTOJIE3HBIE MUKPOOPTaHH3-
MbI, KaKk Weizmannia coagulans w Weissella confusa
cootBeTcTBeHHO [13]. OmHAKO TTOKa3aHO, YTO MOJIO-
KO, TIOJIy4€HHOE OT 3J0POBBIX 0Cc00€H, MOXKET coaep-
&KaTb OOMJIME T€HOB YCTOWYMBOCTH K AHTHUOMOTHKAM,
TAKUM KaK KOJIMCTHH, TeTPALMKIIMH, IIpernaparam Le-
(hanocnoprHOBOH M MEHUIMIUTUHOBOW Tpyn [ 14].

Lenbio paboTel cTano uccieqoBaHie GeHOTUIIH-
YECKOW M TeHOTHIUYECKONW aHTHOMOTHKOPE3UCTEHT-
HOCTH ITPOOHMOTHYECKHUX IITAMMOB OaKTepHuil, H30J1-
POBaHHBIX W3 KHULIEYHHUKA CBHHEH, MOJIOKa U MOJIO-
31Ba KOPOB.

MATEPHUAJIBI U METO/IbI
HUCCJIEJOBAHUM
B kauecTBe 00BEKTOB HMCCIEIOBAHMS BBICTYIIA-
JH 9eThIpe MPOOMOTHYCCKUX IITaMMa MHUKDPOOP-
FaHU3MOB, cpelu KOTopwix Lactobacillus planta-
rum u Lactobacillus salivarius, u30JUpOBaHHBIC U3

(hexanuit 3TOPOBBIX MOPOCAT BO3PACTOM 5 CYTOK,
Weizmannia coagulans v Weissella confusa BeiieneH-
HBIE U3 KOPOBHETO MOJIOKA 1 MOJIO3MBA COOTBETCTBEH-
HO. JkcrparupoBanue JIHK ocymecTBisiiocs ¢ mo-
MolIpio kommepueckoro Habopa [TPOBA-I'C (JIHK-
TexHoJorus1, Poccust) B COOTBETCTBUHU C IPOTOKOIOM
MIPOU3BOANTEIIS.

Jlnist mpoBeieHys peakLuy aMITU(QHUKALIH C DJICK-
TpOoOPETHUECKOM JeTEKINEH Pe3yIbTaTOB UCTIOIb30-
BaJach peakuoHHyro cmech 5X ScreenMix-HS pe-
akunonHas cMmech (EBporen, Poccust) ¢ mpaiimepamu
omnrcaHHBIMHE paHee [ 14]. Buzyanuzarmus pe3yinpraToB
OCYILECTBIISIACH B 2 % arapo3HOM relie.

TILIP B peaJlbHOM BpE€MEHM C HCIIOJB30BAHHEM
KoMMepueckol peakimonHoi cmecu SX qPCRmix-HS
LowROX (Eporen, Poccust) ¢ mpaiimepamu 1 30H71a-
MU OTIMCAaHHBIMU paHee [14]. Busyanmsamus pesyib-
TaTOB MPOBOAMIIACK ITO KaHaIy (iryopecueHu FAM.

HAns aucko-anddy3MoOHHOrO aHANINU3a HUC-
nosb3oBanu cienyromue antuouoruku (HiMedia
Laboratories Pvt. Limited, Uunus): A3uTpoMuuH
(30 mkr), AMounmwmiue (10 MKr), AMOKCUKIIAB
(30 mxr), AmokcuruinH (30 Mkr), ['eHTaMUIIUH
(50 mxr), HokcumuknwH (30 mkr), KanamMunux
(30 mxr), Jleomunerun (10 mkr), OxcanminH
(5 mxkr), Terpauuknusn (30 mxr), Ledaxnop (30 Mkr),
Hedrtuzoxcum (30 mkr), Lledponepason (75 mxkr),
Hedanekcun (30 mkr), [edazomun (30 Mkr).

Jucku ¢ aHTHOMOTHKAMM XPAaHWIN B TepMETHY-
HOH YIIaKOBKE B MOPO3WIIBHOM KaMepe IpH TeMIIepary-
pe +4 °C. lns onpeneneHus 4yBCTBUTEIBHOCTH JTUC-
ko-11(py3MOHHBIM METO/IOM B yaiky lletpu B cpe-
ny MRS-arap BHOCHIN cycrieH3uI0 6akTepuii. 3arem
Ha TIOBEPXHOCTh MOJYYHBIICHCS CPeJibl ¢ aHAIU3U-
pyeMbIMH OakTepUsAMHU IOMELIalu IUCKH, COIepKa-
mue aHTHOMoTUKH. [oToBBIE yamky lerpu nHKYOU-
poBainu B TepMocTare rpu remreparype 37 °C B Teue-
Hue 24 vacoB. B mporecce muddy3un aHTHOMOTHKA
B arap (popmupyeTcs 30Ha 3aaepxKku pocrta (33P) mu-
KPOOPIraHU3MOB BOKPYT JUCKOB. Pe3ynbTar nomaydanu
MyTeM BHU3yaJIbHOM OLICHKU HAJIMYUS TUaMETPa 30HBI
MOAABJICHUS BOKPYT AMCKA.

PE3YJIBTATHI UCCJIEJOBAHUM
HUX OBCYXKJIEHHUE

[IpobuoTHUeCcKUEe IMTaMMbl MHKPOPTraHU3MOB
Lactobacillus plantarum, Lactobacillus salivarius,
Weissella confusa w Weizmannia coagulans, nzonu-
POBaHHBIC U3 KUIICYHUKA CBUHEH, MOJIO3MBA U MOJIO-
Ka KOPOB COOTBETCTBEHHO, OBLIM MPOAHAIU3UPOBA-
HbI MOJICKYJISIPHO-T€HETHUECKUM U MUKPOOHOJIOTHYE-
CKHUM ITOIXOJaMH.
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MoseKyJIIpHO-TeHETHYECKasl OlEHKA PE3UCTCHT-
HOCTH MPOOMOTHIECKUX MMTaMMOB Oaktepuii L. plan-
tarum, L. salivarius, W. confusa n W. coagulans
K Pa3IMYHbIM IPyNIaM aHTUMHKPOOHBIX TpenapaToB
OCYIIECTBIISIIACH C TOMOIIBI0 KAYECTBEHHOTO U KOJIH-
yectBeHHoro [11[P-ananu3a.

AHaM3 KpUBBIX (QJIyOPECIICHIIUHU, MOJYyUYCHHBIX
B pesynbrare Real-time PCR, mo3Bonmi ycTaHOBUTE
pPacpoCTpaHEHHOCTh TeHa YCTOWYMBOCTH K 3PUTPO-

MUIIMHY e7mB BO BCeX HCClieyeMbIX oOpasiax. B Ta6-
mutie 1 mpencrasnensl pe3ynbrarsl [L[P-ananm3a.

Kpussie ammumdukarum, momyaeHssie ot L. plan-
tarum, L. salivarius, W. confusa n W. coagulans xa-
pakrepuzoBanuch 3HaueHusAMu Ct He Oonee 25. Ilpu
9TOM HauMEHbIIIee 3HaUeHHE nokazarens Ct Obuoy L.
salivarius n coctaBmio 15,75 + 0,38, 4to yka3piBaeT
Ha BBICOKOE OTHOCHTEIIbHOE COfIep KaHne ITOTO TeHa
y Oakrepun (puc. 1).

Taobauna 1

Oyenka pacnpocmpanenHocmu 2eHo8 AHMUOUOMUKOPESUCMEHMHOCIU 8 NPOOUOMUYECKUX WIMAMMAX
L. plantarum, L. salivarius, W. confusa u W. coagulans ¢ nomowvio I1L[P 6 peanvrom epemeru

T'ennr

BaKTepI/IaHLHLIe mTaMMBbI

HUCTEHTHOCTH
PC3UCTCHTHOC L. plantarum

L. salivarius

W. confusa W. coagulans

ampC -

Mec —

NDM -

vanA -

KPC -

ermB +

floR -

30 -

25 - =

20 -

15 -

3uauenue Ct

10 -

0 .

L. plantarum L. salivarius

W. confusa W. coagulans

Puc. 1. 3nauenus Ct, moay4eHHbIE B pe3ylibTaTe aMIUTUQHUKAIMY ¢ cennprUIecKUMH NpaiiMepamu K reHy ermB.
* — paznnune napamerpa Ct 110 OTHOIIGHHIO K APYTUX OaKTEpHsSIM CTAaTUCTUYECKHU J10cTOBepHO (p < 0,05)
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Puc. 2. DrextpodoperpaMma pacnpoCTpaHEHHO-

cTtH reHa tetM B MpOOHOTHYECKHUX IITaMMax

L. plantarum, L. salivarius, W. confusa u W. coag-
ulans:

M — JTHK wmapkep; I — L. plantarum; 2 — L. salivar-
ius; 3 — W. confuse; 4 — W. coagulans

[1LIP ananu3 c 3neKTpoopeTHIECKOM NeTeKInei
pe3yabTaToOB MO3BOJIMI YCTAHOBUTH HAJIMYHUE CIEIH-
¢uueckux pparmenros JJHK, mmHa kKoTOphIX Xapak-
TepHa JUIS ITMHBI aMIUTMKOHOB T€HOB YCTOWYHUBOCTH
K TeTpanukiuHaM TetM (171 1. H.) BO BCceX HCCIIeaye-
MBIX ITaMMax (puc. 2).

Ha pucynke 3 npeacrasnena snekrpodoperpamma
pesynbratoB [P ananuza. Ammnudukanus ¢ mpai-
mepamu CLR mo3Bonuia moixyduTh TOMOTEHHBIN

ILIP mpoxyxkT aist o6pastoB W. confuse u W. coagu-
lans. Takum 06paszom, MTaMMBI OAKTEpU, U30TUPO-
BaHHBIE M3 MOJIO3MBA U KOPOBHETO MOJIOKA MMEJTH TeH
PE3UCTEHTHOCTH K aHTHOMOTHKY KJIapUTPOMHUIIMHY.

Puc. 3. Dnekrpodoperpamma pacrnpocTpaHeHHO-

ctu reHa CLR B mpoOHOTHYECKUX IITAMMax

L. plantarum, L. salivarius, W. confusa u W. coag-
ulans:

M — JHK mapxkep; I — L. plantarum; 2 — L. salivar-
ius; 3 — W. confuse; 4 — W. coagulans

Pesynerarer gucko-nudGy3noHHOTO METOa II0-
3BOJIMJIM TPOBECTH OIICHKY (PCHOTHITUYESCKON pe3u-
CTEHTHOCTHU U30JMPOBAHHBIX IPOOUOTHUECKUX IIITaM-
MOB. Pe3ynbTarsl MUKPOOHOIOTHYECKOTO CKPUHHUHTA
MIpeICTaBICHBI B TAOIHIIE 2.

Taoauna 2
Muxkpobuonoeuueckas oyenka anmubUOMUKOPEe3UCMEeHMHOCIU UCCTedyeMblX wumammos (33P, mm)
['pymnrbr aHTHOMOTHKOB AHTHOOTHI W. coagulans | W. confusa L. planta- L. salivarius
(TepareBTHYCCKAS [103a) rum
1 2 3 4 5 6
Tearamurma (50 MKT/T) + 21,0+ 1,0 + +
AMUHOTTTHKO3H/IbI
Kanamunmn (30 MKT/T) + + + +
Ampenukon Jlesomumernn (10 MKT/T) 19,0 +1,8 19,0+ 1,0 13,0+ 1,0 9,0+0,2
Maxpomuabt AszurpomunuH (30 MKT/T) + + 8,8+0,2 +
Hedazomua (30 MKT/T) + 17,0+ 1,8 13,0+ 0,6 7,4+0,1
Hedamnexcun (30 MKT/T) + + 12,4+0,2 8,0+0,1
Hedanocmopuast
Hedakmop (30MKr/T) + + 17,0+ 0,6 15,0+ 0,1
e ruzokcum (30 MKI/T) + + 12,6 £0,8 11,0+ 0,2
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OMEHKCZ aHmu6u0muk0pe3ucmeﬂmnocmu MOJIOYHOKUCTIbIX 66170’)’[6[)1412, U30TUPOBAHHBLX U3 KUWMEYHUKA NOpOCAm...

Oxonuyanue Ta0.J1. 2

1 2 3 4 5 6
Awmrmunpuid (10MKr/T) + + 17,0 £0,6 14,0+ 0,2
Amoxcukias (30MKr/T) + 6,8 +0,2 18,0£1,2 14,0+ 0,4
JRL30700050)0)0%0501
AwmoxcunmuiiH (30 MKT/T) + + 20,6 1,4 13,0+ 1,2
OxcarumaH (1 MKT/T) + 21,0+ 1,8 10,0£1,2 8,0+0,2
JoxcurmximH (30MKr/T) + 20,0+0,2 10,0 £0,6 9,0+0,1
TerpauukinH
Terpauukiwa (30 MKI/T) + 6,0£0,5 + 7,0+£04

«+» — MTaMM MHKPOOPTaHW3MA, TIOTHOCTHIO YCTOHYMBEIM K BO3/ICHCTBHIO AHTHOMOTHKA B TEPAIIEBTHYCCKON KOH-

LEHTpaIH (HET 3aAeP’KKHA POCTa UCCIECAYEMOTO IITaMMa)

HaunGonpmas ycTOWYMBOCTh K aHTHOMOTHKAM
Obula gerexkTupoBaHa y 6akrepuu W. coagulans, BbI-
JICTICHHOM M3 MOJIOKA, KOTOpasi He MPOsIBUIIA YCTONYH-
BOCTb TOJILKO K aHTHOMOTHKAM aM(EHUKOJIOBOH TPyTI-
mbl. CIieKTp MPOTUBOMUKPOOHBIX MPEMaparoB, K KO-
TOPBIM HPOSIBUJIA PE3UCTEHTHOCTh W. confusa, ObLn
CYIIECTBEHHO yke, ueM y W. coagulans. beina BbIsiB-
JIeHa pe3UCTEHTHOCTh W. confusa k rpynme medao-
CIIOPHHOB, MaKPOJIMOB 1 TICHUIINJINHOB.

[lITaMMBI OaKTEpPHH, BBIIEICHHBIC U3 KUIIIEYHNKA
MOJIOYHBIX TIOPOCSIT, TIPOSIBAITU PE3UCTEHTHOCTh B OT-
HOUIEHMH aHTUOMOTHKOB aMUHOTIIMKO3UTHOH TPYIIIBI,
a TaKXkKe K TeTPAUKIMHOBOW Y L. plantarum v Mmaxpo-
TUA0BOM rpynm y L. salivarius.

BBIBO/IbI

HccnenoBanne pe3uCTEHTHOCTH TPOOUOTHYECKHX
MTaMMOB OaKTEpHii, U30JIMPOBAHHBIX W3 KUIICYHH-
Ka CBHHEH, MOJIOKa M MOJIO3MBa KOPOB MHKPOOHO-
JIOTUYECKUM U MOJIEKYJISIPHO-TEHETHIYECKIM METO-
JIAaMH TIO3BOJIMJIO JIETEKTHPOBATh T€HbI YCTOWYHBO-
CTH K MPOTHBOMHUKPOOHBIM IMpenaparaM pa3inyHbIX
rpymn. C nomouipio aucko-auddy3noHHOro MeTona
OblIa 3apEerHCTPUPOBaHa PE3UCTEHTHOCTh ITAMMOB
W. confusa k unedanocrnopuHaM, MaKpoJIUIaM | IIe-
HANWUTHHAM, a W. coagulans X aHTHOMOTHKAM aM-
(enukonoBoit rpynmsl. L. plantarum wu L. salivari-
s OBLUTH YCTOWYMBBI K AMHUHOTITUKO3U/1aM, TIPH 3TOM
L. plantarum x TerpauyknuiHam, a L. salivarius x ma-
Kponugam. Pe3ynbraTsl MONeKyIsIpHO-TeHETHUECKOTO
aHaJM3a BBISIBUIIN PACTIPOCTPAHEHHOCTh I'eHa YCTOM-
YUBOCTH K dPUTPOMHIIUHY U TETPAIMKINHY BO BCEX
HCCTeyeMbIX 00pasiiax. B 6akTepuanbHbIX IITaMMaXx,
M30JIUPOBAHHBIX M3 MOJIO3UBA M MOJIOKA KOPOB 3apETH-
CTPUPOBaH I'€H PE3UCTEHTHOCTHU K KIIAPUTPOMUIIUHY.

Hanuamne reHoB aHTHOMOTHKOPE3UCTEHTHOCTH, a TaK-
e (peHOTHTTIYEeCKON PE3UCTEHTHOCTH Y MOJIOYHOKHC-
JBIX OaKTepuil KUIIEUHUKA W MOJIOKA CEeIThCKOXO03sH-
CTBEHHBIX JKUBOTHBIX MOXKET HECTH PHUCKH TepeIadn
AHTHOUOTHUKOPE3UCTCHTHOCTH MATOTEHHBIM MHKPOOP-
raHu3MaM IMyTeM FOPU30HTAIBLHOTO MEPEeHOCa TEHOB.
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Abstract. Irrational use of antimicrobial drugs in agriculture and veterinary medicine contributes to the forma-
tion, accumulation and migration of resistance genes in the body and environment. Resistance is formed not only
among pathogenic strains, but also among probiotic bacteria. As a result of the study, an assessment of the phe-
notypic and genotypic resistance of bacterial strains with probiotic potential isolated from the intestines of pigs,
milk and colostrum of cows was carried out using microbiological and molecular and genetic methods. The disk
diffusion test allowed to identify the resistance of Weissella confusa strains to cephalosporins, macrolides and
penicillins; and Weizmannia coagulans — to amphenicols. Lactobacillus plantarum and Lactobacillus salivari-
us from the intestines of piglets were resistant to aminoglycosides, while Lactobacillus plantarum had addition-
al resistance to tetracyclines, and Lactobacillus salivarius — to macrolides. According to the results of the PCR
analysis, the erythromycin and tetracycline resistance genes were detected in all the studied samples. The clari-
thromycin resistance genes were detected in bacterial strains isolated from colostrum and milk of cows. The pres-
ence of genotypic and phenotypic resistance in lactic acid bacteria of the intestines and milk of farm animals may
carry risks of transferring antibiotic resistance to pathogenic microorganisms by horizontal gene transfer.
Keywords: antibiotic resistance, PCR, disk diffusion test, Lactobacillus plantarum, Lactobacillus salivarius,
Weissella confusa, Weizmannia coagulans

Acknowledgment: the study was carried out within the framework of the state assignment of the Ministry of Sci-
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Over the past decade, the topic of antibiotic resis-
tance as a phenomenon has been raised by research-
ers around the world. This interest is associated with
the active (often irrational) use of antibiotics in agri-
culture, veterinary science and medicine [1].

The uncontrolled use of antimicrobial drugs for the
treatment and prevention of microbial diseases contrib-
utes to the formation, accumulation and migration of
resistance inside and outside living organisms [2, 3].

This is achieved through the horizontal gene trans-
fer mechanism that has developed in the process of
evolution. In this way, resistance genes enter ground-

water through waste products, contaminating the soil
and plants, thereby creating a threat to humans [4].

Pathogenic bacteria and fungi, against which an-
tibiotic therapy is aimed, over time not only become
resistant to antibiotics, but also take direct part in the
transfer of resistance genes [5].

For example, bacteria of the genus Staphylococcus
resistant to various classes of antibiotics were isolated
from the milk of cows with mastitis [6].

Moreover, such genes enter not only pathogen-
ic microorganisms, but are also transferred to probi-
otic bacteria.
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Lactic acid bacteria (LAB) are important compo-
nents of animal microbiomes and are found on the sur-
face of plants, and are also actively used to create start-
ers and probiotics. If the LAB carry resistance genes,
then by consuming fermented products created on their
basis, a person becomes a reservoir for antibiotic resis-
tance genes [7—9]. The regulations for the production
of starters and probiotics imply strict safety control,
however, this does not exclude the possibility of bacte-
ria carrying antibiotic resistance genes getting into fin-
ished products [10]. Thus, it has been established that
the representatives of Lactobacillus, Streptococcus and
Bifidobacterium, actively used in the manufacture of
fermented products, most often have resistance to an-
tibiotics of the gentamicin, kanamycin, chloramphen-
icol and tetracycline groups [11].

Microorganisms with probiotic activity have great
potential to replace and reduce the use of antibiotics
in the agro-zootechnical industry. Milk is a valuable
source of probiotic bacteria [12]. For example, bene-
ficial microorganisms such as Weizmannia coagulans
and Weissella confiisa, respectively, were isolated from
the milk and colostrum of healthy cows [13]. However,
it has been shown that the milk obtained from healthy
individuals may contain an abundance of resistance
genes to antibiotics of such groups as colistin, tetra-
cycline, cephalosporin and penicillin [14].

The work objective was to study the phenotypic
and genotypic antibiotic resistance of probiotic bac-
terial strains isolated from the intestines of pigs, milk
and colostrum of cows.

MATERIAL AND METHODS

The objects of the study were four probiotic strains
of microorganisms, including Lactobacillus plantarum
and Lactobacillus salivarius, isolated from the feces
of healthy piglets aged 5 days, Weizmannia coagulans
and Weissella confusa isolated from cow’s milk and
colostrum, respectively.

The DNA extraction was carried out using the com-
mercial PROBA-GS kit (DNA-technology, Russia) in
accordance with the manufacturer’s protocol.

To carry out the amplification reaction with elec-
trophoretic detection of results, there was used the 5X
ScreenMix-HS reaction mixture (Evrogen, Russia)
with the primers described earlier [14]. The results
were visualized in 2 % agarose gel.

Real-time PCR using the commercial 5X qP-
CRmix-HS LowROX reaction mixture (Evrogen,
Russia) with the primers and probes described earlier
[14]. The results were visualized using the FAM flu-
orescence channel.

108

The following antibiotics were used for disk
diffusion analysis (HiMedia Laboratories Pvt.
Limited, India): Azithromycin (30 mcg), Ampicillin
(10 mcg), Amoksiklav (30 mcg), Amoxicillin (30
mcg), Gentamicin (50 mcg), Doxycycline (30 mcg),
Kanamycin (30 pg), Levomycetin (10 mcg), Oxacillin
(5 mcg), Tetracycline (30 mcg), Cefaclor (30 mcg),
Ceftizoxime (30 mcg), Cefoperazone (75 mcg),
Cephalexin (30 mcg), Cefazolin (30 mcg).

The antibiotic discs were stored in a sealed pack-
age in a freezer at a temperature of +4 °C. To deter-
mine sensitivity using the disk diffusion test, a bacte-
rial suspension was added to a Petri dish in the MRS
agar medium. Then, the disks containing antibiotics
were placed on the surface of the resulting medium
with the analyzed bacteria. The prepared Petri dishes
were incubated in a thermostat at 37 °C for 24 hours.
During the diffusion of the antibiotic into the agar, a
growth inhibition zone (GIZ) of microorganisms is
formed around the disks. The result was obtained by
visually assessing the presence of the diameter of the
inhibition zone around the disk.

STUDY RESULTS AND DISCUSSION

Probiotic strains of Lactobacillus plantarum,
Lactobacillus salivarius, Weissella confusa and
Weizmannia coagulans microorganisms isolated from
pig intestines, colostrum and milk of cows, respective-
ly, were analyzed using molecular and genetic and mi-
crobiological approaches.

Molecular and genetic assessment of the resistance
of probiotic strains of bacteria L. plantarum, L. sali-
varius, W. confusa and W. coagulans to various groups
of antimicrobial drugs was carried out using qualita-
tive and quantitative PCR analysis.

The analysis of the fluorescence curves obtained
as a result of Real-time PCR allowed to establish the
prevalence of the erythromycin resistance gene ermB
in all the studied samples. Table 1 presents the results
of the PCR analysis.

The amplification curves obtained from L. planta-
rum, L. salivarius, W. confusa and W. coagulans were
characterized by Ct values of no more than 25. The
lowest Ct value was found in L. sa/ivarius and amount-
ed to 15.75 £ 0.38, which indicated a high relative con-
tent of this gene in the bacterium (Fig. 1).

The PCR analysis with electrophoretic detection
of results made it possible to establish the presence of
specific DNA fragments, the length of which is char-
acteristic of the length of the amplicons of the tetra-
cycline resistance genes TetM (171 bp) in all the stud-
ied strains (Fig. 2).
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Table 1

Assessment of the prevalence of antibiotic resistance genes in probiotic strains
L. plantarum, L. salivarius, W. confusa and W. coagulans using Real-time PCR

Bacterial strains

Resistance genes
L. plantarum

L. salivarius

W. confusa W. coagulans

ampC -

Mec —

NDM -

vanA —

KPC -

ermB +

floR -

30 -

25 A =

20 -

15 -

Ct value

10 -

0 .

L. plantarum L. salivarius

W. confusa W. coagulans

Fig. 1. Ct values obtained as a result of amplification with specific primers to the gene ermB. * — the difference
in the Ct parameter in relation to other bacteria is statistically significant (p < 0.05)

Fig. 3 shows an electropherogram of the PCR anal-
ysis results. The amplification with CLR primers al-
lowed to obtain a homogeneous PCR product for W.
confusa and W. coagulans samples.

Thus, the bacterial strains isolated from colostrum
and milk of cows had a gene for resistance to the an-
tibiotic clarithromycin.

The results of the disk diffusion test allowed to as-
sess the phenotypic resistance of the isolated probiot-

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025

ic strains. The results of the microbiological screening
are presented in Table 2. The highest antibiotic resis-
tance was detected in the bacterium W. coagulans iso-
lated from milk, which showed no resistance only to
antibiotics of the amphenicol group. The spectrum of
antimicrobial drugs, to which W. confusa showed re-
sistance was significantly narrower than that of . co-
agulans. Resistance of W. confusa to a group of ceph-
alosporins, macrolides and penicillins was detected.
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otics of the aminoglycoside group, as well as to the
tetracycline group in L. plantarum, and the macrolide
group — in L. salivarius.

500

200

Fig. 2. Electropherogram of the tetM gene preva- 100
lence in probiotic strains L. plantarum, L. salivar-
ius, W. confusa and W. coagulans:

M — DNA marker; I — L. plantarum; 2 — L. salivari- Fig. 3. Electropherogram of the CLR gene preva-
us; 3 — W. confusa; 4 — W. coagulans lence in probiotic strains L. plantarum, L. salivar-
ius, W. confusa and W. coagulans:
The strains of the bacterium isolated from the in- M — DNA marker; I — L. plantarum; 2 — L. salivari-
testines of suckling pigs showed resistance to antibi- us; 3 — W. confusa; 4 — W. coagulans
Table 2
Microbiological assessment of antibiotic resistance of the studied strains (ZZR, mm)
o e . L. planta- N
Antibiotic groups Antibiotic (therapeutic dose) | W. coagulans | W. confusa um L. salivarius
1 2 3 4 5 6
Aminoglycosides Gentamicin (50 mcg/g) + 21.0+ 1.0 + +
Amphenicol Kanamycin (30 mcg/g) + + + +
Macrolides Levomyecetin (10 mcg/g) 19.0£1.8 19.0+£1.0 13.0+£1.0 9.0+0.2
Cephalosporins Azithromycin (30 mcg/g) + + 8.8+0.2 +
Cefazolin (30 mcg/g) + 17.0+£ 1.8 13.0+£0.6 74+0.1
Penicillins Cephalexin (30 mcg/g) + + 124402 8.0£0.1
Antibiotic groups
Aminoglycosides Cefaclor (30 mcg/g) + + 17.0+ 0.6 15.0+0.1
Ceftizoxime (30 mcg/g) + + 126 +0.8 11.0£0.2
Ampicillin (10 mcg/g) + + 17.0+ 0.6 14.0+0.2
Amphenicol .
Macrolides Amoksiklav (30 mcg/g) + 6.8+0.2 18.0£1.2 14004
Cephalosporins Amoxicillin (30 meg/g) + + 206+14 | 13.0+£12
Penicillins
Oxacillin (1 meg/g) + 21.0+£1.8 10.0£1.2 8.0=+0.2
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Table 2 (the end)

1 2 3 4 5 6
Doxycycline (30 mcg/g) + 20.0+£0.2 10.0£0.6 9.0+0.1
Tetracycline
Tetracycline (30 mcg/g) + 6.0+0.5 + 7.0+ 0.4

“+” — the microorganism strain is completely resistant to the effects of the antibiotic at a therapeutic concentration

(there is no growth restriction of the studied strain)

CONCLUSION

The study of resistance of probiotic bacterial strains
isolated from the intestines of pigs, milk and colostrum
of cows using microbiological and molecular and ge-
netic methods allowed to detect the antimicrobial drug
resistance genes of various groups. Using the disk dif-
fusion test, resistance of W. confusa strains to cephalo-
sporins, macrolides and penicillins was registered, and
W. coagulans — to the antibiotics of the amphenicol
group. L. plantarum and L. salivarius were resistant
to aminoglycosides, while L. plantarum — to tetracy-
clines, and L. salivarius — to macrolides. The results
of molecular genetic analysis revealed the prevalence
of erythromycin and tetracycline resistance genes in all
the studied samples. In bacterial strains isolated from
colostrum and milk of cows, the clarithromycin resis-
tance gene was registered. The presence of antibiotic
resistance genes, as well as phenotypic resistance in
lactic acid bacteria of the intestine and milk of farm
animals, may carry risks of transmitting antibiotic re-
sistance to pathogenic microorganisms through hori-
zontal gene transfer.
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AHHoOTanusl. B cTaThe OTpaskeHbl Pe3yNbTaThl HCCIICMOBAHMUIT 110 M3YYCHHIO CHCTEMbI CBOOOTHOPAIMKAIBHOTO
OKHUCIICHHS JINTHI0B U AHTHOKCHIAHTHOM 3aIlIUTHI Y KOPOB B Pa3HbIC TEXHOIOTUYECKHE MTEPHO/IbI TAKTALINH. YCTa-
HOBJICHO, YTO Y KIIMHUYECKH 3/I0POBBIX U OOJBHBIX MACTUTOM KOPOB B 3aIlyCKe U B PAHHHUII MOCICPOIOBBIi e-
pHoj OBLIH BBISIBIICHBI OoJiee ITyOOKHE H3MEHEHHUS B X METAOOINYECKOM CTaTyce B CPABHEHUH C KOPOBAMH Ce-
peauHbI TakTaluy. JlaHHbIe H3MEHEHHS CBUICTEILCTBYIOT O TOM, YTO Y JIAKTHPYIOLIMX KOPOB B TIEPUOJ 3aITyCKa
U B PaHHHUI OCIICPOIOBBIN MEPHO/] AKTUBU3UPYIOTCS PEAKIUK MEPOKCUAAIINH JUIHUIOB, CBI3aHHBIC C Pa3BHUTH-
€M HaIpsHKEHUS B METaOOIMYECKHX TPOIieccax, 000CHOBAHHBIX OKOHYAHHEM JIAKTAIMH, OPMUPOBAHHEM POJIO-
BOU JIOMHHAHTbI 1 MOCIIEAYIOIICH HHBOIIOLIEH B MOJIOUHOM KeJie3e OTEUBIICHCS KOPOBBL. DTO MPUBOIHUT K BO3-
pacTaHHIO YPOBHS SHIOTCHHOW MHTOKCHKAIMH 32 CUET YBEIHMUYCHHS POIYKTOB MEPEKUCHOTO OKHCIICHHUS JTHITH-
noB. Ha sToM (hore mporcxoaut ociadlicHHe ypOBHs aHTHOKCHIAHTHOM 3allUTHI 32 CYET PACXOZIA €€ PE3ePBOB Ha
HEUTPATH3aIHIO IPOIYKTOB CBOOOIHOPAANKATBHOTO OKHUCICHHS.

KuroueBble cj10Ba: KOPOBBI, MACTHT, IIEPEKHUCHOE OKHCIICHNE JTUITUIOB, AHTUOKCUAAHTHAS 3aIllITa, IEPHO]] 3a-

ITyCKa, OCIEPOAOBBINA EPUO

OcHoBomnonararoieid Mepoi Mo COXpaHEHUIO Ie-
HETUYECKH 3aJI0)KEHHOTO MOTEHIIMAIa BBICOKOIPOIYK-
THUBHBIX KOPOB MOJIOYHOTO HATIPABIICHUS SIBIISIETCS CU-
CTEMATHYHBIN KOHTPOJIb 3a007€BAEMOCTH MaCTHTOM,
MTOCKOJIEKY IMEHHO BOCHAMTEIBHBIC TTPOIIECCH MO-
JIOYHOH JKEJIe3bl SIBIISIOTCS TIMMUTHPYIOIUME (DaKkTo-
paMH B IOJTyYSHHUHU OOJIBIIIOTO KOJIMYECTBA MOJIOKA BBI-
COKOTO KauecTna [2].

[TockonbKy COBpEMEHHBIE METOJBI BEACHHS MO-
JIOYHOTO XO3SMCTBA MOAPA3yMEBAIOT MOBLIIICHHYIO
WHTEHCHUBHOCTDH MTPOU3BOJICTBA, HA MHOTHE CHCTEMBI
OpraHN3Ma JIAKTUPYIOIINX KOPOB (ITUIIEBApUTEIIbHAS,
SHIOKPUHHAsI, MOJIOBAsI, a TAKXKE CUCTEMa CEKPELUn
MOJIOKA) OKa3bIBaCTCs Ype3MEpHast Harpy3ka. B act-
HOCTH, OJHHM H3 DTHOJOTHYECKUX (haKTOPOB BO3-
HUKHOBCHISI MACTHUTA TIPUHSITO CUNTATh HeCOATaHCH-
poBaHHOE KOPMJICHHE, K TIPUMEPY, TAKOS KaK CKapM-
JINBaHWE BBHICOKOKOHIIEHTPATHOTO THUIIA PAIIOHOB,

B KOTOPBIX JOMHHHPYIOILEE MOJIOKEHNE 3aHUMAIOT
MPOTEHHBI, HapyIIaloune 6atanc aHaboIM3Ma 1 Kara-
Oonm3Ma B opraHu3Me JIAKTUPYIONTNX KopoB [1, 3, 4].

CoxpaHeHre roMeocTas3a y KOpOB Pa3IUIHBIX IIPO-
W3BOJICTBEHHBIX U (PU3HOIIOTHIECKUX TPYIII, U3yUeHHE
3aKOHOMEPHOCTEH TeUeHUs] OMOXUMHYECKHUX PeaKITHA
B OpPraHU3ME BBICOKOIPOIYKTUBHBIX KUBOTHBIX U UX
BJIMSIHME Ha 3THOIMATOr€HETUYECKHE acTIeKThl BOCTIA-
JICHUSI MOJIOYHOM JKEJIe3bl SIBJISIETCS KpaliHe PUOpHU-
TETHBIM HalpaBJIeHUEM I U3ydeHws [ 1, 2, 6].

OnHuM U3 Mokasaresiei, XapakTepu3yoLIuX HH-
TEHCUBHOCTH OMOXMMHYECKUX TPOIIECCOB, U BIIHSIO-
IIMX Ha pa3BUTHE a(U3HOJIIOTHUYECKOW PEaKluu Op-
raHu3Ma, SIBJISIeTCS YPOBEHb OKCHIAHTHO-AaHTHOKCH-
JTAHTHOTO CTaTyca, MOCKOJIbKY aHHBIM MOKa3aTelb
XapakTepru3yeT TaKkke MaCCHB MPOIIECCOB CBOOOIHO-
PaauKaIbHOTO OKUCIICHHUS JIMITUOB U CUCTEMbI aHTU-
OKCUJAHTHOM 3a1IuTHI [2, 3, 14].

© 3umnukoB B. U, ITaBaenko O. b., ®ennu O. B., [lladanos [I. 1., 2025
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[Iporekarorire B OpraHu3Me KUBOTHBIX CBOOOJI-
HOpaIUKAIbHBIC PEAKIINH, YIaCTBYIONINE B PETYJIs-
MM TIPOHUIIAEMOCTH KJIETOUYHBIX MeMOpaH, HHKpe-
LM TOPMOHOB M CTEPOHJIOB B IEPHOJ JITUTEIHLHOTO
CTpecca pa3IUYHOTO reHe3a, WHPEKIMOHHBIX Mopa-
JKEHUSX, BOCTIAUTEIBHBIX MPOIECCaX, HAPYIICHUIX
(hepMEHTATUBHBIX CBOMCTB KJIETOK, KaK MPaBUIIo, Tie-
PEXOIAT B MATOJIOTUIECKOE TCUCHUE, UTO BENET K Ha-
pyLIeHHIO (PYHKIIMOHUPOBAHUS PA3INYHBIX OPTaHOB
u Tkanew [11, 17].

3a OaylaHC B TEUEHHM CBOOOIHOPAJIMKAIBHBIX
peakuuii B OpraHu3Me OTBEYAET CHUCTeMa aHTUOK-
CHIAaHTHOW 3alIUTHI, UMEIOMasi MHOTOYPOBHEBYIO
MHOTOKOMIIOHEHTHYIO CTPYKTYPY, COCTOSIIIYIO U3
(hepMeHTaTHBHBIX U He(hepPMEHTATHBHBIX 3BEHHEB,
KOHTPOJHMPYIOIINX YPOBEHb MOJIEKYJIIPHBIX MPOIYK-
TOB, aKTHBHBIX (hopM kuciopona [3, 13, 15]. Orcrona
CJIEIyeT BaXKHOCTh (PU3HOJIOTHMUYECKOTO MPOTCKAHUS
peaxkuuii B cUCTEME aHTHUOKCUJIAHTHOM 3alllUThI, MO-
CKOJIbKY OHa PETYIHPYeT MHTEHCHBHOCTH OKHCITH-
TETHPHO-BOCCTAHOBUTEIBHBIX PEAKIMA B KIETOUYHBIX
OpraHeijiaXx, 4To HEMOCPEJICTBEHHO BIMSET Ha ypo-
BEHb MHTCHCUBHOCTH M BPEMEHH MPOIOJIKUTEIBHO-
CTH TIATOJIOTHYECKOTO TMpoliecca B MOJIOUHOM jKere3e
KOpPOB, B 0COOCHHOCTH Y BBICOKOIIPOIYKTHBHBIX JKHU-
BOTHBIX [1, 2].

B cBsi3u ¢ 3TUM OCTaeTcs akTyalbHBIM H3yYCHUE
IIPOIIECCOB CBOOOHOPAUKATIHLHOTO OKUCIICHUSI JTUTIH-
JIOB U CHUCTEMbI aHTUOKCUJIAHTHOMN 3aIUTHI TIPU BO3-
HUKHOBEHUHM MACTHUTa Y BBICOKOMPOTYKTUBHBIX KO-
pPOB B pa3HbIe (PU3MOIOTUUECKUE MEPUOIBI UX JKC-
TUTyaTaluy.

Lenp uccnenoBanmii. M3yuuts cucremy cBodoj-
HOPAAUKAIHHOTO OKUCJICHHS JUMUAOB U AHTUOKCHU-
JAHTHAHOM 3aIUTHI IPH MAaCTUTE Y KOPOB B 3aITyCKE
1 B [IOCJIEPOIOBBII NEPUOL.

MATEPUAJIBI U METO/IbI
UCCJIEJOBAHUM

Jnst mpoBeneHnst ucciuenoBanuil Oblio chopmu-
pOBaHO 3 TPYMIBI KUBOTHBIX, KIIMHUYECKH 370PO-
Bole (7 = 10), GoNBbHBIE CYOKIIMHUYECKUM MAaCTUTOM
(n=10) 1 KIMHUYECKU BBIPAKCHHBIM KaTapajlbHbIM
(n =10), HaxoxAmMMXCS HA PA3HBIX TEXHOJIOTHYECKUX
nepuoAax dKcIiiyatanuu (MocIepoJoBBINd MEepUoS,
100—120 nueit nakraumu u 3amyck). OT BceX )KUBOT-
HBIX OBLTH OTOOpaHbI TPOOBI KPOBH ISl U3Y4YEHUSI T10-
KazaTeJiel CuCTeMbl CBOOOTHOPAIUKAILHOIO OKUCIIE-

HUS JIMNNAAO0B U AaHTUOKCHIAHTHOM 3alUThI.
[Toxazarenu cuctemsl [1OJI-AO3 onpenensnu
comacHO MeToANYEeCKUM MOJIOKEHUSIM 110 U3yue-
HUIO TIPOLECCOB CBOOOAHOPAAMKAIHLHOTO OKHUCIIE-

HUS ¥ CHCTEMBI aHTHOKCHIAHTHOM 3aIIUTHl OPTaHU3-
Ma (M. W. Penkwuii u ap.). — Boporex, 2010 rox [5].

KonnuectBo ManmonoBoro muanbaeruga (MJIA)
OTIPEJIEIISUTN TI0 PeaKLny ¢ 2-TH00apOUTYpOBON KHC-
JIOTOM ¢ 00pa30BaHUEM OKPAIIEHHOTO TPUMETHIIOBO-
ro xommuiekca (TMK), umerorero MakCUMyM TTOTJI0-
menusa 532 aM. Uaaekc PHIOT€eHHOM MWHTOKCUKAILIUU
(MDH) paccuuTbIBaIy MO CIEKTPaIbHON XapaKTepu-
CTHKE CyIlepHATaHTa TOCJIe OCBOOOKICHHUS ILIa3MBbI
KPOBH OT COZIEPIKAIIMXCS B HEW BEICOKOMOJIEKYIISIPHBIX
MIENITHIOB U OETTKOB ¢ ucnois3oBanueM 10 % pactBo-
pa TPUXJIOPYKCYCHOM KUCIIOTHI [2, 5].

O1neHKy aKTHBHOCTH (hepMEHTATHBHOTO U Hedep-
MEHTaTUBHOTO 3BEHbEB AHUTHUOKCUJIAHTHOU 3alllUThI
MIPOBOJMIIM MTyTEM HCCIIEZIOBAaHUS aKTMBHOCTH Kara-
JIa3bI TI0 CTIOCOOHOCTH MEPOKCHIA BOIOPOIa 00pas3o-
BBIBaTh C MOJIMOIaTOM aMMOHWSI CTOMKUN OKpaIieH-
HBIN KOMIUTEKC, 2 aKTUBHOCTB Ty TATHOHTIEPOKCHIA3bI
(I'TTO) — 1o yMEHBIICHNIO KOJIMYECTBA BOCCTAaHOB-
JICHHOTO IITyTaTHOHA (JOHOpa BOJOPOA) B Cpejie UH-
KyOalluu pyu BOCCTAHOBIEHUH THPONEpEKUCe ITy-
TaTHoHIepokcua3oi. O cocTosHUU HepepMeHTa-
THBHOTO 3BE€HA CYJWJIN TI0 CO/IEP’KaHUIO B CBIBOPOTKE
kpoBu BuTaMuHOB A, E u C. Onpenenenue BUTaMuHa
A pOBOAMIIN HA OCHOBE IIEJIOYHOTO THIPOIH3a U IKC-
TpPaKIMKU BUTAMHUHA U3 CHIBOPOTKU KPOBU U U3MEpE-
HUH JI0 ¥ [IOCIIE €r0 pa3pylieHHs YIbTPapHOIECTOM.
Burtamuna E — Ha oCHOBaHUM OIpEAEIIeHUS] HOHOB
JIBYXBaJICHTHOTO KeJie3a, 00pa3yroIuXcsi P B3aHMO-
JIUCTBUH 0- TOKO(eposa ¢ XJIopHbIM xese3oM (Fe’*)
B BUJIC OKpaIlleHHOTO KomIuiekca Fe?* ¢ penanTposnu-
HoM. Butamnna C — mipenensin Ha OCHOBE BOCCTa-
HOBJICHUS TPEXBAJICHTHOTO Kelle3a B IBYXBAJIEHTHOE
¢ 00pazoBaHHEM C 0., 0’ -JUITHPUIUIOM OKPAIIEHHOTO
KoMmIIekca [2, 5].

PE3YJBTATHI UCCJEITOBAHUN
N OBCYXKIAEHUE

[IpoBeneHHBIME HCCIIETOBAHUSMHU yCTAHOBIEHO
(Tabm. 1), 9T0 y KIIMHUYECKH 37I0POBIX KOPOB B TIEpH-
0]1 3aITyCKa MPOLECChl CBOOOAHOPAANKAIBHOTO OKHC-
JICHUsI JINIIUJIOB TPOTEKAI0T MHTCHCUBHEE, B CpaB-
HEHHHU C KOPOBAMH CEPE/IMHBI JIAKTAIMHU, 9TO XapaK-
TepU3yeTcs MOBBIIIEHHBIM COIEPKAaHUEM B KPOBHU
MaJIOHOBOTO Auanbaerumga — Ha 17,7 % (P < 0,05),
CpPeIHUX MOJEKYISIpHBIX NenTunos — Ha 19,6 %
(P <0,05), uHaIeKCa YHIOTCHHON MHTOKCUKAIIUU —
Ha 19,7 % (P <0,05), npu CHM)KEHUHU, aKTUBHOCTH
karana3el — Ha 16,0 % (P < 0,05), miyTaTHOHITEpOK-
cunassl — Ha 16,7 % (P < 0,05), KOHIIEHTpaluu BH-
tamuHa A — Ha 20,0 %, (P < 0,05) u Butamuna C —
Ha 14,1 %.
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Tabauna 1
Toxaszamenu cucmemvi I10JI-A03 knunuuecku 300pogvix KOpos 8 pastvle nepuodbl 1aKmayuu
[Toxazarenu, e. N3MepeHUs Pannwmii mocneponoserit | 100—120 gaeii makramun | [lepuon 3amycka (n = 5)

MJIA, MkM/n 3,73 +0,22" 3,1£0,2 3,65+ 0,04"
CMIL, y. e. 0,642 +0,024™ 0,505 +0,113 0,604 £ 0,015
j56)51 17,59 + 0,3 15,03 + 0,26 17,99 + 0,66
Karanaza, mkM H,O,/m-mun-10° 37,87 +0,50° 45,73 £0,21 39,4+0,4"
I'TIO, MxM GSH/i*mun-10° 40,23 +1,12° 479+04 39,92 + 0,69
Buramun A, MxM/1 1,4+0,04 1,8+0,3 1,44 +0,07
Buramun E, MkM/n 12,1 £0,8" 14,1 £0,5 12,9+0,8
Buramun C, MkM/1 19,5+0,8" 233+1,4 20,0 £ 0,4

*P<0,05

" P<0,01

sekesk

HUIO K TICPUOAY CePEeIUHBI JIAKTAIHH

[Tocre orena y KIMHUYECKH 3I0POBBIX KOPOB IPO-
JIOJDKAETCsl HapacTaHUe MPOIECCOB CBOOOTHOPAIH-
KaJIbHOTO OKHCJICHHS JIMITUIO0B, KOTOPBIC TAKKE Xa-
PAKTEPU30BAIKCH MTOBBIIIICHUEM B KPOBH MaJIOHOBOTO
manpaerunaa—Ha 20,3 % (P < 0,01), cpeqaux more-
KyJsIpHBIX rrentunoB — Ha 27,1 % (P < 0,01), uaaekca
SHJOTCHHOM MHTOKCHKauu — Ha 17,0 % (P < 0,05).
B 3TOT mepuon npoaomkaeT CHUKAThCS aKTUBHOCTh
(hepMEHTATUBHOM 3alUThI, YTO BHIPAKACTCS B CHUKE-
HHAW aKTUBHOCTH Karana3sl — Ha 20,7 % (P < 0,05),
rmyTaTuoHnepokcuaassl — Ha 19,1 % (P < 0,05),
a TaKkKe Mmokasaresieil He)epMEHTaTUBHOTO 3BE€HA aH-
THOKCHJTAHTHOM 3aluThl: BUTaMuHa A — Ha 22,2 %
(P <0,05), Butamuna E—mna 14,2 % (P < 0,05) u Bu-
tammHa C — Ha 16,3 % (P < 0,05).

YuuTeIBas pe3yabTaThl MPOBEACHHBIX HCCIICIO-
BaHUH, MOYXHO KOHCTaTUPOBAaTh, 4TO HAnOOJIEe CIOXK-
HBIM [IEPHOJIOM B TEXHOJIOTHUECKOM ITHKIIE MOJIOYHBIX
KOpPOB B OTHOIICHUY OOMEHHBIX MPOIIECCOB B IIEJIOM,
M CHCTEMBI aHTHOKCHIAHTHOM 3aIUTLI B YaCTHOCTH,
SIBJISIFOTCS TIEPBBIC JTHH JIAKTAIIMU U TIEPUO]] 3aITyCKa.
MMeHHO ¢ MHBOIIOIMEH MOJIOYHOM JKEJIC35]I, HadaJloM
MOJIOKOOT/IauH ¥ CBA3aHHBIM C THM HapyIIeHUEM BHY-
TPEHHETO TOME0CTa3a B OPraHU3Me KOPOB MOTYT IPO-
HCXOIUTH U3MEHEHUS KAYECTBEHHEIX U KOJUYECTBEH-
HBIX TIOKAa3aTeJIe B CBOOOMHOPAIUKAIIEHOM OKHCIIe-
Huu. [Ipu 3TOM ¢ HapacTaHHEM CPOKOB OEpEMEHHOCTH
¥ OKOHYAHWEM JIAKTAIIMK TaK e OTMEYaeTCs MHTCH-
cu(UKaIus IePEKUCHOTO OKUCIICHUS U CHIDKEHHUE aH-
THOKCUAAHTHOM 3amuThl [4, 9].

P <0,001 — crenenp JOCTOBEPHOCTHU B rpylax paHHUM MOCIEPOIOBBINA IEPUOA U IEPUOJ] 3aIlyCKa 110 OTHOILIE-

BrisiBnennsie u3menenus B cucreme [10OJI-AO3
Yy HCCIEIYEeMBIX KOPOB MOTYT CBHUICTEIHCTBOBATH
0 TOM 4YTO, B IIEPHOJ 3aITyCKa U B IEPUO]T ITOCIIE OTelNa
Y KOPOB Pa3BUBAETCS OKUCIUTENBHBIN CTPECC, CBsI3aH-
HBII ¢ HEHPO-AHIOKPUHHOHN MepecTPOUKOl U pa3BuU-
THEM MaKCUMAJIbHOTO HAMPSKESHUS METa0OIUIECKIX
MIPOIIECCOB B opraHu3me xusoTHoro [1, 10].

3a0osieBaHKe KOPOB CyOKIMHHUUYECKUM MaCTUTOM
B TIEPUO 3aIlycKa COTMPOBOXKIAIOCH (Tad. 2) WH-
TEHCU(UKAINEH MPOTEKaHMs pPEaKINi ePEeKUCHOTO
OKUCIICHUS JIUIIUAJIOB B CPABHEHUH C KOPOBAMU Cepe-
JIUHBI JIAKTAIMH, YTO BBIPAXKAJIOCh B 00JIee BEICOKOM
COZIEP’)KaHUH B KPOBU, MAJIOHOBOTO TUAJBAECTHIA —
Ha 42,5 % (P <0,01), cpeaHux MONEKYISPHBIX TeT-
tiaoB — Ha 32,6 % (P < 0,01), nHOeKca 2HIOTCHHON
nHTOKCHKanuu — Ha 47,9 % (P < 0,001), mpu Gonee
HU3KOHM aKTUBHOCTH KaTtana3bl — Ha 26,2 % (P < 0,05),
DIyTaTHOHNepokcuassl — Ha 25,4 % (P < 0,05), co-
neprkanust ButamuHa E — na 20,0 % (P < 0,01) u Bu-
tamuHa C — Ha 14,9 % (P < 0,05).

B pannunii mociaepoaoBeIil meproa y KopoB, 60IIb-
HBIX CyOKIIMHIYECKAM MacTUTOM, OBIITH YCTaHOBIICHBI
TE K€ U3MCHEHUS, YTO Y KOPOB CEPEIIMHBI JIAKTAIIHH,
HO OHHU ObUIH 0OJiee BBIPAXKEHHOTO XapakTepa. Tak,
B KPOBH JIaHHBIX JKUBOTHBIX OTMEUAJIOCh IIPEBBIIIIC-
HHe MaJTIoHOBOTO Auanbaeruna Ha 40,3 % (P < 0,001),
CpeIHUX MOJEKYISPHBIX NMENTHI0B — Ha 32,9 %
(P <0,01), mamekca >HAOTCHHON WHTOKCHUKAIIMA —
Ha40,3 % (P <0,001), npu CHI>KEHUU aKTUBHOCTHU Ka-
tanas3sl Ha 23,1 % (P < 0,05), myTarnoHnepoxcua-
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361 —Ha 26,7 % (P < 0,05), Buramuna E—mna 33,5 %
(P <0,01) m Buramnna C — na 22,3 % (P < 0,05).
[Ipu u3ydeHun romeocraza OOJBHBIX KaTapaib-
HBIM MaCTHTOM KOPOB B pa3HbIe MEPUOIBI JAKTAI[UH
(Tabn. 3), usmenenus B cucteme [10JI-AO3 Obutn
TaK ke 0oJiee BhIPAXKEHBI B MIEPUO]] 3aIlyCKa, B CPaB-
HCHHUM ¢ KOPOBAMHM CEPEIIMHBI JaKTaluu. Tak, y AaH-
HBIX )KHBOTHBIX B KPOBH OTMEYEHO 0Ooliee BBICOKOEC

conep kaHre MaJOHOBOTO nuanbaeruga — ua 48,2 %
(P <0,001), cpenHAX MOJEKYISAPHBIX MENTHIOB —
Ha 33,0 % (P <0,01), naaekca SHIOTEHHONH WHTOK-
cukaruu — Ha 61,4 % (P <0,001), npu cCHUXKEHUU
AKTUBHOCTHU Katanasbl Ha 25,7 % (P < 0,05), miyra-
THOHTIepoKcuaa3sl — Ha 28,8 % (P < 0,05), comep-
»kauus puramuHa E — 1a 26,7 % (P < 0,05), BuTamu-
HOB A 1 C — 10 0,96 1 17,4 MKM/J1 COOTBETCTBEHHO.

THoxkazamenu cucmemwt INOJI-AO3 y kopog 601bHbIX CYOKAUHUYECKUM MACMUTNOM, 8 PA3HbLE NEPUObL ﬂm;?c?;:uua ’
ITokazarenu, ea. u3MepeHust Pannuit nocneponoseiii | 100—120 gueit nakranuu Ilepuon 3amycka
MJIA, MxM/n 5,18+0,21™ 3,69 + 0,11 5,26 +0,19"
CMIL y. e. 0,852 +0,036™ 0,641 + 0,026 0,850 + 0,017
nsnu 27,57 +0,77" 18,01 £ 0,56 26,64 £ 0,58
Karanaza, mkM H,O,/n-mun-10° 29,69 +0,3" 38,60 £ 0,75 30,58 £0,31"
I'TIO, MM GSH/i*mun-10° 30,97 £ 0,34" 39,25+ 0,32 31,30 £ 0,57
Buramun A, MKM/1 1,16 £ 0,05 1,3+0,04 1,2+0,04
Buramun E, MkM/1 10,3+0,2" 15,5+0,6 12,4 +£0,4™
Buramun C, MkM/nt 16,7 £ 0,6 21,5+0,3 18,3+0,7
*P<0,05
" P<0,01

sk

HUIO K IIEPUOAY CEPECAUHBI JIaKTalluH

B panHuii mociepomoBeIii Ieproy y KOpoB, 00JTh-
HBIX KJIMHUYECKH BHIPAYKEHHBIM KaTapallbHbIM MaCTH-
TOM, OTMEUEHO 0O0JIee BHICOKOE COMICPIKaHNE MAIOHOBO-
ro quanbaeruia—Ha 50,0 % (P < 0,02), cpeqanx Morne-
KyJsIpHbIX ientuoB —Ha 37,1 % (P < 0,01), unaexca

P <0,001 — cTeneHb AOCTOBEPHOCTH B IPyMIIaX paHHUIN MOCIEPOAOBBINA NEPUO U IEPUOJ 3AITyCKa 10 OTHOLIE-

9HIOTEHHOU MHTOKCHKarmu — Ha 55,6 % (P < 0,001),
TIpY CHMOKEHHUH Karanasbl Ha 29,3 % (P < 0,05), myTa-
THOHTIEpOKCHAa3bl — Ha 26,3 % (P < 0,05), Buramu-
Ha A — Ha 30,4 % (P < 0,05), Butamuna E u Butamu-
Ha C —na 36,5 u 38,4 % (P < 0,05) cCOOTBETCTBEHHO.

Taoauna 3

Hoxasamenu cucmemut IIOJI-AO3 y kopos 601bHBIX KAMAPATLHBIM MACHUNIOM, 8 PA3Hble NEPUOObL TAKMAYUU

[Tokazarenu, ex. M3MEpEHUS Pasmit HOSHCPOHOBHﬁ 100—120 H}ieﬁ JTaKTarmm Ilepuon 3amycka (n = 5)
(n=5) (n=5)
1 2 3 4
MJA, MxM/n 8,67+0,2" 5,78+0,15 8,57 +0,14™
CMIL y. e. 0,964 +0,01™ 0,703 + 0,06 0,935+0,02"
17651 38,6+ 1,3 24,8+ 0.4 40,04 + 1,04
Karanaza, mkM H,O,/m-mun-10° 22,35+ 045" 31,64+0,9 23,5+1,2"
'O, mxM GSH/n-mun-10° 28,66 + 0,91 38,92 + 0,66 30,2 +0,9"
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Oxonuyanue Ta0J1. 3

1 2 3 4
Buramun A, MkM/1 0,92 £0,05" 1,2+ 0,01 0,96 £ 0,02
Buramus E, MkM/n 10,4 £0,2" 142 4+0,2 11,2+£0,1"
Buramun C, MkM/n 13,8 +0,2° 19,1 +£0,2 17,4+£0,4
*P<0,05
" P<0,01

sekeok

HUIO K IIEPHUOAY CEPEANHBI JIAKTalIuN

OO0mmenpru3HaHHO, YTO PA3BUTHE BOCTIAINTEIIEHOTO
IpoIecca B MOJIOYHOM jkejie3€ BO BCE MEPHOJIBI JIaK-
TaIlU¥ CBSA3aHO €€ MHPUIIUPOBAHUEM aCCOIMANUIMU
PAa3JIMYHBIX MMAaTOTCHHBIX U YCJIIOBHO IMAaTOTCHHBIX MU~
kpoopraun3moB: Staph. aureus, Str. agalactiae, E. Coli,
Corynebacterium u MHOTHE IpyTHe, 9aCTO B COYETa-
Huu ¢ rpubamu Candida, Mucor, Aspergilus. Tokcuab
ATHX OaKTepUi U IPUOOB OKA3BIBAIOT IIOBPEKIAIOIIEE
JICHCTBHE HA TKAHU U MMMYHOKOMITETCHTHBIE KIIETKU
MOJIOYHOM KeJIe3bl U (POPMHUPYIOT Pa3BUTHE BOCIIATIH-
TCJIBHOTO MMponecca ¢ TUIMMMYHBIMU IPU3HAKAMU aJIbTC-
parmu, SKccyaanuu u nponudepanun. Kputnaecknm
MEeXaHNU3MOM, CO3IAIONUM O0BEKTHBHBIE TIPEITOCHLIT-
KM JUIsl aKTHBAIUW KU3HEEATEIIbHOCTH MHKPOQIIO-
PBL, SIBIIICTCSI COCTOSTHUE aHTHOKCUJIAHTHOW 3allUThI
’KUBOTHBIX M UHTEHCUBHOCTH TiporieccoB [10JI Ha 3a-
KJIFOUMTEIILHOM 3Tare OepeMEHHOCTH, BO BPEMSI POJIOB
1 B paHHUH TIOCIIEPOI0BO#H iepro. iMeHHo B 31 (hu-
3HOJIOTHYECKHUE TIEPHOJIBI PETIPOLYKIINH OPTAHI3M HKH-
BOTHBIX HaXOAMTCS B COCTOSIHUU BBICOKOTO CTpecca.
B aTHx ycnoBusx 0ajgaHC €CTECTBEHHOTO TOCTOSIHHO-
To CylmI€CTBOBAHUA U B3aI/IMOI[eI>'ICTBPIH MaKpoO- U MH-
KpOOPTaHU3MOB HEM30€KHO HapYIIAeTCS U CKIIOHS-
€TCs B CTOPOHY yCHJICHHSI TATOTEHHOTO JAeHCTBUS HH-
(heKIIMOHHBIX areHToB [6, 9].

[TpuurHOI MOBBIMICHUS IPOIYKTOB IEPOKCH AN
B OpTraHU3MeE OOJIBLHBIX MACTUTOM KOPOB CHUTACTCA KaK
YCUJIICHUC T'CHEPALIUN aKTUBHBIX q]OpM KHCJIOPOJAHBIX
MeTa0OJINTOB, TaK U HeocTarouHas YH(PEKTUBHOCTH
AHTUOKCUJIAHTHOH 3a1iuThl. CHUKEHUE MOoKazarenei
AHTHOKCUIAHTHON CHCTEMBI YKa3bIBae€T Ha UCTOIIIE-
HUE pe3epBOB ()EPMEHTATUBHOTO U He(hePMEHTATHB-
HOTO 3BEHbEB [2, 8].

[Tosy4yeHHbIC HAMU JIAHHBIE COITIACYIOTCS C HCCIIC-
JIOBAaHUSIMHU MHOTHX YUEHBIX KOTOPBHIE CAMTAIOT OJTHON
13 IPUYHH OO0JIee TSHKEIIOTO MMPOTEKAHMSI BOCTIATUTEIb-
HBIX MTPOIIECCOB B KPUTUYECKUE TIEPUOIBI KUIHH TIPO-
JYKTUBHBIX JKUBOTHBIX aKTHBHU3aIlUI0 CBOOOIHOpA-

P <0,001 — creneHp AOCTOBEPHOCTH B IPYyMNIIaX PAHHUN MTOCIEPOJOBBINA NEPUOJ U MIEPUOJ 3aIlyCKa 10 OTHOLLE-

JIUKATHHOTO OKHUCIICHUS, Pa3BUTHE OKHUCIUTEIHLHOTO
cTpecca U CBOOOHOPAMKAIILHON aToJI0T K Ha (JOHE
HecOalaHCUPOBAaHHBIX M3MEHEHHI B TeHepaIlMK OKCH-
Jla a30Ta W [IyTaTUOHOBOM 3BEHE aHTHOKCHIaHTHOU
3AIIUTHL ¥ OTHOCST UX K OJHUM M3 OCHOBHBIX MEXa-
HU3MOB MPHUBOJAIINX K HAPYIICHUIO BOCIPOU3BO/IH-
TENEHOU (DYHKITUH U 3200JIEBAHUIO BEICOKOTIPOITYKTHB-
HBIX KOpOB MacTuToM [7,14].

3JAKJIIOYEHUE

PazBuTHe Kak CKpBITOrO, TaK U KIIMHUYECKH BbIpa-
’KEHHOT'O BOCIIAJICHUSI B MOJIOYHOM JKeJe3€ Y BBICOKO-
MIPOyKTUBHBIX KOPOB B (DMHAIILHBIH IIEPHO]T JIAKTAIIN
U B TIEPUO]] ITOCJIC OTEJIa MPOTEKaeT Ha (POHE UCTOIIIe-
HUSI PECYpCOB CUCTEMbI aHTHOKCHUJIAHTHOW 3alUTHI,
YTO BBIPAXKAETCS B CHUKEHUU YPOBHS €€ IMokazare-
nei. OcnoXKHEHHE BOCHAIUTEIBHOIO MPOIEcca y KO-
POB B JaHHBIE IEPUOBI IPOUCXOAUT 3a CYET PA3BUTHUSA
HaTPsDKCHHST B METaOOJIMYECKUX TPOIeCccax, B CBA-
34 C Pa3BUTHEM OCPEMEHHOCTH, OKOHUYAHUEM JIaKTa-
AU ¥ TOCJIEYIONIEe UHBOIIOLMEN B MOJIOYHOM *e-
Jie3e, a TakKe BO BCEM OpraHu3Me OTENMBIIIEHCS KO-
poBbl. [laHHBIE H3MEHEHHUS TPEOYIOT KOJIOCCAIBHOTO
KOJINYECTBA SHEPTUHU, UTO B CBOIO OYEPEND, IPUBOAUT
K BO3pAacCTaHUIO YPOBHSI DHAON€HHOW MHTOKCUKALIMU
3a CUET YBEJIMYEHHUs NPOAYKTOB MEPEKUCHOTO OKHC-
JIEHUS JTUNNJIOB.
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FREE RADICAL OXIDATION OF LIPIDS AND ANTIOXIDANT
DEFENSE IN CASE OF BOVINE MASTITIS IN COW
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Abstract. The article presents the results of studies on the system of free radical oxidation of lipids and antioxi-
dant defense in cows in different technological periods of lactation. It had been found that clinically healthy cows
and cows with mastitis in cow drying off and early postpartum periods showed more profound changes in their
metabolic status, compared to the cows in mid-lactation. These changes indicate that in lactating cows in cow dry-
ing off and early postpartum periods, lipid peroxidation reactions are activated, associated with the development
of stress in metabolic processes, justified by the end of lactation, the formation of a parturient dominant and sub-
sequent involution in the mammary gland of a calved cow. This leads to an increase in the level of endogenous
intoxication due to an increase in lipid peroxidation products. Against this background, the level of antioxidant
defense weakens due to the expenditure of its reserves on the neutralization of free radical oxidation products.
Keywords: cows, mastitis, lipid peroxidation, antioxidant defense, cow drying off period, postpartum period

The fundamental measure for preserving the genet-
ic potential of high yielding dairy cows is a systemat-
ic control of mastitis, since these are the inflammatory
processes of the mammary gland that are limiting fac-
tors in obtaining large quantities of high-quality milk [2].

Since modern methods of dairy farming imply in-
creased production intensity, many systems of the body
of lactating cows (digestive, endocrine, reproductive
and milk secretion systems) are subjected to exces-
sive stress. In particular, one of the etiological factors
for the mastitis occurrence is considered to be unbal-
anced feeding, for example, such as feeding a highly
concentrated type of diet, in which proteins dominate,
disrupting the balance of anabolism and catabolism in
the body of lactating cows [1, 3, 4].

Maintaining homeostasis in cows of various pro-
duction and physiological groups, studying the patterns
of biochemical reactions in the body of high yielding
animals and their effect on the etiopathogenetic as-
pects of mammary gland inflammation is an extreme-
ly high-priority area for study [1, 2, 6].

One of the indicators characterizing the intensity
of biochemical processes and affecting the develop-
ment of the nonphysiological reaction of the body is
the level of oxidant-antioxidant status, since this indi-
cator also characterizes the array of processes of free
radical oxidation of lipids and the antioxidant defense
system [2, 3, 14].

Free radical reactions occurring in the animal body,
participating in the regulation of cell membrane per-
meability, hormone and steroid incretion during pro-
longed stress of various origins, infectious lesions, in-
flammatory processes and disturbances in the enzymat-
ic properties of cells, as a rule, become pathological,
which leads to the disruption of various organs and tis-
sues functioning [11, 17].

The antioxidant defense system is responsible for
the balance in the course of free radical reactions in
the body. It has a multi-level multicomponent struc-
ture consisting of enzymatic and non-enzymatic links
that control the level of molecular products, active ox-
ygen forms [3, 13, 15].

© Zimnikov V. 1., Pavlenko O. B., Fenich O. V., Shabanov D. 1., 2025
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Hence the importance of the physiological course
of reactions in the antioxidant defense system, since it
regulates the intensity of oxidation-reduction reactions
in cellular organelles that directly affects the level of
intensity and duration of the pathological process in
the mammary gland of cows, especially in high yield-
ing animals [1, 2].

In this regard, it remains relevant to study the pro-
cesses of free radical oxidation of lipids and the anti-
oxidant defense system in case of mastitis occurrence
in high yielding cows in different physiological peri-
ods of their exploitation.

Research objective. To study the system of free
radical oxidation of lipids and antioxidant defense in
case of bovine mastitis in cow drying off and postpar-
tum periods.

MATERIAL AND METHODS

For the research, 3 groups of animals were formed:
clinically healthy (n = 10), sick with subclinical mas-
titis (n = 10) and clinically expressed catarrhal mas-
titis (n = 10), being at different technological periods
(postpartum period, 100—120 days of lactation and
cow drying off). Blood samples were taken from all
animals to study the indicators of the free radical oxi-
dation of lipids and antioxidant defense system.

The indicators of the LPO-AOD system were de-
termined according to the Methodological Provisions
for the Study of Free Radical Oxidation Processes
and the Antioxidant Defense System of the Body
(M. I. Retskiy et al.). — Voronezh, 2010 [5].

The amount of malondialdehyde (MDA) was deter-
mined by the reaction with 2-thiobarbituric acid to form
a stained trimetypic complex (TMC) with an absorp-
tion maximum of 532 nm. The index of endogenous
intoxication (IEI) was calculated based on the spectral
characteristics of the supernatant after the blood plas-

ma was freed from high-molecular peptides and pro-
teins using 10 % trichloroacetic acid solution [2, 5].

The activity of the enzymatic and non-enzymatic
links of antioxidant defense was assessed by studying
the activity of catalase based on the ability of hydrogen
peroxide to form a stable stained complex with ammo-
nium molybdate, and the activity of glutathione per-
oxidase (GPx) based on the decrease in the amount of
reduced glutathione (hydrogen donor) in the incuba-
tion medium during the reduction of hydroperoxides by
glutathione peroxidase. The state of the non-enzymatic
link was assessed based on the content of vitamins A,
E and C in the blood serum. Vitamin A was determined
based on alkaline hydrolysis and extraction of the vi-
tamin from the blood serum and measurements before
and after its destruction by ultraviolet light. Vitamin E
was determined based on the determination of divalent
iron ions formed during the interaction of a-tocopher-
ol with ferric chloride (Fe*") in the form of a stained
complex of Fe? with phenanthroline. Vitamin C was
determined based on the reduction of trivalent iron to
divalent iron with the formation of a stained complex
with o, o'-dipyridyl [2, 5].

STUDY RESULTS AND DISCUSSION

The conducted studies have established (Table 1)
that in clinically healthy cows during the cow drying
off period, the processes of free radical oxidation of
lipids are more intense, in comparison with the cows
in mid-lactation, this is characterized by an increased
content of malondialdehyde in the blood — by 17.7 %
(P <0.05), medium molecular peptides — by 19.6 %
(P <0.05), the index of endogenous intoxication — by
19.7 % (P < 0.05), with a decrease in catalase activi-
ty by 16.0 % (P < 0.05), glutathione peroxidase — by
16.7 % (P < 0.05), the concentration of vitamin A —
by 20.0 %, (P < 0.05) and vitamin C — by 14.1 %.

Indicators of the LPO-AOD system in clinically healthy cows in different periods of lactation fable
Indicators, units of measurement | Early postpartum period loogiigiiiys of Cow dr}(ling ;);:f period
1 2 3 4
MDA, uM/L 3.73+£0.22" 3.1+£0.2 3.65+0.04"
MMP, c. u. 0.642 £ 0.024™ 0.505+0.113 0.604 £ 0.015"
IEI 17.59 £0.3" 15.03+0.26 17.99 £ 0.66"
Catalase, pM H,O,/L-min"10° 37.87+0.50 4573 £0.21 39404
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Table 1 (the end)

1 2 3 4
GPx, uM GSH/L-min-10? 4023 +1.12° 47.9+0.4 39.92 +0.69"
Vitamin A, puM/L 1.4 +0.04" 1.8+£0.3 1.44 +0.07°
Vitamin E, pM/L 12.1+0.8" 14.1+0.5 129+0.8
Vitamin C, uM/L 19.5+0.8" 233+1.4 20.0+0.4
*P<0.05
" P<0.01

Hkk

to the mid-lactation period

After calving, clinically healthy cows continue to
experience an increase in free radical lipid oxidation
processes, which were also characterized by an in-
crease in malondialdehyde in the blood — by 20.3 %
(P <0.01), medium molecular peptides — by 27.1 %
(P <0.01), index of endogenous intoxication — by
17.0 % (P < 0.05). During this period, the activity of
enzymatic defense continues to decrease, which is
expressed in a decrease in the activity of catalase —
by 20.7 % (P < 0.05), glutathione peroxidase — by
19.1 % (P <0.05), as well as the indicators of the
non-enzymatic link of antioxidant defense: vitamin
A — by 22.2 % (P <0.05), vitamin E — by 14.2 %
(P <0.05) and vitamin C — by 16.3 % (P < 0.05).

Taking into account the results of the conducted
studies, it can be stated that the most difficult period
in the technological cycle of dairy cows in relation to
metabolic processes in general, and the antioxidant de-
fense system in particular, are the first days of lacta-
tion and the cow drying off period.

It is with the involution of the mammary gland,
the beginning of milk flow and the associated viola-
tion of internal homeostasis in the body of cows that
the changes in the qualitative and quantitative indica-
tors of free radical oxidation can occur. At the same
time, with the increase in the terms of pregnancy and
the end of lactation, an intensification of peroxidation
and a decrease in the antioxidant defense are also not-
ed [4, 9].

The identified changes in the LPO-AOD system
in the cows studied may indicate that during the cow
drying off period and in the period after calving, the
oxidative stress associated with neuroendocrine re-
structuring and the development of maximum stress
of metabolic processes in the animal’s body develops
in cows [1, 10].
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The incidence of subclinical mastitis in cows
during the cow drying off period was accompanied
(Table 2) by an intensification of lipid peroxidation re-
actions, compared to mid-lactation cows, which was
expressed in a higher content of malondialdehyde in
the blood — by 42.5 % (P < 0.01), medium molecu-
lar peptides — by 32.6 % (P < 0.01), index of endog-
enous intoxication — by 47.9 % (P < 0.001), in case
of a lower catalase activity by 26.2 % (P < 0.05), glu-
tathione peroxidase — by 25.4 % (P < 0.05), vitamin
E content — by 20.0 % (P < 0.01) and vitamin C —
by 14.9 % (P < 0.05).

In the early postpartum period, cows with sub-
clinical mastitis showed the same changes as those in
mid-lactation cows, but they were more pronounced.
Thus, in the blood of these animals, malondialdehyde
was increased by 40.3 % (P <0.001), medium mo-
lecular peptides — by 32.9 % (P < 0.01), index of en-
dogenous intoxication — by 40.3 % (P < 0.001), with
a decrease in catalase activity by 23.1 % (P <0.05),
glutathione peroxidase — by 26.7 % (P < 0.05), vita-
min E — by 33.5 % (P <0.01) and vitamin C — by
22.3 % (P <0.05).

When studying homeostasis of cows with catarrh-
al mastitis in different periods of lactation (Table 3),
changes in the LPO-AOD system were also more pro-
nounced during the cow drying off period, compared
to the cows in mid-lactation. Thus, these animals had
a higher content of malondialdehyde in the blood —
by 48.2 % (P < 0.001), medium molecular peptides —
by 33.0 % (P <0.01), index of endogenous intoxi-
cation — by 61.4 % (P < 0.001), with a decrease in
catalase activity by 25.7 % (P < 0.05), glutathione per-
oxidase — by 28.8 % (P < 0.05), vitamin E content —
by 26.7 % (P < 0.05), vitamins A and C — up to 0.96
and 17.4 uM/L, respectively.
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Indicators of the LPO-AOD system in cows with subclinical mastitis in different periods of lactation fable2
Indicators, units of measurement | Early postpartum period 100;33&2?5 of Cow drying off period
MDA, uM/L 5.18+0.21™ 3.69+0.11 526+0.19"

MMP, c. u. 0.852 £ 0.036™ 0.641 +0.026 0.850£0.017""
IEI 27.57+0.77" 18.01 £0.56 26.64 £ 0.58™
Catalase, uM H,0,/L-min*10° 29.69 £ 0.3 38.60£0.75 30.58=0.31"
GPx, uM GSH/L min-10° 30.97 £0.34 39.25+£0.32 31.30 £ 0.57°
Vitamin A, uM/L 1.16 £0.05 1.3+£0.04 1.2+0.04
Vitamin E, pM/L 10.3£0.2" 15.5+£0.6 124+£04"
Vitamin C, uM/L 16.7£0.6" 21.5+£0.3 18.3+0.7

*P<0.05
P <0.01

sk

to the mid-lactation period

In the early postpartum period, cows with clin-
ically expressed catarrhal mastitis showed a higher
content of malondialdehyde — by 50.0 % (P < 0.02),
medium molecular peptides — by 37.1 % (P < 0.01),

P <0.001 — degree of reliability in the groups of the early postpartum and the cow drying off periods in relation

(P <0.001), with a decrease in catalase by 29.3 %
(P <0.05), glutathione peroxidase — by 26.3 %
(P <0.05), vitamin A — by 30.4 % (P <0.05), vita-
min E and vitamin C — by 36.5 and 38.4 % (P < 0.05),

index of endogenous intoxication — by 55.6 %  respectively.
Table 3
Indicators of the LPO-AOD system in cows with catarrhal mastitis in different periods of lactation
Indicators, units of measurement Early poi;pirgt;m period 11(:1 2;[1153 (iazss())f Cow dr}(/’ilnE g;f period
MDA, uM/L 8,67 +0,2™ 5,78 £0,15 8,57 +0,14™
MMP, c. u. 0,964 +0,01™ 0,703 £ 0,06 0,935 +0,02™
1IEI 38,6 = 1,3 248+ 0,4 40,04 + 1,04
Catalase, pM H,O,/L-min-10° 22,35 +0,45" 31,64 +£0,9 235+1,2"
GPx, uM GSH/L-min-10? 28,66 + 0,91 38,92 + 0,66 30,2+0,9"
Vitamin A, uM/L 0,92 +0,05" 1,2+£0,01 0,96 +0,02"
Vitamin E, pM/L 10,4+0.2° 142+02 112+0,1"
Vitamin C, uM/L 13,8+0,2" 19,1 +0,2 17,4+ 0,4

*P<0.05
" P<0.01

sekeok

to the mid-lactation period
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It is generally recognized that the development of
the inflammatory process in the mammary gland during
all periods of lactation is associated with its infection
with associations of various pathogenic and opportu-
nistic microorganisms: Staph. aureus, Str. agalactiae,
E. Coli, Corynebacterium and many others, often in
combination with Candida, Mucor, Aspergilus fungi.
The toxins of these bacteria and fungi have a damag-
ing effect on the tissues and immunocompetent cells
of the mammary gland and form the development of
an inflammatory process with typical signs of alter-
ation, exudation and proliferation. The critical mech-
anism that creates objective prerequisites for the ac-
tivation of the vital activity of microfiora is the state
of antioxidant defense of animals and the intensity of
lipid peroxidation processes at the final stage of preg-
nancy, during calving and in the early postpartum pe-
riod. It is during these physiological periods of repro-
duction that the animal organism is in a state of high
stress. Under these conditions, the balance of the nat-
ural constant existence and interaction of macro- and
microorganisms is inevitably disturbed and tends to in-
crease the pathogenic effect of infectious agents [6, 9].

The reason for the increase in peroxidation prod-
ucts in the body of cows with mastitis is considered to
be both an increase in the generation of active forms
of oxygen metabolites and insufficient efficacy of an-
tioxidant defense. A decrease in the antioxidant sys-
tem indicates the depletion of the reserves of the en-
zymatic and non-enzymatic links [2, §].

The data we obtained are consistent with the stud-
ies of many scientists who believe that one of the rea-
sons for the more severe course of inflammatory pro-
cesses during critical periods of life of productive an-
imals is the activation of free radical oxidation, the
development of oxidative stress and free radical pa-
thology against the background of unbalanced chang-
es in the generation of nitric oxide and the glutathione
link of antioxidant defense and attribute them to one
of the main mechanisms leading to disruption of the
reproductive function and the morbidity of high yield-
ing cows with mastitis [7, 14].

CONCLUSION

The development of both latent and clinically ex-
pressed inflammation in the mammary gland of high
yielding cows in the final period of lactation and in the
period after calving occurs against the background of
depletion of the resources of the antioxidant defense
system, which is expressed in a decrease in the lev-
el of its indicators. Complication of the inflammato-
ry process in cows in these periods occurs due to the

Bulletin of Veterinary Pharmacology « No. 3 (32) « 2025

development of stress in metabolic processes, in con-
nection with the development of pregnancy, the end of
lactation and subsequent involution in the mammary
gland, as well as in the entire body of the calved cow.
These changes require a colossal amount of energy,
which in turn leads to an increase in the level of en-
dogenous intoxication due to an increase in lipid per-
oxidation products.
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AHHoTanus. B ctarbe mpencTaBiIeHb! pe3ynbTaThl H3yYEeHHUS BIUSHUS IIPEnapaToB u3 THAPOPUIEHON KpHOppak-
1uu cene3éakn KPC i OpraprX peKOMOMHAHTHBIX 0- M Y-HHTeppepoHOB Ha moka3arenn cucteMsl [I0JI-AO3 y Te-
JAT-THMOTPO(PHUKOB ¢ KOMOPOUIHOI maTonoruei. b copMupoBaHbl YeTHIPE TPYIIBI OONBHBIX KUBOTHBIX
¢ KOMOpPOHUIHOW TaTonorueil (runoTpodusi, aHeMusi, IMMYHOJC(HIINT) U OTHA TPYINa KIMHIYECKH 30POBBIX
TeIAT-HOpMOTpOouKoB (110 1 = 6). Temsaram 1-if TPyNIIBI TOCIE POXKACHUS IBYKPATHO C MHTEPBAJIOM 48 HacoB
TTOJIKOYKHO BBOJIMJIM TIperapar u3 ruapoduiasHoi kpuodpaknuu cene3éaku KPC B moze 0,1 M Ha 1 KT Macchl
Tena; 2-i TPyIIsl — aHAJOTHYHO MPUMEHSIIN Ipenapar o- 1 Y-uHTephepoHa ObI9pero peKOMOMHAHTHOTO B J103€
0,1 mu Ha 1 KT; 3 TPYyMITEI — BBOAWIIN KOMIUIEKCHBIN Ipenapar u3 THAPOPIIEHON KpHOMPAKIH CeTe3EHKU
KPC u Ob19pMX peKOMOMHAHTHBIX O- U Y-HHTEep(epoHoB B 1o3e 0,1 M Ha 1 kT; TeasTaM-runoTpodukam 4-i rpy-
Bl (KOHTPOJIB) M 3I0OPOBBIM XHBOTHBIM S5-U TPYHIIIBI Mpemaparsl He MpuMeHsuid. OT BCEX MOIOIMBITHBIX TENAT
ObLTa B3sTa KPOBB VIS TIPOBEJCHUS MCCIeI0BaHUIl B 1-¢, 7-¢ 1 30-e CyTKH KU3HU. Y TeNAT-THIOTPO(PHUKOB C KO-
MOPOHTHBIMH MATOJIOTHSIMH OBUIO YCTAHOBIICHO YBEIWYCHHE TOKa3aTeIeld TIePEeKUCHOTO OKUCICHHS JINITHIOB:
MaJIOHOBOTO JHAJbICTHA, JUEHOBOTO KOHBIOTATa U KETOJMECHOB 110 CPABHEHHUIO C KIIMHUYECCKH 3I0POBBIMH HKH-
BOTHBIMH, PETUCTPHUPOBAIN YMEHBIIICHIE aKTUBHOCTH (DEPMEHTATHBHOTO 3B€HA aHTHOKCHIAHTHOI 3aIUTHI: Ka-
Taja3bl, yTAaTHOHIIEPOKCHAA3BI H CYTIEPOKCHATNCMYTa3bl. B pesymnbrare mpoBeneHus papMaKOKOPPEKITHH C IT0-
MOIIIBIO TIPENapaToB ¢ IMMYHOMOIYTHPYIOIIMMHU CBOWCTBAMHU Ha CEIbMOH J€HBb UCCIICIOBAHNI MPON30IIIIA aK-
TuBm3anys cucreMbl AO3, 4To oTpasmioch Ha cHKeHHH nponaykroB [1OJI. B Teuenme ompiTa mokaszarenn
AHTHOKCHJAHTHOTO TOMEOCTa3a HaXOIWINCH B TIpeieTax (PU3NOIOTHYSCKUX IPAHHII, CBOMCTBEHHBIX KITHHHYCCKU
3I0POBBIM KUBOTHBIM, OJTHAKO IPH IIPUMEHEHIH KOMIUIEKCHOTO TIPETapara, CoIepKamiero ruipopuiIbHyI0 KpHO-
¢dpaxmuio cenezénkn KPC 1 Ob19p1 peKOMOMHAHTHEIE 01~ U Y-HHTEP(EPOHBI, M3MEHEHHsSI HOCUITH 00JIee BRIPaKeH-
HBII U yCTONYMBBIN XapakTep.

KuroueBble ciioBa: TensaTa, KOMOPOUIHOCTD, IEPEKICHOE OKHUCIICHNE JTUMN0B, aHTHOKCHIAaHTHAS 3aIINTa, TH-
podunbHas kpuodpaknus cenezéHkn KPC, Obrdpn peKkoMOMHAHTHBIC O~ ¥ Y-HHTEP(PEPOHBI

[Ipouecchl cBOOOJHOPAAUKAIBHOTO OKHCICHUS
JUMKAIOB U OeNTKOB, PYHKIIMOHAIBHOE COCTOSIHUE CH-
CTEMBI aHTHOKCHJIAHTHOM 3aIlIUThI UMEIOT BaYKHOE 3HA-
YEeHHUE B OCYIIECTBICHUHN 3aIIUTHO-TIPHCIIOCOOUTEIb-
HBIX PeaKIHii OpraHu3Ma )KUBOTHBIX B IIEPHO TOCTHA-

HUSIMHU OKHCJIMTEIBHOTO CTpECcCca, KOTOPBIE BhIpaxa-
I0TCA B CMEIIEHUH OKCUIaHTHO-aHTHOKCHIAaHTHOTO
paBHOBECHS B CTOPOHY MHTEHCHU(DHUKAIIMHA CBOOOIHO-
PalMKaJIbHOTO OKHMCJICHUS JIMIUAOB U OCJIKOB, MpU-
YyeM, B MEPBYIO OUYepeIb OKHCIUTEIbHON MOau(UKa-

TaJbHOU aJlalTalluy, IPU AEUCTBUHU CTpecc-(HaKTOpOB
pa3IMYHON MPUPOABI, pa3BUTUH NMATOJIOTHYECKUX CO-
CTOSIHUN pa3audHoi dTHoNOoruu [1, 2].

PanHMil noCTHAaTaNBHBIN NEPUOJ Pa3BUTHSI KIIU-
HHUYECKH 3J0POBBIX TEIAT COMPOBOXKIAETCS SIBIIC-

© Caspacos /I. A., Bocrpommosa I'. A., 2025

IIUY TIOIBEPTatOTCs OCIIKK. YBEIIMUCHNE CUHTE3a TITH0-
KOKOPTHUKOMJIOB U CHUKEHNUE MUHEPATIOKOPTUKOUI0B
Y MHCYJIMHA XapaKTepHO NIl XPOHUYECKON CTpeCCco-
Bo#t peakiuu. [Tpu 3TOM OBICTPO PACXOAYIOTCS YIIE-
BOJIBI, & JISI SHEPTETUIECKOTO 00ECTIEICHNS MEXaHN3-
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MOB JIOJITOBPEMEHHOM ailanTaluy 0ojiee akTHBHO HC-
TIOJTB3YIOTCSI JIUTTUET [4].

Y HOBOPOXKIEHHBIX TEIAT-TUITOTPOGHUKOB C OosIee
BBIPQKCHHBIMU SIBIICHUSIMH OKCHJIATUBHOTO CTpEC-
ca 3aTpyJHEH MacCCUBHBIN MEPEHOC B KUIICYHUKE KO-
JIOCTPAJIbHBIX UMMYHOIJIOOYJIHHOB, @ BCOCABIIHECS
MMMYHOTJIOOYJIMHBI TTO/IBEPTAIOTCSl OKUCIUTENBHOM
Moau(UKAIINHN, YTO HAPyIIaeT uX (QYHKIHIO B o0Oec-
MeYEeHUHU POTHBOMH(EKITMOHHON 3alTUTHI U YCYTYyO-
JIIET pa3BUTHE BTOPUYHOTO MMMYyHoAehunura [3, 5,
6]. B cBs3u ¢ 3TUM, IipH HapMaKOKOPPEKIIMKA KOMOP-
OMIHBIX COCTOSIHUH y TaKMX KUBOTHBIX PEKOMEH/IY-
eTCs UCIOJIb30BATh MpenapaThl pa3HbIX (papMakoo-
THYECKUX TPYII, 007a1al0IIIX UMMYHOMOTYTHPYTO-
MU, aHTHOKCHIAHTHBIMH 1 JIPYTUMH OHOJIOTHIECKU
AKTUBHBIMU CBOWICTBAMH.

Lesnio ucciaegoBanusi ObUTO U3YyUCHUE BIMSIHUS
IpenaparoB ¢ UIMMYHOMOAYIHPYIOIIMMHU CBOHCTBAMH
Ha coctosiare cuctemsl [10JI-AO3 y TensaT-THIoTpo-
(hUKOB ¢ KOMOPOUIHON TTATOJIOTHEH.

MATEPUAJI U METO/bI
UCCJIEJOBAHUM
st uzydenust 3pPpeKTHBHOCTH (papMaKOKOPPEK-
UM C TOMOIIBIO TIPENapaToB ¢ UMMYHOMOJIYJIHPYIO-
IIMMH CBOMCTBaMHU OBUTH MOJOOPAHBI YETHIPE TPYTI-
Il TENSAT-TUIOTPO(HKOB C KOMOPOHUIHOM aToI0rueit
(anemust, UIMMYHOAC(HLIUT) U OJIHA TPYIIIA KIMHHYE-
CKH 3[I0POBBIX )KUBOTHBIX (HOpMOTpo(duKH). B mepBbie
Y TPETHU CYTKH )KHU3HHU TeJsiTaM | -if TpyIIbI BBOHIH

ruapodusHyo Kpruodpakmuio cene3énku KPC mon-
KOkHO B n1o3e 0,1 mu Ha | xr Maccel Tena; 2-i rpyn-
bl — aHAJOTMYHO MHTEP(EPOHBI 0. U Y ObIUBH pe-
koMOuHaHTHEIE B 03¢ 0,1 Mi Ha 1 Kr Maccel Tena;
3-it Tpynnbsl — KOMIUIEKCHBINM Mpenapat, BKIHUYaro-
i ruipod kY0 Kprodpakiuio cene3énku KPC
1 nHTep(EPOHBI O U Y OBIIBM PEKOMOMHAHTHBIE, B T03€
0,1 mu Ha 1 KT Macchl )KUBOTHOTO; TEASATAM-TUIIOTPO-
¢uxam 4-i Tpynmsl (KOHTPOJIB) U 30POBBIM KHBOT-
HBIM 5-# TpYIIIBI IpenapaTsl He TPUMCEHSIIH.

YV Tenst 6paiiu KpoBb U3 SPEMHOM BEHBI Ha ITEPBLIE,
ceAbMBIE U TPUIAThIEe CyTKH KU3HN. KOHIIeHTpaInio
B KPOBH KHBOTHBIX MaJIOHOBOTO Araimpaeruaa (MJIA),
keromueHoB (K/1) u nueHoBbIX KoHBIOraToB (JIK), aK-
TUBHOCTh KaTasasbl, TiyTaTnoHnepokcuaassl (I'TI0)
u cynepokcuaancmyTtassl (CO/l) onpenensiiy B cOOT-
BETCTBUU ¢ «MeToIu4eCKUMH MOJIOKEHUAMH T10 U3-
YYEHHIO TIPOIIECCOB CBOOOTHOPAINKAIBHOTO OKHCIIE-
HUS U CUCTEMbl aHTUOKCHIAHTHOM 3aIlIUThl OPTaHU3-
Mma» [2]. Cratuctuyeckyto o0pabOTKy MOIy4eHHBIX
JAHHBIX MPOBOMJIM C TIOMOLIBIO IPOrpamMMBI Statistica
6.0, o11IeHKY T0CTOBEpHOCTH O KpuTepHio CThIoZieHTa
(mpu p < 0,05).

PE3VJBTATHI UCCJIEJTOBAHUM
N OBCYXKJIEHHUE
VY TensT-runoTpouKoB ¢ KOMOPOUIHBIMH TATO-
JIOTHSIMU OblIa IMPOBCJICHA OLICHKA W3MEHEHUH TTOKa-
3areneit cuctemsl [10JI-AO3 1o u mocie mpoBeaeHns
(dhapmakokoppeknuu (Tabm. 1).

Taoauna 1
Toxazamenu cucmemvt I10JI-AO3 y mensam-2unompoghuros ¢ KoMopoOUOHLIMU NAMOLO2UAMU NPU (HAPMAKOKOPPEKYUL
[pymIIBI )KUBOTHBIX
Ilokazarenn
1 2 3 4 5
1 2 3 4 5 6
Yepes cyTKu 1OCIIe POXKICHUS
MJA, MKM/n 3,21 £0,08" 1,85 +0,03
JIK, en. on. 0,294 +0,01° 0,199 + 0,02
IIJ1./MT JIMIIAJIOB
KIL, en. ont. 0,079 £0,01° 0,049 + 0,01
IUL/MT JIMIIUAOB
Karamnaza, MM
9 :l: *
A —. 41,30£0,93 49,22 + 0,47
I'TIO, MmxM .
GoSH oo 7,50 £ 0,06 13,70 £ 0,17
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Oxonuyanmue Ta0.1. 1

1 2 3 4 5 6

COLL y. e. 1,27 +0,02° 1,61 0,03
7 cyTOK

MJIA, MM/t 1,74 + 0,064 2,08 +0,07°4 1,88 + 0,094 2,55+0,11° 1,79 + 0,07

ff /hff 'HSIEHOB 0,168 +0,014 0,188 £ 0,03 0,171 +0,014 0,281 + 0,04" 0,170 + 0,02

Ef;;f;ﬁin% 0,036+ 0,0014 | 0,044+0,014 0,040 £ 0,014 | 0,071+£0,001° | 0,037 = 0,004

Karanasa, M‘d\{ 49,11 + 0,604 46,92 + 0,504 48,0 + 0,424 41,90 +0,51° 48,70 + 0,80

HZOZ/H'MI/IH' 10

gs%f;%}l.mg 12,0 + 0,444 10,10+ 0,364 12,80 £ 0,374 7,89 +0,48" 12,95 £ 0,55

COJL y. e. 1,89 + 0,034 1,59 + 0,034 1,90 £ 0,034 1,49 £0,06° 1,91 0,02
30 cyTok

MJIA, MM/t 1,70 £ 0,034 1,49 0,074 1,59 £ 0,044 2,44 +0,06° 1,61 = 0,04

ff/’;fﬁiﬁm; 0,157 = 0,03 0,161 = 0,03 0,149 £ 0,014 0.221 = 0,03 0,166 = 0,02

Ef/’;f;;in% 0,035+ 0,0014 | 0,043+0,0014 | 0,036+0,0024 | 0,069+0,001° | 0,039 0,002

Raramasa, MM 155164 1908 | 42,60£2,004 | 44210884 | 3327+087 43,10 + 0,44

HZOZ/H'MHH'lo

Q_Ts?{’/ﬁ‘ﬁimg 13,17 + 0,494 11,0 £0,224 12,70 + 0,534 9,70 + 0,77 13,24 + 0,49

COLL y. e. 1,90 + 0,044 1,67 +0,03°4 1,98 + 0,044 1,39 = 0,03° 1,89 + 0,04

* p<0,05—0,0001 0OTHOCHTEIBHO MTOKa3aTeNeH Y TEMAT-HOPMOTPO(DHUKOB
4 p<0,01—0,0001 oTHOCUTENBHO MOKa3aTeNeil y THIIOTPOYUKOB KOHTPOIBHOM IPYIIITBI

VY du3noI0ornuecky He3peblx TEIST ¢ KOMOPOUa-
HBIMH T1aTOJIOTHSIMU IO CPAaBHEHUIO C HOPMOTPOPHKa-
MU YCTaHOBJIEHO yBeJM4eHue KoHIeHTpauuu MJIA,
JK, K11 na 73,5, 47,7 u 61,2 % cOOTBETCTBEHHO, YTO
CBHJICTEILCTBYET 00 YCHJICHUH IPOIIECCOB CBOOO-
HOPaJMKaJIBHOIO OKUCIICHUS JIMIIUI0B B UX OpraHU3-
M€ B paHHUH HEOHATaNbHbIN Nepuof. Takxke y rumo-
TPOHKOB 10 CPABHEHHUIO CO 37I0POBBIMH KUBOTHBIMH
PETUCTPUPOBAIM CHIDKEHHE aKTHMBHOCTU (epMeHTa-
THUBHOTO 3BEHAa aHTMOKCHIAHTHOM 3allUThI: KaTrajasa
owuta Hrke 16,1 %, I'TIO — Ha 45,3 %, COJl — Ha
21,1 %, 9TO yKa3bIBAaET HA Pa3BUTHE B UX OPTaHU3ME
OKCHJATHBHOIO CTpecca 1 000CHOBBIBACT HEOOXOIH-

MOCTh MPUMEHEHUS MPENnapaTroB, HOPMATUIYOIINX
MPO- ¥ AaHTHOKCHUIAHTHBIN OallaHC.

[Mocne hapmakokoppekiuu y Test 1-i, 2-it u 3-i
OTIBITHBIX T'PYII IO CPABHEHHUIO C TUIIOTPOGUKAMU
4-# TpymImBl HA CeIbMBIE CYTKH YCTAHOBJICHO CHH-
skeHue Konuentpauuu JK — na 40,2, 33,1 u 39,1 %,
KJI — na 49,3, 38,0 m 43,7 %, MJIA —na 31,8, 18,4
u 26,3 % cooTrBeTcTBEHHO. K KOHILy OIBITA y )KUBOT-
HBIX HAOJIO/IAIM TabHEHIITYIO JMHAMUKY YMEHBIIIC-
HUS UCCleTyeMbIX mokazareneit: JIK — nva 29,0, 27,1
u 32,6 %, KII—na 49,3,37,7u 47,8 %, MJIA — Ha
30,3, 38,9 1 34,8 % COOTBETCTBEHHO, KOTOPbIE TOCTH-
raJid TPaHWIl HOPMBI KIIMHUYECKH 3JI0OPOBBIX YKHBOT-
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HBIX. [Ipr 5TOM y (PU3HOIIOTHYECKH HE3PEIBIX TEIST,
KOTOPBIM TIpeTiapaThl HE MPUMEHSUIH, YPOBEHB IPO-
nykToB [10JI ocraBasicst BRBICOKHM Ha BCEM TIPOTSIKE-
HUU SKCIIEPUMEHTA.

Jis TensaT-runoTpouKOB ¢ KOMOPOHTHBIMU T1a-
TOJIOTHSIMH XapaKTepHa HU3Kasl 110 CPABHEHUIO C HOP-
MOTpPO(UKAMU aKTUBHOCTH (DEPMEHTATHBHOTO 3BEHA
AHTUOKCUIAHTHOM 3ammThl. Tak, aktuBHoCcTh I'TIO
B OpraHW3Me XHUBOTHBIX, KOTOPHIM HE MPUMEHSIN
rperaparsl, ObUIa JOCTOBEPHO HIDKE HOPMBI B TEUe-
Hue onbiTa HAa 39,1 1 26,7 %. B TO e Bpems K celb-
MOMY JTHIO HCCIIeZIOBaHUM B 1-i, 2-i 1 3-i1 ONBITHBIX
rpynmax aKTUBHOCTH CEJIEHOCOAEpIKalero Gpepmen-
Ta Bo3pactaina Ha 52,1, 28,0 u 62,2 % COOTBETCTBEH-
HO, a K TPUALIATOMY JTHIO TIPEBOCXOAMIIA TaHHBIN T10-
Kazarenp y TeNAT-THIOTPO(GUKOB KOHTPOIBHOH IpyTI-
el Ha 35,8, 11,4 1 30,9 % COOTBETCTBEHHO.

AxtuBHOCTh CO/l y 310pOBBIX KMBOTHBIX JOCTO-
BEpHO TOBBINIATACH HA CebMbIe CYTKH HCCIEI0Ba-
Huit Ha 18,6 % 1 ocTaBanach Ha ’TOM YPOBHE JI0 KOH-
na omneita. Ha cenpMble cyTku HaONMIONEHHNA Y TENSAT
1-i1, 2-11 1 3-1 ONBITHBIX TPYTI IPOUCXOAMIIO YBEIIH-
yenue aktuBHOCTH COJl OTHOCHUTENBHO aHANIOTUY-
HBIX MTOKa3aresiedl runoTpo(rkoB 4eTBEPTON TPYIIIBI
Ha 26,8, 6,7 u 27,5 % COOTBETCTBEHHO, a Ha TPHUIIIIA-
ThIe CYTKH — Ha 36,7, 20,1 u 42,4 % cooTBETCTBEH-
HO. [Ipu 3TOM B KOHTPOILHOM TPYTIIE TEISIT-THIIOTPO-
(bMKOB 110 CPAaBHEHUIO C KIMHUYECKHU 37J0POBBIMH TE-
JSITAMU 3apPETHCTPUPOBaHa OoJiee HU3Kask aKTHBHOCTD
CO/l BO Bce CpOKHM MCCIIEAOBAHUS: HA CEIAbMBIE CyT-
ku — Ha 22,0 % u Ha TpuaIaThie CyTKu — Ha 26,5 %.

Brut0 ycTaHOBIEHO CHHXPOHHOE M3MEHEHHE aK-
tuBHOCTH CO/] M KaTanasbl, KOTOpasl NPENSATCTBYET
M30BITOYHOMY HAKOTUICHUIO B KJIETKAX IIEPOKCH/IA BO-
JI0pO/ia MOCPENICTBOM €ro pasyioxkeHus. Tak, K cebMo-
My JIHIO aKTUBHOCTB KaTasla3bl y )KUBOTHBIX 1-i, 2-i
1 3-1 OMBITHBIX TPYII TIPEBHIIIAja OKa3aTeNb y Te-
JNAT-TUTIOTPOPUKOB C KOMOPOUTHBIMU TATOIOTHSI-
MU KOHTPOJbHOU rpymmel Ha 17,2, 12,0 u Ha 14,6 %,
a Ha Tpuauarsiii neus — Ha 50,9, 28,0 u 32,9 % co-
OTBETCTBEHHO. [IpH 3TOM B OpraHusme TesT 4eTBEP-
TOM TPYMITHI B 3TH CPOKH aKTUBHOCTH (DepMeHTa ObLIa
JIOCTOBEPHO HIDKE 3HAYEHUH 37I0POBBIX JKHBOTHBIX Ha
14,0 u 22,8 % COOTBETCTBEHHO.

[TonyyeHHble naHHBIE CBUIIETEILCTBYIOT O TOM,
YTO y TEJIAT K MECIYHOMY BO3PACTy MPOUCXOTUT CHH-
skerue mpoaykroB [1OJI. B mepBrie cyTKH mocie po-
KJICHUS y HAX YCHUIJIEHBI CBOOOAHO-pAANKAIEHBIE pe-
aKIINH, 9TO 00YCIOBIEHO N3MEHEHHEM KHCIIOPOTHOTO
peXHMa ¥ TIepecTPONKON MeTaboIIM3Ma B CBSI3H C TIe-
PEXOIOM B HOBYIO Cpelly OOMTaHHS U Ha JIETOYHBIH
TUN JbIXaHus. B nanpHeillieM B OpraHu3Me 3710po-

BBIX KMBOTHBIX IPOUCXOAUT (PU3UOIOTUIECKOE CHU-
JKEHHUE MPOIIECCOB NEPEKUCHOTO OKUCIICHUS JIUITUIOB
[1]. Onnako y TEnAT TEAAT-THIIOTPOPHUKOB C KOMOP-
OMTHBIMH TATOJIOTUSIMH (aHEMHUSI, IMMYHOJE(QHIINT)
B TIEpBbIe CYTKH XH3HU HAOIIONATH Pa3BUTHE OKCH-
JATUBHOTO cTpecca Ha (POHE MOHMKEHHON aKTUBHO-
CTH CHCTEMBbI aHTUOKCHIAHTHOW 3aIUTHI.

HecMotps Ha TO, 4TO HHTEHCUBHOCTH MPOLIECCOB
MIEPEKMCHOTO OKHCIIEHUS JINITUOB B TEUEHUE DKCIIE-
PUMEHTa Y TeNSAT-THIIOTPOPHUKOB, KOTOPBIM HE ITPOBO-
qui (hapMaKOKOPPEKITHIO, MTOCTETIEHHO CHIKAJach,
YPOBEHb CBOOOTHOPAIUKAIBLHBIX TIPOIIECCOB OB BBI-
COK B CBSI3U C HEJOCTATOUHOCTbIO cucTeMbl AO3, 0 uém
CBHUJICTENILCTBYET HU3Kasi aKTHBHOCTH (DepMEHTATHUB-
HOTO 3BEHA.

[Ipumenenue mpenaparoB ¢ UMMYHOMOIYIHUPY-
FOIIIIMH CBOMCTBaMH CIIOCOOCTBOBAJIO OTPAHHUYEHHUIO
CcBOOOHOPAAUKAIBHOTO OKHCIEHHUS U 00ecreqnsio
ONTUMAJIbHOE MPOTEKAaHUE MEPECTPONKH MeTabonu-
YEeCKHX IPOIECCOB B OPraHU3Me TEJISAT ¢ KOMOPOHI-
HBIMM TIaTOJIOTHAMHU. bosee BblpakeHHOE yBeanue-
Hue akTuBHOCTH AO3 peructpupoBanu y Tenar 1-i
13- Tpynm y)ke Ha CeIbMOW JIeHb HCCIICTOBAHUM,
YTO, T0-BUANMOMY CBSI3aHO C AEHCTBHEM THAPODUIIb-
Hol kprodpakuun cene3énku KPC. Crout ormMeTuTh,
YTO HCIOJIb30BAHME KOMIUIEKCHOTO ITpernapara okaszajio
Oosee NIUTENHHOE JIEHCTBUE M HA TPUILATHIE CYyTKU
nokazarenu [10JI-AO3 Haxoqunuch B nipesenax Gu-
3MOJIOTHYECKUX TPAHUL], CBONCTBEHHBIX KIIMHUYECKH
310POBBIM )KHBOTHBIM.

3AKJTIOYEHUE

[IpumeHeHune mpenaparoB ¢ IMMYHOMOIYIUPYIO-
IIMMH CBOMCTBaMU TpU (hapMaKOKOPPEKITMH KOMOP-
OMTHOW MATOJOTHH Y TENAT-THITOTPO(PHUKOB CHIKAET
CTETIeHb HJIOTEHHOH HHTOKCHUKAIIUU U CTIOCOOCTBYET
AKTHBM3aLlMU aHTHOKCHJIAHTHOTO cTaTyca. BBenenue
TeNATaM Iperapara, COASPKaIIero THAPOPUILHYIO
kprodpakuto cenezénkun KPC u uaTepdhepoHs! o 1 y
OBIYBH PEKOMOWHAHTHEIC, B 03¢ 0,1 MII/KT TByKpaTHO
¢ MHTEpBaAJIOM 48 4acoB 00ecTieYBaeT BOCCTAHOBIIE-
HUE CHCTEMbI aHTHOKCUIAHTHOM 3alUTHI HAa 7-€ CyT-
KW HCCIIEIOBaHUN, HOPMaJIH3alMI0 U MOJACPKaHUE
WHTEHCHBHOCTH IMPOIIECCOB CBOOOTHOPAIHKATIHLHOTO
OKHCJICHHUA Ha (1)I/ISI/IOJ'IOI'I/I‘-IGCKOM YPOBHE B TCUYCHUC
BCET0 DKCIIEPHMEHTA.
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Abstract. The article presents the results of studying the effect of preparations from hydrophilic cryofraction of
bovine spleen and recombinant bovine interferons -o and —y on the indicators of the LPO-AOD system in hypo-
trophic calves with comorbid pathology. Four groups of sick animals with comorbid pathology (hypotrophy, ane-
mia, immunodeficiency) and one group of clinically healthy normotrophic calves (n = 6 each) were formed. The
calves of group | were injected subcutaneously with the preparation from hydrophilic cryofraction of bovine
spleen twice after birth with an interval of 48 hours at a dose of 0.1 ml per 1 kg of body weight; group 2 — sim-
ilarly used the preparation of recombinant bovine interferons -a. and —y at a dose of 0.1 ml per 1 kg; group3 —a
complex preparation containing hydrophilic cryofraction of bovine spleen and recombinant bovine interferons -a
and -y was administered at a dose of 0.1 ml per 1 kg; hypotrophic calves of group 4 (control) and healthy animals
of group 5 were not administered the preparations. Blood was taken from all experimental calves for research on
the 1%, 7" and 30" days of life. In hypotrophic calves with comorbid pathologies, there was found an increase in
lipid peroxidation indicators (malondialdehyde, diene conjugate and ketodienes), compared to clinically healthy
animals, there was recorded a decrease in the activity of the enzymatic link of antioxidant protection (catalase,
glutathione peroxidase and superoxide dismutase). As a result of pharmacocorrection using the preparations with
immunomodulatory properties, on the 7" day of the study, the AOD system was activated, which was reflected in
a decrease in the LPO products. During the experiment, the antioxidant homeostasis indicators were within the
physiological limits characteristic of clinically healthy animals, but when using a complex preparation contain-
ing hydrophilic cryofraction of bovine spleen and recombinant bovine interferons -a and -y, the changes were
more pronounced and stable.

Keywords: calves, comorbidity, lipid peroxidation, antioxidant defense, hydrophilic cryofraction of bovine spleen,

recombinant bovine interferons -o and -y

The processes of free radical oxidation of lipids
and proteins, the functional state of the antioxidant
defense system are of great importance in the imple-
mentation of protective and adaptive reactions of the
animal body during the period of postnatal adaptation,
under the effect of stress factors of various origin, the
development of pathological conditions of various eti-
ologies [1, 2].

The early postnatal period of development of clini-
cally healthy calves is accompanied by oxidative stress
phenomena, which are expressed in a shift in the oxi-
dant-antioxidant balance towards the intensification of
free radical oxidation of lipids and proteins. The pro-
teins are the first to undergo oxidative modification.
An increase in the synthesis of glucocorticoids and a
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decrease in mineralocorticoids and insulin are charac-
teristic of a chronic stress reaction. In this case, car-
bohydrates are quickly consumed, and lipids are more
actively used to provide energy for the mechanisms of
a long-term adaptation [4].

In newborn hypotrophic calves with more pro-
nounced oxidative stress phenomena, passive transfer
of colostrum immunoglobulins in the intestine is dif-
ficult, and absorbed immunoglobulins undergo oxida-
tive modification, which disrupts their function in pro-
viding anti-infective protection and aggravates the de-
velopment of secondary immunodeficiency [3, 5, 6]. In
this regard, in case of pharmacocorrection of comor-
bid conditions in such animals, it is recommended to
use preparations of different pharmacological groups
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with immunomodulatory, antioxidant and other bio-
logically active properties.

The research objective was to study the effect of
preparations with immunomodulatory properties on the
state of the LPO-AOD system in hypotrophic calves
with comorbid pathology.

MATERIAL AND METHODS

To study the efficacy of pharmacocorrection using
preparations with immunomodulatory properties, four
groups of hypotrophic calves with comorbid patholo-
gy (anemia, immunodeficiency) and one group of clin-
ically healthy animals (normotrophics) were selected.

On the first and third days of life, the calves of
group 1 were injected with hydrophilic cryofraction of
bovine spleen subcutaneously at a dose of 0.1 ml per
1 kg of body weight; group 2 — similarly, recombinant
bovine interferons -o. and -y ata dose of 0.1 ml per 1 kg
of body weight; group 3 — a complex preparation in-
cluding hydrophilic cryofraction of bovine spleen and
recombinant bovine interferons -o and -y, at a dose of

0.1 ml per 1 kg of animal weight; the preparations were
not administered to the hypotrophic calves of group 4
(control) and to the healthy animals of group 5.

Blood was taken from the jugular vein of calves on
the first, seventh and thirtieth days of life. The concen-
tration of malondialdehyde (MDA), ketodienes (KD)
and diene conjugates (DC) in the blood of animals, the
activity of catalase, glutathione peroxidase (GPx) and
superoxide dismutase (SOD) were determined in ac-
cordance with the Methodological Provisions for the
Study of Free Radical Oxidation Processes and the
Antioxidant Defense System of the Body [2]. Statistical
processing of the obtained data was carried out using
the Statistica 6.0 program, the reliability was assessed
using the Student criterion (at p < 0.05).

STUDY RESULTS AND DISCUSSION

In hypotrophic calves with comorbid pathologies,
an assessment of changes in the LPO-AOD system in-
dicators was carried out before and after pharmacocor-
rection (Table 1).

Table 1
Indicators of the LPO-AOD system in hypotrophic calves with comorbid pathologies in case of pharmacocorrection
Groups of animals
Indicators
1 2 3 4 5
1 2 3 4 5 6
One day after birth
MDA, uM/L 3.21 £0.08 1.85+£0.03
DC, units of
’ + * +
OD/mg of lipids 0.294 £0.01 0.199 £ 0.02
KD, units of
’ + * +
OD/mg of lipids 0.079 £0.01 0.049 £0.01
Catalase, uM .
+ +
H,0,/L'min-10° 41.30+0.93 49.22 +0.47
GPx, uM .
G-SH/ L-min-10° 7.50 £0.06 13.70 £0.17
SOD, c. u. 1.27+0.02" 1.61 £0.03
7d
MDA, uM/L 1.74 £0.064 2.08+0.07°4 1.88+£0.094 2.55+£0.11" 1.79 £0.07
DG, units of 0.168 + 0.014 0.188 % 0.03 0.171£0.014 | 0.281=0.04" 0.170 % 0.02
OD/mg of lipids
KD, units of 0.036£0.0014 | 0.044+0.014 | 0.040£0.014 | 0.071+0.001" | 0.0370.004
OD/mg of lipids
Catalase, uM R R R .
s 49.11 £0.60 46.92 +0.50 48.0 £0.42 41.90 £ 0.51 48.70 +0.80
H,0,/L'min-10
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Table 1 (the end)

1 2 3 4 5 6
gf’s"ﬁ%min.l g | 1200444 | 10102036 | 12800374 | 7.89+048° 12.95 +0.55
SOD, c. u. 1.89 +0.034 1,59+ 0.034 1.90 + 0.034 1.49 + 0.06° 1.91 +0.02
30 d

MDA, uM/L 1,70+ 0.034 1.49 +0.074 1.59 + 0.044 2.44 + 0.06" 1.61 +0.04
gg’/;r;”osf‘;ifpi i 0.157 £ 0.03 0.161+0.03 0.149+0.014 0.221+0.03 0.166 + 0.02
KD, units of R R R .
OD/mg of lipids | 035 % 0.001 0.043 + 0.001 0.036 + 0.002 0.069 + 0.001 0.039 + 0.002
Catalase, pM a R N .

GRY 50.19 £ 1.20 42.60 = 2.00 4421 +0.88 3327+ 0.87 43.10 + 0.44
HZOZ/L min-10
gf’;ﬁ%mim o | 131720494 11.0+£0.224 12.70 + 0.534 9.70 + 0.77° 13.24 +0.49
SOD, c. u. 1.90 + 0.044 1.67+0.03"4 1.98 + 0.044 1.39 +0.03" 1.89 + 0.04

* p <0.05—0.0001 relative to the indicators in normotrophic calves
4 p<0.01—0.0001 relative to the indicators in the hypotrophic calves of the control group

In physiologically immature calves with comorbid
pathologies, compared to normotrophic animals, an in-
crease in the concentration of MDA, DC, KD by 73.5,
47.7 and 61.2 %, respectively, was found, which indi-
cated an increase in the processes of free radical oxida-
tion of lipids in their bodies in the early neonatal peri-
od. Also, in hypotrophic animals, compared to healthy
animals, a decrease in the activity of the enzymatic link
of antioxidant defense was recorded: catalase was low-
er than 16.1 %, GPx — by 45.3 %, SOD — by 21.1 %,
which indicated the development of oxidative stress
in their bodies and justified the need to use prepara-
tions that normalize the pro- and antioxidant balance.

After pharmacocorrection, in the calves of the ex-
perimental groups 1, 2 and 3, compared to the hypo-
trophic calves of group 4, on day 7, there was detect-
ed a decrease in the concentration of DC — by 40.2,
33.1 and 39.1 %, KD — by 49.3, 38.0 and 43.7 %,
MDA — by 31.8, 18.4 and 26.3 %, respectively. By
the end of the experiment, further dynamics of de-
crease in the studied indicators was observed in ani-
mals: DC—by 29.0,27.1 and 32.6 %, KD — by 49.3,
37.7 and 47.8 %, MDA — by 30.3, 38.9 and 34.8 %,
respectively, which reached the normal limits of clin-
ically healthy animals. Moreover, in physiologically
immature calves, which were not given the prepara-
tions, the level of lipid peroxidation products remained
high throughout the experiment.
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Hypotrophic calves with comorbid pathologies
are characterized by low activity of the enzymatic link
of antioxidant protection, compared to normotrophic
calves. Thus, the GPx activity in the body of animals,
which were not administered the preparations, was sig-
nificantly lower than the norm during the experiment
by 39.1 and 26.7 %. At the same time, by day 7 of the
study in the experimental groups 1, 2 and 3, the activ-
ity of the selenium-containing enzyme increased by
52.1, 28.0 and 62.2 %, respectively, and by day 30 it
exceeded this indicator in the hypotrophic calves of the
control group by 35.8, 11.4 and 30.9 %, respectively.

The SOD activity in healthy animals significant-
ly increased on day 7 of the study by 18.6 % and re-
mained at this level until the end of the experiment. On
day 7 of observation, the calves of the experimental
groups 1, 2 and 3 showed an increase in the SOD ac-
tivity relative to the hypotrophic calves of group 4 by
26.8,6.7 and 27.5 %, respectively, and on day 30 — by
36.7,20.1 and 42.4 %, respectively. At the same time,
in the control group of hypotrophic calves, compared
to clinically healthy calves, lower SOD activity was
recorded at all study periods: on day 7 — by 22.0 %
and on day 30 — by 26.5 %.

There has been established a synchronous change
in the activity of SOD and catalase, which prevents ex-
cessive accumulation of hydrogen peroxide in cells by
decomposing it. Thus, by day 7, the catalase activity
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in the animals of the experimental groups 1, 2 and 3
exceeded the indicator in the hypotrophic calves with
comorbid pathologies of the control group by 17.2,
12.0 and 14.6 %, and on day 30 — by 50.9, 28.0 and
32.9 %, respectively. At the same time, in the body of
the calves of group 4 at this period, the enzyme activ-
ity was significantly lower than the values of healthy
animals by 14.0 and 22.8 %, respectively.

The obtained data indicate that in calves by the age
of one month, there is a decrease in lipid peroxidation
products. In the first day after birth, their free-radical
reactions are enhanced, which is caused by a change
in the oxygen regime and the restructuring of metab-
olism due to the transition to a new habitat and to the
pulmonary type of breathing. Subsequently, in the body
of healthy animals, there is a physiological decrease
in lipid peroxidation processes [1]. However, in hypo-
trophic calves with comorbid pathologies (anemia, im-
munodeficiency), depletion of the antioxidant defense
system and the oxidative stress development were ob-
served in the first day of life.

Despite the fact that the intensity of lipid peroxi-
dation processes in the hypotrophic calves, which did
not undergo pharmacocorrection, gradually decreased
during the experiment, the level of free radical process-
es was high due to the insufficiency of the AOD system,
as evidenced by the low activity of the enzymatic link.

The use of preparations with immunomodulatory
properties helped to limit free radical oxidation and
ensured the optimal course of the metabolic process-
es restructuring in the body of calves with comorbid
pathologies. A more pronounced increase in the AOD
activity was recorded in the calves of groups 1 and 3
on day 7 of the study, which was apparently due to the
action of hydrophilic cryofraction of bovine spleen. It
is worth noting that the use of a complex preparation
had a longer effect, and on day 30, the LPO-AOD in-
dicators were within the physiological limits charac-
teristic of clinically healthy animals.

CONCLUSION
The use of preparations with immunomodulatory
properties in the pharmacocorrection of comorbid pa-
thology in hypotrophic calves reduces the degree of en-
dogenous intoxication and promotes the activation of

the antioxidant status. The administration of a prepa-
ration containing hydrophilic cryofraction of bovine
spleen and recombinant bovine interferons -a and -y
to calves at a dose of 0.1 ml/kg twice with an inter-
val of 48 hours ensures the restoration of the antioxi-
dant defense system on day 7 of research, normaliza-
tion and maintenance of the intensity of free radical
oxidation processes at the physiological level through-
out the experiment.
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AHHoTanums. B cratbe npencTaBieHbl pe3ynbTaThl MPOBEISHHBIX UCCIIEI0BAHUN MO OIIEHKE OTHOCUTEIHLHOTO YPOB-
Hs 3kcnpeccuu reHos WJI-2, NJI-10, UJI-1B, U®H-o, MDH-y B AuiHaMuUKE y TEJSIT ¢ KOMOPOUIHOM MATOIOTHEH
(runoTpodust ¥ UMMYHOAC(HUIIUT) TTOCIIE MPOBEACHHON (PapMaKOKOPPEKIIUH MIPErapaToM Ha OCHOBE BUAOCIICIIN-
¢uunbix naTepdeponos «IIpoayroBax». [To ntoram nccnenoanus yposens sxkcrpeccun UJI-2 na 24-e cytku cHU-
suicst B 4,1 paza, UI-1p B 2,2 pasa, 1JI-10 noBeicuiics Ha 20,0 %, a UOH-a u UDH-y, mocie kpaTHOro MOBbI-
LICHUS 3KCIIPECCUH, K KOHITY (hapMaKOKOPPEKIIMU ObUTH OJIM3KK K 3HAYCHUSIM 310poBbIX TesAT. [Ipenapar «IIpo-
ayToBaKk» obiamaet 6oiee cOalaHCUPOBAHHBIM JICHCTBUEM, 00CCIICUNBACT aICKBATHYHO CTUMYJISIIMIO UMMYHHOMN
cucteMsbl U 3(Q(HEKTUBHYIO IPOTHBOBOCIIATUTEIBHYIO aKTUBHOCTD Y TEJISIT C KOMOPOUTHBIMH MTATOJIOTHSIMH.

Karouesie cioBa: WJI-2, NJI-10, UJI-1 B, UOH-0, UDH-y, skcnipeccus, [IpoayToBak, Tensta, KOMOpOUIHAS

[IaTOJIOTUsl, TUHOTPOdUS, UMMYHOAEPULIUT

BBEJEHUE

KomMopOuaHbIe aToIoTuu y TENAT MPECTaBIIs-
0T CO0O cOYeTaHWe HECKOJIBKHX 3a00JIeBaHUH, KO-
TOpBIC BOHUKAIOT OJTHOBPEMEHHO M B3aUMHO OTSTO-
maroT Ipyr apyra. Hanbomnee yacto BeTpeyaronumu-
Cs ABJIAIOTCA FI/IHOTpO(I)I/IH, aHEMUA 1 I/IMMYHOZIe(l)I/IHI/IT.
OCHOBHBIMH TPUYNHAMHE X BO3HUKHOBEHUS SBIISIOT-
cs1 HeOJIarOMPUATHBIE YCIIOBHSI BHYTPUYTPOOHOTO paz-
BHTHS, HEJIOCTATOK MMUTATEILHBIX BEIIECTB B PAIlHO-
HE, a TaKKe HECOOIIOICHUE 300TUTHEHNYECKUX HOPM
conepskanus [3].

I/IMMYHHaSI CHUCTEMa HOBOPOXJICHHBIX TCJIAT sIB-
JISIETCS OTHOW M3 CAMBIX CIIA00Pa3BUTHIX CPEIH CEITb-
CKOXO3STHCTBEHHBIX JKUBOTHBIX. JTO CBSI3aHO C TEM,
YTO y KOPOB IUIAIICHTa UMEET CHH/IECMOXOPUATHHYIO
CTPYKTYPY, YTO TpEAOTBpaIiaeT TpaHnchep UMMyHO-
ro6ynuHoB (Ig) or Mmatepu k rony. B pesynbrare Te-
JiTa poOXKAA0TCA IPaKTUICCKU 0€e3 aHTHUTEI ¥ HE UMeE-
FOT C(POPMHUPOBAHHOTO aTAITUBHOTO IMMYHHTETA [2].

1uTOKMHOBEII TTPO(HITE SIBIISIETCS] OTHUM W3 HaH-
OoJiee BaXKHBIX 3JIEMEHTOB MMMYHHOW cucTembl. VX
MOKHO TOJPA3ACIUTh HAa HHTEPICHKUHBI, HHTepQe-
POHBI U TAKK€ K HUIM OTHOCSITCS] HECKOJIBKO (haKTOpOB
pocra. Unrepneiikun-1 6era (IL-1) n nHTEprneKkuH-2
(IL-2) aBnstroTCs MPOBOCTIATUTENbHBIMI IIATOKUHAMH.
IL-1p oTrBeuaeT 3a BeCh IPOBOCITATTUTENBHBIN (P PeKT
U ero ocTpyto (aszy: CTUMyIUpPYeT CUHTE3 OCTEOKJIa-
CTOB U PE30pOLHUIO0 KOCTEH, TOBBIIIACT KOJHYECTBO
JICMKOLIMTOB, TaNTOINIO0ONHA U (pUOpUHOTreHa, YMEHb-
HICHUE [IMHKA B TUIa3Me KPOBH, TAK)KE YCHIIUBACT aK-
THBanuio HeHTpodmmos. IL-2 Mo cBoel ponu sBIIS-
€TCsl OJHUM M3 PETYIATOPOB aJalTUBHOIO UMMYHH-
TeTa: cTuMynupyert nponudepanuio T-mumdonuTos
(CD4*, CDS8*, perynsTopHble) U aKkTUBHOCTh NK-
KJIETOK; Y4acTBYET B CO3/[aHUM MMMYHOJOTHYECKOM
namaTy. TakKe OTHIM U3 IEPBBIX pearkupyer Mpu Bak-
nuHanmsx [ 1, 4, 5].
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Wnrepneiikun-10 (IL-10), HanpoTus, sBisercs
MIPOTHBOBOCIAIUTEIHHBIM [IUTOKUHOM, HE JIOITyCKa-
IOLIMM Ype3MepHOro BocnasieHus. OH oaaBiseT npo-
nyknuro (hakropa Hekposa omyxoiu anbda (TNF-a),
IL-1,IL-6, IL-12, uatepdepona-ramma (IFN-y) u apy-
T'UX MPO-BOCHAIUTENBHBIX (DAKTOPOB MOHOLIUTAMH/
Makpodaramu, a TakKe peryinmpyer aktuBHocTh Th1/
Treg-xnetok [1, 7, 8].

WnTepdepon-anpda (IFN-0) yaacTByeT B mepBud-
HOW aHTHBHPYCHOH 3allIUTE: HHIYLUPYETCS IPU UH-
(exuum, akKTUBUPYET WHAYLHUPYEMbIE T€HbI-peryJis-
topel uHTEphepoHoB: [FN-rensl (ISG), NK-knetku
W JICHJIPUTHBIC KIETKH, YCKOPSIET HMMYHHBIH OT-
BET IPOTHUB BUPYCOB. Takxke CTUMYIUPYET UMMYH-
HbIi oTBeT T-xenmnepos 1-ro Tuna comectHo ¢ [L-12
n IFN-y. B cBoto ouepens IFN-y orBeuaer 3a nmMmy-
HOMOZYJISILMIO: aKTUBUPYET Makpodaru, CeKpeTHpy-
eTCsl €CTeCTBEHHBIMM KieTKaMu-kmiepamu, CD4
n CD8-knetkamu. Takke akTHBHPYET SHYC-KWHA3HBINA
curHabHBINA Ty Th (JAK-STAT) u ycunuBaeT skcrpec-
CHIO I'€HOB INIABHOT'O KOMIUIEKCA THCTOCOBMECTHUMOCTH
[ u II kmaccoB, a Takke UHAYLUPYET MPOLYKIHUIO pe-
AKTUBHBIX KUCIOPOIHBIX hopM [5].

Leabro 1aHHO# pabOTHI ABISIOCH H3yUEHHE OTHO-
CUTENFHOTO ypOBHS dKctipeccun reHos MJI-2, NJI-10,
WJI-1B, UDH-o, UOH-y B tTMHAMUKE Y TENAT C KOMOP-
OunHOM maronorueil (runorpodust 1 UMMyHOIEDH-
LUT) [OCJIe IPOBEACHHON (apMaKOKOPPEKLUUU Mpe-
[apaToM Ha OCHOBE BHUJOCTICHU(DUIHBIX HHTEP(EPO-
HOB «IIpoayTOoBaK».

MATEPHAJIBI U METO/IbI
UCCJIEJOBAHU M

Bbu1 npoBeneH AByXATalHBIN TPOU3BOICTBEHHBIN
ONBIT. B mepBoM 3Tane nMpon3BOJICTBEHHOTO OIBITa
JUTS TIpOBeZeHNS (DOHOBBIX UCCIIEOBAHMH OBIJIO OTO-
opano 30 Temar: 10 KIMHUYECKU 3TOPOBBIX TEISAT
U, NOCcJie NOCTAaHOBKU JTMarHo3a KOMOpOuHas marto-
aorus (runorpodus 1 uMMyHoaepuuur),20 6oib-
HBIX TenAT. Ha cnenyromieM sTarne Tenara ¢ yCTaHOB-
JICHHBIM JINaTrHO30M KOMOPOUIAHAS MMaToyIoTHs (THUIIO-
Tpous m uMMyHOE(DUITUT) ObLTH pa3aeseHbl Ha IBe
rpynnsl: IlepBast rpynmna onbiTHast — OOJIbHbIC TEJs-
Ta, KOTOPBIM BBOAMIM BHY TPUMBILIEYHO SKCIIEPUMEH-
TaJbHBIA Mpernapar Ha OCHOBE BUAOCTIEUU(DUIHBIX
untepdepono «IIpoayroBak» B 1o3upoBke 1 M Ha
10Kr *KHBOW Macchl JBYKpaTHO C HHTEepBaioM 48 va-
coB (n = 10). Bropas rpynma cpaBHeHUS — OOJTBHBIC
TeJIsATa, KOTOPbIM BBOJAMIM BHYTPUMBIILIEYHO Ipera-
par Ha OCHOBE HEBUAOCHEUN(UIHBIX HHTEPHEPOHOB
«Muxkcogepon», IPUMEHEHHBIH B CXeMe JICYSHHUS XO-
3stiicTBa, 10 103 HA TOJIOBY IBYKPAaTHO C MHTEPBAIOM

48 yacos u «TerparuapoBut» 1M1 Ha 10Kr xUBOI Mac-
CBI IBYKPATHO C ABYXHEEIbHBIM HHTepBasioM(n = 10).
TpeTbs rpynna KOHTPOJIbHAasI- KIMHUYECKHU 310pPOBbIE
tensta (n = 10). Ha 1-e cyTkM )KU3HHU 10 TPUMEHEHUS
npemnaparos, a Takxke Ha 10-e, 17-e u 24-e cyTku mo-
CJIe BBEICHUS IIPENapaToB IMPOBOIMICS 3a00p KPOBH
13 SIPEMHOM BEHbI y BCEX UCCIIEIYEMBbIX TPYIIL, KPOBb
noMenaan B npoOupku DnmneHaopda 1 noasepra-
T TyOOKOM 3aMOPO3KE C UCTIOJIb30BAHUEM KHIKOTO
azoTa sl IPOBEIECHUS MOJIEKYISIPHO-T€HETHYECKIX
HCCIIEI0BAaHU.

ITonuMepasHyro LENHYI0 PEAKLUI0 OCYIIECTBIIS-
i Ha npubopax Bio-Rad CFX 96 (Bio-rad, CIIA),
Rotor-Gene 6000 (Corbett Research, ABcTpamnus)
u DTLite 4S1 (JIHK-Texnonorusi, Poccust) ¢ roroBoit
KOMMEpYECKH JoCTymHON cMmechio mis PCRSX qP-
CRmix-HS LowROX (EBporen, Poccus). Beraenenne
totanpHO PHK ocymectBineno nabopom «PHK-
Okerpan» (Cunron, Poccust) o yTBepkIEeHHOH WH-
crpykuuu. OueHky kadectsa BoieneHHoil PHK npo-
BOJIMJIH C ITOMOIIIBIO 31eKTpodopesa B 2 % arapo3HoM
rene. Mccnenosanue npooawiu nocpeacrsom IIIP-
aHanm3a ¢ mobasiaeHueMm kpacutens SYBR Green.
DKcnpeccHsi TEHOB PacCUYMUTHIBAIACH IO METOAMKE
2-AACt, Tae cHauaja pacCUMTHIBACTCS pa3HUIA Me-
JKJIy TEHOM JIOMAIITHETO X035icTBa (KOHTPOJIsI) U HC-
cnenyembiM reHoM (ACt = Ct (B-actin) — Ct (uccie-
nyemblid TeH)). [lomyderHoe 3HaUYeHNE BO3BOAMIOCH
B creneHb -AACt. [l OIIeHKH 3KCIPEeCCHH M3ydae-
MBIX T€HOB HCIOJIb30BAIACh MaHEIH CIEHU(PHIHBIX
npaiiMepoB IJd UCCIEAOBaHUSA YPOBHEH HKCIpec-
CHU TE€HOB, OTBETCTBEHHBIX 32 UMMYHHYIO CHCTEMY.
Craructudeckasi 00pabOTKa MOTYYSHHBIX JaHHBIX
MIPOBOIMIIACH C MCITOIB30BAHUEM IPOTPAMMHOTO T1a-
kera Microsoft Excel 2019 ¢ mpumMeHeHHEM BCTPOCH-
HBIX (PyHKLMI CTaTUCTUYECKOTO aHAIN3a U HaICTPOM-
KU «AHaJIU3 TaHHBIX».

PE3YJIBTATHI UCCJEJOBAHUN

* [luHaMuKa M3MEHEHU OTHOCUTEIIBHOTO YPOBHS
skcnpeccuu MJI-2 mocne mpoBeaeHHOH (hapmMakokop-
PEKLUY MpEICTaBIeHa Ha pUCYHKE |

OtHocuTenbHBIN ypoBeHb 3Kkcnpeccun WNJI-2
B rpynmne IlpoayTtoBak Ha 1-e cyTkM CHMXKaycs Ha
24.2 % OTHOCHUTENIBHO KOHTPOJIA, K 10-M cyTkaMm pas-
Huta cocrasisa 7.3 %, k 17-M cyTkaM HaOIIOAI0Ch
MPEBBIILICHNE KOHTPOJIBHBIX 3HaUeHUH Ha 59.7 %o, (* —
P <0,05) a x 24-m cyTkam — cHuxeHue Ha 75.7 %.
[Tpu cpaBHeHnU ¢ rpynmnoit MukcogepoH JaHHbIH M0-
kaszarenpb B rpymme [IpoayroBak Ha 10-¢ cyTKH ObLI
Hke Ha 15.6 %, k 17-m cyTkam npeBbitnan Ha 54.7 %,
a K 24-m cytkam Obut HIDKe Ha 85.2 %. [Ipemapar

Berepunaphsrii papmakomorudaeckuii BeCTHUK o No 3 (32) « 2025 135



E. C. 2Kusomoe, H. A. Cmpenvuuxos, T. U. Epmaxosa

«IIpoayToBak» IeMOHCTPUPYET (Pa30BYIO PETYIISAIUIO
WJI-2 ¢ mukom akTtuBanuu Ha 17-¢ cyTKH (TIpeBBIIIe-
Hue KoHTpons Ha 60 %), 9TO yKas3pIBaeT Ha KOHTPO-
JUPYEMYIO CTUMYIISIIHEO T-KIIeTOUHOM MTponudeparin
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IOIIEMCST MEXaHU3Me, MPEIOTBPAIAIoNIeM U30bITOY-
HYIO aKTHBAI[UI0 UIMMYHHON CUCTEMBI.
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«Mukcopepon»

Puc. 1. OtHOCHTENBHBIN YpoBeHB dkcnpeccun NJI-2 B nuHaMuke

JluHaMuKa U3MEHEHUH OTHOCHUTEJIBHOTO YPOBHS
skcripeccun WJI-10 mocne npoBeaeHHON (papmako-
KOPPEKLUH [IPEACTaBICHa Ha PUCYHKE 2.

OtHocutenbHbId ypoBeHb 3Kcnpeccun MJI-10
B rpyme [IpoaytoBak Obu1 cHikeH Ha 44.4 % oTHO-
CUTEJIbHO KOHTpOJISl B MepBble CyTKkH, Ha 10-e cyT-
KU HaOIII0AaIoCh TOCTOBEepHOE cHIbkeHue Ha 37.0 %
(* — P<0,05), x 17-m cytkam — 21.7 %, a x 24-m
CyTKaM HaOJIONANOCh TCHIACHLUS K IIOBBILICHUE Ha
20.0 %. Ilo cpaBrHenuto ¢ rpynnoit Mukcogepon naH-
HBIHA nokasarens B rpynmne IlpoayroBak Ha 10-e cyT-
ku ObLT HIDKE Ha 14.7 %, Kk 17-M cyTKaM mpeBbIai B 2
pasza, a K 24-M cyTkaM — B 2,3 pa3a COOTBETCTBEHHO.
Takas nAuHaMMKa Ha HAIl B3IVIAJ yKa3blBaeT HA [BYX-
(haznbnit addext npenapara «lIpoayroBaky» — rmepBo-
HayaJbHOE CHUKEHHE MPOTHUBOBOCIHAIUTEIBHON aK-
TUBHOCTH CMEHSETCS] MOIIIHON KOMITIEHCATOPHOH peak-
IIMeH, MPEeBBIIAOIICH PPEKT KOMIUICKCHON Teparuu
«Muxcodepon» + «TerparuapoBut» 6oree ueM B 2 paza.

JnHamMuka M3MEHEHUH OTHOCHUTEIHLHOTO YPOBHS
akcripeccun WJI-1B mocie nmpoBeneHHoOW (apmako-
KOPPEKIINH MIpeICTaBIeHa Ha PUCYHKE 3.

OTHOCHUTENbHBIN ypoBeHb dkcnpeccun MJI-1[3
B rpymne [IpoayToBak B riepBbIe CyTKH IIPEBBIIIA KOH-
Tpoib B 2,3 paza, k 10-m cytkam — Ha 48.4 %, 17-m
CyTKaM — B 2 pa3a, a K 24-M cyTKaM HaOJ0gaIoCh
TEHJICHIUS K CHIDKEHUIO dKerpeccun Ha 54.5 % coot-
BeTcTBeHHO. CpaBHUBAs C rpymoi MukcohepoH JaH-
HBI TToKasarens B rpymme [IpoayroBak Ha 10-¢ cyT-
KH JIOCTOBEPHO IpeBbiiai Ha 39.4 % (* — P < 0,05),
K 17-m cytkam — B 2,25 pasa, a kK 24-M cyTKam ObLI
HIke Ha 56.5 %. DTO CBUIETENBCTBYET O CIIOCOOHOCTH
npernapara MHULIUUPOBAaTh aKTUBHYIO BOCHAJIUTENb-
HYIO PEaKIHIO C JAITbHEUIINM TEePEX00M K MPOTH-
BOBOCIIATTUTEIIEHOMY (P PEKTY, ITO MOKET yKA3hIBATh
Ha (popMHUpOBaHUE aTANTUBHOTO IMMYHHOTO OTBETA.

JlnHamMMKa M3MEHEHUH OTHOCUTENBLHOIO YPOBHS
skcnipeccun MPH-o mocne nposeaenHol hapmaxo-
KOPPEKINH MIPECTaBIeHa Ha PUCYHKeE 4.

OTHOCHUTETBHBIN ypoBeHb 3kcnpeccuu UDH-a
B rpynne IIpoayroBak Obul CHUKEH OTHOCHUTEIBHO
KOHTPOJIS B IepBbIe CyTKH Ha 96.8 %, k 10-M cyTkam
Ha 16.7 %, x 17-m cytkam Ha 11.8 %, a k 24-m cyT-
kam noBsiieHa Ha 18.9 %. Ilo cpaBHEeHHIO ¢ TPYIIIOI
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Muxkcodepon B rpynmne [IpoayroBak Ha 10-e cyrku  pycHoro oreera B rpymme [IpoayToBak, KOTOpbIi MO-
On01 HIDKe Ha 11.8 %, k 17-M cyTkaM TipeBoIIan B 2.5  KeT 00eCIeYnBaTh MPOJIOHTHPOBAHHYIO 3aIIUTY B OT-
pasa, ak 24-m cytkaMm — Ha 23.5 %. DTu naHHbIe yKa-  JIWYHE OT OBICTPON, HO KPaTKOBPEMEHHOW aKTHUBAITHH
3BIBAIOT HA (JOPMUPOBAHKE OTCPOUSHHOTO MTPOTUBOBH- B Tpyriie MukcohepoH.
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Puc. 3. OtHOCHTENBHBIN ypoBeHB dKcipeccnu NJI-1 B tuHaMuke

Berepunaphsrii papmakomorudaeckuii BeCTHUK o No 3 (32) « 2025 137



E. C. 2Kusomoe, H. A. Cmpenvuuxos, T. U. Epmaxosa

0,04
0,035
=
E 003
(5]
(5]
o
=
Q
Z 0,025
]
jas)
[
8
= 0,02
=
e
5
5 0,015
=
=~
Q
£
£ 0,01
o 0,0063
0,0053
0,005 ]
0,001 0.0051
0,001
0
1-e cyTkH KU3HU 10-e cyTku nocie okoH4aHusl 17-e CyTKHM Iociie OKOHYaHUs 24-e CyTKH I10CJIe OKOHYaHUS
Teparnu Tepanuun Teparuun
e=@==KOHTpONb ==®==«[IpoayToBaK» «Muxkcohepon»
Puc. 4. OtHOCHTENBHBIHN ypoBeHB dKcipeccnn NDH-a B quHaMuke
0,008
0,0071
0,007
S
S
(9
3 0,006
= 0,0049
=
Q
s
a 0,005
e}
[0
8
£ 0,004 0,0049
4=
0
0,0028
Z 0003 ’
5 J
=
5 0,0019
S 0,002 s
S 0,0013
0,0015
0,001
0,0008
0
1-e CyTKH KHU3HU 10-e cyTku nociie okoH4aHus |7-€ CyTKH IOciie OKOHYaHHS 24-€ CYTKH II0CJIC OKOHYAHHS
Tepanuu Tepanuu Tepanuu
==@==Kourponp ==®==«lIpoayroBak» «Mukcopepon»
Puc. 5. OtHOCHTENBHBIN YpoBeHB dKkcnipeccun UOH-y B nnHaMuKke
JluHaMuKa U3MEHEHUH OTHOCHUTEJIBHOIO YPOBHS OTHOCHTENBHBIN ypoBeHb dKcripeccnn MDOH-y
skcnpeccnn MDH-y nmocne mpoBeaenHoit ¢apmako- B rpynme I[IpoayroBak ObuT HUKE B TIEPBBIE CYTKH Ha
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16.7 %, x 17-m cytkam Ha 28.6 %, a k 24-M CyTKam
Ha 32.1 %. Ilpu cpaBHeHuu c rpynmnoi Mukcohepon
B rpymre IIpoayroBak Ha 10-e CyTKHM HU3y4yaeMblil o-
Kaszarenb npesbiman Ha 87.5 %, k 17-M cyTkam — Ha
81.8 %, a k 24-M cyTKaM — JOCTOBEPHO TOBBIIIAJICS
Ha46.2 % (* — P < 0,05) coorBercTBeHHO. [Ipemnapar
«IIpoayToBax» 1eMOHCTPUPYET YMEPEHHOE MTOJIaBIIe-
Hue UDH-y oTHOCHTENbHO KOHTPOJISl HA BCEX CPOKAxX
HabmoneHus (16—32 %), 94To yKa3bIBaeT Ha CIACPKH-
Banue n30bITounoil Thl-aktuBanuu. OnHAKO 3HAYN-
TEJILHOE MPEBOCXOACTBO HaJ rpymnmnold Mukcopepon
(46—88 %) cBUIETENBCTBYET O COXPAHCHUU aICKBAT-
HOTO KJICTOYHOTO MMMYHHOTO OTBeTa ¢ Ooyiee cOa-
JTAHCUPOBAHHOW PETYJALMEN BOCHAIUTENBHBIX MPO-
IIECCOB.

3AKJTIOYEHUE

Uepes 17 aueii nocne BBeaenus «lIpoayrosax»
y OOJTBHBIX TEJAT aKTUBHOCTH TeHa MJI-2 Obiia BhIme
B 1,6 pa3a no cpaBHEHUIO CO 3/IOPOBBIMH >KUBOTHBI-
MU, a yepe3 24 JHS MPOUCXOJUIIO KOMIIEHCATOPHOE
CHIDKEHHE €ro 3Kcipeccud B 4,1 paza. ¥V TensT ¢ ko-
MOpPOUAHON MaTonoruei (runorpodust ¥ UMMYHO-
nedunut) yepes 10 u 17 aHe#t mocie mpUMEHEHUs
«IIpoayToBakay» ypoBeHb dKcmpeccuu rena WJI-10
Ow1 BEITIIE B 1,5 12,1 pasa, a gepes 24 mHs HIDKE B 2,2
pasa. B onbITHOI rpyme >KMBOTHBIX 4epe3 17 nHei
ocJyie BBEJCHUS BUIOCTICHUPHUIECKOro HHTepdhepoHa
aktuBHOCTh rera MJI-10 Obuia Beimie B 2,0 pa3a, uem
IIPYU IPUMEHEHUN CXEMBI JISUeHUsI X0341CTBa, a Ye-
pe3 24 s Berme Ha 20,0 % 1o cpaBHEHHIO €O 3710-
poBbIMH XKUBOTHBIMU. YUepe3 10 aueit mocne npume-
Henus «lIpoayroBaka» y TeIsT ¢ KOMOPOHUIHOM HaTo-
jorueit (runotpodusi ¥ UMMYHOIE(UIIUT) OTMEUAITH
MOBBIIIEHNE YpoBHS dkcnpeccun rena M®Ha B 15,0
pa3 u cHmkenne aktuBHocTH rera UPH-y B 3,3 paza
10 CPaBHEHHIO C TTOKA3aTeIsIMA HOBOPOXKACHHBIX KH-
BOTHBIX, HO B TEYCHHE OIBITa OHU OBLTN OJTM3KHU K 3HA-
YEHMSIM 3/I0POBBIX TEJIAT.

O60011as1 MOTy4YeHHBIE PE3YABTaThl, MOXHO CJie-
nath BeIBOJL, uTo «IIpoayToBaky» oOnamaet Oomnee coaian-
CHUPOBAHHBIM JICHCTBHEM 10 CPAaBHEHHUIO C KOMILIEKC-

HOU cxemolt «Mwukcodepon» + «TeTparunpoBuT,
oOecrieyrBaeT aJeKBaTHYI0 CTUMYIISIIMIO UMMYHHOMR
cUcTeMbl 0e3 N30BITOYHON aKTUBALIMM UMMYHHOH CH-
cTeMbl ¥ 3()(HEKTUBHYIO IPOTHBOBOCHATUTEIBHYIO aK-
TUBHOCTH Y TEJISAT C KOMOPOUIHBIMH TATOIOTUSIMH.
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Abstract. The article presents the results of the conducted studies on the assessment of the relative level of ex-
pression of the genes IL-2, IL-10, IL-1p, IFN-a, IFN-y in dynamics in calves with comorbid pathology (hypotro-
phy and immunodeficiency) after the pharmacocorrection with the species-specific interferon-based drug “Pro-
autovak”. According to the results of the study, the level of IL-2 expression on day 24 decreased by 4.1 times,
IL-1p — by 2.2 times, IL-10 increased by 20.0 %, and IFN-a and IFN-y were close to the values of healthy calves
by the end of pharmacocorrection after a multiply increase in expression. The drug “Proautovak” has a more bal-
anced effect, provides adequate stimulation of the immune system and effective anti-inflammatory activity in

calves with comorbid pathologies.

Keywords: IL-2, IL-10, IL-1 B, IFN-a, INF-y, expression, Proautovak, calves, comorbid pathology, hypotrophy,

immunodeficiency

INTRODUCTION

Comorbid pathologies in calves are a combina-
tion of several diseases that occur simultaneously and
mutually aggravate each other. The most common are
hypotrophy, anemia and immunodeficiency. The main
reasons for their occurrence are unfavorable condi-
tions of intrauterine development, lack of nutrients in
the diet, as well as non-compliance with zoohygienic
standards of keeping [3].

The immune system of newborn calves is one of
the most underdeveloped among farm animals. This
is due to the fact that the placenta of cows has a syn-
desmochorial structure, which prevents the transfer of
immunoglobulins (Ig) from the mother to the fetus. As
aresult, calves are born practically without antibodies
and do not have formed adaptive immunity [2].

The cytokine profile is one of the most important
elements of the immune system. They can be divided
into interleukins, interferons, and also include sever-
al growth factors. Interleukin-1 beta (IL-1f) and inter-
leukin-2 (IL-2) are proinflammatory cytokines. IL-13
is responsible for the entire proinflammatory effect
and its acute phase. It stimulates the synthesis of os-
teoclasts and bone resorption, increases the number of

leukocytes, haptoglobin and fibrinogen, decreases zinc
in the blood plasma, and also enhances the activation
of neutrophils. IL-2, by its role, is one of the regula-
tors of adaptive immunity: it stimulates the prolifera-
tion of T-lymphocytes (CD4*, CD8*, regulatory) and
the activity of NK cells. It participates in the creation
of immunological memory. It is also one of the first to
react to vaccinations [1, 4, 5].

Interleukin-10 (IL-10), on the other hand, is an
anti-inflammatory cytokine that prevents excessive
inflammation. It suppresses the production of tumor
necrosis factor alpha (TNF-a), IL-1, IL-6, IL-12, in-
terferon-gamma (IFN-y) and other pro-inflammatory
factors by monocytes/macrophages, and regulates the
activity of Th1/Treg cells [1, 7, 8].

Interleukin-10 (IL-10), on the contrary, is an an-
ti-inflammatory cytokine that prevents excessive in-
flammation. It suppresses the production of tumor ne-
crosis factor alpha (TNF-a), IL-1, IL-6, IL-12, interfer-
on-gamma (IFN-y) and other pro-inflammatory factors
by monocytes/macrophages, and also regulates the ac-
tivity of Th1/Treg cells [1, 7, 8].

Interferon-alpha (IFN-a) is involved in primary an-
tiviral defense. It is induced during infection, activates
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inducible interferon regulatory genes (IFN-stimulated
genes (ISG), NK cells and dendritic cells), accelerates
the immune response against viruses. It also stimulates
the immune response of T-helpers type 1 together with
IL-12 and IFN-y. In turn, IFN-y is responsible for im-
munomodulation. It activates macrophages, it is secret-
ed by natural killer cells, CD4 and CD8 cells. It also
activates the Janus kinase signaling pathway (JAK-
STAT) and enhances the gene expression of the major
histocompatibility complex of classes I and II, and in-
duces the production of reactive oxygen species [5].

The work objective was to study the relative ex-
pression level of the genes IL-2, IL-10, IL-1p, IFN-a,
IFN-y in dynamics in calves with comorbid patholo-
gy (hypotrophy and immunodeficiency) after pharma-
cocorrection with the species-specific interferon-based
drug “Proautovak”.

MATERIAL AND METHODS

A two-stage production experiment was conduct-
ed. In the first stage of the production experiment, 30
calves were selected for baseline studies: 10 clinically
healthy calves and 20 sick calves after the diagnosis of
comorbid pathology (hypotrophy and immunodeficien-
cy). At the next stage, the calves with an established di-
agnosis of comorbid pathology (hypotrophy and immu-
nodeficiency) were divided into two groups. The first
experimental group consisted of sick calves, which
were injected intramuscularly with an experimental
species-specific interferon-based drug “Proautovak”
ata dosage of 1 ml per 10 kg of live weight twice with
an interval of 48 hours (n = 10). The second compar-
ison group consisted of sick calves, which were in-
jected intramuscularly with the non-species-specific
interferon-based drug ‘“Mixoferon” used in the treat-
ment regimen of the farm, 10 doses per animal twice
with an interval of 48 hours and “Tetrahydrovit” 1 ml
per 10 kg of live weight twice with a two-week inter-
val (n = 10). The third control group consisted of clin-
ically healthy calves (n =10). On the 1* day of life,
before the administration of the drugs, as well as on
the 10™, 17" and 24" days after the administration of
the drugs, blood was taken from the jugular vein in
all study groups, the blood was placed into Eppendorf
tubes and deep frozen using liquid nitrogen for molec-
ular and genetic studies.

Polymerase chain reaction was performed on
Bio-Rad CFX 96 (Bio-rad, USA), Rotor-Gene 6000
(Corbett Research, Australia) and DTLite 4S1 (DNA-
Technology, Russia) devices with a ready-to-use com-
mercially available PCR mixture 5X qPCRmix-HS
LowROX (Evrogen, Russia). Total RNA was isolated
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using the RNA-Extran kit (Syntol, Russia) according
to the approved instructions. The quality of the isolated
RNA was assessed by electrophoresis in 2 % agarose
gel. The study was performed using PCR analysis with
the addition of SYBR Green dye. Gene expression was
calculated using the 2-AACt method, where the differ-
ence between the housekeeping gene (control) and the
gene under study is first calculated (ACt = Ct (B-ac-
tin) — Ct (gene under study)). The obtained value was
raised to the power of -AACt. To assess the expression
of the studied genes, a panel of specific primers was
used to study the expression levels of genes responsi-
ble for the immune system. Statistical processing of
the obtained data was carried out using the Microsoft
Excel 2019 software package using built-in statistical
analysis functions and the Data Analysis add-in.

STUDY RESULTS

* The dynamics of changes in the relative level of
IL-2 expression after pharmacocorrection is shown
in Fig. 1.

The relative level of IL-2 expression in the
Proautovak group on the 1% day decreased by 24.2 %
relative to the control; by the 10" day, the difference
was 7.3 %; by the 17™ day, there was an excess of con-
trol values by 59.7 % (* — P < 0.05); and by the 24®
day, there was a decrease by 75.7 %. When compared
to the Mixoferon group, this indicator in the Proautovak
group on the 10" day was lower by 15.6 %; by the 17
day, it exceeded by 54.7 %; and by the 24" day, it was
lower by 85.2 %. The drug “Proautovak” demonstrates
phase regulation of IL-2 with an activation peak on the
17" day (exceeding the control by 60 %) that indicates
controlled stimulation of T-cell proliferation at the op-
timal time. The subsequent sharp decrease by day 24
indicates a self-regulating mechanism preventing ex-
cessive activation of the immune system.

The dynamics of changes in the relative level
of IL-10 expression after the pharmacocorrection is
shown in Fig. 2.

The relative level of IL-10 expression in the
Proautovak group was reduced by 44.4 % relative to
the control on the first day; on the 10" day, there was
a reliable decrease by 37.0 % (* — P < 0.05); by the
17" day — by 21.7 %; and by the 24™ day, there was
a tendency to increase by 20.0 %. Compared to the
Mixoferon group, this indicator in the Proautovak
group was lower by 14.7 % on the 10" day; by the 17%
day — by 2 times; and by the 24" day — by 2.3 times,
respectively. In our opinion, such dynamics indicates a
two-phase effect of the drug “Proautovak” — the initial
decrease in anti-inflammatory activity is replaced by a
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powerful compensatory reaction, exceeding the effect The dynamics of changes in the relative level of
of the complex therapy “Mixoferon” + “Tetrahydrovit”  IL-1 expression after pharmacocorrection is present-
by more than 2 times. ed in Fig. 3.
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The relative level of IL-1B expression in the
Proautovak group on the first day exceeded the con-
trol by 2.3 times; by the 10" day — by 48.4 %; by the
17" day — by 2 times; and by the 24™ day, there was a
tendency to decrease in expression by 54.5 %, respec-
tively. Comparing with the Mixoferon group, this in-
dicator in the Proautovak group on the 10™ day reli-
ably exceeded by 39.4 % (¥ — P < 0.05); by the 17®
day — by 2.25 times; and by the 24" day, it was low-
er by 56.5 %.

This indicates the ability of the drug to initiate an
active inflammatory reaction with a further transition
to an anti-inflammatory effect that may indicate the
formation of an adaptive immune response.

The dynamics of changes in the relative level of
IFN-a expression after pharmacocorrection is present-
ed in Fig. 4.

The relative level of IFN-a expression in the
Proautovak group was reduced relative to the control
on the first day by 96.8 %; by the 10" day — by 16.7 %;
by the 17" day — by 11.8 %; and by the 24™ day, it
was increased by 18.9 %. Compared to the Mixoferon
group, in the Proautovak group, on the 10" day, it was
lower by 11.8 %; by the 17" day, it exceeded it by 2.5
times; and by the 24" day — by 23.5 %. These data
indicate the formation of a delayed antiviral response
in the Proautovak group that can provide prolonged
protection in contrast to the rapid but short-term acti-
vation in the Mixoferon group.
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The dynamics of changes in the relative level
of IFN-y expression after the pharmacocorrection is
shown in Fig. 5.

The relative level of IFN-y expression in the
Proautovak group was lower on the first day by 31.0 %,
compared to the control; by the 10" day — by 16.7 %;
by the 17" day — by 28.6 %; and by the 24" day — by
32.1 %. When compared to the Mixoferon group, in the
Proautovak group, on the 10™ day, the studied indica-
tor exceeded by 87.5 %; by the 17" day — by 81.8 %;
and by the 24™ day — significantly increased by 46.2 %
(* — P <0.05), respectively. The drug “Proautovak”
demonstrates moderate suppression of [FN-y, com-
pared to the control at all observation periods (16—
32 %) that indicates the containment of excessive Thl
activation. However, a significant superiority over the
Mixoferon group (46—388 %) indicates the preserva-
tion of an adequate cellular immune response with a
more balanced regulation of inflammatory processes.

CONCLUSION

Seventeen (17) days after the administration of
“Proautovak”, the activity of the gene IL-2 in sick
calves was by 1.6 times higher than in healthy animals,
and in 24 days, there was a compensatory decrease in
its expression by 4.1 times. In calves with comorbid
pathology (hypotrophy and immunodeficiency), 10
and 17 days after the use of “Proautovak”, the level
of IL-1P expression was by 1.5 and 2.1 times higher,
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and in 24 days, it was by 2.2 times lower. In the ex-
perimental group of animals, 17 days after the admin-
istration of species-specific interferon, the activity of

the gene IL-10 was by 2.0 times higher than when us-
ing treatment regimen of the farm, and 24 days later,
it was by 20.0 % higher, compared to healthy animals.
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Fig. 5. Relative level of IFN-y expression in dynamics
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Ten days after the use of “Proautovak”, calves
with comorbid pathology (hypotrophy and immuno-
deficiency) showed an increase in the expression level
of the gene IFN-a by 15.0 times and a decrease in the
activity of the gene IFN-y by 3.3 times, compared to
the values of newborn animals, but during the exper-
iment they were close to the values of healthy calves.

Summarizing the obtained results, it can be
concluded that “Proautovak” has a more bal-
anced effect, compared to the complex scheme
“Mixoferon” + “Tetrahydrovit”, provides adequate
stimulation of the immune system without excessive
activation of the immune system and effective an-
ti-inflammatory activity in calves with comorbid pa-
thologies.
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MAPKEPBI PAHHEW JJUATHOCTUKHU
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AHHOTanms1. B crarbe npeacraBieHbl MaTepHaisl M0 pa3paboTke KPUTEPUEB paHHEH ANAarHOCTHKH THIIOKCHYe-
CKOT'O COCTOSIHUS TIJI0JIAa ITPH OCJIOKHEHHOM TEYCHUH OEpEMEHHOCTH y KOpOB. VcciejoBaHNs BBITIOTHEHBI Ha 22
KOpOBax ¢ (PU3UOIOTHUECKUM U OCIIOKHEHHBIM TCUCHHEM OEpPEeMEHHOCTH, BKIIFOUEHHBIX B ONBIT ¢ 60—75 nHel
recTaluu 10 €€ 3aBeplIeHUs. YCTAHOBIIEHO, YTO MapKepaMH paHHE! JMAarHOCTUKU THIOKCHYECKOTO COCTOSIHUS
Y HOBOPOXKAEHHBIX TEJIAT SBISIFOTCS: TIOBBIIICHHE OTHOCUTEIBHOTO YPOBHS dKcrpeccun reHoB HIF-1a B kposn
kopoB B 2,0 mecsua 6epemennoctu B 1,97 pasa, B 5 mecsiueB — B 1,63 pasa, B 7 mecsiieB — B 2,03 pasa B cpaB-
HEHHH ¢ (PU3HOTOTHYCCKU MPOTEKAIOMICH TeCTaIieii; coepKaHne MOIIOYHON KUCIOTH B 135—150 mHeit 6epe-
MeHHOCTH Ha yposHe 0,88 MM/ u Boimre, B 210 nueit — 0,97 MM/ 1 BbIIlle; KOHIEHTpANUS TMPOBUHOTPATHON
KHuCIOTH B 135—150 mHeit OepeMeHHOCTH Ha YpoBHE 163,6 MKM/1t 1t HIxke, B 210 mHeir — 177,9 MkM/1 1 HIDKE;
COOTHOIIICHUE JaKTaT: nmupyBar B 135—150 nueit 6epemennoctn 5,38:1 u Boime, B 210 mgHeit — 5,45:1 u BoImIe.
KioueBble c10Ba: KOpOBBI, 0EPEMEHHOCTH, THITOKCHUECKOE COCTOSIHHIE, MAPKEPHI pAaHHEH TNarHOCTHKN, MOJIOY-

Hasg 1 NMPOBUHOTI'PAAHBIC KUCITOTBI

[Tonydenue 3M0pOBOTO MOJIOJHSIKA C BBICOKH-
MU TI0Ka3aTeJIsIMU KU3HECTIOCOOHOCTH HEBO3MOKHO
0e3 (hU3HOJIOTHYECKHU MPOTEeKAroIIel OepEeMEHHOCTH.
OcnoXHEHUsI TeCTalllH, 4acTo MPOosBIsieMble B (op-
M€ CHHJIPOMA 33JICP’KKHU Pa3BUTHSI, IIO3THETO TOKCHUKO-
3a OepeMEeHHBIX HaKJIaJbIBAIOT CBOE HETATUBHOE BIIHS-
HUE Ha Ka4eCTBO MTOy4aeMoro MooHsaka. OTHUM U3
OCJIOKHEHHI BHYTPUYTPOOHOTO PAa3BUTHS TLIOJA SB-
JISIETCS THTIOKCUYECKOE COCTOSIHIE OpTaHu3Ma MaTepH,
peructpupyemoe y 7,0—25,0 % 6epeMeHHBIX )KUBOT-
HbIX. [ MIOKCHYECKOE COCTOSTHUE IJI0/[a CITYKUT OJHON
13 NpuyuH MEPTBOpOXKIaeMoctH [1, 2].

HexBarka kucinopoja B mepuo SMOPUOHAIBHO-
IO Pa3BUTHS MPUBOAUT K 3HAYUTEILHBIM W3MEHCHH-
sIM B OpraHax M TKaHsSX Pa3BUBAIOLICTOCS 3apO/bIlIIa,
KOTOpBIE Ha HAaYallbHBIX ATaraxX HOCIT KOMIICHCATOP-
HBIH XapakTep, a B JajdbHEHIlIeM, TIPU HE YCTPaHEHUH
MPUYMHBL, TATOJIOrHYECKuil [3, 4].

B ycnoBusix HeXBaTKHM KHCIOponxa B mepuon Oe-
PEMEHHOCTH B OpTaHM3ME 3apojblilla KOHCTATUPY-
IOTCSl UBMEHEHHUSI YPOBHSI OKHCIHTEIBHO-BOCCTAHO-
BUTEIILHBIX MPOIECCOB, MPUBOJISIINE K HAKOTUICHHIO
HEJOOKHUCIIEHHBIX TPOIYKTOB METa00IM3Ma, CIBUTY

KHCJIOTHO-IIIETIOYHOTO PABHOBECHUS B KUCIIYIO CTOPO-
Hy. IIpu KHCIOPONHON HENOCTATOYHOCTH BO3pacTa-
eT yacToTa Imyibca y miona 1o 180 ymapoB/MUHYTY,
MOBBIIIIEHUIO YPOBHS MOJIOYHOM KHCIOTH 10 1,8—
2,4 mM/n (5, 6].

Jli1st OLIEHKH COCTOSIHUSI 00ECIIEUEHHOCTH IIJI0/a
KHCIIOPOZOM HCTIONIB3YIOT OIPEEIIEHUE COEPIKaHUs
MOJIOYHOM Y TUPOBUHOTIPAJHOMN KUCIIOT B KPOBH U OKO-
JIOTTOJTHOM KHUJAKOCTH. Y KOPOB C OCIIOKHEHHOM Oepe-
MEHHOCTBIO C TiepBbIe 60—75 mHEW KOHCTATHPYeTCs
TaKKe MOBBIILIEHHOE COAEPKAHNE MOJIOYHOM KHCIIOTHI
Y TIOHW>KEHHOE NMUPOBUHOrpagHOM [7, 8].

Emé onHuM moxazareiem, HCIONb3yeMbIM IS
OLIEHKHM 00eCIIeUeHHOCTH TUI0J]a U MaTePUHCKOTO Op-
raHu3Ma KHACIOPOIOM, CITYKUT HHIAYLUHUPYEMBIH THII-
okcueit paxtop — HIF-10, KoTopbIii ipr HOpMaTBEHOM
COZIEPKAHUM KUCJIOPO/IA TIOJIBEPTaeTCsl IPOTEACOMHOM
nerpanauuu. [Ipu cCHIKEHUM yPOBHS KHCIOPOAA MO-
nekyna HIF-1a He runpokcunupyercs, ocTaércs CBO-
001HOI 1 HakaruBaeTCsl. YBenuuenue yposus HIF-1a
MIPH TUTIOKCHYECKOM COCTOSTHUHN CITOCOOCTBYET MOBBI-
LIEHHUIO 3KCIPECCUH I'€HOB 3PUTPOIOATHHA, (haKTOpa
pocta 3uaoTenus cocyaos u ap. [9, 10]. IlosTomy u3bi-
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Mapxkepbl panneil OuazHOCmMuKY 2UNOKCUYECKO20 COCMOSHUSL NI00A NPU PA3GUMUL IMOPUORAMULL Y KOPOE

CKaHHE MapKEPOB, XapaKTEPUIYIOMIUX THITOKCHUECKOE
COCTOSIHHE TIITOJIa BO BpeMsi 0€peMEHHOCTH, SIBIISETCS
aKTyaJIbHOM 3a/1aueil BeTepMHApHON HayKH.

Leap uccaenoBanmii — pa3paboraTh MapKepbl
paHHEH AMArHOCTHKU THIIOKCHYECKOTO COCTOSHUS
IO TIPH PA3BUTUH SMOPHOMATHI Y KOPOB.

MATEPHUAJ U METOJAbI
HUCCJIEJOBAHUM

Marepuanom JUIst HCCIETOBAHUN CITYXKIITH KOPO-
BBI, HaunHas1 ¢ 60—75 gHel nociie oceMeHeHus, KO-
TOpBIC OBLITU Pa3/ICIICHbI HA JIBE TPYIIIbL: C OCIOKHEH-
HbIM TeueHHeM 0epemeHHocTH (n = 10) u ¢ ¢pusnoo-
TUYeCKoi rectarueit (n = 12). Paznenenue Ha rpymimst
OCYIIECTBIISUIOCH HA OCHOBAaHUH PE3YIBTATOB KIHMHU-
KO-3XOTrpa)U4eCKUX MCCIEIOBaHUN C MPUMEHEHUEM
yABTpa3ByKOBOro ckanepa Easy-Scan-5, a Takke kpu-
TEPHUEB JMArHOCTHKHU HApyIICHUH 3MOPHOHAIBLHOTO
pasButus y kopos [11].

OT BCceX KUBOTHBIX, BKITIOUEHHBIX B OTIBIT, 0TOOpa-
HBI IPOOBI KPOBU JUIS MIPOBEICHHS JIA00OPATOPHBIX HC-
cienoBaHuil. B KpoBH oIpe/ieieHo coaepKaHue Mo-
JIOUHO! U NMUPOBHHOIPAJHON KHUCJIOT U UX COOTHO-
menust. [IpoObr kpoBU 0TOOpaHbI OT KOPOB B 60—75,
135—150 u 210 nueii 6epemenHocTH. [10 OKOHIaAHWH
OCpEeMEHHOCTH TPOBEICHBI TEMOMOP(OIOTHICCKIE
WCCIIeIOBAHHUST HOBOPOXKIEHHOTO MOJIOHSKA, IOITY-
YEHHOT'O OT KOPOB C (DU3UOJIIOTUICCKUM U OCIIOKHEH-
HBIM TEUCHHEM recTalliu. B KpOBH TEJIAT OIpe/iesieHO:
coziepkaHue o01ero oenka u ero Gpaxiuii, MOUeBH-

HBI, OOIINX JHUIHIOB, TIFOKO3BI, MOJOYHON M THPO-
BUHOTPAJHON KHCIIOT, OOIIEro KajbIus, HEOPTaHU-
yeckoro gocdopa, Meau, ITUHKA, MapraHIia, Keyesa,
MarHusi, K00anbsTa, MoJeKyl cpeaneii maccel (MCM),
uHjIeKca dHIoreHHON uHTOKCcHKaruu (MOU), Gakre-
PHILIMIHAS AKTUBHOCTh CHIBOPOTKH KPOBH, (haroiurap-
Has aKTUBHOCTB HEHTPO(DUIIOB, (paromuTapHOE YUCIIO,
(haronMTapHBII HH/IEKC, aAKTUBHOCTH acTiapTaTaMHHO-
tpancdepassl (AcAT), ananmHaMUHOTpaHChepasbl
(AnAT), ramma-timytamuntpancdepassl (ITT). B kpo-
BU KOPOB C Pa3JIMYHBIM XapaKTEPOM I'eCTalluU TAKKe
ornpe/enéH OTHOCUTENBHBIN YPOBEHb dKCIPECCHH Te-
HoB HIF-10. buoxumuueckue rnokasareiu onpesese-
HbI Ha aHanm3arope «Hitachi-902y, moka3aremnu 3H10-
TeHHON MHTOKCHUKAIIUU — B COOTBETCTBHH C METOJTH-
YeCKUM TMosokenueM [12].

[TosyueHHbIE pe3y/IbTaThl MOABEPTaal CTATUCTH-
YecKoil 00paboTKe ¢ HMCIIOIb30BaHUEM IaKeTa IMpH-
KJIATHBIX mporpamM Statistica 6.0. JIns pa3paboTku
MapKepoOB paHHEH TUATHOCTHKH THIIOKCHU HOBOPO-
KIAEHHOTO MOJIOAHSKA MMPOBEASH KOPPEISIUOHHBIN
aHaJIN3 Pe3yJabTaTOB JIA0OPATOPHBIX MCCIIEAOBAHUM
KpPOBH OEPEMEHHBIX KOPOB C Pa3IMUHBIM XapaKTePOM
TEYeHHUs recTanud. Pa3nuumst cuuTany craThucThde-
CKM 3HauuMbIMu nipu P < 0,05.

PE3YJIBTATHI UCCJIEJOBAHUM
ConeprxaHue MOJIOYHOI KHCIIOTHI y KOPOB C paz-
JIMYHBIM XapaKTCPOM TCUCHUA 6epeMeHHOCTI/I npea-
CTaBJICHO HA pUCYHKe 1.

1 0,97+0,02
- - .
0.9 0,88i0,05_ -
s _ ’r -
0.8 -=7
5 i - 0,75x0,02
0780 = 0,7120,04 —e
0,7
0,69+0,05
0,6
0,5
O,4 T T 1
60-75 nu 135-150 on 210 nu
=—&—nopma == OCIIO)XHEHHOE TEUECHUE

Puc. 1. Coxeprxanue MOJIOYHON KUCIOTHI B KPOBH KOPOB € PA3JIMYHBIM XapaKTepOM TeUeHHsI 0epeMeHHOCTH, MM/
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YCTaHOBIIEHO, YTO YPOBEHb MOJOYHOU KHUCIIOTHI
B KPOBH KOPOB C OCIOKHEHHBIM TCUCHUEM OepeMeH-
HOCTH A0CTOBEpHO HIKE B 135—150 u 210 aneit no
CPaBHEHUIO C (PU3UOJIOTHUECKON recTanne.

Ecnu manveni nokasarenb B 135—150 nHer co-
crasysieT 0,88 MM/t u Beimiie, B 210 gueit — 0,97 MM/
U BBIIIE, TO KUBOTHOE UMEET OOJIBIIION PUCK pa3BH-
THS TMIIOKCHMYECKOI0 COCTOSIHUS Imioga. TOYHOCTH
IaHHOro Meroma cocrtaBisieTr 87,8 %, cmemudud-

HOCTb — 86,0 %, 9yBcTBUTENBHOCTE — 87,5 %.
Mex 1y ypoBHEM MOJIOUHOM KUCJIOTHI B KPOBU U pas-
BUTHEM T'MIIOKCHUYECKOTO0 CUHAPOMA YCTAHOBIIEHA J10-
CTOBEpHas MOJOKUTENbHAs KOPPEISITUBHAS CBSI3b —
r=-0,89 (P <0,001). Koaddumuenr nerepmuHanuu
cocrabisget 0,792.

KoHuenTpanus nupoBUHOTPagHON KUCIOTHI SIB-
JISTFOTIIEHCST MICTOTHIKOM 00pa30BaHISI MOJIOYHOH ITpH
aHa’pOOHBIX MpOIleccax MpeICTaBIeHa Ha PHUCYHKE 2.

210
198,1+7.6
200 /’ ,
190 181,047.8
+
130 17.7,9 5,7
169,6+10,2 _ - -
170 163,6+5,9 = =~
‘ - e o eo» eo» e» e -
160 165:1+6.9 -
150
140 . . |
60-75 ou 135-150 ou 210 nu
=——rnopma == OCIIOXKHEHHOE TCUCHUE

Puc. 2. Coneprxanue MUPOBUHOTIPATHOM KHCIOTHI B KPOBH KOPOB C Pa3IMYHBIM XapaKTepOM TeueHHs: OepeMeH-
HOCTH, MKM/IT

CHImKeHYE KOHIICHTPaIH THPOBUHOTPATHOMN KHC-
JIOTHI B KPOBU KOPOB C OCJIOKHEHHBIM TEUSHHEM Oepe-
MeHHOCTH B 135—150 nueii 1o 163,6 MkM/11 1 MeHee,
B 210 nuett — o 177,9 MxkM/n u MeHee, TIpU OJTHO-
BPEMEHHOM MOBBIIIEHUH MOJIOYHON KUCIOTHI, CBUIE-
TEJTLCTBYET O MOBBIMICHHOM €€ METa00IN3Me TIPH aH-
a’POOHBIX TpPoIeccaX M MOXKET SBIATHCS OJHUM W3
MapKepoB, XapaKTePU3YIOIIUX THITOKCHYECKOE CO-
CTOSIHUE, C TOYHOCThIO MeTona 91,7 %, cneuuduy-
HOCTBIO — 88,7 % 1 uyBcTBUTENBHOCTHIO — 86,1 %.
KoaddumeHT KOppesinu Mex 1y ypOBHEM ITUPOBH-
HOTPATHOU KUCIIOTHI U CHHAPOMOM 3aJICP>KKH Pa3BHU-
tus mioga cocrasisieT —0,76 (P < 0,05), xoadduru-
eHT aerepmuHanuu —0,578.

CooTHoOIIeHHE MOJIOYHOM U MUPOBUHOTPATHOU
KUCJIOT, SIBIISIIOIIEECS] UHTETPAIbHBIM MOKa3aTeIeM
WHTCHCUBHOCTH a’pPOOHO-aHA’POOHBIX MPOIECCOB,
MpeJICTaBlIeHO Ha pucyHke 3. Ecnu aHHbBIN MOKa3a-
Tenb B 135—150 nHel recranuy HAXOOUTCS HA YPOB-
He 5,38:1 u Boime, B 210 gaelr — 5,45:1 u BhIIIE, TO

OepeMeHHOE )KHBOTHOE MMEET OOJIBIION PUCK Pa3BH-
THs THIIOKCHUM IUIOJA C TOYHOCTHIO MeTona 95,7 %,
cneuupuaHoCcTbio — 93,1 %, 4UyBCTBUTENBEHOCTHIO —
94,1 %. Koaddpurment koppessiuu cocrasisieT +0,91
(P <0,01), koapdunment nerepmunanmm — 0,828.
Yposenb skcrpeccuu reHa HIF-la y Gepemen-
HBIX KOPOB C PAa3JINYHBIM XapaKTepOM TeueHHs Oepe-
MEHHOCTH TIPEJICTABJICH Ha PUCYHKE 4. YCTaHOBIICHO,
4T0 ypoBeHb dkcipeccun rena HIF-loa B xpoBu ko-
POB ¢ (PM3HOTOTHICCKUM TCUCHUEM OEpEeMEHHOCTH Ha
MIPOTSHKCHUH JTAKTAITHH ITOBBINIACTCS K 5 MecsIiaM re-
cranuu B 1,46 paza, k 7 mecsaiiam — B 1,92 paza, npu
OCIOKHEHHOM TeCTalliM — COOTBETCTBEHHO B 1,21
u 1,98 paza. OcnoxHEHHass OepeMEHHOCTh NPOTEKa-
€T Ha (POHE MOBBIIICHHOTO YPOBHSI SKCIPECCUU FCHOB
HIF-10, B ToM gmciie B 2 Mecsma OepeMeHHOCTH OH
MIPEBBIMIACT AHATOTUIHBIN TIOKa3aTelb TIPH (PU3HOJIO-
TUYECKOM TedeHnn rectaruu B 1,97 paza (P < 0,001),
B 5 mecsieB— B 1,63 paza (P < 0,01), B 7 mecsiiieB —
B 2,03 paza (P < 0,001), cBUIETEILCTBYOIIIEE O TUTIOK-
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CHYECKOM COCTOSIHMHU IIJIOJa ¢ OAHOW cTOpoHbI, Mexay ypoBHeM skcnpeccuu reHoB HIF-la pa3Bu-
a ¢ Ipyroil — Kak KOMIIEHCATOPHBIA MEXaHU3M 110 CO-  THEM OCJIO)KHEHHOTO TEUCHHUS T'eCTAIlid yCTaHOBIIE-
XPaHCHHUIO OEPEMEHHOCTH. Ha MOJIOKUTEIIbHASI KOPPENsATUBHAS CBsA3h — 7 = +(,92

TounocTs MeTona cocrasusier 90,9 %, cnenu- (P <0,001). Koadhduruent nerepMuHaIiu COCTaBIISA-
¢uarOoCTE — 95,5 %, wyBcTBUTENEHOCTH — 90,0 %. et 0,846.

6
5,38 5,45
5,5 ‘_ - - - - =]
- -
5 -
45 3,92
’ 3,88
4 ....... 4
3,5
3
2,5
2 T T 1
60-75 mu 135-150 ou 210 ou

—&—1opma == OCIOXXHEHHOE TEUECHHUE
Puc. 3. CooTHOIICHME JTAKTAT: NUpYyBaT B KPOBU KOPOB € PA3JIMYHBIM XapaKTECPOM TCHUCHU A GCPCMGHHOCTI/I

0,0231£0,00802 7
'd

0,0191£0,0015 ___om==="" 0,0186+0,0071

0,0142+0,0045

60-75 ou 135-150 mu 210 mu

—&#—pnopma == OCIOXXHEHHOE TEUCHUE

Puc. 4. Yposens otHocutenbHol 3xcnpeccuu reHoB HIF-1a B kpoBH KOPOB ¢ pa3IMYHBIM XapaKTepOM TEUEHUS
OepeMEHHOCTH
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KoHncrarnpoBaHHOE THIIOKCHYECKOE COCTOSHHE
IJ10/1a Ha TIPOTSHKEHUU OCII0KHEHHOM TecTalliu oTpa-

3WJI0Ch HA TeMOMOP(OIOTMIECKHUX IT0KA3aTeIsIX HOBO-
POXKIEHHBIX TENAT (TabI.).

Tadauna

T'emomopgonozuueckuii cmamyc mensim, po#COEHHbBIX OM KOPO8
¢ QuzuonO2UNECKUM U OCTIONHCHENHBIM MedeHuem bepemMenHoCmu

dusznonornueckoe TeUeHUE

OcnoxHEHHOE TEUECHHE

Hoxazarem O6epeMeHHOCTH, 11 = 12 o6epemenHoctH, n = 10
1 2 3

OO6uwmii 6enok, /1 57,1 +£1,1 52,1 +£1,6"%2
AnsOymunbl, % 58,4+1,3 55,9+ 1,1
o-r1o0ymuHbL, % 17,4 +£0,7 17,6 £0,5
B-rnoOysuHbl, % 154+0,9 19.8 £ 0,7
Y-I100yAuHEL, Yo 8,8+0,6 6,7+0,7
AcAT, E/n 22,4 +1,7 35,9 +2,5"
ANAT, E/n 14,5+ 1,1 20,2+ 12"
Famma-I'T, E/n 342+25 66,7 +5,3™
MoueBuHa, MM/11 4,65+0,21 3,61 £0,16™
OO0mme MUuIuasl, /71 3,51 +0,11 2,94 +£0,21"
I'mroko3a, MM/ 3,44 +0,14 3,12+0,17
Jlakrar, MM/n 0,68 £ 0,02 0,83 +0,05"
IMupysat, MKM/1 132,6 £ 6,4 97,6 £4,9™
Jlakrar: Ilupysar, en 5,1 8,5
MCM, 254 um 0,26 £ 0,01 0,33 +£0,01™
nsi 16,7+1,2 21,7+ 1,6
OOmmii Kabimii, MM/ 2,97 +0,09 2,82+ 0,06
®docdop Heopranuueckuit, MM/ 2,29 +0,08 2,07 £0,06"
Menpb, MKM/1 15,04 £ 0,6 14,6 £0,5
Hunk, MKM/1 52,3+3,6 41,4+£29"
Maprasuen, MKM/1 3,16+ 0,11 2,93+0,13
Kenezo, MM/ 4,19+0,12 426+0,16
Marnuii, Mr% 2,29 £ 0,04 2,21 £0,03
KobGaibsr, MkM/11 0,94 £ 0,01 0,75 +£0,02"*
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OxoH4yanue Ta0J1.

1 3

BACK, % 87,2+32 77,2+ 1,6"
JIACK, mkr/mi 1,74 £ 0,11 1,49 £ 0,07
DAH, % 79,8 £4,1 66,5 +3,9"
dU 7,2+0,37 6,3+0,29
oY 5,7+ 0,28 4,2+0,19™

*P<0,05

*P<0,01

sk

YCTaHOBIIGHO, YTO B KPOBHU TEIAT C THIIOKCHUYE-
CKUM COCTOSIHHEM, POXKJIEHHBIX OT KOPOB C OCJIOKHEH-
HbIM TEUCHHEM T'eCTalllH, COIepIKaHue o01ero oe-
ka Hrxke Ha 8,8 % (P < 0,05), moueBuHbl — Ha 22,4 %
(P <0,001), o6mux mummmoB — Ha 16,2 % (P < 0,05),
MTMPOBUHOT PATHON KUCITOTHI — Ha 26,4 % (P < 0,001),
Heopranuyeckoro ¢pocdopa — Ha 9,6 % (P < 0,05),
uunka — Ha 20,8 % (P < 0,05), kobansra— Ha 20,2 %
(P <0,001), 6akrepuiuiHas aKTMBHOCTb CHIBOPOTKH
kpoBu —Ha 11,5 % (P < 0,02), ¢harorurapHas akTHB-
HOCTb HelirpodunoB — Ha 16,7 % (P < 0,05), daro-
nurapHoe yucio — Ha 26,3 % (P < 0,001), npu mo-
BoiieHnu aktuBHoct AcAT Ha 60,3 % (P < 0,001),
AnAT — na 39,3 % (P <0,01), ramma-I'T — B 1,95
paza (P < 0,001), conepkaHust MOJIOYHOMN KHCIOTH —
Ha 22,1 % (P < 0,02), Monekyn cpenHeil MacChl — Ha
26,9 % (P < 0,001), naaekca 2HIOTeHHON HHTOKCHKA-
umu — Ha 29,9 % (P < 0,02).

BrlsiBlICHHBIC U3MEHEHUS TTOKa3aTelei KpOBU Te-
JISIT CBUIETETLCTBYIOT O iehunre o01ero 6eika, Jim-
[KJI0B, MUHEPAJIbHBIX BEIIICCTB, HEXBATKE KUCIOPO/Ia
1 TIpeoOIafaHuy aHadPOOHBIX IMPOIIECCOB HAJ a3p00-
HBIMH, D9HJIOTCHHOW WHTOKCHKAIIUH, (DYHKIIHOHATBHBIX
HapyIICHUSAX B pa0bOTe MEYCHH, CHIDKEHUH TTOKa3aTe-
JIeH T'yMOPaJILHOTO U KJIETOYHOTO 3BEHA 00IIIeH HecIie-
U(PUIECKON PE3UCTCHTHOCTH OpraH13Ma.

3AKJIIOYEHHUE

Takum 06pa3om, THIIOKCHYECKOE COCTOSIHUE TIJI0-
Jia IPH OCIIO)KHEHHOM TEYCHUH OEPEeMEHHOCTH MOKHO
AUardioCTupoBaThb, HAYMHAA B 2 MECALICB I'€CTalln, KO-
TOpPOE IIPOUCXOAUT Ha BCEM €€ POTSHKEHNH, YTO PHU-
BOJIUT K POXKICHUIO TPUIUIONA C MOHWKEHHBIMH I10-
KazaTeJsIMU )KU3HECIIOCOOHOCTH. MapkepaMu paHHEH
JUArHOCTUKHU THUIIOKCUYECKOTO COCTOSIHUS Y HOBOPO-
JKIAEHHBIX TEJAT ABISIIOTCS:

P < 0,001 — mo cpaBHEHUIO ¢ (PU3HOIOTHYCCKAM TCUCHUEM OCPEMCHHOCTH

— cofiepKaHUE MOJIOUYHOM KUCIOTHI B 135—150
JHel 0epeMeHHOCTH Ha ypoBHe 0,88 MM/ 1 BbIIE,
B 210 gueit — 0,97 MM/n1 1 BhIlIIE;

— KOHIIEHTpANHs MTUPOBUHOTPAHON KHCIO-
Tl B 135—150 nHeld OepeMEeHHOCTH Ha YpPOBHE
163,6 MxM/n1 u nmxke, B 210 gueit — 177,9 MxM/n
U HIKE;

— COOTHOIIIEHHE JIaKTaT: mupysar B 135—150
nHeit 6epemennocTH 5,38:1 u Beime, B 210 mHeit —
5,45:1 u BHIIIIE;

— TIOBBINICHUE OTHOCUTEIBHOTO YPOBHS 3KCIIPEC-
cuu reroB HIF-1a B kpoBu kopoB B 2,0 Mecsina Oepe-
MeHHoctH B 1,97 paza, B 5 mecsmieB — B 1,63 pasa,
B 7 mecsteB — B 2,03 pa3a B cpaBHEHUH C (PU3HOJIO-
THYECKHU MPOTEKAIOIIEeH recrarue.
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MARKERS FOR THE EARLY DIAGNOSIS OF A HYPOXIC
CONDITION OF A FETUS IN THE DEVELOPMENT
OF BOVINE EMBRYOPATHIES
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Galina Nikolaevna Bliznetsova

All-Russian Veterinary Research Institute of Pathology, Pharmacology
and Therapy, Voronezh, Russia, mikhalev-vit@yandex.ru™

Abstract. The article presents the data on the development of criteria for the early diagnosis of fetal hypoxia in
case of a complicated gestation in cows. The studies were performed on 22 cows with a physiological and com-
plicated gestation, included in the experiment from 60—75 days of gestation until its completion. It has been es-
tablished that the markers for the early diagnosis of hypoxia in newborn calves are the increase by 1.97 times in
the relative level of the HIF-1a gene expression in the blood of cows at 2.0 months of gestation, at 5 months —
by 1.63 times, at 7 months — by 2.03 times, in comparison with a physiological gestation; lactic acid content at
135—150 days of gestation at the level of 0.88 mM/L and higher, at 210 days — 0.97 mM/L and higher; concen-
tration of pyruvic acid at 135—150 days of gestation at the level of 163.6 uM/L and below, at 210 days — 177.9
uM/L and below; lactate/pyruvate ratio at 135—150 days of gestation at the level of 5.38:1 and above, at 210

days — 5.45:1 and above.

Keywords: cows, gestation, hypoxic condition, markers for the early diagnosis, lactic and pyruvic acids

Obtaining healthy young animals with high viabili-
ty rates is impossible without a physiologically normal
gestation. Gestation complications, often manifested in
the form of intrauterine growth restriction syndrome,
late toxicosis, have a negative effect on the quality of
the young animals. One of the complications of intra-
uterine fetal development is the hypoxic condition of
the mother’s body, recorded in 7.0—25.0 % of preg-
nant animals. The hypoxic condition of the fetus is one
of the causes of stillbirth [1, 2].

Lack of oxygen during embryonic development
leads to significant changes in the organs and tissues
of the developing embryo, which are compensatory at
the initial stages, and later, if the cause is not eliminat-
ed, pathological [3, 4].

Under conditions of oxygen deficiency during ges-
tation, changes in the level of oxidation-reduction pro-
cesses are observed in the embryo’s body, leading to
the accumulation of under-oxidized metabolic prod-
ucts, a shift in the acid-base balance to the acidic side.
With oxygen deficiency, the fetal pulse rate increases
to 180 bpm, and the lactic acid level increases to 1.8—
2.4 mmol/L [5, 6].

To assess the condition of the fetus’s oxygen sup-
ply, the content of lactic and pyruvic acids in the blood

and amniotic fluid is determined. In the cows with a
complicated gestation, an increased content of lactic
acid and a decreased pyruvic acid content are also ob-
served from the first 60—75 days [7, 8].

Another indicator used to assess the oxygen sup-
ply to the fetus and the mother’s body is the hypox-
ia-induced factor (HIF-1a), which is subject to prote-
asomal degradation under normal oxygen conditions.
When the oxygen level decreases, the HIF-1a mole-
cule is not hydroxylated, remains free and accumulates.
An increase in the HIF-1a level in a hypoxic condi-
tion promotes an increase in the erythropoietin gene
expression, vascular endothelial growth factor, etc. [9,
10]. Therefore, the search for the markers characteriz-
ing the hypoxic condition of the fetus during gestation
is an urgent task for veterinary science.

The research objective is to develop the markers
for the early diagnosis of the hypoxic condition of the
fetus in case of the bovine embryopathies development.

MATERIAL AND METHODS
The material for the study was cows, starting from
60—75 days after insemination, which were divided
into two groups: with a complicated gestation (n = 10)
and with a physiological gestation (n = 12). The divi-
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sion into groups was carried out on the basis of the
results of clinical and echographic studies using the
Easy-Scan-5 ultrasound scanner, as well as the diag-
nostic criteria for embryonic developmental disorders
in cows [11].

Blood samples were taken from all animals includ-
ed in the experiment for laboratory tests. The content
of lactic and pyruvic acids and their ratios were deter-
mined in the blood. Blood samples were taken from
cows at 60—75, 135—150 and 210 days of gestation.
At the end of gestation, hemomorphological studies
of the newborn calves obtained from the cows with a
physiological and complicated gestation were carried
out. The following indicators were determined in the
blood of calves: the content of total protein and its frac-
tions, urea, total lipids, glucose, lactic and pyruvic ac-
ids, total calcium, inorganic phosphorus, copper, zinc,
manganese, iron, magnesium, cobalt, medium-weight
molecules (MWM), index of endogenous intoxication
(IEI), serum bactericidal activity, phagocytic activity

of neutrophils, phagocytic number, phagocytic index,
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), gamma-glutamyl transferase (GGT) ac-
tivity. The relative level of the HIF-1a gene expression
was also determined in the blood of cows with different
gestation patterns. Biochemical indicators were deter-
mined using the Hitachi-902 analyzer, and endogenous
intoxication indicators were determined in accordance
with the methodological provisions [12].

The obtained results were statistically processed
using the Statistica 6.0 software package. To develop
the markers for early diagnosis of hypoxia in newborn
young animals, a correlation analysis of the laboratory
test results of the blood of pregnant cows with differ-
ent gestation patterns was performed. The differenc-
es were considered statistically significant at P < 0.05.

STUDY RESULTS
The lactic acid content in cows with different ges-
tation patterns is shown in Fig. 1.
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60-75d 135-150d 210d
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Fig. 1. Lactic acid content in the blood of cows with different gestation patterns, mmol/L

It has been established that the level of lactic acid in
the blood of cows with a complicated gestation is sig-
nificantly lower at 135—150 and 210 days, compared
to physiological gestation. If this indicator at 135—
150 days is 0.88 mmol/L and higher, at 210 days —
0.97 mmol/L and higher, then the animal has a high
risk of a hypoxic condition development in the fetus.
The accuracy of this method is 87.8 %, specificity —
86.0 %, sensitivity — 87.5 %. A reliable positive cor-
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relation has been established between the level of lac-
tic acid in the blood and the development of hypoxic
syndrome — r =—0.89 (P < 0.001). The determination
coefficient is 0.792.

The concentration of pyruvic acid, which is the
source of lactic acid formation during anaerobic pro-
cesses, is shown in Fig. 2.

A decrease in the concentration of pyruvic acid in
the blood of the cows with a complicated gestation at
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135—150 days to 163.6 uM/L and less, at 210 days —
to 177.9 uM/L and less, with a simultaneous increase
in lactic acid, indicates its increased metabolism during
anaerobic processes and can be one of the markers
characterizing the hypoxic condition, with the accu-
racy of the method of 91.7 %, specificity — 88.7 %
and sensitivity — 86.1 %. The correlation coefficient
between the level of pyruvic acid and fetal growth re-
striction syndrome is —0.76 (P < 0.05), the determina-
tion coefficient is —0.578.

The ratio of lactic and pyruvic acids, which is an
integral indicator of the intensity of aerobic-anaerobic
processes, is shown in Fig. 3. If this indicator is at the
level of 5.38:1 and higher at 135—150 days of gesta-
tion, and 5.45:1 and higher at 210 days, then the preg-
nant animal has a high risk of the fetal hypoxia devel-
opment with the accuracy of the method of 95.7 %,
specificity of 93.1 %, and sensitivity of 94.1 %. The
correlation coefficient is +0.91 (P < 0.01), the deter-
mination coefficient is 0.828.
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Fig. 2. Pyruvic acid content in the blood of cows with different gestation patterns, uM/L
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Fig. 3. Lactate/pyruvate ratio in the blood of cows with different gestation patterns
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The level of the HIF-1a gene expression in preg-
nant cows with different types of gestation is shown in
Fig. 4. It has been found that the level of the HIF-1a
gene expression in the blood of the cows with a phys-
iological gestation during lactation increases by 1.46
times by 5 months of gestation, by 1.92 times — by 7
months, and by 1.21 and 1.98 times, respectively, in
case of a complicated gestation. A complicated ges-
tation occurs against the background of an increased
level of the HIF-1a gene expression, including that
at 2 months of gestation it exceeds a similar indica-

tor during the physiological course of gestation by
1.97 times (P < 0.001), at 5 months — by 1.63 times
(P <0.01), at 7 months — by 2.03 times (P < 0.001),
indicating a hypoxic condition of the fetus, on the one
hand, and as a compensatory mechanism for maintain-
ing gestation, on the other. The accuracy of the method
1890.9 %, specificity — 95.5 %, sensitivity — 90.0 %.
A positive correlation was established between the lev-
el of the HIF-1a gene expression and the development
of a complicated gestation — »=+0.92 (P <0.001).
The determination coefficient is 0.846.
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Fig. 4. Level of the relative HIF-1a gene expression in the blood of cows with different gestation patterns

The established hypoxic condition of the fetus

hemomorphological indicators of newborn calves

during a complicated gestation was reflected in the (Table).
Table
Hemomorphological status of the calves born from the cows with a physiological and complicated gestation
Indicators Physiological cciurse of gestation, Complicated co_urse of gestation,
n=12 n=10
1 2 3

Total protein, g/L 57.1+1.1 52.1 +1.6700

Albumin, % 58.4+1.3 559+1.1

a-globulins, % 17.4+£0.7 17.6 £0.5

B-globulins, % 154+£09 19.8 £0.7"
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Table (the end)

1 3
y-globulins, % 8.8+0.6 6.7+0.7°
AST, U/L 22.4+1.7 359+2.5"
ALT, U/L 145+1.1 202+£1.2"
Gamma-GT, U/L 342+2.5 66.7+53™
Urea, mM/L 4.65+0.21 3.61+0.16™
Total lipids, g/L 3.51+0.11 2.94+£0.21"
Glucose, mM/L 3.44+0.14 3.12+£0.17
Lactate, mM/L 0.68 +£0.02 0.83 £0.05"
Pyruvate, pM/L 132.6 6.4 97.6 £4.9"
Lactate/Pyruvate, units 8.5

MWM, 254 nm 0.26 £0.01 0.33+£0.01™
IEI 16.7£1.2 21.7+1.6
Total calcium, mM/L 297 +£0.09 2.82+0.06
Inorganic phosphorus, mM/L 2.29+0.08 2.07 £0.06"
Copper, pM/L 15.04 £0.6 14.6 £ 0.5
Zinc, uM/L 523+3.6 414429
Manganese, uM/L 3,16 +£0.11 293+0,13
Iron, mM/L 4.19+0.12 4.26+0.16
Magnesium, mg% 2.29+0.04 2.21+£0.03
Cobalt, uM/L 0.94 +£0.01 0.75+£0.02"
SBA, % 87.2+3.2 772+ 1.6
SLA, pg/ml 1.74 £0.11 1.49+0.07
PAN, % 79.8 4.1 66.5+3.9"
Phl 7.2+0.37 6.3+0.29
PhN 57+0.28 42+0.19™

*P<0.05

" P<0.01

sk

It has been established that in the blood of the
calves with a hypoxic condition, born from the cows
with a complicated gestation, the content of total pro-
tein is lower by 8.8 % (P < 0.05), urea — by 22.4 %
(P <0.001), total lipids — by 16.2 % (P < 0.05), py-
ruvic acid — by 26.4 % (P < 0.001), inorganic phos-
phorus — by 9.6 % (P <0.05), zinc — by 20.8 %
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P <0.001 — compared to the physiological course of gestation

(P <0.05), cobalt — by 20.2 % (P <0.001), serum
bactericidal activity — by 11.5 % (P < 0.02), phago-
cytic activity of neutrophils — by 16.7 % (P < 0.05),
phagocytic number — by 26.3 %. (P < 0.001), with an
increase in the activity of AST by 60.3 % (P < 0.001),
ALT — by 39.3 % (P <0.01), gamma-GT — by 1.95
times (P <0.001), lactic acid content — by 22.1 %
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(P <0.02), medium-weight molecules — by 26.9 %
(P <0.001), index of endogenous intoxication — by
29.9 % (P < 0.02).

The revealed changes in the blood indicators of
calves indicate a deficiency of total protein, lipids, min-
erals, oxygen deficiency and the predominance of an-
aerobic processes over aerobic ones, endogenous in-
toxication, functional disorders in the liver, a decrease
in the humoral and cellular links of the general non-
specific resistance of the body.

CONCLUSION

Thus, the hypoxic condition of a fetus in case of a
complicated gestation can be diagnosed starting at 2
months of gestation, which occurs throughout its entire
duration, which leads to the birth of the offspring with
reduced viability indicators. The markers for the early
diagnosis of hypoxic condition in newborn calves are:

— lactic acid content at 135—150 days of gesta-
tion at a level of 0.88 mM/L and above, at 210 days —
0.97 mM/L and above;

— pyruvic acid concentration at 135—150 days
of gestation at a level of 163.6 uM/L and below, at 210
days — 177.9 uM/L and below;

— lactate/pyruvate ratio at 135—150 days of ges-
tation is 5.38:1 and higher, at 210 days — 5.45:1 and
higher;

— increase in the relative level of the HIF-10 gene
expression in the blood of cows at 2.0 months of gesta-
tion by 1.97 times, at 5 months — by 1.63 times, at 7
months — by 2.03 times, in comparison with a phys-
iological course of gestation.
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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 OMOMMOrpaduecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WIIM OKOHYaHUH CTaThy;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa MOCTYTUICHHUS PYKOIIMCH B PEAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTaThH K OITyOIMKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEICHBI:

— Oubnuorpaduueckas 3aruch Ha CTAThIO JUIsl TAJbHEHIIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIC KaXKJIOTO aBTOPA, €CIIU CTaThsl MMEET HECKOJIBKO aBTOPOB;

— yKa3aH#e 00 OTCYTCTBHUH WM HATMYNN KOH(IMKTA HHTEPECOB U ACTATM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 CJI0BOCOUETAHHUS B AJIEMEHTAX M3/1aTeIbCKOr0 O(OPMIICHHUS CTATbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 y4eHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CJIOBOCOYCTAHUN B OMOIHOTrpaduyecKiX CChUIKAX U CIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO# TEKCT CTaThH MOXET ObITh CTPYKTYPHUPOBAH U COCTOSITH U3 CIEIYONINX YaCTeH:

— BBEJICHHUE;

— TEKCT CTaThH (C BBIICIICHHEM pa3/ienoB «MaTtepuaiibl 1 MeToAb, «Pe3ynmbrarey, «O0CyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJieHue OCHOBHOTO TEKCTa CTaThH Ha TEMAaTHYECKUE PYOPHKH U TOIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepualty MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK IPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM s13bIKe. OCHOBHOM TEKCT CTAaThU B MU3IAHHUH MOXKET OBITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmBaTh B OHOM cTaThe TEKCT Ha JABYX S3BIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTAa CTAThH U 3aT€M MOBTOPSIOT HAa AaHTIIMHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3aHNH, B KOTOPOM OITyOJIMKOBaHa cTa-
Thsl, HA3BaHUE PyOPHUKH HIIH pa3jienia, TUIl CTaThH, ee 3aIJIaBue U MOA3aroJ0BOYHbIC IaHHbBIE, OCHOBHBIE CBE/IC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpaduIecKyIo 3auch s
nuTHpoBaHMs. ViIMeHa IpUBOAAT B TpaHCIUTEpHpoBaHHOH popme Ha matuauIle mo I'OCT 7.79 wmm B oM dop-
Me, B KaKOH €€ yCTaHOBHII aBTOP WIJIH PEeIaKINs U3/TaHus.

[Tociie 0CHOBHOTO TEKCTa CTaThU MPUBOIAT HA SI3bIKE TEKCTA CTAThU U 3aTEM MOBTOPSIOT HA aHTIIMACKOM
SI3BIKE CIIEAYIOIINE DIEMEHTHI U3/1aTeIbCKOTO 0(OPMIICHUS: IOTIOTHUTENIbHBIE CBEACHUS 00 aBTOpe (aBTOpaXx),
CBEJICHHSI O BKJIAJIC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(DIMKTA HHTEPECOB U IeTalH-
3aIus TAKOTO KOH(IIMKTA B CITy4dae ero HaJi4Hsl, a TAKKe IaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIIHIo, 01o0pe-
HUS TIOCTIE PETICH3UPOBAHMS, TPUHATHUS CTAThHU K OITyOIIMKOBAHUIO.

OcHOBHBIE CBeZIeHHS 00 aBTOPE COJepKar:

— UM, 0TYECTBO, (haMUIIHIO aBTOpa (MTOTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aluy (YUpeKJIeHus), ee MoApa3aeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmMbl ropuanueckoro jiuma: ®I'BYH, ®I'BOY BO, [TAO, AOuT. 1.);

— aJpec opraHu3ayy (YIpexkJIeHus ), ee TOopa3IelieHus], I7ie paboTaeT UM YIUTCs aBTOp (TOPOJ] M CTPaHA);

— DJICKTPOHHEIHN azxpec aBTopa (e-mail);

— oTKpeITHI HaeHTH(HKaTop yueHoro (Open Researcher and Contributor ID — ORCID) (mipu Hamu-
yun). AJipec opraHusanuu (yU4pekIeHHs), Tie padoTaeT UiIN YYUTCS aBTOP, MOXKET OBITh YKa3aH B MOTHOU
(dbopme. DIIEKTPOHHBIN aJipec aBTOpa NMPUBOIAT O€3 cIoBa «e-maily, mocse MeKTPOHHOTO ajjpeca TOYKY He
craeat. ORCID npuBozst B hopme ammekTpoHHOTO aapeca B ceti MuTepHet. B xone ORCID Touky He cra-
BaT. HamMmenoBaHnne opranuzanun (yIpeKIeHUs), e aapec, aeKTpoHHsd aapec 1 ORCID aBropa oTaemsoT
IpyT OT JApyTa 3aIrsTHIMH.

B ciydae, xoryia aBTop paboTtaeT (YUUTCs) B HECKOJIBKUX OpTaHU3aIHsIX (YIPEKISHHIIX ), CBEICHUS O KaX-
JIOM MecTe paboThl (yueObl), YKa3bIBalOT IIOCIIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX H CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO HAJCTPOUHBIX TUPPOBBIX 0003HAYCHHIA.
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Ecnu y craThbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HHUX MPHUBOIAT C YUYETOM HIIKECIIEAYIOINX MPaBHUIL
Hmena aBTOPOB PUBOJIST B IPUHITONW UMH TIOCIIEI0BATEIIBHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM H30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH TPOTPAMM-
HBIM O0ecIieueHrEM ITyONNKaMK U3AaHHsL.

Bo3MoxHO MprBeieHNE IIEKTPOHHOTO aJpeca TOJIBKO OHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICTIbHOE yKa3aHUe aBTopa JiJIsl KOPPECIOHACHIIMH IO popMe: « ABTOp, OTBETCTBEHHBIH 3a MepernHc-
ky:» («Corresponding author:y).

JlomomHUTETFHBIE CBEIEHUs 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUECTBa U pamunuy, snekTponnbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MEepBOil M0JI0CE CTAThH;

— YYeHBIC 3BaHHUS;

— Y4YCHBIC CTCTICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH(OUKAIIMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTOpe (aBTOpax) MPHUBOAT C MPEaNIecTByOMMUMHU cioBamu «Hpopmanmst 06 aBTope (aBTO-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThh ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekTponnsie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX U(POBLIX 0003HaYeHNH NH-
nekc YJIK pacriomaraeTcst B IeBOM BepXHEM YIITy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIONAraeTCsl HA3BaHHUE CTAaThU — 3arIaBHBIMU OyKBaMH, IOTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE T10 LICHTPY.

damuusi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, O LIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTYKUP-
HBIM IIpHQTOM.

Annoranuio gopmupytor mo F'OCT P 7.0.99. O6bem annoTanuu He npesbimiaet 250 cinos. [lepen anHoTa-
[IUeH TIPUBOIAT CIIOBO « AHHOTAITH) («Abstract).

KiroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 0000I1eHHbIe 1 MHOTO3HAUHBIE CJIOBA, & TAKIKE CIIOBOCOYETA-
HUS, COAEPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITIOUEBBIX CJIOB (CIOBOCOYETAHU ) HE JJOJKHO OBITH MEHbIIE 3 U 0oJibiie 15 ciioB (ci10BoCo-
yetaHuit). VIx mpuBoasaT, mpeasapsis cioBamu «KiroueBsie cioBa:» («Keywords:»), 1 OTIEISIOT APYT OT IpY-
ra 3ansaThIMH. [1oce KITFOYeBbIX CIIOB TOUKY HE CTaBSIT.

[Mocne KITIOUEBBIX CIIOB TPUBOAAT CJIOBA OJaroIapHOCTH OPraHU3alUsAM (YUPEKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEISIM U IPYTHM JIUIAM, OKa3aBIIIKM TOMOIIb B MOJITOTOBKE CTAThU, CBEICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MMyONHKAI[K CTAaThU, IPOEKTaX, HAyYHO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaX MM 110 pe-
3yJBTaTaM KOTOPBIX OIyOJIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJISIT C NPEAIISCTBYIONIMM clIoBoM «biarogapHoctu:». Ha aHmHiickoM si3bIKe clioBa
OIarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHMIMKUCKOM SI3bIKE C MPEIIICCTBYIOIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKazaHUs HAa3BaHHS pasiena), MaTepHuajbl 1 METOABI, pe-
3yJBTaThl UCCIEIOBAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyto 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchutkn Ha MCTOYHUKH IAIOTCSA TI0 TEKCTY IO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crMcke UTepaTyphl xKelarebHO Hanndue kKak MUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

Tabmuubl 10KHBI OBITH BEITIONHEHB! B Microsoft Word u conepxarh craTucTHUecKn 00paboTaHHBINA Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHH 3ar0JIOBOK M CCBUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH u (oTorpaduu HeoOX0AUMO MPENOCTABISATL B popmMare jpeg, tif mim gif
(c paspemenunem He MeHEee 300 TOYECK) C COOTBETCTBYIOIIUMU TTOITUCSIMHA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusi TEePMUHOB, OTIIHYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJBKO MOCIE YIOMUHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxknyHapoanoi cuctemoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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