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BJIUAHUE BUJOCHHEHIN®OUYHOI'O HIUTOKUHA
I'M-KC® HA KJIETOUYHBIA COCTAB UMMYHHBIX
OPT'AHOB IOPOCHT IPU TEPAIINY BAKTEPUAJBHOM
NHOEKIUUA )KEJYJOYHO-KUIIEYHOI'O TPAKTA

Erenuii BaagumupoBuy MuxaiisioB ™, Jlenuc CepreeBuu CrenaHos’,
Bopuc Bukroposuy llladynnn’, Erop MakcumoBuu Crenanos’,
Muxana OpbeBuu CoipomsiTHukoB”, FOnns Baagumuposna Hlanomaukosa™

*Beepoccutickuil HayuHO-UCCIe008AMENbCKUL 8eMEPUHAPHBIL UHCIMUNYN NAMOI02UL, (aAPMAKOI02UU
u mepanuu, Boponeac, Poccus, voronezh81@rambler.ru®™
“Boponedicckutl 20cydapcmeennvlil azpaphblil ynueepcumem umenu umnepamopa Ilempa I, Boponedc, Poccust

AHHOTanusl. B crarbe mpeicTaBiIeHsl JaHHBIE O BIMSHAYN TPAHYJIOMUTAPHO-MaKpO(araJbHOTO KOJIOHHECTUMY-
mpytoiero ¢axropa (I'M-KC®) Ha opranbl HIMMyHHTETa — TUMYC, CEJIC3€HKY M JTMM(paTHIECKHE y3IIbl IOPO-
CSIT-COCYHOB, y KOTOPBIX ObliIa 3aperCTpHpOoBaHa OaKTepraabHas HHPEKIHU KeTyI0YHO-KUIIeYHOTo TpakTa. [Tpn
N3Y4YEeHHH MOP(OIOTHIECKOT0 CTPOCHHUSI OPTraHOB MCIOJIB30BANIN OOIIETIPUHSATHIE THCTOJIOTHYECKAE U UMMYHO-
THUCTOXUMHUYECKHE METO/BL. J{J11 UMMYHOTHCTOXMMHUYECKHUX HCCIIE0BaHUN HCoNb30Bany Mapkepsl CD-3, PAX-5.
[Tokazano, uto uMMyHOCTUMY HpYommit d3pdexkt 'M-KC®D nocturaercs 3a cdeT cTUMYISIIMN Iyna T-Ki1eTok.
DTO NpOSBIISUIOCH NOBBIIIeHHEM KoirdecTBa CD-3-no3utnBHBIX KileTok Ha 15 % (p < 0,05) B muMpaTnaeckux y3-
nax uHa 32 % (p <0,01) B cenezenke. B Tumyce, HaobopoT, 66110 okazano camwxkenre CD-3 Ha 12 % (p < 0,05).
KaioueBble ciioBa: mopocsita, KexyJO9HO-KHIIeYHbIe 3a00J1eBaHMs, IMMYHOTHCTOXMMHUYECKNE HCCIIeJOBAHN,

uMMyHHbIe opranbl, [ M-KC®, CD3, T-kinetku

BakrepranbHbie MHPEKINH )KEITyI09HO-KHAIIIEIHO-
ro Tpakta (JKKT) y HOBOpOXKI€HHBIX KHUBOTHBIX SIBIIS-
FOTCS MTUPOKO PACTIPOCTPAHESHHOH MMATOIIOTHEH B CBH-
HOBOJUECKUX xo3sucTBax Poccuiickoit denepanuu.
Y Moo HsIKa TIOACOCHOTO MEPUO/IA, B YACTHOCTH Y TI0-
POCSIT COCYHOB, HEPEIIKO OTMEYACTCS TAK HAa3hIBaeMast
«mapes HOBOPOXKICHHBIX)» WM «HEOHATATbHAS AHa-
pes». [To manHBIM 3apyOeKHBIX HCCIIeI0BaTENeH pac-
[IPOCTPAHEHHOCTh HEOHATAIBHOH JIMAPEH COCTABIISCT
110 90 % cpenu MononHsKa 10 AByX Mecsies [ 14, 20].
ITo craructuveckum gaHHbIM, B 60 % ciaydyaeB auapen
y MOPOCST OBLTN BBI3BAHBI BUPYCHBIMU ITaTOTEHAMH,
23 % — Oakrepusimu, U 15 % — xokmmausmu [23].

Omnacuaocts uH(pexnmii XKKT 3aximoyaercs B uH-
TEHCHUBHOM U MPOJODKUTEIBLHOM AeruapaTalui opra-
HH3Ma, OTKa3a OT €/Ibl U BSUIOCTHU MOPOCSAT; B KUIIEU-
HUKE TIPOTPECCUPYET CHHTE3 U HAKOTUICHUE IPOTYKTOB
HETIOJTHOTO PaCIISIUICHIS (ITOJIUIICTITUIOB, aMMHAaKa,
OCTaTOYHOTO a30Ta), 00yCIIOBINBAIOIINX TOKCUKO3

AJMMEHTAPHOTO MPOUCXOXKIeHHs. V3MeHseTcs Tak-
ke pH KHIIIeyHOTO COAepKIUMOT0, YTO CIIOCOOCTBYET
BO3HUKHOBCHHIO OJATONIPHUATHBIX YCIIOBHMA JUISI pa3-
BUTHUSI THUJIOCTHOM MHUKPOQUIOPHI U BO3HHUKHOBEHUS
B JKETyTOYHO-KHIIIEYHOM TpakTe aucOakreprosa [9].
I'ncto-mMophomeTpryeckie u IUTOIOTHIECKHE UCCIIe-
JTIOBaHWUST 00pa3I0B TOHKOTO OT/eJIa KHIIIEYHHKA ITOPO-
CST COCYHOB C AMAPEHHBIM CHHIPOMOM JIEMOHCTPH-
PYIOT U3MEHEHHUE BBICOTHI BOPCUHYATOCTH CIU3UCTOTO
Y TIOJICIM3UCTOTO CJIOEB KUIIeUHOU TpyOku. COOTHO-
IICHUE BOPCUHKA / KPUIITA Y )KUBOTHBIX C THAPEHHBIM
cuaapomMoM B 1,2—1,4 paza HIKe, 4eM y KITHHIHIECKH
3JIOPOBBIX TTOPOCSIT, YTO YMEHBIIIAET MIJIOMIA b BCACHI-
BaHUS MMUTATENbHBIX BEIIECTB [4].

Takxe COBpEMEHHBIC UCCIIC0BAHMSI ITOKA3bIBAOT,
yto nipu pazsutuu naronoruit XXKT, y HOBopoxkaeH-
HBIX TIOPOCSAT MPOUCXOAUT HapylleHUue (yHKIHOHH-
pOBaHUS UMMYHHOU cucTeMbl. CKOpHKOBEIM A. B.
C COaBTOpaMH OBIJIO MOKa3aHO CHIDKEHUE (PYHKITHO-

© Muxaiinos E. B., Crenanos /1. C., Ilabyaun b. B., Crenanos E. M., Ceipomsatankos M. 1O., [llanommaukosa FO. B.,
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HAJIBHOW aKTUBHOCTH KJIETOYHOTO M (haroluTapHOro
3BEHHEB IMMYHHUTETA, & TAKIKE HHTHOMPOBAaHHUE TYMO-
paTbHBIX (haKTOPOB 3aMTUTHI Y OOIBHBIX ITOPOCT [S].
CoBOKYIHOCTH (DAKTOPOB CHUKEHUSI PE3UCTEHTHO-
CTU OpraHu3Ma M HUPKYJILUS BUPYCHBIX areHTOB B Ma-
KpPOOpTaHU3Me MOPOCHT, a TAKXKE YBEITHUCHUE aKTHB-
HOCTH NAaTOTeHHOHN OakTepraibHON (IIOPBI TPHUBOIUT
K UMMYHOCYIIPECHH, B IIEPBYIO OYEPE/lb BTOPUUHBIX
OPraHoB UMMYHHOM 3aILIUThI, PACTIOJIOKEHHBIX B OTHO-
CUTEJIbHOM OIM30CTH K KUIIIEYHOH TPYOKe (CeNe3eHKa,
OpbbkeeuHble TuMdarnaeckue y3iel). B padore Sinko-
ra, M., & Butler, J. E. (2009) Obu10 ipoieMOHCTPUPO-
BaHO, YTO UMMYHHasI CHCTEMa HOBOPOXK/ICHHBIX (DyHK-
LMOHAJBHO OTIIMYAETCSI OT UMMYHHOI CHCTEMBbI B3pOC-
JIBIX )KUBOTHBIX. DTO 00YCIIOBJIEHO TEM, YTO BO BpEMs
BHYTPUYTPOOHOTO Pa3BUTHS aHTUTCHHAS! CTUMYJISLIHS
OpraHu3Ma MUHHMaJIbHA, YTO IPUBOIAT K OTCYTCTBHIO
WK 0YEHB PEAKOMY MOsIBIICHHIO 3 deKTopHbIX/T-KI1e-
TOK ITaMSITH Y HOBOPOXIEHHBIX opocsT. ITyn B-knetok
10CJIE POXKICHUS TAKOKE SIBIIACTCS HE3PEIBIM U COCTOUT
13 OHOPOIHOM MapTHH HETTPUMHUPOBaHHBIX B-KieToK,
KOTOpBIE TpencTaBisiioT coboit CD2 + CD21+ [28].
Bce ot hakTophl yKa3pIBalOT HA TO, YTO UMMYHHAs
cHrcTeMa Y HOBOPOXKJICHHBIX TIOPOCST MPUMUTHBHA T10
CPaBHEHUIO C B3POCIBIMH CBHHBSIMH. DTO TAKXKE BH/I-
HO TI0 HU3KOMY YPOBHIO TTepudepriecKux TUMQOIH-
TOB, HEAOPA3BUTHIM JUM(POUAHBIM y3JIaM, PyIUMEH-
TapHbIM TOIIEKHUIICYHBIM Ojsiikam [leiiepa u HU3-
KOMY KOJIMYECTBY 3(PPEKTOPHBIX/UMMYHHBIX KJIETOK
namsith. [IpaiimupoBannbie T- 1 B-kietku hopmupy-
FOTCsI IIOCJIE POXKIEHUS IIPY KOHTAKTE OpraHu3Ma C aH-
tureHamu. Jlum¢ouutsl, oOpa3oBaBIIMecs NpU AaH-
HBIX B3aMMOJACHCTBUSX, B JaJbHEHILIEM Pa3BUBAIOTCS
B KJIETKH namsiTu. [lo3ToMy BO3/eiicTBIE MaTOTeHHBIX
(haxTOpOB Ha paHHUX ATaNax ee GOPMUPOBAHUS MOKET
MIPUBECTH K CHUKEHUIO KIMMYHHBIX (DYHKIIMH Y ITOpO-
cat. Tak uccnenoBanmssmu Muxaiinosa E. B. ¢ coasT.
(2020) 6b1I0 ycTaHOBIEHO, YTO MOP(HOPYHKITMOHATB-
Hasi He3penoCTh (THITOTPO(Us) OpraHu3Ma yCyryonsieT
npouecc GOpMUPOBAHHS UMMYHHOTO OTBeTa U (DyHK-
[UOHUPOBAHUS JTUM(PATHUECKUX Y3JIOB y TIOpocsT [2].
VYCTaHOBIIEHO TaKXkKe, YTO KJICTOUYHBI HMMYHHTET TIO-
POCSAT IPH KEITyA0UHO-KUIIEUHBIX MHYEKIMAX XapaK-
TepU3yeTcs JEHKO- U JTUM(OLUTO30M, MOBBILICHUEM
abcomroTHOrO KosmuecTBa T-TUMQOIMTOB MpH CHU-
YKEHHH UX OTHOCUTEILHOTO YPOBHS, cofepskanue T-cy-
npeccopoB u T-xenmepoB, OBBIIICHHEM a0COIIOTHO-
IO U OTHOCHUTEJIBHOIO YpOBHs B-kietok, garonurap-
HOI aKTHBHOCTH HEUTPOMPIIIOB M UX MOTIIOTUTEITHHOMN
CIOCOOHOCTH, 3HAYEHUH CHIOHTAHHOTO U CTHMYJIHPO-
BarHoro HCT-tecra HeHTPOHIBbHBIX JIEHKOLUTOB IIPH
CHIDKCHUU Y HUX UHJEKCA CTUMYJISIIUH [7].

W3meHeHusIM moaBepraeTcsi He TOIbKO (PU3HO-
nmorndeckoe (PyHKIIMOHUPOBaHWE MMMYHHBIX Opra-
HOB, HO M TKAaHEBBII COCTaB MapeHXUMbL. OTMeUaeT-
s, YTO B CEJIe3€HKE MOPOCAT MPOUCXOIUT TUIOILIA-
3us1 OEITIOM MYIBITBI, YTO BHIPAXKAETCS B 3HAUUTCIILHOM
CHIDKCHHH e¢ 00heMa U TUIOaan (OJUTHKYIIOB, aHO-
MaJIbHBIE U3MEHEHHUS B COCAMHUTEIHPHOTKAHHBIX Ya-
CTSIX oprana (Tpabexynax), a Takxe U3MeHseTcs pak-
THYECKOE Ka4yeCTBO M KOJIUYECTBO JETIOHMPOBAHHOM
kposH [2]. B uccienosanuu A. G. Cino Ozuna (2013)
Y KOJUIET OBUIO MOKA3aHO, YTO IPU HMMYHHOM Jie(u-
nuTe B TUMQOy3aX, MUHIAIHHAX, Onskax [1detie-
pa u Ccele3eHKe MPOUCXOAUT YMEHBIIIEHUE TIIOMan
U KonudecTBa TMMQOUIHBIX Qosukyaos. [Iposene-
HUE UMMYHOTHCTOXMMHYECKUX MCCIICOBAHNH TTOKa-
3aJ10, 4TO TIPH UMMYHOJIE(PUITHTE TPOUCXO/IIIO YMEHB-
menne konndectsa CD-3 MO3UTHUBHBIX TUM(OITUTOB
B TUM(pATHIECKUX y3JaX U MPAKTUYECKH MOITHOE OT-
CYTCTBHE B ceJie3eHKe. B-1uMQoIuTsl OTCYyTCTBOBA-
JM B CEJIE3CHKE U B HEOOJIBLIOM KOJMYECTBE MOTJIH
NpUCYTCTBOBaTh B MuMdoy3zinax [19]. AHanorunynsie
pe3yabTaThl OBUTH MOKa3aHbl B UccaenoBanusax Ito T.
(2014) u coaBTOPOB, T7AC C TOMOIIHI0O HMMYHOTHCTO-
XUMHH OBLTH BBISBICHBI PA3IM4YUs B KIIETOYHOM CO-
CTaBe UMMYHHBIX OPTaHOB U KPOBH MEXK/Y 3/10POBbI-
MU M TIOPOCATAMH C BPOXIECHHBIM UMMYHOAE(HIIH-
ToM [12]. YV BTOpBIX, B OTJIMYUU OT 370POBBIX, OBLIO
nmokazaHo 3aMmeTHoe cHibkeHue CD3+ T kieTok B TH-
Myce, TuMQoy3nax u ceiesdeHke. Kpome sroro, nmpu
MIPOBEICHUN TPOTOYHON IUTOMETPUHU OBLIO TTOKa3a-
HO 3HaYUTENIbHOE CHIKEHNE KOIMNYEeCTBA IUPKYIHPY-
tox CD3+ T-nuM(onuTOB ¥ MOYTH TOJIHOE OTCYT-
crBue CD4+ T-nmumpouutoB, CD8+ T-nmumdbonmTo
Wi B-mum@onuTos B KpoBH.

Kax MBI BUIuM, H3-3a HEIOCTATOYHOH (PU3HOIIO-
TUYECKOH 3perI0CTH UMMYHHOU CUCTEMBI, Y TIOPOCSIT,
MIOABEPTaBIINXCS BO3JCHCTBHUIO MAaTOTEHHBIX (haKTo-
POB MOTYT pa3BUBATHCS UMMYHOE(UIIUTHEIE COCTOS-
HUSI, KOTOPBIE MPUBOJISIT K CHUKEHUIO TIPOAYKTHBHO-
CTH ¥ B HEKOTOPBIX CIIy4asx — rudenn mopocar. Bo
n30eKaHue 3TOTO B COBPEMEHHOM CBHHOBOJICTBE ITPH-
MEHSIOTCS MpeTaparkl, HalpaBJICHHbIEC Ha MOJIepKa-
HHE UMMYHHTETa y MOJIOABIX TOpOCAT. B rccnenona-
Huu Boctpounosoii I. A. (2018) 6s110 OKa3aHO, UTO
npuMeHeHue npenapara l earadbudepon-C mopocstam-
OTBHEMBITIIAM TTPOU3BOIUIIO TTOJIOKHUTEIBHBIH d(PPeKT
HE TOJILKO Ha IOKa3aTelld KIETOYHOTO HMMYHHUTETA,
HO M TI03BOJIMJIO YMEHBLIUTH BEPOSITHOCTD Pa3BUTHS
JKEITYJOYHO-KUIIICUHBIX MTAaTOJIOTHH, a TAK)KE YBEINYH-
JI0 BBKUBAEMOCTD M KHUBYIO Maccy mopocsT. B moxo-
JKEM HCCIICIOBAHUU TaKKe OBUIO TIOKa3aHo, YTO BO3-
JieficCTBIE IMMYHOMOMO/TYJIATOPOB TIPUBOJIHIIO K CHU-
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YKEHHIO YaCTOThI KUIICUHBIX MH()EKIIUH 1 TOBBIIICHHUIO
COXPaHHOCTH y IOpocsT [24]. A mpu npUMEeHEHUH UM-
MYHOCTUMYJISITOPOB CBUHOMATKaM OBLIO MOKa3aHO
YBEIMYEHNE OTHOCUTEILHBIX 1 a0COIFOTHBIX YPOBHEH
MOHOIIUTOB, TUM(pounTOB, T- 1 B-mumdonuros, kom-
IJIEMEHTAPHOM M JIM30LIMMHOM aKTUBHOCTH ChIBOPOT-
KM KpOBU. bosiee BbICOKHI UMMYHHBIN CTaTyC CBUHO-
MaTOK CITIOCOOCTBOBAIT MPODUITAKTHKE TTOCIEPOTOBBIX
MaTOJIOTUH 1 YBEIMYEHHE )KU3HECTIOCOOHOCTH HX IT0-
MeToB. [ pyrma ydeHsix 3 Kuras Taxoke ycrenrso npu-
MEHMJIAa SKCTPAKT CBUHOM IJIAIIEHTHI B KAYECTBE MM-
MyHoMozynsaTopa [12]. B pesynbrare skcriepriMeHTOB
OBLIO OKA3aHO, YTO BO3JEHCTBHE JAHHOTO IKCTPAKTa
HHAYUHUpOBao akTuBanuio T- u B- kierok, a Takxe
IpH 3apa’keHUH POTABUPYCHOM HH(MEKIINEH Y TopoCcsT
OIIBITHOM TPYIIBI OblIa OOHApykeHa 0osiee BBICOKAs
KOHIIEHTpaLus nHTepdepoHa- Y, nHrepeiikuna 1 6era.

OnHUM U3 NMepCreKTUBHBIX HMMYHOMOYIIITOPOB
SBIIAETCS TPAHYIOLUTapHO-MaKpodaraibHbIN KOJTOHKE-
CTUMYJIUpYIOTHi (pakTop. JlaHHBINH OeIoK MpeacTaB-
JISIET COOOM MOJIUITENTHIHBIN [IMTOKUH, OTHOCSIIMICS
K IpyIIIie rpaHyIoLHUTapHO-MaKpodaraabHBIX KOJIOHHE-
CTUMYJHPYIOIIUX (PaKTOPOB BMECTE C HHTEPICHKNHOM
3 n uatepneiikuaom 5. [M-KCO sBnsiercst perymnsrop-
HBIM ITATOKHHOM, KOTOPBIN CTUMYJIMPYET POCT U U (]-
(hepeHIMPOBKY IPaHyIIONUTAPHOTO ¥ MOHOIIUTAPHOTO
pocTka. B ryMaHHOM MeTUITMHE OH YaIlle BCETO UCTIONb-
3yIOTCS B KQUECTBE CTUMYJIITOPOB KpOBETBOpeHHs [ 16].

B BerepuHapHOl NPAKTUKE B KAYECTBE UMMYHO-
Monyisitopa npenapatsl | M-KC® npumensiorcs 1o-
CTaTOYHO peako. HecMmoTps Ha 3TO, MUCCIeTOBAaHUS
MTOKa3bIBAOT, YTO JAHHBIA ITUTOKWH UMEET XOPOIIIHe
MEepPCIIEKTUBBl IPUMEHEHHsS M3-32 €r0 UMMYHOMO-
nynupyromero 3gdexra. Somasundaram C. u coas-
Topbl ycnemHo npuMmeHuian ['M-KC® B kauecTse
aJbIOBaHTa NPY BakuuHaIMK cBuHel [28]. B apyrom
WICCIIEZIOBAaHNH OBIIIM MOJYYEeHBI TaHHBIE, YTO COYeTa-
Hue ['M-KCO® u unrepneiikuna-2 sBHUIOCH XOPOLIUM
aJ’bIOBAHTOM TP BaKLIMHALMU OT SIIIypa, TaK KaK ero
[IpUMEHEHNE MOBBIIIANIO YPOBEHb CTUMYIIALUH T-THuM-
(oumtoB 1 ypoBeHb uMmyHoro0yinHoB G [32]. Ot-
JIMYHUE OT IPYTHX [IUTOKHHOB B TOM, YTO 3TOT CUTHAJIb-
HBIi OTTOK MOYKET AEHCTBOBATH JIOKAJILHO, TPUBJICKAS
JEHJIPUTHBIE KJIETKH, TO3TOMY JUTS OKa3zaHus ddexra
He TpeOyroTcst Oonblre KoHIeHTpanuu [16].

Lenb nanHOW pabOTHI COCTOUT B OLIEHKE COCTOSI-
HUSI UMMYHOKOMIIETEHTHBIX OPTaHOB IOPOCST OO0JIb-
HBIX OaKTePHAITLHOMN KETYIOIHO-KUIIICTHON HH(EKIH-
ell 1 Tociie MPOoBEACHHONW aHTHOAKTepHaTbHON Tepa-
MUY B KOMILJIEKCE C BUAOCTICIIU(UIHBIM TPAHYIOIHUTA
HO-MakKpogaraJbHbIM KOJIOHUECTUMYIUPYIOLIeM (pax-
topoM (I'M-KC®).

MATEPHUAJIBI U METO/IbI
HCCJIEJJOBAHUM

[Ipy KITUHUYECKOM OCMOTPE MOPOCST COCYHOB
B Bo3pacTe 3—35 nHel ObLIa BHISBIEHA KETYIOYHO-
KHIICYHAS MaTOJIOTHsI, XapaKTepU30BaBIIAsICS Tuape-
eif, yTHeTEHHOCTBIO, CITa00CThI0. C THarHOCTHYECKOM
TEJTBIO ATH KUBOTHBIE OBLITH MTOJBEPTHY THI BRIHYK/ICH-
HOMY yOOt0 (1 = 4) (OO0l IpOBOAMIN B COOTBETCTBUU
¢ Directive 93/119/E C) u 6b1110 IpoU3BEICHO BCKPHI-
THE C TIOCIIEYIONIeH dBUCIepalliell BHYTPEHHHUX Op-
raHoB. [Ipx MUKpOOHOIOTHYECKOM U MOJICKYJISIPHO-Te-
HETHYECKOM aHaJIN3e KUTIIEYHOM CITN3M OBLIN BhI/IEIe-
HBI E. coli saTeponarorenHoro ceporuna O137. s
M3y4YEHHUS] IMMYHOMOAYIHPYIOIINX CBOWCTB Mpernapa-
ta [M-KC® 0Ob1510 chopmupoBano 2 rpymisl, o 40
OOJIBHBIX TTOPOCSIT, Y KOTOPBIX PErUCTPUPOBAIH JIHa-
pero CMeIIaHHoM 3Tnosioruy. IlepBoii rpyririe nprumMe-
HSUTH BHYTPUMBIIIIEYHO KBHHOKOI B f03e 0,5 Mi1/10 kr
pa3 B CyTKU B TeueHue 5 aHeil. Bropoit — KBHHO-
KOJI B TOH e no3e B coueranuud ¢ [ M-KC® B nose
0,1 mur/kr nByKpaTHO ¢ uHTepBajgoM 48 yacos. OT ye-
TBIpeX MOPOCST ¢ KayKA0H rpynisl (17 = 4) (y6oii po-
Bomwn B cootBeTcTBHM ¢ Directive 93/119/E C na 3-n
CYTKH) OTOMpay 00pasIibl CeNIe3eHKH, TUMYCa U TTaX0-
BBIX JTIUM(DOY3J10B 17151 TPOBEICHNSI MOP(OJIOrHIEeCKUX
1 IMMYHOTHCTOXMMHYECKHX HCCIleoBaHUN. Marepu-
an ¢uxcuposaiucs B 10 % pactBope 3a0ydepeHHOro
(dhopmarnuHa, 3aTeM 00e3BOKUBAJICS B CIIUPTaX BO3pa-
CTaroIIei KPernocTH, MOCIIe YeTro 3aINBAJICS B THCTOJIO-
ruyeckuit mapadun Histomix (Biovitrum, Poccus). U3
napaUHOBBIX OJIOKOB M3rOTABIMBAINCH CPE3BI TOJ-
IIMHOW 3 MKM, KOTOpBIE OKPallMBajJlCh T€éMaTOKCH-
JTMHOM-3031HOM. Tax:ke MPOBOAMIN UMMYHOTUCTOXHU-
MHYECKOE UccienoBanue Ha Mapkepsl CD-3 (mapkep
T-mamdonmron), PAX-5 (Mapkep perymsnnn B-mum-
¢doruToB). IMyHOTHCTOXHMHYECKOE HCCIIEIOBAaHUE
MPOBOJMWIOCH HA ABTOMAaTHYECKOM MMMYHOCTEHHe-
pe. st BU3yanuzauuu KakJod MMMYHOTHCTOXHMHU-
YEeCKOM peakiuu ObLI UCTIONb30BaH Habop «Dako En
Vision + System Peroxidase (DAB)» (I'epmanus). M-
MYHOTHCTOXMMHYECKYIO OKPACKY TTPOBOIMIIN TI0 MH-
CTPYKIMHU B TIpOTOKOINE. J[JIsi KaXKIIoi peakiuu mpo-
BOJMJICSI OTPHUIIATENBHBIN KOHTPOJIb — BMECTO Tep-
BUYHBIX aHTHTEN Ha cpe3bl HaHocwiu Oydep. [Tocie
MPOBEACHHUS UMMYHOTUCTOXUMHYECKON PEaKITHH SIpa
JIOKpalluBaiy remarokcriinHoM Beiirepra. [Ipenapa-
ThI MOHTHPOBAJIH TTOJT TIOJIMCTHPOIT, hoTOrpadun ObLH
caenanbl Ha MUKpockorne «Microscreen» (Hosptex Di-
agnostics, tanus) co BcTpoeHHOM kKamepoit. st moa-
cueTa KJIeTOK ObliIa HCIob30BaHa nmporpamma « Toup
View» u mopdomeTrpudecknii cranaapt. [lpenapars
MOHTHPOBAJIA TIOA TIOIUCTHPON, (hoTorpaduu OBLTH
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cienanbl Ha Mukpockore Microscreen (Hosptex Diag-
nostics, Mtasust) co BCTPOCHHOW KaMepoi.

PE3YJBTATBI UCCJIEJJOBAHUA
U OBCYXKJIEHHUE

Mopdgponozuueckue
uccneoosanus (okpacka I-3)
Jlumdarnueckue y3msl (puc 1 A, I, 2K) y Bcex xu-
BOTHBIX OBIJTH TIOKPBITHI KAICYJION U3 TUIOTHON COEITH-
HUTEJBHOM TKaHHU. PUCYHOK y371a ObLIT HECKOJILKO CTEPT
3a CYET U3MEHEHMSI COOTHOIIICHUS €T0 yacTeil. Tak na-
paKoOpTUKaJIbHASL YacTh ObLIa HECKOJBKO PacIIupe-

Ha, ¢ OOJNBIIMM YHCIOM Makpo(haros, B IUTOILIA3ZME,
B HEKOTOPBIX M3 HUX BU3YAJH3UPOBAIHCH KPYITHBIC
KOPUYHEBHIE TPaHYIIbI, HATOMHUHAIOIUE Ha OITHYE-
CKOM ypoBHE reMocuaepuH. DounKymbl BO Bcex Uc-
CJIEyEeMBIX KycOoukaxX ObLIM MEJIKUMH, 0e3 pa3inyu-
MBIX CBETJIBIX TEPMUHATUBHBIX [ICHTPOB.

Cernesenka y OOJBHBIX JKUBOTHBIX U TIOPOCST TI0-
cne neuenus (puc 1 b, /I, 3) Oputa OKpBITa OTHO-
CUTEJIBHO IJIOTHOMW COEIMHUTEIBbHOTKAHHOM Karcy-
Joi, Oenast mynbna, Obula mpeacTaBieHa OOJbLIeH
YaCThI0 MEITKUMH (POJUTHKYIONOAOOHBIMU KOMILICK-
caMH OBQJILHOW W HENPaBWIBLHOH OKPYIIIOH (OPMBI
0€e3 CBETJIBbIX LIEHTPOB.

Puc. 1. l'ucronornueckast CTpyKTypa UIMMYHHBIX OPTraHOB IIOPOCST:

nuMbarmdeckue y3isl (4), cenesenka (5), Tumyc (B) 60IBHBIX TOpocsT; TuMbarndeckue y3isl (1), cenesenka (), Tamyc (E£)
1 rpymmsr; muMbarmdeckne y3isl (JK), ceneserka (3), Tumyc () 2 rpynmsl. Okpacka TeMaTOKCHINH 203UH. 4, B, E, 3 — yBe-
ymuenue 100x; I, /[, K, B, 1 — 400x
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Bce onncanubie BbIIIe 3IEMEHTHI pacroyiarajinuch
BOKPYT HEM3MEHEHHBIX MyJbIapHbIX aprepuil. Kpac-
Hasl MMyJblla C HEPAaBHOMEPHBIM KPOBEHAIIOJIHEHHUEM,
3aroJIHEeHHAast JIUMQPOUAHBIMU KJIETKaMu ¢ MOp(¢oJIo-
TUei OJIaCTHBIX.

[Ipu uccnenoBanuy TUMYyCa, OBUIO MOKA3aHO, YTO
BO BCeX TpyImmnax ponasyaroe crpoenue (puc 1 B, E, 1)
opraHa ObUIO BBIPa)XEHO, CTpOMa ObLIa MpeacTaBie-
Ha 3peJiof KUPOBOM TKAHBIO C 3aIIyCTEBILIUMH COCY-
namu. Jlonbku ObUTM pa3HBIX pa3MepoB, Mpeodaaa-
JIU KpymnHble. ' paHuIa KOPKOBOTO ¥ MO3TOBOTO CJIOA
OBUIM C TPYIOM DPa3IUYUMBbl, BUAHBI JIMIIb B KPYyII-
HBIX, HEMPaBWIBHON (POPMBI JOJIBKAX, PACIIONOKECH-
HBIX B IIEHTpE mpemnapara. Tenpia ["accans Obumm Men-

KHe, eIMHUYHbIE, KOHIEHTPUIECKOTO BH/Ia, pacIIoia-
TaJINCh B IIEHTPE THMUYECKHUX JosieK. Kak MbI BuMm,
MIPH TIPOBEJICHUH MOP(OJIOTHIESCKUX HCCIIEIOBaHUN
0 KJIACCHYECKUM METOJJMKaM OKPALIMBaHMs, HE ObLIO
BBISIBJICHO Pa3jIMYMil B THCTOJIOTHYECKOU CTPYKTYype
WMMYHHBIX OpPTaHOB, YTO SIBJSICTCSI CJICJCTBHEM He-
3pesIoCcTr JIMM(POUTHOM TKAHU B 3TOM BO3PACTE.

Hmmynozucmoxumuueckoe
uccneoosanue (CD-3 u PAX-5)
[Ipu uccienoBaHuM TKaHU Cele3eHKU (puc. 2,
A, T, K), 6bu10 BuHO, yTO T-muMoNMThI pacmoa-
raJIuCh IPYIINAMU U [IETIOYKAMHU BOKPYT U BIOJb MTYyJIb-
HapHBIX COCYJIOB.

Puc. 2. 'ucronornyueckasi CTpyKTypa UIMMYHHBIX OPTaHOB TIOPOCHT:

nuMbarudeckue y3isl (4), cenesenka (5), Tumyc (B) 601bHBIX TOpocsT; muMbarndeckue y3isl (1), cenesenka (), tumyc (E)
1 rpynmsr; mumdaruueckue y3iusl (JK), cenesenka (3), Tumyc () 2 rpynmbst. IMMyHOrncroxumudeckas okpacka mapkep CD-3.
VYeemnuenne 400x
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Taxxe MOBOIBHO CHIBHYIO dKcmpeccuio CD-3
MOYKHO HaOITIONIaTh MTPU UCCIIEIOBAHUH TKaHH JTIUM(O-
y3110B. [Toxoxkue TaHHbIe OBUTH TIOJTYYESHBI U B OTIBITAX
apyrux yueHsix [17]. T-numdounTs! B 00IBIIOM KO-
JIMYECTBE PACIONIATAINCH TPAKTUIECKH BO BCEX 30HAX
muM}aTHYECcKOro y31a, KpoMe (POJUIHKYIOB U CHHY-
coB. B Hux skcnpeccust CD-3 1n60 0TCyTCTBYET, THOO
MuHUManbHasA. AnTuTeno k CD-3 Taxke 1ano cuib-
HY0 3KcTipeccuto B Tumyce (puc. 2, D—F). bonpmma-
CTBO KJICTOK TE€CHO Paclojlarajvich B LEHTPE MO3TO-
BOTO CJIOsI, B KOPKOBOM CJIO€ MX IUIOTHOCTH OblIa 3a-
METHO HUXKE.

B numdoysnax u cenesenke PAX-5 mo3utus-
HBIC KJICTKH OBLIO BHJIHO JIUIIb B IIEHTpe TrMdOuI-

r

HBIX ()OJUTMKYJIOB M TEPMUHATHUBHBIX IIEHTPOB COOT-
BETCTBEHHO.

B cootBercTBHY ¢ ToTIOTpad et 1 IMMYHOTHIIOM
JTaHHbIE KJIETKH, HanOoJIee BEPOSTHO, ABIISIOTCS Oact-
HBIMH KJIETKaM{ T€pPMUHATUBHBIX IIEHTPOB, PACIOJI0-
JKEHHBIX B TOJIIE UX B-30H.

B gacTtu o0pasmnoB mexay PAX-5 mo3uTuBHBI-
MU KJIETKAaMH BUHBI KJIETKH O€3 KCIIpECcCuH, ¢ yue-
TOM UX Tonorpaduu 1 MOp(HOIOrHU MOXKHO MPEIIO-
JIOXKUTh, YTO 3TO SINHUYHBIE IMMYHOKOMIICTEHTHbIC
Makpodaru.

I'en PAX-5 kogupyet 6enok — aKTHBaTOp, CIICIH-
(huuHbIi 11 muHAA. B THMYyCce sxcnpeccust PAX-5 o-
YTH HE HaOII0/1aJIach, YTO TaK)Ke BUAHO U3 PUCYHKE 3.

Puc. 3. Tucronornveckast CTpyKTypa IMMYHHBIX OPTaHOB MTOPOCSIT:

nmuMbarmdeckue y3isl (4), cenesenka (5), Tumyc (B) 60IBHBIX TOpocAT; TuMbarndeckue y3isl (1), cenesenka (), Tamyc (E)
1 rpymmst; mumdarnaeckue y3ist (JK), cenesenka (3), Tumyc () 2 rpynmsl. IMMyHOTHCTOXMMIYECKast okpacka Mapkep PAX-5.
Veemuenne 400x
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Pesynprarsl moncuera CD-3 n PAX-5 kieTok npen-
CTaBJIEHBI HIDKE B TabmuIe. BUaHO, 4T0 B UMMYHHBIX
OpraHax IOpPOCST I'PYIIIbI 2 IPOUCXOANIO T0CTOBEP-
HOe yBenuueHue koauyectBa CD-3 KOMIIETEHTHBIX
KIeToK Ha 32 % B cene3eHke u Ha 15 % B numdaru-

YecKuX y3nax. B To ke BpeMs B TUMyce OTMedasln
00paTHBIA 3PPEKT — KOTMIECTBO TOJIOKHUTEITHHBIX
KJIETOK JOCTOBEPHO CHMXaJIoCh Ha 12 % mo cpaBHe-
Huto ¢ rpynnoii 1 u Ha 11 % 1o cpaBHEHHIO C OIBIT-
HOMW IpyMIIOH.

Taoaunna
Tloocuem cycmombel NO3UMUBHBIX KI€MOK 8 UMMYHHbIX Op2anax 6 noie 3perus 400x
CD-3 (1OM0XKHUTETBHO OKPAIICHHBIX KICTOK/M?)
BOJH;HEZ l;zzglcma I'pynna 1 I'pynmna 2
Cenesenka 17,4+244™ 16,7 +2.28" 259+251
Jlumoy3zis 169,1 £532° 171,2 +4,81" 197,2 + 5,44
Tumyc 211,2+4,56" 208,5 +3,81" 187,2+£2,78
PAX-5 (1I00XUTETBHO OKPAIICHHBIX KJICTOK/M?)
Cenesenka 59,4 £6,92 61,1 £7,03 63,5+6,32
Jlumdoyzmst 41,2 +437 40,7 4,14 44,8 £391
Tumyc 2,81+0,29 2,75+0,16 3,02+0,54

* p < 0,05 o cpaBHEHHMIO C IPYIIIO 3
" p<0,01 MO cpaBHEHHIO C TPYIIIOH 3

VYuntsiBas, uto PAX-5 3T0 npoayKT reHa, KoTopslit
UTpaeT poJib HE TOJIBKO B B-kietounoii nuddepenuu-
POBKH, HO M SIBIIIETCS BaXXHBIM TPAHCKPUIIIHIOHHBIM
(haxTopom cemetictBa 6enmkoB PAX. BrisBnennsic us-
MEHEHUS B TMM(ATUIECKUX Y371aX CBUICTEIbCTBYIOT
o BaxxHoU pom PAX-5 B co3peBanuu u nuddepen-
LUPOBKHU PA3IUYHBIX JUM(POUAHBIX KIETOK, OJHAKO
B JAHHOM CJIy4ae ero MOKHO TPaKTOBaTh Kak OEJIOK,
YYacTBYIOIIMH B CO3pEBaHNU UIMEHHO B-1MdormTos.
OtcyTCTBHE TOCTOBEPHBIX PA3INYMIL B €10 SKCIPECCUH
MEXIy rpynnamu ykasblBaeT Ha TO, uTo I M-KC® He
OKa3bIBaJl BIMSAHUSA Ha B-KiieTouHOE 3BEHO.

[Ipu uccnenoanuu sxcnpeccun CD-3 B nmumdo-
y3JIaX M CeJIe3eHKEe OBLIO YETKO BHJHO, YTO IIPH BO3-
neiictun ['M-KC®, nponcxoanuT yBenTn4eHne KOIH-
yecTtBa T-mMM(pOLUTOB, YTO MOXKHO TPAKTOBATh Kak
yCUJIEHME IMMYHHOT'O OTBETA U YBEITMYEHUE UX IPO-
mudepaunn. B nuccnenosanun E. Eksioglu et al (2007)
OBLITO MoKa3aHo, uyTo Bo3eiicTBre [ M-KC® unynm-
POBAJIO MPOAYKLHMIO TPOBOCIATUTENBHBIX IIATOKUHOB
tuna 1, B To BpeMst Kak MPOAYKIMS IUTOKWMHOB TUTIA 2
ronaBisutack. [Ipomudeparus ke amoreHHbIX T-Kire-
TOK YBEIMUMBAJIACh. DTO YKa3bIBAET HA MPOBOCIIAIIH-
TenbHbIN 3¢ ekt nanHoro nutokuHa [ 10]. B uccneno-

Banusix Wang X. et al (2009) Ob110 TIOKa3aHO, 4TO PH-
Mmenenne GM—CSF 3aMeTHO yBeNIMUNBaIO YPOBCHB
nHTep(dhepoHa-raMma M WHTepiIelKiHa-4 B KyJIbType
TUM(OIIUTOB MBIIIEH W CHIBOPOTKAX CBHHEH IOCIe
AHTUTEHHOW CTUMYJISIIMH BUPYCOM PEIPOTYKTUBHO-
pecnupaTopHOro CHHApPOMa cBUHEH. B nanHoit pabo-
T€ TaKXXe yKa3bIBaJIOCh, YTO 3apa)KCHHbIE MOPOCHTa,
kotopsiM ipuMensuics I M-KC® umenu HamHOTO Me-
Hee BBIpaKEHHBIC JIeCTPYKTHBHBIE N3MEHEHHS B JIET-
KHX 10 CPABHEHHIO C WHTAKTHBIMH, YTO 110 MHEHHIO
aBTOPOB YKa3bIBaCT HA YCHUIICHUE I'yMOPAJIbHBIX U KJIe-
TOYHBIX UIMMYHHBIX peakiuii [31].

B pa6ore Yufang Shi (2006) Obu1a mokaszaHa poib
I'M-KC® nmns T-xnerounoro 3sena. GM—CSF, nipo-
JyIIAPYEMBIH aHTUTEH-TTPE3CHTYIOMUMHA KJIETKaMH,
MMeEeT peliaoliee 3Ha4YeHHe TSl aKTUBAIllUU TTOKOS-
mmxcst T-kietok. B Tumyce e Ha000poT — OBLIO
Moka3aHo cHWxkeHue konndecTBa CD-3 mO3UTHBHBIX
kieTok [25]. B uccnenopanusix Shatskikh O. A. yka-
3BIBAJIOCh, YTO YMEHBIIEHHE KonndecTBa T-mumdo-
IIUTOB B THMYCE MOXKET YKa3bIBaTh HA UX YCUIICHHYIO
MUTPALMIO B KPOBOTOK WK TKaHU [9]. B Hamux npe-
JBLAYIINX UCCIICOBAHUAX TAaKKe ObIIO MOKa3aHo yBe-
ymuuenue konndectsa CD-3 u Ki-67 nonoxurenbHbIX
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KJIETOK B TOHKOM OT/IeJIe KUIIIEYHHUKA P BO3JCHCTBUH
I'M-KC® [21,31].

PaHee npoBeieHHBIMH UCCIICIOBAHUSAMU KOJUICK-
THUBOM aBTOPOB OBLIO MPOIEMOHCTPUPOBAHO IOBBI-
LICHWE aKTUBHOCTH KJIETOYHOTO MyJia JUM(OIMTOB
y mopocsT npu npuMmeHenun tepanuu ¢ ['M-KCO.
B nanHOM cnydae, onmchiBaeMoe SIBIICHHE BU3YaJld-
3UPOBAJIOCH KAK MUI'PALIMOHHOE ABMKEeHUE T-KIeToK
B MPOCBET KHUIIIEYHOW TPYOKH, UTO SBIISIETCS Oecrpe-
LEACHTHBIM JI0Ka3aTeIbCTBOM CTUMYISIIIMHA PErHo-
HApHOTO, B JaHHOM Cllyyae KHUILEYHOTO, UMMYHHO-
ro orsera [23].

Xopolue pe3ysabTarhl Jajo NPUMEHEHHE TPpaHy-
JOLUTAPHO-MaKpOo(arajJbHOTO KOJOHUECTUMYIUPY-
ro11ero (akTopa py KyIMpOBaHUHU JTy4eBOH 00Ie3HH
OecriopoaHbIx Oenblx Mblei. Oka3anoch, 4To Moj-
OTIBITHBIE KMBOTHBIE, KOTOPHIM MPUMEHSUIN ITpernapar
¢ conepxanueM ['M-KC®, obnaganu mOBBIIIEHHON
BBDKHBAEMOCTBIO MTOCPEICTBOM AKTHBAIIMA UMMYH-
HOM CHCTEMBI 3a cUeT 0osiee HHTEHCUBHOTO U paHHe-
'O BOCCTAHOBJICHUS KOJIMUECTBA JIEHKOLUTAPHBIX KJle-
TOK, YTO YBEJIMYHUBAJIO MPOAOJKUTEIBHOCTD KU3HH
(20.0 £ 0.8 cyT) B cpaBHEHHHU C KOHTPOJILHOW TPyII-
noii (10.8 £ 0.7 cyT) mocie oOiydeHus B 103e 6.5 rp.
OtmeTnM, 4TO (papMaKOKOPPEKIINS MUEIIOETIPECCUN
pPaAManoOHHON YTHOIOTHH ObLITa 00YCIIOBIIEHA YCKO-
PEHHEM pPEreHepalioHHOTO MPOoLecca MOCPEICTBOM
YBEIMUEHHS YPOBHS HEUTPOPUIIOB. DTO JOKA3bIBACT,
y10 NUTOKUH [ M-KCOD sBisieTcst CTUMYISITOPOM HE
TOJBKO PETHOHAPHBIX UMMYHOKOMIIETEHTHBIX CTPYK-
TYP, HO U BBIIIOJHSIET (QyHKIMIO PA3BUTHUS U CO3pEBa-
HUS1 IMHEHHO crieln(pUYHBIX TeMOIIOATHYECKUX POCT-
KOBBIX (ppaxiuii, KOTOpbIE CTUMYJIUPYIOT FPaHYJIOLHU-
TapHbII pocTOK KpoBeTBOpeHus [30].

3AKJIIOYEHHUE

[IpoBenenHbie MOP(HOIOrUIECKUE NCCISIOBAHUS
MO3BOJISIIOT YCTAHOBUTH, uTo Bo3zaeiictue 'M-KCD
MHIYIHMPOBAIO AKTHUBALUI0 UMMYHOKOMIIETEHTHBIX
CD-3 kieTok B cene3enke Ha 32 % u numdoysnax Ha
15 %. B T0 e Bpems B TUMycCe ObUIO TTOKAa3aHO CHU-
xerne ryctorsl CD-3 nmuMbonuToB nocie npumeHe-
Hus iuToknHa Ha 12 %. [lomydeHHbIe TaHHbIE TOKa3bI-
BatoT, yTo [ M-KC® sBrisiercs nepcreKTUBHBIM UMMY-
HOMOYJIMPYIOINM MPEnapaToM JJis HCIOIb30BAHUS
B BETEPUHAPHOU ITPAKTHUKE.
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Abstract. The article presents the data on the effect of granulocyte-macrophage colony-stimulating factor (GM—
CSF) on the organs of the immune system (thymus, spleen and lymph nodes) of suckling piglets, which had a reg-
istered bacterial infection of the gastrointestinal tract. When studying the morphological structure of organs, con-
ventional histological and immunohistochemical methods were used. For immunohistochemical studies, markers
CD3, PAXS5 were used. It has been shown that the immunostimulatory effect of GM—CSF is achieved by stim-
ulating the pool of T cells. This was manifested by an increase in the number of CD3-positive cells by 15 %
(p <0.05) in the lymph nodes and by 32 % (p < 0.01) in the spleen. In the thymus, on the contrary, a decrease in

CD3 by 12 % was shown (p < 0.05).

Keywords: piglets, gastrointestinal diseases, immunohistochemical studies, immune organs, GM—CSF, CD3, T cells

Bacterial infections of the gastrointestinal tract
(GIT) in newborn animals are a widespread patholo-
gy on pig breeding farms of the Russian Federation.
In young animals of the suckling period, in particular
in suckling piglets, the so-called «diarrhea of the new-
borns» or «neonatal diarrheay is often noted. Accord-
ing to foreign researchers, the prevalence of neonatal
diarrhea is up to 90 % among young animals up to two
months old [14, 20]. According to statistics, 60 % of di-
arrhea cases in piglets were caused by viral pathogens,
23 % — by bacteria, and 15 % — by coccidia [23].

The danger of gastrointestinal infections lies in the
intense and prolonged dehydration of the body, refus-
al to eat and lethargy of piglets. In the intestine, the
synthesis and accumulation of products of incomplete
cleavage (polypeptides, ammonia, residual nitrogen),
which cause toxicosis of alimentary origin, progresses.
The pH of the intestinal contents also changes, which
contributes to the emergence of favorable conditions
for the development of putrefactive microflora and the
occurrence of the gastrointestinal tract dysbacteriosis

[9]. Histomorphometric and cytological studies of the
samples of the small intestine of suckling piglets with
diarrheal syndrome demonstrate a change in the height
of the villousness of the mucous and submucosal lay-
ers of the entodermal canal. The villus/crypt ratio in
animals with diarrheal syndrome is by 1.2—1.4 times
lower than in clinically healthy piglets, which reduc-
es the area of nutrient absorption [4].

Modern studies also show that with the develop-
ment of the gastrointestinal tract pathologies, there is
a violation of the immune system functioning in new-
born piglets. Skorikov A. V. et al. showed a decrease
in the functional activity of cellular and phagocytic im-
munity, as well as inhibition of humoral defense fac-
tors in sick piglets [5].

The combination of factors reducing the resistance
of the body and the circulation of viral agents in the
macroorganism of piglets, as well as an increase in
the activity of pathogenic bacterial flora leads to im-
munosuppression, primarily of secondary organs of
immune defense, located in relative proximity to the
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entodermal canal (spleen, mesenteric lymph nodes).
Sinkora M. and Butler J. E. (2009) have demonstrat-
ed that the immune system of neonates is functional-
ly different from that of adult animals. This is due to
the fact that during fetal development, antigenic stim-
ulation of the body is minimal, which leads to the ab-
sence or very rare appearance of effector and memo-
ry T cells in newborn piglets. The pool of B cells after
birth is also immature and consists of a homogeneous
batch of unprimed B cells, which are CD2 + CD21+
[28]. All these factors indicate that the immune sys-
tem in newborn piglets is primitive compared to adult
pigs. This is also seen in low levels of peripheral lym-
phocytes, underdeveloped lymph nodes, rudimenta-
ry jejunal Peyer’s patches and low number of effector
and immune memory cells. Primed T and B cells are
formed after birth when the body comes into contact
with antigens. Lymphocytes formed during these inter-
actions further develop into memory cells. Therefore,
the effect of pathogenic factors at the early stages of
its formation can lead to a decrease in immune func-
tions in piglets. Thus, the studies of Mikhaylov E. V. et
al. (2020) have stated that the morphofunctional im-
maturity (hypotrophy) of the body aggravates the for-
mation of the immune response and the functioning of
the lymph nodes in piglets [2]. It was also established
that the cellular immunity of piglets in case of gastro-
intestinal infections was characterized by leuko- and
lymphocytosis, an increase in the absolute number of
T lymphocytes with a decrease in their relative level,
the content of T-suppressors and T-helpers, an increase
in the absolute and relative levels of B cells, phago-
cytic activity neutrophils and their absorptive capacity,
the values of spontaneous and stimulated NST-test of
neutrophilic leukocytes with a decrease in their stim-
ulation index [7].

Not only the physiological functioning of the or-
gans of the immune system undergoes changes, but
also the tissue composition of the parenchyma. It is
noted that hypoplasia of the white pulp occurs in the
spleen of piglets, which is expressed in a significant
decrease in its volume and area of follicles, abnormal
changes in the connective tissue parts of the organ (tra-
beculae), and the actual quality and quantity of depos-
ited blood also changes [2]. In a study by A. G. Cino
Ozuna (2013) and colleagues, it has been shown that
in case of an immune deficiency in the lymph nodes,
tonsils, Pfeyer’s plaques and the spleen, there is a de-
crease in the area and number of lymphoid follicles.
Immunohistochemical studies showed that in case of
immunodeficiency there was a decrease in the number
of CD3 positive lymphocytes in the lymph nodes and
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almost complete absence in the spleen. B lymphocytes
were absent in the spleen and could be present in small
amounts in the lymph nodes [19]. Similar results were
shown in the studies by Ito T. (2014) et al., where im-
munohistochemistry revealed differences in the cellu-
lar composition of immune organs and blood between
healthy piglets and the piglets with congenital immu-
nodeficiency [12]. In the latter, in contrast to healthy
individuals, a marked decrease in CD3+ T cells in the
thymus, lymph nodes and spleen was shown. In addi-
tion, flow cytometry showed a significant decrease in
the number of circulating CD3+ T lymphocytes and
an almost complete absence of CD4+ T lymphocytes,
CD8+ T lymphocytes or B lymphocytes in the blood.

As we can see, due to insufficient physiological
maturity of the immune system, immunodeficiency
states that lead to a decrease in productivity and, in
some cases, death of piglets, can develop in piglets
exposed to pathogenic factors. To avoid this, modern
pig breeding uses drugs aimed at maintaining immu-
nity in young piglets. In a study by Vostroilova G. A.
(2018), it was shown that the use of the drug Gentabif-
eron-S in weaned piglets had a positive effect not only
on indicators of cellular immunity, but also reduced the
likelihood of developing gastrointestinal pathologies
and also increased survival and live weight of piglets.
In a similar study, it was also shown that exposure to
immunomodulators led to a decrease in the incidence
of intestinal infections and an increase in livability in
piglets [24]. And with the use of immunostimulants in
sows, an increase in the relative and absolute levels of
monocytes, lymphocytes, T and B lymphocytes, serum
complementary and lysozyme activity was shown. The
higher immune status of sows contributed to the pre-
vention of postpartum pathologies and increased the
viability of their litters. A group of scientists from Chi-
na has also successfully used porcine placenta extract
as an immunomodulator [12]. As a result of the exper-
iments, it was shown that the effect of this extract in-
duced the activation of T and B cells, and also, when
infected with rotavirus infection, a higher concentra-
tion of interferon-y, interleukin-1 beta was found in
the piglets of the experimental group.

One of the promising immunomodulators is gran-
ulocyte-macrophage colony-stimulating factor. This
protein is a polypeptide cytokine belonging to the
group of granulocyte-macrophage colony-stimulating
factors together with interleukin-3 and interleukin-5.
GM—CSF is a regulatory cytokine that stimulates the
growth and differentiation of granulocyte and mono-
cyte dendrites. In human medicine, they are most of-
ten used as hematopoietic stimulants [16].
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In veterinary practice, GM—CSF drugs are rare-
ly used as an immunomodulator. Despite this, stud-
ies show that this cytokine has good application pros-
pects due to its immunomodulatory effect. Somasun-
daram C. et al. successfully used GM—CSF as an
adjuvant in pig vaccination [28]. In another study,
there were obtained the data that the combination of
GM—CSF and interleukin-2 was a good adjuvant for
FMD vaccination, since its use increased the level of
stimulation of T lymphocytes and the level of immu-
noglobulins G [32]. The difference from other cyto-
kines is that this signaling protein can act locally, at-
tracting dendritic cells, so high concentrations are not
required to have an effect [16].

The objective of this work is to assess the state of
the immunocompetent organs of piglets with bacterial
gastrointestinal infection and after antibiotic therapy in
combination with species-specific granulocyte-macro-
phage colony-stimulating factor (GM—CSF).

MATERIAL AND METHODS

A clinical examination of suckling piglets aged
3—S5 days revealed gastrointestinal pathology, charac-
terized by diarrhea, depression and weakness. For diag-
nostic purposes, these animals were subjected to forced
slaughter (n = 4) (slaughter was carried out in accor-
dance with Directive 93/119/E C) and an autopsy was
performed, followed by evisceration of internal organs.
Microbiological and molecular genetic analysis of in-
testinal mucus revealed E. coli of the enteropathogenic
serotype O137. To study the immunomodulatory prop-
erties of the drug GM—CSF, 2 groups were formed,
40 sick piglets each, in which diarrhea of mixed etiol-
ogy was recorded. The first group received quinocol
intramuscularly at a dose of 0.5 ml/10 kg once a day
for 5 days. The second was quinocol at the same dose
in combination with GM—CSF at a dose of 0.1 ml/kg
twice with an interval of 48 hours. From four piglets
from each group (n = 4) (slaughter was carried out in
accordance with Directive 93/119/E C on day 3), sam-
ples of the spleen, thymus and inguinal lymph nodes
were taken for morphological and immunohistochem-
ical studies. The material was fixed in 10 % buffered
formalin solution, then dehydrated in alcohols of in-
creasing strength, and then embedded in Histomix
histological paraffin (Biovitrum, Russia). Sections of
3 wm thick were made from paraffin blocks, which
were stained with hematoxylin-eosin. An immunohis-
tochemical study was also performed for markers CD3
(marker of T lymphocytes), PAXS (marker of B lym-
phocyte regulation). Immunohistochemical study was
carried out on an automatic immunostainer. To visual-
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ize each immunohistochemical reaction, the Dako En
Vision + System Peroxidase (DAB) kit (Germany) was
used. Immunohistochemical staining was performed
according to the instructions in the protocol. For each
reaction, a negative control was carried out (instead
of primary antibodies, a buffer was applied to the sec-
tions). After the immunohistochemical reaction, the nu-
clei were counterstained with Weigert’s hematoxylin.
The specimens were mounted under polystyrene, the
photographs were taken on a Microscreen microscope
(Hosptex Diagnostics, Italy) with a built-in camera.
Cells were counted using the Toup View program and
amorphometric standard. The specimens were mount-
ed under polystyrene, the photographs were taken on
a Microscreen microscope (Hosptex Diagnostics, Ita-
ly) with a built-in camera.

STUDY RESULTS AND DISCUSSION

Morphological studies (GE staining)

Lymph nodes (Fig. 1 A, D, G) in all animals were
covered with a capsule of dense connective tissue. The
drawing of the node was somewhat erased due to a
change in the ratio of its parts. So the paracortical part
was somewhat expanded, with a large number of mac-
rophages in the cytoplasm, in some of them large brown
granules were visualized, resembling hemosiderin at the
optical level. The follicles in all the studied pieces were
small, without distinguishable light germinal centers.

The spleen in sick animals and piglets after treat-
ment (Fig. 1 B, E, H) was covered with a relatively
dense connective tissue capsule, white pulp, mostly
represented by small follicle-like complexes of oval
and irregular round shape without light centers. All the
elements described above were located around the in-
tact pulpal arteries. Red pulp with uneven blood fill-
ing, filled with lymphoid cells with blast morphology.

When examining the thymus, it was shown that in
all groups the lobular structure (Fig. 1 C, E, I) of the
organ was expressed, the stroma was represented by
mature adipose tissue with empty vessels. The lobules
were of different sizes, large ones predominated. The
border of the cortical and medulla was hardly distin-
guishable, visible only in large, irregularly shaped lob-
ules located in the center of the specimen. Hassall’s
bodies were small, single, concentric, located in the
center of the thymic lobules.

As we can see, when conducting morphological
studies using classical staining methods, no differenc-
es were found in the histological structure of immune
organs, which was a consequence of the immaturity
of lymphoid tissue at this age.
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Fig. 1. Histological structure of the organs of the immune system in piglets:

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (E), thymus (F) of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Hematoxylin-eosin staining. 4, B, F;, H — 100x magnification; D, E, G, C, I — 400x

Immunohistochemical study
(CD3 and PAXS5)

When examining the spleen tissue (Fig. 2, A, D, G),
it was seen that T lymphocytes were located in groups
and chains around and along the pulp vessels. A rather
strong expression of CD3 can be also observed in the
study of lymph node tissue. Similar data were obtained
in the experiments of other scientists [17].

T lymphocytes were located in large numbers in
almost all areas of the lymph node, except for the fol-
licles and sinuses. CD3 expression in them is either
absent or minimal.

The anti-CD3 antibody also gave strong expres-
sion in the thymus (Fig. 2 D — F). Most of the cells
were closely located in the center of the medulla. In
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the cortical layer, their density was noticeably lower. In
the lymph nodes and spleen, PAXS positive cells were
seen only in the center of the lymphoid follicles and
germinal centers, respectively. In accordance with the
topography and immunotype, these cells are most like-
ly blast cells of germinal centers located in the thick-
ness of their B-zones.

In some of the samples between PAXS positive
cells, cells without expression are visible, taking into
account their topography and morphology, it can be
assumed that these are single immunocompetent mac-
rophages.

The PAXS gene encodes a lineage-specific acti-
vator protein. In the thymus, expression of PAXS5 was
almost not observed, which is also seen in Figure 3.
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Fig. 2. Histological structure of the organs of the immune system in piglets:

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (£), thymus () of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Immunohistochemical staining for marker CD3. 400x magnification

The results of counting CD3 and PAXS cells are
presented in the Table below. It can be seen that in the
organs of the immune system in the piglets of group 2
there was a significant increase by 32 % in the num-
ber of CD3 competent cells in the spleen and by 15 %
in the lymph nodes. At the same time, the opposite ef-
fect was noted in the thymus — the number of posi-
tive cells significantly decreased by 12 %, compared
with group 1, and by 11 %, compared with the exper-
imental group.

Considering that PAXS is a gene product that plays
arole not only in B cell differentiation, but is also an
important transcription factor of the PAX family of pro-
teins, the revealed changes in the lymph nodes indicate
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the important role of PAXS in the maturation and dif-
ferentiation of various lymphoid cells, however, in this
case, it can be interpreted as a protein involved in the
maturation of B lymphocytes. The absence of signifi-
cant differences in its expression between groups indi-
cates that GM—CSF had no effect on the B cell link.

In the study of CD3 expression in the lymph nodes
and spleen, it was clearly seen that when exposed to
GM—CSEF, an increase in the number of T lympho-
cytes occurred, which could be interpreted as an in-
crease in the immune response and an increase in their
proliferation. The study by E. Eksioglu et al. (2007)
showed that exposure to GM—CSF induced the pro-
duction of type 1 pro-inflammatory cytokines, while
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the production of type 2 cytokines was suppressed. The
proliferation of allogeneic T cells increased. This indi-
cates the proinflammatory effect of this cytokine [10].

In the studies by Wang X. et al. (2009), it was
shown that the use of GM—CSF significantly in-
creased the level of interferon-gamma and interleu-
kin-4 in the culture of mouse lymphocytes and sera of
pigs after antigen stimulation with the porcine repro-
ductive and respiratory syndrome virus. This work also
indicated that infected piglets treated with GM—CSF
had much less pronounced destructive changes in the
lungs, compared to the intact ones, which, according to
the authors, indicated an increase in humoral and cellu-

lar immune responses [31]. Yufang Shi (2006) showed
the role of GM—CSF for the T cell link. GM—CSF
produced by antigen presenting cells is critical for the
activation of resting T cells. In the thymus, on the con-
trary, a decrease in the number of CD3 positive cells
was shown [25].

In the studies of Shatskikh O. A., it had been point-
ed out that a decrease in the number of T lymphocytes
in the thymus may indicate their increased migration
into the bloodstream or tissues [9]. Our previous stud-
ies have also shown an increase in the number of CD3
and Ki67 positive cells in the small intestine when ex-
posed to GM—CSF [21,31].

Fig. 3. Histological structure of the organs of the immune system in piglets

lymph nodes (4), spleen (B), thymus (C) of sick piglets; lymph nodes (D), spleen (E), thymus (£) of group 1; lymph nodes
(G), spleen (H), thymus (/) of group 2. Immunohistochemical staining for PAX5 marker. 400x magnification
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Calculation of the positive cells density in the organs of the immune system within a 400x microscope field of vieT:)ble
CD3 (positively stained cells/m?)
Sick piglets at the age of Group 1 Group 2
3—5d
Spleen 17.4+2.44™ 16.7 £2.28" 25.9+2.51
Lymph nodes 169.1 £5.32" 1712 £4.81" 197.2+5.44
Thymus 211.2+4.56" 208.5+3.81" 187.2+2.78
PAXS5 (positively stained cells/m?)
Spleen 59.4+6.92 61.1+7.03 63.5+6.32
Lymph nodes 4124437 40.7 +4.14 44.8 £391
Thymus 2.81 £0.29 2.75+0.16 3.02+0.54

* p <0.05, compared with group 3
" p <0.01, compared with group 3

Previous studies by a team of authors demonstrated
an increase in the activity of the cell pool of lympho-
cytes in piglets when using therapy with GM—CSF.
In this case, the described phenomenon was visualized
as a migratory movement of T cells into the lumen of
the entodermal canal, which is an unprecedented evi-
dence of stimulation of a regional, in this case, intes-
tinal, immune response [23].

Good results were obtained with the use of gran-
ulocyte-macrophage colony-stimulating factor in the
treatment of radiation sickness in outbred white mice.
It turned out that the experimental animals that received
the drug containing GM—CSF had an increased sur-
vival rate due to the activation of the immune system
due to a more intensive and earlier recovery of the num-
ber of leukocyte cells, which increased life expectan-
cy (20.0 £ 0.8 days), compared to the control group
(10.8 £ 0.7 days) after irradiation at a dose of 6.5 g. It
should be noted that the pharmacocorrection of my-
elodepression of radiation etiology was due to the ac-
celeration of the regeneration process through an in-
crease in the level of neutrophils. This proves that the
cytokine GM—CSF is a stimulator not only of region-
al immunocompetent structures, but also performs the
function of development and maturation of linearly
specific hematopoietic germ fractions that stimulate
the granulocytic germ of hematopoiesis [30].

CONCLUSION
The conducted morphological studies allow us to
establish that the effect of GM—CSF induced the ac-
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tivation of immunocompetent CD3 cells in the spleen
by 32 % and in the lymph nodes — by 15 %. At the
same time, a decrease in the density of CD3 lympho-
cytes by 12 % was shown in the thymus after the use
of the cytokine. The data obtained show that GM—
CSF is a promising immunomodulatory drug for the
use in veterinary practice.
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AHHoTanusi. ONTHMaIBHEINA BBIOOP KUBOTHOTO-IIPOIYIIEHTA IS ITPOU3BO/ICTBA CBIBOPOTOUHBIX MPETAapaToB —
OJTHA M3 BAXHBIX 3371a4, 0€3 peIIeHNsI KOTOPOH HEBO3MOKHO TTOYIHTh MPOAYKT HAJICKAIIETO KaueCTBa C MUHH-
MaJIbHOH cebecTonMocThio. B 0030pe mpeicTaBiaeH HAKOIUICHHBIN OIBIT BHIOOpA M SKCITyaTallly KUBOTHBIX-
MIPOJYLIEHTOB IPH IPOU3BOACTBE CHIBOPOTOUHBIX IPEMAPATOB MEAWUIIMHCKOTO W BETEPUHAPHOTO MPUMEHECHHS.
Jlana Kparkast ICTOpHUECKas CIIPaBKa pa3BUTUS HAPABIICHUS MTPUKIAJHON HUMMYHOJIOTHH, OTyYUBIICH Ha3Ba-
HHE CBIBOPOTOYHOTO JIENIa, B Pa3pe3e IKCIUTyaTalliy Pa3InIHbIX )KUBOTHBIX-TIPOAYIIEHTOB. TaKke IpeCTaBICHbBI
XapaKTEePUCTUKH OCHOBHBIX MPOYIICHTOB JIEYCOHO-TIPOPHUIAKTHUCCKIX U THATHOCTHIECKUX CHIBOPOTOK. Pac-
CMOTPEHBI HX (pr3HOIOTHYECKHEe 0COOEHHOCTH, TaKNe KaK ITOPO/IA, BO3PACT, MO U TO BIMSIHUE, KAKOE OHH OKa-
3BIBAIOT, IIPEXK/IE BCETO, HA IMMYHOJIOTHYECKYIO PEaKTHBHOCTh MPOIYIIEHTA M CIIOCOOHOCTH K JUTNTEIBHOM IKC-
wryatanun. [1o psity KHBOTHBIX-IIPOAYIIEHTOB MPUBEACHBI JaHHBIE BHJOBOTO CPAaBHEHHS NIPH MOJTYUEHHUH CIIe-
mududaecknx npemnaparos. [IpuBeneH nepedeHs pOCCHHCKHX JIedeOHO-TIPOGUIAKTHIECKUX U AUATHOCTHUECKUX
CBIBOPOTOUYHBIX TIPETIAPaTOB MEJUIMHCKOTO U BETEPUHAPHOTO HA3HAYECHUSI U X MPOIYIICHTHI

KnioueBble cJI0Ba: )KHUBOTHBIC-TTPOIYIICHTHIL, 1€9€0HO-TIPOPHUIAKTHIECKHE CHIBOPOTKHI, UMMYHOITIOOYIIMHBI, THa-
THOCTHYECKHE CBIBOPOTKH, CHIBOPOTOYHBIE TTPETIapaThl

OnHUM U3 TIoKazarenei (PyHKIIMOHUPOBAHUS UM-
MYHHOH CHCTEMBI JKHBOTHBIX SIBJISIETCS CITIOCOOHOCTh
K MPOAYIMPOBAHUIO B KPOBU CHEHU(DUUSCKUX aHTH-
TEJI B OTBET Ha BO3JEHCTBHE AHTHUIE€HOB. DTO CBOIi-
CTBO JICKUT B OCHOBE MOJYUYECHUS PA3TUYHBIX CIICIH-
(hMIeCKIX CHIBOPOTOUHBIX MIPETIapaToOB U3 KPOBH HKH-
BOTHBIX-TIPOIYIICHTOB JIeYeOHO-TIPO(PHUIAKTHIECKOTO
U 1uarHoctudeckoro npoduiiei. K Hacrosimemy Bpe-
MEHHU HaKOIUICH JO0CTAaTOYHO OOTaThIdl OIBIT, YKa3bl-
BaIOUIMI HAa BO3MOXKHOCTh UCIIOJI30BAHUS JJIs TIOJTY-
YeHUS CHEIU(PUISCKUX CBIBOPOTOK >KHMBOTHBIX Pa3-
JIMYHBIX BUJIOB.

[Tpon3BoacTBO JIeUeOHO-TIPOPIITIAKTHISCKHIX ChI-
BOPOTOK XapaKTePU3yeTCsl OOIBIIIUMU 00bEMaMHU BhI-
MMyCKaeMO# MPOAYKIINH, YTO OOYCIOBIUBAET MPOU3-
BOJICTBEHHYIO AKCILTyaTal[ii0o B OCHOBHOM KPYITHBIX
JKUBOTHBIX (JTOTIIAH, BOJIBI, KOPOBBI, MYJTHI ), TaK KaK OT

HUX MOKHO ITOJTyYUTh OOJIBIINE KOINYeCTBa UMMYH-
HOU KpoBH. [Ipy U3rOTOBICHUY TUATHOCTHYECKUX ChI-
BOPOTOK, TJiec 00bEM BBIIYCKAeMOU MTPOIYKIIUU HEBE-
JIUK, IPOIYLICHTaMH B OCHOBHOM CITY>KaT OBIIbI, KO3bI,
KPOJINKH, MOPCKHE CBUHKH, KPBICHI, MBI [17].
OnTUManbHBIA BBIOOP KUBOTHOTO-MIPOIYIICH-
Ta JJIs IPOU3BOJICTBA CHIBOPOTOYHBIX MIPENapaToB —
OJTHA U3 BKHBIX 33J1a4, 03 PeIIeHUs] KOTOPOUl HEBO3-
MOKHO TIOJIYYHUTh MPOAYKT HAJICKAIIETO KadyecTBa
¢ MHHUMAaJIBHOH cebecTonMocThio. Cpemn pakTopos,
OMPENIENSIONUX BHIOOP MPOAYIICHTa, MOXKHO BbIJiE-
JIUTH CIIEYFOIIHE: UMMYHOJIOTHUECKAs PEaKTUBHOCTh
JKUBOTHOTO K TOMY WJIM UHOMY aHTHUICHY, IUIAHOBBIC
00BEMbI BBIITYCKaeMO# MPOAYKIIUH, CTOUMOCTh COJIEp-
JKaHUSI TAHHOTO BHJIA )KUBOTHOTO, YIOOCTBO yXO/a 3a
NPOIYIIEHTAMU M MPOBEJICHHUS TEXHOJIOTHYECKUX Ma-
HUIYJSIAN ¢ HUMH, HaJTHaue 0a3bl BOCIOTHEHUS JKH-
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BOTHBIX-IIPOIYIIEHTOB C TPEOyEeMbIMH KadecTBaMH (T10-
pona, BO3pacT, Bec, 10JI, COCTOSTHIE 3I0POBbS H T. 11.).
enms 0630pa — aKkTyaIM3upPOBaTh HAKOTICHHBIH
OTIBIT BBIOOPA ¥ OKCILTyaTalliy KHUBOTHBIX-TTPOTYIICH-
TOB NPHU MPOU3BOJCTBE CHIBOPOTOUHBIX IPEIapaToB
MEIUIMHCKOTO U BETEPUHAPHOTO NPUMEHEHHSI.

Ecmu 00paTuThCs K ICTOPHH, TO YK€ Ha 3ape paz-
BHTHS HAIIPABIICHUS MPUKIATHOW UMMYHOJIOTHH, T10-
JyYUBIIEH Ha3BaHUE CHIBOPOTOYHOTO JIENIa, HCCIEO0-
BaTeJIH MPHUBIICKAIN B OTIBITHI CAMBIHA ITUPOKHHA CIIEKTP
xuBoTHBIX. Tak, B 1890 . E. Behring u S. Kitasato,
UMMYHH3UPYS KPOJIHMKOB CTOJOHSYHBIM TOKCHHOM,
a MOPCKUX CBUHOK — TU(QTEPUHHBIM TOKCHHOM, BbI-
SIBUJTH TIOSIBJICHNE aHTUTOKCHYECKHUX CBOWCTB y CBHIBO-
POTKH KPOBH STHX KHBOTHBIX.

B 1891 r. E. Behring (I'epmanusi) BrepBbie mo-
JTYYHJI Je4eOHYI0 POTHBOCTONIOHAYHYIO CHIBOPOTKY
OT JIOUIAJICH, a B CIEAYIOMEM TOAY — MPOTHBOIU]-
TEPUIHYIO CBIBOPOTKY Takxe oT jowmaneil. [Toznxee
(1895—1897 1) ;momamy MOCTYXWIA TIPOIyIICHTA-
MU JJIsl TIPOU3BOJICTBA MTPOTHBOAU(TEPUITHON CHIBO-
potku B Poccun.

B 1891 . V. Babes u R. Archez ycnemno npu-
MEHHJIM CBIBOPOTKY UMMYHH3MPOBAHHBIX COOAK JIJIst
MMOCTAIKCIIO3UIINOHHON TpoduIakTuKy OemeHcTBa
y JrofieH, YKyIIeHHbIX OONbHBIM BOJKOM. B 1893 1.
G. Tizzoni u E. Centanni i1 U3rOTOBJICHUS aHTUPA-
OMYECKOM CHIBOPOTKH B KayeCTBE MPOLYLIEHTOB MC-
oJib30Basu oBell, a B 1905 . A. Marie noiyyaer ak-
TUBHYIO CBIBOPOTKY TIPOTUB OCIIEHCTBA OT KPOJIHKOB
u O6apanos [17].

B nagane XX Beka ObUIH MPOBECHBI yCIICTITHBIE
AKCIEPUMEHTBHI IO IMTOTYICHUIO aKTUBHBIX UMMYHHBIX
CBIBOPOTOK IIPOTHB psiia OaKTepUabHBIX U BUPYCHBIX
WHOEKIHHA OT Pa3InYHBIX KUBOTHBIX-MIPOIYLICHTOB.
Taxk, I1. B. Cu3oBbsIM ObLTA TONTyYeHA TACTEPEIIC3HAS
CBIBOPOTKA OT KPYITHOTO poraTtoro ckota; M. Weinberg
M3TOTOBHJI CHIBOPOTKY MIPOTHB aHA3POOHOH KIOCTPH-
JIUaJIbHOM (ra30Boi ) MH(PEKIMK N3 UMMYHHOTO CHIPbSI
ot 6apanoB u jomianeit; S. Flexner, P. Lewis, A. Petit,
paborasi ¢ K03aMH, OBLAMH U JIOUIAJbMH, TTOIYYHIH
CBIBOPOTKY, HEUTPAIH3YIOIILYIO BUPYC TOJIMOMHUEITUTA
B JIOCTATOYHO OOJNBIINX KOHIICHTPAIHSIX.

B 1959 1. b. BaiinOepr a1t U3roToBICHUS OPFOIII-
HOTH(O3HOH arrIOTHHUPYIOLIEH CHIBOPOTKH UCTIONb-
30BaJj B KaueCTBE MIPOAYIICHTOB CYCIHKOB, a FO. K. ITe-
tpoB u 3. I. Ileiicens B 1961 1. ucrionb3oBaiu CBUHEH
JUTS TIPOTYIIMPOBAHUS THITOCTIENN(PMIECKIX IPOTHBO-
TPUIITIO3HBIX CHIBOPOTOK [24].

B xoHIIe miecTHaecaTHIX TOIOB MPOIIOTO BeKa
ObuIM pa3paboTaHbl METOAMKH M3TOTOBJICHUS aHTH-
TUMQOIUTAPHON CHIBOPOTKH U3 UMMYHHOTO CBHIPbSI

OT KO3, OCJIOB U Jiomazei [4]. B aTo e Bpems pa3Bu-
BaJIMICh UCCIIEJIOBAHUS TI0 U3TOTOBJICHHUIO aHTUTEIICO-
JIepKaIuX aCIUTUYCCKUX KHUIKOCTEH, T/Ie POIYIICH-
TaMH BBICTYTIHIIN OEJbIC MBIIITH U KPBICH [9].

Kak BHIHO U3 BBIIICOIUCAHHOT'O, JJIs IOy YCHUS
Crienu(pUIeCKUX CHIBOPOTOK C YCIIEXOM MOTYT OBITh
WCTIOJTb30BaHbI CaMbI€ Pa3InYHbIC )KUBOTHEIE, 00Ia1a-
IOIIIHE, B IIEPBYFO OYEPE/ib, BBIPAKEHHONH MIMMYHOJIOTH-
YEeCKON PEaKTUBHOCTHIO K TOMY WJIH HHOMY aHTHUTCHY.

Jlanee nmoapoOHEee OCTAHOBUMCS HAa KPUTEPUSIX
BbIOOpa Hamboee BOCTPEOOBAHHBIX KUBOTHBIX IS
WCTIONB30BaHMUS B Ka4eCTBE MPOAYIEHTOB JIedeOHO-
MPO(GUITAKTHYECKUX U TUATHOCTHYECKUX CHIBOPOTOK.

Ilpooyuyenmut
neuedHo-npoPuIaKmuiecKux cbléopomoK
Haubonee npennoYTuTeIsHBIMI TPOAYIICHTAMHU

JIe9eOHO-TTPOPUITAKTHIECKUX CHIBOPOTOK SIBIISTFOTCS
KpYITHBIE KHBOTHBIC, TAKWE KaK JIOMIAIH, KPYITHBIA
porarsblii CKoT, Myiibl. OHU MOTYT JIaTh JUISI IIPOU3BOJI-
cTBa OOJIBIINE KOJMUECTBA UMMYHHOTO CBIPhs, 00ec-
MEYMB TEM CaMbIM 3HAYMMbIe 0OBEMBI BBITYCKaCMOM
npoxyKiui. OCHOBHBIMU IIPOTyIIEHTAMH B CHITY psjia
MPEUMYIIECTB CUUTAIOTCS JIOmaan. Bo-mepBrix, j0-
a1 — BBICOKOPEAKTHBHbBIC JKHBOTHBIE B IMMYHO-
JoruyeckoM paxkypce. OHH OBICTPO HAYMHAIOT MPO-
JIyIIAPOBaTh CHICU(PUICSCKUE aHTUTEA B TPEOYEeMbIX
JUTS IPOU3BOJICTBA TUTPaX. Bo-BTOPHIX, JTommaan yao0-
HBI B TJIaHE COAEPIKaHUSA, KOPMIICHHAS M TIPOBEICHUS
C HUMU Pa0OT, CBA3aHHBIX C MMMYHH3AIEH U B3f-
TusIMH KpoBH. Kpome 3Toro, oT nomaeii MoKHO Ho-
JYYHUTh caMble OOJbIINE 00BEMBI KPOBU H, COOTBET-
CTBEHHO, IIeJIeBOTO Ipoaykra [17].

OJHUM M3 BAKHEHTIINX MOMEHTOB, 00€CIIeYHBaI0-
IIMX yCIIeX CBIBOPOTOYHOTO MPOU3BOCTBA, SBIACTCS
mo00p JIOMIaIeH-TIPOTYIIEHTOB, TaK KAK UMMYHOJIO-
THYeCKasi PEaKTUBHOCTh | JUTUTEIBHOCTh JKCILTyaTa-
UM KUBOTHBIX Pa3iIMyHa U 3aBUCHT OT psaa QpHU3HO-
JIOTHYECKUX 0COOEHHOCTEN U TPEXk/Ie BCETo OT MOpo-
JTbI, BO3pACTa ¥ TOJIa.

[Mopoaa noumaaei-npoIyeHTOB UMEET HEMAJIO-
B2)XKHOE 3HAYCHUE U BO MHOTOM OIPEIEIISIET YCIIEX M-
MYHHU3aIMH 1 9KcruTyatanun. Cnoboackoii P. M. mpo-
BeJ1 HaOMIoZieHne HaJ| JIOMIAbMU yIydIIeHHON (Io-
MECh C OPJIOBCKUM PBICAKOM), JIOHCKOH M apaOCKoOit
MopoJamMy M 0eCTIOPOAHBIMH, UMMYHHU3UPOBAHHBIMU
CTONOHSYHBIM aHAaTOKCHHOM [27]. OKa3ajocs, 4To mep-
BEIC TPU TPYIIIBI JIONIA el CIIOCOOHBI BRIpa0aThIBaTh
AHTUTOKCHHBI BRICOKOTO TUTPA U JUIUTEIIBHO YICPIKH-
BaTh €ro Ha 3TOM ypoBHe. UTo KacaeTcsi 6eciopoIHbIX
Jommasiei, To y 3HaYNTeIbHOW YacTH MPOJIYIIEHTOB I10-
cne nogbema tutpa 10 600—700 AE yxe nocie 5—6
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[IUKJIOB UMMYHU3AIMH aKTUBHOCTh CHIBOPOTKHU PE3-
KO CHM)KaJIaCh ¥ JIOIIAIM CTAHOBUJIMICH HEMIPUTO/THBI-
MH U JanbHeHer sxerryaraun. 0. b. Jlykun mo-
JTy4das MPOTUBOCTOIOHSIYHYIO CHIBOPOTKY C BEICOKHM
TUTPOM MPU UCTIONH30BAHUY JIOIIAAEH, OTHOCSIIINXCS
K TSDKEJIOU apieHckoi mopoze [21].

B uccnenoBanuu 3unsesoii P. A. moka3zaHo, 4To
BBIXOJl B TIPOJIYIICHTHI MTPOTUBOCTOIOHSIYHON CHIBO-
POTKH y JIomIaied TOHCKOW mopoasl cocTasisiia 96 %
[14]. ABTOpOM YCTAHOBIIEHO, UTO JIOIIAN Ka3aXCKOU
yAy4IlIeHHOH nopoas! B 89 % ciyyasx CTaHOBHIIMCH
AKTUBHBIMU IPOYLIEHTaMH, Tpu4eM 85 % — yixe mo-
cie 1-ro ukira uMMyH#3anuu. Jlomanm apabekoii mo-
POIBI TaKXKe WMENH BBIXOZ B MPOAYLEHTH 10 90 %.
CpaBHUTENFHO HU3KHUH BBIXOJ B MPOIYIIEHTHl OTME-
qaJics y JIOMAe, 3aroToBlIeHHBIX B ToMCKo# 00ma-
ctu (72 %) u 'y MecTHo kazaxckoit moponsr (71 %).

HawuGonee peHTabenbHBIMH IPOTYIEHTAMH MPOTH-
BOU(TEPUIHHON CHIBOPOTKH SBJISUIACH JIOMIATH YITyd-
IIEHHOW aHIJIO-JOHCKOM M JIOHCKOM MOPOJ U 3HAYHU-
TEJNBHO peXke B KaueCTBE MPOIYIIEHTOB HCITOIb30Ba-
JY KUBOTHBIX KaOApAMHCKOH, MOHTOJIBCKOM TTOPOJT
1 OecropoHbIX [25].

B Tomckom HMU BakiuH 1 CbIBOPOTOK B XX BEKE
BBITIOTHSITUCH UCCIIEIOBAHMS 10 BIMSHHUIO TOPOJIBHI HA
YpOBEHb 00pa30BaHUS BUPYCHEHTPATH3YIOIINX aHTH-
TEN B KPOBH JIOMIA IEH-TIPOAYIIEHTOB CHIBOPOTKH TIPO-
TUB KJICHIEBOrO 3HILE(paNUTa. YCTaHOBJICHO, YTO Ca-
MBIMH UMMYHOJIOTHYECKH PEAKTHUBHBIMH OKAa3aJUCh
JKUBOTHBIE TOHCKOW TOPOJIBI, 3aTeM — YIy4IlIeHHBIe
(moMech OeCTIOPOMHBIX JIOIIAACH C OPIOBCKUMHU PHI-
cakamH) 1 MeHee peaKTHBHBIMH OKa3aJIlCh OeCTIOpoI-
Hble Jomaau [35].

CrpenbHukoBa JI. A. yka3pIBaeT, 4TO NpU aHTH-
pabudeckol UMMYHHU3AIUN HAWTYYIIIMMHE TIPOTYTICH-
TaMu SIBJISJTUCH JIOIIAJIA, 3arOTOBJIEHHbIE B TOMCKOM
obmactu (73 %), nanee cienyeT Ka3axckas BepXoBas,
yIydieHHas TOHCKOW wiin OyJI€HHOBCKOM MOopojia-
mu (57 %), n cnabopeakTUBHOM OKa3aiach Ka3axcKas
MecTHas ynyulieHHas nopona (47 %) [28].

®pup C. M. u 3uduikep . X. mpoBoauiIu uccie-
JTIOBAHUS T10 BIMSHUIO BO3pacTa MPOIYLIEHTOB HA aK-
TUBHOCTH TIOJYYaeMOTr0 OT HUX MMMYHHOTO CBHIPBS.
Jlomragu-poyieHThl MPOTUBOIU(PTEPUIHON CHIBO-
POTKH OBUTH pas/eiieHbl Ha 4 BO3PACTHBIC TPYIIIIBI:
nepBasi — A0 6 JeT BKIIOUYUTENBHO, BTOpas — OT 7 10
12 ner, Tpetbst ot 13 1018 u werBepras — ot 19 ner
u BoIe. [ [poananu3npoBaB JaHHbIE, aBTOPHI TPUIILTN
K BBIBOJLY, YTO HAKOTUICHNE aHTHTEN HAXOINUTCS B MPsi-
MO 3aBUCUMOCTH OT BO3pacTa MpOoAyIeHTOB. Tak, oT
MEPBBIX 3 TPYII OBUIH MOJyYEHBI CHIBOPOTKU C TH-
TPOM aHTUTOKCHHA OT 654 10 561 AE, a y mpoxytieH-

TOB YETBEPTOM BO3PACTHOU I'pyNIbl TUTP CHIBOPOTOK
cocrasisin 397 AE [17].

YeTaHOBIEHO, YTO HAMOOJIEE MUMMYHOJIOTHYECKH Pe-
AKTUBHBIMH KUBOTHBIMHU SIBJISIOTCS JIOLIAN B BO3pacTe
2—5 neT, KOTopble CTAHOBHJIMCH MPOIYLIEHTaMH TPO-
TUBOCTOJIOHSYHOM CHIBOPOTKU B OOJNBITUHCTBE CITyda-
eB yKe B | -M IUKJIe SKCTITyaTaluy ¥ 3Ha9UTeTIhHO Me/I-
JICHHEe MPOUCXOIMIIO HApacTaHHE AHTUTOKCHHA B ChIBO-
pOTKax y >KMBOTHBIX crapie 6 jieT [14]. B To xe Bpems
®enopos 0. B. yka3biBaet, 4T0 HANOOIBIICH UIMMYHO-
JIOTHYECKOW PEaKTUBHOCTHIO K BUPYCY KIIEIIEBOTO JH-
nedannTa o0JaIaroT JIOMaan B Bo3pacte 6—9 et [35].

HecMmotps Ha nMetomecs qaHHbIe 00 YCTIEITHOM
NPUMEHEHHUH JKepeOAT B Ka4eCTBE MPOIYLIEHTOB UM-
MYHHBIX CBIBOPOTOK, BETEpUHAPHBIC BPAUU CXOIATCS
BO MHEHHH, YTO B MMPOJYLIEHTHI Liejecoo0pa3Ho Oparh
Jommasieit Bo3pactoM 3 rofa u 0osee, MOCKOIBKY K 3TO-
MY BO3PACTy )KHBOTHBIE JIOCTHTAIOT (PU3UOTOTUIECKOU
3peNOCTH M OpPraHu3M Jierde MepeHOCUT UMMYyHH3a-
LU0 ¥ OOMITbHBIE KPOBOITYCKAaHUSI.

3unseBoil P. A. mpoBesieH aHaIM3 BIUSHUS IT0J1a
Ha MHTEHCUBHOCTH 00pa3oBaHus aHTUTOKcHHA y 1074
JIOTIAEH-TIPOMYIICHTOB MTPOTHUBOCTOIOHIIHON CHIBO-
potku 3a nepuof B 16 ner [14]. B uucne npoayueH-
ToB ObLTH 506 KOOBLTHIL (47 %), 512 xepebiioB (48 %)
1 56 MepuHOB (5 %). YcTaHOBICHO, YTO OOJIBIICH HM-
MYHOJIOTHUECKOW PEaKTUBHOCTBIO K CTOJNIOHIYHOMY
AHATOKCUHY 00JIa/iaiii KOOBUIHIIEI U MEPUHBI, KOTO-
pBIE YK€ B TIEPBOM ITUKJI€ HKCTUTyaTaI[iH B OOJIBIITHH-
CTBE CBOEM CTallU MPOYIIECHTaMH.

OKVYH Poccuiickuii TpOTUBOYYMHBIH MHCTUTYT
«Mukpo06» (r. CaparoB) 6osiee 20 JeT mpOU3BOAMT
UMMYHOOHOJIOTHYECKUH JIEKApCTBEHHBIN Iperapar
JUUISL TIOCTAKCTIO3UITMOHHON MPO(GUIaKTUKHN OeIeH-
cTBa y monel « IMMyHOTIOOyTMH aHTHpaOHYeCKui
U3 CBIBOPOTKH KPOBH JIOMIAIN XKUAKHID». [Tockombky
y’Ke U3HaYaIbHO MTPOM3BOACTBO IJIAHWPOBAJIOCH Mac-
MITa0HBIM, C LIEJIbI0 00ECIICUeHUs JaHHBIM Tperapa-
TOM MEIUIMHCKUX YUPEXKJICHUN BCEW CTpaHbl, B Ka-
YeCcTBE MPOMyIeHTa OblIa BEIOpaHa JIOMATh B CHITY
BBICOKOW UMMYHOJIOTHYECKOH PEaKTHBHOCTH K padu-
YECKOMY aHTHT€HY U BOBMOYKHOCTH ITOJTy9EHUS 00ITh-
HIOTO KOJIMYECTBA HMMMYHHOTO CBHIPBSI.

OnbIT NPOU3BOICTBA TETEPOIOIMYHOTO AHTUPAOH-
YECKOr0 MMMYHOTTIOOYJIMHA B HHCTHTYTE «MUKPOO»
TIOATBEPIKAAET Ooee JTUTETHHYIO HKCILTYaTaIrIo MO-
POIMCTHIX JIOMAAeH (pycckas phICHCTas, CTaHAAPT-
OpenHasi, OyIeHHOBCKasl) IO CPaBHEHHUIO C MECTHBI-
MU O€CTIOPOAHBIMH JIOIIAIbMH U3 TOBAPHBIX XO3SHCTB
CaparoBckoii o0nactu. B Hacrosiiiiee Bpemst [yis pa-
00TBI OTOMPAIOTCS JIOIIATH BO3pAacToM 3 U Oosee JieT
Kak HanOoJsee BRIHOCIUBBIC B OKCIuTyaranuu. 1o mo-
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JIOBOMY IpPHU3HAKY paclpeseieHne, cleayomiee: Ko-
OBUTHIIBI COCTABISIIOT B cpenHeM 70—75 %, MeprHbI
u xepedisl — 25—30 % ot olrmiero yucia moroso-
Bbs. [IpeBamupoBanne KOOBUTHIL OOBSICHAETCS YHO0-
CTBOM COZICPKaHHsI, 0COOEHHO BO BpEMsI IPYIIIOBOTO
BBITYJIa, TOTAA KaK KepeOIbl H3-3a HX HpaBa TPeOyIoT
WHAWBHUIyaJIbHOTO BBITYJIA U COIEP KaHuU.

ITomumo nomaneit, B Poccuiickoit denepanuun
TP U3TOTOBJIEHUH CHIBOPOTOYHBIX IIPEMIapaToB BETe-
PUHAPHOTO Ha3HAYEHUS B KAYECTBE MPOTYIIEHTOB M-
MYHHBIX CHIBOPOTOK aKTHBHO HMCIOJIB3YIOT KPYIHBIH
porarslii CKOT, B OCHOBHOM, KPACHOU CTEITHOM OPObI
[22, 30]. [TonoBbIe MpeATIOYTCHHSI TP BHIOOPE B IIPO-
IYLIEHTHI 3716Ch OTHO3HAYHBI — B Ka9€CTBE MPOYIICH-
TOB AKCIUTyaTUPYIOT BOJIOB (KaCTPUPOBAHHBIE OBIKH)
[8, 22, 30, 34, 37]. OcHOBHOE IIPEUMYIIECTBO — ITO
yA00CTBO COZEPKaHMS U MPOBEICHHS TEXHOJIOTHYE-
CKUX MaHUITYJSIIHUK C BOJIAMH, 110 CPaBHEHHIO C ObI-
KaM{ ¥ KOPOBaMH.

Taxoke, Kak B CITydae ¢ JIOMaIbMHU-TTPOTyIIEHTaMH,
IIPH TTOI00PE BOJIOB MIPEIIOYTEHUE OTIASTCS )KUBOT-
HBIM, JOCTUTTIHMM (PH3HOJIOTHUECKOM 3pETI0CTH (HE Me-
Hee 2 jeT) 1 uMeromuM Maccy He Menee 400 xr [30,
37]. OT Takux MPOIYIEHTOB BO3MOXKEH MaKCHMalhb-
HBIH 3200p UMMYHHOH KPOBH, KpPOME TOTO, OHH OoItee
BBIHOCITUBBI IO CPABHEHUIO C MOJIOJIBIMH WIJIH CTaphl-
MU )KHBOTHBIMH.

OKCIUTyaTanusi BOJIOB-IIPOIYLIEHTOB, MO JAaHHBIM
psiza ucclieIoBaHM, UMEEeT s IPEUMYILECTB Mepes
JIPYyTUMH BUJIaMHU KHBOTHBIX. Tak, 1Mo marepuaiam
E. K. Bonuk, cpok 3KkcIulyaTallud BOJIOB, HPOIYIU-
PYIOIIUX IMMYHHBIE CBIBOPOTKH, 00JIe€ ITUTEIHHBIH.
OCOOEHHO JUIUTENBHBIN CPOK IKCILTyaTaluy HaOIo-
JAeTCsl Y BOJIOB-MIPOAYLIEHTOB aHTUNApaTU(O3HOH
1 NIPOTUBOIACTEPEIIIE3HON CBIBOPOTOK, € CPEIHUN
CPOK DKCIUTyaTaIluu TOCTUTAeT 6—7 JIeT. AMUIONI-
HOE TIepepOoKICHUE TIEUeHH 1 IPYTUX MapeHXIMAaTO3-
HBIX OPTaHOB, COMPOBOK/IAIOIIEE IKCILTYaTaINIO JIO-
maied-npoayLEHTOB psAJia CBIBOPOTOK, Y BOJIOB, KaK
npaBuio, He HaOmonaercs. OAHAKO B IPOM3BOICTBE
MIPOTUBOCHOMPESI3BEHHBIX M TPOTUBOPOKHUCTHIX CHIBO-
POTOK BOJIBI KaK TIPOYIIEHTHI HE MOTYT 3aMEHHTB JIO-
maaei, Tak Kak TaloT MEHee aKTHBHYIO CBIBOPOTKY [ 8].

Hedenner A. 1. coobmiaer, 9To CHIBOPOTKA MPO-
THUB napaTtuda oBel] ¢ paBHOLICHHBIMHU TEpareBTHYC-
CKMMU CBOMCTBaMH MOJy4Y€Ha KaK OT BOJIOB CTETHOM
MIOPOJIBI, TaK M OT OBELl MEPUHOCOBOM moponsl. Of-
HAaKO ISl TIPOM3BOACTBEHHBIX IeJIel SKOHOMUYECKU
nenecooOpa3Hee PKCIUTYaTHPOBaTh KPYMHBIA pora-
TBIN CKOT [22].

Ha ocHoBaHMY OIBITA M3TOTOBJIEHHSI TPOTUBOPO-
YKUCTOM CBIBOPOTKH YCTaHOBJIEHO, YTO ITOJTyYEHHE BbI-

COKOAKTUBHBIX CHIBOPOTOK JIOCTUTACTCS IPUMEHEHU-
€M YIUIOTHEHHOW CXEeMbI TUIICPUMMYHH3AIUH BOJIOB
C COKpaIlleHMEeM HHTEPBAIOB MEX/y BBEACHUSMH aH-
TUTCHA U YBEIIMYCHUEM JIO3UPOBOK aHTHUTEHA ITOIKOK-
HO, YTO JIEIAET 3Ty CHIBOPOTKY COITOCTABUMYIO I10 Ka-
4ecTBY ¢ JomaguHoW. OMHAKo B OONBIIUHCTBE CIIY-
4aeB MPOTUBOPOKHUCTASI CHIBOPOTKA, MOJMYYCHHAS OT
BOJIOB, YCTYIIACT MO0 KayeCTBY CHIBOPOTKE U3 KPOBH
nomaau [34].

CBIBOpPOTOYHEIE MPENapaThl, MOTyYSHHBIC U3 KPO-
BU BOJIOB-IIPOJIYIIEHTOB, JEMOHCTPHPYIOT BBICOKYIO
3¢ (HEeKTHBHOCTH TIPH JICUCHUH 3a00ICBaHII KPYITHO-
o poraroro ckota. Tak, ChIBOPOTKa IMPOTHB HEKPOOAK-
Tepro3a MOKa3ana BEICOKYIO 3PEeKTUBHOCTE (94,7—
100 %) npu npoduiIaKkTUKE U JICYSHUU KUBOTHBIX
B XO3sIiiCTBaX, HEOIATOMOIYYHBIX 110 dTOMY 3aboJie-
BaHUio [37].

TakuM 00pa3oMm, JTONIAH 1 BOJIBI COCTABISIOT OC-
HOBHOM MyJT MPOAYIIEHTOB JIeUeOHO-TPOGUITAKTHYEC-
CKHX CBIBOPOTOK MEIHMLUHCKOTO U BETEPUHAPHOTO
HazHavyeHus [7, 26, 23] (tabn. 1). [Apyrue BUIbI Ku-
BOTHBIX B 9TOM CETMEHTE UCIIONB3YIOTCS 10 OOJIbIIIEH
YacTU B HAYYHBIX MCCIICOBAHHAX, KOTOPbIE HE TOJI-
pasyMeBaloT JaNTbHEHIIEero NoJTHOMACIITA0HOTO MPO-
W3BOJICTBA IIpemapara.

Ilpooyuyenmol ouaznocmuueckux
CblBOPOMOK

B nacrosmee BpeMst MeAWIIMHCKAS U BETepUHAp-
Hasi OTPACIU PacojaraloT IIMPOKUM CIIEKTPOM JHa-
THOCTHYECKHX MPENapaToB HA OCHOBE MMMYHHBIX ChI-
BOPOTOK pa3lIMYHBIX BUA0B MiekonuTaromux. Cpas-
HUTENIbHBIA aHAJIN3 TPOM3BOICTBA INArHOCTHYECKUX
npemapaToB Takoro npoduins B Poccuiickoit ®Pene-
pamyu mokasall, 9TO OCHOBHOW BHIOOp MPOIYIIEHTOB
OBLJT C/IeTIaH B IOJIb3Y MENKHUX JKUBOTHBIX — KPOJIH-
KOB. DTOT BBIOOP OOYCIIOBJICH PSIOM NMPEHMYILECTB:
KPOJIMKH 00JIaJIaf0T BBICOKOW MMMYHOJIOTHYECKOM pe-
AKTUBHOCTHIO Ha BBEICHUE PA3IMUHBIX BUI0B aHTHUTE-
HOB, YTO TIO3BOJISIET B KOPOTKHUE CPOKU MOTYHaTh ChI-
BOPOTKY € OOJBIIIAM 3aIT1acOM aKTHBHOCTH; OHH Y100~
HBI B IJTaHE COICPIKAHMSI, KOPMIICHHS, YXO/1a, JICUCHHS,
OOHOBJICHUS TTOTOJNIOBBSL.

Jl1g mpou3BOACTBa CHIBOPOTOK B OCHOBHOM HC-
MOJIB3YIOT TOJIOBO3PEIIbIX JKUBOTHBIX CO CHOPMHUPO-
BaBIieiics HepBHOM cucteMoit. denoposuy M. U. ot-
naet npeanoureHue 10—I12-MecssuHbIM KpOJUKaM
[36]. MHorue ucciegoBaTelu MpU U3YYEHUU IPO-
OYKIUU CIeUU(pUUECKUX aHTHUTEN MPHILIA K BBIBO-
Jly, 4YTO HauOOJIbIINE TUTPHI CHEIU(DUICCKUX AHTHU-
TEJ OTPEAETSIOTCS B CHIBOPOTKAX JKUBOTHBIX BECOM
2,0—3,0 xr [17].
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Taonnna 1
JKusommuvie-npoodyyenmoi 1euebHoO-npoPUIaKMuU1ecKux CblOpOMoOYHbIX NPEnapamos
MeOUYUHCKO20 U 8eMepUNHapHO20 HAZHAYeHUs, npou3sooumulx & Poccuiickou Dedepayuu
[Ipenapatsl IIponyueHt
1 2
MenunuHckue
IIpomzBomutens PKYH «Poccuiicknii HayqIHO-MCCIEI0BATENIBCKUI TPOTHBOYYMHBIA HHCTUTYT « MHKpPOO»
MMyHOTIIOOYIMH aHTHPaONYIeCKUIA U3 CBIBOPOTKU KPOBH JIOIITA TN SKUIKHHA Jlomanp
IIpouzsomutens PI'BY «48 LleHTpanbHBII HAYIHO-UCCIIEAOBATENbCKANA HHCTUTYT» MO
VIMMyHOTIIOOYIMH TPOTHBOCUONPESI3BEHHBIH Jlomanp
128,662 mm AO HITO «Muxporen»

ChIBOPOTKH MTPOTUBOOOTYIMHUYECKHE, TPOTUBOAUDTEPHIiHASL, TPOTHBOCTOJIOHIUHAS, Towa

o 1ajpb
MIPOTUBOTAHTPEHO3HAS, TPOTHB /A T'a/II0OKH OOBIKHOBEHHOI

Berepunal28,662 MmMmpHBIE
[Mpouzsoaurens OKIT «Opnosckas 6nodad128,662 Mmmprkay
ChIBOpOTKA U MIOOYJIMH ITPOTHBOCHONPES3BEHHBIC Jlomanp
[MpousBomurens OKIT «Apmasupckas 6128,662 mmuodadbprka
ChIBOpOTKA MPOTHUB POXKU CBUHEH CBuUHBS, BOJ
CBIBOPOTKA NMPOTHB MacTepeie3a KPyImHOro poraToro, OBEI U CBUHEH Bon
CbIBOpOTKA NMPOTHB MacTepeliesa, calbMOHeNIe3a, JUIepuxno3a, naparpumnmna-3 1 nH- Bon
(heKIIMOHHOTO PUHOTPAXEUTa KPYITHOIO POraToro CKoTa
ChIBOPOTKA aHTUTOKCUYECKAs! TOJUBAJICHTHAS IPOTUB CAJIbMOHEIJIE3a TENST, IOPOCHT, Bon
SITHSAT, OBEIl ¥ MITHI
CbIBOpPOTKA aHTHA/I'€3UBHASI aHTUTOKCUUECKAsi IIPOTUB JIIEPUXNO03a CEIbCKOXO035I- Bon
CTBEHHBIX )KHUBOTHBIX
ChiBopoTka «IMMyHOCEpyM» sl JI€4EHHS U TPOPHUIAKTUKH BUPYCHBIX THEBMOIHTEPH- Bon
TOB TENAT
ChIBOpOTKa ITPOTUB BUPYCHOW TeMOpparndeckoil 001e3HN KPOJIUKOB Kponux
[pouszsomurens OO0 «Berdomoxmm» 128,662 mm

ChIBOpOTKA MOIMBAJICHTHASI IPOTUB YyMBI IUIOTOSIAHBIX, TAPBOBUPYCHOT'O, KOPOHa- Jomans
BUPYCHOTO SHTEPUTOB 1 aJICHOBUPYCHBIX nH(peknuii codax «I MCKAH-5»
ChIBOpOTKA THIIEpUMMYHHAsI POTHUB JIETITOCIINPO3a co0aK Jlomans
VIMMyHOTI00Y/THH MOJIMBAJIICHTHBIN TPOTHUB YyMBI TUIOTOSTHBIX, TAPBOBUPYCHOTO, Towas
KOPOHABUPYCHOTO PHTEPUTOB U aIcHOBUPYCHBIX HHPekmid codak «[JIOBKAH-5»
I'moOynuH MpoTHB MaHIeHKoNeHNN, NHPEKIIMOHHOTO PUHOTPaXenTa, KaJIMIIMBUPO3a Towas
n xaamuanosa xomek «IJIOBDEJI-4»
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Oxonuyanmue Ta0.1. 1

1 2
[Ipoussomurens OO0 «pupma HIIB u 31[» 128,662 Mm
ChIBOpOTKA I'MIICPUMMYHHAsI IPOTUB YyMBbI IIOTOSTHBIX, H()EKIIMOHHOTO TeraTuTa Jomans
1 MapBOBHPYCHOTO 3HTEpHTA cobak «IMMyHOBET 3-CH»
VMMyHOTI00Y/MH ITPOTUB YyMBI IIOTOSTHBIX, MHPEKIIMOHHOTO TeIaTHTa U I1apBo- Jomans
BUPYCHOTO SHTEpUTa co0aK «MIMMyHOBET 3-MH»
HmMyHOTIO0YMH 115t TPOGUIAKTUKH 1 JICUCHHUS TTAaHJICHKOTICHNH Komlek «IMMyHOBeT Towas
1-un»
Ipouzsogurens OO0 «TI «buArpo» 128,662 mm 128,662 MM
ChIBOpOTKA MOJIMBAJICHTHASI IPOTUB YyMBbI, IAPBOBUPYCHOTO SHTEPUTA U aICHOBUPYC- Jomans
HBIX HHpEKIui cobak «Bragukan

[ nmarHOCTUKHU BUOpHO3a B UepHOMOPCKOM
u bantuiickoM permoHax or KpOoJIMKOB-TIPOYIIEHTOB
BecoM 2,5—3,0 Kr 10JTy4€eHbl arIIOTUHUPYIOLIHE Chl-
BOPOTKH, 00J1a/1aloIire BEICOKOM aKTUBHOCTBIO K TO-
MOJIOTHYHOH KyJlbType mramMma Vibrio anguillarum
U cnenu(UIHOCTBI0 K TETEPOJIOTUYHBIM KYJIBTypam
1 ux (hOpMaJHMHU3UPOBAHHBIM aHTUTeHaM [5]. Kponu-
4bsl MIMMYHHA$ CbIBOPOTKA ObLIA C yCIIEXOM HCIIOJIb-
30BaHa MPH pa3paboTKe OHompernapaToB sl Jlabopa-
TOPHOH IMarHOCTHUKH OopieTeruie3Hoi nadeknnu [6].
Tuxsunckas O. B. ¢ coaBt. ckoHcTpynposanu «Mm-
MYHOJMAarHOCTHKYM JJIsl BBISIBJICHUS U WACHTH(UKA-
LY TUITUYHBIX M aTHITUYHBIX (0e3KarcylnbHBIX) hopM
BO30yIUTENS YyMbD» Ha OCHOBE CBIBOPOTOK KPOJIMKOB
[31]. KpacuxkoB A. II. ¢ coaBT. Ipu AMArHOCTUKE JIUXO-
paaku Ky KpynmHOro poraroro ckota NpUMEHSUIN ChI-
BOPOTKY THIEPUMMYHHM3UPOBAHHBIX KPOIHUKOB [19].
Kaposres I'. JI. ¢ coaBt. ipu pa3paboTke mpernapara
JUTS CEPOJIOTHYECKON TUArHOCTHUKHY JIETHOHeIIe3a 1C-
MTOJIb30BAJIA KPOJIMKOB TIOPOABI IIMHINWIIIA KaK IpO-
JIyLICHTOB UMMYHHOU CBIBOPOTKH [16].

[Ipu KOHCTPYHPOBAaHUU MOHOCHIEIU(UUECKOH ChI-
BOPOTKHU K peKOMOMHAHTHOMY Oenky p30 aist u3yde-
HUS adPUKAHCKOW YyMbl CBUHEH U JUISI H3TOTOBJICHUSI
KarCyJIbHO-TIPOTEKTUBHOW MPOTUBOCHONPESI3BEHHON
CBIBOPOTKH OBIJI CIEJIaH BHIOOP B IOJIB3Y KPOIUKOB-
NpOayLUEHTOB Maccoi 10 3,0 Kr mOpoAbl MIMHIIHI-
na [10, 15]. B skcnepumeHTax Mo MOJIyYEeHUI0 MO-
Hocrienuduueckux O-CHIBOPOTOK ISl AUATHOCTHKH
Yersinia enterocolitica ncnonap30Bau TaKKe KPOJIH-
KOB-TIPOAYIIEHTOB M B TeueHHUE 18 CyTOK OBLIN BBIZE-
JICHbI UMMYHHBIE CBIBOPOTKH C TUTpaMH criennpuye-
CKHUX arrIlOTHHUHOB, IPUTOJHBIX JJIS1 CEPOTUITMPOBA-
Hus Bo30yutens [12].

braronapst monoGpaHHBIM ONITUMAJIbHBIM CXEMaM
MMMYHH3aL1H )KHBOTHBIX-IIPOJYLICHTOB, OBLIN MOJTY-
YEeHBI aKTUBHBIE KPOJIMUBH CHIBOPOTOUHBIE IPETIApaTh
NPOTUB aHTUTeHOB Y. pseudotuberculosis 3704 O:1b
[13]. XanranoBa H. M. ¢ COaBT. MOXyYMIH BBICOKO-
3¢ (heKTUBHYIO TUCTEPHUO3HYIO KPOJIHYBIO CHIBOPOTKY,
0071a/TafOTIY0 BBICOKOW JTMAarHOCTHYECKON UyBCTBH-
TEJILHOCTBIO K Listeria monocytogenes n cueuupuy-
HOCTBIO B OTHOLIEHUH OJIN3KOPOACTBEHHBIX M TETEPO-
JIOTUYHBIX MUKPOOPIaHu3MoB [37].

Wcxons n3 mpecTaBIeHHbIX BhIIIE JAHHBIX, MOX-
HO CJIENIaTh BBIBOJI, YTO B COBPEMEHHOM TIPOU3BOCTBE
JIMarHOCTHYECKUX CHIBOPOTOUHBIX IIpenaparoB 00JIb-
[I0€ PAacHpOCTPAaHEHUE B KAUECTBE JKUBOTHBIX-IIPO-
JYLIEHTOB MOJYYMJIM KPOIHMKHU Nopojsl «CoBeTckas
mHIDay. JlaHHas mopoja ooaanaeT BHICOKOH M-
MYHOPEaKTHBHOCTBIO, IJIOAOBUTOCTHIO, HEMPUXOTIH-
BOCTBIO, BBIHOCJIMBOCTBIO, XOPOILO MPHUCIOCOOICHA
K Pa3BEIEHUIO B PA3IMUYHBIX KIMMAaTHYECKUX YCIO-
BUSIX, paclpocTpaHeHa rnosceMecTo B Poccuu. brna-
rozapsi STUM KPUTEPHUSIM MOKHO ITPOU3BOAUTE OOJIb-
HION IyJ JMarHOCTHUYECKHX CHIBOPOTOYHBIX Ipera-
paroB JUIs BBISIBIICHHS BO30OYAHTENEH MHDEKIIMOHHBIX
OosesHen.

B pamkax peanuzanuu MaciITaOHOTO MPOU3BOA-
CTBa MCIOJIb3YIOT KPYITHBIX )KHUBOTHBIX-TIPOAYLIEHTOB:
BEpOJTIONIOB, JIOMIaIeH, OCIIOB, OapaHOB, KO3.

Tak, KynakoB M. fI. ¢ coaBropamu HCIIOIH30BAITN
KO3 JIJISl TIOJYYEHHUSI SPUTPOLUTAPHOTO aHTUTEHHOTO
TUCTOILIa3MO3HOTO M KOKLUAMOMHMKO3HOI'O JAMarHo-
ctukyma [20]. [Ipu M3roToBNeHNUN arIIOTUHUPYIOIIUX
CBIBOPOTOK ITPOTHB KHIIEYHO-TU(HO3HOH rPyTITEI OaK-
tepuii Denoposud M. 1. Obuia UCIIONB30BaHA UMMYH-
Hasi KpOBb JIOIIAJIeH, k03 1 OapaHoB [36].

32 BerepunapHsiii papmakomorudeckuii BeCTHUK o Ne 3 (20) « 2022



JKusommule-npooyyenmoi 8 npou3600Ccmee 1e4eOHO-NPOPUIAKMULECKUX U OUASHOCMUYECKUX CbIBOPOMOUHBIX NPEnapamos

B mpowusBoacTee S-Opynemie3Hoil Juarnoctude-
CKOI1 CBIBOPOTKH HarOoJ1ee 3PPEeKTUBHO MPUMEHSIINCH
OBIKU-TIPOTYIICHTHI [3].

I'pynma uccnenosareneii (Anenkuna T.B ¢ coaBr.,
2010) ucronk30Baia JOMIAISH-TTPOTYIICHTOB PYCCKON
pBICUCTON TIOPOJIBI U OapaHOB-MPOAYLICHTOB IbITali-
CKOM TMOPO/IBI 2-JIETHETO BO3pacTa IPH MPOU3BOJICTBE
MUATHOCTHYECKON IyMHOM aHTH()AroBO CHIBOPOTKH.
ABTOpamM# OBUIO TTOKA3aHO, YTO TMOCIE IByXTOIOBOM
MMMYHHU3AIUU 0apaHOB-TIPOIYIICHTOB C BBEICHUEM
aHTHUIeHA 10 COOTBETCTBYIOLIEH CXeMe, YPOBEHb CIie-
IU(PUUECKUX aHTUTE JOCTUTal 3HAYCHHUs, COOTBET-
CTBYIOIIETO TPeOOBAHNSAM HOPMATUBHOW JOKyMEHTa-
LMW IS TIOJTy9eHHUs] TUarHOCTHYECKOTO Tperapara,
u coctapisin 1 : 200. JJanpHeilmas runepuMmMyHu-
3alMs MPOAYLEHTOB MPUBOIWIA K YBEIINUCHHUIO aH-
TU(aruHOB B UMMYHHOH CBIBOPOTKE B JBa pasa. Mc-
CJIeZIOBaTeNIM OTMEYaIH, YTO NP UMMYHH3AIHUH JIO-
aiefd-IpoayEHTOB TUTP CHEU(PUIECKIX aHTUTEI
JIOCTUTAJI HOPMUPOBAHHOT'O ypOBHs uepe3 1—1,5 rona
Y HAIPSIMYIO 3aBUCEIT OT MHIMBH/TyaTbHOM HMMYHOPE-
AKTMBHOCTH. MaKCHMaJbHBIA YPOBEHb aHTU(ATHHOB
y JIOIIAaIeH COCTAaBIIS, Kak npaBuio, 1 : 300 u numb
y PeAKHX MPOIYLEeHTOB gocTturan 3HadeHus 1 : 500,
YTO MPEBHIIIATI0O HOPMUPOBAHHBIN MTOKa3aTes Ooee
yeM B 2 pa3a. [1o 3aKiIF0ueHHI0 aBTOPOB, JUATHOCTH-
YecKast YyMHasi aHTH(aroBast CLIBOPOTKA, U3TOTOBIICH-
Hasl U3 TUIIEPUMMYHHBIX CBIBOPOTOK O0apaHOB-TIIPOAY-
LIEHTOB, MOXKET MPUMEHSTHCS HapsAIy C CHIBOPOTKOU
JIUArHOCTUYECKON 4yMHOW aHTU()AroBoOH, MOIydYeH-
HOH M3 KPOBH JIOIIAIeH-TTPOayIIeHTOB [1].

Uro xacaeTcs TpeOOBaHMIA, IPEABABISIEMbIX K KH-
BOTHBIM-TIPOAYIIEHTAM IUATHOCTHYECKHUX CHIBOPOTOK
(mopona, Bo3pact, Bec, MoJl, COCTOSTHUE 3710POBbsI), TO
OHH aHAJIOTHYHBI TEM, KOTOpPbIE MPEABABISAIOT K JKH-
BOTHBIM, TIpe/THa3HAYCHHBIM JIJIS IPOU3BOJICTBA JieueO-
HO-TIPO(UITAKTHIECKIX HMMYHOOHOJIOTHUSCKUX JIe-
KapCTBEHHBIX IPETIAPaTOB Ha OCHOBE THIIEPUMMYHHBIX

ceIBOpoTOK. Oco00e BHUMAaHUE HCCIIe0BaTe TN 00pa-
IIAIOT Ha COCTOSHUE YNHUTAaHHOCTH XHMBOTHBIX. TakK,
OBbUIO TIOKa3aHO, YTO OT JIoLIaJeil co cpeaHel ymu-
TAaHHOCTBIO ObLIA TIOJyueHa arrIIOTHHHPYIOUIAs Ju-
3EHTEPHITHAS CBIBOPOTKA C TUTPAMHU CIEIU(PUIECKUX
aHTUTEI B 5 pa3 BbIIIE, YEM OT KUBOTHBIX C HU3KOU
YIOUTaHHOCTHIO [36].

B HEeKOTOpBIX cilydasx i MONY4YCHHS CIIELHU-
(huUecKUX IUArHOCTUYECKHUX CBHIBOPOTOK HCIOJNbB3Y-
10T MEJIKUX HEMPOAYKTHBHBIX YKMBOTHBIX. YPIOMIIe-
Ba T. . ¢ coaBT. /U1l OJy4E€HHUsI UMMYHHBIX CBIBOPO-
TOK JUIsl CEPOANArHOCTUKY HH(EKIIMOHHOTO renaruTa
co0ak B KauecTBe 0OBEKTA ISl TUTIEPUMMYHU3AIAN
UCIIOJIb30BaJIa LIICHKOB OECIIOPOAHBIX cOOaK B BO3pa-
cTe 2—3 MecsileB U OeCIOPOAHBIX KPOJIUKOB B BO3pa-
cte 3 mecsiteB [33]. YeraHOBIEHO, YTO CPETHUE 3HAUC-
HUSI TUTPOB CHielM(UIECKUX aHTUTEI B CHIBOPOTKAX
MMMYHU3UPOBAaHHbIX IIIEHKOB OBbLIN Ha IOPSIIOK BhIIIE
AQHAJIOTMYHBIX 3HAYCHUH KPOJIUYBUX IPEHaparos.

st mosny4eHus: THIIEPUMMYHHBIX CBIBOPOTOK
K pECIIMPAaTOPHO-CHHIIUTHATTEHOMY BUPYCY KPYITHOTO
pOraToro CKoTa, B Ka4eCTBE MPOIYIIEHTOB OBLIN HCIThI-
Tanbl Oenpie Mbiw TuHU BALB/C, Mmopckue cBuH-
Ku, 0apaHbl ¥ Kponuku. OTMEUEHO, YTO UIMMYHHBIE Chl-
BOPOTKH, TOJIyYCHHBIE OT OENbIX MBIILIEH 1 MOPCKUX
CBUHOK, JE€MOHCTPHUPOBAJIN YPOBHHU CHEUU(PUICCKUX
AHTUTENl HUKE HOPMUPYEMBIX [OKas3arenei. B cBsa3u
C 9THM ISl TONYYEHUs 11ony(habpHKaTOB TUarHOCTH-
YECKOIo Iperapara aBTOPbl OTAAIOT HMPEIIOYTEHUE
MpoAyIeHTaM KpoiukaM 1 Oapanam. [Ipu sTom Obun
BBIJIETIEHBI IMMYHHBIC IPOAYKTHI € TOKa3aTeIsIMH CIie-
IU(PHUYECKON aKTUBHOCTH B PEaKIIMU HEUTpaIn3aliu
(5,38+0,16) 1g2 u (6,08 £ 0,09) 1g2 cooTBeTCTBEHHO,
YTO OTPENEIISIIO PUTOAHOCTD MOTYYEHHBIX CHIBOPO-
TOK T ManbHeHen padoTs [29].

B Tabnuue 2 nmpuBeneH nepedeHb MEAMLIMHCKUX
Y BETCPUHAPHBIX JUATHOCTHYECKUX NpernaparoB Ha
OCHOBE CBIBOPOTOK KMBOTHBIX-ITPOIYLICHTOB.

Tabauna 2
JKusommuvie-npooyyenmol OuazHOCMUYECKUX CbleOPOMOYHbIX NPENAPAMO8 MEOUYUHCKO20
U 8eMepUHapHO20 HA3HAYEHUS, NPOU3600uMbIX 8 Poccuiickoi Dedepayuu
[Ipenaparst IIponyuent

1

2

MeaunuHckne

[Tpoussourens PKYH «Poccuiicknii HayqHO-HNCCIE0BATEILCKHI TPOTHBOYYMHBIH HHCTHTYT « MUKPOO»

JIC3HBIC

HMMyHOTII00YTMHBI THarHocTHYecKne (iryopecuupyronye 9yMHbIE U TICEBIOTYOEPKY-

Jlomann
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IIponomnxenne Tadml. 2

1 2
VIMMyHOTII00YTMHBI THarHOCTUYECKNE YyMHBIE U IICeBJOTyOepKye3Hbie st PA Ha Towas
CTeKIIe
ChIBOpoTKa YyMHasi aHTH(arosas Jlomans, 6apan
CriBopoTKa quarnoctudeckas xonepHas O1, RO, Orasa u Muraba mis PA Jlomann
CeiBopoTKa quarHoctudeckas xonepHast He O1 rpynnst O139 qisa PA Ha crekie Kponux
NmmyHoroOynuHb! muaraoctnaeckne Ol ¢uryopecnupyromme XonepHsle aacopoupo- Towas
BaHHBIE JIOLIAJMHBIC
NmmyHOMI00ynuHbI uarnoctnaeckne (uryopecuupyronue xonepusie O139 ancopou- Kposmik
POBaHHBIE KPOIHYBH
IIpousBomutens AO «buomen» um. M. 1. Meunukosa
CBIBOPOTKH 1 IMMYHOITIOOYJIMHBI AUATHOCTHYECKHE, SIIEPUXUO3HBIC Kpomux
Ipouzsomurens ®HLUUuPUII umenn M. I1. YymakoBa PAH
CBIBOPOTKH JHArHOCTUYECKUE YHTEPOBUPYCHBIE MOHOBAJICHTHbIE cyxue st PH Kpomnuk, 6apan

Ipomzsomutens OI'YII «Cankr-IlerepOyprexmit HUM BakunH u CBIBOPOTOK M MPEATIPHSITHE TI0 TIPOU3BOICTBY
OaKTEpUIHBIX MPEMAPATOB

CriBopoTKa quarHoctudeckas canbMonesuiesHas [IETCAJL

Kpomnmx, 6apan
CrIBOpOTKH auarHoctrueckue muremiesasie AT HOJIJTA

CBIBOPOTKH JAMarHoCcTHYeCKre MeHnHToKokKoBbie MEHI PYBU ] Kpomuk

[Ipouzsogurens PI'BY «HUMOM um. H. ®. 'amanen»

CBIBOPOTKH THArHOCTUYECKHE KOKIIOIIHBIC U MTapaKoKIIonIHbIe st PA Kpommx

IIpousBomurens AO HITO «Muxporen»

VIMMYHOTIOOYIHH JUAarHOCTHUCCKUAN OCIICHHBIH JTIOMUHECIUPYIOIIUI CyX0i Kponuk

I/IMMyHOlTIO6yJII/IHbI JUArHOCTHUYCCKHUEC AJIs1 BBIABJICHUA pI/IKKeTCI/Iﬁ rpyHaIibl CBIIMTHOT'O

Jlomanp
Tr(a JIFOMUHECIUPYIOIIHNE

JIMarHOCTUKYM SpUTPOLUTAPHBINA K BUPYCY KIIEIIEBOTO dHIE(aInTa MMMYHOIIIOOYIH-

o o M bapan, xpsica
HOBBIH KpbICUHBIN cyxoi aims PHI'A pait, kp

[IpousBogutens ®PI'BY «HUUDOM um. H. ®@. 'amanen»

HMMyHOTI00YTMHBI TMarHOCTHYeCKue (Iryopecunpyronye Ty IspeMuiitHbIe Kponux

ViMMmyHOMI00YMHBI TMarHocTnieckue quryopecuupyomnye Opyuenie3Hble cyxue Kponux

[pomssomurens GKY3 «CraBpononbCKuii NPOTHBOYYMHBIH HHCTHTYT» PocniorpeOHa130pa

HMMMyHOTII00YTMHBI THarHOCTHIeCKne (piryopecupyroniie CHONpes3BEHHbIE BETeTa-

Kponuk
TUBHBIC aICOPONPOBAHHBIE CyXHE
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OxoHnuyanue Ta0J1. 2

Takum 00pazom, mpenaparsl HA 0CHOBE CBIBOPOTOK
Pa3NYHBIX KUBOTHBIX-IIPOYLIEHTOB SIBJISIOTCS BBI-
COKOBOCTPEOOBAHHBIMHU B JJMATHOCTHKE U KOMILIEKC-
HOW Tepanuu psifa WHPEKIMOHHBIX OoJe3Hel 4eso-
BEKa M JKUBOTHBIX, a TAK)KE B KaU€CTBE CPE/ICTBA IKC-
TPEHHOH MPOUITAKTUKH, TPEICTABIASL COOO0H moIIac
enuHCTBeHHOE d(h(DEKTUBHOE CPEACTRO.

B nacrosimiee Bpewmsi, Onaromapst 130-neTHeMy
OIIBITY 3KCIUTyaTaIlM1 )KUBOTHBIX-IIPOYLICHTOB, y pa3-
pabOTYMKOB M MPOU3BOAUTEINECH CHIBOPOTOYHBIX Mpe-
[apaToB €CTh BO3MO)KHOCTh ONTHMAJIBHOTO BBIOOpa
IIPOIYLIEHTA, YTO O3BOJISIET HAapsiy ¢ 0OecIiedeHueM
KauecTBa IpenaparoB PalMuOHAIBHO HOAXOIUTH K BO-
[IPOCY TOBBILICHUS! PEHTA0ETLHOCTH IPOU3BOCTBA.

1 2
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a/1cOpOMpPOBaHHbIE CyXHUE
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pO3HBIE
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ChIBOpOTKA CHOHpPEs3BEHHAS MPEIIUITHTHPYIOIIAS Jlomanp
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ChIBOpOTKA CarHast Ul pEaKInH CBA3bIBAHNS KOMIUIEMEHTA Jlomans
Habops1 chIBOPOTOK cambMOHEIIIE3HBIX O-KOMITIEKCHBIX M MOHOPELIENTOPHBIX O- Kposnik
n H-armmotuHupyrommx
CriBopotku anTuTokcmueckue C. perfringens tunos A, C, D nnarnoctudeckue OgBma
[Ipoussogurens ®I'BHY BHUTUBIIT

I'moOGynuH (uyopecuupyonuii st AMArHOCTUKH OCHICHCTBA YKMBOTHBIX Osglia
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Abstract. The optimal choice of a producer animal for the production of serum drugs is one of the important tasks,
without which it is impossible to obtain a product of an adequate quality with a minimum cost. The review pres-
ents the accumulated experience in the selection and operation of animals producers in the production of serum
drugs for medical and veterinary use. A brief historical background on the development of the direction of applied
immunology, called serum business, is given in the context of the exploitation of various animals producers. The
characteristics of the main producers of therapeutic and diagnostic sera are also presented. Their physiological
characteristics, such as breed, age, gender and the effect they have, first of all on the immunological reactivity of
the producer and the ability for long-term exploitation, are considered. For a number of animals producers, the
data of species comparison in obtaining specific drugs are given. A list of Russian therapeutic and diagnostic se-
rum drugs for medical and veterinary purposes and their producers is given.
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One of the indicators of the immune system func-
tioning in animals is the ability to produce specific an-
tibodies in the blood in response to exposure to anti-
gens. This property underlies the production of vari-
ous specific serum drugs from the blood of animals
producers of therapeutic and diagnostic profiles. Cur-
rently, a fairly rich experience has been accumulated,
indicating the possibility of using animals of various
species to obtain specific sera.

The production of therapeutic sera is character-
ized by large volumes of products that leads to the pro-
duction of mainly large animals (horses, oxen, cows,
mules), since large amounts of immune blood can be
obtained from them. In the manufacture of diagnos-
tic sera, where the volume of output is small, the pro-
ducers are mainly sheep, goats, rabbits, guinea pigs,
rats and mice [17].

The optimal choice of a producer animal for the
production of serum drugs is one of the important tasks,
without which it is impossible to obtain a product of
an adequate quality with a minimum cost. Among the
factors that determine the choice of a producer, the fol-
lowing can be distinguished: the immunological reac-

tivity of an animal to a particular antigen, the planned
volumes of products, the cost of keeping a given type
of animal, the convenience of rearing for producers
and carrying out technological manipulations with
them, the availability of a replenishment base for ani-
mals producers with the required qualities (breed, age,
weight, gender, health status, etc.).

The objective of the review is to update the accu-
mulated experience in the selection and use of animals
producers in the production of serum drugs for medical
and veterinary use. If we turn to history, at the dawn of
the development of the direction of applied immunolo-
gy, called the serum business, the researchers involved
in the experiments the widest range of animals. Thus,
in 1890, E. Behring and S. Kitasato, immunizing rab-
bits with tetanus toxin and guinea pigs with diphtheria
toxin, revealed the appearance of antitoxic properties
in the blood serum of these animals. In 1891, E. Beh-
ring (Germany) was the first to obtain therapeutic an-
ti-tetanus serum from horses, and the following year,
anti-diphtheria serum also from horses. Later (1895—
1897) horses served as producers for the production of
antidiphtheria serum in Russia.
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In 1891, V. Babes and R. Archez successfully used
the serum of immunized dogs for post-exposure pro-
phylaxis of rabies in humans bitten by a sick wolf. In
1893, G. Tizzoni and E. Centanni used sheep as pro-
ducers to produce anti-rabies serum, and in 1905,
A. Marie obtained active anti-rabies serum from rab-
bits and rams [17].

At the beginning of the 20™ century, successful
experiments were carried out to obtain active immune
sera against a number of bacterial and viral infections
from various animals producers. So P. V. Sizov re-
ceived pasteurellous serum from cattle; M. Weinberg
made a serum against anaerobic clostridial (gas) in-
fection from immune raw materials from sheep and
horses; S. Flexner, P. Lewis, A. Petit, working with
goats, sheep and horses, have received a serum that
neutralizes the polio virus in sufficiently high con-
centrations.

In 1959, B. Weinberg used ground squirrels as pro-
ducers for the manufacture of typhoid agglutinating se-
rum, and Yu.K. Petrov and Z. G. Peisel in 1961 used
pigs to produce type-specific anti-influenza sera [24].

At the end of the sixties of the last century, there
were developed the methods for the manufacture of an-
tilymphocyte serum from immune raw materials from
goats, donkeys and horses [4]. At the same time, there
were developing the studies on the production of anti-
body-containing ascitic fluids, where white mice and
rats acted as producers [9].

As can be seen from the above, to obtain specif-
ic sera, a variety of animals can be successfully used,
which first of all have a pronounced immunological
reactivity to one or another antigen.

Then we will consider in more detail the criteria
for selecting the most popular animals for using as pro-
ducers of therapeutic and diagnostic sera.

Producers of therapeutic sera

The most preferred producers of therapeutic sera
are large animals such as horses, cattle, mules. They
can provide large quantities of immune raw materi-
al for production, thus providing significant volumes
of products. Horses are considered the main produc-
ers due to a number of advantages. Firstly, horses are
highly reactive animals from an immunological per-
spective. They quickly begin to produce specific an-
tibodies in the titers required for production. Second-
ly, horses are convenient in terms of keeping, feeding
and carrying out work with them related to immuniza-
tion and blood sampling. In addition, the largest vol-
umes of blood, and accordingly the target product can
be obtained from horses [17].
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One of the most important moments that ensure the
success of serum production is the selection of horses
producers, since the immunological reactivity and du-
ration of animal exploitation are different and depend
on a number of physiological characteristics, and pri-
marily on breed, age and gender.

The breed of horses producers is of no small im-
portance and largely determines the success of im-
munization and exploitation. Slobodskoy R. M. con-
ducted observations on horses of improved (crossbred
with the Orlov Trotter), Don and Arabian breeds and
outbreds immunized with tetanus toxoid [27]. It has
turned out that the first three groups of horses are able
to produce high titer antitoxins and keep it at this lev-
el for a long time. As for outbred horses, after raising
the titer to 600—700 AU, after 5—6 cycles of immu-
nization, serum activity sharply decreased in a signif-
icant part of the producers and the horses became un-
suitable for further exploitation. Yu.B. Lukin received
anti-tetanus serum with a high titer when using horses
belonging to the heavy Arden breed [21].

In the study of Zinyaeva R. A. it was shown that the
yield of tetanus toxoid in the horses of the Don breed
was 96 % [14]. The author found that horses of the Ka-
zakh improved breed in 89 % of cases became active
producers, and 85 % — after the 1% cycle of immuni-
zation. Horses of the Arabian breed also had an out-
put of up to 90 % as producers. A relatively low yield
of producers was noted in horses from Tomsk region
(72 %) and in the local Kazakh breed (71 %).

The most profitable producers of antidiphtheria
serum were horses of the improved Anglo-Don and
Don breeds, and animals of the Kabardian, Mongo-
lian breeds and outbred animals were used as produc-
ers much less often [25].

In the 20™ century, Tomsk Research Institute of
Vaccines and Sera carried out studies on the effect of
the breed on the level of formation of virus-neutraliz-
ing antibodies in the blood of horses producing serum
against tick-borne encephalitis. It was established that
animals of the Don breed turned out to be the most im-
munologically reactive, then — improved ones (a mix-
ture of outbred horses with the Oryol Trotters), and out-
bred horses turned out to be less reactive [35].

Strelnikova L. A. indicates that during anti-rabies
immunization, the best producers were horses from
Tomsk region (73 %), followed by the Kazakh horse,
improved by the Don or Budennov breeds (57 %), and
the Kazakh local improved breed (47 %) turned out to
be weakly reactive [28].

Frid S. M. and Zibitsker D. H. conducted research
on the effect of the age of producers on the activity of
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the immune raw material obtained from them. Horses
producing antidiphtheria serum were divided into 4 age
groups: group 1 — up to 6 years old inclusive, group
2 — from 7 to 12 years old, group 3 — from 13 to 18
years old and group 4 — from 19 years old and above.
After analyzing the data, the authors came to the con-
clusion that the accumulation of antibodies is directly
dependent on the age of the producers. Thus, sera with
an antitoxin titer from 654 to 561 AU were obtained
from the first 3 groups, while the titer of sera from the
producers of the fourth age group was 397 AU [17].

It has been established that the most immunolog-
ically reactive animals are horses aged 2—35 years,
which became producers of tetanus toxoid in most cas-
es already in the 1% cycle of exploitation, and the in-
crease in antitoxin in the sera of animals older than 6
years was much slower [14]. At the same time Fedor-
ov Yu.V. indicates that horses aged 6—9 years have
the highest immunological reactivity to tick-borne en-
cephalitis virus [35].

Despite the available data on the successful use of
foals as producers of immune sera, veterinarians agree
that it is advisable to take horses aged 3 years or more
as producers, since by this age the animals reach phys-
iological maturity and the body more easily tolerates
immunization and abundant bloodletting.

Zinyaeva R. A. made an analysis of the effect of
gender on the intensity of antitoxin formation in 1074
horses producing tetanus toxoid over a period of 16
years [ 14]. Among the producers, there were 506 mares
(47 %), 512 stallions (48 %) and 56 geldings (5 %).
It has been established that mares and geldings had
a greater immunological reactivity to tetanus toxoid.
Most of them even in the first cycle of exploitation be-
came producers.

For more than 20 years, FPSE «Russian An-
ti-Plague Institute «Microbe» (Saratov) has been pro-
ducing an immunobiological drug for post-exposure
prophylaxis of rabies in humans «Liquid Anti-Rabies
Immunoglobulin from Horse Blood Serum». Since the
production was already planned to be large-scale, in
order to provide medical institutions throughout the
country with this drug, a horse was chosen as a pro-
ducer due to its high immunological reactivity to ra-
bies antigen and the possibility of obtaining a large
amount of immune raw material.

Experience in the production of heterologous an-
ti-rabies immunoglobulin at the Institute «Microbe»
confirms the longer exploitation of thoroughbred horses
(Russian Trotter, standard-bred, Budennovskaya), com-
pared to local outbred horses from commercial farms of
Saratov region. Currently, horses aged 3 or more years
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are selected for work as the most enduring in exploita-
tion. By gender, the distribution is as follows: mares
make up an average of 70—75 %, geldings and stal-
lions — 25—30 % of the total livestock. The prevalence
of mares is explained by the convenience of keeping,
especially during group walking, while stallions due to
their temper require individual walking and keeping.

In addition to horses, in the Russian Federation,
in the manufacture of veterinary serum drugs, cattle
(mainly of the Red Steppe breed) is actively used as
producers of immune sera [22, 30]. Gender preferenc-
es when choosing producers are unequivocal here —
oxen (castrated bulls) are exploited as producers [8, 22,
30, 34, 37]. The main advantage is the convenience of
keeping and carrying out technological manipulations
with oxen, in comparison with bulls and cows.

As in the case of horses producers, when select-
ing oxen, preference is also given to animals that have
reached physiological maturity (at least 2 years) and
weigh at least 400 kg [30, 37]. From such producers,
the maximum intake of immune blood is possible, in
addition, they are more enduring, compared to young
or old animals.

The exploitation of oxen producers, according to
a number of studies, has a number of advantages over
other animal species. So, according to the material
of E. K. Volik, the service life of oxen producing im-
mune sera is longer. A particularly long service life is
observed in oxen producers of anti-paratyphoid and
anti-pasteurellous sera, where the average service life
reaches 6—7 years. Amyloid degeneration of the liv-
er and other parenchymal organs, which accompanies
the exploitation of horses producing a number of sera,
is usually not observed in oxen. However, in the pro-
duction of anti-anthrax and anti-erysipelas sera, oxen
as producers cannot replace horses, since they provide
a less active serum [8].

Nefedyev A. L. reports that serum against sheep
paratyphoid with equivalent therapeutic properties was
obtained both from oxen of the steppe breed and from
the merino sheep. However, for production purposes,
it is more economically feasible to exploit cattle [22].

Based on the experience of manufacturing an-
ti-erysipelas serum, it has been established that ob-
taining highly active sera is achieved by using a com-
pact scheme for hyperimmunization of oxen with a
reduction in the intervals between antigen injections
and an increase in subcutaneous antigen dosages that
makes this serum comparable in quality to horse se-
rum. However, in most cases, anti-erysipelas serum ob-
tained from oxen is inferior in quality to serum from
horse blood [34].
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Serum drugs obtained from the blood of oxen pro-
ducers demonstrate high efficacy in the treatment of
diseases in cattle. Thus, serum against necrobacterio-
sis showed high efficacy (94.7—100 %) in the preven-
tion and treatment of animals on farms that are unfa-
vorable for this disease [37].

Thus, horses and oxen constitute the main pool of
producers of therapeutic sera for medical and veteri-
nary purposes [7, 26, 23] (Table 1). Other animal spe-
cies in this segment are used mostly in scientific re-
search, which does not imply further full-scale pro-
duction of the drug.

Table 1
Animals producers of therapeutic serum drugs for medical and veterinary purposes produced in the Russian Federation
Drugs Producer
1 2
Medical
Manufacturer FPSE «Russian Anti-Plague Institute «Microbe»
Liquid anti-rabies immunoglobulin from horse blood serum Horse
Manufacturer FSBI «48 Central Research Institute» MR
Immunoglobulin anti-anthrax Horse
Manufacturer JSC SPE «Microgen»
Anti-botulinum, anti-diphtheria, anti-tetanus, anti-gangrenous, against common viper Horse
venom
Veterinary
Manufacturer FPE «Orel biofactory»
Serum and globulin anti-anthrax Horse
Manufacturer FPE «Armavir biofactory»
Serum against swine erysipelas Pig, ox
Serum against pasteurellosis of cattle, sheep and pigs Ox
Semm against pasteurellp§is, salmonellosis, escherichiosis, parainfluenza-3 and infec- Ox
tious bovine rhinotracheitis
Serum antitoxic polyvalent against salmonellosis of calves, piglets, lambs, sheep and Ox
poultry
Serum antiadhesive antitoxic against escherichiosis of farm animals Ox
Serum «Immunoserumy» for the treatment and prevention of viral pneumoenteritis in Ox
calves
Serum against viral hemorrhagic disease of rabbits Rabbit
Manufacturer LLC «Vetbiokhim»
Polyvallent serum against canine distemper, parvovirus, coronavirus enteritis and Horse
adenovirus infections of dogs « GISKAN-5»
Serum hyperimmune against leptospirosis in dogs Horse
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Table 1 (the end)

1 2
Polyvalent immunoglobulin against canine distemper, parvovirus, coronavirus enteritis Horse
and adenovirus infections of dogs « GLOBKAN-5»
Globulin against panleukopenia, infectious rhinotracheitis, calicivirus and chlamydia in Horse
cats «GLOBFEL-4»
Manufacturer LLC «Firm NPV and ZTs»
Hyperimmune serum against canine distemper, infectious hepatitis and parvovirus Horse
enteritis of dogs «Immunovet 3-SN»
Immunoglobulin against canine distemper, infectious hepatitis and parvovirus enteritis
Horse
of dogs «Immunovet 3-IN»
Immunoglobulin for the prevention and treatment of panleukopenia in cats «Immunovet Horse
1-IN»
Manufacturer «Trade House BiAgro» LLC

Serum polyvalent against plague, parvovirus enteritis and adenovirus infections of dogs

. Horse
«Vladikan»

Producers of diagnostic sera

Currently, medical and veterinary industries have a
wide range of diagnostic drugs based on immune sera
from various mammalian species. A comparative anal-
ysis of the production of diagnostic products of this
profile in the Russian Federation showed that the main
choice of producers was made in favor of small ani-
mals (rabbits). This choice is due to a number of ad-
vantages: rabbits have a high immunological reactiv-
ity to the introduction of various types of antigens that
makes it possible to obtain serum with a large margin
of activity in a short time; they are convenient in terms
of keeping, feeding, care, treatment, stock renewal.

For the production of sera, sexually mature animals
with a mature nervous system are mainly used. Fedor-
ovich M. L. prefers 10—12-month-old rabbits [36].
Many researchers studying the production of specific
antibodies came to the conclusion that the highest ti-
ters of specific antibodies are determined in the sera
of animals weighing 2.0—3.0 kg [17].

For the diagnosis of vibriosis in the Black Sea and
Baltic regions, agglutinating sera were obtained from
rabbits producers weighing 2.5—3.0 kg, which have
high activity against the homologous culture of the Vib-
rio anguillarum strain and specificity for heterologous
cultures and their formalized antigens [5]. Rabbit im-
mune serum has been successfully used in the devel-
opment of biological drugs for the laboratory diagno-
sis of Bordetella infection [6]. Tikhvinskaya O. V. et
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al. designed the «Immunodiagnosticum for the detec-
tion and identification of typical and atypical (capsu-
lar) forms of the plague pathogen» based on rabbit sera
[31]. Krasikov A. P. et al. when diagnosing Q fever in
cattle, serum of hyperimmunized rabbits was used [19].
Karbyshev G. L. et al. when designing a drug for the
serological diagnosis of legionellosis, chinchilla rabbits
were used as producers of immune serum [16]. When
constructing a monospecific serum to the recombinant
p30 protein for the study of African swine fever and
for the manufacture of capsular-protective anthrax se-
rum, a choice was made in favor of rabbits producers
of the chinchilla breed weighing up to 3.0 kg [10, 15].
In experiments on obtaining monospecific O-sera for
the diagnosis of Yersinia enterocolitica, rabbits pro-
ducers were also used, and immune sera with titers of
specific agglutinins suitable for pathogen serotyping
were isolated within 18 days [12].

Thanks to the selected optimal schemes for im-
munization of animals producers, active rabbit serum
drugs against Y. pseudotuberculosis 3704 O:1b anti-
gens were obtained [13]. Khaptanova N. M. et al. ob-
tained a highly effective listeriosis rabbit serum with
high diagnostic sensitivity to Listeria monocytogenes
and specificity for closely related and heterologous mi-
croorganisms [37].

Based on the data presented above, it can be con-
cluded that in the modern production of diagnostic se-
rum drugs, rabbits of the Soviet Chinchilla breed are
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widely used as animals producers. This breed has a
high immunoreactivity, fertility, unpretentiousness,
endurance, is well adapted for breeding in various cli-
matic conditions, and is widespread throughout Rus-
sia. Thanks to these criteria, it is possible to produce
a large pool of diagnostic serum drugs for the detec-
tion of pathogens of infectious diseases.

As part of the implementation of large-scale produc-
tion, large animals producers are used, such as camels,
horses, donkeys, sheep, goats. Thus, Kulakov M. Ya.
et al. used goats to obtain erythrocyte antigenic histo-
plasmosis and coccidiomycosis diagnosticum [20]. In
the manufacture of agglutinating sera against the en-
teric-typhoid group of bacteria, Fedorovich M. 1. used
immune blood of horses, goats and sheep [36].

In the production of S-brucella diagnostic serum,
bulls producers were most effectively used [3].

A group of researchers (Alenkina T. V. etal., 2010)
used horses producers of the Russian Trotter breed and
2-year-old rams of the Gypsy breed in the production
of diagnostic plague antiphage serum. The authors
showed that after a two-year immunization of rams
producers with the introduction of an antigen accord-
ing to the appropriate scheme, the level of specific an-
tibodies reached a value corresponding to the require-
ments of regulatory documentation for obtaining a
diagnostic drug and was 1 : 200. Further hyperimmu-
nization of producers led to a twofold increase in an-
tiphagins in the immune serum. The researchers not-
ed that when horses producers were immunized, the
titer of specific antibodies reached a normalized lev-
el after 1—1.5 years and directly depended on indi-
vidual immunoreactivity. The maximum level of anti-
phagins in horses was as arule 1 : 300, and only in rare
producers it reached 1 : 500 that exceeded the normal-
ized rate by more than 2 times. According to the con-
clusion of the authors, diagnostic plague antiphage se-

rum made from hyperimmune sera of sheep producers
can be used along with diagnostic plague antiphage se-
rum obtained from the blood of horses producers [1].

As for the requirements for animals producing
diagnostic sera (breed, age, weight, gender, state of
health), they are similar to those for animals intend-
ed for the production of therapeutic and prophylactic
immunobiological drugs based on hyperimmune sera.
Researchers pay special attention to the state of fat-
ness of animals. Thus, it was shown that agglutinat-
ing dysenteric serum was obtained from horses with
average fatness with titers of specific antibodies by 5
times higher than from animals with low fatness [36].

In some cases, small unproductive animals are used
to obtain specific diagnostic sera. Uryumtseva T. I. et
al. to obtain immune sera for serodiagnosis of infec-
tious hepatitis in dogs, mongrel dog puppies aged 2—3
months and mongrel rabbits aged 3 months were used
as an object for hyperimmunization [33]. It was found
that the average values of titers of specific antibodies in
the sera of immunized puppies were an order of mag-
nitude higher than those of rabbit drugs.

To obtain hyperimmune sera to bovine respiratory
syncytial virus, white mice of the BALB/C line, guin-
ea pigs, sheep and rabbits were tested as producers. It
was noted that immune sera obtained from white mice
and guinea pigs showed the levels of specific antibod-
ies below normalized levels. In this regard, in order to
obtain semi-finished products of a diagnostic drug, the
authors prefer rabbits and sheep as producers. At the
same time, immune products were isolated with indi-
cators of specific activity in the neutralization reaction
(5.38+£0.16) 1g2 and (6.08 = 0.09) 1g2, respectively,
which determined the suitability of the obtained sera
for further work [29].

Table 2 lists medical and veterinary diagnostic
products based on the sera of animals producers.

Animals producers of diagnostic serum drugs for medical and veterinary purposes produced in the Russian F ederl;zlt);snz
Drugs Producer
1 2
Medical
Manufacturer FPSE «Russian Anti-Plague Institute «Microbe»

Immunoglobulins diagnostic fluorescent plague and pseudotuberculous Horse

Plague and pseudotuberculosis diagnostic immunoglobulins for RA on glass Horse

Plague antiphage serum Horse, ram
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Table 2 (continued)

1 2
Serum diagnostic cholera O1, RO, Ogawa and Inaba for RA Horse
Serum diagnostic cholera non O1 group O139 for RA on glass Rabbit
Diagnostic immunoglobulins O1 fluorescent cholera adsorbed equine Horse
Diagnostic immunoglobulins fluorescent cholera O139 adsorbed rabbit Rabbit
Manufacturer JSC «Biomed» named after I. I. Mechnikov
Sera and immunoglobulins diagnostic, escherichiosis Rabbit

Manufacturer M. P. Chumakov Federal Scientific Center for Research and Development of Immunobiological Drugs
of the Russian Academy of Sciences

Sera diagnostic enteroviral monovalent dry for ROP Rabbit, ram

Manufacturer FSUE «St. Petersburg Research Institute of Vaccines and Sera and an enterprise for the production of
bacterial drugs»

Serum diagnostic salmonella PETSAL

Rabbit, ram
Serum diagnostic shigellosis AGNOLLA
Serum diagnostic meningococcal MENGRUVID Rabbit

Manufacture FSBI «National Research Center for Epidemiology and Microbiology named after the honorary acade-
mician N. F. Gamaleya»

Diagnostic sera for pertussis and parapertussis for RA Rabbit

Manufacturer JSC SPE «Microgen»

Immunoglobulin diagnostic smallpox luminescent dry Rabbit

Luminescent diagnostic immunoglobulins for detecting rickettsia of the typhus group Horse

Diagnosticum erythrocyte to tick-borne encephalitis virus immunoglobulin rat dry for

RNHA Ram, rat

Manufacture FSBI «National Research Center for Epidemiology and Microbiology named after the honorary acade-
mician N. F. Gamaleya»

Immunoglobulins, diagnostic, fluorescent, tularemia Rabbit

Immunoglobulins diagnostic fluorescent brucellosis dry Rabbit

Manufacturer FPHI «Stavropol Anti-Plague Institute» of Rospotrebnadzor

Immunoglobulins diagnostic fluorescent anthrax vegetative adsorbed dry Rabbit

Immunoglobulins diagnostic fluorescent anthrax spore adsorbed dry Rabbit

Manufacturer FBSE Saint-Petersburg Pasteur Institute

Sera diagnostic to Yersinia enterocolitica O-monovalent Rabbit
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Table 2 (the end)

1 2
Veterinary
Manufacturer Pokrovsky Plant of Biopreparations
A set of components for the diagnosis of animal brucellosis in the RA, RSK, RDSK Ox
Manufacturer FPE «Armavir biofactory»
Serum O-coli agglutinating and group agglutinating leptospirosis Rabbit
Manufacturer FPE «Orel biofactory»
Serum anthrax precipitating Horse
Manufacturer FPE «Kursk biofactory-firm «BIOK»
Glanders serum for the complement fixation reaction Horse
Serum sets of Salmonella O-complex and monoreceptor O- and H-agglutinating sera Rabbit
Sera antitoxic C. perfringens types A, C, D diagnostic Sheep
Manufacturer FSBSI ARR&TIBI (FGBNU VNITIBP)
Globulin fluorescent for the diagnosis of animal rabies Sheep
Manufacturer FPE «Shchelkovsky biofactory»
Te?:ltl sy'sltlim for the diagnosis of animal brucellosis in RBP, RA, RSK and RDSK, KR Ox
with mi

Thus, drugs based on the sera of various animals
producers are in high demand in the diagnosis and com-
plex therapy of a number of human and animal infec-
tious diseases, as well as a means of emergency pre-
vention, sometimes being the only effective remedy.

At present, thanks to 130 years of experience in
the exploitation of animals producers, developers and
manufacturers of serum drugs have the opportunity
to choose the optimal producer, which along with en-
suring the quality of drugs, makes it possible to ap-
proach rationally the issue of increasing the profitabil-
ity of production.
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I PAPMAKOKOPPEKIINH TEITIJIOBOI'O
CTPECCA Y )KUBOTHbBIX
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AHHOTanusl. B craTbe mpuBEAEHBI Pe3yabTaThl O OIEHKE 0E30MaCHOCTH Tpemnapara aAist (hapMaKOKOPPEKIINU
TEIUIOBOTO CTpecca Y KMBOTHBIX. PraBoOETHH comepkHuT, B MaccY%: Oetanna rugpoxaopug — 50; taypun — 30;
TpaBy peremika 00bIkHOBeHHOTO — 20. OcTpast TOKCHYHOCTH (1aBOOSTHHA N3ydaiach Ha KPhICax, KOTOPBIM TIpe-
mapat B 03¢ 7000 MI/KT MacchI TeJIa B BUIE€ BOIXHOW CyCIIEH3UH BBOJIUIICS OJJHOKPATHO B JKEITYIOK. XPOHUIECKas
TOKCHYHOCTH (h1aBOOETHHA OLICHWBAJIACh HA KPBICAX MPH MEPOPAIbHOM IIPUMEHEHUH B IBYX J03UpOBKax — 350
1 700 MI/KT Macchl Tela B TEYEHUE TPEX MECSIIEeB. BEITOITHEHHBIMI HCCIIEIOBAHUSAME YCTaHOBIIEHO, 4To 1o OCT
12.1.007—76 «Bpemupie BemecTBa» GraBoOCTHH OTHOCUTCS K 4 KIacCy OMaCHOCTH (BEIIECTBAa MAJIOOIIACHEIE).
JnurensHOe TprMeHeHue (hraBoOeTHHA HEMHEHHBIM KPbIcaM HE BBIIBHIIO €r0 TOKCHYECKOTO JICHCTBUS Ha Op-
TaHU3M JIA0OPATOPHBIX KHUBOTHBIX, ITPH 3TOM HpENapaT OKasal IOJI0KUTEILHOE BINSHAE Ha PsiJ MTOKa3zaTenei
KPOBH, CTUMYJIUPYS 3PUTPOIIOA3 U OEJIKOBBIH OOMEH, IPOSIBIISAS POCTOCTUMYIHpYIolIee AelicTBue. Takum obpa-
30M, (p1aBOOETHH KaK IPH KPATKOBPEMEHHOM, TaK U MPH JUTUTEILHOM IIPUMEHEHNH OE3BPEICH AJIsl ’KUBOTHBIX.

KiroueBble cJIoBa: TEIUIOBOM CTpecc, KUBOTHBIE, (apMaKOKOPPEKIHs, Mperapat, GpraBoOeTHH, 0€30I1acHOCTb,

TOKCHKOJIOTHYECKHUEC UCCICIOBAHUA

B coBpeMeHHOM MOJIOYHOM CKOTOBOJCTBE JIOJIS
BBICOKOITPOAYKTUBHBIX TIOPOJ] YBEITUIUBACTCS C KaXK-
I6IM TO7I0M. JKHBOTHOBOJCTBO WHTCHCHBHO Pa3BH-
BAETCs 33 CUET JOCTUKEHUH CENeKUUU, TPUMEHEHUS
HOBBIX TEXHOJIOTHH COIEpKaHUS U KOPMJICHUS KHU-
BOTHBIX. OZHAKO OMBIT BBIPAIIUBAHUS CEICKIIMOHU-
POBaHHBIX IO MMPU3HAKAM CKOPOCIIEIOCTH U BHICOKOU
MIPOIYKTUBHOCTH MOPOJ MOKA3aJl, YTO TAKUE KHBOT-
HbIE€ XapaKTepU3YIOTCA CHUKEHHON YCTOMYMBOCTBHIO
K cTpeccam. C ydyeToM 3TOro, MEXaHU3Mbl cTpecca
Y aJJanTaluy NPUBJICKAIOT BHUMaHUE HCCIeI0BaTeNei
BO BCEM MHpE, TaK KaK ypOBEHb aJaNTaIMOHHBIX pe-
3€pBOB B OPraHU3ME U UX MOOUJIBHOCTh, KAK OCHOBA
MIPUCTIOCOOIICHHS K JISHCTBUIO Ype3BhIYaiHBIX (DAKTO-
POB, OIIPEIENSIET COCTOSHUE 3A0POBbSI 5KUBOTHBIX M UX
MNpOAYKTUBHBIE KayecTBa [3, 6, 9, 11].

Temnepartypa okpyKarolel cpeabl IBISIeTCs Of-
HO¥ 13 HanOoJIee 3HAYMMBIX PUYWH JIUCTPECCa Y KH-
BOTHBIX, 00y CJIaBIMBasi 3HAYUTEIILHBIC SKOHOMUYCCKHE
oTepu B oTpaciu. V3MeHeHne KiuMaTa Ha IIaHeTe
MPUBENO K YBEIMYEHUIO PACIIPOCTPAHEHHOCTH U UH-

TEHCUBHOCTH TEILJIOBOIO CTPECCa Y d)KUBOTHBIX B 00JIb-
IIMHCTBE PErMOHOB BO BceM Mupe. OcoOeHHO 3TO OT-
HOCHUTCS K KJIMMaTHYECKHUM 30HaM C JUIMTEIbHBIM I1e-
PHOZIOM BBICOKOH TeMITepaTyphl OKPYKAIOIIEeH Cpeibl,
IJIe TEIJIOBOW CTpecC SBJISETCS HEen30ekKHBIM (hak-
TOPOM, BBI3BIBAIOIIUM Y YKHBOTHBIX HapyIICHUE Me-
Tabonu3Ma, JCCUHXPOHU3AMNIO (DU3NOIOrHICCKIX
MIPOIIECCOB U UCTOIICHUE PE3EPBOB OpraHN3Ma, HeTa-
THUBHO BIUSIONIMM Ha PE3UCTEHTHOCTh, CHUKAIOIINM
PENPOIYKTUBHBIE (PYHKIIUU, COXPAHHOCTh U TPOTYK-
TUBHOCTD MOTOJIOBBA [2, 5, 9, 12].

C yuetom 3T0T0, pazpadorka 3pdeKkTUBHBIX Mpe-
[1apaToB, MOBBIMIAIIIMX AN TAllMOHHbIN TOTEHIHAIT
YKUBOTHBIX K BO3ICHCTBHIO TEIIJIOBOTO cTpecc-(haKTo-
pa, SIBIISIETCS aKTyaIbHBIM HaIlPaBJICHHEM BeTEpHHAP-
HOW (hapMaKOJIOTHH.

OlleHKa TOKCHYECKUX CBOWMCTB JICKAPCTBEHHBIX
CPEeICTB HeoOXOoAMMa JJIsi 000CHOBAHHMS 7103, UCTIONb-
3yeMbIX B JaJIbHEHIIIEM Il OLICHKH CIIEIU(PUIEeCKIX
BHJIOB TOKCHYHOCTH H I1EJIECO00PA3HOCTH MOCIIECTYTO-
uiero uccieaosanus npenapara [1, 10].
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Ienpio MccienoBaHuil IBHIACH OLIEHKa Oe3omac-
HOCTH TIperiapara s (papMakOKOPPEKIINH TEIJI0BO-
TO CTpecca y KUBOTHBIX.

MATEPHUAJIBI U METO/bI
HUCCJIEJOBAHUM

B ®I'bHY «KpacHomapckuii Hay4qHBIH LEHTP 110
300TeXHUU W BETEpPHHAPUW» pa3paboTaH mpemapar
(hmaBoOeTHH, TIpeTHA3HAYECHHBIN TSI (hapMaKOKOPPEK-
LMW TETIOBOTO CTPECcCa Y KUBOTHBIX, BKITFOUAIOIITHNA
CIIEIYIOIIME KOMIIOHEHTHI B Macc%: OeTanHa ruapo-
xnopun — 50; Taypun — 30; TpaBy penenika oObIK-
HoBeHHOTO — 20. Ocy1ecTBieH star (hapMareBTude-
CKOM pa3paboTKu TpaHyIUPOBAHHON JIEKapCTBEHHOMN
(hopMeI prraBoOETHHA, IS UETO B KAUECTBE KOHCEPBaH-
Ta UCToBh30BaNu Hatpusi Oenszoar (DC 42-2458-94),
a B Ka4eCTBE CBSI3bIBAIOILETO KOMIIOHEHTA — KpaxMal
kaprodenbubiii (TOCT 7699—78).

OcTpy10 ¥ XpOHNYECKYIO TOKCHYHOCTh TPaHyITHUPO-
BaHHOU (hOpMBI (pr1aBOOSTHHA TIPOBOIUIIH C HCITONIB30-
BaHUEM METOIOB, TIPE/ICTABIEHHBIX B METOMNIEeCKIX
PEKOMEHAIMAX TI0 TOKCHKO-3KOJIOTHYECKON OLIEHKE
JIEKaPCTBEHHBIX CPEJCTB, MPUMEHSIEMBIX B BETEpHHA-
pun (1998) u PykoBozacTBe M0 3KCIEPUMEHTATLHOMY
(TOKNMMHUYECKOMY) U3yUYEHHIO HOBBIX (DapMakKoiIoru-
YECKHUX BEIIECTB, M3TAHHOM ITON OOIIeH pemakitueit
P. V. Xabpuesa (2005). Bce sxcriepuMeHTHI IPOBEACHBI
¢ coOoIeHueM NPaBUIL, PeyCMOTPEHHbBIX EBpomneii-
CKOM KOHBEHIHMEH 110 3aIlTe O3BOHOYHBIX >KUBOTHBIX,
KOTOpBI€ UCTIONB3YIOTCS C KCIIEPUMEHTAILHON U Ha-
yuro# 1ienbio (ETS Ne 123, CrpacOypr. 18.03.1986).

Jl1s mpoBeIeHUs OCTPOTO TOKCHKOJIOTHYECKOTO
OTIBITa U3 HEITMHEWHBIX KPBIC OBLIO cPOPMHPOBAHO
JIBE TPYIIIBI — OMBITHAS U KOHTpoJbHAasA mo 10 oco-
Oeil B kaxx110i. Macca )KHBOTHBIX Ha Ha4aJo HCCIIE/I0-
BaHWU COCTaBWIA B ONMBITHOM Tpynme 211,5 + 1,56 1,
B KOHTpOIbHOU — 214,8 £ 2,44 1.

Nzyuaemas mo3mpoBka (raBoOeTHHA COCTaBHIIA
7000 mr/kr maccsl Tena (pacdeT NPOM3BOAMIICS WH-
JUBHIYATbHO AJISI KayKI0T0 )KUBOTHOTO). M3 HaBecok
M3MENTBICHHBIX TPanyI (praBoOeTHHA TOTOBUIIACH BOJI-
Has CyCIIeH3Hs1, KOTOpasi BBOJMIIACh OHOKPATHO B Ke-
JYZOK KphICaM MPH TIOMOIIH aTPaBMaTHYHOTO 30HAa
B JIO3UPOBKE 5 MJT Ha )KHUBOTHOE. KpbIcaM KOHTPOITbHOU
IPYIIBI BHYTPHKEITYIOUYHO BBOAMIACH JUCTUILIHPO-
BaHHAs BO/IA B TOM ke 00beMe — 5 MJI Ha JKUBOTHOE.

Habmtonenue 3a rppl3yHamMu IPOBOANIIOCH HETPe-
PBIBHO Ha POTSKEHUH IIEPBOTO JTHSI OCTPOTO TOKCHKO-
JIOTHYECKOTO SKCIIEPUMEHTA, a B AaJIbHEHUIIIEM COCTOSI-
HUE JKUBOTHBIX PErHCTPUPOBAIIOCH BAXKIBI B CYTKH
B TEUCHHUE JIBYX Hesenb. B3BemmBanue IpoBOIMIOCH
3 paza — B Havalie, CEpeIMHE U B KOHIIE OTIBITA.

XpoHHYECKass TOKCHIHOCTE (pr1aBoOETHHA OIICHU-
Basnach Ha 30 HEMMHEHHBIX KPbICaX, Pa3AeCHHbIX Ha
TPH TPYIIIBI — JBE OINBITHBIC U OIHY KOHTPOJIBHYIO
(mo 10 ocobeit B kax10ii). B TeueHne Tpex mecsiues
JKUBOTHBIE OITBITHBIX TPYIIIT HHIANBHUIYaTbHO HATOIIAK
OIIMH Pa3 B CYTKU IOJIy4ajay M3MEJIbUYEHHBIC TPaHy-
ne1 (hraBoOeTnHa (B popme OOIFOCOB): TIepBast OTIBIT-
Has rpynmna (1/10 oT MakcuManbHO BBEJIEHHON JI03bI
B O0CTpoM 3KcriepuMeHTe) — 700 MI/Kr Macchl Tena;
BTOpas omnbiTHas rpymmna (1/20 oT MakcUManbHO BBe-
JICHHOM JI03bI B OCTPOM dKcriepuMeHTe) — 350 mMr/kr
MacChl T€JIa; TPEThsl KOHTPOJIbHASI TPYTINa — OOJIOCHI
0e3 IeHCTBYIOLIErO BEIIECTBAa B 3KBUOOBEME U B TOM
JKE pPEKUME JI03MPOBaHus. 3a KpbICaMH Ha MpPOTSIKe-
HUM OIBITA OCYIIECTBIUIOCH KIMHUYECKOE HaOIIo-
JICHHE, MTPH KOTOPOM 00paIiaioch BHUMaHHUE Ha Jie-
TaJbHOCTD, TOBEJICHIYECKIE PEaKIINH, alllIeTUT U Jpy-
rue ¢usuonornyeckue Gaxropel. Y MATH KUBOTHBIX
13 Kaxa0# rpynnsl Ha 45 1 90 CyTKU OmbITa UCCIEA0-
BaJlach KPOBb Ha OCHOBHBIEC TeMaTOIOTHYECKUe U OHOo-
XMMHUYECKHE MoKa3aTeay. B3pemmBanme KpeIc ocyle-
CTBIISUUIOCEH B Ha4ajie OIbITA U 3aTeEM KaxkAble 15 aHel.
OKCIIEPUMEHT 3aBEPIIAJICS 3BTaHA3UEH IISITU KPBIC U3
Ka)XI0{ TPYyMIBI ¢ NadbHEUIINUM MaTOJIOT0-aHATOMH-
YECKUM BCKPBITUEM U I'MCTOJIOTMYECKUM HCCIIe10Ba-
HUEM opraHoB [4, 8].

JlabopaTopHble HCCIeI0BaHUS KPOBH MPOBOAH-
JIUCH TIPH TIOMOIIM aBTOMAaTH3UPOBAHHBIX aHAJIH3aTO-
poB — Onoxumuueckoro Vitalab Flexor m rematoso-
rugeckoro Mythic 18 vet.

[omyuennsle nuQpoBbIie AaHHBIE 00PaOOTaHBI Me-
TOAaMH BapHALMOHHON CTaTHCTHKH C ONpPEACICHUEM
JIOCTOBEPHOCTH 3HaueHui 1o t-kputeputo CThIOIEH-
Ta ¥ yPOBHS JOCTOBEPHOCTH PA3NMUYUI MOKa3aTeIeh
0 TPYIIIaM.

PE3VJBTATHI UCCJIEJTOBAHUM

[Ipu oueHke oCcTpOl TOKCUYHOCTH TPAHYJIUPO-
BaHHOU (opmbl prnaBoOeTHHA 3aperUCTPHPOBAHO,
YTO y BCEX KPBIC (KaK OMBITHOM, TaK U KOHTPOJIHHOU
TPYyTIT) cpasy Mociie BBEACHNS 00pa3IoB U B IOCIIEY-
OIIME TP Yaca PETHCTPUPOBATIOCH CHHYKEHHE JIBUTA-
TEJbHOW aKTUBHOCTH U ITOBBIIIEHHBIN Anype3. B nanb-
HelIeM Bce MmapaMeTpbl COCTOSHUS )KUBOTHBIX HOP-
MaJIM30BaJINCh, JETATBHOCTh OTCYTCTBOBaja. [lpu
IrPaBUMETPUUYECKUX HCCIICOBAHUAX HA 14 NIeHb 3Kc-
MEPUMEHTA yCTAaHOBJIEHO YBEITNYEHNE MacChI TeJa KH-
BOTHBIX OIBITHOM rpymiel Ha 11,5 %, KOHTpoIbHON —
Ha 9,7 %. Mexrpymnmnossle pa3nuyuus coctaBui 1,8 %.

Takum 00pa3oMm, Uil TpaHyTUPOBaHHON (HOPMBI
(naBoOeTrHa cpenHecmepTenbHyo 103y LD, onpe-
JICJINTH HE YAAIOCh B CBSI3U C OTCYTCTBHEM JIETAIBHBIX
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HCXOA0B IT0 I'pyIIII€ ONBITHBIX KPBIC. y‘H/ITBIBaSI, qTo
repopangbHOE BBeeHHe npemnapara B 1o3e 7000 mMr/kr
MAaccChI TeJla J1ab0opaToOpHBIM KPBICaM ITePEHOCHUTCS 06e3
Tokcnaeckux nociienctsuit, mo I'OCT 12.1.007—76
«Bpennpie BemecTBa» (GpraBoOSTUH OBUT OTHECEH K 4
KJIacCy OMACHOCTH (BEIIeCTBA MaJIOOIIACHBIE).

B pesyinsrare npoBeeHHOIO XPOHHYECKOTO TOKCH-
KOJIOTHYECKOTO SKCIIEPUMEHTA yCTaHOBJIEHO, YTO JIJTH-
TEJbHOE IpUMeHeHne (p1aBoOeTHHA B N3yYaeMbIX JI0-
3ax He MPUBOJIUT K THOEIH J1a00PaTOPHBIX )KUBOTHBIX,
a TaK)Ke HE BhI3bIBACT U3MEHEHUH B (DYHKI[MOHAIILHO-
MOBECACHYCCKUX PCAKIUAX KPBIC. VY OIBITHBIX KUBOT-
HBIX HE BBISBJICHO U3BMEHEHUN U JOCTOBCPHBIX pas3Jin-
YUWA C KOHTPOJBHOM TpYNIoON B MOKa3aTesix puTMa
JIBIXaHUSI, YaCTOTHI CEP/ICIHBIX COKPAIICHUH 1 TeMIIe-
parypsl Tej1a, KOTOPbIE HE BBIXOAWIIH 3a TPAHUIIBI HOP-
MBI JUISL B3pPOCIIBIX KPbIC. OTKJIOHEHUH B COCTOSIHUU
CIIM3HUCTHIX, KOXKH, HMIEPCTHOTO MOKPOBA, (PYHKIHUSIX

MUILIEBAPEHHUST U MOUYCOT/ICIICHUS 3apETUCTPUPOBAHO
He Ob110 [7, 8].

I'paBUMETPUYECCKUMHU HCCICIOBAHUSIMU yCTa-
HOBJICHO, YTO K 3aBEPLICHHUIO SKCIEPUMEHTa Mac-
ca Teja KpbIC MO ONBITHBIM I'PYIINaM COCTaBHIIA
—222,7+ 2,58 r (1 rpynma) u 219,6 = 1,83 r (2 rpyn-
na), mpotuB 203,5 +£ 2,64 r B xoHTpose. Takum 00-
pasoM, pasiuyusi B MPOIICHTHOM OTHOIICHUH MEXTy
OTBITHBIMH M KOHTPOJILHBIMH YKMBOTHBIMH COCTABHJIIH
o 1 onsiTHOM rpymnne 11,2 %, o 2 onbitHON — 7,9 %.

Bo3MoxkHOE TOKCHUECKOe BIIUsTHUE (IlaBOOCTHHA
Ha OpPTaHU3M KPBIC B XPOHUYECKOM OIIBITE OIICHUBA-
JIOCh TIPH TA00PATOPHBIX UCCIIEOBAHUSX KPOBH. B pe-
3yJbTaTe YCTAHOBJICHO, UTO BCE OMpe/eNiieMble MOKa-
3aTeNM HaXOMWJINCh B Mpeaenax (pU3HOIOTHUECKUX
HOPM — MaTOJIOTHYECKUX CBUIOB HE BhIsiBIeHO. Of1-
HaKo JUINTENbHOE MPUMEHEHHE KpbicaM (raBoOeTH-
Ha 0Ka3aJI0 BJIUSHUE Ha IPOTCHHOBBIN 0OMEH (Tabi1.).

Taoauna

Businue (prasobemuna na nokazamenu 6€1K08020 0OMeHa 8 CbLBOPOMKE KPOBU
1abOPaAmopHbIX KpbiC 8 XpoHuueckom onvime (M £m; n = 5)

I'pynmst
IToka3zarenn
1 ombITHAS 2 omBITHAS 3 KOHTpOJIbHAS

45 neup UccienOBaHUM
O6mmii 6eIoK, 1/1 71,4 +1,08" 69,5+ 1,14 66,5+1,23
MoueBrHa, MMOJIb/JI 8,23 +£0,57 7,95 £ 0,64 7,48 +£ 0,36
Kpearunus, MMOJIB/J1 40,4 +£ 2,25 39,5+ 1,39 38,9+ 1,44

90 neHb uccie0BaHUN
O6mwmii 6enox, /1 74,8 £ 0,75 73,5+ 1,20" 65,3+0,77
MoueBuHa, MMOJIB/JT 7,94+ 0,19 7,61 £0,25 7,52 +0,14
Kpearunus, MMOJIB/1 443 + 2,68 42,9+2,17 39,1 £1,35

*p<0,05

" p<0,01 — creneHb J0CTOBEPHOCTH 110 OTHOIIEHHIO K KOHTPOJIIO

B omnbITHBIX rpynnax Ha 45 CyTKH ONbITa pa3HUALA
C KOHTPOJIEM B KOHIICHTPAITUH OOIIIETO OeJTKa COCTaBH-
na B 1 rpymme 7,4 % (p < 0,05), Bo 2 rpyrmie — 4,5 %;
Ha 90 cytkm ombita B 1 rpymmie — 14,5 % (p < 0,01),
BO 2 rpymme — 12,6 % (p < 0,05).

VY kpbic, oy4aBmux (IaBoOETHH, K KOHILY OITbI-
Ta 3apervCTPUPOBAHO MOBHIIIEHNE (Ha YPOBHE TEH/I€H-
LIM) KOHLIIEHTPALUU KPeaTHHUHA C Pa3HULIEH OTHOCH-
TEILHO KOHTPOJIBHBIX aHaoroB Ha 13,3 1 9,7 % coot-
BETCTBEHHO IO rpynnam [8].

H3meHeHus B OCTaILHBIX OMOXUMHUYECKUX MOKa-
3arensax (III0K03a, TPUIITHIIEPHUIBI, XOJISCTEPHH, Ou-
nupyOuH, acmaprar- U ajJlaHMHaMHUHOTpaHc(epasa,
KajpIui o0muil u hochop HEOpraHNIEeCKUil) HOCH-
T CITy4alHBIA XapakTep, ObLTH HEeJOCTOBEPHBI M HE
BBIXOJIMJIN 32 MPEJIeIbl BUIOBON HOPMBI.

[pu ananuze nepudepruveckoll KPOBH y HKHBOT-
HBIX, TTOJy4aBIINX (H1aBOOETHH, BBISIBICHO IOBBILLIE-
HHE KOHLCHTPALUKN SPUTPOLMTOB B | rpymnmne — Ha
8,6 %, Bo 2 rpynne — Ha 4,3 % (1pu pa3HULIE HA YPOB-
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Oyenka bezonacnocmu npenapama 05 YapmMakoKoppexyu meniogoo Cmpeccad y HCUGOMHbIX

HE TeHICHITUHU C KOHTPOJIBHBIMU aHaIoTamMu K 90 THIO
nccnenoBannii). OcTalbHBIC TIOKA3aTeNd 3HAYMMO HE
OTJIIMYAIIACH OT KOHTPOJIS.

B KoHIIe ombITa TI0 N3yYEHUIO XPOHUYECKON TOK-
CUYHOCTH (hIaBOOETHHA IO MATh KPBIC U3 KaXIOH
IpyHIbI ObLIO MOIBEPTHYTO MOIHOM Hekporicuu. [Tpu
MaKpOCKOITMYECKOM HCCIICIOBAHUH KPBIC H3MCHEHUN
AHATOMHUYECKOTO CTPOSHHUS 1 TOTTOTpad iy BHYTPEHHIX
OpraHOB YCTaHOBIIEHO HE OBLIO: IEPCTh ObLIA ONIeCTs-
mieit, 0e3 o4aroB OOJIBICEHUS; KOXKa OOBIYHON OKpac-
Ku 0€3 IPU3HAKOB pa3ApakeHUs; CIIM3UCTas 000I0UKa
7123, HOCOBBIX XOJIOB U POTOBOM TIOJIOCTH OJIEAHO-PO-
30BOTO IBETA, 0€3 HATOKCHHM, TIPO3pAdHAs U BIIAXK-
Has. B Macce BHYTPEHHHUX OPraHOB KPbIC pa3iuduit
MEX/Ty OITBITHBIMH M KOHTPOJIFHOW TPyTIIIaMy He Ha-
omomaniock. [Ipy rucTONIOTHYECKOM UCCIIEIOBAHUU
BHYTPEHHUX OPT'aHOB JKUBOTHBIX U3 OIBITHBIX U KOH-
TPOJIBHOM TPYIII MATOJIOTHYCCKUX U3MEHEHUI BBISIB-
JeHo He 0puIo [8].

3AKJTIOUEHUE

BrinonHeHHbBIE SKCIEPUMEHTANIbBHBIE HCCIEH0-
BaHUsl CBUJIETEIBCTBYIOT O TOM, YTO HEPOpaIbHOE
BBEJICHHUE JIA0OPAaTOPHBIM KpbICAM Tpernapara B J103¢
7000 Mr/KT Macchl Tesia MepPeHOCUTCS UMHU 0€3 TOK-
cuyeckux nocueacteuii u no 'OCT 12.1.007—76
«Bpennbie BemecTBa» (raBoOSTHH OTHOCUTCS K 4
KJIacCy OMAacHOCTH (BEILECTBA MaJIOOTIACHBIE).

JnrensHoe npuMeHeHue (iaBoOeTHHA HeTMHEH-
HBIM KpbICaM B J103aX, coctaisiroimux 1/10 u 1/20 ot
MaKCHMaJIbHO BBEICHHOH 10351 B 0cTpoM orbiTe (700
u 350 MI/KT Macchl TeJla COOTBETCTBEHHO) HE BBISBHU-
JI0 €T0 TOKCUYECKOTO BO3/ICHCTBHSI Ha OpraHu3M J1abo-
paTopHbIX )kUBOTHBIX. [Ipn aTOM npenapar okaspiBaeT
MOJIOKUTEIBHOE BIMSTHIE HA PsiJ] TIOKa3aTesell KpoBH,
CTHUMYJIUPYSI 9PUTPOIIOD3 B OCITKOBBIA OOMEH, ITPOsIB-
JISIET POCTOCTUMYIUPYIOIIEe AeHCTBHE.

Taxum 00pazom, h1aBoOETHH KaK MPH KPaTKOBpPe-
MEHHOM, TaK U IPH JAJIUTEILHOM IPUMEHEHUH Oe3Bpe-
JICH JJIs1 ’KUBOTHBIX [8].
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Abstract. The article presents the results of safety assessment the of the drug for pharmacocorrection of heat stress
in animals. Flavobetin contains, %: betaine hydrochloride — 50; taurine — 30; common agrimony herb — 20.
The acute toxicity of flavobetin was studied in rats, in which the drug at a dose of 7000 mg/kg of body weight in
the form of an aqueous suspension was administered once into the stomach. The chronic toxicity of flavobetin
was assessed in rats at two oral doses of 350 and 700 mg/kg body weight for three months. The performed stud-
ies have established that according to GOST 12.1.007—76 «Hazardous Substances» flavobetin belongs to the
hazard class 4 (substances of low hazard). Long-term use of flavobetin in non-linear rats did not reveal its toxic
effect on the body of laboratory animals, while the drug had a positive effect on a number of blood indicators,
stimulating erythropoiesis and protein metabolism, showing a growth-stimulating effect. Thus, flavobetin, both

for short-term and long-term use, is harmless to animals.

Keywords: heat stress, animals, pharmacocorrection, drug, flavobetin, safety, toxicological studies

In modern dairy cattle breeding, the share of high
yielding breeds is increasing every year. Animal hus-
bandry is intensively developing due to the achieve-
ments of breeding, the use of new technologies for
keeping and feeding animals. However, the experience
of growing breeds selected for early maturation and
high productivity has shown that such animals are char-
acterized by reduced resistance to stress. Considering
this, the mechanisms of stress and adaptation attract
the attention of researchers around the world, since the
level of adaptive reserves in the body and their mobili-
ty, as the basis for adaptation to the action of emergen-
cy factors, determines the state of animal health and
their productive qualities [3, 6, 9, 11].

Environmental temperature is one of the most sig-
nificant causes of distress in animals, causing signif-
icant economic losses in the industry. Global climate
change has led to an increase in the prevalence and
intensity of heat stress in animals in most regions of
the world. This is especially true for climatic zones
with a long period of high environmental tempera-
ture, where heat stress is an inevitable factor that caus-
es metabolic disorders in animals, desynchronization
of physiological processes and depletion of body re-
serves, negatively affecting resistance, reducing repro-
ductive functions, livability and productivity of live-
stock [2, 5,9, 12].
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Considering this, the design of effective drugs that
increase the adaptive potential of animals to the effects
of a thermal stress factor is an important area of veter-
inary pharmacology.

An assessment of the toxic properties of drugs is
necessary to justify the doses used in the future to as-
sess specific types of toxicity and the feasibility of a
subsequent study of the drug [1, 10].

The objective of the research was to assess the
safety of the drug for the pharmacocorrection of heat
stress in animals.

MATERIAL AND METHODS

FSBSI «Krasnodar Scientific Center for Zootech-
nics and Veterinary Medicine» has designed a drug fla-
vobetin intended for the pharmacological correction
of heat stress in animals, which includes the follow-
ing components, %: betaine hydrochloride — 50; tau-
rine — 30; common agrimony herb — 20. The stage
of a pharmaceutical design of a granular dosage form
of flavobetin has been carried out, for which sodium
benzoate (FS42—2458—94) was used as a conser-
vant and potato starch was used as a binding compo-
nent (GOST 7699—78).

Acute and chronic toxicity of the granular form of
flavobetin was carried out using the methods presented
in the Methodical Recommendations for the Toxico-
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logical and Environmental Assessment of Drugs Used
in Veterinary Medicine (1998) and the Guidelines for
the Experimental (Preclinical) Study of New Phar-
macological Substances published under the general
editorship of R. U. Khabriev (2005). All experiments
were carried out in compliance with the rules stipulat-
ed by the European Convention for the Protection of
Vertebrate Animals used for Experimental and Scien-
tific Purposes (ETS No. 123, Strasbourg. 18.03.1986).

To conduct an acute toxicological experiment, two
groups were formed from non-linear rats (experimental
and control), 10 individuals each. The weight of the an-
imals at the beginning of the study was 211.5+1.56 g
in the experimental group, and 214.8 +2.44 g in the
control group.

The studied dosage of flavobetin was 7000 mg/kg
of body weight (the calculation was made individually
for each animal). An aqueous suspension was prepared
from weighed portions of crushed flavobetin granules,
which was administered once into the stomach of rats
using an atraumatic probe at a dosage of 5 ml per ani-
mal. The rats of the control group were intragastrical-
ly injected with distilled water in the same volume —
5 ml per animal.

The observation of rodents was carried out contin-
uously during the first day of the acute toxicological
experiment, and then the state of the animals was re-
corded twice a day for two weeks. Weighing was car-
ried out 3 times: at the beginning, in the middle and at
the end of the experiment.

The chronic toxicity of flavobetin was assessed on
30 non-linear rats divided into three groups: two exper-
imental and one control (10 individuals in each one).
Within three months, the animals of the experimental
groups individually on an empty stomach once a day
received crushed granules of flavobetin (in the form of
boluses): the first experimental group (1/10 of the max-
imum administered dose in the acute experiment) —
700 mg/kg of body weight; the second experimental
group (1/20 of the maximum administered dose in the
acute experiment) — 350 mg/kg of body weight; the
third control group — boluses without the active sub-
stance in the equivalent volume and in the same dosing
regimen. The rats were clinically observed throughout
the experiment, in which attention was paid to lethali-
ty, behavioral responses, appetite and other physiolog-
ical factors. In five animals from each group on days
45 and 90 of the experiment, the blood was examined
for the main hematological and biochemical indica-
tors. Rats were weighed at the beginning of the exper-
iment and then every 15 days. The experiment ended
with the euthanasia of five rats from each group with

54

further postmortem autopsy and histological examina-
tion of the organs [4, §].

Laboratory blood tests were carried out using au-
tomated analyzers (biochemical Vitalab Flexor and he-
matological Mythic 18 vet).

The obtained digital data were processed by the
methods of variation statistics with the determination
of the significance of values according to the Student’s
t-test and the level of significance of differences in in-
dicators by groups.

STUDY RESULTS

When assessing the acute toxicity of the granu-
lar form of flavobetin, it was registered that in all rats
(both experimental and control groups) immediately
after the introduction of the samples and in the next
three hours, a decrease in motor activity and increased
diuresis were recorded. Subsequently, all parameters
of the animals’ state returned to normal, there was no
lethality. During gravimetric studies on day 14 of the
experiment, an increase in the body weight of animals
in the experimental group by 11.5 %, in the control
group — by 9.7 % was established. Intergroup differ-
ences were 1.8 %.

Thus, it was not possible to determine the average
lethal dose LD, for the granular form of flavobetin due
to the absence of lethal outcomes in the group of ex-
perimental rats. Considering that oral administration
of the drug at a dose of 7000 mg/kg of body weight to
laboratory rats is tolerated without toxic effects, ac-
cording to GOST 12.1.007—76 «Hazardous Substanc-
es» flavobetin was assigned to the hazard class 4 (sub-
stances of low hazard).

As aresult of the chronic toxicological experiment,
it has been found that long-term use of flavobetin at the
studied doses does not lead to the death of laboratory
animals and also does not cause changes in the func-
tional and behavioral reactions of rats. Experimental
animals showed no changes and significant differenc-
es with the control group in terms of respiratory rate,
heart rate and body temperature, which did not go be-
yond the normal range for adult rats. Deviations in
the state of mucous membranes, skin, coat, functions
of digestion and urination were not registered [7, 8].

Gravimetric studies have established that by the
end of the experiment, the body weight of the rats in
the experimental groups was 222.7 + 2.58 g (group 1)
and 219.6 = 1.83 g (group 2) versus 203.5 +2.64 g in
the control. Thus, the differences in percentage between
the experimental and control animals were 11.2 % for
the experimental group 1, 7.9 % for the experimen-
tal group 2.
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Safety assessment of the drug for pharmacocorrection of heat stress in animals

The possible toxic effect of flavobetin on the body
ofrats in a chronic experiment was assessed using lab-
oratory blood tests. As a result, it was found that all
the determined indicators were within the physiolog-
ical norms — no pathological changes were detected.
However, long-term use of flavobetin in rats had an ef-
fect on protein metabolism (Table).

In the experimental groups on day 45 of the exper-
iment, the difference with the control in the concentra-
tion of total protein was 7.4 % in group 1 (p < 0.05), in
group 2—4.5 %; on day 90 of the experiment in group

1—14.5 % (p < 0.01), in group 2—12.6 % (p < 0.05).
In rats treated with flavobetin, by the end of the exper-
iment, an increase (at the level of a trend) in creatinine
concentration was recorded with a difference relative
to the control analogs by 13.3 and 9.7 % (in groups),
respectively [8].

Changes in other biochemical indicators (glucose,
triglycerides, cholesterol, bilirubin, aspartate and al-
anine aminotransferase, total calcium and inorganic
phosphorus) were random, unreliable and did not go
beyond the species norm.

Table

Effect of flavobetin on the serum blood indicators of protein metabolism of
laboratory rats in a chronic experiment (M + m; n = 5)

Groups
Indicators

experimental 1 experimental 2 control 3

Day 45 of the experiment
Total protein, g/L 71.4+1.08 69.5+1.14 66.5+1.23
Urea, mmol/L 8.23 +£0.57 7.95 + 0.64 7.48 £0.36
Creatinine, mmol/L 40.4+£2.25 39.5+1.39 38.9+1.44

Day 90 of the experiment
Total protein, g/L 74.8 £0.75™ 73.5+1.20" 65.3+0.77
Urea, mmol/L 7.94+0.19 7.61+0.25 7.52+0.14
Creatinine, mmol/L 443 +2.68 42.9+2.17 39.1£1.35

"p<0.05

" p <0.01 — degree of significance in relation to the control

In the analysis of peripheral blood in animals treat-
ed with flavobetin, an increase in the concentration of
erythrocytes in group 1 — by 8.6 %, in group 2 — by
4.3 % (with a difference at the level of the trend with
control analogs by day 90 of the study) was revealed.
The rest of the indicators did not differ significantly
from the control.

At the end of the experiment on the study of chron-
ic toxicity of flavobetin, five rats from each group were
subjected to complete necropsy. In a macroscopic study
of rats, no changes in the anatomical structure and to-
pography of the internal organs were found: the coat
was shiny, without foci of alopecia; skin of normal col-
or without signs of irritation; the mucous membrane of
the eyes, nasal passages and oral cavity is pale pink,
without overlays, transparent and moist. In the mass
of the internal organs of rats, no differences were ob-
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served between the experimental and control groups.
Histological examination of the internal organs of the
animals from the experimental and control groups re-
vealed no pathological changes [8].

CONCLUSION

The experimental studies performed indicate that
oral administration of the drug to laboratory rats at a
dose of 7000 mg/kg of body weight is tolerated by them
without toxic consequences and according to GOST
12.1.007—76 «Hazardous Substances» flavobetin be-
longs to the hazard class 4 (substances of low hazard).

Long-term use of flavobetin in non-linear rats at
doses of 1/10 and 1/20 of the maximum administered
dose in an acute experiment (700 and 350 mg/kg of
body weight, respectively) did not reveal its toxic ef-
fects on the body of laboratory animals. At the same
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time, the drug has a positive effect on a number of
blood indicators, stimulating erythropoiesis and pro-
tein metabolism, and has a growth-stimulating effect.

Thus, flavobetin is harmless to animals both for
short-term and long-term use [8].
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TEPAIINA XPOHUYECKOI'O QHAOMETPHUTA Y KOPOB
C IPUMEHEHUMEM PEKOMBUHAHTHbBIX NTHTEP®EPOHOB

Buranuii UBanoBuuy Muxanes™, Biagumup Huxonaesny CKopuKoB,
Jlapuca IOpseBHa Camnnna, Basentuna Banosna MopryHoBa

Bcepoccutickuii Hayuno-uccie0oeamenscKull 6emepuUHapHbill UHCIUNYm Namoao2u,
¢apmakonozuu u mepanuu, Boponeoic, Poccus, mikhalevvit@yandex.ru®

AnHoTtanus. B cratbe npezncTasieHsl pe3ynbrarsl 23(Q(EeKTHBHOCTH pUMeHeHus1 OudepoHa-6 u nHTepdepoHa-
nsIMOJIa TIpH Tepariy KOPOB ¢ XPOHMYECKHM dHAOMETpUToM. COBMECTHOE IpUMEHEHHe OudepoHa-0 aBax /bl
¢ 24-yacoBbIM HHTEpBasIoM 10 10 M1 1 mHTEpQEepoHa-IIMOaa IBaXKAbI 10 10 MII BHYTPUMBIIIEUHO Ha (JOHE CHM-
MITOMaTH4ECKON U STHOTPOIHOM TepaIiK CII0COOCTBYET KIMHUYECKOMY BhI3I0poBIiieHHI0 91,6 %, ortogoTBope-
Huto 83,3 % JXKUBOTHBIX, IPH COKPAILEHUH NPOAOJIKUTEIBHOCTH NEPUOJa OT OKOHYAHUS JICYSHHUS JI0 OILIOI0TBO-
penus Ha 16,8 nHel u kodddunmeHTa orronoTBopeHns — Ha 0,82. KitmHiueckoe BbI3IOPOBICHUE )KUBOTHBIX I10-
cJie NPUMEHEHUS] PeKOMOMHAHTHBIX HHTEP(EPOHOB ITPOUCXOIUT Ha (POHE CHMXKCHHUSI BOCTIAJIUTEILHOM peaKkinu
B TIOJIOBBIX OpraHax, SHJOI€HHONH MHTOKCHKALUH, IIPOLIECCOB MEPEKHCHOTO OKUCIICHHS JINMUIOB IPU OJTHOBpE-
MEHHOHW aKTHUBH3aIM{ KJIETOYHOTO 3BeHA HeCTIeIM()UUECKOM PE3UCTEHTHOCTH U aHTUOKCH/IAHTO 3aIlnThI.
KoaioueBrble ciioBa: KopoBbl, OudepoH-0, narepdepoH-ssmMOaa, XpPOHUUECKUH SHOMETPHUT, Teparus

Cpeau MpUYKH, CIEPKHUBAIOIIMX MAKCUMATIbHOC
MOJTyYCHHE KHUBOTHOBO[YECKOU ITPOTYKITUH, BEAYIIICS
MECTO TPUHAJIJICKUT MAaTOJIOTUU OPTraHOB BOCIIPOU3-
BOJICTBA. JIOMUHHUPYIOIIIE MECTO CPEIH TMHEKOJIOTH-
YeCcKUX 3a00JIeBaHUI 3aHMMAIOT XPOHUYECKHE BOC-
MaJUTENbHBIC 3200IeBaHISI MATKH, B TOM YHCIIE DHJIO-
MeTpuThl. CTEMEeHb PACIPOCTPAHEHHS XPOHUUECKUX
SHJOMETPUTOB Y KOPOB cocTapisieT 15,5—52,7 % ot
00111ero urcia 0eCIIoaHbIX dKUBOTHBIX [ 1—3].

OCHOBY TepareBTHUECKUX MEPOIPUSITHI IIPU XPO-
HUYECKOM JHJOMETPHUTE Y KOPOB COCTABIISIFOT aHTH-
MHUKPOOHBIE CPENICTBA PA3IMYHOr0 MEXaHU3Ma Jiek-
ctBus. [[pMeHeHne MaHHBIX MPEraparoB B MOCIE/-
Hee BpeMsl HOCUT Bce 0osiee MacTaOHbIN XapakTep,
YTO B KOHEYHOM UTOTe CHUXKAeT 3 (PEKTUBHOCTH IPO-
BOJIMMBIX T€PANEBTUUCCKUX MEPOTIPUATHI N3-3a pa3-
BUTHSI aHTHOMOTHKOPE3UCTEHTHBIX IITAMMOB H CHU-
)KaeT Ka4eCTBO MOJyIaeMOM )KUBOTHOBOUECKOH MPo-
nykuuu [4, 5].

[ToaTomy JuIsi TIONYYEHUS BHICOKOTO TEPAICBTH-
4ecKoro 3 QeKTa npu JICUYCHUH XPOHUYCSCKOTO H]I0-
METPHUTA y KOPOB 11eJIecO00Pa3HO UCTIONIH30BATH KOM-
MJICKCHBIC CXEMbI JICUCHHSI, IPEIyCMaTPUBAIOIIHE
MPUMEHEHHUE CPENICTB OOIIECTUMYITUPYIOIIEH maTore-

HETUYECKOU Tepanuu, MaTOYHbIX MUOTPOITHBIX U ITPO-
TUBOMHUKPOOHBIX JIEKAPCTBEHHBIX Tpernaparos [6, 7].

W3 cpenctB oOIIEeCTUMYIUPYIOLIETO JCHCTBUS,
CITOCOOCTBYIOIIHX MOBHIIIEHUIO HMMYHOJIOTHIECKOM
PEaKTHBHOCTH OpraHM3Ma, HOpMajH3anuu oOMeHa
BEIIECTB, B aKyIIEPCKO-THHEKOJIOTHUECKON MpPaKTH-
K€ MCIIOJIb3YIOT TKaHEBbIE Mpenaparbl, HXTHOIM, LH-
TPUPOBAHHYIO KPOBb, BUTAMHUHHBIE TIpenaparsl [8, 9].
K omHUM U3 cpeicTB 00MECTUMYIUPYIOMIETO Jei-
CTBHSI MOYKHO OTHECTH TIPETIaparhl, COACpIKaIie HH-
TeppepOHBI.

WnTepheponsl crnocoOHBI HHAYLUPOBATH AHTH-
BUPYCHYIO aKTUBHOCTb B MH()UIIMPOBAHHBIX KJIETKAX,
MMMYHOMOYJIMPYIOIINE CBOMCTBA MPHU MH(PEKIUIX
pa3InyHOM ATHOJIOTUM. braronapss UCHOIb30BAHUIO
METOJIOB TCHHOW WH)KCHEPHH M COBPEMEHHOH OHoO-
TEXHOJIOTMU MHOTHE HUHTEP(EPOHBI B HACTOSIIIEE BPE-
M1 TPOU3BOAATCS B BHJIE PEKOMOMHAHTHBIX IIpenapa-
TOB, UACHTHYHBIX YHIOTEHHBIM MoJiekyaam [ 10—12].

B mocnennee Bpemst Bce Oomblliee MpUMEHEHHE
B BETCPUHAPHOM MPAKTHKE HAXOIUT TIperapar oude-
POH-0, cofiepKaIuii B CBOEM cocTaBe MHTEPPEpOH-
anbda 1 MHTepPEepOH-TaMMa ¢ aKTUBHOCTBIO HE Me-
nee 1,0-10* ME/cm® [13].
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Unrepdepon-anbda nposiBisieT aHTUBUPYCHBIN
1 aHTUIpoNuepaTHBHBIN 2P PeKT, THTEpPEpOH-raM-
Ma — MHAYLUUPYET aKTUBHOCTb KJIETOUHBIX (epMeH-
TOB, YTO NPUBOAUT K HAPYILIECHUIO METab0IN3Ma 1 TU-
Oenu mopaskeHHoM kietku [ 14—16]. Micnonbp3oBanue
PEKOMOMHAHTHBIX allb(a-, raMMa-uHTEp(HEPOHOB CIO-
COOCTBYET CTUMYJISIIIF OOMEHHBIX MTPOIIECCOB, HECTIe-
nudIIecKoi Pe3NCTEHTHOCTH, pereHepaIlii TKaHEeH.
BBonumble B opraHu3M HHTEP(EPOHb! BOCIIOIHSIOT
Ne(QULNT SHAOTCHHBIX aHAJIOTOB M IOJHOCTHIO BOC-
npou3BoaAT ux 3ddexts [17—20].

B akymepcko-ruHeKOJI0THYECKOM ITPaKTHKE 3a-
CITy’)KMBaeT BHUMaHWE TAaK)Ke MPUMEHEHHE TIpernapa-
TOB, coxepkamux uHTepdepons! I Tuma, Tak Kak
OHHU (PyHKIMOHUPYIOT HA 3MUTETNATbHBIX TIOBEPXHO-
CTSIX JIbIXaTeIbHBIX MTyTEH, MUIEBAPUTEILHOTO TPaK-
Ta, OPraHOB BOCIIPOM3BO/ICTBA, BBIMIOIHSS 3aIIUTHBIE
¢bynkun [21, 22].

[ToaToMy m3yueHHE BO3MOXHOCTH NMPUMEHEHUS
IIpenapaToB UHTEP(EPOHOBOTO Psiia C LEJIbIO MTOBBI-
meHus 3QGEKTUBHOCTH JICUEHHsI KOPOB NPH XPOHU-
YECKOM 3HJIOMETPUTE SBJIAETCS OAHOM U3 aKTyaIbHBIX
3a/1a4 aKylIEepPCKON HayKHU.

Lenb uccnenoBannit — U3y4INUTh 3PPEKTUBHOCTH
MIPUMEHEHHS PEeKOMOMHAHTHBIX HHTEP(EPOHOB IS Te-
panuu KOpoB ¢ XpPOHUYECKUM YHIOMETPUTOM.

MATEPUAJI U METO/1bI
HUCCJIEJOBAHUM
OOBEKTOM HCCIIEJOBAaHNH CITY>KUIJIA KOPOBBI € XPO-
HUYECKUM DHAOMETPUTOM. J[MarHo3 Ha XpOHUUYECKUI
SHJIOMETPUT CTAaBHWJIU B COOTBETCTBUH ¢ «MeTonuue-
CKHM TTOCOOHEM 110 TPO(HIAKTUKE OECIUIONNS Y BBI-

COKOIIPOAYKTUBHOIO MOJIOUHOTrO ckoTa» (Boponex,
2010). MccrenoBanwus mpoBeneHbl Ha 36 )KUBOTHBIX,
pa3IeNeHHBIX 110 IPUHIHITY aHAJIOTOB Ha TPH IPYIIIIHL.
Koposam mnepBoii rpymmsl (7 = 12) BHYTPUMAaTOYHO
BBOJIMJTH aHTUMHKPOOHBIH Mperapar IUPOKOTo CIeK-
Tpa AeicTBUs (METPUKYP) COTIIACHO HACTABIICHHIO O
€ro NPUMEHEHUIO, @ TAKXKE YTEPOTOH BHY TPUMBIILIEYHO
B A03¢ 10,0 M1 TpexkpaTtHO ¢ 24-4acoBbIM HHTEpBa-
J0M, BTopo# (n = 12) — Oudepon-b nax sl ¢ 24-ya-
COBBIM HMHTEpPBAIOM 110 10 MJI, METPUKYP U YTEPOTOH,
Tperbeit (n = 12) — Oudepon-b nBaxkas! ¢ 24-vaco-
BbIM HHTepBajoM 1o 10 mi u uHTEpHEpOH-IAMOIa
JBabl 10 10 M1, a Takyke METPUKYP U YTEPOTOH.
TepaneBtrueckyto 3pPEeKTHBHOCTh ONPEACISUIN 110
KOJIMYECTBY BBI3ZIOPOBEBILUX M OILIOJOTBOPHBIINXCS
KOPOB, TPOAOJKUTEIILHOCTH TepHojia OeCIIoAns, KO-
a¢dunmeHTy oroaoTBopeHus. OT ISTH KOPOB U3 Kax-
JIOW TPYTIITBI TIepe]T HadaJIoM JICUEHHSI ¥ IT0 OKOHYaHUN
TEpaneBTUYECKOTO Kypca 0TOOpaHbI MPOOBI KPOBH IS
MpOBEACHHS 1a00paTOpHBIX HccnenoBannii. Coneprka-
HHUe (aKkTopa HEKpPO3a OMyXOolH-alib(a, HHTepPIICHKH-
Ha — 2, 4, 10 onpeneneno merogoM MDA ¢ ucnons-
30BaHUEM crienuduyeckux Tect-cucteM Bovine Elisa
Kit Clood-Clone Corp (USA). Lludposoit MmaTepuan
MOJIBEpTraJIi MaTeMaTH4YeCKol 00paboTKe ¢ NCTIOIh30-
BaHMEM IaKeTa MPUKIAIHBIX Iporpamm Statistica 6.0.

PE3YJBTATHI UCCJIEJTOBAHUM
VYcranosneno (tabia. 1), 94To mocie NpUMEHEHUs
METPHUKYypa BBI3TOpOBeINo 66,7 % JKUBOTHBIX, OTLIOO-
TBOpHIIOCh — 58,3 % B cpennem uepe3 40,5 + 3,2 nueit
MIOCJIE TPOBEEHHOTO TEPANIEBTUIECKOr0 Kypca IpH Ko-
s duLmeHTe 0110 J0TBOPEHUs, paBHOM 2,24 + 0,13.

Tabnnna 1
D ghexmusrnocme npumenenus bugepona-b u unmepgepona-iamooa
07151 MePanuy XpoHUUEeCKo20 IHOOMEmpUma y Kopoe
Ilepuon ot
I'pymma >xuBoT- Kon-Bo xuBoT- Be3noposerno, OmonoTBOpH- OROHHATNIT Koaddpumment
o N JICYCHHUS 10
HBIX HBIX KOpoB/% J0Ch, KOPOB/% OIIOZOTBOPEHNUS
OIUIOIOTBOPEHUS,
HeHn
Metpukyp 12 8/66,7 7/58,3 40,5+3,2 2,24 +0,13
+
Merpuicyp 12 10/83,3 9/75,0 32,3+2,1 1,78 £0,11°
oudepon-b
Hutepdepon-
nsmMbna + 12 11/91,6 10/83,3 23,7+ 14 1,42 +0,08"
ougepon-b
*P<0,05

" P<0,01 — mo cpaBHEHHIO C METPUKYPOM
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CoBMecTHOE IPUMEHEHNE METPUKypa 1 Oudepo-
Ha-0 COMPOBOXK/IAETCS MOBBIIICHUEM TepareBTHYe-
ckoit appekruBHOCTH Ha 16,6 % TIO CpaBHEHHIO C HC-
TIOJIB30BAaHUEM OJIHOTO METPHKYpa, IPH COKPAIEHHN
Mepro/a OT OKOHYAHHMS JICYCHHS 10 OIUIOAOTBOPEHHS
Ha 8,2 1HS ¥ KO3 QHUIUCHTA OIIONOTBOPEHUSI — Ha
0,46 (P <0,05).

Hanmyuime pe3ynbsrarsl IOIy4eHbI IPH JICUCHAN
KOPOB C XPOHHYECKUM DHIIOMETPUTOM, IpeaycMa-
TpUBAIOIIUE MIpUMEeHeHHe OudepoHa-06 m uHTEpde-
poHa-siMO1a. Dh(EeKTUBHOCTH KOMIUIEKCHOTO Jieue-
HUs ¢ OudepoHoM-0 U uHTEphEepOHOM-JIIMOa CO-

craBuna 91,6 %, aro Ha 24,9 % BBIIIIE IO CPABHCHUIO
¢ MetpukypomM. OTUIOMOTBOPEHHE TIOCIIE TIPOBEICH-
HOTO TEpaneBTHYECKOro Kypca HacTymwio y 83,3 %
JKUBOTHBIX, 4TO Ha 25,0 % BbILIC B CPABHEHUH C ME-
TPUKYPOM, IIPU COKPALICHUH TPOAOKUTEIBHOCTH OT
OKOHYAHUS JICUCHUS J0 OTUIONO0TBOPEHNUS Ha 16,8 mHel
(P <0,05) u kodddunmenTa oruio0TBOPEHIS — Ha
0,82 (P<0,01).

Bricokas xknnHn4eckas 3pPpeKTuBHOCTh Teparnun
KOPOB € XPOHMUYECKUM SHAOMETPUTOM MOATBEPKICHA
pe3yabrataMu j1a00paTOPHBIX MCCIEIOBAaHUN KPOBH
KOPOB JIO M TOCTIE MPOBEACHHOTO JieueHus (Tabam. 2).

Tabauna 2
Toxazamenu Mopgpo-ouoxumuyeckoeo cmamyca Kposu Kopog npu mepanui XpoHu4ecko2o dHOoMempuma
[To oxoHYaHMK TEPaNEeBTHYECKOTO Kypca
Toxasarenn Mo nedcnns METPUKYD MeTpuKyp + oude- UHTEPPEPOH-TISIMO-
poH-0 na + oudepon-6
1 2 3 4 5

JletikonuTsr, 10%/1 10,6 £0,7 8,5+0,25 7.9+ 0,44 6,3 +0,49"
Do3uHodunsl, % 8,2+0,39 7,1 £0,44 4,4 +0,22" 3,1£0,15"
Heiirpoduisl, %:
MAJIOYKOsIEPHBIE 13,1 £0,41 11,1 +0,7 7,3+0,52" 5,0+£0,51™"
CErMEeHTOsICPHEIC 34,6 +£3,1 37,3+1,9 39,1 +3,6 40,2+3,4
Mownouutsl, % 7.2+ 0,44 59+0,22 4,4+0,19 3,8+0,21"
Jlumdoruter, % 36,9+2,9 38,6 £2,4 448+29 479+2)5
OOwmii 6eNoK, r/a 74,7+5,2 75,3 +6,7 76,8 £ 4.4 79,3+5,2
Anp0ymuHBL, % 42,7+3,8 43,5+3,5 459+34 46,7 + 3,1
0-T7100yTHHEL, % 153+£1,2 14,8 1,1 11,4+0,7 10,6 £0,5
B-roOymunsL, % 234+1,9 224+1,6 20,8 £ 1,6 19,5+ 14
y-D100yiuHbI, % 18,6 £1,3 19,3+1,5 21,9+1,7 232+1,3
O6wmwue Jg, r/n 239+1,8 22,1+1,8 19,5+ 1,3 17,8+ 1,1
UK, r/n 0,41 +0,02 0,38 £ 0,02 0,29 +£0,01™ 0,25+0,01™
BACK, % 71,3+49 72,2+4,5 74,9 £ 4.6 80,6 +5,3
JIACK, MKr/man 1,7+0,12 1,8+0,10 2,1+0,12 2,5+0,19°
DAL % 66,1 £5,5 64,8 +4,8 70,6 3.9 77,9 £4,1
()71 4,4+0,23 4,6+0,29 6,8+0,41" 7,4 +0,37"
oY 2,9+0,13 3,0+0,17 4,8 +0,29" 5,8+0,33"™
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Oxonuyanue Ta0.J1. 2

1 2 4 5

Buramun A, MkM/n 1,2+ 0,09 1,3+0,11 1,5+ 0,08 1,8+0,11°
Buramun E, MkM/1 15,3+1,1 16,6 £ 0,9 194+£1,5 20,9 +1,3"
Buramun C, MkM/1t 20,1+ 1,7 21,1 +1,5 234+1,6 26,3 +2,1
s 453 +2,1 40,1 +25 36,5+ 1,9 30,9+ 19"
ﬁfﬁ?ﬁnﬁf‘ihﬁ 3.4+238 322+29 37.9+23 43,7425
iﬁgﬂ‘g{ GSH/ 129+ 1,1 13,8409 158+ 1,1 18,1+ 1,1°
MJIA, MxM/n 3,19+0,25 3,02+0,18 2,87 +0,15 2,43+0,14"
MCM, y.e 1,88 +0,11 1,85+0,12 1,42+0,13" 1,35+0,11°
NO,_, MkM/n 65,3+59 62,9+3,1 459+43" 38,9 +£2,5™
®HO,, ir/mn 297,6 22,1 2643 +19,8 221,6 £15,1 189,6 £ 13,7°
WJI-2, nr/mn 97,6 + 8,8 90,3+5,5 70,9 £ 44" 64,8 +4,9°
WJI-4, nr/mn 40,3+24 449 +3,1 62,8 +3,3" 66,9 + 42"
WJI-10, nr/mn 58,6 £5,1 60,4+39 79,6 £ 5,5 85,7+5,7"

" P<0,05

" P<0,01

sk

P <0,001 — 1o cpaBHEHUIO ¢ METPUKYPOM

YcTaHOBIICHO, YTO KIMHHYECKOE BBI3JTOPOBIIE-
HUE KOPOB TIPU JICYCHUU XPOHUYECKOTO SHIOMETpPH-
Ta C MPUMEHEHUEeM METpUKypa u OudepoHa-o comnpo-
BOXKIIA€TCSI CHIDKCHHEM COJICPIKaHUS JICHKOIIMTOB Ha
7,1 % 1o cpaBHEHHIO C TPUMEHEHUEM OJTHOTO METPH-
Kypa, 303uHopmI0B — Ha 38,0 % (P < 0,05), nanodko-
siepHbIX HeTpoduiaoB — Ha 34,2 % (P < 0,01), mo-
HouToB — Ha 25,4 % (P < 0,05), mupKymupyonmx
MMMYHHBIX KOMITIEKcOB — Ha 23,7 % (P < 0,01), mo-
JeKyI cpenHeit Macehl — Ha 23,2 % (P < 0,05), okcu-
na azora—Ha 27,0 % (P < 0,05), UJI-2 —na 21,5 %
(P <0,05), npu noBeiicHHH (HaronuTapHOTO UHICK-
ca Ha 47,8 % (P <0,05), darormurapHoro uncia —
Ha 60,0 % (P <0,05), NJI-4 — na 39,9 % (P < 0,05)
u NJI-10 — na 31,8 % (P < 0,05).

[Ipu coBMecTHOM NpUMEHEHHH WHTep(hepoHa-
nsMoOaa u OudepoHa-6 B mpouecce KIMHHYECKOTO
BBI3ZIOPOBJICHUSI YCTAHOBJICHO CHIDKEHHE COJIEpIKa-
HUA JerkoruToB Ha 25,9 % (P < 0,05) mo cpaBHe-
HUIO C TIPUMEHEHUEM METPUKYpa, S03UHOPUIOB —
Ha 56,3 % (P <0,01), mano4xosiiepHbIX HEUTPOPH-

moB — Ha 54,9 % (P < 0,001), MOHOIUTOB — Ha
35,6 % (P < 0,001), anpda-rnodynmaoB — Ha 28,4 %
(P <0,05), MUpKyIUpYIOIMUX UMMYHHBIX KOMIUICK-
coB — Ha 34,2 % (P < 0,001), MaJIOHOBOTO JHaJIbIC-
ruga — Ha 19,5 % (P < 0,05), Monekyn cpeaHeit mac-
ce1—mHa 27,0 % (P < 0,05), okcuma azora— Ha 38,2 %
(P <0,01), nHIEKCA PHAOTCHHOW WHTOKCHKAIIUA —
Ha 22,9 % (P < 0,05), PHO, — na 28,3 % (P < 0,05),
NJI-2 —mna 28,2 % (P < 0,05), npy OBBILICHUHU YPOB-
Hst TUMQOIUTOB Ha 24,1 %, TH301IUMHON aKTUBHOCTH
ChIBOpOTKH KpoBu — Ha 38,9 % (P < 0,05), daroru-
TapHoro uHaekca — Ha 60,9 % (P <0,01), darorwu-
tapHoro uyucia — Ha 93,3 % (P <0,001), Butamu-
Ha A — Ha 38,5 % (P <0,05), Butamnaa E — Ha
25,9 % (P < 0,05), akTuBHOCTH KaTtayasbl — Ha 35,7 %
(P <0,05), mmyraruonnepokcuaadsl — Ha 31,2 %
(P <0,05), 1J1-4 —1na 49,0 % (P <0,01) u MJI-10 —
Ha 41,9 % (P <0,01). Pesynbrarsl Mopho-01oxXumMu-
YeCKHUX UCCIIENOBAaHUH KPOBU KOPOB ITOCIIE TIPOBEICH-
HOTO JIGYCHUS C TPUMEHEHHEeM UHTep(epoHa-IsIMo;/1a
u OucepoHa-0 CBUIETEIHCTBYIOT O CHIDKEHHH BOCTIA-
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Tepanusi XxpoHU¥eCcK020 SHOOMEMPUMA y KOpo8 ¢ NPUMEHeHUeM PEKOMOUHAHMHbIX UHMEPPePOHO8

JINTEIHHOU PEAKIUU B TIOJOBBIX OPraHax, dHIOTCH-
HOW WHTOKCHIKAITUH, TIPOIIECCOB TMEPEKUCHOTO OKHC-
JICHUS JINTTHIOB Ha ()OHE aKTUBHU3AIHUH KJICTOTHOTO
3BEHa HeCHEeNM(PUUECKON PE3UCTEHTHOCTH M aHTHOK-
CHAHTOMH 3aIIUTHI.

3AKJIIOYEHUE

Tepanust KOpOB ¢ XPOHUYECKUM IHIOMETPHUTOM,
peAycMaTpuBaronias mpuMeHeHne HHTeppepoHa-
nssmO/1a ¥ 6udepoHa-0 B coueTaHUM C CHMITTOMATHYE-
CKHMHU ¥ STHTPOIHBIMH IIpeTiapaTaMu, COIPOBOXKIaeT-
sl KIIMHIUYECKUM BEI3IOpoBiIeHueM 91,6 % )KUBOTHBIX,
MTOCJICAYIONIUM OIIonoTBOpeHneM 83,3 %, ipu cokpa-
MIEHUH TIPOIOJKUTEILHOCTH Oecrionus Ha 16,8 mHeit
1 ko3 durnmenTa ormnogorBopenus — Ha 0,82. Kiu-
HUYECKOE BBI3IOPOBJICHUE )KUBOTHBIX IOCIE MPHMe-
HEHHSI PEKOMOMHAHTHBIX HHTEP(PEPOHOB MPOUCXOTUT
Ha (DOHE CHWIKEHHMSI BOCTAUTEIBHON peakiuu B TO-
JIOBBIX OpraHax, YHJI0TeHHON HHTOKCHKAIIUH, ITPOIIec-
COB ITEPEKHCHOTO OKUCIICHUS JINTINIOB TIPU OHOBpE-
MEHHOHW aKTHBH3aIlNH KJIETOYHOTO 3BeHa HECTIeI(H-
YEeCKOW PEe3UCTEHTHOCTH M aHTUOKCUIAHTOM 3aILUTHI.
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THERAPY OF CHRONIC ENDOMETRITIS IN COWS
USING RECOMBINANT INTERFERONS
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Abstract. The article presents the results of the efficacy of the use of biferon-b and interferon-lambda in the treat-
ment of cows with chronic endometritis. The combined use of biferon-b twice at a dose of 10 ml with a 24-hour
interval and interferon-lambda twice at a dose of10 ml intramuscularly against the background of symptomatic
and etiotropic therapy contributes to the clinical recovery of 91.6 %, the fertilization of 83.3 % of animals, while
reducing the duration of the period from the end of treatment to fertilization by 16.8 days and the fertilization
rate — by 0.82. Clinical recovery of animals after the use of recombinant interferons occurs against the back-
ground of a decrease in the inflammatory reaction in the genital organs, endogenous intoxication, lipid peroxida-
tion processes with simultaneous activation of the cellular link of nonspecific resistance and antioxidant protec-

tion.

Keywords: cows, biferon-b, interferon-lambda, chronic endometritis, therapy

Among the reasons hindering the maximum re-
ceipt of livestock products, the leading place belongs
to the pathology of reproductive organs. The domi-
nant place among gynecological diseases is occupied
by chronic uterine inflammatory diseases, including
endometritis. The prevalence of chronic endometritis
in cows is 15.5—52.7 % of the total number of infer-
tile animals [1—3].

The basis of therapeutic measures for chronic en-
dometritis in cows are antimicrobial agents of vari-
ous mechanisms of action. The use of these drugs has
recently become more widespread, which ultimately
reduces the efficacy of ongoing therapeutic measures
due to the development of antibiotic-resistant strains
and reduces the quality of the resulting livestock prod-
ucts [4, 5].

Therefore, to obtain a high therapeutic effect in the
treatment of chronic endometritis in cows, it is advis-
able to use complex treatment regimens that involve
the use of general stimulating pathogenetic therapy,
uterine myotropic and antimicrobial drugs [6, 7].

Out of the general stimulating agents that increase
the body’s immunological reactivity and normalize
metabolism, tissue drugs, ichthyol, citrated blood and
vitamin drugs are used in obstetric and gynecological

practice [8, 9]. One of the means of general stimulating
action can be attributed to drugs containing interferons.

Interferons are able to induce antiviral activity in
infected cells, immunomodulatory properties in case
of infections of various etiologies. Thanks to the use
of genetic engineering methods and modern biotech-
nology, many interferons are currently produced as re-
combinant drugs that are identical to endogenous mol-
ecules [10—12].

Recently, the drug biferon-b, which contains in-
terferon-alpha and interferon-gamma with an activity
of at least 1.0-10* TU/cm?, has found increasing use in
veterinary practice [13]. Interferon-alpha exhibits an
antiviral and antiproliferative effect, while interfer-
on-gamma induces the activity of cellular enzymes,
which leads to metabolic disorders and death of the
affected cell [14—16]. The use of recombinant inter-
ferons-alpha, — gamma contributes to the stimulation
of metabolic processes, non-specific resistance and tis-
sue regeneration. Interferons introduced into the body
compensate for the deficiency of endogenous analogs
and fully reproduce their effects [17—20].

In obstetric and gynecological practice, the use of
drugs containing type III interferons also deserves at-
tention, since they function on the epithelial surfaces
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of the respiratory tract, digestive tract and reproduc-
tive organs, performing protective functions [21, 22].

Therefore, the study of the possibility of using in-
terferon drugs in order to increase the efficacy of treat-
ment of cows with chronic endometritis is one of the
urgent tasks of obstetric science.

The objective of the research is to study the effi-
cacy of the use of recombinant interferons for the treat-
ment of cows with chronic endometritis.

MATERIAL AND METHODS

The object of research was cows with chronic en-
dometritis. The diagnosis of chronic endometritis was
made in accordance with the Methodological Guide
for the Prevention of Infertility in High-Yielding
Dairy Cattle (Voronezh, 2010). The studies were car-
ried out on 36 animals, divided according to the prin-
ciple of analogues into three groups. The cows of the
first group (n = 12) were intrauterinely injected with
a broad-spectrum antimicrobial drug (metricure) ac-
cording to the instructions for its use, as well as utero-
ton — intramuscularly three times at a dose of 10.0 ml
with a 24-hour interval, the cows of the second group

(n = 12) — biferon-b twice at a dose of 10 ml with a
24-hour interval, metricure and uteroton, the cows of
the third group (n = 12) — biferon-b twice at a dose of
10 ml with a 24-hour interval and interferon-lambda
twice at a dose of 10 ml and also metricure and utero-
ton. Therapeutic efficacy was determined by the num-
ber of recovered and fertilized cows, the duration of
the infertility period and the fertilization rate. From
five cows from each group, before the treatment on-
set and at the end of the therapeutic course, blood sam-
ples were taken for laboratory tests. The content of tu-
mor necrosis factor-alpha, interleukin — 2, 4, 10 was
determined by ELISA using specific test systems Bo-
vine Elisa Kit Cloud-Clone Corp (USA). The digital
material was subjected to mathematical processing us-
ing the Statistica 6.0 software package.

STUDY RESULTS
It was established (Table 1) that after the applica-
tion of metricure, 66.7 % of animals recovered, 58.3 %
were fertilized on average in 40.5 = 3.2 days after the
therapeutic course with a fertilization rate equal to
2.24+£0.13.

Table 1
The efficacy of the use of biferon-b and interferon-lambda for the treatment of chronic endometritis in cows
. Number of Recovered, Fertilized, Period from the e
Group of animals . end of treatment | Fertilization rate
animals cows/% cows/% e
to fertilization, d
Metricure 12 8/66.7 7/58.3 40.5+3.2 2.24+0.13
Metricure + 12 10/83.3 9/75.0 323421 178+ 0.11°
biferon-b
Interferon-lamb- . .
da + biferon-b 12 11/91.6 10/83.3 23 7+1.4 1.42+£0.08

*P<0.05
" P <0.01 — compared with metricure

The combined use of metricure and biferon-b is
accompanied by an increase in therapeutic efficacy
by 16.6 % compared with the use of metricure alone,
while reducing the period from the end of treatment to
fertilization by 8.2 days and the fertilization rate — by
0.46 (P <0.05).

The best results were obtained in the treatment of
cows with chronic endometritis, involving the use of
biferon-b and interferon-lambda. The efficacy of com-
plex treatment with biferon-b and interferon-lambda
was 91.6 %, which was by 24.9 % higher, compared
to metricure. Fertilization after the therapeutic course
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occurred in 83.3 % of animals, which was by 25.0 %
higher, compared to metricure, with a reduction in the
duration from the end of treatment to fertilization by
16.8 days (P < 0.05) and fertilization rate — by 0.82
(P<0.01).

The high clinical efficacy of therapy for cows with
chronic endometritis was confirmed by the results of
laboratory blood tests of cows before and after the treat-
ment (Table 2).

It has been established that the clinical recovery of
cows in case of chronic endometritis treatment with the
use of metricure and biferon-b is accompanied by a de-
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crease in the content of leukocytes by 7.1 %, compared
with the use of metricure alone, eosinophils — by 38.0 %
(P <0.05), stab neutrophils — by 34.2 % (P <0.01),
monocytes — by 25.4 % (P < 0.05), circulating immune
complexes —by 23.7 % (P < 0.01), medium weight mol-
ecules—by 23.2 % (P < 0.05), nitric oxide—by 27.0 %
(P<0.05),IL-2—Dby 21.5 % (P < 0.05), with an increase
in the phagocytic index by 47.8 % (P < 0.05), phagocyt-
ic number — by 60.0 % (P <0.05), IL-4 — by 39.9 %
(P<0.05)and IL-10 — by 31.8 % (P < 0.05).

With the combined use of interferon-lamb-
da and biferon-b in the process of clinical recovery,
a decrease in the content of leukocytes by 25.9 %
(P <0.05) was detected, compared with the use of
metricure, eosinophils — by 56.3 % (P <0.01), stab
neutrophils — by 54.9 % (P < 0.001), monocytes —
by 35.6 % (P <0.001), alpha-globulins — by 28.4 %
(P <0.05), circulating immune complexes — by 34.2 %
(P <0.001), malondialdehyde — by 19.5 % (P < 0.05),

medium weight molecules — by 27.0 % (P < 0.05), ni-
trogen oxide — by 38.2 % (P < 0.01), index of endoge-
nous intoxication — by 22.9 % (P < 0.05), TNFa.— by
28.3 % (P < 0.05), IL-2 —by 28.2 % (P < 0.05), with
an increase in the level of lymphocytes by 24.1 %, se-
rum lysozyme activity — by 38.9 % (P < 0.05), phago-
cytic index — by 60.9 % (P < 0.01), phagocytic num-
ber — by 93.3 % (P < 0.001), vitamin A— by 38.5 %
(P <0.05), vitamin E — by 25.9 % (P <0.05), cata-
lase activity — by 35.7 % (P < 0.05), glutathione per-
oxidase — by 31.2 % (P < 0.05), IL-4 — by 49.0 %
(P<0.01)and IL-10 — by 41.9 % (P < 0.01). The re-
sults of morphobiochemical studies of cow blood af-
ter treatment with interferon-lambda and biferon-b in-
dicate a decrease in the inflammatory response in the
genital organs, endogenous intoxication, lipid peroxi-
dation processes against the background of activation
of the cellular link of nonspecific resistance and anti-
oxidant protection.

Indicators of the morphobiochemical blood status of cows in the treatment of chronic endometritis fable
At the end of the therapy course
Indicators Before the treatment . . . interferon-lambda +
metricure metricure + biferon-b biferon-b
1 2 3 4 5
Leukocytes, 10°/L 10.6 £0.7 8.5+0.25 7.9+0.44 6.3+0.49"
Eosinophils, % 8.2+0.39 7.1+0.44 44+0.22 3.1+£0.15™
Neutrophils, %:
stab 13.1+£0.41 11.1+£0.7 7.3 +0.52" 5.0+£0.51™
segmented 346+3.1 37.3+£1.9 39.1+£3.6 402+34
Monocytes, % 7.2+0.44 59+0.22 4.4+0.19° 3.8+021™
Lymphocytes, % 36.9+2.9 38.6+2.4 448+29 479+2.5
Total protein, g/L 74.7+52 753+6.7 76.8 £+4.4 793+£5.2
Albumins, % 42.7+£3.8 435+3.5 459+3.4 46.7+3.1
a-globulins, % 153+£1.2 148 +1.1 11.4+0.7 10.6 £0.5"
B-globulins, % 234+1.9 224+1.6 20.8+1.6 19.5+14
y-globulins, % 18.6 1.3 193+1.5 219+ 1.7 232413
Total Jg, g/L 239+1.8 22.1+1.8 19.5+1.3 17.8 1.1
CIC, g/L 0.41 £0.02 0.38 £0.02 0.29+£0.01™ 0.25+£0.01™
SBA, % 71.3+49 72.2+4.5 749+ 4.6 80.6+5.3
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Table 2 (the end)

1 2 3 4 5
SLA, pg/ml 1.7 +0.12 1.8+0.10 2.140.12 2.5+0.19"
LPA, % 66.1+5.5 64.8+4.8 70.6+3.9 77.9+ 4.1
PhI 444023 4.6+0.29 6.8+041" 7.4+037"
PhN 29+0.13 3.0+0.17 48+0.29" 584033
Vitamin A, pmol/L 1.240.09 13+0.11 1.5+ 0.08 1.8+0.11°
Vitamin E, pmol/L 153+ 1.1 16.6%0.9 19.4=1.5 209+ 1.3°
Vitamin C, pmol/L 201+ 1.7 211415 234+ 1.6 263+2.1
IEI 453+2.1 40.1+2.5 36.5+1.9 30.9+1.9°
Eﬁﬁe&}“M H,0/ 314428 322429 37923 $B7+25
S}:ﬁ;}ﬁ\g GSH/ 129+ 1.1 13.840.9 158+ 1.1 18.1+1.1°
MDA, pM/L 3.19 +0.25 3.02+0.18 2.87+0.15 2.4340.14"
MWM, c. u. 1.88+0.11 1.85+0.12 1.42 +£0.13° 1.35+0.11°
NO_, uM/L 653+5.9 62.9+3.1 45.9+4.3° 38.942.5"
TNF,, pg/ml 297.6+22.1 2643 +19.8 221.6+ 15.1 189.6 + 13.7"
IL-2, pg/ml 97.6 + 8.8 903 +5.5 70.9 + 4.4° 64.844.9°
IL-4, pg/ml 40.3+2.4 449+3.1 62.8+3.3" 66.9+ 4.2
IL-10, pg/ml 58.6+5.1 60.4+3.9 79.6+5.5" 85.7+5.7"
“P<0.05
“pP<0.01
** P <0.001 — compared with metricure
CONCLUSION REFERENCES

Therapy of cows with chronic endometritis, in-
volving the use of interferon-lambda and biferon-b in
combination with symptomatic and etiotropic drugs, is
accompanied by a clinical recovery of 91.6 % of ani-
mals, subsequent fertilization of 83.3 %, with a reduc-
tion in the duration of infertility by 16.8 days and the
fertilization rate — by 0.82. Clinical recovery of an-
imals after the use of recombinant interferons occurs
against the background of a decrease in the inflamma-
tory response in the genital organs, endogenous intox-
ication, lipid peroxidation processes, while simultane-
ously activating the cellular link of nonspecific resis-
tance and antioxidant protection.
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AHHoTanus. B crarbe npeacTaBieHsl pe3yasTaTsl 3G (HEKTHBHOCTH IPUMEHEHNS NIPerapaToB PeKOMONHAHTHBIX
HUHTEP()EPOHOB I MPO(GUIAKTHKH OCTPOTO MOCIEPOIOBOTO SHIOMETPHUTA Y KOPOB. YCTaHOBJIEHO, YTO TPEXKpPAT-
HOE BHYTPHUMBIIIEYHOE BBEACHHE IPOayTOBAaKa CyXOCTOMHBIM KopoBaM 3a 30 qHEil 10 mpearoiaaraeMoro oTena
¢ 10-nHeBHBIM HHTEpBaoM B 03¢ 10,0 Mi/5uBoTHOE 0OecnieunBaeT npopunakrnaecknii spdexr y 75,0 % xu-
BOTHBIX. [IpMeHeHne poayTOBaKa CyXOCTOHHBIM KOPOBaM CHOCOOCTBYET CHIDKEHHIO CIIy4aeB MOCIEPOI0BOrO
SH/IOMETPHTA Y KOPOB B 2,4 pa3a 1o CpaBHEHHUIO C OTPHUILATEIBHBIM KOHTpOJIeM, B 1,8 pasa — 1o cpaBHEHHIO
C IBYKpaTHBIM BBeIEHHEM OM(epoHa-0 M MOBBIMICHUIO MPO(UIAKTHIECKOH 3(P(HEKTHBHOCTH COOTBETCTBEHHO
B 1,9 paza n Ha 8,3 %. [Ipodunakrniecknii 3 PeKT OT BBEICHNS TPOayTOBaKa 00ECIIEUNBACTCS 32 CUET aKTHBH-
3aIlM¥ MECTHBIX (haKTOPOB 3AIIUTHI, (EPMEHTATHBHOIO M Heh)epPMEHTATHBHOIO 3BEHA aHTUOKCHAAHTHOH cHCTe-
MBI IPY CHIPKEHHH HHTEHCHBHOCTH MTPOLIECCOB ITEPOKCHIALINHN JTUIHIOB ¥ OSIIKOB, SBJICHUIT SHAOTCHHOW HHTOK-

CHUKaIlluH.

KuroueBble c10Ba: KopoBsl, OnepoH-0, MpoayToBaK, MOCIEPOOBOH YHIOMETPHT, (hapMaKopoduIaKTHKa

Axymepckre 3a00JeBaHuUS SIBISIOTCS OTHAMHU U3
Haubosee pacpoOCTPAaHEHHBIX MATOJIOTUH, MPUHOCS-
LIUX 3HAYUTEITLHBIA SKOHOMHYECKUH yILIepO SKOHOMHKE
pou3BoanTeNel Mosoka. HaubombIuii ynensHbIi Bec
Cpear aKyIIepCcKOW MaToIOTHH 3aHIMAIOT OCTpast Cyo-
HWHBOJIIOLMS MAaTKU U OCTPBIN MOCIEPOOBBINA SHAOME-
TpuT. OCTPBIi MOCIEPOOBEIA PHIOMETPUT PETUCTPH-
pyercs y 35,0—74,5 % otenuBimxcs kopos [ 1—3].

Bonpocam npoduiIakTHKK MOCIEPOIOBOTO YH/IO-
METpHUTA y KOPOB B HAyUHOM JIUTEpaType MOCBSIIECHO
0O0JIBIIIOE KOTMIECTBO PadOT, MOIABIISIONIEE OOTBIITHH-
CTBO KOTOPBIX CBOJIUTCS K TPUMEHEHHIO aHTUMHUKPOO-
HBIX IIpernapaTtoB. B Hacrosimee Bpems s npodu-
JIAKTUKH MTOCIEPOA0BOTO SHAOMETPUTA IPUMEHAETCS
MHOKECTBO aHTUMHUKPOOHBIX MPENapaToB pa3inyHoO-
ro MexaHHu3Ma JeHCTBHS, OJHAKO, CTENIEHb PEerucTpa-
MU JAHHOHM MATOJIOTUH WMEET TeHJICHITNIO K YBEJH-
yeHuro [4—o6].

OCHOBHBIM 3THOJOTHYECKUM (DaKTOpPOM OCTpO-
IO MOCJIEPOJOBOTO YHIOMETPUTA SABISIETCA Pa3BUTHE
B TIOJIOCTH MaTku MHKpodiopsl. Pesynbrarsl Oakre-
PHOJIOTHYECKUX HCCIIEIOBAHUN dKcCyAaTra OT OOib-
HBIX 9HJIOMETPUTOM KOPOB CBHJIETEIHCTBYIOT O TOM,

YTO ITOJIOCTh MaTKM KOHTAMHHUPOBaHA pa3HOO0pa3HOU
Mukpodopoi: sHTepodakTepun — 36,3 % cirydaes,
crpentokokku — 34,5 %, craduinokokku — 18,4 %,
npoxokernonoousie Tpudsr — 10,8 % [7, 8].

B BO3HWKHOBEHUM ¥ Pa3BUTHH MOCIIEPOIOBOTO JH-
JIOMETPUTA Y KOPOB KPOME HAITUYHS YCIIOBHO-TTaTOT €H-
HOW M MaTOr€HHON MUKPO(IIOPHI BAXKHBIM YCIOBHEM
SBJISIETCSl COCTOSIHUE €CTECTBEHHOM PE3UCTEHTHOCTH
oprann3ma. Ocnabnenne oo1eit ecTeCTBEeHHON pe3n-
CTEeHTHOCTH OpTaHW3Ma 1 MECTHOM 3aIl[UThI MATKH 51B-
JISIETCS TIPeIPACIIONaralonuMy (pakTopaMu pa3BUTHS
BOCHAJIUTENILHOTO IIPOLecca B HONOCTH MaTKu [9—I11].

OfHMM W3 HaNpaBICHHN MO MPO(UIAKTHKE TI0-
CJIEPOAOBBIX BOCHAIUTENBLHBIX 3a00JCBaHUN MAaTKH
Y KOPOB SIBIISIETCS| IPUMEHEHUEM CPEJICTB O0IECTUMY-
TUpyIomel Hecrenn@uaecKkoi Tepanuu: IpernapaTsl
TUTALIEHTHI, UXTHOJA, ayToreMoTepanus u ap. K auciy
TaKHX CPEIICTB OTHOCATCS TAKXKE MPerapaTbl PEKOM-
OMHAHTHBIX HHTEPPEPOHOB: MUKCOPEpPOH, OrdepoH-0
u ap. [12—14]. ITostomy uzydenue 3phekTuBHOCTH
NpUMEHEHUs] HHTep(epoHOCoIepKAUX NIPEraparoB
C TIEJBI0 MPO(UIAKTHKY MTOCIEPOIOBOTO SHIOMETPH-
Ta y KOPOB SIBIISIETCS aKTyaJIbHOW 3a1a4uei.
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Lenb uccnenoBannit — U3Y4UTh 3PPEKTUBHOCTH
MIPUMEHEHHSI TIPErapaToB PeKOMOWHAHTHBIX WHTEP-
(hepoHOB 15 IPOGUITAKTHKHA OCTPOTO MTOCIEPOTOBO-
r'0 SHJIOMETPHUTA Y KOPOB.

MATEPHUAJ U METOJbI
HUCCJIEJOBAHUM

OOBEKTOM HCCIICNOBAHUN CIYKUIH KIMHUYC-
CKH 3/I0pPOBbIE€ CyXOCTOMHBIE KOpOBHI 3a 30 gHEl 10
npesmnonaaraeMoro otesna. JKXHBOTHBIM MEPBOW TpyTI-
el (n = 12) uHBEUUpOBANN Hpenapar npoayTo-
Bak TpexkpaTHO ¢ 10-71HEBHBIM MHTEPBAJIOM B J03€
10 mn/’xkuBOTHOE, BTOpOIi (1 = 12) — Ondepon-6 nBa-
KBTI C 24-9aCOBBIM MHTEPBAJIOM I10 5 MJT M TPEThEH
(n=10) — 0,9 % pacTBOp XJIOpUAA HATPHS JTBAXKIBI
¢ 24-4acoBbIM UHTEpBaJIOM 110 10 M.

OT 5 KOPOB U3 KaX101 IPYIIIBI B IEHb OTENa U 4e-
pe3 8—14 nneit mocie oTena 0ToOpaHbl MPOOLI KPOBH
JUTSL TIPOBEICHHST JIAOOPATOPHBIX HCCIeJOBaHMiA. B kpo-
BH OIIPEJIEIICHO COAEp KaHue JIEHKOIIUTOB, TTOKa3aTe-
JIU TeHKOTpaMMBI, o01Iero Oenka u ero ¢ppakiuii, 00-
LIMX UMMYHOIJIOOYJIMHOB, LUPKYIUPYIOIINX HMMYH-
HBIX KOMIIJIEKCOB, MaJIOHOBOTO THAJIbJICTU 1A, MOJICKYJT
cpenueit maccol, ButamuHOB A, E, C, kapoTnna, uH-
JIeKca SHIOT€HHOW MHTOKCHUKAIIMH, OKCH/Ia a30Ta, Oak-
TEePHUIHUTHYIO U TU30IIMMHYI0 aKTHBHOCTD CHIBOPOTKH
KpOBH, (parolMTapHy0 akKTUBHOCTb JIEHKOIIUTOB, aK-
TUBHOCTB IIIIOTaTHOHIIEPOKCHU/1A3bl, KaTajaasbl.

Ha 8—14 nenr mocie oTrena BCe BKIIOUEHHBIE
B OTIBIT JKUBOTHBIE TIOIBEPTHYTHI KIIMHUKO-aKyIIep-
CKOMY HMCCJIEIOBAaHHUIO C TPIMEHEHUEM YIIBTPa3BYyKO-

BOTO cKaHepa Easy-Scan-3, o pe3ynsraramM KOTOpOTo
ompezaencHa npopmIakTndeckas 3pheKTUBHOCTH Ipe-
MapaToB PeKOMOWHAHTHBIX UHTEP(HEPOHOB.

Knmauko-akymepckue UCCle0BaHUs BBITIOTHE-
HBI B COOTBETCTBUH ¢ «MeToanIecKiM ocoOreM 1o
npoQHIAKTHKE OCCIIIONUS Y BEICOKOTIPOAYKTHBHOTO
MOJIOUHOTO cKoTa» (Boponexk, 2010), a sxorpadude-
CKH€ — B COOTBETCTBUU C «MeTOINYeCKUM T0CoOH-
€M TIO YJIBTPa3BYKOBOH JIMAarHOCTHKE OEpeMEHHOCTH
U 33JICPXKKU Pa3BUTHsI SMOPUOHA U TUIONIA Y KOPOBY
(Boponex, 2013).

Ludposoii MaTepual MmojBepraid MareMarnie-
CKOM 00pabOTKe C UCITOTb30BAHUEM TTaKeTa IMPUKIIAT-
HBIX TIporpamm Statistica 6.0.

PE3YJIBTATHI UCCJEIOBAHUN

YcranosieHo (tabin. 1), 9To mocie AByKpaTHO-
ro BBeJIcHHUS OndepoHa-0 CyXOCTOHHBIM KOPOBaM OT-
MEUEHO CHIKEHHE COJIePIKaHMsI 503MHO(DUIIOB B JICHb
orena Ha 25,0 % (P < 0,01) mo cpaBHEHUIO C KUBOT-
HBIMH KOHTPOJILHOHM TPYIIIBI, HaJ0YKOSICPHBIX HEl-
TpoduioB —Ha 9,9 %, monouutoB — Ha 14,3 %. I1o-
Clie IPUMEHEHUs TPOayTOBaKa CyXOCTOWHBIM KOPOBaM
M3MEHEHUs TIoKa3areield Mop(oIOrHiIecKoro craryca
B JICHb OTella UMelld 0oJiee BBIPAXKCHHBIA XapakTep.
Tak, B KpOBH KOPOB TIOCJIC MPUMEHEHHS TPOAYTOBA-
Ka OTMEUEHO CHW)KEHHE COICPKAaHUS YO3HMHO(HIIOB
Ha 35,0 % (P <0,001) B cpaBHEHUU C )KUBOTHBIMHU U3
TPYIIIBI OTPUIATEIIHLHOTO KOHTPOJIS, TTAJIOUKOSIEPHBIX
ueiTpoduinoB —Ha 19,7 % (P < 0,05), MOHOIINTOB —
Ha 28,6 % (P < 0,05).

Mopgonocuueckue noxazamenu Kpogu Kopog npu npUMeHeHUY NPenapamos uHmeppHepoHoso2o pﬂdgaﬁﬂnua 1
['pyIbl )KUBOTHBIX
IToka3zarenu
IpoayTOBaK oudepon-6 KOHTPOJIb
1 2 3 4
B nens orena

Jletikonuter, 10%/1 7,5+0,41 7,8+0,37 8,8+ 0,45
Dosunodusl, % 2,6 0,15 3,0+£0,13" 4,0+0,18
Hetirpoduist, %:
MaJIOYKOSIICPHBIC 5,7+0,23" 6,4+0,33 7,1£0,41
CErMEeHTOsICPHBIC 44,8 £ 2,1 439+32 42,6 +3,6
Momnouutsl, % 2,5+0,13" 3,0£0,11 3,5+£0,19
Jlumdoruter, % 444 +38 437+3,8 428 +£2,1
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Oxonuanue TadJ. 1

1 2 3 4
Uepes 8—14 gneii nocne orena

Jleiikountsl, 10°/11 6,8+0,31" 8,0+£0,41 9.4+ 0,55
Dosunodusl, % 2,7+£0,11" 3,8+0,13" 4,5+0,22
Hetirpodust, %:
TIAJIOYKOSIZIEPHBIC 7,0£0,38"" 8,9 +0,23" 13,1 £0,62
CErMeHTOsICpPHEIC 45,1+2,5 43,4+2,6 40,1+ 3,6
MownoruTsl, % 2,5+0,13™ 3,1+£0,15" 4,6 +£0,26
Jlumdoruter, % 42,7+2.7 40,8 £ 2,5 37,7+1,9

" P<0,05

*P<0,01

sekok

Uepes 8—14 nueii nocie orena y KOpoB, KOTOPbIM
JIBOX]IBI HHBEIIUPOBAIU On(epoH-O B MEpUoJ| CyXo-
CTOsI, KOHCTaTUPOBAJI CHIKEHUE COMEPIKaHUSI 203U~
HoduioB Ha 15,6 % (P < 0,05) o cpaBHEHHIO C KH-
BOTHBIMH TPYIIIBI OTPUIATEIIEHOTO KOHTPOJIS, TaI0u-
KOsIZIepHBIX HenWTpoduiaoB — Ha 32,2 % (P <0,01),
MoHOUUTOB — Ha 32,6 % (P < 0,01). ITocne Tpexkpar-
HOTO BBEACHUS MIPOAYTOBAKA yCTAHOBJICHO CHIKEHHUE
KOHIIEHTpanuu Jiehkorutos Ha 27,7 % (P < 0,01) mo
CPaBHEHHIO C YKUBOTHBIMH U3 TPYIIIBI OTPHIIATEIHHO-
r0o KOHTpoIs, d03uHOpMI0B — Ha 40,0 % (P < 0,001),
ajJo4YKosAepHbIX HeliTpodpuiaos — Ha 46,6 %
(P <0,001), monoruroB — Ha 45,7 % (P <0,001),
[IPpY NOBBILICHUH YPOBHA TuMpounToB Ha 13,3 %, 9to
CBHJICTEIIbCTBYET O CHIYKEHUH BOCTIAJIMTEIILHOM peak-
UK Ha MPOTSDKEHHUH TMEPBBIX JIBYX HEIEb MOCIepo-
JIOBOTO TIEPHOJIA.

[TokazaTenn MMMYHHOTO cTaryca KOpPOB IOCIE
NpPUMEHEHUS [IpenaparoB UHTEPHEPOHOBOTO psijia
MpeACTaBlIeHBI B Tabnue 2.

YcTaHOBIIEHO, YTO TOCIE IBYKPATHOTO BBEICHUS
6udepona-0 CyxoCTOMHBIM KOPOBaM B JIEHb OTela
YCTAHOBJIGHO HE3HAYNUTEJIBHOE IOBBILICHUE YPOBHS
y-mo0ynuHOBOH (pakiuu 6eska Ha 9,7 %, 1o cpaBHe-
HUIO C )KMBOTHBIMH M3 IPYIIIBI OTPULATEBHOTO KOH-
TPOJIst, OOIIMX UMMYHOTIIOOYIMHOB — Ha 4,8 %, JIn30-
IMMHOM aKTUBHOCTH CHIBOPOTKH KpoBu — Ha 10,5 %,
(baronmrapuoro naaekca—na 12,5 %, ¢arouutapHo-
ro unciia — Ha 18,5 %. MI3MeHeHus moxasarenei umM-
MYHHOT'O CcTaTyca Ha ()OHEe MPUMEHEHHSI IPOayTOBaKa
nUMeroT Oosiee BeIpaskeHHBIN XapakTep. [locie ncnoss-

P < 0,001 — no cpaBHenuto ¢ kouTponeM (0,9 % pacTBop xjiopuia HaTpUs)

30BaHHMS [MPOAYTOBAKA Y KOPOB B JICHb OTEJIa PETUCTPH-
POBAI CHUYKEHUE COMEPKAHUS IUPKYTUPYIOIINX UM-
MYHHBIX KOMILTIEKCOB — Ha 26,1 % (P <0,05), mpu
MTOBBIIICHUN YPOBHS Y-TIIOOYTMHOBOH (ppakmmm Oer-
ka 14,9 %, o0mux uMMyHOTIIO0yTMHOB — Ha 16,5 %,
OaKTepUIIHTHON aKTUBHOCTH CHIBOPOTKU KPOBH — Ha
10,0 %, nTu30UMMHONM aKTUBHOCTH CHIBOPOTKH KpO-
BU — Ha 22,8 % (P < 0,05), ¢parourapHOii aKTHBHO-
cTH JekonnToB — Ha 21,2 %, GparorurapHoro HHIeK-
ca—mHa 25,0 % (P < 0,05), parounraproro yncia —
Ha 51,9 % (P <0,01). YcraHOBICHHBIE H3MEHEHUS
MMMYHHOTIO CTaTyca B ICHb OTEJAa MOCIE MPUMEHEHUS
MpoayTOBaKa CBUIETEILCTBYIOT O 00JIee BHICOKUX I10-
Ka3aTesax T'yMOpalbHOTO U KJIETOYHOTO 3BeHa HecCTIe-
U(UIECKON PE3NCTEHTHOCTH.

Yepe3 8—14 nHell mocne orena y KOpOB MOCIE
npuMeHeHust oudepoHa-0 coaepxKaHue MUPKYITHPYIO-
IIMX UMMYHHBIX KOMILIEKCOB ObUIO HUXke Ha 15,2 %
(P <0,05), mpu MOBBIIICHNY JIN30IIUMHON aKTHBHOCTH
CBIBOPOTKH KpoBH — Ha 16,7, paronmurapHoro uHeK-
ca—mHa 48,9 % (P <0,01), parounraproro yncia —
Ha 55,2 % (P < 0,01). [Toce BBemeHus mpoayToBaka
yepe3 8—14 nHeli mocne orena ypoBeHb LIUPKYIUPY-
IOIMX UMMYHHBIX KOMILUIEKCOB (PMKCHPOBAIIU HUXKE
Ha 21,2 % (P <0,01) mo cpaBHEHHUIO C >KUBOTHBIMHU
W3 TPYIIIBI OTPULIATETLHOTO KOHTPOJIS, IPU OTHOBPE-
MEHHOM TOBBIIIEHUN OAKTEPUITHIHON AKTUBHOCTH ChI-
BOPOTKH KpoBH Ha 13,9 %, MM300MMHON aKTUBHOCTH
CBIBOPOTKHM KpoBU — Ha 38,9 % (P < 0,02), dparouu-
TapHOW aKTUBHOCTH JieHKouToB — Ha 17,9 %, daro-
nuTapHoro uuaekca — Ha 71,1 % (P < 0,001), daro-
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uuTapHoro uncia — B 2,03 paza (P <0,001). I3me-  Ma KMBOTHBIX BO BpeMs IIEPBBIX JBYX HEEIb MOCIe-
HEHMs [10Ka3aTeIell MIMMYHHOI'O CTaTyca KOPOB [IOCJIE  POAOBOIO IIEPUOAA, YTO HIPEIATCTBYET PA3BUTUIO MU-
IIPUMEHEHUS IPOAyTOBAKa CBUIETENILCTBYIOT O Oosiee  Kpo(Iopbl B HOJIOCTH MAaTKU M BO3HUKHOBEHUIO 3H-
BBICOKOH I'yMOPaJIbHOM 1 KJIETOUHOMH 3allUTe OPraHu3-  JOMETPHTA.

Taoauma 2

Hmmynonoeuueckue noxazamenu Kposu KOpos npu npuMeHeHuy npenapamos unmepheponosozo psoa

I'pyniel sKUBOTHBIX

ITokazarenu
IpoayTOBaK oudepon-6 KOHTPOJIb
B nens orena

OOt 6eNoK, r/a 75,1 £5,7 76,8 £ 6,1 76,5+4,9
Anp0ymuHBI, % 41,9+39 43,3+33 42,9 +3,51
o-r100yTHHBEL, %o 12,1 £0,9 12,9+0,9 13,5+14
B-ro0ynunbl, % 199+ 1,7 189+ 1,3 20,9+ 1,3
y-T1o0yImuHbL, % 26,1 1,5 249+1,9 22,7+1,9
O6mwue Jg, r/n 26,9 £ 1,1 242+ 1,7 23,1+1,3
LUK, r/n 0,17+0,01" 0,21 £0,01 0,23 +£0,01
BACK, % 81,3+4,4 77,1 +£6,5 73,9+3,8
JIACK, MKr/mMn 2,69+0,11° 2,42 +0,15 2,19+0,11
DAJI, % 81,3+4,5 70,6 5,2 67,1+4,1
()71 5,040,197 45+0,13 4,0+0,19
oY 4,1£0,11™ 32+0,19 2,7+0,13

Uepes 8—14 nueit mocne otena

OOwmuii Oenox, r/a 80,9+4,1 79,3 £6,6 77,5+5,7
AnsOymuHBL, % 38,7+3,1 357+2,8 35,8+2,9
a-1100yTHHBL, %0 13,9+0,7 12,1 £0,8 11,6 £0,8
B-roOymnuns, % 20,9+ 1,5 22,7+1,7 23,8+ 2,1
y-To0ymuHEL, % 26,5+1,5 29,5+ 1,8 28,8+1,3
O6wmwue Jg, r/n 20,9+ 1,1 21,9+1,3 243+1,3
LUK, r/n 0,26 £0,01™ 0,28 +£0,01" 0,33 +0,01
BACK, % 80,5+ 6.9 74,6+ 5,1 70,7+ 5,9
JIACK, MKr/Ma 2,5+0,15" 2,1+0,11 1,8+0,13
DAIJL, % 76,1 £5,5 66,8 +4,5 64,5+32
ou 7,7 +0,.28" 6,7+ 0,25 4,5+022
oY 5,9+0,15" 45+0,16" 2,9+0,11

*P<0,05

" P<0,01

sk

P <0,001 — o cpaBHenuto ¢ kouTposieM (0,9 % pacTBop Xiopuaa HaTpHs)
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[Toxazarenu cuctemsl [10JI-AO3 kopoB mocie
MPUMEHEHHS MIPEnapaToB, COJCPIKAIINX PEKOMOU-
HaHTHBIC HHTEeP(HEPOHEI, TPEICTABICHEI B TA0OIHUIIE 3.

YCTaHOBIEHO, YTO B JIeHb OTEla MOCIe ABYKpaT-
HOTO BBeZeHUsI OudepoHa-0 CyXxoCTOHHBIM KOPO-
BaM MHJEKC HHJIOTEHHOH MHTOKCHKALIUU PETHUCTPH-
poBamu HIke Ha 12,9 % (P <0,05), mo cpaBHEHUIO

C *KMBOTHBIMH U3 IPYIIbI OTPHUIIATSIIEHOTO KOHTPO-
7, coAepKaHWe MaJTOHOBOTO AWANbACTHIA — Ha
13,8 % (P < 0,05), monekyn cpenHeil Macchl — Ha
27,3 % (P <0,01), npy NOBBILICHUU YPOBHS BUTAMHU-
Ha A Ha 27,3 %, aKTUBHOCTH KaTajaa3bl U [IyTaTHOH-
MEePOKCHUIa3bl — COOTBETCTBEHHO Ha 16,2 u 27,1 %
(P <0,05).

Taoauna 3
THoxazamenu cucmemol I1OJI-AO3 Kopos npu npumeneHuu npenapamos uHmep@eporHoso2o psoa
['pyIbI )KUBOTHBIX
[Toka3zarenu
[poayToBaK oudepon-0 KOHTPOJIb
B nens orena
Buramun A, MKM/1 1,6 £0,10™ 1,4+0,11 1,1 £0,05
Buramun E, MkM/1 243+1,1° 21,7+ 1,7 192+ 1,4
Buramun C, MkM/it 348+1,6 329+1,7 31,2+2,9
nusun 26,4+ 1,7 32,5+1,9 373+25
Ei::ﬁaf 85 MM 55.7+33" 489+3,1 421426
ggﬂ‘(‘)?/[ GSH/ 18,1+ 1,17 164+ 1,1° 12,0409
MJIA, MM/ 2,21 +£0,11° 2,44 +£0,11" 2,83 +£0,15
MCM, y. e. 0,72 £ 0,06™ 0,88 £ 0,05 1,21 £0,07
NO_, MmkM/n 50,9 +4,5" 58,1+3,5 68,2+4,1
Uepes 8—14 nueit mocie otena
Buramuna A, MkM/n 1,8+0,11" 1,4 +£0,09 1,2+£0,06
Buramun E, MkM/i1 229+1,5" 19,5+1,3 16,2+ 14
Buramun C, MkM/1t 31,9+22" 28,1 £2,1 24,1+ 1,5
nusu 357+2,7 39,1+£29 449+ 3,1
fi::gafg} MM H,0,/ 48,1+32" 42,1£33 359424
I'TI0, mkM GSH/n-mun-103 16,1 £1,2° 133£1,2 10,1 +£0,7
MJIA, MkM/1 2,78+ 0.,16" 3,12+ 0,22 3.69+0,19
MCM, y. e. 1,23 +£ 0,09 1,53+£0,13 1,94 +0,12
NO_, MkM/n 38,4+3,1" 45,9 +3,5" 61,3+5,1
*P<0,05
*P<0,01

sk

P < 0,001 — mo cpasuenuto ¢ korTponeM (0,9 % pacTBop xIopuna HaTPUs)
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[Tocne TpexKpaTHOrO BBEACHHUS MPOAyTOBaKa
y KMBOTHBIX B JICHb OT€JIa YPOBEHb MaJOHOBOIO JIH-
anpnerusa Obut Hike Ha 21,9 % (P < 0,05), Mmonexyn
cpenneit maccel — Ha 40,5 % (P < 0,001), uaaexc 3H-
JIOTeHHOM HHTOKCUKaImu — Ha 29,2 % (P < 0,05), ok-
cun azotra — Ha 25,4 % (P < 0,05), npy NOBBIIIEHUN
conepkanus BuTamuHa A Ha 45,5 % (P < 0,01), BuTa-
muHa E — Ha 26,6 % (P < 0,05), akTHBHOCTH Karasa-
3Bl U TJTYTaTHOHIEPOKCHIA3bl — COOTBETCTBEHHO Ha
32,3 % (P <0,05) 1 40,3 % (P <0,01).

Takum o0Opa3oM, mociie MPUMEHEHUSI CyXOCTOM-
HBbIM KOPOBaM IpernaparoB WHTEP(HEPOHOBOTO psija,
0COOCHHO MPOayTOBaKa, OTMEUCHO CHHIKCHHE HHTCH-
CHUBHOCTH IPOIIECCOB ITEPOKCHUIAIINHN JIUTTHIOB U OeJI-
KOB, SIBIICHUH SHJIOT€HHON MHTOKCHKAIIUU TIPH OJTHO-
BpPEMEHHOH aKTUBU3AIMH aHTUOKCUIAHTHON CUCTEMBI.

Uepes nBe Hezlenu noclie otena Ha ()oHe JIBYKpaT-
HOHM MHBEKIUHN OudepoHa-0 coxepkaHue MalOHO-
BOTO JHaibaeruaa Hke Ha 15,4 %, Monekyn cpen-
Her maccel — Ha 21,1 %, okcuma azora— Ha 25,1 %
(P <0,05), mHIeKkca PHAOTCHHON WHTOKCUKAIINA —
Ha 12,9 %, npu noBbIIEHNH YpOBHA BUTamHuHa E

Ha 20,4 %, Butamuaa C — Ha 16,6 %, aKTUBHOCTH
I'TIO — na 31,7 %.

[Tocne mpuMeHeHUs TpoayToBaKa CyX0CTOHHBIM
KopoBaM uepe3 8—14 gHel mociie oTena couep-
JKaHHME MaJIOHOBOrO aualbieruaa Huke Ha 24,7 %
(P <0,05) mo cpaBHEHUIO C )KUBOTHBIMH T'PYIIIIHI OT-
PHUIATEITEHOTO KOHTPOJIS, MOJICKYJT CpeTHEH MacChl —
Ha 36,6 % (P <0,05), okcuma azora — Ha 37,4 %
(P <0,01), mpu nOBBIIIICHAH KOHIIEHTPAIIUX BUTAMU-
Ha A Ha 50,0 % (P < 0,01), Buramuna E—mna 41,4 %
(P <0,05), Buramuna C —wua 32,4 % (P < 0,01), ak-
THBHOCTH Katana3sl — Ha 34,0 % (P < 0,05), niryra-
THOHNEepoKkcuaa3bl — Ha 59.4 % (P < 0,05), cBume-
TENbCTBYIOIIEe 00 aKTHBU3AIMU (EePMEHTATHBHO-
ro u He()epMEHTATUBHOTO 3BEHA aHTHOKCUIAHTHOU
CHUCTEMBI, TIOBBIIIICHUHM TOHYCA TJIaJIKOW MYCKYJaTy-
pbI MaTKH, YTO KJIMHUYECKHU MPOSIBUIOCH CHUKCHH-
€M JHCIIa ciTydaeB 3a00JIeBa€MOCTH KOPOB IOCIEPO-
JIOBBIM DHIOMETPHUTOM.

Pezynsrars! kimnandeckoi 2 hekTHBHOCTH IpUMe-
HEHHMS [TPOayTOBAKa JIIsl MPOQUIAKTHKH ITOCISPOIOBO-
'O SHJOMETPHUTA Y KOPOB MPEJCTABICHBI B TAOIHIIC 4.

Taoauna 4

Dhpexmusnocmv npumenenus npoaymosaxa 01 NPOPUAAKMUKY NOCIEPOO0BO20 IHOOMEMPUMA Y KOPOS

3ab0J1eI10 YHJOMETPUTOM

KOHTPOJIb

I'pynma Kon-Bo xopos DddexTuBHOCTD, %0
KOpOB %
1. ITpoayToBax 12 25,0 75,0
2. budepon-6 12 33,3 66,7
3. OTpunarenbHbIi 10 60.0 40,0

YcTaHOBIIEHO, UTO B TPYIIIE OTPHLIATEIEHOTO KOH-
TPOJISt SHAOMETPHUT AuarHocTHpoBaH y 60,0 % xopoB
nociie poaos. [locrne aBykpaTHOTO TpHIMEHEHHs Oude-
pOHa-0 PHIOMETPHT AUAarHOCTUPOBaH y 33,3 % KOpoB,
410 B 1,8 paza MeHbILIE 110 CPABHEHUIO C OTPULIATEIIb-
HBIM KoHTposieM. Hanbosnee 3¢ exTrBHBIM OKa3a10Ch
MIpUMEHEHHUe MpoayToBaka TPXJbI ¢ 10-THEBHBIM
WHTEPBAJIOM, 00eCIIeunBalolIee CHIKEHHE CIy4yacs
MTOCJIEPOIOBOTO YHAOMETPHUTA Y KOpoB B 2,4 pasa 1o
CPaBHEHUIO C OTPULATENILHBIM KOHTPOJIEM U IOBBIILIE-
HUe npoduakTuieckoit r3pdexkrnBHoCcTH B 1,9 pasa.

Taxkum 00pa3om, TpexKpaTHOE BBEIEHHE KOPOBAaM
npernapara rnpoayTonak 3a 30 qHel 10 npeanogaraeMo-
ro orea ¢ 10-THEBHBIM HHTEPBAJIOM B f03¢ 10 M1/ %Ku-
BOTHOE 00€CIICUNBACT CHIPKEHUE CIIy4aeB IOCIEPOI0-
BOTO SHAOMETPHTA B 2,4 pa3a, aKTUBH3ALIUIO MECTHBIX
(haxTOpOB 3aIINTHI, HEPMEHTATUBHOTO U He(hepMeHTa-

TUBHOI'O 3B€HA aHTHOKCUJJAHTHOM CUCTEMBI, IIOBBIIIE-
HUE TOHYCA INAJIKOM MYCKYJIaTypbl MaTKU.

3AKJTIOYEHUE

TpexkpaTHOE BHYTPHMBILIEYHOE BBEACHUE MPO-
ayTOBaKa CyXOCTOWHBIM KopoBaM 3a 30 qHei 10 npea-
nojiaraemMoro oresa ¢ 10-1HEeBHBIM HHTEPBAJIOM B J103€
10,0 Mu1/>kuBOTHOE TIPODUITAKTHPYET PA3BUTHE OCTPO-
TO TTOCIIEPOIOBOTO dHA0METpUTA Y 75,0 % KUBOTHBIX,
uTO Ha 8,3 % BBIIIE IT0 CPAaBHEHUIO C ABYKPATHBIM BBE-
nenveM oudepona-6 u B 1,9 paza — 1o cpaBHEHHIO
C OTpHLATEIbHBIM KOHTposeM. [Ipodunakruyeckuii
3¢ deKT OT BBEACHHSI CYyXOCTOWHBIM KOPOBaM ITPOayTO-
Baka 00eCIednBaeTCs 3a CUET AKTUBU3ALMHU MECTHBIX
(haxTOpOB 3aMUTHI, PEPMEHTATHBHOTO 1 He(epMeHTa-
TUBHOTI'O 3B€HA aHTUOKCUIAHTHOM CUCTEMBI, TIOBBILIIEC-
HUH TOHYCA TJIAJIKOH MYCKYJIaTypbl MaTKH IIPH CHUKE-
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HUU UHTEHCUBHOCTH ITPOLIECCOB NEPOKCUIALIAHN JTUTTU-
JIOB Y O€JIKOB, SIBJIEHUI YHIOT€HHON MHTOKCHUKAIUH.
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PHARMACOPROPHYLAXIS OF POSTPARTUM ENDOMETRITIS
IN COWS USING RECOMBINANT INTERFERON DRUGS

Vitaliy Ivanovich Mikhalev®, Larisa Yuryevna Sashnina,
Valentina Ivanovna Morgunova, Tatyana Grigoryevna Ermolova

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

Voronezh, Russia, mikhalevvit@yandex.ru®™

Abstract. The article presents the results of the efficacy of the use of recombinant interferon drugs for the pre-
vention of acute postpartum endometritis in cows. It has been established that a threefold intramuscular adminis-
tration of proautovak to dry cows at a dose of 10.0 ml/animal 30 days before the expected calving with a 10-day
interval provides a preventive effect in 75.0 % of animals. The use of proautovak in dry cows helps to reduce the
incidence of postpartum endometritis in cows by 2.4 times, compared to the negative control; by 1.8 times, com-
pared to a twofold administration of biferon-b; and increase of preventive efficiency by 1.9 times and by 8.3 %,
respectively. The prophylactic effect of proautovak introduction is provided by the activation of local protective
factors, the enzymatic and non-enzymatic link of the antioxidant system, while reducing the intensity of lipid and
protein peroxidation processes, the phenomena of endogenous intoxication.

Keywords: cows, biferon-b, proautovak, postpartum endometritis, pharmacoprophylaxis

Obstetric diseases are one of the most common
pathologies that cause significant economic damage
to the economy of milk producers. The largest share
among obstetric pathologies is occupied by acute uter-
ine subinvolution and acute postpartum endometritis.
Acute postpartum endometritis is recorded in 35.0—
74.5 % of calving cows [1—3].

A great number of works is devoted to the preven-
tion of postpartum endometritis in cows in the scientific
literature, the vast majority of which is reduced to the
use of antimicrobial drugs. Currently, many antimicro-
bial drugs of various mechanisms of action are used to
prevent postpartum endometritis, however, the degree
of this pathology registration tends to increase [4—o6].

The main etiological factor of acute postpartum
endometritis is the development of microflora in the
uterine cavity. The results of bacteriological studies of
exudate from cows with endometritis indicate that the
uterine cavity is contaminated with a variety of mi-
croflora: enterobacteria — 36.3 % of cases, strepto-
cocci — 34.5 %, staphylococci — 18.4 %, yeast-like
fungi — 10.8 % [7, 8]. In the occurrence and develop-
ment of postpartum endometritis in cows, in addition
to the presence of opportunistic and pathogenic micro-
flora, an important condition is the state of natural re-
sistance of the body. Weakening of the general natu-
ral resistance of the body and local defense of the uter-

us are the factors predisposing for the development of
the inflammatory process in the uterine cavity [9—11].

One of the directions for the prevention of post-
partum inflammatory diseases of the uterus in cows
is the use of general stimulating non-specific therapy:
placenta drugs, ichthiol, autohemotherapy, etc. These
agents also include recombinant interferon drugs: mix-
oferon, biferon-b, etc. [12—14].

Therefore, the study of the efficacy of the use of
interferon-containing drugs for the prevention of post-
partum endometritis in cows is an urgent task.

The objective of the research is to study the effi-
cacy of the use of recombinant interferon drugs for the
prevention of acute postpartum endometritis in cows.

MATERIAL AND METHODS

The object of research were clinically healthy dry
cows 30 days before the expected calving. The ani-
mals of the first group (n = 12) were injected with the
drug proautovak at a dose of 10 ml/animal three times
with a 10-day interval, the animals of the second group
(n = 12) — biferon-b at a dose of 5 ml twice with a
24-hour interval and the animals of the third group
(n=10)—0.9 % solution of sodium chloride at a dose
of 10 ml twice with a 24-hour interval.

Blood samples were taken from 5 cows from each
group on the day of calving and 8—14 days after calv-
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ing for laboratory research. In the blood, the content of
leukocytes, leukogram, total protein and its fractions,
total immunoglobulins, circulating immune complex-
es, malondialdehyde, medium weight molecules, vita-
mins A, E, C, carotene, endogenous intoxication index,
nitric oxide, serum bactericidal and lysozyme activity,
phagocytic activity of leukocytes, activity of glutathi-
one peroxidase, catalase were determined.

On day 8—14 after calving, all animals included
in the experiment were subjected to clinical and ob-
stetric examination using an Easy-Scan-3 ultrasonic
scanner, the results of which determined the preven-
tive efficacy of recombinant interferon drugs. Clinical
and obstetric studies were performed in accordance
with the Methodological Guide for the Prevention of
Infertility in High-Yielding Dairy Cattle (Voronezh,
2010) and echographic studies were performed in ac-
cordance with the Methodological Guide for the Ul-
trasound Diagnosis of Pregnancy and Intrauterine

Growth Restriction of the Embryo and Fetus in Cows
(Voronezh, 2013).

The digital material was subjected to mathematical
processing using the Statistica 6.0 software package.

STUDY RESULTS

It was established (Table 1) that after a twofold in-
jection of biferon-b to dry cows, a decrease in the con-
tent of eosinophils by 25.0 % (P <0.01) on the day
of calving was noted, compared to the animals of the
control group, stab neutrophils — by 9.9 %, mono-
cytes — by 14.3 %. After the application of proau-
tovak to dry cows, the changes in the morphological
status indicators on the day of calving were more pro-
nounced. So, in the blood of cows after the use of pro-
autovak, a decrease in the content of eosinophils by
35.0 % (P <0.001) was noted, compared to the animals
from the negative control group, stab neutrophils — by
19.7 % (P < 0.05), monocytes — by 28.6 % (P < 0.05).

Morphological blood indicators of cows when using interferon drugs fablel
Groups of animals
Indicators
proautovak biferon-b control
On the day of calving
Leukocytes, 10°/L 7.5+0.41 7.8 +£0.37 8.8 +0.45
Eosinophils, % 2.6+0.15™ 3.0+£0.13" 4.0+0.18
Neutrophils, %:
stab 5.7+0.23" 6.4+0.33 7.1+0.41
segmented 448 +2.1 439+32 42.6+3.6
Monocytes, % 2.5+0.13" 3.0+0.11 3.5+0.19
Lymphocytes, % 444 +3.8 43.7+3.8 42.8+2.1
8—14 days after calving
Leukocytes, 10°/L 6.8+031" 8.0+0.41 9.4+0.55
Eosinophils, % 2.7+0.11™ 3.8+0.13" 45+0.22
Neutrophils, %:
stab 7.0 £0.38"™ 8.9+0.23" 13.1+£0.62
segmented 45.1+£2.5 43.4+2.6 40.1+£3.6
Monocytes, % 2.5+0.13"™ 3.1+£0.15" 4.6+0.26
Lymphocytes, % 42.7+2.7 40.8+£2.5 37.7+1.9
*P<0.05
" P<0.01

sekok
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8—14 days after calving, in the cows that were
twice injected with biferon-b during the dry period,
a decrease in the content of eosinophils by 15.6 %
(P < 0.05) was noted, compared to the animals of the
negative control group, stab neutrophils — by 32.2 %
(P <0.01), monocytes — by 32.6 % (P <0.01). Af-
ter a threefold administration of proautovak, a de-
crease in the concentration of leukocytes by 27.7 %
(P <0.01) was found, compared to the animals from
the negative control group, eosinophils — by 40.0 %
(P <0.001), stab neutrophils — by 46.6 % (P < 0.001),
monocytes — by 45.7 % (P < 0.001), with an increase
in the level of lymphocytes by 13.3 %, which indicat-
ed a decrease in the inflammatory response during the
first two weeks of the postpartum period.

The indicators of the immune status of cows after
the use of interferon drugs are presented in Table 2.

It was found that after a twofold injection of bifer-
on-b to dry cows on the day of calving, a slight increase
in the level of the y-globulin protein fraction by 9.7 %

was found, compared to the animals from the negative
control group, total immunoglobulins — by 4.8 %, se-
rum lysozyme activity — by 10.5 %, phagocytic in-
dex — by 12.5 %, phagocytic number — by 18.5 %.
Changes in the indicators of the immune status against
the background of the use of proautovak are more pro-
nounced. After the use of proautovak in cows on the
day of calving, a decrease in the content of circulating
immune complexes by 26.1 % (P < 0.05) was record-
ed, with an increase in the level of the y-globulin pro-
tein fraction by 14.9 %, total immunoglobulins — by
16.5 %, serum bactericidal activity — by 10.0 %, se-
rum lysozyme activity — by 22.8 % (P < 0.05), leu-
kocyte phagocytic activity — by 21.2 %, phagocytic
index — by 25.0 % (P < 0.05), phagocytic number —
by 51.9 % (P < 0.01).

The established changes in the immune status on
the day of calving after the use of proautovak indi-
cate higher rates of humoral and cellular non-specif-
ic resistance.

Immunological blood indicators of cows when using interferon drugs fable2
Groups of animals
Indicators
proautovak biferon-b control
1 2 3 4
On the day of calving
Total protein, g/LL 75.1+5.7 76.8 +6.1 76.5+4.9
Albumins, % 41.9+3.9 433+33 42.9+3.51
a-globulins, % 12.1+£0.9 129+0.9 13.5+1.4
B-globulins, % 199+1.7 189+1.3 209+1.3
v-globulins, % 26.1£1.5 249+19 227+1.9
Total Jg, g/L 269+ 1.1 242 +1.7 23.1+1.3
CIC, g/L 0.17+0.01" 0.21 £0.01 0.23+0.01
SBA, % 81.3+4.4 77.1£6.5 73.9+3.8
SLA, pg/ml 2.69+0.11° 242 +0.15 2.19+0.11
LPA, % 81.3+4.5 70.6 £5.2 67.1 £4.1
Phl 5.0£0.19 45+0.13 4.0+0.19
PhN 4.1+0.11" 3.2+0.19 2.7+0.13
8—14 days after calving
Total protein, g/L 80.9+4.1 79.3+£6.6 77.5+5.7
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Table 2 (the end)

1 2 3 4

Albumins, % 38.7+3.1 357+28 358+2.9
a-globulins, % 13.9+0.7 121+0.8 11.6£0.8
B-globulins, % 209+1.5 27+1.7 23.8+2.1
y-globulins, % 265+1.5 295+1.8 288+13
Total Jg, g/L 209+ 1.1 219+13 243+13
CIC, g/L 0.26 +0.01" 0.28 +0.01" 0.33+0.01
SBA, % 80.5+6.9 74.6£5.1 70.7+5.9
SLA, pg/ml 2.5+0.15" 2.1+0.11 1.8+0.13
LPA, % 76.1+5.5 66.8 +4.5 64.5+3.2
Phl 7.7+0.28" 6.7+0.25™" 454022
PhN 5.9+0.15" 45+0.16" 2.9+0.11

*P<0.05

* P<0.01

sk

P <0.001 — compared to the control (0.9 % sodium chloride solution)

8—14 days after calving, in cows after the use of
biferon-b, the content of circulating immune complex-
es was lower by 15.2 % (P < 0.05), with an increase
in serum lysozyme activity by 16.7, phagocytic in-
dex — by 48.9 % (P < 0.01), phagocytic number —
by 55.2 % (P <0.01).

After the introduction of proautovak 8—14 days
after calving, the level of circulating immune complex-
es was fixed lower by 21.2 % (P <0.01), compared
to the animals from the negative control group, while
increasing serum bactericidal activity by 13.9 %, se-
rum lysozyme activity — by 38.9 % (P < 0.02), leuko-

cyte phagocytic activity — by 17.9 %, phagocytic in-
dex — by 71.1 % (P < 0.001), phagocytic number —
2.03 times (P < 0.001). Changes in the indicators of
the immune status of cows after the use of proauto-
vak indicate a higher humoral and cellular protection
of the animal organism during the first two weeks of
the postpartum period, which prevents the develop-
ment of microflora in the uterine cavity and the occur-
rence of endometritis.

Indicators of the LPO-AOS of cows after the use
of drugs containing recombinant interferons are pre-
sented in Table 3.

Table 3
Indicators of the LPO-AOS of cows when using interferon drugs
Groups of animals
Indicators
proautovak biferon-b control
1 2 3 4
On the day of calving

Vitamin A, pM/L 1.6 +0.10" 1.4+0.11 1.1£0.05
Vitamin E, pM/L 243+ 1.1° 21.7+1.7 192+1.4
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Table 3 (the end)
1 2 3 4
Vitamin C, puM/L 348+ 1.6 329417 312429
IEI 264417 325+ 1.9 373425
Eﬁﬁsleog“M H,0/ 55.7+3.3° 48.9+3.1 421+2.6
GPO, yM GSH/L'min-10° 18.1+ 1.1 16.4+1.1" 129409
MDA, puM/L 221+0.11" 2.44+0.11" 2.83+0.15
MWM, c. u. 0.72 +0.06™ 0.88 + 0.05" 1.21 £0.07
NO_, uM/L 50.9 £4.5° 58.1+3.5 68.2+4.1
8—14 days after calving
Vitamin A, pM/L 1.8+0.11" 1.4+0.09 1.2+0.06
Vitamin E, pM/L 29415 19.5+1.3 162+1.4
Vitamin C, pM/L 319422 28.1+2.1 24.1+15
IEI 357427 39.142.9 449+3.1
Catalase, kML H,0/ 481432 421433 35.9+2.4
oPO, nM/L GSHY 16.141.2° 133412 10.140.7
MDA, uM/L 278 +0.16° 3124022 3.69+0.19
MWM, c. u. 1.23 +0.09" 1.53+0.13 1.94+0.12
NO,, uM/L 384+3.1" 459 35" 613 +5.1
“P<0.05
“P<0.01

sekesk

P <0.001 — compared to the control (0.9 % sodium chloride solution)

It was found that on the day of calving after a two-
fold injection of biferon-b to dry cows, the index of en-
dogenous intoxication was recorded lower by 12.9 %
(P <0.05), compared to the animals from the nega-
tive control group, content of malondialdehyde — by
13.8 % (P < 0.05), medium weight molecules — by
27.3 % (P < 0.01), with an increase in vitamin A lev-
els by 27.3 %, catalase and glutathione peroxidase ac-
tivity — by 16.2 and 27.1 % (P < 0.05), respectively.

After a threefold administration of proautovak in
the animals on the day of calving, the level of malond-
ialdehyde was lower by 21.9 % (P < 0.05), medium
weight molecules — by 40.5 % (P < 0.001), index of
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endogenous intoxication — by 29.2 % (P < 0.05), ni-
tric oxide — by 25.4 % (P < 0.05), with an increase
in the content of vitamin A by 45.5 % (P < 0.01), vita-
min E — by 26.6 % (P < 0.05), catalase and glutathi-
one peroxidase activity — by 32.3 % (P < 0.05) and
40.3 % (P < 0.01), respectively.

Thus, after the use of interferon drugs, especially
proautovak, to dry cows, a decrease in the intensity of
lipid and protein peroxidation processes, endogenous
intoxication phenomena was noted with a simultane-
ous activation of the antioxidant system.

Two weeks after calving, against the background
of a twofold injection of biferon-b, the content of
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malondialdehyde was lower by 15.4 %, medium
weight molecules — by 21.1 %, nitric oxide — by
25.1 % (P <0.05), index of endogenous intoxica-
tion — by 12.9 %, with an increase in the level of vi-
tamin E by 20.4 %, vitamin C — by 16.6 %, GPO ac-
tivity — by 31.7 %.

After the application of proautovak to dry cows
8—14 days after calving, the content of malondialde-
hyde was lower by 24.7 % (P < 0.05), compared to the
animals of the negative control group, medium weight
molecules — by 36.6 % (P < 0.05), nitric oxide —
by 37.4 % (P < 0.01), with an increase in the concen-
tration of vitamin A by 50.0 % (P <0.01), vitamin
E —by41.4% (P <0, 05), vitamin C — by 32.4 %
(P <0.01), catalase activity — by 34.0 % (P < 0.05),
glutathione peroxidase — by 59.4 % (P < 0.05), indi-
cating the activation of the enzymatic and non-enzy-

matic link of the antioxidant system, an increase in the
tone of the smooth muscles of the uterus, which was
clinically manifested by a decrease in the incidence of
cows with postpartum endometritis.

The results of the clinical efficacy of proautovak
for the prevention of postpartum endometritis in cows
are presented in Table 4.

It was found that in the negative control group,
endometritis was diagnosed in 60.0 % of cows after
calving. After a twofold application of biferon-b, en-
dometritis was diagnosed in 33.3 % of cows, which
was by 1.8 times less, compared to the negative con-
trol. The most effective was a threefold use of proau-
tovak with a 10-day interval, providing a 2.4-fold re-
duction in cases of postpartum endometritis in cows,
compared to the negative control and an increase in
preventive efficacy by 1.9 times.

Table 4
Efficacy of proautovak for the prevention of postpartum endometritis in cows
Got sick with endometritis
Group Number of cows Efficacy, %
COWS %
1. Proautovak 12 3 25.0 75.0
2. Biferon-b 12 4 333 66.7
3. Negative control 10 6 60.0 40.0
Thus, threefold administration of proautovak to REFERENCES

cows 30 days before the expected calving with a 10-day
interval at a dose of 10 ml/animal provides a 2.4-fold
reduction in cases of postpartum endometritis, activa-
tion of local defense factors, enzymatic and non-enzy-
matic components of the antioxidant system, increas-
ing the tone of the uterine smooth muscles.

CONCLUSION

Threefold intramuscular administration of proau-
tovak to dry cows at a dose of 10.0 ml/animal 30 days
before the expected calving with a 10-day interval pre-
vents the development of acute postpartum endome-
tritis in 75.0 % of animals, which is by 8.3 % higher,
compared to a twofold introduction of biferon-b and
by 1.9 times, compared to the negative control. The
prophylactic effect of the introduction of proautovak
to dry cows is ensured by activating local protective
factors, the enzymatic and non-enzymatic link of the
antioxidant system, increasing the tone of the uterine
smooth muscles while reducing the intensity of lipid
and protein peroxidation processes, the phenomena of
endogenous intoxication.
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JTUHAMMKA IMOKA3ATEJIEN CUCTEMBI ITOJI-AO3
NP MTPUMEHEHNUU PEKOMBUNHAHTHBIX UHTEP®EPOHOB
IS TEPAIIUU CYBKIMHUYECKOI'O MACTHUTA Y KOPOB

Buranuii Usanosuy 3umunko™>, JIniausi BajsepreBna Ueckuaona,
Tarbsina I'puropreBna EpmoJioBa

Bcepoccuiickuil Hayuno-uccied08amenscKull 6emepuUHapHbill UHCIMUNYM Namoaio2u,
¢apmaronocuu u mepanuu, Bopornedc, Poccus, ivanovich.vitalick@yandex.ru®™

AHHoOTanus. B craThe mpencTaBiaeHbl pe3yasTaThl U3YIeHUS JTUHAMUKH mokasateneit cuctemsl [10JI-AO3 mpu
MIPUMEHEHUH PEKOMOMHAHTHBIX HHTEP(HEPOHOB [UIS TEPANTUK CyOKIMHUYIECKOTO MaCTUTA Y JIAKTUPYIOIINX KOPOB.
Jsst 3T0TO0 OBIIO CHOPMHUPOBAHO TPH TPYIIIBI JKUBOTHBIX C CyOKIMHNYECKUM MacTHTOM. KopoBam mepBoit rpym-
ITBI BBOJIMIJT BHYTPHUMBIIIeYHO 6uepon-b Tpexkparao ¢ uaTEepBanom 24 gaca B 1o3e 10 M1, BTOpoif — aHamorng-
Ho 6udepon-b u npemapar pexombuHanTHOTO HMHTEphepora-A (MDH-L), a TpeThs Tpymma CIyXKuia OTPHIIATEIb-
HBIM KOHTPOJIEM. YCTAHOBIJIEHO, YTO Y BBI3ZIOPOBEBIIHX KUBOTHBIX, KOTOPHIM ITPUMEHSII PEKOMOMHAHTHBIC UH-
TepdepoHbl, MPOUCXOIMIO CHIDKCHNE KOHIEHTPAIMU MPOAYKTOB MEPOKCHIAINN JIMIUIOB MPH AKTUBU3AINN
(hepMEHTaTHBHOTO U HE(EPMEHTATUBHOTO 3BEHHEB AaHTMOKCUIAHTHON 3amnThl. OJHAKO JICUCHHE, BKIIOYAIOIIEe
TPEXKpaTHOE C 24-4acOBBIM HHTEPBAJIIOM BHYTPUMBIIIICYHOE BefieHue B o3¢ 10 M1 ipenaparos 6ngepor-b u MOH-A,
CIIOCOOCTBOBAJIO OoJice BHIPAKCHHBIM M3MEHEHUSIM. TaK, B KPOBH KOPOB OTMEUalll OHWKEHHE KOHIICHTPALUH
MUA ua 35,1 %, MCM — na 35,4 %, DU — na 34,7 % u ypoBast NOx — Ha 33,3 %, p¥ MTOBBIIIIEHUH COACP-
JKaHus BUTamuHa A Ha 46,2 %, Butamuaa E — nHa 38,5 %, Butamuna C — Ha 21,7 %, akTHBHOCTH KaTajia3bl —
Ha 32,1 % u I'TIO — Ha 36,8 %. CnegoBarenbHO, TPUMEHEHHUE TIPENIapaToB PeKOMOMHAHTHBIX HHTEP(EPOHOB MO-
KET ObITh PEKOMEH/IOBAHO TPH TEPAINH )KUBOTHBIX C BOCIIAINTEIBHBIMH TIPOIIECCAMU B MOJIOYHOMN KeJIe3e IS
CHIKEHHUSI CBOOOTHOPAANKAIIBHBIX PEAKIMH 1 aKTUBU3AIMH CUCTEMbI aHTHOKCHIAHTHON 3allUTHI.

KiroueBble cj10Ba: CyOKITMHUYECKUI MACTHT, SHOT€HHAs! MHTOKCHKAINS, aHTHOKCUIAHTHAS 3aIUTa, HHTepde-

poH-A, Oudepon-b

[Ipu cBOOOTHOpPATUKAIBHOW TATOJIOTHH TIEPOK-
cuHoe okucnenue munuaoB (I1OJ]) sBrsercs nHAyK-
TOPOM OKCHIATUBHOIO CTPECCa, HO, HECMOTPS Ha 3TO,
ITOJI paccmaTpuBaeTCst Kak OUH U3 JOMUHUPYIOIIHUX
METa0OIMYECKUX MPOLIECCOB, 00CCIICUUBAIONIUX PE-
TYJLIIUIO GYHKITHOHAIBHON AESITETEHOCTH (DHU3HOII0-
TUYECKUX CHUCTEM OPraHW3Ma, W CIYHUT OCHOBHBIM
WCTOYHUKOM 3HEPTUH, HEOOXOAUMOM IS )KU3HEesI-
TEJIBLHOCTH, a TAKXKE [TOKA3aTeJIeM YCTOMUNBOCTU Me-
TaboMMUeCKUX peakuuil B opranusme [12, 20].

depmeHTaTUBHBIC U He(DEPMEHTATUBHBIC 3BEHBS
CHCTEMBI aHTHOKCHIAHTHOM 3amuThl (AO3) KOHTPOIH-
PYIOT HAaKOTUICHHE U Y THJIH3AIIHIO TIPOTYKTOB CBOOO/I-
HOpanukanbHoro okucienus. Cucrema AO3 nogaep-
JKUBAET HA ONTUMAIIBHOM YPOBHE MPOIIECCHI CBOOO/-
HOPAIUKAILHOTO OKUCJICHHUS JIUIHIOB, OTPAHUIHBAS
cozepxanue B opranusme npoxykTtoB [1OJI n aktuB-
HBIX (hopm kuciopona [8, 17].

CHmwxeHue (QpyHKUNU CHCTEMBbl aHTHOKCHAAHTHON
3alIUTHl Y OOJIBHBIX )KUBOTHBIX IPUBOIUT K HAKOILIE-
HUIO B OPTaHU3ME TOKCHUYECKHX MPOAYKTOB CBOOO-
HOpaJIMKaJIbHOTO OKHUCIIEHUS], KOTOPBIE HETATUBHO BO3-
JIEHCTBYIOT Ha OMOCHHTE3 OENIKOB, H3MEHSIOT CTPYK-
TypHOE B (QyHKIIMOHAIBHOE COCTOSTHIE OMOMEeMOpaH,
YTO MIPUBOAUT K 0CNIA0JICHUIO KIIETOYHOTO ¥ T'yMOpaJlb-
Horo ummyHunrera [11, 13].

MHorue coBpeMeHHbIE yUeHbIe CUUTAIOT, YTO B Ta-
TOT€HE3€ BOCIMAIUTEIbHBIX MPOIIECCOB B MOJOYHON
KeJle3e IPUHUMAOT HEITOCPEICTBEHHOE yJacTHE CBO-
OonHOpaIuKaIbHBIE PEAKLUH, IPH YPE3MEPHOM Ha-
KOIUIEHUH MX MPOYKTOB B OpraHrn3Me Ha hoHe Hapy-
HIeHUH pyHKIMOHUPOBAHUS CUCTEMbI aHTHOKCHIAHT-
HOM 3alIUTHl BO3HUKAET OKUCIUTENbHBIN cTpecc [2, 4,
21]. [TosTOMY C LIeNbIO yiydlieHus: paboThl GepmeH-
TaTUBHOIO U HE(EPMEHTATHUBHOIO 3BEHHEB AHTHOK-
CHJIQaHTHOM 3allIUThl OpraHu3Ma Ipu TEPauu U Mpo-
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(uIaKTHKe BOCTIAICHHS MOJIOYHOH KeJe3bl JaKTUpy-
IOIUX KOPOB HEOOXOIMMO NMPUMEHEHNE TPerapaTos,
o0Jraarommx aHTHOKCHIAHTHRIMHA CBOWCTBAMH 1 Ha-
MpaBJICHHBIX Ha HeUTpanuzauuio npoaykros I1OJI
[5, 14, 16].

W3BecTHO, YTO MpenapaTsbl pEeKOMOMHAHTHBIX MH-
Tep(hepOHOB CIIOCOOHBI OKa3bIBATH AHTUOAKTEPUAITb-
HOE, aHTHOKCHJIJAHTHOE ¥ MPOTHUBOBOCIIAINTEIHHOE
NeHCTBHE, YTO MOXKET OBITH MCTIOJIH30BAHO B KAYE€CTBE
aIBTePHATHUBEI TPAAUIIMOHHOTO JICUSHISI MACTUTA TTIPU
pa3paboTKe TepaneBTHYECKUX CXeM U (papMaleBTHye-
ckux mpemapartos [ 1, 17]. B cBs13u ¢ 9TuM, akTyanbHOM
3aj1auei sIBJISeTCs M3yYeHne U3MEHEHUH MoKa3areseit
cuctemsl [10J1-AO3 npu npuMeHeHHH pEKOMOWHAHT-
HBIX UHTEPPEPOHOB LI TEparuy CyOKITHHIYECKOTO
MAacTUTa y KOPOB.

MATEPHUAJIBI U METO/ bl
UCCJIEJOBAHUM

HccnenoBanus mpoBeneHsl Ha 42 KOpOBax Toj-
IITUHCKOH IMTOPOIbI OOMBHBIX CYOKITMHUYECKAM MaCTH-
TOM, KOTOPBIE TI0 IIPHHITUITY aHAJIOTOB ObLITH Pa3IeIeHbI
Ha Tpu rpynnsl. JK1UBOTHbBIE iepBOi rpynmnsl (n = 14)
ObLTH ITOABEPTHY ThI JieueHnIo brudeponom-b (6azoBbrii
BapHaHT), KOTOPbI BBOJMIN BHYTPUMBIIIEYHO B J103€
10 mut Tpwxabl ¢ 24-4yacoBBIM MHTEpBasioM. BTopoit
rpymre (7 = 14) KOpoB JOTIOIHUTEIHHO B 3TH JKE€ CPOKH
BHYTPHUMBIIIEYHO B J103¢ 10 MJT BBOAMIIM ITpeTiapaT Ha
ocHOBe pekoMOuHanTHOTO HHTEpPepona-A (MDH-L).
KuotHble TpeTseil rpynmsl (7 = 14) ciry>xunu oTpu-
LaTeJIHLHBIM KOHTPOJIEM U MM JIEUeHNE HEe Ha3HAYAIIH.

JL1st BBISIBIIGHHS TOJIEH MOJIOYHBIX JKeJe3 ¢ CyO-
KIIMHAYECKUM MAaCTHTOM HCIIOJIB30BAIH JKCIIPECC-
TecT Ha MacTuT (MacTTecT), a TaKKe ONPeIeNsLTd KO-
JIMYECTBO coMaTuieckux kieTok (oosee 500 000 mur)
B mpobax Mojoka ¢ nmomoiuipio npudopa «Poccoma-
TuK». OT BCeX KMBOTHBIX TIE€PE]] BBEICHUEM TIpeTa-
paroB u Ha 7 IeHb TOCJe OKOHYaHUS JIUeHUs! Opan
KPOBB JUIS CHEKTPO(DOTOMETPHUIECKOTO UCCIIECIOBAHHS.

[Ipu onenke coctosHusi (HEpPMEHTATUBHOIO 3BE-
Ha CHUCTEMbl aHTHOKCHJIAHTHOM 3aIlUThI HcCie0Ba-
JIU aKTUBHOCTD KaTaja3bl 0 CIOCOOHOCTH MEPOKCH-
Jla BOIOPoAa 00pa3oBBIBATh ¢ MOJTHUOIATOM aMMOHUS
CTOMKHUI OKPALIEHHbIN KOMILIEKC, @ aKTUBHOCTD [Ty Ta-
tuonrepokcuaassl (I'TI0) — nmo yMeHbIIeHHIO KOJTH-
YeCTBa BOCCTAaHOBJIIEHHOTO INTyTaTHOHA (JIOHOPA BOJIO-
pona) B cpezie MHKyOaIK IPU BOCCTaHOBJICHUY TH/I-
porepeKuceil ryTaTHOHNepOoKCcH1a30it [3].

O cocrossiHuu He(PEePMEHTATUBHOTO 3BEHA CYIHIIN
IO COZIEP KaHHUIO B CHIBOPOTKE KPOBU BUTAaMUHOB A, E
u C. Onpenenenue BUTaMUHa A OCHOBaHO Ha IIEJI0u-
HOM THIPOJIN3€ U HKCTPAKLIMU BUTAMUHA U3 CBIBOPOT-

KM KPOBU M M3MEPEHHU JI0 U TIOCJIE €TO pa3pylIeHus
ynerpaduoneToM; BUTaMuHa E — Ha omnpeneneHun
MOHOB JIBYXBaJICHTHOT'O KeJie3a, 00pa3yIoIuXcsl MpH
B3aMMOJICHCTBHH 0-TOKO(EpOIIa ¢ XJIOPHBIM JKEJIe30M
(Fe’*) B BHe okparieHHOro komiuiekca Fe?* ¢ penan-
TPOJINHOM, @ BUTaMuHa C — Ha BOCCTAHOBJIEHUH TPEX-
BAJICHTHOT'O )KeJIe3a B IByXBaJICHTHOE C 00pa3oBaHUEM
C 0, o -IUIMAPUIUIOM OKPAIIEHHOTO KOMIUTeKca [3].

Merton omnpenencHus CTaOMIBHBIX METa0OJIUTOB
okcuja a3ota (cyMMbl NOX) OCHOBaH Ha BOCCTaHOB-
nennu NO,™ 10 NO,™ ¢ uCronb30BaHHEM XJIOpH/IA Ba-
najus (111) u mocneayroiee onpeencHue 00pa3oBaB-
IIETOCSI HUTPHUTA C MTOMOIIbI0 peaktuBa [pucca [3].

KonmenTtpamuto mamonoBoro auambaeruaa (MJIA)
B KPOBH YCTaHABJIMBAIIN TI0 00pa30BaHUIO OKPAIIIEHHO-
TO TPUMETHIIOBOTO KOMIIIEKCA TIPH PEaKInu C 2-THO-
OapbutypoBoii kucnotoi [3].

Monexkynsl cpeaneit maccsl (MCM) — nonumnen-
THU]Ibl HU3KOU U CpeJIHEN MacChl ONIPEIeIIsId IPH Oca-
KJIEHUH KPYTTHOMOJIEKYIISIPHBIX YaCTHII TUIa3MbI KPOBU
pactBopoMm TXYV ¢ perucrpanueil ONTHYECKON MII0T-
HOCTH BOJJHOTO pacTBOpa CylepHaTanTa rnpu 238, 254,
266 u 282 um [3].

Wunekce sunorennoit narokcukanuu (MOU) pac-
CUMTBIBAJIM 10 CTIEKTPAIIbHON XapaKTePUCTHUKE CyTIep-
HaTaHTa MOCIIe 0CBOOOXKIEHUS TUTa3MbI KPOBH OT CO-
JIepIKaIIUXCs B HEH BICOKOMOJICKYJISIPHBIX TIETITHIIOB
1 OeJIKOB ¢ uctonb30BanueM 10 % pacTBopa TpUXJIOp-
YKCYCHOW KHCIOTHI [3].

PE3YJIBTATHI UCCJIEJOBAHUM

YcTaHOBIICHO, UTO CYOKITMHUYECKIA MAaCTHT Y KO-
POB pa3BHUBaeTCs Ha POHE YCHUIICHHS ITPOIIECCOB TIepe-
KHCHOTO OKHCIICHUS JIUTIUOB, O YeM CBUJICTEIILCTBYET
BBICOKasl KOHIICHTPAIIHS B KPOBU OOJIBHBIX )KHBOTHBIX
ToKa3aTeyiel YHAOTCeHHON HHTOKCHKanuu (Tabm. 1).

TIprurHO MOBBIIEHUS TPOLYKTOB MEPOKCUAAIINU
B OpTaHU3Me CUHTAETCS KaK yCUJICHHE TeHEepaIlii aK-
TUBHBIX (hopM KucT0poaHbIX (ADK) MeTabonmmToB, Tak
Y HEJIOCTATOYHAS YPPEKTUBHOCTh aHTHOKCHIAHTHON
3auThl [19, 21]. OHU aBTOPHI CYUTAIOT, YTO MUKPO-
OpraHM3MbI CIIOCOOHBI YBEJIIMYMBATH KOHICHTPAIUIO
MJIA u ADK B snuTennanbHBIX KIETKaX MOJIOYHOMN
JKeJle3bl Y KOPOB, OAHOBPEMEHHO CHMKAsi NX aHTHOK-
CHJIAHTHYIO CIIOCOOHOCTb, YTO BBI3BIBAET ITOBPEIKIC-
HUE KJIETOK U CIIOCOOCTBYET Pa3BUTHIO KIMHUYECKOTO
mactura [10]. pyrue myOnukamnuu CBUICTEIbCTBYIOT
0 TOM, YTO OKUCJIUTEILHBIA CTPECC SIBISICTCS TIPUIH-
HOH pa3BUTHS BOCHATICHMSI B MOJIOYHOM JKEJIE3€, a €ro
CHIDKEHHE MOXKET OCIIa0UTh MaTOJI0TUIECKUE PEaKIIHH,
YTO OCOOCHHO Ba)KHO IPH JICYSHUN MACTUTA, JIISI KO-
TOPOT0 HEBO3MOXKHO BBIJICIHUTH MaToreH [7].
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Taonnna 1
Hzmenenue noxkazameneii 3H002eHHOU UHMOKCUKAYUU NPU JT€YEHUU KOPOG
€ CYOKMUHUYECKUM MACTMUINOM NPEnapamamy peKOMOUHAHMHBIX UHMmepPeporos
Iocne xypca nedeHus
ITokazarenu Mo neuenus Kontpoinb
o6udepon-b NOH-)\ + 6udepon-b

MJIA, MkM/n 2,96 + 0,18 2,24 +0,14° 1,92 +£0,12" 3,01 £0,23
MCM, y. e. 2,12+0,14 1,62 +0,12° 1,37 +0,117 2,22+0,14
BN, y. e. 49,5 +2,7 38,7+2,5" 323+24" 50,2+3,3
NO, MxM/n 59,1+5.3 41,3 +3,3" 39,4 +3,8" 63,1+3,9

" P<0,02—0,01

P <0,002—0,001 — 110 OTHOLIEHHUIO K TI0KA3aTEIAM J10 JICYEHUS

Br13noposienue KOpoB Mociie MPUMEHEHHS Tpe-
napara oudepoH-b conpoBoxkmaeTcss yMEHbIIICHUEM
OKHCJIUTEIIFHOTO CTPECCa, YTO BBIPAYKACTCS] B CHIIKE-
HUU KOHIIEHTPAIIMH MaJIOHOBOTO JTHANIbJIETH/Ia — Ha
24,3 % (P <0,01), momekyn cpemHeld Macchl — Ha
23,6 % (P <0,02) u uHIekca 3HIOTCHHONW WHTOKCH-
kanuu Ha 21,8 % (P <0,02) nmo cpaBHEHHIO ¢ 0OJIb-
HBIMH KUBOTHBIMHU.

[Ipu coBmecTHOM mcmonb3oBaHuU budepona-b
1 MHTEepPEpOHa-A Y BBI3OPOBEBIINX KUBOTHBIX OT-
MEUYEeHO Hamboyiee BHIPAKEHHOE CHIKCHHE KOHIICH-
TpalKy IPOYKTOB MIEPOKCUIAIIUH JIUITHJIOB MO CPaB-
HEHHIO C OONBHBIMH KOPOBaMH: YPOBHSI MaJlOHOBO-
ro auanpaeruaa — Ha 35,1 % (P < 0,001), monekyn
cpenneii maccel — Ha 35,4 % (P < 0,002) u, kak cnen-
CTBHE, WHJIEKCA YHIAOTEHHOW WHTOKCHKAIMU — Ha
34,7 % (P < 0,002).

Kpome ADK B opranusme >KHBOTHBIX B KaueCTBE
cperncTBa 00pbObI ¢ MUKPOOPTraHU3MaMH y4acTBYET CH-
cTeMa OKcHaa a3ota [6]. B 4acTHOCTH, MHOTOUHCIICH-
HBIMH OTIBITAMH JIOKa3aHO, YTO OTHOAJIEKTPOHHBIN HU-
TPOKCUIHBIN pajriKall 00JIaaeT MIUPOKUM CIIEKTPOM
AHTUMHKPOOHOTO neiicTus [18].

Kak npaBuiio, npu cyOKIMHUYECKOM MacTUTE pe-
THUCTPUPYIOT O60Jiee BhIcokue KoHIeHTparu NO, uem
Y 3IOPOBBIX KUBOTHBIX [6], 4TO TakXke OBUIO OTMEede-
HO B HamMX #cclenoBaHusx. [lpu BI3MOpOBIIEHNN
Y JKUBOTHBIX ITEPBON ¥ BTOPOH OMBITHBIX TPYTIIT 3ape-
TUCTPUPOBAHO CHIKCHUE COAEPIKaHUSI OKCHIa a30-
ta Ha 30,1 % (P <0,02) u na 33,3 % (P <0,01) co-
OTBETCTBEHHO.

HexoTopsie yueHble CBSA3bIBAIOT BLICOKUM YPOBEHD
MapKepOB OKHCIHUTEIHHOTO CTPECcca M OKCHJIA a30Ta
C TIOBBIIIICHHBIM ITOKa3aTelIeM IIUTOKUHOB, 4TO TPeOy-
€T U3MEHEeHHE TIOAXOI0B K JICUCHHIO MACTHUTA U TPH-

MEHEHHS JIEKApPCTBEHHBIX CPEJICTB, KOPPEKTHPYIOLIIX
YPOBEHB MPOBOCTIAIUTEILHBIX ITUTOKUHOB [9, 15].

Pe3ynbrarel n3yuyeHus M3MEHEHUH IOKa3aTesen
CUCTEMBI aHTHOKCUIAHTHOW 3alUTHI MPECTABIEHBI
B TabuIe 2.

Kax cnenyer u3 npeacTaBieHHBIX B Ta0IHIE 2 TaH-
HBIX, Y KOPOB TPEThEH IpyIIbl OTMEUEH HU3KHUI ypo-
BEHb aKTUBHOCTH (pepMEHTATHBHOTO U HeepMeHTa-
THUBHOIO 3B€HbEB cUCTeMbl AO3, KOTOpPbIN MpPaKTU-
YECKH HE OTIMYAETCs OT MOKa3aTesiel dKUBOTHBIX 10
nedenus. B To e Bpems npu npumeneHun budepo-
Ha-b perucTprpoBaigM MOBBIIEHNWE aKTUBHOCTH aH-
THOKCHJIAHTHOM 3aIHUTHI, O YeM CBHIIETEIbCTBYET
YBEJIMYEHNE KOHLIEHTpanuu ButamuHa A Ha 38,5 %
(P <0,005), Buramuna E —na 26,4 % (P < 0,05) u Bu-
tamuHa C — Ha 9,0 %, a Takke akTUBHOCTHU KaTaJjia-
3bI M NTyTaTHOHIIEpOKcuaAa3sl — Ha 28,3 % (P < 0,01)
1 23,5 % COOTBETCTBEHHO.

IIpu coBmecTHOM Hcmonb3oBanuu budepona-b
1 nHTEp(EepOoHa-A B KPOBH Y BBI3IOPOBEBIIUX )KUBOT-
HBIX OTMEUCHO HAaHOOJIbIlIee YCUIICHUE IeUCTBUS (hep-
MEHTaTHBHOTO ¥ He(hepMEHTATHBHOTO 3B€HbEB CHCTE-
MBI @aHTHOKCHIAHTHOH 3aIIUTHI, 4TO 00YCIIOBICHO T10-
BBIIIICHUEM CofiepKaHus BuTamMuHa A — Ha 46,2 %
(P <0,001), Buramuna E—mna 38,5 % (P < 0,01) u Bu-
tamuHa C —Ha 21,7 % (P < 0,05), a Tak)Ke aKTHBHO-
CTH KaTaya3bl U IIyTaTHOHIIEpoKcuaasel Ha 32,1 %
(P <0,005) 1 36,8 % (P <0,02).

CrnenoBarenbHO, TPUMEHEHHE MTPETapaToB PEKOM-
OMHAHTHBIX HHTEP(HEPOHOB P JIEICHNH KOPOB C Cy0-
KIIMHUYECKUM MaCTUTOM CIIOCOOCTBYET HOPMaITU3aIN
MoKasarejell CHCTeMbl aHTHOKCUAAHTHOW 3aIllWTHI,
YTO MOXET OBITH HCIIOJIB30BAHO MpHU (hapMareBTHye-
CKOM pa3paboTke npernapaToB AJs TEPaliy KUBOTHBIX
C BOCTAJIUTEIBHBIMH IPOIIECCAMHU B MOJIOYHOM KeJe3e.
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Tadauna 2
Junamuka noxkazameneti cucmemvl AHMUOKCUOAHNHOU 3AUUMbL NPU TEYEHUL KOPOS
€ CYOKIUHUYECKUM MACTUMOM NPEnapamam. peKOMOUHAHMHbIX UHMePHepoHos
ITocne kypca aeueHust
IToxa3zarenu Jo neuenus Kontposns
oudepon-b HNDH-A + 6udepon-b

Burtamuu A, MkM/n 1,3+£0,07 1,8+0,11" 1,9+0,07" 1,3+ 0,09
Buramun E, MkM/n 148+ 1,2 18,7+ 1,1" 20,5+1,3" 149+1,4
Burtamun C, MkM/n 21,2+1,9 23,1+ 1,6 258+ 14 21,2421
Karanaza, uxM 36,4 +2,1 46,7 +2,3° 48,1 +2,2% 36,7425
H,O, / n-mun.
IO, mM GSH/ 13,6 £ 1,2 16,8+ 1,3 18,6 £ 1,2 13,5+1,3
JI'MUH.

* P <0,05—0,01

P <0,005—0,001 — 110 OTHOIIEHMIO K IIOKA3ATEISAM /10 JICYEHHUS]

3AKJIFOYEHHUE

[IpoBenennble UccaeAOBAHMS IO U3YUYECHUIO JU-
HaMUKH u3MeHeHus nokasareneit [I0JI-AO3 npu uc-
MOJIb30BaHUH MPENapaToB PEKOMOWHAHTHBIX HHTEP-
(hepoHOB Il Tepanuu CyOKIMHHUYECKOr0 MacTUTa
Y JIAKTHPYIOIINX KOPOB CBHUICTEIHCTBYIOT O CHIDKE-
HHUU B OPraHU3MeE BBI3IOPOBEBIINUX XKUBOTHBIX IIPO-
1IECCOB CBOOOAHOPATUKATHHOTO OKHUCIICHHUS, a TAKKE
AKTHBH3ALUHN ()EPMEHTATUBHOTO U HE()EPMEHTATUBHO-
IO 3BEHbEB aHTUOKCUAAHTHOM 3alIUThL. B TOXKE Bpems,
KOMIUIEKCHOE npuMeHeHue budepona-b u pexomou-
HaHTHOTO HHTEP(EepOHa-A CTIOCOOCTBOBAIIO YMEHBIIIC-
HUIO YPOBHS SHAOTC€HHOW HHTOKCHKAIIMU U HOPMAaJIU-
3allM¥ aHTUOKCUAAHTHOTO CTAaTyCca y KOPOB.

CIIMCOK UCTOYHUKOB

1. 3umnuros B. M. OKCUIAHTHBINA M aHTHOKCUIAHTHBII
CTaTyC KOPOB IIPH JICYEHHH MAaCTUTA C NCTIOIb30BAaHNEM TIpe-
mapata «KAMC®» / B. . 3umaukos, H. T. Knumos,
O. b. INaBnenxo, JI. B. Yeckumnosa, T. I. Epmonosa // Yue-
weie 3amckd YO BIABM. — 2021. — 1. 57. — BBIIL 3. —
C. 82—85. —doi: 10.52368/2078-0109-2021-57-3-82-85.

2. Kupees 1. B. [lpumeHeHre aHTUOKCUJAHTHBIX IIpe-
11apaToB B KOMITJIEKCHOH Mpo(MIIakTHKE U Tepanuu MacTH-
ToB y kopoB / . B. Kupees, B. A. Opober, T. C. /Ienncen-
ko // Berepunapusrii Bpad. — 2017. — Ne 6. — C. 20—26.

3. MeTtoauyeckue MOJIOKEHUS 10 U3yUEHHUIO IIPoLec-
COB CBOOOHOPAANKAILHOTO OKHCIICHUSI M CUCTEMbI aHTH-
OKCHUIAaHTHOH 3amuThel opranu3dma // M. . Penxwuit,
C. B. llla6ynun, I. H. bimsuenona, T. E. Porauesa, T. I. Ep-
mornosa, O. 0. ®omenxo, 3. B. Bparuenko, B. 0. ly6os-
ues, H. H. Kasepun, O. U. LleOpxunckuii. — Boponex,
BHHBUII®UT, 2010. — 70 c.

4. Heocoanos A. I TlaToreHeTH4ECKOE U KIIMHUYECKOE
000CHOBaHUE PALOHANLHBIX METO/I0B (hapMakonpopiIak-
THUKHU MTOCJICPOAOBBIX BOCHMATIUTEIbHBIX 3a6OHeBaHHﬁ mar-
Kd y MoJiouHbIX KopoB / A. I'. Hexnanos, B. H. Cxopuxos,
B. 1. Muxases, B. A. Cadonos, K. A. Jlodbonun // Bompo-
Cbl HOPMATUBHO-IIPABOBOI'O PEryJIUPOBAHUSA B BETEPUHA-
pun. — 2019. — Ne 3. — C. 110—115.

5. Ali 1. Nrf2 activation and NF-Kb & caspase/bax sig-
naling inhibition by sodium butyrate alleviates LPS-induced
cell injury in bovine mammary epithelial cells /1. Ali, C. Li,
M. Kuang, A. U. Shah, M. Shafigq, M. A. Ahmad, D. Ab-
dalmegeed, L. Li, G. Wang // Molecular immunology. —
2022. — v. 148. — p. 54—67. — doi: 10.1016/j.mo-
limm.2022.05.121.

6. Atakisi O. Subclinical mastitis causes alterations in
nitric oxide, total oxidant and antioxidant capacity in cow
milk / O. Atakisi, H. Oral, E. Atakisi, O. Merhan, S. Metin
Pancarci, A. Ozcan, S. Marasli, B. Polat, A. Colak,
S. Kaya // Research in Veterinary Science. — 2010. —v. 89
(1). — p. 10—13. — doi: 10.1016/j.rvsc.2010.01.008.

7. Bae H. Oxidative stress-induced inflammatory re-
sponses and effects of N-acetylcysteine in bovine mamma-
ry alveolar cells / H. Bae, C. H. Jeong, W. N. Cheng,
K. Hong, H. G. Seo, S. G. Han // Journal of Dairy Re-
search.—2017.—v. 84 (4).—p.418—425.—doi:10.1017/
S002202991700067X.

8. Birben E. Oxidative stress and antioxidant defense /
E. Birben, U. M. Sahiner, C. Sackesen, S. Erzurum, O. Ka-
layci // The World Allergy Organization journal. —2012. —
v. 5 (1). — p. 9—19. — doi: 10.1097/WOX
.0b013e3182439613.

9. Chen Y. Vitexin mitigates Staphylococcus aureus-in-
duced mastitis via regulation of ROS/ER stress/NF-kB/
MAPK pathway / Y. Chen, J. Yang, Z. Huang, B. Yin,
T. Umar, C. Yang, X. Zhang, H. Jing, S. Guo, M. Guo,

BerepunapHsrii papmakomorndeckuil BeCTHHK « Ne 3 (20) « 2022 85



B. Y. 3umnuxos, JI. B. Yeckuoosa, T. I Epmonosa

G. Deng, C. Qiu // Oxidative Medicine and Cellular Lon-
gevity. — 2022. — v. 2022. — p. 7977 433. — doi:
10.1155/2022/7977 433.

10. Cheng J. Klebsiella pneumoniae infection causes mi-
tochondrial damage and dysfunction in bovine mammary epi-
thelial cells/J. Cheng, J. Zhang, J. Yang, B. Yi, G. Liu, M. Zhou,
J. PKastelic, B. Han, J. Gao // Veterinary Research. —2021. —
v. 52 (1).—p. 17.—doi: 10.1186/s13567-021-00898-x.

11. Dizdaroglu M. Mechanisms of free radical-induced
damage to DNA / M. Dizdaroglu, P. Jaruga // Free radical
research. — 2012. — v. 46 (4). — p. 382—419. — doi:
10.3109/10 715 762.2011.653969.

12. Hoffmann M. H. The dual role of reactive oxygen
species in autoimmune and inflammatory diseases: evidence
from preclinical models / M. H. Hoffmann, H. R. Griffiths //
Free radical biology and medicine. — 2018. — v. 125. —
p. 62—71. — doi: 10.1016/j.freeradbiomed.2018.03.016.

13. Kienhdfer D. Reactive oxygen homeostasis — the
balance for preventing autoimmunity / D. Kienhdfer,
S. Boeltz, M. H. Hoffmann // Lupus. — 2016. — v. 25
(8).—p. 943—954. —doi: 10.1177/0961 203 316 640 919.

14. Kovacevi¢ Z. Natural agents against bovine masti-
tis pathogens / Z. Kovacevi¢, M. Radinovié, I. Cabarkapa,
N. Kladar, B. Bozin // Antibiotics (Basel). —2021.—v. 10
(2). — p. 205. — doi: 10.3390/antibiotics10020205.

15. Leishangthem G. D. Cell free mitochondrial DNA in
serum and milk associated with bovine mastitis: a pilot study /
G. D. Leishangthem, N. K. Singh, N. D. Singh, G. Filia,
A. Singh // Veterinary Research Communications. —2018. —
V.42 (4). —p. 275—282.—doi: 10.1007/s11259-018-9735-z.

16. Li L. Study on the regulation mechanism of lipo-
polysaccharide on oxidative stress and lipid metabolism of

bovine mammary epithelial cells/ L. Li, W. Tang, M. Zhao,
B. Gong, M. Cao, J. Li// Physiological research. —2021. —
v. 70 (5). — p. 777—785. — doi: 10.33549/physiol-
res.934682.

17. Rahal A. Oxidative stress, prooxidants, and antiox-
idants: the interplay / A. Rahal, A. Kumar, V. Singh, B. Ya-
dav, R. Tiwari, S. Chakraborty, K. Dhama // BioMed re-
search international. — 2014. — p. 761 264. — doi:
10.1155/2014/761 264.

18. Regev G. Feasibility and preliminary safety of ni-
tric oxide releasing solution as a treatment for bovine mas-
titis / G. Regev, J. Martins, M. P. Sheridan, J. Leemhuis,
J. Thompson, C. Miller / Research in Veterinary Science. —
2018. — v. 118. — p. 247—253. — doi:10.1016/j.
rvsc.2018.02.0009.

19. Shahid M. Prototheca zopfii isolated from bovine
mastitis induced oxidative stress and apoptosis in bovine
mammary epithelial cells / M. Shahid, J. Gao, Y. Zhou,
G. Liu, T. Ali, Y. Deng, N. Sabir, J. Su, B. Han // Oncotar-
get. — 2017. — v. 8 (19). — p. 31 938—31 947. — doi:
10.18632/oncotarget.16653.

20. To E. E. Spatial properties of reactive oxygen spe-
cies govern pathogenspecific immune system responses /
E. E. To,J.J. O’Leary, L. A. J. O’Neill, R. Vlahos, S. Boz-
inovski, C. J. H. Porter, R. D. Brooks, D. A. Brooks, S. Sel-
emidis // Antioxidants and redox signaling. — 2020. —v. 32
(13). — p. 982—992. — doi: 10.1089/ars.2020.8027.

21. Wang D. Association between serum selenium lev-
el and subclinical mastitis in dairy cattle / D. Wang, D. Jia,
R. He, S. Lian, J. Wang, R. Wu // Biological Trace Element
Research. —2021.—v. 199 (4). — p. 1389—1396. — doi:
10.1007/s12011-020-02 261-1.

NHOOPMAIIMA Ob ABTOPAX
B. U1. 3uMHHMKOB — KaHAWUAT BETEPUHAPHBIX HAYK, CTAPIINN HAYIHBIH COTPYIHUK;
JI. B. HeckuaoBa — [OKTOP BETEPUHAPHBIX HAyK, BEAYIIUI HAyYHbIN COTPYIHUK;
T. I'. EpMosioBa — kaHaAnuAaT OMOJIOTMYECKUX HAyK, CTApLIMKA Hay4YHBIH COTPYIHUK.

Cratps noctynmia B penakuuto 04.07.2022 .

86 BerepunapHsiii papmakomorudeckuii BeCTHUK o Ne 3 (20) « 2022



Bulletin of veterinary pharmacology « 2022 « No. 3 (20)
IO RO RO RO OO RO RO OO OO RO RO OO O RO R R R O D

Original article
UDC 619:578.245:618.19—002:636.2

DYNAMICS OF THE LPO-AOD SYSTEM INDICATORS
WHEN USING RECOMBINANT INTERFERONS FOR THE
THERAPY OF SUBCLINICAL MASTITIS IN COWS

Vitaliy Ivanovich Zimnikov™, Liliya Valeryevna Cheskidova, Tatyana Grigoryevna Ermolova

All-Russian Veterinary Research Institute of Pathology, Pharmacology and
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Abstract. The article presents the results of studying the dynamics of the LPO-AOD system indicators when us-
ing recombinant interferons for the treatment of subclinical mastitis in lactating cows. Three groups of animals
with subclinical mastitis were formed. The cows of the first group were injected intramuscularly with biferon-B
at a dose of 10 ml three times with an interval of 24 hours, the cows of the second group were similarly injected
with biferon-B and the drug of recombinant interferon-A (IFN-X), and the cows of the third group served as the
negative control. It was found that in the recovered animals treated with recombinant interferons, there was a de-
crease in the concentration of lipid peroxidation products with activation of the enzymatic and non-enzymatic
components of antioxidant protection. However, treatment, including intramuscular administration of biferon-B
and IFN-A at a dose of 10 ml three times with a 24-hour interval, contributed to more pronounced changes. Thus,
in the blood of cows, a decrease in the concentration of MDA by 35.1 %, MWM — by 35.4 %, IEI — by 34.7 %
and NOx — by 33.3 % was noted, with an increase in the content of vitamin A by 46.2 %, vitamin E— by 38.5 %,
vitamin C — by 21.7 %, catalase activity — by 32.1 % and GPO — by 36.8 %. Therefore, the use of recombi-
nant interferon drugs can be recommended in the treatment of animals with inflammatory processes in the mam-

mary gland to reduce free radical reactions and activate the antioxidant defense system.
Keywords: subclinical mastitis, endogenous intoxication, antioxidant protection, interferon-A, biferon-B

In case of a free radical pathology, lipid peroxida-
tion (LPO) is an inducer of oxidative stress, but de-
spite this LPO is considered as one of the dominant
metabolic processes that regulate the functional activ-
ity of physiological systems of the body and serves as
the main source of energy necessary for life, as well
as a stability indicator of metabolic reactions in the
body [12, 20].

Enzymatic and non-enzymatic links of the antiox-
idant defense system (AOD) control the accumulation
and utilization of free radical oxidation products. The
AOD system maintains the processes of free radical
lipid oxidation at an optimal level, limiting the con-
tent of lipid peroxidation products and reactive oxy-
gen species in the body [8, 17].

A decrease in the function of the antioxidant de-
fense system in sick animals leads to the accumulation
of toxic products of free radical oxidation in the body,
which adversely affect protein biosynthesis, change
the structural and functional state of biomembranes
that leads to a weakening of cellular and humoral im-
munity [11, 13].

Many modern scientists believe that free radical
reactions are directly involved in the pathogenesis of
inflammatory processes in the mammary gland, with
excessive accumulation of their products in the body
against the background of impaired functioning of the
antioxidant defense system, oxidative stress occurs [2,
4, 21]. Therefore, in order to improve the work of the
enzymatic and non-enzymatic components of the an-
tioxidant defense of the body in the treatment and pre-
vention of the mammary gland inflammation in lactat-
ing cows, it is necessary to use drugs that have anti-
oxidant properties and are aimed at neutralizing LPO
products [5, 14, 16].

It is known that recombinant interferon drugs are
capable of exerting antibacterial, antioxidant and an-
ti-inflammatory effects, which can be used as an al-
ternative to the traditional treatment of mastitis in the
development of therapeutic regimens and pharmaceu-
tical drugs [1, 17]. In this regard, an urgent task is to
study changes in the indicators of the LPO-AOD sys-
tem when using recombinant interferons for the treat-
ment of subclinical mastitis in cows.
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MATERIAL AND METHODS

The studies were carried out on 42 Holstein cows
with subclinical mastitis, which were divided into three
groups according to the principle of analogues. The an-
imals of the first group (n = 14) were treated with bifer-
on-B (basic variant), which was administered intramus-
cularly at a dose of 10 ml three times with a 24-hour
interval. The cows of the second group (n = 14) were
additionally intramuscularly injected at a dose of 10 ml
at the same time, based on recombinant interferon-\
(IFN-X). The animals of the third group (n = 14) served
as the negative control and were not treated.

To identify the proportions of mammary glands
with subclinical mastitis, an express test for mastitis
(Masttest) was used, and the number of somatic cells
(more than 500 000/ml) in milk samples was deter-
mined using the Fossomatic device. From all animals
before the administration of drugs and on day 7 after
the end of treatment, blood was taken for spectropho-
tometric study.

When assessing the state of the enzymatic link of
the antioxidant defense system, we studied the activ-
ity of catalase by the ability of hydrogen peroxide to
form a stable colored complex with ammonium molyb-
date, and the activity of glutathione peroxidase (GPO)
was studied by reducing the amount of reduced glu-
tathione (hydrogen donor) in the incubation medium
during the reduction of hydroperoxides by glutathi-
one peroxidase [3].

The state of the non-enzymatic link was judged by
the serum content of vitamins A, E and C. The deter-
mination of vitamin A is based on alkaline hydrolysis
and extraction of the vitamin from the serum and mea-
surement before and after its destruction by ultravio-

let light; vitamin E — on the determination of ferrous
ions formed by the interaction of a-tocopherol with
ferric chloride (Fe*") in the form of a colored complex
Fe?* with phenanthroline, and vitamin C — on the re-
duction of ferric iron to ferrous with the formation of
a colored complex with a, a’-dipyridyl [3].

The method for determining stable nitric oxide me-
tabolites (total NOx) is based on the reduction of NO*-
to NO? using vanadium (III) chloride and the subse-
quent determination of the resulting nitrite using the
Griess reagent [3].

The blood concentration of malondialdehyde
(MDA) was determined by the formation of a col-
ored trimethyl complex upon reaction with 2-thiobar-
bituric acid [3].

Medium weight molecules (MWMs) — polypep-
tides of low and medium weight were determined by
sedimentation of large molecular particles of blood
plasma with a solution of TCA with registration of the
optical density of an aqueous solution of the superna-
tant at 238, 254, 266 and 282 nm [3].

The index of endogenous intoxication (IEI) was
calculated from the spectral characteristics of the su-
pernatant after the release of blood plasma from high
molecular weight peptides and proteins contained in
it using a 10 % solution of trichloroacetic acid [3].

STUDY RESULTS
It has been established that subclinical mastitis in
cows develops against the background of increased
lipid peroxidation processes, as evidenced by the high
concentration of indicators of endogenous intoxication
in the blood of sick animals (Table 1).

Table 1
Changes in endogenous intoxication indicators in the treatment of cows
with subclinical mastitis with recombinant interferons
After a course of treatment
Indicators Before treatment Control
biferon-B IFN-A + biferon-B
MDA, uM/L 2.96 +0.18 2.24+0.14" 1.92+£0.12" 3.01 £0.23
MWM, c. u. 2.12+0.14 1.62+£0.12 1.37+0.11" 2.22+0.14
IEL c. u. 49.5+2.7 38.7+£2.5° 32.3+24" 502+33
NO, pM/L 59.1+53 41.3+£3.3" 39.4+3.8" 63.1+3.9
* P <0.02—0.01

" P <0.002—0.001 — relative to the indicators before treatment
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The reason for the increase in peroxidation prod-
ucts in the body is considered to be both an increase in
the generation of reactive oxygen species (ROS) me-
tabolites and insufficient efficacy of antioxidant pro-
tection [19, 21]. Some authors believe that microor-
ganisms are able to increase the concentration of MDA
and ROS in epithelial cells of the mammary gland in
cows, while simultaneously reducing their antioxidant
capacity that causes cell damage and contributes to the
development of clinical mastitis [10]. Other publica-
tions indicate that oxidative stress is the cause of the
development of inflammation in the mammary gland
and its reduction can weaken pathological reactions
that is especially important in the treatment of masti-
tis, for which it is impossible to isolate a pathogen [7].

The recovery of cows after the use of biferon-B is
accompanied by a decrease in oxidative stress, which is
expressed in a decrease in the concentration of malond-
ialdehyde — by 24.3 % (P < 0.01), medium weight
molecules — by 23.6 % (P < 0.02) and index of en-
dogenous intoxication — by 21.8 % (P < 0.02), com-
pared to sick animals.

With the combined use of biferon-B and interfer-
on-A, recovered animals showed the most pronounced
decrease in the concentration of lipid peroxidation

products compared to sick cows: the level of malond-
ialdehyde — by 35.1 % (P < 0.001), medium weight
molecules — by 35.4 % (P <0.002) and as a result
the index of endogenous intoxication — by 34.7 %
(P <0.002).

In addition to ROS, the nitric oxide system is in-
volved in the organism of animals as a means of com-
bating microorganisms [6]. In particular, numerous
experiments have shown that the one-electron nitrox-
ide radical has a wide spectrum of antimicrobial ac-
tivity [18].

As arule, higher NO concentrations are recorded
in case of subclinical mastitis than in healthy animals
[6] that was also noted in our studies. During the recov-
ery in the animals of the first and second experimen-
tal groups, there was registered a decrease in the con-
tent of nitric oxide by 30.1 % (P <0.02) and 33.3 %
(P <0.01), respectively.

Some scientists associate high levels of oxidative
stress markers and nitric oxide with an increased lev-
el of cytokines that requires a change in approaches to
the treatment of mastitis and the use of drugs that cor-
rect the level of pro-inflammatory cytokines [9, 15].

The results of studying changes in the indicators of
the antioxidant defense system are presented in Table 2.

Table 2

Dynamics of the antioxidant defense system indicators in the treatment of

cows with subclinical mastitis with recombinant interferons

After a course of treatment
Indicators Before treatment Control
biferon-B IFN-A + biferon-B

Vitamin A, uM/L 1.3+0.07 1.8+0.11™ 1.9+0.07" 1.3+£0.09
Vitamin E, uM/L 148+1.2 18.7+1.1" 20.5+1.3" 149+ 14
Vitamin C, uM/L 21.2+1.9 23.1+1.6 258+14 21.2+2.1
Catalase, (M H,0, / 36.4+2.1 46.7+2.3" 48.1+£2.2" 36.74£2.5
L-min.

GPO, mM GSH / 13.6+1.2 168+13 18.6+12° 135+13
L-min.

" P<0.05—0.01

" P <0.005—0.001 — relative to the indicators before treatment

As follows from the data presented in Table 2, the
cows of the third group have shown a low level of ac-
tivity of the enzymatic and non-enzymatic links of the
AOD system that practically does not differ from the
indicators of animals before treatment.
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At the same time, when using biferon-B, an in-
crease in the activity of antioxidant protection was re-
corded, as evidenced by an increase in the concentra-
tion of vitamin A by 38.5 % (P < 0.005), vitamin E —
by 26.4 % (P < 0.05) and vitamin C — by 9.0 %, as
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well as the activities of catalase and glutathione peroxi-
dase — by 28.3 % (P < 0.01) and 23.5 %, respectively.
With the combined use of biferon-B and interfer-
on-A in the blood of recovered animals, the greatest
increase in the action of the enzymatic and non-enzy-
matic links of the antioxidant defense system was not-
ed that was due to an increase in the content of vitamin
A —by 46.2 % (P <0.001), vitamin E — by 38.5 %
(P <0.01) and vitamin C — by 21.7 % (P < 0.05), as
well as catalase and glutathione peroxidase activity —
by 32.1 % (P < 0.005) and 36.8 % (P < 0.02).
Therefore, the use of recombinant interferon drugs
in the treatment of cows with subclinical mastitis con-
tributes to the normalization of the indicators of the an-
tioxidant defense system that can be used in the phar-
maceutical design of drugs for the treatment of animals
with inflammatory processes in the mammary gland.

CONCLUSION

The conducted studies on the dynamics of chang-
es in the LPO-AOD indicators when using recombi-
nant interferon drugs for the treatment of subclinical
mastitis in lactating cows indicate a decrease in free
radical oxidation processes in the body of recovered
animals, as well as activation of the enzymatic and
non-enzymatic components of antioxidant protection.
At the same time, the complex use of biferon-B and
recombinant interferon-A contributed to a decrease in
the level of endogenous intoxication and the normal-
ization of the antioxidant status in cows.
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YTEPOTOHU3UPYIOUEE TEMCTBUE U D®OPEKTUBHOCTH
ITPOITPAHOJIOJIA TUAPOXJIOPUIA B COCTABE
KOMIIVIEKCHBIX TEKAPCTBEHHBIX ITPEITAPATOB
IHPU TEPAIIUUA ITOCJIEPOJOBBIX BOCITAJIMTEJBHbBIX
3ABOJIEBAHUH Y CBUHOMATOK
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AnHoTanus. V3ydeHa cokpaTuTelbHast IesITeIbHOCTh MaTKU U OCOOEHHOCTH €€ PeaKLUH Ha KOMIUIEKCHBIE ITpe-
raparsl, coziepyKaliye B CBOEM COCTaBe MPOIPaHOIION THApoxIopul. [IpoBeneHa oneHka TepaneBTnieckoi a¢d-
(DEeKTUBHOCTH IPEMapaToB MPU Pa3HbIX CIIOCO0aX X BBEACHUS. YCTAHOBJICHO, YTO BHYTPUMBIIIEYHOE BBEICHUE
Merpamara®-15 1 BHyTprMarouHoe — DHJIoMeTpaMara-brno®, akTHBU3UPYET COKPATUTEIbHYIO (DYyHKIIUIO MUO-
METpHsI MaTKH B IIEPBBII Yac Mociie MPUMEHEHHs M IIPOJIOHTHPYET ee Ha nepuoy Oosee mect yacos. [TokazaHo,
YTO KOMITJIEKCHBIE MIPEapaThl MPOSIBISIFOT BHICOKYIO TEPANEBTHUECKYIO (D (EKTUBHOCTH MPH MTOCIEPOTOBOM DH-
JIOMETPUTE U CUHIPOME METPUT-MacCTUT-arajakTus. IIpn KIMHIYECKOM BBI3IOPOBICHUH PETUCTPUPYETCS BOC-
CTaHOBJIEHUE JIAKTOTeHe3a y CBUHOMATOK, YTO TMOATBEPXkKAAeTCsl HOpMaIu3alueil pocTa U pa3BUTHEM MOPOCHT,
a TaKk)Ke BBICOKOH MX COXPaHHOCTBIO. B MOCIIe OTheMHBIN IepHO] y MaTOYHOTO ITOTOJIOBbSI HAOIIOAAETCS KOPOT-
KHH MepUol BOCCTAHOBJICHUS MTOJIOBOM IMKIMYHOCTH IIPH BBICOKOH d((EKTUBHOCTH UCKYCCTBEHHOTO OCEMEHe-
HUSL.

KoaioueBble ci1oBa: mporpaHoIiod, MocjaepoioBbie O0IE3HH, COKPATUTENbHAsI aKTUBHOCTh MAaTKH, TeparieBTHYe-

CKas 3(1)(1)6KTI/IBHOCTL, BOCIIPOMU3BOACTBO

Pa3zBuTHE MPOMBIIIIICHHOTO CBUHOBOJICTBA BO MHO-
T'OM 3aBUCHT OT COCTOSIHUSI PEIPOYKTUBHOTO 3/10PO-
BbsI MATOYHOT'O TIOTOJIOBBS. Peructpupyrommecs naro-
JIOTUU MMPUBOJAT K 3HAYUTCIbHOMY 9KOHOMUYCCKOMY
yiepOy, BKIFOUYAIOIIEMY CHUKEHUE POy KTUBHOCTH,
YBEJIMYEHHUE BETEPUHAPHBIX 3aTpaT U MPEXKIECBPEMEH-
HYIO0 BEIOPaKOBKY KHBOTHBIX. Hanbomnee wactoit Gpop-
MOW MPOSIBIICHHS PEMPOAYKTHUBHOM MATOJIOTHH SIBIIS-
€TCs Pa3BUTHE B PAaHHHIA TIOCICPOIOBBIH MIEPHUOJT BOC-
MaJUTEIHHOTO MPOoIecca B MaTKe U MOJIOUHOM XKeJie3e
y CBHHOMATOK [5, 6, 8, 9]. DTHonarorenes mociuepo-
JIOBBIX BOCHAINTENHHBIX OOJIE3HEH MaTKH U MOJOY-
HOW KeNe3bl MpelyCMaTpUBaeT OpraHu3aIHio Jeyeo-
HO-TIPO(PHITAKTUYECKUX MEPOTIPHATHH C IPUMEHEHHEM
KOMITJICKCHBIX JICKAPCTBEHHBIX Iperaparos, o0asa-
110)100%0.€ aHTI/IMI/IKpO6HI)IM, IMPOTUBOBOCIAJIIMTCIILHBIM,
HMMYHOCTUMYJIUPYIOLIUM U YTEPOTOHUYECKUM JIEH-
CTBHSIMHU.

B xnuHMYecKol MpakTHUKe BETEPHUHAPHOTO aKy-
HIepCTBA HEMAJIOBAKHOE 3HAYEHUE OTBOAUTCS yTEPO-
TOHUKaM ITPUMEHIEMBIM KaK OTAEIBHO, TaK ¥ B COCTa-
B KOMIUIEKCHBIX JIEKApPCTBEHHBIX cpecTB. Llnpokoe
MPaKTHYECKOE MPHUMEHEHNE B CBHHOBOJICTBE MOy I
TIPOTIPAHOIION THUAPOXIIOPH (AHAIPHITHH ), STBIISTFOTITH-
s CpeaIcTBOM B-aipeH00I0KaTOpHOTO IEHCTBHS 1 00-
JaJlaloIi CIIOCOOHOCTBIO BBI3BIBATh COKPATHUTEIIb-
HYI0O aKTUBHOCTh MHOMETPHSI IPH MapeHTEPaIbHOM
BBEJICHUH y Pa3HBIX BUIOB KUBOTHBIX [2—4]. OxHa-
KO HECMOTP# Ha IMPOKOE IPUMEHEHHE ITPOIPaHOIoIa
B JKHBOTHOBOJICTBE, OTCYTCTBYIOT HayYHO-TIPAaKTHYe-
CKHeE JIOKa3aTelbCTBA O BIUSHUH MTPOIIPAHOIIONA TH/I-
POXJIOpHa Ha BOCTIAJICHHYIO MaTKy CBUHOMATOK IPH
CHCTEMHOM M JIOKAJIbHOM €T0 IPUMEHEHHUN. DMIHPH-
YeCcKOoe HMCIONb30BaHue [3-anpeHo0okaTtopa B Ipak-
THKE )KHBOTHOBOJICTBA ITPEICTABIISIET HEOAHOZHAYHYIO
3¢ deKkTUBHOCTh. B 3TO# cBs3HM M3yueHHe NEeHCTBUS

© ®wumaros A. B., Xmonuukwuii B. I1., Munun A. B., 2022
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HPOIIPAHOJIOA THAPOXJIOPHIA B COCTaBE KOMILIEKC-
HBIX IIPENapaToB MPH BHYTPUMBIIIEYHOM U BHYTpPH-
MaTOYHOM BBEJCHUU HA MOTOPHKY MaTKH, a TAKXKe Te-
paneBTHYeCcKO 3()(hEKTUBHOCTH MPH HOCIEPOLOBOM
9HJIOMETPHUTE U CHHIPOME METPUT-MACTHT-araakTHsI
y CBUHOMATOK MpruoOpeTaeT 0coOyto akTyalbHOCTb.

Lean uccaeaoBaHuil —M3yInTh COKPATUTEIHHYIO
JEeSITeIbHOCTh MAaTKU MU OCOOCHHOCTHU €€ PEeaKkLuy Ha
KOMIUIEKCHBIE JIEKaPCTBEHHBIE IIPENapaThl Cepuu JH-
nometpamar® u Metpamar®-15, comeprkariye mporpa-
HOJIOJ TUAPOXJIOPHI, TIPH Pa3HbIX CIIOCO0aX UX BBEAC-
HUSI, a TAK)KE TePareBTUIECKYI0 YPPEKTUBHOCTD MPH
BOCTIAJMTENILHBIX 3200JIEBAaHUSAX MATKH U MOJIOYHOM
’KeJe3bl y CBHHOMATOK.

MATEPHUAJIBI U METO/IbI
HUCCJIEJOBAHUM

Knunuko-skcnepuMeHTaabHbIe UCCIEJOBaHU
MIPOBOAMIIM HA IJIEMEHHOH (hepMe CBUHOBOIYECKOTO
KOMITJIEKCa TPOMBIIINIEHHOTO THTIAa HAa CBUWHOMATKax
HOpozbI KpymHas 6enast. Cucrema conepKaHust JKUBOT-
HBIX — O€3BBITYJIbHAS, IPU PA3MEIICHUH UX B IPOU3-
BOJICTBEHHBIX [IOMEIICHUAX C UCIIOJIb30BAHUEM TEXHO-
soruveckoro obopynosanus Big Dutchman. Panuon
JIAKTUPYIOMINX CBUHOMATOK BKJIFOYAJI MOJHOPAIINOH-
HbIH KoMOmKopM CK-2.

CoxparuTenbHyo (GyHKIHIO MAaTKH Y CBHHOMAaTOK
H3y4alli METOIOM BHYTPEHHEH ructeporpaduu ¢ uc-
nojb3oBaHueM npubdopa «I'ucreporpady» [1]. 3amucs
rucTeporpaMM mpoBojimiin y 10 cBUHOMATOK, NMEro-
X KIMHAYECKHEe MPU3HAKU TOCIEPOI0BOTO THOM-
HO-KaTapaJbHOTO 3HJOMETPUTA, KOTOPbIM BHYTpH-
MBILIEYHO ¥ BHYTPUMATOYHO BBOAMIM KOMIUICKCHBIE
npenapatbl Merpamar®-15 u DHnomerpamar-buo®,
B COCTaBE KOTOPBIX COAEPKUTCS MTPOIPAHOIION THAPO-
xytopu. [Ipu ananmm3ze ructeporpamMm Onpeaessiy ya-
CTOTY COKpaieHni 3a 30 MUHYT, UX aMITTUTYIy U IIPO-
JOJDKATENBHOCTB. 110 MX pesynpraram paccUuThIBAIN
WHJIEKC KOHTpaKIwn. V3yueHne TeparneBTaIecKoi -
¢bexruBHOCTH MeTpamar®-15, Dunomerpamar-T%, DH-

nomerpamar-K® u Dugomerpamar-bro®™ mpoBoaiim Ha
CBHHOMATKax, OOJIbHBIX MOCIEPOIOBOM THOHO-KaTa-
PabHOM HIOMETPUTOM U CUMITOMOKOMILIEKCOM ME-
TPUT-MacTUT-aranaktus. Merpamar®-15 KUBOTHBIM
C TIpU3HAKaMHU MOCIEPOAOBBIX 3a00JI€BaHUI BHYTPH-
MBIIIEYHO HHBEIIUPOBAIIH B 03¢ 10 MJI C UHTEpBAJIOM
48 wacos. [Ipemaparsl cepun DHIOMETpaMar® HHCTHII-
JUPOBAIIA BHYTPUMATOIHO B J103¢ 75,0 MIJT Ha )KUBOT-
HOe ¢ 24 4yacOBbIM MHTEpPBajOM. Pe3ylbTaTUBHOCTD
JIe4eOHBIX MEPOTIPUSATHI OIIEHWBAJH MO0 KOJIHYECTBY
BBI3JIOPOBEBIIUX >KMBOTHBIX, KPATHOCTH HA3HAYCHUS
npernapara, HHTEHCUBHOCTH Pa3BUTHUS MOPOCAT U UX
COXPaHHOCTH, BOCCTAHOBJICHHIO MIOJIOBOM IIUKIMYHO-
CTH y CBUHOMATOK I10CJI€ OThEMa MPUILIOAA U OILIOA0-
TBOPSEMOCTH CaMOK B TI€PBbIN MOJIOBON LIUKI.

PE3VJIBTATHI UCCJIEJTOBAHUM

AHanu3 MOJy4YeHHBIX THCTEPOrpaMM IOoKa3al,
YTO HCIOJIB30BAHNE B COCTABE KOMILJICKCHBIX Ipera-
paToB MPOIPAHOIIOA IPU PA3HBIX CIIOCO0AaX UX BBE-
JICHUSI aKTUBH3HUPYET COKPATUTEIbHYIO CIIOCOOHOCTD
MHOMETpPHsSI MAaTKH CBUHEHN C KIIMHUYECKUMHU IIPU3HA-
KaM# BocrniasieHust sHaometpus (tadin. 1). MexonHslit
YPOBEHb COKPAaTUTEIbHON aKTUBHOCTH MAaTKH Xapak-
TEPU30BAJICS HU3KUM KOHTPAKIIMOHHBIM HHIEKCOM
85,13—98,09 ex., 4TO CBUAETEILCTBYET O BhIpaKeH-
HOM €€ TUIIOTOHUH Y CBUHOMATOK. BeposaTHO, 3TO cBA-
3aHO C BHYTPEHHUM FOPMOHAJIBHBIM (POHOM Y MaTOu-
HOTO IIOTOJIOBbSI CBUHEN B PAHHUI I1OCIIEPOIOBOM Iie-
PHO, KOTOPBII XapaKTepu3yeTcsi BHICOKMM YPOBHEM
MporecTepoHa M HU3KUM — ICTPOTEHHBIX TOPMOHOB
n3-3a c1a00i aKTHBHOCTH (OJUIMKYJIOTeHe3a B SUY-
Hukax. Ha rucreporpammax, CHATBIX Y JKHBOTHBIX pe-
TUCTPUPYIOTCS YacTble, HEMPOAOIKHUTEIbHBIE COKpa-
LIEHUS C OYEHb HU3KON aMIUIUTYJOU, UTO 3aTPyAHAET
9BaKyalllio COACPKUMOTO M3 TIOJIOCTH MAaTKH, Urpas
TEM CaMBbIM CYIIECTBEHHYIO POJIb B OCJIOKHEHUH T1a-
TOJIOTUYECKOTO TpoLecca NMPU PA3BUTHH U TEUEHHUN
MIOCJIEPOAOBOTO SHJIOMETPUTA U CHHAPOMA METPUT-
MacTHUT-arajJakTHsl.

Taoaumna 1

Junamura cokpamumenvHOt GKMUGHOCMU MAMKU Y CBUHOMAMOK € NOCIePO00BIM IHOOMEMPUNOM
npu 8030eUCmaUl npenapamos, co0epiHCaUx NPONPaAHON0N 2UOPOXIOPUO

Heereayemsiii Vexommoe BpeMeHHOI Iepuo1 OCIEBBENSHUS, MUH.
IlyTh BBeneHus
MOKa3aTenb 3HAYCHHE 60 180 360
1 2 3 4 5 6
Yacrora cokpa- BHYTPUMBIIIEYHO 5,80 £ 0,20 4,60 = 0,60 5,40 + 0,60 5,80+0,92
mennit /30 MUH. | goronvatouno | 6,67 + 0,67 5,00+ 1,15 5,33£0,67 5,33+0,33
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Oxonuyanmue TaoJ. 1

1 2 3 4 5 6
Awmruatyna BHyTpHMBITIICYHO 6,21 £ 0,77 13,25 +1,16™ 12,97 £1,20™ 9,22 +£1,02%°
COKpallleHuH,

MM. PT.CT BHyTpumarodHo 6,04 + 0,58 10,43 £2,52 12,19 +£2,09* 9,38 + 1,42
[Iponomxurens- | BHyTpuMBIIIEYHO 2,80 +£0,26 4,57 +£0,67 3,86 +0,54 3,23 +0,29
HOCTb COKpallie-
HU#, MUH. BHyTpuMaTo4HO 2,02 +0,18 3,81 £ 0,64 3,45+0,15™ 2,87 +0,18"
KOHTpAKIHOH- Buytpumsimeyno | 98,09 £ 1,96 262,10 +£40,08" | 259,29 +30,96™" | 158,41 + 6,90
HBUE MBACKC, €. | Buvroivarouno | 85,13422,69 | 189,42 £63.27 | 226,08+ 57,90 | 138,80 % 7,66
*P<0,05
" P<0,01

sekok

Uepes 60 MUHYT 1OCIIE BBEICHUS Pa3HBIMHU CTIOCO-
0aMu KOMIUIEKCHBIX IIPEIapaToB ¢ yTEPOTOHUYECKUM
JeiicTBUEeM HaOMIONA M UICHTUYHbIE N3MEHEHUS ITOKa-
3areneil. Ha rucreporpamMmax, CHATBIX Y CBHHOMATOK,
OOJILHBIX TIOCIEPOIOBBIM YHIOMETPUTOM, PETUCTPH-
PYIOTCSI COKpAILEHUs C BBICOKOM aMIUIUTYAON U MPO-
JOJKUTEIBHOCTBIO, YTO CBUIETEIbCTBYET O BOCCTa-
HOBJIEHUHU BO30YANMOCTH IJIaIKOMBIILIEYHBIX CTPYKTYP
MHOMETPHS U YMEPEHHON aKTUBU3ALMU €T0 COKpaTu-
TeNnbHOW criocobHocTu. Tak, Mpy BHYTPUMBIILICYHOM
BBEICHUH TIpenapara MpOU30IIII0 CHHKEHUE YaCTOThI
COKpAITICHHH ITIaIKIX MBIIIICYHBIX BOJIOKOH Ha 20,7 %,
a pu BHyTpuMaTodHoM — Ha 25,0 %. Ha atom ¢ome,
Y TAPEHTEPAIbHOM BBEJCHUH aMILIUTY/IA U IIPOI0JI-
KHUTEJIBHOCTh COKPALLICHHUSI MUOMETPHSl YBEJINUNIIACE,
COOTBETCTBEHHO, B 2,1 pa3a (»p <0,01) u B 1,6 paza
(» <0,05), a mpu BHYyTPUMATOYHON MHCTHIUISLIANA —
B 1,7 paza u B 1,4 pa3a, coorBercTBeHHO. KOHTpakiu-
OHHBII UHEKC 32 ’TOT BPEMEHHOMN MPOMEKYTOK YBe-
mraucs B 2,7 pasza (p < 0,01) u B 2,2 paza.

UYepes 180 MuHyT nocine Havasa SKCIepUMEHTa Co-
KpaTruTelbHast aKTHBHOCTh MAaTKH MPH BHY TPUMBIIIICY-
HOM BBEJ/ICHUH OCTAETCs BBICOKOW Ha MPEKHEM YPOBHE,
a TIpY BHYTPUMATOYHOM — TPOJIOIDKAET pacTh. Tak,
[P MapEHTEPaJIbHOM HHBELHPOBAHUN OTMEUYACTCS
HE3HAYMTENbHOE MOBBIILICHUE YaCTOThl COKPAILECHUI
[IPY CHIPKEHUH UX aMIUTUTYAbI ¥ IPOAOIKUTEIBHOCTH,
Y10 00ECIICYNBACT UICHTUYHBIC 3HAYESHUsI YPOBHSI KOH-
TPaKIIMOHHOTO MHJIEKCa Ha ypoBHE 259,29 + 30,96 en.
AHanu3 1nokaszaresneil akTHBHOCTH MaTOYHBIX CTPYK-
TYp 4epe3 HCCIEAyEeMbIi MPOMEXKYTOK BPEMEHH I10
OTHOUICHUIO K UCXOAHBIM 3HAYCHHSIM IT0Ka3aJl yBeJH-
YeHHEe YPOBHs aMIUINTYAbI cokpatieHuid B 2,09 pasza

P <0,001 — 1o OTHOIIEHHUIO K NCXOIHBIM 3HAYCHUSIM
° P <0,05 — o OTHOWIEHHIO K NPEABIAYIIEMY YPOBHIO

(P <0,01), mpomomxurenbHOCTH — B 1,38 paza u uH-
JIeKC KOHTpakumu — B 2,64 paza (P < 0,001). B Toxe
BpeMsI IIPU JIOKAJIIbHOM BBE/ICHUU OTMEYAJTU TTOBBIIIIC-
HUE YaCTOThI COKPAIIEHHUH, aMIUTUTY/IbI U KOHTPAKIIH-
OHHOTO MHIEKca Ha 6,60 %, 16,87 % 1 19,35 %, k ipe-
JIBLIYIIEMY CPOKY HccienoBanud. Yepes 180 MuHyT ot
MOMEHTA Hayajia PeTUCTPAliU COKPaTUTEIhHON aK-
TUBHOCTH ITOCJIC BBE/ICHUS JICKAPCTBEHHOTO CPEACTBA
B OJIOCTh MaTKX OTMEYaJIu JaJIbHEUILNIA pOCT aMILIU-
Tyabl cokpamenuit B 2,02 paza (P < 0,05) u ux npo-
nomkutenbHOCTH B 1,71 paza (P < 0,01). Kontpaxiu-
OHHBII HHJIEKC Ha 9TOM (POHE yBEITUIMIICS B 2,65 pasa.

ITo ucredenuto 360 MUHYT Ha OHE Pa3HBIX CIIO-
co0OB IIPUMEHEHHSI JIEKAPCTBEHHBIX CPEICTB, COMEP-
JKAIHUX TPOTNPAHOIIOIN TUAPOXIOPHL, OTMEYaIH ociad-
JICHHE MOTOPUKH MaTOYHBIX CTPYKTY]P I10 OTHOIICHHUIO
K IIPOMEXYTOYHOMY CPOKY nccnenoBanust. [ Ipu mapen-
TEpaTbHOM BBEICHUH PETHCTPUPOBAIIN CHUKEHUE aM-
TUIMTYABI coKpatueHuid Ha 28,91 % (P < 0,05), ux mpo-
JOJKUTENBHOCTU — Ha 16,32 % 1 KOHTPAKIIUOHHOTO
nnaexkca — Ha 38,90 % (P < 0,05) a mpu BHyTpUMa-
TouHoM — Ha 23,25 %, 16,81 % u 38,61 %, cooTBeT-
cTBeHHO. OIHAaKO B MCCIEAYEMBIN MMPOMEKYTOK Bpe-
MEHHU TI0CJIe BHYTPUMBIIIEYHOTO BBEICHUS 3HAYCHUS
MOKAa3aTeNeHK UCXOTHOMY YPOBHEO OBLTH BBIIIIE ITO aM-
nTye cokpamenuit Ha 48,47 % (P < 0,05), ux npo-
JOJKUTENBHOCTH Ha 15,36 % M KOHTPaKIIMOHHOMY
nHaexcy Ha 61,49 % (P < 0,001), a mociie BHyTprMa-
TOuHOM mHCTHLIIIHH B 1,55, 1,42 (P <0,05) u 1,63
pas3a, COOTBETCTBEHHO.

CrieoBaTeNbHO, MapeHTepaIbHOC U BHYTPHUMA-
TOYHOE BBEJIEHHUE JIEKAPCTBEHHBIX CPEJICTB, COJEpKa-
IIUX CPEJCTBO 3 — OJIOKATOPHOTO JICHCTBYSI, aKTHBH-
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3UPYET COKPATUTENbHYIO (DYHKIIMIO MaTKU B MEPBBIi
Yac MocJie IPUMEHEHHS U POJIOHTHPYET €€ Ha MepH-
oz 6osee mect 4acoB. IloyueHHbIE pe3ynbTaThl co-
macyrorces ¢ naHHbIMU DuinuHa [ 7], KOTOpBIA BBISBUIL,
YTO MPH NMapEHTEPATLHOM BBEICHUH TIpernapara ¢ aei-
CTBYIOIIM BEIIECTBOM MPOIPAHOIION KOPOBaM, O0JIb-
HBIM ITOCIIEPOIOBBIM 3HIOMETPUTOM, COKPATUTEIbHAS
aKTUBHOCTH MATKH BhITIE B 2,5—3,8 paza B TCUCHHE
6—12 gacos. [IosTOMy B KIIMHUYECKOH PAKTUKE He-
00XOIMMO YUUTBIBATh MPOAOIDKUTEBHOCTD YyTEPOTO-

HUYECKOTO JICHCTBUSI ITPOIIPAHOIIONA IIPH JICUCHUH CBU-
HOMATOK C KIIMHUYECKUMH ITPU3HAKAMHU SHIOMETPHUTA.

[ToMHMO yCTaHOBIIEHHOTO yTEPOTOHHYECKOTO
JIEHCTBUS M aKTyallbHOCTH MPOIIPAHOJIONA MIPH Tepa-
UM TI0CJIEPOIOBBIX 3a00JIeBaHUI HeCTIEUPHUYECKO-
T0 BOCHAJMTEIBLHOTO XapaKTepa, MOATBEPK/ICHA BbI-
COKasl TeparneBTU4ecKas 3PPEKTUBHOCTh KOMILICKC-
HBIX JIEKaPCTBEHHBIX IPETIapaToB IIPH MOCIEPOOBOM
SHJIOMETPUTE ¥ CHHJIPOME METPUT-MACTUT-araJIaKThs
y cBUHOMATOK (Tadin. 2 u 3).

Taoauma 2
Dpghexmusrocms KOMNIEKCHBIX 1EKAPCMBEHHBIX CPEOCME NpU JledeHUl
CBUHOMAMOK, OONbHBIX NOCLEPOOOBLIM IHOOMEMPUMOM
IIpenaparsl
Iloxasarems Mertpa- DHIoMeTpa- | DHIOMETpa- | DHAOMETpa-
mar®-15 mar-T® Mmar-K® Mar-buo®

KomnnuecTBo )KMBOTHBIX B IpyMIIe, TOJI0B 20 20 17 20
KonnuecTBo BBI3I0OPOBEBINNX KUBOTHBIX, T0I1./% 20 /100 20 /100 17 /100 20/100
KpatHocTb BBesieHus nipemnapara, pas 25+0,11 1,95+0,09 | 1,71+0,11 1,95+ 0,11
KonnyecTBO ®UBBIX TOPOCST MPHU POKICHHUH, TOJI 11,14+ 0,37 | 10,95+ 0,46 | 11,00+ 0,42 | 11,10 £ 0,47
KonnyecTBO MOpocsT K OTHEMY, TOJ 10,25+0,29 | 10,35+ 0,45 | 10,29+ 0,24 | 10,45+ 0,38
CoxpaHHOCTb K OTbeMY, %o 92,01 94,52 93,55 94,14
Moso4HOCTB, KI' 56,61 + 1,97 | 65,85 +3,03 | 64,82 +2,69 | 65,55+ 2,94
Macca nopocsT npu po>KIeHUH, KT 1,31+0,02 | 1,35+0,03 | 1,48+0,03 | 1,48+0,03
Macca nopocsT K OTbeMy, KI' 6,83 0,31 | 7,87+0,18 | 8,03+£0,29 | 7,66+0,24
Macca rues3ga, Kr 70,0+4,33 | 81,30+ 3,72 | 82,35+2,72 | 79,90 + 3,60
Ocranochk noj HaOIIOIEHHEM CBHHOMATOK, TOJI 17 17 14 17
[TposiBMIIO TONOBYIO MUKJINYHOCTB, TOII. /% 17/100 17/100 14 /100 16 /94,12
[IposiBneHne NpU3HAKOB MOJIOBOM OXOTHI, CYT. 450+0,13 | 451+£0,12 | 456+0,16 | 4,50+0,16
OmIo0TBOPHIIOCH TTOCIE 1-T0 0CeMeHeHUs, ToII. /% 16 /94,1 15/88.,24 12 /85,71 16 /100

[Ipu neuyeHnn CBUHOMATOK, OOJIBHBIX MOCIEPOJIO-
BBIM DHJIOMETPHUTOM, IIperaparamMu Cepuu JHIOMeTpa-
Mar® u Metpamar®-15 perucTprupoBaiin KIMHHYECKOE
BBI3/IOPOBJICHUE Y BCEX KUBOTHBIX. ISl TOCTHXKEHUS
TepaneBTrueckoro s¢pdexra Merpamara®-15 tpebdo-
BaJIOCh 2,5 UHBEKIINH, a MpenaparaMu Cepuu JHA0-
merpamar® — 1,71—1,95 BHyTpUMAaTOYHBIX BBEIEC-
HUNA. BBICTpOE CHMKEHHE BOCHAIUTENIBHON PEAKLIUU
00yCl1aBJINBaJIO COXPAaHEHUE Y MAaTOYHOTO HIOT0JIOBbS
JIAKTOTeHE3a, UTO MOATBEPKAACTCS PE3YAbTaTaMH BbI-

COKOH MOJIOYHOCTH CBUHOMATOK, CKOPOCTBIO IIPHPOCTA
MAacchl TeJIa ¥ COXPAaHHOCTBIO MOPOCST B JAKTALMOH-
HBII niepuoa. BHyTpuMbIIIeYHOE M BHYTPUMAaTOYHOE
BBE/ICHHE JICKAPCTBEHHBIX CPE/ICTB HAPSIILY C BEICOKOH
KJIMHUYECKOM 3 (PEKTHBHOCTBIO 00ECIIeurBaeT COXpa-
HEHHE BOCIIPOU3BOAMTEIBLHON CIIOCOOHOCTH JKUBOT-
HbIX. BoccTaHOBIIEHUE [T0JIOBOM HUKIMYHOCTH Y CBU-
HOMATOK Tiporcxonut depe3 4,50—4,56 cyTok mocie
OTBhEMa MOPOCHT, OIIOAOTBOPAEMOCTh IO PE3yJbTa-
TaM IIepBOro oceMeHeHus coctasisieT 85,7—100 %.
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Taoauna 3
Tepanesmuueckas 3¢ghekmusHOCHb KOMNIEKCHBIX NPenapamos npu
CUHOpOME MempUmM-MaCmum-a2aiakmus y CUHOMAmMOoK
IIpenapatsl
IMokasarens Merpanar®-15 oY Sgr_?(@pa- aHﬂogzzgaMaF-
KonnuecTBo »KMBOTHBIX B rpyMIIe, OJI0B 8 7 10
KonmaecTBO BRI3MOPOBEBIINX KUBOTHBIX, TOI./% 8/100 6/85,7 9/90,0
KpatHocTh BBenieHUs nipemnapara, pas 2,86 £0,22 2,57+0,20 2,56 +0,18
KonnuecTBO &KUBBIX TOPOCST MPHU POKIAEHHUH, TOJI 12,0+ 0,77 11,43 £0,48 10,11 = 1,09
KonndecTBO MOpOCST K OTHEMY, TOI 10,50+ 0,26 10,17 £ 0,48 8,67+0,97
CoxpaHHOCTb K OTbeMY, %o 87,5 88,9 85,7
MOoI04YHOCTb, KT 55,62 + 2,66 54,26 + 0,314 54,43 + 6,69
Macca nopocsT npu posKIeHUH, KT 1,37 £ 0,05 1,28 +£ 0,03 1,42 + 0,05
Macca mopocsT K 0TbeMy, KT 6,98 +£0,28 7,41 +£0,29 7,99 £0,21
Macca ruesna, Kr 73,25+ 5,17 75,33 +4,79 68,76 + 7,49
Ocranoch 1o HaOIIAEeHHEM CBHHOMATOK, TOJI 8 5 7
[TpOSsIBHITO MTOJIOBYIO IIUKIMYHOCT, TOI. /%0 7/87,5 5/100 7/100
OII0I0TBOPUIIOCH TTOCIIE 1-T0 0CeMEHEeHMsI, TOII. /% 6/85,7 4/80,0 6/85,71
[TpumeHeHue npenaparoB cepun JHpoMeTpamar™ 3AKJIIOYEHHUE

u MeTtpamar®-15 mokasajo BEICOKYIO 3 (heKTHBHOCTH
MIpH T€pariy CBUHOMATOK C KIIMHUYECKUMHU CHMIITO-
MaM{ METPUT-MacTUT-araJlakTus. Beiznoposienue 3a-
peructpupoBano y 85,7—100 % KMBOTHBIX, BHE 3a-
BHUCHMOCTH OT CII0c00a Ha3HAYCHHS TeParneBTHIEeCKUX
npoueayp. Ha 2—3 cyTku oT Havyasa jgedeHus y 00i1b-
HBIX CBUHOMATOK OTMEYaJH YIIy4dllIeHHe OOIIEero co-
CTOSIHUS, HOPMAJIU3aLMI0 TEMIIEPATyPhl TENIa, BOCCTa-
HOBJICHHE alIeTUTA U JIAKTALIU1, CHIPKEHUE O0JIe3HEH-
HOCTH U HAIIPSDKEHHOCTHU TKaHEH MOPaKEHHBIX 10JIeH
MOJIOYHOM JKeJe3bl U OTEYHOCTH COCKOB. Brinense-
MBI SKCCy/IaT U3 HapyKHBIX ITOJIOBBIX OPraHOB CTAHO-
BHJICSI MEHEE OOMIIBHBIM, CITU3UCTBIM U C TIPOCBETIIe-
HUsIMH. BoccTaHoBIIeHHE JIaKTOreHe3a y CBUHOMATOK
o0ecredniio MHTEHCUBHBIN POCT U Pa3BUTHE IIOPOCHT,
a TaKKe BBICOKYIO X KU3HECIIOCOOHOCTD. [IprmMene-
HHUE KOMIUIEKCHBIX MPenaparoB MOJIOKUTEIBLHO OTpa-
3MJIOCh HA BOCCTAHOBJICHUH PEIPOIYKTUBHOHN (yHK-
LMK y MaTOYHOTO TTOTOJIOBBS, YTO TIOATBEPIKAAETCS
KOPOTKUM IIEPHOJOM BOCCTAaHOBJICHHSI IOJIOBOM Liu-
kmmqHOCTH y 87,5—100 % >KMBOTHBIX, IIPH OILIONO-
tBOpsiemocTH 80,0—85,7 %.

Huskast cokparurelbHast akTHBHOCTh MaTKH Y CBH-
HOMATOK ITpH Pa3BUTUH B HEH BOCIIAJIUTEIBHBIX MIPO-
IIECCOB MT'PAET CyLIECTBEHHYIO POJIb B [TATOTCHE3E AaH-
HBIX 3200JIeBaHHH.

BHyTpuMBIILIeUHOE ¥ BHYTPUMATOYHOE BBEJCHUE
KOMILJICKCHBIX JIEKAPCTBEHHBIX TPETIapaToB, COJepKa-
IUX MPOIIPAHOJION, BOCCTAHABIMBACT BO30YIMMOCTh
[JTaJKOMBIIICUHBIX CTPYKTYP MHOMETpPHUS B T€UCHHE
HIEPBOTO Yaca M MOBBIIIACT COKPATUTEIBEHYIO aKTHB-
HOCTBH MaTKH Ha nepuof 6oinee 6 yacos. [lonyueHnsle
JAaHHBIC MMOATBEPIKIAIOT aKTyaJbHOCTh HCIIOJIBH30Ba-
HUSI TIPOTIPAHOJIOIA B KOMIUIEKCHBIX JICKAPCTBEHHBIX
CpencTBax Kak Ui MapeHTepaIbHOTO, TaK U IS JIO-
KaJIbHOTO IPIMEHEHHS IIPH TTOCIEPOIOBHIX 3a00IeBa-
HUSIX BOCHAINTEIIBHOTO XapaKTepa.

Ipenapatsl cepun DHmomerpamar® u MeTpa-
mar®-15 aBisoTCS PPEKTUBHBIMH JEKAPCTBEHHBI-
MU CpPEICTBaMH JUIsl TEpaluy CBUHOMATOK C KJIMHU-
YeCKMMHU TIPU3HAKAMHU BOCIAICHUSI MATKH U MOJIOY-
HOM ’keJe3bl, o0ecrneynBaromnue BOCCTAaHOBICHUE
JAKTOTeHE3a W COXPAHEHUS BOCIPOU3BOAUTEIBLHON
¢byHKIHN.
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UTEROTONIZING EFFECT AND EFFICACY OF
PROPRANOLOL HYDROCHLORIDE IN THE
COMPOSITION OF COMPLEX DRUGS IN THE THERAPY
OF POSTPARTUM INFLAMMATORY DISEASES IN SOWS

Andrey Viktorovich Filatov’, Vasiliy Petrovich Khlopitskiy™, Aleksandr Vitalyevich Minin™"=

“Wyatka State Agrotechnological University, Kirov, Russia

“Mosagrogen, Moscow, Russia

“*Vostochnyy, Izhevsk, Udmurtia, Russia, xvp-vet@mail.ru™

Abstract. The contractile activity of the uterus and the peculiarities of its reaction to complex drugs containing
propranolol hydrochloride were studied. The therapeutic efficacy of the drugs was assessed for different methods
of their administration. It has been established that intramuscular administration of Metramag®-15 and intrauter-
ine administration of Endometramag-Bio® activate the contractile function of the uterine myometrium in the first
hour after application and prolong it for a period of more than six hours. It has been shown that complex drugs
exhibit high therapeutic efficacy in case of postpartum endometritis and mastitis-metritis-agalactia syndrome.
With clinical recovery, the restoration of lactogenesis in sows is recorded, which is confirmed by the normaliza-
tion of growth and development of piglets, as well as their high livability. In the post-weaning period, the breed-
ing stock has a short recovery period of sexual cyclicity with a high efficacy of artificial insemination.

Keywords: propranolol, postpartum diseases, contractile activity of the uterus, therapeutic efficacy, reproduction

The development of industrial pig breeding large-
ly depends on the state of reproductive health of the
breeding stock. Registered pathologies lead to a sig-
nificant economic damage, including reduced produc-
tivity, increased veterinary costs and premature culling
of animals. The most common form of manifestation
of reproductive pathology is the development of an in-
flammatory process in the uterus and mammary gland
in sows in the early postpartum period [5, 6, 8, 9]. The
etiopathogenesis of postpartum inflammatory diseases
of the uterus and mammary gland presupposes the or-
ganization of therapeutic and preventive measures with
the use of complex drugs with antimicrobial, anti-in-
flammatory, immunostimulating and uterotonic effects.

In the clinical practice of veterinary obstetrics,
uterotonics used both separately and as part of com-
plex drugs are of no small importance. Propranolol hy-
drochloride (anaprilin), which is a 3-adrenergic block-
ing agent and has the ability to induce contractile ac-
tivity of the myometrium in different animal species
when parenterally administered, has received wide
practical application in pig breeding [2—4]. Howev-
er, despite the widespread use of propranolol in ani-
mal husbandry, there is no scientific and practical evi-
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dence of the effect of propranolol hydrochloride on the
inflamed uterus of sows with systemic and local use.
The empirical use of a B-adrenergic blocker in animal
husbandry practice is of mixed efficacy. In this regard,
the study of the effect of propranolol hydrochloride as
part of complex drugs with intramuscular and intra-
uterine administration on uterine motility, as well as
therapeutic efficacy in case of postpartum endometri-
tis and mastitis-metritis-agalactia syndrome in sows,
is of particular relevance.

The objective of the research is to study the con-
tractile activity of the uterus and the features of its re-
sponse to the complex drugs Endometramag® and Me-
tramag®-15 containing propranolol hydrochloride, with
different methods of their administration, as well as
therapeutic efficacy in case of inflammatory diseases
of the uterus and mammary gland in sows.

MATERIAL AND METHODS
Clinical and experimental studies were carried out
on the Large White sows on a breeding farm of an in-
dustrial-type at a pig-breeding complex. The animal
housing system is without walking, when they are
placed in production facilities using Big Dutchman
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technological equipment. The diet of lactating sows
included complete feed SK-2.

The contractile function of the uterus in sows was
studied by the method of internal hysterography us-
ing the device Hysterograph [1]. Hysterogram records
were performed in 10 sows with clinical signs of post-
partum purulent-catarrhal endometritis, which were in-
tramuscularly and intrauterinely injected with the com-
plex drugs Metramag®-15 and Endometramag-Bio®
that contain propranolol hydrochloride. In the analy-
sis of hysterograms, the frequency of contractions for
30 minutes, their amplitude and duration were deter-
mined. According to their results, the contraction in-
dex was calculated. The study of the therapeutic effi-
cacy of Metramag®-15, Endometramag-T®, Endome-
tramag-K® and Endometramag-Bio® was carried out
on the sows with postpartum purulent-catarrhal endo-
metritis and the symptom complex of mastitis-metri-
tis-agalactia. Metramag®-15 was intramuscularly in-
jected to the animals with signs of postpartum diseas-
es at a dose of 10 ml with an interval of 48 hours. The
drugs of Endometramag® series were instilled intra-
uterine at a dose of 75.0 ml per animal with a 24-hour
interval. The efficacy of therapeutic measures was as-
sessed by the number of recovered animals, the fre-
quency of administration of the drug, the intensity of

development of piglets and their livability, the resto-
ration of sexual cyclicity in sows after weaning, and
the fertility of females in the first sexual cycle.

STUDY RESULTS

The analysis of the obtained hysterograms has
shown that the use of propranolol as part of complex
drugs with different methods of their administration
activates the contractility of the uterine myometrium
of pigs with clinical signs of endometrial inflamma-
tion (Table 1). The initial level of contractile activity
of the uterus has been characterized by a low contrac-
tion index of 85.13—98.09 units, which indicates its
pronounced hypotension in sows. This is probably due
to the internal hormonal background in the breeding
stock of pigs in the early postpartum period, which is
characterized by a high level of progesterone and low
level of estrogen hormones due to the weak activity of
folliculogenesis in the ovaries. On hysterograms tak-
en from animals, frequent, short contractions with a
very low amplitude are recorded, which makes it dif-
ficult to evacuate the contents from the uterine cavi-
ty, thereby playing a significant role in complicating
the pathological process during the development and
course of postpartum endometritis and mastitis-metri-
tis-agalactia syndrome.

Table 1
Dynamics of contractile activity of the uterus in sows with postpartum endometritis
under the effect of drugs containing propranolol hydrochloride
. Time period after injection, min.
Studied indicator Rou.tetot;.a dmin Initial value
fstration 60 180 360

Contraction Intramuscular 5.80£0.20 4.60 = 0.60 5.40 £0.60 5.80£0.92
frequency / 30
min. Intrauterine 6.67 £0.67 5.00+£1.15 5.33+0.67 5.33+0.33
Amplitude of Intramuscular 6.21 £0.77 13.25+1.16™ 12.97 £1.20™ 9.22 +£1.02%°
contractions, mm.
Hg Intrauterine 6.04 £ 0.58 1043 +£2.52 12.19 +£2.09" 938+1.42
Duration of Intramuscular 2.80+0.26 4.57+£0.67 3.86+0.54 3.23+£0.29
contractions, min. | pyrayterine 2.02+0.18 3.81+£0.64 3.45+0.157 2.87+0.18"
Contraction Intramuscular 98.09 + 1.96 262.10 £40.08 | 259.29 £30.96™" | 158.41 £ 6.90™"""
index, units Intrauterine 85.13+22.69 | 189.42+63.27 | 226.08+57.90 | 138.80 % 7.66

" P<0.05

" P<0.01

ok

P <0.001 — relative to the baseline values

° P <0.05 — relative to the previous level
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Sixty minutes after the introduction of the complex
drugs with uterotonic action in different ways, identi-
cal changes in indicators were observed. On hystero-
grams taken from sows with postpartum endometri-
tis, contractions with high amplitude and duration are
recorded, which indicates the restoration of the excit-
ability of the smooth muscle structures of the myo-
metrium and a moderate activation of its contractility.
Thus, with intramuscular administration of the drug,
there was a decrease in the frequency of contractions of
smooth muscle fibers by 20.7 %, and with intrauterine
administration — by 25.0 %. Against this background,
with parenteral administration, the amplitude and dura-
tion of myometrial contraction increased by 2.1 times
(» <0.01) and 1.6 times (p < 0.05), respectively, and
with intrauterine instillation — by 1.7 times and 1.4
times, respectively. The contraction index over this pe-
riod increased by 2.7 times (p < 0.01) and 2.2 times.

One hundred and eighty minutes after the experi-
ment onset, the contractile activity of the uterus with
intramuscular injection remains high at the same lev-
el, and with intrauterine — it continues to grow. Thus,
with parenteral injection, there is a slight increase in
the frequency of contractions with a decrease in their
amplitude and duration, which provides identical val-
ues of the level of the contraction index at the level of
259.29 £ 30.96 units. The analysis of the indicators of
the uterine structures activity over the studied period
of time in relation to the initial values showed an in-
crease in the level of the amplitude of contractions by
2.09 times (P < 0.01), duration — by 1.38 times and
the contraction index — by 2.64 times (P < 0.001). At
the same time, with local administration, an increase in
the frequency of contractions, amplitude and contrac-
tion index by 6.60 %, 16.87 % and 19.35 % was noted,
compared to the previous study period. One hundred
and eighty minutes from the start of registration of con-
tractile activity after the introduction of the drug into
the uterine cavity, a further increase in the amplitude of
contractions by 2.02 times (P < 0.05) and their duration
by 1.71 times (P < 0.01) was noted. Against this back-
ground, the contraction index increased by 2.65 times.

In 360 minutes, against the background of differ-
ent methods of using drugs containing propranolol hy-
drochloride, a weakening of the motility of the uter-
ine structures was noted in relation to the intermediate
period of the study. With parenteral administration, a
decrease in the amplitude of contractions by 28.91 %
(P <0.05), their duration — by 16.32 % and the con-
traction index — by 38.90 % (P < 0.05) was record-
ed, and with intrauterine — by 23 .25 %, 16.81 % and
38.61 %, respectively. However, in the study period af-

100

ter intramuscular injection, the values of the initial lev-
el indicators were higher in terms of the amplitude of
contractions by 48.47 % (P < 0.05), their duration —
by 15.36 % and the contraction index — by 61.49 %
(P <0.001), and after intrauterine instillation by 1.55,
1.42 (P < 0.05) and 1.63 times, respectively.

Therefore, parenteral and intrauterine administra-
tion of drugs containing a B-blocking agent activates
the contractile function of the uterus in the first hour
after application and prolongs it for a period of more
than six hours. The results obtained are consistent with
the data of Filin [ 7], who has found that when the drug
with the active ingredient propranolol is administered
parenterally to cows with postpartum endometritis, the
contractile activity of the uterus is by 2.5—3.8 times
higher within 6—12 hours. Therefore, in clinical prac-
tice, it is necessary to take into account the duration of
the uterotonic effect of propranolol in the treatment of
the sows with clinical signs of endometritis.

In addition to the established uterotonic effect and
the relevance of propranolol in the treatment of post-
partum diseases of a nonspecific inflammatory na-
ture, the high therapeutic efficacy of complex drugs
in case of postpartum endometritis and mastitis-me-
tritis-agalactia syndrome in sows has been confirmed
(Tables 2 and 3).

In the treatment of sows with postpartum endo-
metritis with the drugs of Endometramag® and Metra-
mag®-15 series, clinical recovery was recorded in all
animals. To achieve the therapeutic effect of Metra-
mag®-15, 2.5 injections were required, and Endome-
tramag® — 1.71—1.95 intrauterine injections. A rap-
id decrease in the inflammatory response has caused
the preservation of lactogenesis in the breeding stock,
which is confirmed by the results of the high milk yield
of sows, the rate of body weight gain and the livabil-
ity of piglets during the lactation period. Intramuscu-
lar and intrauterine administration of drugs, along with
high clinical efficacy, ensures the preservation of the
reproductive ability of animals. Restoration of sexu-
al cyclicity in sows occurs 4.50—4.56 days after the
weaning of piglets, the fertility according to the results
of the first insemination is 85.7—100 %.

The use of the drugs of Endometramag® and Me-
tramag®-15 series showed high efficacy in the treat-
ment of sows with clinical symptoms of mastitis-metri-
tis-agalactia. Recovery was registered in 85.7—100 %
of animals, regardless of the method of prescribing
therapeutic procedures. On day 2—3 from the treat-
ment onset in sick sows, an improvement in the gener-
al condition, normalization of body temperature, res-
toration of appetite and lactation, a decrease in sore-
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ness and tension in the tissues of the affected lobes of
the mammary gland and swelling of the nipples were
noted. The secreted exudate from the external genital
organs became less abundant, mucous and with en-
lightenments. The restoration of lactogenesis in sows
ensured intensive growth and development of piglets,

as well as their high viability. The use of the complex
drugs had a positive effect on the restoration of repro-
ductive function in the breeding stock, which was con-
firmed by a short period of restoration of sexual cy-
clicity in 87.5—100 % of animals, with a fertility rate

of 80.0—85.7 %.

Efficacy of complex drugs in the treatment of the sows with postpartum endometritis fable
Drugs
Indicators Metra- Endometra- | Endometra- | Endometra-
mag®-15 mag-T® mag-K® mag-Bio®
Number of animals in the group, animal units 20 20 17 20
Number of recovered animals, animal units/% 20 /100 20 /100 17 /100 20/ 100
Frequency of drug administration, times 2.5+0.11 1.95£0.09 | 1.71+£0.11 | 1.95+0.11
Number of alive piglets at birth, animal units 11.14+0.37 | 10.95+0.46 | 11.00+0.42 | 11.10 £ 0.47
Number of piglets to wean, animal units 10.25+0.29 | 10.35+£0.45 | 10.29+0.24 | 10.45 £ 0.38
Livability at weaning, % 92.01 94.52 93.55 94.14
Milkability, kg 56.61 £1.97 | 65.85+3.03 | 64.82 +£2.69 | 65.55+2.94
Weight of piglets at birth, kg 1.31£0.02 | 1.35+0.03 | 1.48+0.03 | 1.48+0.03
Weight of weaned piglets, kg 6.83+031 | 7.87+0.18 | 8.03+0.29 | 7.66+0.24
Nest weight (weight of all piglets), kg 70.0+4.33 | 81.30£3.72 | 82.35+2.72 | 79.90 £ 3.60
Remained under supervision of sows, animal units 17 17 14 17
Showed sexual cyclicity, animal units /% 17 /100 17/100 14/ 100 16/94.12
Manifestation of estrus signs, days 450+0.13 | 451+0.12 | 456+0.16 | 450+0.16
Fertilized after the 1* insemination, animal units /% 16/94.1 15/88.24 12/85.71 16/100
Table 3
Therapeutic efficacy of complex drugs for mastitis-metritis-agalactia syndrome in sows
Drugs
Indicators Metramag?-15 Elﬁg;%ga- E;gzgi:;-
1 2 3 4
Number of animals in the group, animal units 8 7 10
Number of recovered animals, animal units/% 8/100 6/85.7 9/90.0
Frequency of drug administration, times 2.86+0.22 2.57+0,20 2.56+0.18
Number of alive piglets at birth, animal units 12.0 +£0.77 11.43 +£0,48 10.11 £ 1.09
Number of piglets to wean, animal units 10.50+£0.26 10.17+ 0,48 8.67+0.97
Livability at weaning, % 87.5 88.9 85.7
Milkability, kg 55.62 +£2.66 5426+ 0.314 54.43 £ 6.69
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Table 3 (the end)

1 2 3 4
Weight of piglets at birth, kg 1.37+0.05 1.28 £0.03 1.42 +0.05
Weight of weaned piglets, kg 6.98 +£0.28 7.41+£0.29 7.99 £0.21
Nest weight (weight of all piglets), kg 73.25+5.17 75.33+4.79 68.76 = 7.49
Remained under supervision of sows, animal units 8 5 7
Showed sexual cyclicity, animal units /% 7/87.5 5/100 7 /100
Fertilized after the 1% insemination, animal units /% 6/85.7 4/80.0 6/85.71

CONCLUSION

The low contractile activity of the uterus in sows
with the development of inflammatory processes in it
plays a significant role in the pathogenesis of these dis-
eases. Intramuscular and intrauterine administration of
complex drugs containing propranolol restores the ex-
citability of the smooth muscle structures of the myo-
metrium during the first hour and increases the con-
tractile activity of the uterus for a period of more than
6 hours. The data obtained confirm the relevance of the
use of propranolol in complex drugs for both paren-
teral and local use in case of postpartum inflammato-
ry diseases. The drugs of Endometramag® and Metra-
mag®-15 series are effective drugs for the treatment of
sows with clinical signs of inflammation of the uterus
and mammary gland, ensuring the restoration of lacto-
genesis and the preservation of reproductive function.
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AHHoOTanusl. B craree npencTaBieHsl pe3yabTaThl HCCIEIOBAaHUN BINSHHUS KOPMOBBIX T0OABOK Ha KadeCTBEH-
HBIE, U KOJIMYECTBEHHBIE XapaKTEPUCTUKH MUKPOOHOTO COOOIIIECTBA KETyA0THO-KUIIIETHOTO TPAKTA HHIEEK KPOC-
ca Xaitopun Konseprep. bt oTo6pans! 00pa3ipl COAEPKIMOTO CIETBIX OTPOCTKOB KHAIIEYHNKA HHIAECEK B TPEX
TpyHIax (ABYX OMBITHBIX U OAHOW KOHTPONIBbHOIN). [Tpy n3ydeHnn MUKpO(IOpPHI XKEITyT0UHO-KHUIIIETHOTO TPAKTA
MHJIEEK MCIIOIB30BAIIM OJIH, U3 HAanOOoJIee MEPCHEKTUBHBIX HA CErOAHALIHNI 1eHb MeTol NGS-ceKBeHHpOBaHHE.
Amnanu3 marepuaia IpoBOAMICS B TaOOPAaTOPUN MOJIEKYJISIPHO-TE€HETHIECKNX HCCIIEI0BAHUI HAyYHO-TIPOU3BO/I-
ctBerHO# koMmauun «BMIOTPO®+y. [IpuMeHeHne KOPMOBBIX T00aBOK OKa3asio MOJIOKHUTENBHOE BIMSIHUE Ha
MHUKpPO(IOpY MHIIEEK. YBEININBAIOCH KOJIUIECTBO MOJIE3HONH MUKPO(IIOPHI M yTHETANACh KOHIIEHTPALHS 11aTo-
TEHHBIX MUKPOOPTaHN3MOB.
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ObecrnieueHne HACEIICHUs CTPaHbl 0€30MaCHBIMU
Y Ka4e€CTBEHHBIMHU ITPOAYKTAMU MTUTAHUS — SIBIIETCS
MIPUOPUTETHOM 3a1a4uell. [ITueBoacTBO — 0/1Ha U3 OT-
paciieii criocoOHBIX MOCTABIIATH B KOPOTKUE CPOKU HA
MIPUIIaBKH TUETHYeCKoe MscO. [ [pu HHTEHCHBHOM TpO-
W3BOJICTBE, ISl IPENOTBPAIICHUS PACIIPOCTPAHEHHUS
MH(D)EKIIMOHHBIX 3a00I€BaHNHN HCIIONB3YIOT aHTHONO-
TUKU. B pe3ynbrare 4ero, CHIKAETCsl €CTeCTBEHHAs
PE3UCTEHTHOCTh MHUKPOQIIOPHI JKETyI0YHO-KHIIey-
Horo Tpakta nTuusl [1, 2]. Hapymenue HopMosHTe-
poOuorieH03a MPUBOANT K BOZHUKHOBEHHIO IHCONO-
THYECKHUX, TTATOJIOTHYECKUX COCTOSHUH, HAPYIICHUIO
MIPOLIECCOB MUIeBapeHus (yXyIIIeHHe BCaChIBAHUS
MUTATENBHBIX BEIIECTB), CHUYKEHUIO IPOTYKTUBHOCTH
Y YBEITUYCHUIO 3a00JI€BaGMOCTH MITHUIIBI [3].

OCHOBHBIM KOPMOM JIJ151 IITUI] SIBJISIFOTCS 36PHOBBIE,
Oorarsle kjeTyarkoid. BozHukaer nmpobiema ycBoeHus
MUTATEIHHBIX BEMIECTB, TAK KaK y MTHI] MTPAKTUIECKU
OTCYTCTBYIOT COOCTBEHHBIE MHIIEBAPUTEIBHEIE (ep-

MEHTHI [T PACIIETUICHUS IEeJUTI0N03 U IPYTUX HEKpaX-
MaJUCTBIX nonucaxapunoB [3]. B pe3ynbrare, B TOH-
KOM OTJIeJIe KUIIIEUHUKA 00pa3yeTcsi Bsi3Kast CyCIICH3HS,
00BoOIaKMBAOIIasi KOPMOBYIO Maccy, KOTOpas MpersT-
CTBYET JOCTYITy K MATATEIHBIM BEIIECTBAM KOPMOB
COOCTBEHHBIX DHJIOTEHHBIX ()EPMEHTOB NMTHIBI. ITO
MIPUBOJIAT K CHUKEHHUIO YPOBHS UX THIPOJIN3A. Y MO-
JIOJHSIKA ¥ B3POCJIOW MTHIIBI HAOIIOIACTCS KUAKHUH,
KJIeHkuil momet [3—5].

HaunOonpuiyro Harpys3ky NTHIA HUCIBITHIBACT
B MOCTAIMOPHOHAIBHBIN TIEpHOJ] Pa3BUTHS, KOTIA ee
TIEPEBOMIAT HA BBICOKOMUTATEIbHBIE KopMa. iMeHHO
B ATOT NIEPUOJ] BAYKHO 00ECIICUEHHE JIETKOYCBOSEMbI-
MU KOPMaMH ¥ OUOJIOTHUYECKUMU J00aBKaMH, OKa3bl-
BaIOLIUMH TIOJIOKHUTEIBHOE BIUSHUE Ha MHIICBAPU-
TeTbHBIC 1 OOMEHHBIE TIPOIIECCHI [6].

IIpobuoTuku Ha ocHOBe OakTepuii pona Bacillus,
MO3BOJISIOT 3alIUTUTh OPTAaHU3M IITUIL] OT KHUIIIEYHBIX
MaTOTCHOB, YCTPAHHUTh AUCOAKTEPHO3 IIPU aHTUOMOTH-
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KOTEepanuH, yIy4dlnTh nepesapuBanue numu [ 7—10].
IToMuMO aHTArOHUCTUUYECKUX CBOMCTB B OTHOLLEHUU
KHUIICYHBIX ITaTOTCHOB IpecTaBuTeu poaa Bacillus
00JTaar0T CIOCOOHOCTHIO BEIPa0aThIBaTh (PEPMEHTHI:
amuiasy, JMIasy, nporeasy, MeKTUHa3Yy, LeJUIIoNasy,
¢duTazy, HeoOX0UMBIE IS YCIEIIHOTO pacuierJe-
HUS UM, QEPMEHTAIMH TUTATENLHBIX BEIIECTB, CO-
JepIKaIuXcs B KOpMe, 0Ka3bIBafOT (pepMeHT puTaza)
IOJIO’KUTEIBHOE BIMSHUE HA OBBILLIEHNE OnoIornye-
cKoil noctynHocTH hocdopa, yBEINUESHHUIO €r0 OTIIO0-
JKEHUSI B OpraHru3Me NTULIbI, PACUICIUICHHUIO LIEeJUTI0N03
U JPYTUX HEKPaXxMaJIUCThIX osmcaxapuaos [11—14].

JKenynouHO-KUMIIEYHBI TPAKT NTULl CONEPKUT
UpoKoe MUKPOOHOE pa3zHooOpasue. Hanbombpmras
YHCICHHOCTh MUKPOOPIaHW3MOB CKOHILICHTPUPOBaHA
B CJICTIBIX OTPOCTKAX KUIIEYHHUKA NTULEL. Mukpodito-
pa cIenbIX OTPOCTKOB MOAICPKUBAECT FOMEOCTa3 Ma-
KpPOOpraHn3Ma, UTpaeT BayKHYIO poJib B IPOIIeccax me-
peBapuBanus i [ 15—17]. AKTyanbHBIM ABISIETCS
N3yYEHHUE BIUSHUS KOPMOBBIX IPOOHOTHYECKUX 100a-
BOK Ha MUKPO]IIOPY KeTyI0IHO-KUIIEIHOTO TPAKTa,
POCT 1 pa3BUTHE [ITHILIBI, a, CJIE0BATEIbHO, TOBBILIC-
Hue npoaykrtuBHocTH [18, 19].

Lenbro paboTHI SIBISUIOCH H3YYESHUE BIUSIHUS TIPO-
OMOTHYECKUX, MYIbTU(YHKIIMOHATBHBIX KOPMOBBIX
nmo00aBoKk, comepkamux oaktepun poaa Bacillus, [Tpo-
tdoprt u JlukBadun, Ha MEKPOIIOPY KETYITOUHO-KH-
LIEYHOTO TPaKTa uHJeeK kpocca Xaiopu Konseprep.

MATEPUAJIBI U METO/ bl
UCCJIEJOBAHUM

[Ipon3BOACTBEHHBIN OMBIT OBUT MPOBEICH B XO-
3siictBe OO0 «Kpusern [Itunar», JJoGpoBckoro paiio-
Ha, Jlumenkoii o6nactu. OOBEKTOM UCCIIEIOBAHUS SIB-
JISUTHCh UHJCHKY Kpocca Xaiopun Kouseprep. Boine-
JISITU TP TPYIITBI ITHIT TI0 12 ThIC. TONIOB: 1 OmBITHAS
rpyma — B PaloH BKIIOYAIH KOPMOBYIO T00aBKY
[IpodopT; 2 onbITHAS TpyIIIa — B PAIFiOH BKIFOYAIN
BOJIOPACTBOPUMYFO IPOOHOTHYECKYTO 100aBKy JInKBa-
¢un; 3 rpynma — koHTpobHas. [I[pumeHeHne KopmMo-
BBIX JI00ABOK MPOBOJAMIOCH Ha MPOTsDKEHUU 60 JTHEH.
Kopmosyto no6asky IIpodopt, mpumensin u3 pacde-
ta 1 xr Ha 1 ToHHy IIK. [Ipobnotnk JInkBadum BbI-
nauBanu u3 pacuera 50 r Ha 1 T BOABL

B momenT y6ost (98 neHb) Ol 0TOOpaHbI 00pas-
LBl COMIEP>KUMOTO CIEIBIX OTPOCTKOB KUIIICUHUKA UH-
JICCK B TPEX TPYIITIaX: MO YETHIPE OBTOPHOCTH B OITBIT-
HBIX (Ne 1, Noe 2, No 3, Ne 4 — TIpocdopt; Ne 5, Ne 6,
Ne 7, Ne 8 — JlukBacdum) 1 1B€ MOBTOPHOCTH B KOH-
TpoibHOH (Ne 9, No 10).

Nzydenne MUKpOIIOPHI CIIEMBIX OTPOCTKOB HH-
JeeK MPOBOIMIOCH OJHUM W3 Hambojee Mepcrek-

TUBHBIX Ha CETOAHAMIHUN neHb MeTomoM NGS-
CEeKBEHMpOBaHUE (aHTI. next generation sequencing).
[IpuMeHeHne TEXHOJIOTUH CEKBEHUPOBAHUS HOBO-
T'O MOKOJIEHUS MTO3BOJISIET MPOBOJUTH METareHOMHbIE
MCCIIeIOBaHUSA CIIOKHBIX MHUKPOOHBIX COOOIIECTB
¢ 00JbIIUM 00BEMOM HPOYTEHHBIX HYKJICOTHIHBIX
nociefoBareabHocTel. I1pn 3TOM BO3MOXKHO TOYHOE
omnpesesieHue (PUIOreHETHYECKON NPUHAICKHOCTH
MHKPOOPTaHU3MOB 10 BUAA.

HccnenoBanust MpoBOAMINCH B Ta0OpaTOPHH MO-
JIEKYJISIPHO-TEHETHUECKUX UCCIIEIOBAaHUI HAYIHO-TIPO-
n3BoAcTBeHHOH koMnanuu «BUOTPOD+y.

Pesynbrarsl 00paboTaHbl ¢ HCHOJIB30BAHUEM IIPH-
KJIaJHOM CTaTUCTUYECKOM IporpamMmel «Statistica 8.0»
(«Stat-Soft, Inc», USA).

PE3YJIBTATHI UCCJIEJOBAHUM

B naboparopun MONEKyIIpHO-TEHETHYECKUX HC-
CJIeIOBAaHUIN HAy4YHO-ITPOU3BOJICTBEHHON KOMITaHUU
«BUOTPO®+», ObLT onpesiesieH coCTaB MUKPOQIIO-
PBI MUAIIEBAPUTEIILHOTO TPAKTa UHJICEK, YTO MTO3BOJIH-
JIO OLIEHUTH JeiicTBHE KOPMOBBIX 100aBok [Ipodopt
n JIukBadua Ha MUKpodUIOpy KUIIIEYHUKA. B cocTaBe
HOpMO(DIIOPBI 00HApYKEeHBI TakToOaKTeprH, OnduI0-
OaxTepuu, OanuiIbl, nemutrono3onutuku, JOKK-cun-
TE3UPYIOIIUe OaKTEepPHU.

JlakroOakTepuu, BO BCEX HCCIIEIOBAHHBIX MPO-
Oax, ObLIM TpezicTaBiaeHbl pogamu Lactobacillus spp.,
Lactococcus spp., Leuconostoc spp., OTHOCSTIIMMUCS
k nopsiaky Lactobacilliales. B kumednnke nTur oHn
MIPOSIBJISIFOT aHTUMUKPOOHYIO U IMMYHOMOTYJTHPYO-
Y0 aKTUBHOCTb.

BBINOIHSIOT CUHTE3 aHTUMUKPOOHBIX MENTHIOB,
BHUTAMHHOB, HEKOTOPBIX HE3aMEHHUMBIX aMHUHOKHC-
JIOT, JTAKTaTa, HEOOXOIUMOTO TS TPON3BO/ICTBA JIETY-
yux xupHbIX kuciaot JOKK-nponynmpyrommmu 6ak-
TEPHSIMH.

KoHuieHTparus 1akro0aKkTepuil B CIIETBIX OTPOCT-
Kax WHJICCK OIBITHBIX TPYIII, B PAIIHOHE KOTOPhIX HC-
MOJTb30BAJIMCH KOPMOBBIE MTPOOHOTHYECKHE JO0aBKU
[Ipodopt u JInkBadwm, ObLTa BEITIE YeM B KOHTPOJIh-
Hoii Ha 2,96 % u 5,77 % cooTtBercTBeHHO (puc. 1).

Hcnonb3oBanue BOIOPACTBOPUMOTO IIPOOUOTHKA
JIukBagu 1 MOBHIIIATIO KOJTUUECTBO JAKTOOAKTEPUI JI0
12 % (obpazery Ne 5), 4uTo SBISIETCS XOPOIINM Kaue-
CTBEHHBIM TIOKa3aTelieM 001eit MUKPOQIIOPHI.

budumobakrepnn B KUIEUHUKE MITUI] 00Ta1aI0T
UMMYHOMOJYJTUPYIOIIEeH aKTHBHOCTHIO. YUYaCTBYIOT
B CHHTE3¢ BUTAMHUHOB U HEKOTOPBIX HE3aMEHUMBIX
aMHHOKHUCIIOT. MakcumainbsHoe cofepikanue ondumo-
OakTepuil B CJICTIBIX OTPOCTKAX MHJICCK HE MTPEBbIIIIa-

10 0,54 % (B mpoOe Ne 5) (puc. 2).
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Brusinue kopmogwix 000a8oKk npo@opm u JUKEAPUO Ha COCMOSHUE MUKPODIOPbI HCEYOOUHO-KUMUEUHO20 MPAKMA...

Ne 2 Ne 3

IIpodopt

Ne 6 Ne 7 Ne 9 Ne 10

JIukBadun KonTpons

Puc. 1. Conepxanue akrodbaktepuid, %

No 2

Ne3
[Ipodopr

No 6 No 7 Ne 9 Ne 10

JIukBadun Konrpouns

Puc. 2. Conepxanne dupunodakrepuit, %

[Ipu 5TOM, 1O OTHOIIEHNIO K KOHTPOJIIO, KOHIIEH-
TpaIMH IPAMITOJIOKUTEIFHBIX aHAIPOOHBIX OaKTepHid
Bifidobacterium, B ONBITHBIX rpyIHax 0CTOBEPHO MO-
Bhimanach Ha 0,37 % (p < 0,05) B rpyrmrie ¢ npumeHe-
nuem JlukBadun, u va 0,10 % B rpynmne — [Ipodopr.

BaI_II/I.HHI)I B KHIIICYHUKEC NHJCCK OKa3bIBalOT aHTHU-
MUKPOOHOE JCHCTBHE B OTHOIICHUH ATOTCHHON MH-
KpOQIIOPHI, MPOTEOTUTUIECKYIO U (DePMEHTATHBHYIO
aKTMBHOCTH K OeJKaM M yrieBoiaM KopMoB. Kommue-
CTBO OaIuiuI, BO BCEX MCCICAYEMBIX IP0o0Oax, ObLIO
HU3KUM U He npesbimano 0,35 %. Hanbonee Beicokoe
COJIepKaHHe TIOJIE3HBIX OAIMIUT B KUIIICUHUKE MITHIIBI
oOHapy>xeHo B ipodax Ne 1 —0,35 % uNe 5—0,33 %
(puc. 3). BaxxHyt0 poIib B IUIIEBAPEHUH TITHI] ATPAIOT
LEJUTION030UTHYecKre OakTepry. OHH pacIleTUIsSIoT

KJIETYaTKy KOPMOB, IEpPEeBapUBAHIE KOTOPOU Y MTHIL
BBI3bIBACT 3aTPY/HCHUSI, B CBSI3U C OTCYTCTBUEM B Op-
raHU3Me COOTBETCTBYIOIINX (hepPMEHTOB (IIEJUTI0Na3a,
B-rmrokanasza u ap.). Cpeau nmpeacTaBuTese Heto-
JIO30JIUTHYECKUX OaKTepHii ObLTH BBISBICHBI CEMeEl-
ctBa Peptostreptococcacea, Clostridiaceae, Eubacteri-
aceae, Lachnospiraceae, Ruminococcaceae, poma Bac-
teroidales m Thermoanaerobacteriales (puc. 4).

Kax BunmHO U3 pucyHka 4, I0JIS IEIITFIO30JI1-
TUYECKUX OaKTepUil B UCCIICOBAHHBIX 00pa3Iax co-
JICPYKUMOTO CJICIIBIX OTPOCTKOB KUIICYHHKA WHICCK,
ObLIa MpeJICTaBlIeHa B BBICOKUX KOJIMYECTBaX. B oIbIT-
HOM IpyIIe ¢ NPUMEHEHUEM B palliOHE KOPMOBOH 10-
oasku [Ipodhopt cpemnee comeprkaHue MEIUTFOI030IH-
THKOB cocTaBuio 78,89 %, uro Ha 31,3 % BbIIIe YeM
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B KOHTPOJBHBIX 00pasiax. Hanbonbmee Bnusaue [po-
¢dopr okasan Ha GopmupoBaHue ITaMMa Bacteroi-
dales, criocoOHOTO (hepMEHTHPOBATH KPaxXMalUCThIE
KOMIIOHEHTBI KOPMOB, CPEIHEE coep KaHue ITUX Oak-
Tepuii coctaBuio 45,42 %, uro B 2,1 pa3a npeBbICH-
JI0 MX KOHIIEHTPALIUIO B 00pa3iax KOHTPOJIBHOM IPyTI-
11b1. UUCIIEHHOCTB LEIUTHOJIO30JIMTUKOB ceMmelicTBa Ru-
minococcaceae B 3TOH TpyTie HaXOAWIach Ha YPOBHE
15,36 %, uro Ha 5,5 % (p < 0,05) BHIIIE, UeM B KOH-
TPONBHBIX oOpa3uax. Takxke, B HEOOIBIIMX KOJIUYE-
CTBax, ObIM OOHAPYKEHBI LEJIIOI030IUTHYECKHE

Oakrepun cemeiicrBa Lachnospira — 8,9 %, npony-
[UPYIOIIHE KApOOHOBBIE X KOPOTKOIIEIIOUCTHBIE KHP-
HBIE KHCJIOTHI: MacIsSTHYI0 (OCHOBHYIO) U YKCYCHYIO;
Flavobacterium — 0,53 %; Eubacterium — 4,18 %,
crocoOHbIe MPeoOpa3oBBIBATh XOJIECTEPUH B KOIPO-
CTaHOJI, Y4aCTBOBATb B ICKOHBIOTALIUH KCJIYHBIX KUC-
JIOT. BONBIIMHCTBO BUIOB 3y0aKTEpHUil SIBJISIOTCS caxa-
POIUTHYECKUMH, TO €CTh CTIOCOOHBIME (hePMEHTHPO-
BaTh YIVIEBOJBI C HAKOIUIEHHEM KOPOTKOIIEIOYCYHBIX
JKHPHBIX KHCJIOT. B ONBITHBIX 00pa3iax CHUKaJIOCh
conepxanue Clostridium — Ha 1,68 %.

Ne 2 Ne 3

Ipodopt

Ne 6 No 7

JlukBadua

Nl | Ne2 | Ne3 | Ned | NS5 | N6 | N7 | N8 | N9 | Nl0
IIpodopt JIuxkBadun Konrpons

M Thermoanaerobacterales | 0,313 | 0,477 | 0,158 | 0,132 | 0,087 | 0,085 | 0,073 | 0,058 | 0,007 | 0,028
M Clostridiaceae 5,765 | 5,228 | 5,518 | 5,171 | 4,399 | 4,725 | 4,968 5,35 6,386 | 7,812
m Flavobacteriaceae 0,479 | 0,528 | 0,564 | 0,538 | 0,351 | 0425 | 0,767 | 0,856 | 0,335 | 0,349
14 Eubacteriaceae 5,669 | 3,465 | 3,282 | 4,296 | 3,709 5,19 3,407 | 4,934 | 2,417 | 2,793
M Lachnospiriaceae 9,212 7,452 7,15 8,535 | 13,447 | 12,377 | 12,576 | 9,537 5,906 6,576
M Bacteroidales 45,822 | 45,769 | 44,681 | 43,895 | 49,422 | 40,98 | 34,262 | 36,121 | 22,752 | 19,993
M Ruminococcaceae 16,149 | 16,802 | 13,015 | 15,488 | 15,679 | 13,015 | 13,399 | 12,353 | 9,323 | 10,476

Puc. 4. Conepxanue 1eIUTIOI030JINTHKOB, %

BrmanBanue npoouotrka Jluksadu, Takxke mpu-
BEJIO K YBEJIMUCHUIO COJCPIKAHUS LIEIUTFOJIO30IUTH-
KOB — KOHIICHTpAILMS 3TUX OaKTEepUi COCTaBIIsia
75,64 %, ato Ha 28,06 % BBIIIEC YeM B KOHTPOJIBHBIX
obpasnax. JJocToBepHO MOBBIIIANACH KOHIICHTPAIHS
mrammoB Lachnospiriaceae — Ha 5,74 % (p < 0,01),
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Bacteroidales — na 18,83 % (p < 0,05) u Ruminococ-
caceae — Ha 3,70 % (p < 0,05). bakrepun pona Clos-
tridiaceae B ONBITHBIX 00pa3siax, ObIIM B MEHBIIIEM KO-
JMYECTBE YeM B KOHTPOJIBHBIX Ha 2,24 %.
JDKK-cunTe3upytomme 6akrepuu, 00IaaaroT Bax-
HOH cI0COOHOCTBIO0, PEePMEHTHPOBATH JIAKTAT C 00pa-
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30BaHUEM JICTYUYUX JKHUPHBIX KHUCJIOT UCIIOJIb3YEMbIX
OpraHM3MOM HTHI] B mporeccax meradomusma. Co-
nepxxanmne JOKK-cuaTesnpyromumx 6akrepuii B CIeTbIx
OTPOCTKaX MHAEEK OMBITHBIX IPYIIT OBUIO BBIIIE YeM
B KOHTPOIIBHOM rpymre (puc. 5). [Ipumenenune npoduo-
tuka [Ipodopt crocoderBoBano pocry JKK-6akre-

Ul TOBBIIIAS MX YUCICHHOCTH Ha 0,6 %, a KCTI0TB30-
BaHHE BOIIOPACTBOBUMON KOPMOBOM 00aBKH JInKBa-
¢un — na 0,5 %, OTHOCUTEIIEHO KOHTPOJISL.

KoHIeHTpanus yclIoBHO-TTaTOTeHHBIX BUIOB Oak-
TEpUH, B UCCIIC/IOBAHHBIX MP00ax, ObLIa HE3HAYUTEIIb-
HOI, KaK BUJHO U3 TaOJIHUIIbL.

Ne 1 Ne 2 Ne 3 No 4 Ne 5

[Tpodopt

Ne 6 No 7 Ne 8 Ne 9 No 10

JluxBadu Konrpomnb

Puc. 5. Conepxanne JOKK-cunrTesupyrommx 6axrepuii, %

Taoauma
Cpeonsis uuciennocms MUKpOOP2aHU3MO8 6 UCCIE008AHNbIX npobax, %
MHUKpPOOpPraHU3MbI Ipodopt JlukBadu KouTposns
Hopmodutopa
PyMHHOKOKKH 15,36 £ 1,65" 13,61 + 1,44" 9,90 + 0,82
Bakrepounst 45,04 + 0,93 40,20 £ 6,77 21,37 £ 1,95
JlaxHOCTIHpPBI 8,09+0,96 11,98 +1,70" 6,24 +£ 0,47
Dybakrepun 4,18 + 1,09 4,31 £0,88 2,61 +£0,27
daBobaKTepUH 0,53 £0,04" 0,60 + 0,25 0,34 +£0,01
Knoctpunuu 5,42 +£ 0,56 486+1,27 7,10+ 0,23
Tepmoanaspobakrepun 0,27 £0,16 0,08 +£0,01™ 0,02 +£0,01
CyMMa TIeTUTIOII030UTHKOB 78,89 75,64 47,58
Betinnonenst 1,36 £0,17 0,94 +0,20° 1,51 £0,22
JlakTobakTepun 4,16 £2,82 6,97 +4,79 1,20 + 0,06
budunobakrepun 0,13 £0,04" 0,40 £0,14" 0,03 +£0,01
Banums 0,28 +0,06™ 0,27 +0,04™ 0,16 £ 0,01
gﬁi;’;;“mpymme 1,36 £0,17" 1,29 0,28 0,80+ 0,13
VenoBHO-nIaToreHHast MUKpogiopa
DHTEPOKOKKH 0,15+ 0,008 0,03 + 0,005 0,51 +0,090
' p<0,05
" p<0,01
™ p<0,001
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3AKJIIOYEHHUE

Pesynbrarel aHanm3za MEKPOOHOTO cOOOIIECTBa
CJICIIBIX OTPOCTKOB KHUILIEUHOTI'O TPAKTa MHIECK, C UC-
10JIb30BAaHUEM MOJIEKYJISIPHO-TeHETHUECKUX METOIOB
NGS-cexBeHNpOBaHUs, TO3BOIMIN YCTaHOBUTH I10JIO-
JKUTEJIBbHOE BIMSHUE MPUMEHEHHS MPOOMOTHYECKUX
KOpMOBBIX 100aBok [Tpodopt u Jluksadun Ha kade-
CTBEHHBIN M KOJIMYECTBEHHBIN COCTaB MUKPODIOPHI
CJIETIBIX OTPOCTKOB. TaK, OTHOCUTEIILHO KOHTPOJISI BO3-
pacra’o copepkaHue peAcTaBUTeIeH HOpMOQIOPHI.
Konnenrpauus Jlakrobakrepuit — na 5,8 % (rpynmna
Jluksadun) u 3,0 % (rpymma [Ipodopr); Llemrtonoszo-
nuTkoB — Ha 28,6 % (JlukBadun) u 31,3 % (IIpo-
tdopr); JDKK-cuaTesupyromux 6akrepuii — Ha 0,6 %
u 0,5 % cooTBETCTBEHHO.
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Abstract. The article presents the results of studies of the effect of the feed additives on the qualitative and quan-
titative characteristics of the microbial community of the gastrointestinal tract of turkeys of Hybrid Converter
cross. The samples of the contents of the cecum of the intestines of turkeys were taken in three groups (two ex-
perimental groups and one control group). When studying the microflora of the gastrointestinal tract of turkeys,
one of the most promising methods to date, next-generation sequencing (NGS), was used. The analysis of the ma-
terial was carried out in the Laboratory of Molecular-Genetic Studies of the Research and Production Company
«BIOTROF+». The use of feed additives had a positive effect on the microflora of turkeys. The amount of useful
microflora increased and the concentration of pathogenic microorganisms was suppressed.
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Providing the country’s population with safe and
high-quality food products is a priority task. Poultry
farming is one of the industries capable of delivering
dietary meat to the shelves in a short time. In intensive
production, antibiotics are used to prevent the spread
of infectious diseases. As a result, the natural resis-
tance of the gastrointestinal tract microflora of poul-
try decreases [ 1, 2]. Violation of normoenterobioceno-
sis leads to the emergence of dysbiotic, pathological
states, disruption of digestion processes (deterioration
of nutrients absorption), a decrease in productivity and
an increase in the morbidity of poultry [3].

The main food for poultry are cereals rich in fi-
ber. The problem of nutrient absorption arises, since
poultry practically lack their own digestive enzymes
for the breakdown of cellulose and other non-starchy
polysaccharides [3]. As a result, a viscous suspen-
sion is formed in the small intestine, enveloping the
feed mass, which prevents the poultry’s own endoge-
nous enzymes from obtaining the feed nutrients. This

leads to a decrease in the level of their hydrolysis. In
young and adult poultry, liquid, sticky droppings are
observed [3—35].

The poultry experiences the greatest load in the
postembryonic period of development, when it is trans-
ferred to highly nutritious feeds. During this period that
it is important to provide easily digestible feed and bi-
ological additives that have a positive effect on diges-
tive and metabolic processes [6].

Probiotics based on bacteria of the genus Bacillus
can protect the body of poultry from intestinal patho-
gens, eliminate dysbacteriosis during antibiotic ther-
apy and improve food digestion [7—10]. In addition
to antagonistic properties against intestinal pathogens,
representatives of the genus Bacillus have the ability
to produce enzymes (amylase, lipase, protease, pecti-
nase, cellulase, phytase) necessary for the successful
breakdown of food, fermentation of the nutrients con-
tained in the feed, have (phytase enzyme) a positive ef-
fect on increasing the biological availability of phos-
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phorus, increasing its deposition in the poultry’s body,
the breakdown of cellulose and other non-starchy poly-
saccharides [11—14].

The poultry’s gastrointestinal tract contains a wide
microbial diversity. The largest number of microorgan-
isms is concentrated in the cecum of the poultry’s in-
testines. The microflora of the ceca maintains the ho-
meostasis of the macroorganism and plays an import-
ant role in the processes of food digestion [15—17].

It is relevant to study the effect of probiotic feed
additives on the gastrointestinal tract microflora, the
growth and development of poultry, and consequent-
ly, the increase in productivity [18, 19].

The objective of the work was to study the effect
of probiotic, multifunctional feed additives (Profort
and Likvafid), containing bacteria of the genus Bacil-
lus, on the gastrointestinal tract microflora of turkeys
of Hybrid Converter cross.

MATERIAL AND METHODS

The production experiment was carried out on the
farm of «Krivets Ptitsa» LLC, Dobrovskiy rayon, Li-
petsk region. The object of the study was turkeys of
Hybrid Converter cross. There were three groups of
poultry, 12 000 birds each: experimental group 1 —
the feed additive Profort was included in the diet; ex-
perimental group 2 — the diet included a water-sol-
uble probiotic additive Likvafid; group 3 — control.
The use of feed additives was carried out for 60 days.
The feed additive Profort was used at the rate of 1 kg
per 1 ton of complete feed (PC). The probiotic Lik-
vafid was drunk at the rate of 50 g per 1 ton of water.

At the time of slaughter (day 98), the samples of the
contents of the ceca of the intestines of turkeys were
taken in three groups: four replications in the exper-
imental ones (No. 1, No. 2, No. 3, No. 4 — Profort;
No. 5, No. 6, No. 7, No. 8 — Likvafid) and two repli-
cations in the control one (No. 9, No. 10).

The study of the microflora of the ceca of turkeys
was carried out by one of the most promising meth-
ods to date, NGS (next-generation sequencing). The
use of next-generation sequencing technologies makes
it possible to carry out metagenomic studies of com-
plex microbial communities with a large volume of
read nucleotide sequences. In this case, it is possible
to determine accurately the phylogenetic affiliation of
microorganisms to a species.

The researches were carried out in the Laborato-
ry of Molecular-Genetic Studies of the Research and
Production Company «BIOTROF+».

The results were processed using the statistical ap-
plication program Statistica 8.0 (Stat-Soft, Inc, USA).

Bulletin of Veterinary Pharmacology « No. 3 (20) « 2022

STUDY RESULTS

In the Laboratory of Molecular-Genetic Studies of
the Research and Production Company «BIOTROF+»,
the composition of the microflora of the digestive tract
of turkeys was determined, which made it possible to
assess the effect of feed additives Profort and Likva-
fid on the intestinal microflora.

In the normoflora composition, there were detect-
ed lactobacteria, bifidobacteria, bacilli, cellulolytics,
VFA-synthesizing bacteria.

Lactobacteria, in all studied samples, were repre-
sented by the genera Lactobacillus spp., Lactococcus
spp., Leuconostoc spp., belonging to the order Lac-
tobacilliales. In the intestines of poultry, they exhibit
antimicrobial and immunomodulatory activity. They
perform the synthesis of antimicrobial peptides, vi-
tamins, some essential amino acids, lactate, which is
necessary for the production of volatile fatty acids by
VFA-producing bacteria.

The concentration of lactobacteria in the ceca of
the turkeys of the experimental groups, in the diet of
which the probiotic feed additives Profort and Likva-
fid were used, was higher than in the control group by
2.96 % and 5.77 %, respectively (Fig. 1).

The use of the water-soluble probiotic Likvafid in-
creased the amount of lactobacteria up to 12 % (sam-
ple No. 5), which was a good quality indicator of the
microflora.

Bifidobacteria in the intestines of poultry have
immunomodulatory activity. They participate in the
synthesis of vitamins and some essential amino acids.
The maximum content of bifidobacteria in the ceca
of turkeys did not exceed 0.54 % (in sample No. 5)
(Fig. 2).

At the same time, in relation to the control, the
concentration of gram-positive anaerobic bacteria Bi-
fidobacterium in the experimental groups significant-
ly increased by 0.37 % (p < 0.05) in the group using
Likvafid, and by 0.10 % in the group using Profort.

In the intestines of turkeys, bacilli have an antimi-
crobial effect against pathogenic microflora, proteo-
lytic and enzymatic activity towards proteins and car-
bohydrates of feeds. The number of bacilli in all stud-
ied samples was low and did not exceed 0.35 %. The
highest content of beneficial bacilli in the intestines
of poultry was found in samples No. 1—0.35 % and
No. 5—0.33 % (Fig. 3).

Cellulolytic bacteria play an important role in the
digestion of poultry. They break down the fiber of
feeds, the digestion of which causes difficulties in poul-
try, due to the absence of the corresponding enzymes
in the body (cellulase, B-glucanase, etc.).

111



V. 1. Kotarev, L. V. Lyadova, D. A. Belousov, V. N. Bolshakov

No. 6 No. 7
Likvafid

Fig. 1. Content of lactobacteria, %

No. 9 No. 10

Profort Likvafid Control

Fig. 2. Content of bifidobacteria, %

No. 2 No. 3 . . No. 6 No. 7 . No. 9 No. 10

Profort Likvafid Control

Fig. 3. Content of bacilli, %

Among the representatives of cellulolytic bacte-  ceae, the genera Bacteroidales and Thermoanaerobac-
ria, the families Peptostreptococcacea, Clostridiace- teriales were detected (Fig. 4). As can be seen from
ae, Eubacteriaceae, Lachnospiraceae, Ruminococca-  Fig. 4, the proportion of cellulolytic bacteria in the
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studied samples of the contents of the ceca of the in-
testines of turkeys was presented in high quantities. In
the experimental group with the use of the feed addi-
tive Profort in the diet, the average content of cellulo-
lytics was 78.89 %, which was by 31.3 % higher than
in the control samples. Profort had the greatest effect
on the formation of the Bacteroidales strain, capable
of fermenting starchy feed components, the average
content of these bacteria was 45.42 %, which was by
2.1 times higher than their concentration in the sam-
ples of the control group. The number of cellulolytics
of the Ruminococcaceae family in this group was at

the level of 15.36 %, which was by 5.5 % (p < 0.05)
higher than in the control samples. Cellulolytic bacte-
ria of the Lachnospira family were also found in small
quantities — 8.9 %, producing carboxylic and short-
chain fatty acids: butyric (basic) and acetic, Flavobac-
terium — 0.53 %, Eubacterium — 4.18 %, capable of
converting cholesterol into coprostanol, participating
in the deconjugation of bile acids. Most species of eu-
bacteria are saccharolytic, thus, capable of fermenting
carbohydrates with the accumulation of short-chain fat-
ty acids. In the test samples, the content of Clostridi-
um decreased by 1.68 %.

No.1| No.2 | No.3| No.4| No.5| No.6 No.7 No.8| No.9| No.l0
Profort Likvafid Control

M Thermoanaerobacterales | 0.313 | 0.477 | 0.158 | 0.132 | 0.087 | 0.085 | 0.073 | 0.058 | 0.007 | 0.028
M Clostridiaceae 5765 | 5.228 | 5.518 | 5.171 | 4399 | 4.725 | 4.968 5.35 6.386 | 7.812
m Flavobacteriaceae 0479 | 0.528 | 0.564 | 0.538 | 0.351 | 0.425 | 0.767 & 0.856 | 0.335 | 0.349
14 Eubacteriaceae 5.669 | 3.465 | 3.282 | 4296 | 3.709 5.19 3407 | 4934 | 2417 | 2.793
M Lachnospiriaceae 9.212 | 7.452 7.15 8.535 | 13.447 | 12377 | 12.576 | 9.537 | 5906 | 6.576
M Bacteroidales 45.822 | 45769 | 44.681 | 43.895 | 49.422 | 40.98 | 34.262 | 36.121 | 22.752 | 19.993
M Ruminococcaceae 16.149 | 16.802 | 13.015 | 15.488 | 15.679 | 13.015 | 13.399 | 12.353 | 9.323 | 10.476

Fig. 4. Content of Cellulolytics, %

Drinking the probiotic Likvafid also led to an in-
crease in the content of cellulolytics — the concen-
tration of these bacteria was 75.64 %, which was by
28.06 % higher than in the control samples. The con-
centration of Lachnospiriaceae strains increased sig-
nificantly — by 5.74 % (p < 0.01), Bacteroidales —
by 18.83 % (p <0.05) and Ruminococcaceae — by
3.70 % (p < 0.05).

There were less bacteria of the genus Clostridia-
ceae in the experimental samples by 2.24 % than in
the control ones.

VFA-synthesizing bacteria have an important abil-
ity to ferment lactate with the formation of volatile fat-
ty acids used by the body of poultry in metabolic pro-
cesses. The content of VFA-synthesizing bacteria in
the ceca of the turkeys of the experimental groups was
higher than in the control group (Fig. 5).
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The use of the probiotic Profort contributed to the
growth of VFA-bacteria, increasing their number by
0.6 %, and the use of the water-soluble feed additive
Likvafid — by 0.5 %, relative to the control.

The concentration of opportunistic pathogenic bac-
terial species in the studied samples was insignificant,
as can be seen from Table.

CONCLUSION

The results of the analysis of the microbial com-
munity of the ceca of the intestinal tract of turkeys, us-
ing molecular and genetic methods of NGS, made it
possible to establish a positive effect of the use of the
probiotic feed additives Profort and Likvafid on the
qualitative and quantitative composition of the ceca
microflora. Thus, relative to the control, the content of
normoflora representatives increased. The concentra-
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(Likvafid) and 31.3 % (Profort); VFA-synthesizing
bacteria — by 0.6 % and 0.5 %, respectively.

tion of Lactobacteria— by 5.8 % (Likvafid group) and
3.0 % (Profort group); Celluloselytics — by 28.6 %

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10
Profort Likvafid Control
Fig. 5. Content of VFA-synthesizing bacteria, %
Table
Average number of microorganisms in the studied samples, %
Microorganisms Profort Likvafid Control
Normoflora
Ruminococci 15.36 £ 1.65 13.61 + 1.447 9.90 +0.82
Bacteroids 45.04 £0.93™ 4020 £ 6.77° 21.37+£1.95
Lachnospira 8.09 +0.96 11.98 £ 1.70™ 6.24 +0.47
Eubacteria 4,18 +1.09 431+0.88 2.61+0.27
Flavobacteria 0.53 £ 0.04™ 0.60 +0.25 0.34+0.01
Clostridia 5.42+0.56 4.80+1.27 7.10+£0.23
Thermoanaerobacteria 0.27+0.16 0.08 +0.01™ 0.02 +0.01
Sum of Cellulolytics 78.89 75.64 47.58
Veillionella 1.36 £0.17 0.94 +0.20 1.51+£0.22
Lactobacteria 4.16 +2.82 6.97+4.79 1.20+0.06
Bifidobacteria 0.13 +£0.04 0.40+0.14" 0.03 £0.01
Bacilli 0.28 £ 0.06™ 0.27 £0.04™ 0.16 £0.01
VFA-synthesizing bacteria 1.36 +£0.17" 1.29+£0.28 0.80+£0.13
Opportunistic pathogenic microflora
Enterococci 0.15 £ 0.008™ 0.03 £0.005™* 0.51 +£0.090
" p<0.05
" p<0.01
™ p<0.001
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MSACHASA MPOAYKTUBHOCTDb NHAEEK KPOCCA
XAWMBPUJ KOHBEPTEP I1PU BBEJIEHUHU B PAITMOH
IMPOBUOTUYECKOI'O KOMIIVIEKCA «JINKBA®W 1»

Bsiuecnaeg Banosuu Korapes™, Jlrogmuia Bukroposna JIsjioBa,
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Bcepoccuiickuil Hayuno-uccied08amenscKull 6emepuUHapHbill UHCIMUNYM Namoaio2u,
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AHHoTanusl. B ctatse npeacTaBieHsl pe3ynbTaThl HCCICAOBAHUI BIUSHUS BOAOPACTBOPHIMOTO TPOOHOTHIECKO-
ro xoMIutekca JImkBadun Ha MACHYIO IPOAYKTUBHOCTh MHJACEK Kpocca Xanopua Konseprep. [IpomsBoacTBeH-
HBIN onBIT OBIT TipoBezieH B yenmoBusax OO0 «Kpusen-ITtuma» [1o6poBckoro paiiona, JInnenkoit obnactu. Bemman-
BaHME BOJJOPACTBOPUMOM IIPOOHOTHUECKOM T00aBKo JIMKBaH T TPOBOIMIN HA MPOTSHKEHAUHN OT 1 10 60 THEH XKu3-
HU UHJEEK, ncxons u3 koHueHTparyu 50 T Ha 1 T Boabl. ExxeHenenbHO MPOBOAMIN B3BEIIMBAHKE NITHIl M y4YET
coxpanHOCTH. KOoHTpomsHBIH yOoii ocymecTBisuicst Ha 98 neHp. B pesysisrare HCoNb30BaHIS BOIOPACTBOPUMOIL
npobuoTryeckor 1o6aBku JInkBadua, yBenmumBaiack Macca nHaeek. Bospacran Bexon nmpoxaykimn. CHIDKaiIcs

MaJIeK NTUIBL. YIIydIIagoch Ka9eCTBO MPOILYKIHH.
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[IpompInieHHOE ITHIIEBOACTBO B Poccuu 3aHnMa-
€T OJHY U3 BEAYIIUX MO3UIHUHI B CEIbCKOXO3SIICTBEH-
HOM cekTope. ObecrieyeHrne HacelIeHue CTpaHbl, 0e3-
ONACHOM MPOJYKIMEN HAWBBICIIEr0 KauecTBa, SBIIS-
€TCsl MPUOPUTETHBIM HampasjicHueM. [Ipou3BoACTBO
MSICHON NTULIEBOJUECKON IPOAYKIIMH B IIOJHOM Mepe
CHaOXKaeT rpa)/iaH Halllei CTPaHbI JKUBOTHBIM OSITKOM
BBICOKOT'O KJIacca, KpaiHe He0OX0IMMBIM JIsI ITOJIEP-
JKaHUS 3I0POBbS YEIOBEKA.

OJIHUM W3 IPUOPUTETHBIX HANIPABIICHUH SBISICT-
Cs MHJIEMKOBOJICTBO. J[MeTu4ueckue CBONCTBA U BKYCO-
BbIE Ka9€CTBa MsiCa MH/IEEK TIPEBOCXOIAT MSICO APYTHX
IITUI], OHO OoJiee OOraTo MPOTEMHOM MMEeT cOasaH-
CUPOBaHHBIN aMUHOKHUCIIOTHBIN COCTaB, B HEM COJIEP-
JKUTCSI OOJIBIIIC BUTAMUHOB,

st yeuneHust crnocoOHOCTH OTPOCITH HHICHKO-
BOJICTBA KOHKYPHPOBATh HA PA3IMYHBIX PBIHKAX, He-
00XOAMMO TPOU3BOAMUTH MPOLYKITUIO BBICOKOTO Kade-
CTBa, oOpaias 0cod00e BHUMaHKUE Ha YKOJIOTHYECKYIO
0€30MacHOCTh M IKOHOMUYECKYIO 3PPEKTUBHOCTD:
HU3KHUE 3aTPaThl KOpMa Ha €IUHUILY PUPOCTA, MSIC-
HYIO CKOPOCTIEJIOCTh, BRICOKOE Ka9eCTBO MsICA U MO-
OmIbHOCTH oTpaciu [10].

© Korapes B. 1., JIanosa JI. B, bemoycos /1. A., 2022

MHTEeHCMBHOE MPOU3BOJCTBO MOXKET MPHUBOANTH
K CTPECCOBBIM COCTOSIHUSAM ITHUIIBI, YTO CKa3bIBaeT-
sl Ha 3[I0POBbE, BEJCT K BOZHUKHOBEHHIO JicOaaH-
ca B MMHIIEBAPUTEIBHON CHCTEME WHAEEK, CHIKEHUIO
PE3UCTEHTHOCTH OPTaHU3Ma, a CIEJOBAaTEIbHO —
MPOAYKTUBHOCTU MTHI], YXYALIEHUIO KauecTBa Msica
[1—5,12].

Hapyriienne paboThl MUIIEBAPUTEIIEHON CUCTEMbI
SIBJISIETCSl OJJHOM M3 OCHOBHBIX MPO0OJieM, Halmo1ao-
LIMXCS IPU BhIpalMBaHUM MHIEEK. C LEIIbIo PeJoT-
BPALICHUS BOSHUKHOBEHUS ¥ paclipoCTpaHeHus 3a00-
JieBaHU, 60pBHOBI C TATOr€HHBIMU MUKPOOPTaHU3MaMH
UCTIONB3YIOT KOPMOBBIE aHTHOMOTHKH, TIOIKHACIUTEIH
U Ipyrue xuMu4yeckue Bemectna [13, 14, 16].

AHTHOMOTHKH HAaHOCAT BpeJl Kak MaTOreHHO!, TaK
1 HopMo(QuIOpEe, YBEIMYUBAIOT 3aTPAThl HA IIOCIIEKYP-
COBYIO TEpAIHIO, /ISl BOCCTAHOBIIEHUS! HOPMaJIbHOU
JKU3HENEATEIbHOCTH OpraHn3Ma. Takke, IMEIOT CBOM-
CTBa 3a/IepP’)KUBAThCS B MOTy4yaeMoOl KMBOTHOBOIYE-
CKOHM TIPOAYKIUH, YTO YMEHBIIACT €€ MOTPEONTEINb-
CKYTO 0€30T1aCHOCTh. AJBTEPHATUBON aHTHONOTHKOTE-
paruu siBisieTcs IPUMEHEHNE TPOOMOTHKOB, KOTOPbIE
CTUMYJIMPYIOT Pa3BUTHE MOJIE3HOH MUKPO(]IOPHI IH-
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LIEBAPUTENILHOTO TPaKTa, MCIIONB3YIOTCS B JIEUEHUN
1 MpoQIIAKTHKE 3a00JI€BaHUHN KEITYyJOUHO-KHIIIEY-
HOTO TPaKTa, COCOOCTBYIOT YIYYIICHHUIO MHUIIEBA-
PHUTENBHBIX MPOIECCOB, MMOMOTAIOT aIalTHPOBATHCS
OpraHu3My NTHIl K HEOEJKOBBIM a30THCTBIM Belle-
CTBaM M pallOHaM C BBICOKMM COJEpKaHHEM JHep-
UM, BCJICJCTBUE YETO MOBBIMIACTCS YPPEKTUBHOCTD
YCBOEGHHS NMUTATENBHBIX BEHIECTB KOPMa, IOBHIIIA-
€TCsl PE3UCTEHTHOCTh M BO3PACTaeT MPOTyKTHBHOCTh
nrur [6—9, 11, 15].

Lenpro HAIMX MCCIIEIOBAHUMN SIBISUIOCH U3yUCHUE
BIIMSIHUS BOAOPACTBOPHUMOTO MMPOOHOTHUECKOTO KOM-
wiekca JInkBadua Ha MACHYIO MTPOAYKTUBHOCTD MH-
neek kpocca Xanopum Korseprep.

MATEPHUAJBI U METO/JbI
NCCIEJOBAHUSA
ITpon3BOACTBEHHBIN ONBIT MO ONPEAEICHUIOBIIHS-
HUsI BOIOPACTBOPUMOM KOpMOBOH 1o0aBku JInkBadu
Ha MPOAYKTUBHOCThHHIIECK kKpocca Xaitopum Konsep-
Tep ObuT TpoBenieH B ycioBusix OO0 «Kpuser-I1Tu-
na» JlodpoBckoro paiiona, Jlunenkoii odmactu. beum
chopmupoBansl JiBe rpymiibi 110 12 000 ro10B: OnbITHAS

Y KOHTpOJIbHasL. VccnenoBanus MpOBOIMIIMCH HA HHACH-
Kax B mieprof oT 1 10 98 mreit. O6e rpynms! moTyJain
cOaaHCUPOBaHHBIE KOMOMKOpPMa OJJMTHAKOBOTO COCTa-
Ba COOTBETCTBYIOLME BO3PACTHBIM IOTPEOHOCTSIM. BhI-
ManBaHUe BOJOPACTBOPHUMOTO MPOOHOTHYECKOTO KOM-
riekca JInkBadu 1 mpomorKanoch Ha MPOTSHKEHUH OT 1
1o 60 mHel ncxons u3 KoHneHTpamuu S0 r Ha 1 T BOJBL

E>xeHeneTbHO MTPOBOIMIIOCH B3BEITUBAHHE IITHI]
1 y4eT COXpaHHOCTH. KOHTpoIbHBIN YOO MpOBOIMIN
Ha 98 nenp. M3 kaxaoi rpynmsl otoupanu mo 10 ro-
JIOB. AHaTOMHO-MOP(OJIOTHYESCKUN aHAIU3 TYIICK
MPOBOJIMIIM B JTAOOpaTOPUH HAyYHO-HUCCIIEIOBATEIb-
ckoro nenrpa ®I'bHY BHUBUIIDUT. IonyueHHbie
JaHHBIEe OBLTH 00paboTaHbI B IporpaMme Statistica vo.

PE3VJBTATHI UCCJIEJIOBAHUM

ITpu onieHKe MACHOM MPOAYKTUBHOCTHU IITULIBI YUH-
THIBAIOT TaKWe MapaMeTphl Kak: )KuBas macca, abco-
JIFOTHBIN, CPETHECYTOUYHBIN TPUPOCT.

ITpumeneHne npoOMOTHYECKON BOJOPACTBOPH-
Moi KOpMOBOH 106aBkH JInkBad 1 0Ka3pIBaIO MOIO-
JKUTENIbHOE BIMSHHE Ha [TOKa3aTeI NPOAYKTUBHOCTH
uHjeek (tadum. 1).

Taoauma 1

30omexnuueckue noxazamenu

I'pynna
Bo3spact
KOHTPOJIbHAS ombiTHas «JIukBadpu»
AGCOITIOTHBIN MPUPOCT MACCHI, T, 3a 98 nHel 12 640 £ 97,7 13 440 + 73,83™"
AOCOJIFOTHBIN CPEAHECYTOYHBII IPUPOCT, T 128,97 137,14
Cpennuii pacxoa kopMa Ha | TOJIOBY BCEro, KT 31,05 29,76
3arparsl KOpMa Ha | KT mpUpocCTa KHUBOI MacCHhl, KT 2,45 2,21

*p<0,05
* p<0,01
™ p <0,001

JKuBast Mmacca — 3TO OCHOBHOI IpU3HAK, IO KO-
TOPOMY OIIPEICISIOT KOJTMYECTBO Msica y MITHIIbI JIFO-
6oro Bo3pacra. [Ipupoct Macchl y MHIEEK ONBITHOM
IPYIIBI OBUT BBIIIE, YeM Y MTHII KOHTPOJILHOU TPyII-
el Ha 6,3 %. CHmKancs pacxoa KopMa Ha €IUHHILY
npoxaykuuu. B rpymme «JlukBadumn» Ha 1 kujmorpamm
MIPUPOCTA )KUBOM MAacChl 3aTpaTbl KOpMa ObUTH HIKE
4yeM B KOHTposIbHOI Ha 9,8 %. Pacxon kopma Ha ofHy
TOJIOBY B CpeHeM ObLT HIpKe Ha 4,2 %.

[Ipumenenne mMpoOMOTHKA CKa3bIBAIIOCH HA CO-
XpaHHOCTH NITUTL. TaK, B ONBITHOM TPYIITIE MAAEK ITHIT
OBLT HUXKE, YeM B KOHTPOJIBHOU Ha 6,7 % (Tabm. 2).

Jiist oToOpaxkeHuUs MCHOM MPOIYKTUBHOCTH ITHUI]
B €IMHOM IIOKa3arese, MCIOJb3YIOT HHACKC MSCHOM
MPOIYKTUBHOCTH B KOTOPOM YYHTBIBAETCS OTHOIIIE-
HHE ONTUMAJIBHBIX 3aTPaT KOpMa Ha KHJIOTPaMM TIpH-
Beca K (pakTHYEeCKHM 3aTparam, JKHBas Macca mepes
yboem u coxpanHOCTb. MHIIeKC MSICHOW POAYKTHBHO-
CTH UHJICEK OMBITHOM TPYNIIBI OB BBILIE, Ye€M B KOH-
TpoJbHOM Ha 25,5 %.

BaxHpIMH TTOKa3aTESIMU TPOLYKTUBHOCTH SIBJISI-
FOTCSI — Macca HeToTpOoIIeHOH TymkH (yOoitHas Mac-
ca), Macca MoTyIOTPOIICHO! TYIIKY (Macca TyIKH 0e3
KpOBH, 11e€pa, y KOTOPOH ylaleHbl KUIIEYHUK C KIoa-
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KoM, 300), Macca MOTPOIICHOW TYHIKH (Macca TYIIKH
0e3 KpoBH, TIepa, TOJIOBBI, HOT, KPBUIHEB JI0 JIOKTEBO-

TO CyCTaBa, y KOTOPOH y/iajieHbl BCe BHYTPEHHHE Op-
TaHbl, KPOME JIETKHUX U ITOYEK).

Taoauna 2

Coxpannocms unoeex

I'pynna
IToxazarenu
KOHTPOJIbHAs onbITHAs «JIuKBaQuI»
KonmgecTBo roioB Ha HaYajo OIbITa 12 000 12 000
KoanyaecTBo T010B Ha KOHEI] OIIbITA 10 575 11 372
CoxpaHHOCTb, % 88,1 94,8
WHpekce MsCHON IPOLYKTUBHOCTH, KT 4,7 5,9

[IpuMeHeHne B palioHe MHAEEK Kpocca Xali-
opun Konseprep BO1opacTBOPUMOTO MPOOUOTHYECKO-
ro komiuiekca JInkBadua criocoOCTBOBAIO yBEINYE-
HUIO Tpeay0oitHON Maccel Ha 6,3 %, Bec HenmoTpolie-

HOH TymIKH Bozpactan Ha 12,3 %, yOOoiHbIH BEIX0A HA
5,2 %, macca nmotpoiieHol Tyiiku Ha 8,6 %, yOOHbI#
BBIXOJI K IOTPONICHOM TYyIIKe ObLT BhIIe Ha 2,1 % 1o
CpaBHEHUIO ¢ KOHTPOJILHBEIMHU oOpasiiamu (Tabi. 3).

Taoauua 3

Macca u 6b1x00 myuiex npu pasoeike

Ilokazarenu

I'pynna

KOHTPOJIbHasA OIIbITHasA ((.HI/IKBa(l)I/IZ[»

[penyOoiinas macca, T

12 690 + 135 13490 + 98"

Macca HenoTpOUIeHOM TyLIKH, T

11 670 +£97,30 13 105 +£98,75™

YO60iHBII BBIXO/ HETTOTPOIICHON TYIIKH, %o 91,96 97,15
Macca moTpomieHoit TyIIKH, T 9010 + 67,80 9861 + 64,50
YOOHHBIN BBIXO[ IIOTPOIIICHOH TYIIKH, % 71,00 73,10
1-#t xareropun 6 10
Brixon Tyiuek, rojnos
2-1i KaTeropun 4 0

“* p < 0,001

J11s XapakTepUCTUKY KadyecTBa MPOIYKIIUH TPOBO-
JIWUTA OCMOTP U OLIEHKY MOTPOIIEHBIX TYIIEK B COOT-
BETCTBUU ¢ TpeOoBaHUAMU, TIpeabsBisseMbiMu [ OCT
31473—2012.

I1o pe3yabraram ocMOTpa OBIIIO BBISIBICHO B KOH-
TPOJBHOM Tpynie 6 Tymek 1-if kKareropun u 4 Tylmku
2-ii kareropun. B onbITHO# rpymie Bce 00pa3isl Ty-
ek OBUTH OTHECEHBI K 1-My COpTy.

IIpoBeneHHas aHaTOMHUYECKAsl Pa3feiKka TyIIEK,
IIpU KOTOPOI ObUIM OTAEIEHBI IPYAHBIE MBILIIIBI
1 MBIIIIBI OKOPOYKA, BHYTPEHHUE OPraHsbl, oKa3aa

MOJIOKUTENIBHOE BIMSHUE MPOOMOTHKA Ha Hapalu-
BaHHME MBIIIICYHONW MAacChl Y MHJICEK U Macc OpraHoOB
(Tabm. 4).

B ombITHO# TpyriIe, Macca OKOPOUKOB MPEBbIIIAIa
KOHTPOJIbHBIE 3HaueHus Ha 15,7 % (p < 0,001).

[Ipumenenne npoOuOTHUECKOTO KoMIuiekca JIu-
kBa(u cocoOCTBOBAIO YBEIMYCHUIO MACChl TPY/-
HBIX MBI ITUIl HA 18,9 % (p < 0,001), oTHOCHTETB-
HO KOHTPOJBHBIX 00pa3IoB.

Macca BHYTPEHHUX OPraHOB WHJEEK OIBITHOMN
TpyIIB! OblIa BBILIE KOHTPOJIBHBIX 00pa3IoB.
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Msichas npodykmusnocms unoeex Kpocca Xaubpuo Koneepmep npu 66e0eHUU 8 payuon npoOUOMULECKO20 KOMNIEKCA. ..

Taonuna 4
Anamomuyeckas pazoenka myuwex
Iloka3arenn ['pynmsr OKopo4OK I'pynka Cepaie Ileuenn MprmetreIi
py p pyn pAl HKETYI0K
Kontponenast | 2670 +47,32 | 3050 + 68,70 41,3+4,8 148,6 + 8,2 171,3 +£1,3
Macca, r OmnpiTHAS
rpyrmmna 3089 +£51,24™ | 3628 + 54,15 49,3+ 1,0 171,9 +£4.,8" 1772+ 1,8"
«JIuxBapum»
Konrponbshas 22,46 26,40 0,3 1,2 1,3
Brixoxn
K )KUBOM OmnpITHAS
macce, % rpynmna 22,89 26,89 0.4 1,3 1,3
«JIuxBapum»
Brixon
K noTporienoit | KonTpombHas 29,63 33,85 0,5 1,6 1,9
Tymike, %
OmnbITHAS
rpymnmna 31,32 36,79 0,5 1,7 1,8
«JIuxBapum»
' p<0,05
** p<0,001
JAKJIOYEHHUE

Tak, pe3ynbrarhl aHaJIM3a OKA3aJId, YTO Macca Ie-
YeHU MHJeeK rpynisl «JlukBadua Obuia BbILE, YeM
y KOHTPOJIbHOH niTullel Ha 15,7 % (p < 0,05). YBenu-
guBajach Macca cepana, Ha 19,4 %, MBIIIEYHOTO JKe-
mynka Ha 3,4 % (p < 0,05). CooTHOIIEHHE pa3MepoB
WH/ICHKU U Macchbl OpraHoB ObUIM B Mpenenax AOIy-
CTHMBIX 3HaUCHHUU. YBEJIIMUEHHE OPTaHOB HE SIBISUIOCH
MaToNOTHEH, 8 00BSICHSIIOCH POIIOPIMOHAILHBIM yBe-
JIMYEHUEM OTHOCUTEITLHO Pa3MEPOB OIBITHON MITHIIBL.

CocTtaB BOAOPACTBOPUMON MPOOMOTHICCKON T0-
Oasku JlukBadum comepxut 6akrepun pona Bacillus
subtilis, Bacillus megatherium, npoxyuupyromue nu-
LieBapHUTeNbHbIe (PepMEHTHI (aMuIIa3y, Jumnasy, npoTea-
3y, IEKTHHA3Y U LIEJUTIONA3y ) HEOOXOANMBIE OpTaHH3MY
JUIsl ICpEBAPUBAHUS M MTOJTHOIICHHOTO YCBOCHUS KOP-
Mma. bakrepun pona Bacillus subtilis o6magaror BeIcO-
KHUM YPOBHEM IPOLYLMPOBaHUs (PUTA3bI, CHOCOOCTBY-
IoLIeH MOJIEPKAHNIO HA ONITUMAIILHOM YPOBHE KaJlb-
uui-hocPOpPHOTro COOTHOUICHUSI.

Takum 00pa3om, MPUMEHEHUE MPOOHOTHUYECKON
nob6aBku JImkBadua ymydrmano yCBOSEMOCTh ITHTa-
TEJIbHBIX BELIECTB KOpMa, 3a CUeT JNeCTBUS Oakre-
PHii BXOISIIINX B €€ COCTaB, YTO OTPAXKAIOCh HA MPO-
JOYKTUBHOCTH IITHIIBI.

[IpoBenenHble Mccae10BaHMS TO3BOJIIIIN OLIEHUTh
BJIMSTHHE BOIOPACTBOPUMON MHOTO(YHKIIMOHATIEHON
KOopMOBOH no0aBku JInkBadum Ha MPOSYKTHBHOCTH
nHeeK kpocca Xaitopun Konseprep.

YBenuuMBaJICs CPeHECYTOUHBIN TPUPOCT, OTHO-
CUTEIBHO KOHTPOJS, Ha 6,3 %, CHUXKAIHUCH 3aTpaThbl
KopMa Ha | KT mpHupocTa KHBOH MacChl B CPeTHEM Ha
9,8 %, MOBHITIIANIACH COXPAaHHOCTE Ha 6,7 %. MHmekc
MSICHOM ITPOTyKTUBHOCTH ObUI BBIIIE YeM B KOHTPOJIb-
HOM rpymme Ha 25,5 %.
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Abstract. The article presents the results of studies of the effect of the water-soluble probiotic complex Likvafid
on the meat productivity of turkeys of Hybrid Converter cross. The production experiment was carried out in the
conditions of Krivets-Ptitsa LLC, Dobrovskiy rayon, Lipetsk region. Feeding with the water-soluble probiotic ad-
ditive Likvafid was carried out for 1 to 60 days of life of turkeys, based on a concentration of 50 g per 1 ton of
water. The poultry were weighed weekly and their livability was recorded. Control slaughter was carried out on
day 98. As a result of the use of the water-soluble probiotic additive Likvafid, the mass of turkeys increased. Out-
put increased. Poultry mortality decreased. Product quality improved.
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Industrial poultry farming in Russia occupies one
of the leading positions in the agricultural sector. Pro-
viding the population of the country with safe prod-
ucts of the highest quality is a priority. The production
of poultry meat products fully supplies the citizens of
our country with high-class animal protein, which is
essential for maintaining human health.

One of'the priority areas is turkey farming. The di-
etary properties and taste of turkey meat are superior
to those of other poultry, it is richer in protein, has a
balanced amino acid composition and contains more
vitamins.

To enhance the ability of the turkey industry to
compete in various markets, it is necessary to produce
high quality products, paying special attention to envi-
ronmental safety and economic efficacy: low feed costs
per unit of growth, meat maturing rate, high meat qual-
ity and industry mobility [10]

Intensive production can lead to stressful states of
the poultry, which affects health, leads to an imbalance
in the digestive system of turkeys, a decrease in the
body’s resistance, and consequently, the productivity of
poultry, and a deterioration in meat quality [ 1—5, 12].

Disruption of the digestive system is one of the
main problems observed in growing turkeys. In order
to prevent the occurrence and spread of diseases, to
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combat pathogenic microorganisms, feed antibiotics,
acidifiers and other chemicals are used [13, 14, 16].

Antibiotics harm both pathogenic and normoflora,
increase the cost of post-cycle therapy to restore the
normal functioning of the body. They also tend to lin-
ger in the resulting livestock products, which reduces
its consumer safety. An alternative to antibiotic thera-
py is the use of probiotics, which stimulate the devel-
opment of beneficial microflora of the digestive tract,
and are used in the treatment and prevention of diseases
of the gastrointestinal tract, help to improve digestive
processes, help the poultry body to adapt to non-pro-
tein nitrogenous substances and diets with a high ener-
gy content, as a result of which the absorption efficacy
of feed nutrients increases, resistance and the produc-
tivity of poultry also increase [6—9, 11, 15].

The objective of our research was to study the ef-
fect of the water-soluble probiotic complex Likvafid
on the meat productivity of turkeys of Hybrid Con-
verter cross.

MATERIAL AND METHODS
A production experiment to determine the effect of
the water-soluble feed additive Likvafid on the produc-
tivity of turkeys of Hybrid Converter cross was carried
out in the conditions of Krivets-Ptitsa LLC, Dobrovs-
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kiy rayon, Lipetsk region. Two groups of 12 000 birds
were formed: experimental and control. Studies were
conducted on turkeys in the period from 1 to 98 days.
Both groups received balanced feed of the same com-
position corresponding to age requirements. Drinking
of the water-soluble probiotic complex Likvafid last-
ed for 1 to 60 days based on the concentration of 50 g
per 1 ton of water.

Birds were weighed weekly and the records of liv-
ability were carried out. Control slaughter was per-
formed on day 98. Ten animals were selected from
each group. Anatomical and morphological analysis of

carcasses was carried out in the laboratory of the Re-
search Center of FSBSI «<ARVRIPP&T».

The obtained data were processed in the Statisti-
ca v6 program.

STUDY RESULTS
When assessing the meat productivity of poultry,
such parameters as live weight, absolute, average dai-
ly weight gain are taken into account.
The use of the probiotic water-soluble feed addi-
tive Likvafid had a positive effect on the productivity
of turkeys (Table 1).

Table 1
Zootechnical indicators
Group
Age
control experimental «Likvafid»

Absolute weight gain, g, for 98 days 12 640 £97.7 13 440 + 73.83™
Absolute average daily weight gain, g 128.97 137.14

Average feed consumption per 1 bird in total, kg 31.05 29.76

Feed costs per 1 kg of live weight gain, kg 2.45 2.21

*p<0.05
“p <001
“ p<0.001

Live weight is the main feature by which the
amount of meat in poultry of any age is determined.
The weight gain in the turkeys of the experimental
group was higher than in the poultry of the control
group by 6.3 %.

Feed consumption per unit of production reduced.
In the Likvafid group, per 1 kg of live weight gain,

feed costs were by 9.8 % lower than in the control
group. Feed consumption per bird was on average by
4.2 % lower.

The use of probiotics affected the livability of
poultry. Thus, in the experimental group, the mortal-
ity of poultry was lower than in the control group by
6.7 % (Table 2).

Table 2
Livability of turkeys
Group
Indicators
control experimental «Likvafid»
Number of poultry at the experiment onset 12 000 12 000
Number of poultry at the end of the experiment 10 575 11 372
Livability, % 88.1 94.8
Meat productivity index, kg 4.7 5.9
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To display the meat productivity of poultry in a
single indicator, the meat productivity index is used,
which takes into account the ratio of optimal feed costs
per kilogram of weight gain to actual costs, live weight
before slaughter and livability. The meat productivity
index of turkeys in the experimental group was high-
er than in the control group by 25.5 %.

Important indicators of productivity are the weight
of the uneviscerated carcass (slaughter weight), the
weight of the semieviscerated carcass (the weight of
the carcass without blood, feather, the intestines with
the cloaca and the goiter have been removed from it),

the weight of the eviscerated carcass (the weight of
the carcass without blood, feather, head, legs, wings
to the elbow joint, in which all internal organs were
removed, except for the lungs and kidneys).

The use of the water-soluble probiotic complex
Likvafid in the diet of turkeys of Hybrid Converter
contributed to an increase in the pre-slaughter weight
by 6.3 %, the weight of the uneviscerated carcass in-
creased by 12.3 %, the slaughter yield — by 5.2 %,
the weight of the eviscerated carcass — by 8.6 %, the
slaughter yield to the eviscerated carcass was higher
by 2.1 %, compared to the control samples (Table 3).

Table 3
Weight and yield of carcasses during cutting
Group
Indicators
control experimental «Likvafid»
Preslaughter weight, g 12 690 + 135 13490 + 98"

Weight of uneviscerated carcass, g

11 670 +97.30 13 105 +£98.75™

Slaughter yield of uneviscerated carcass, % 91.96 97.15
Weight of eviscerated carcass, g 9010 + 67.80 9861 + 64.50™
Slaughter yield of eviscerated carcass, % 71.00 73.10
1% category 6 10
Yield of carcasses, birds
2nd category 4 0

9 <0.001

To characterize the quality of products, the inspec-
tion and assessment of eviscerated carcasses was car-
ried out in accordance with the requirements of GOST
31473—2012.

According to the results of the inspection, 6 car-
casses of the 1% category and 4 carcasses of the 2™ cat-
egory were found in the control group. In the experi-
mental group, all samples of carcasses were assigned
to the 1* quality grade. The anatomical cutting of car-
casses, in which the pectoral and leg muscles, and in-
ternal organs were separated, showed a positive effect
of the probiotic on building muscle mass in turkeys
and organ masses (Table 4).

In the experimental group, the weight of the legs
exceeded the control values by 15.7 % (p < 0.001).

The use of the probiotic complex Likvafid contrib-
uted to an increase in the weight of the pectoral mus-
cles of poultry by 18.9 % (p < 0.001), relative to the
control samples.

Bulletin of Veterinary Pharmacology « No. 3 (20) « 2022

The mass of the internal organs of the turkeys of
the experimental group was higher than the control
samples.

Thus, the results of the analysis showed that the
weight of the liver of turkeys of the Likvafid group
was higher than that of the control poultry by 15.7 %
(p <0.05).

The mass of the heart increased by 19.4 %, giz-
zard stomach — by 3.4 % (p < 0.05). The ratio of tur-
key size and organ mass was within acceptable limits.
The increase in organs was not a pathology, but was
explained by a proportional increase in relation to the
size of the experimental poultry.

The composition of the water-soluble probiotic ad-
ditive Likvafid contains bacteria of the genus Bacil-
lus subtilis, Bacillus megatherium, producing diges-
tive enzymes (amylase, lipase, protease, pectinase and
cellulase) necessary for the body to digest and fully
assimilate feed.
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Bacteria of the genus Bacillus subtilis have a
high level of phytase production, which contributes
to maintaining the calcium-phosphorus ratio at an op-
timal level.

Thus, the use of the probiotic additive Likvafid im-
proved the digestibility of feed nutrients due to the ac-
tion of the bacteria included in its composition, which
was reflected in the productivity of the poultry.

Table 4
Anatomical cutting of carcasses
Indicator Groups Turkey leg Breast Heart Liver Gizzard
stomach
Control 2670 +47.32 | 3050+ 68.70 41.3+438 148.6 8.2 171.3+£1.3
Weight, g Experimental
group «Likva- | 3089 £ 51.24™" | 3628 £54.15™" | 493+ 1.0 171.9 £ 4.8 1772+ 1.8
fid»
Control 22.46 26.40 0.3 1.2 1.3
Yictld toolive Experimental
weight, % group «Likva- 22.89 26.89 0.4 13 1.3
fid»
Yield to
eviscerated Control 29.63 33.85 0.5 1.6 1.9
carcass, %
Experimental
group «Likva- 31.32 36.79 0.5 1.7 1.8
fid»
" p<0.05
' p<0.001
CONCLUSION vaniya vitebskaya ordena znak pocheta gosudarstvennaya

The conducted studies allowed us to assess the
effect of the water-soluble multifunctional feed addi-
tive Likvafid on the productivity of turkeys of Hybrid
Converter cross.

The average daily weight gain increased by 6.3 %
relative to the control, the feed costs per 1 kg of live
weight gain decreased by an average of 9.8 %, and the
livability increased by 6.7 %. The index of meat produc-
tivity was higher than in the control group by 25.5 %.

The study was carried out with the financial sup-
port of the Russian Foundation for Basic Research
within the framework of scientific project No. 20—
316—90 010.
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KJETOUYHBIHN ITYJ TUMYCA KAPITA OBBIKHOBEHHOT' O
HA ®OHE IPUMEHEHUA HEJJIOBAKTEPUHA-T
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AHHoTanus. B 1aHHOI cTaThe MPUBEICHO OMMUCAHKNE KIETOYHOTO COCTaBa TUMYCa Y Kapia 0ObIKHOBeHHOTO (Cy-
prinuscarpio) B Bo3pacTe Tpex JieT Ha (hOHe IPUMEHEHUs podroTudeckoro npenapara Llemiodakrepun-T, nme-
IOIIETO B cBOeM coctase Bacillus subtilitis. TlokazaTenu OMBITHON TPYIIIBI IEMOHCTPUPOBAIN CHIKCHUE HHTCH-
CHUBHOCTH BOCHAIIUTEIHFHOTO MIPOIIECCa, BRITBICHHOTO TP ()OHOBOM UCCIICIOBAHUY, YTO BBIPAYKAIOCH CHIDKCHH-
€M IMPOIECHTHOTO COOTHOIICHHS MOHOIIUTOB, HEUTPO(DUIIOB, YBEITUICHUECM JTHM(OIIUTOB.

B xopie orbITa H3roTaBIMBaAINA Ma3KHA-OTIIEYaTKU TUMYCa, KOTOpbIe OKpammBaiy 1o [lammenreiimy. [{uto3 mukpo-
MperapaToB HAOIIOAIH OT CPEAHETO JI0 BEICOKOTO, (hoH 0a30(MIbHEIN, 00HAPYKEHBI Pa3pyNICHHBIC IPUTPOIIH-
ThI, BCJICJICTBHE TeMOMITIOIUH. BONBITMHCTBO KIICTOK IIPH OKpAaIIMBaHUM 110 [lanmeHreiiMy UIeHTHYHBIC TaKo-
BBIM KJICTKaM Y BBICIIUX ITO3BOHOYHBIX (JIMM(OLUTHI, MAaKpO(haru, SIUTEIHATbHBIC KICTKH U Ap.). YacTh KIETOK
(HeHTpOo(UIIBI, MOHOIIUTSI M JIP.) HIMEIOT CBOM LIUTOMOpQostornueckre ocodeHnoctu. [1peobianaronieii rpynmnoi
KJICTOK SIBJISUTHCH Majible TUM(OIHTEL. bracTHbie (hopMbl TMM(OIIMTOB HAOMIONATH B SMHUIHOM KOJIHYCCTBE.
[pu npumenennu Lemnobakrepuna-T B OMBITHOM TpyTIe TOKA3aTeId MOHOIIUTOB, HEHTPO(HIOB ropas3o HAXKE,
4yeM B KoHTpoubHOW: D14 B 1,9 pa3, D28 B 1,7 pa3, D42 B 1,3 pa3a. KoimuecTBo tuMponnuToB OIU3K0 K (HhU3H0-
snornyeckord Hopme: D14—68,6 %, D28—80,7 %, D42—79,4 %, 40 CBUAETENBCTBYET O CHUYKEHUH BOCHAJIH-
TEJIBHOH PEaKIIHH.

KuroueBble c10Ba: THMYC, IIUTOJIOTHSI, KApIl OOBIKHOBCHHBIM, JINM(POLUTHI, MACIIOIHTHL, KJIeTKH MoTTa

Bonesnn peIdO MOTYT HAHOCHUTH OOJBINION yImIepOd  CHCTEM OPTaHOB PHIO IS MaTbHEHTIICH NX KOPPEKITHH

PBIOOBO/ICTBY, MTOATOMY JIJIsl YCIEITHOTO Pa3BeACHHS
pBIObI, B YaCTHOCTH Kapra OOBIKHOBEHHOTO, TOJTY-
YCHUST BBICOKOW MPOAYKTUBHOCTHA BOJOEMOB Ba)KHO
3HaTh U YMETh JUATHOCTHPOBATh Hanbosiee pacmpo-
CTpaHEHHbIE 3a00JIeBaHUs PbIO, IPPEKTUBHO OCYIIIe-
CTBJIATH MPOPHUIAKTHICCKIE MEPOTIPHUATHS. B omHIX
ciydasix 60JIe3Hb BBI3bIBACTCS BO3OYIUTEIIEM, ITOT1a1a-
FOIIMM B OPTaHHU3M PBIObI, B APYTHX PbIOa 3a001eBacT
MPU HEJOCTATKE WK, HA00OPOT, H30BITKE HEKOTOPHIX
PaCTBOPCHHBIX B BOAC BCIICCTB, PE3KUX KOJ]C63HI/I$1X
TEMIICPATYpPbl BOABI, MEXaHUYCCKUX HOBpe)K)IeHHfI,
a TaKk)Ke HeJOCTATOYHOM MJIM HEMOJHOICHHOM IHTa-
Hud. [109TOMY Ba)KHO M3yYCHHE KM3HEHHO BasKHBIX

B YCJIOBUSIX aHTpororexnesa [1].

Oprasbl WM TKAHW UMMYHHOH CHCTEMBI Yy KOCTH-
CTBIX PbIO BKIIIOYAIOT TUMYC, TOJIOBHYIO TIOUKY, Celle-
3€HKY ¥ OCHOBHBIC TMM(OUTHBIC TKaHH, CBSI3aHHBIE CO
CIM3UCTON 00omoukoif [2]. UMMyHHas cucTeMa Ciu-
3UCTON 000JOYKH KOCTUCTBIX PBIO MPEACTABIISCT CO-
0ol MMMGOUTHYIO TKaHb KOXKH, KHIIIEYHUKA, Ka0ep,
HocoroTku. OHa ABJSIETCS OCHOBHOW JIMM(OUIHOM
CTPYKTYpOI B OpraHM3Me U UTpaeT PelIarollylo poiib
B peakuuu Ha mHpeknuio [3]. Tumyc y npecHOBOA-
HBIX TEJIEOCTOB ObLI IIEPBBIM OPIaHOM, KOTOPBIH CTal
muMbonHbM [4]. OH sBIgETCS EPBUYHBIM JIMM(DO-
UIHBIM OPTaHOM, B KOTOPOM JTUM(OHUIHBIC KIETKA—
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MIpeIIIeCTBEHHUKH, MTOJIy4eHHbIE U3 KOCTHOTO MO3T4a,
TIPH TIOCTOSTHHOM TOJIEPKKE CTPOMAITEHBIX KIIETOK TH-
Myca pa3BUBAIOTCS B PyHKIIMOHATIBHO KOMIIETCHTHbIE
T-xnetku [5]. CTpoMalibHbIE KJIETKH TUMYCA Y KOCTH-
CTBIX PBIO MPEICTABICHBI OPAHUYUBAIOIIMMH AIHTE-
JMaTbHBIMH KIIETKaMH, PACTIONIOKEHHBIMU B CyOKall-
CYJIApHOH, NMEPUBACKYIAPHON U MEePUTPaOEKyIIpHOI
30HAX; PETUKYJSIPHBIMH 3MIUTEINAIbHBIMU KICTKAMH,
PacroOKEHHBIMH B MEAYJUISIPHOW M KOPTHKAJIbHOMN
30HE; KHCTO3HBIMH KJIETKAMH, PACIIOJIOKEHHBIMHU B ME-
OYJUIAPHOH 30HE; TAMUYECKHMH KJIETKaMH, Pacroio-
KCHHBIMHU B KOPTUKO-MEAYJUISIPHOM TPaHUIIE U TEIlb-
mamu ['accans [6]. Tak ke K CTpOMaJIbHBIM KJIETKaM
OTHOCSIT Pa3juvHbIC MOATHIIEI (PUOPOOIACTOB, ICH-
JPUTHBIX KJIETOK [7]. IpyruMH KIETOUHBIMU KOMIIO-
HEHTaMHU THMYCa SBJSIIOTCS Makpodard, MUOHUHbIE
U Ty4YHBIC KJIEeTKH [6].

TkaHb BHJIOUKOBOM jK€JIE€3bl IUIOTHO 3aIl0JIHEHA
TUM(OUITHBIMU KIIETKAMH, KOTOPBIE COJIepIKaT Xapak-
TEPHO IIYyOOKO OKpPAIICHHBIE SiApa U CKYIHYIO LIUTO-
w1a3My. TpaOeKyasl MOTYT COCTOATh U3 TSDKEH 3Iu-
TEJIMAIBHBIX KJIETOK, KallWJIISIPOB MU (PUOPOLIUTOB.
KoprukasnbHbie 1 MeTy UISpHBIC JTUTEIHAIBHBIC KIIET-
KM 00pazyroT CeTh CO CBOUMHU IIUTOILIa3MaTHUECKUMU
OTPOCTKAaMH, KOTOpPBIE YBEIMYUBAIOT TUIOIIA b B3an-
MOZCHCTBHS C THMOLIUTAMHU U IIOAJICPKHUBAIOT JIBHKE-
Hue muMdounaHbIX KieTok [6]. Ilocie mpomecca oT6o-
pa u auddepenunpoBku T-TUMPOTUTHI TOKUAAIOT
TUMYC ¥ MUTPHUPYIOT Ha nepudeputo, 4To0bI BHIIOI-
HATH CBOIO POJIb B UMMMYHHOM OTBETE OpraHusMa [9].

Y MIIEKOIUTAIOIIMX THMYC LIUTOJIOTUYECKHU IPEe-
CTaBJICH MHOTOYHCIIEHHBIMH KJIETKaMH JIMM(POUTHO-
ro psizia, HOMHUMO 3TOrO B LIUTOIpaMMe MOXHO 00-
Hapy>XUTb SMHUTEINOPETUKY/ISIPHBIE KIETKH, 32 CUeT
TFeMOTIOATHYECKHUX (DAaKTOPOB KOTOPHIX MPOUCXOIHUT
muddepeHIupoBKa TUMPOIUTOB. DTH KIETKH HMe-
FOT KPYITHOE OBaJIhHOE WM OKpyIioe 0a3odribHOe
SIPO € 2—3 sIpBILIKAMH, LUTOILUIa3Ma BBITSHYTAs,
C OTPOCTKaMH, MOKET OBbITh BH3YaJIM3UPOBAHA 30HA
npocBeTiieHus (komrieke [onpmku). B muxpomnpe-
naparax THMyca TaK )K€ MOXXHO OOHapyXWTbh eJu-
HUYHBbIC HEUTPOQHIBI, MaKpOo(aru, TyudHbIe KICTKH
(o 3—5 %) [10].

Y MitekonuTaonmx ObIIO MPOIEMOHCTPHUPOBAHO,
YTO Pa3IMYHBIC MATOJOTHYECKUE COCTOSHUS, TaKhe
KaK, HHQEKIIMOHHBIC 3a00IeBaHsI, MOTYT BIHSATH Ha
TUMYC, HapylIas ero apXuTeKTypy U (QyHKINU U OKa-
3bIBasi HErATUBHOE BIIMSIHNE HA IIPOIOJDKAOILIMICS UM-
MyHHBIH oTBeT [11].

Henmobakrepun-T coBmemaeT B cede QpyHKINN
IBYX KOPMOBBIX J100aBOK — KOPMOBOTO (epMeHTa
u npobuotuka. bakrepuu, Bxozsme B cocras Llen-

nobaxrepun®-T (Bacillus subtilitis) o6nagaoT ApKO
BBIPKEHHBIM NMPOONOTHYECKUM 3(PPEKTOM, MOIaB-
JISIOT Pa3BUTHE MMaTOT€HHBIX U yCIOBHO-TTATOTEHHBIX
MHUKPOOPTaHU3MOB, 4TO 00€CIIeUnBaeT MO ACPKAHNE
Oananca mukpodops! KKT B HopMe. DepMeHTHBIH
KOMIIJIEKC OaKTepuallbHBIX LEJUTI0NIa3 CIOCOOCTBYET
OoJiee MOTHOMY pacHICTICHHIO CTPYKTYpHOU KIIET-
JaTKu (IEJUTI0NO03bI, TeMHIISIIIION036I), obecedn-
Basi OoJiee MOTHOE BBICBOOOKICHHE TTUTATEIbHBIX BE-
IIECTB KOpMa.

Panee mpogeMOHCTPUPOBAaHBI MCCIETOBAHUS
o OnaronpusitTHoM BiusiHuu Bacillus subtilitis y 6poii-
JIEpOB, B YACTHOCTH OTMEUYCHBI BHICOKHE MOKa3aTeIH
BBEDKHBAaEMOCTH, PHPOCTA MACCHI Tella, yMEHBIIIEHHE
KOJIMYECTBA KUIIIEUHbIX caabMoHel [18]. V cBuHei,
KOTOPBIX KopMuWiH Bacillu ssubtilis, 6pu10 Oonbluee
COOTHOIIICHHUE MPUPOCTa K KOPMY, OBUIO TOBBILICHO
o011ee KOJIM4eCTBO JCUKOLUTOB B mepudepuyecKoit
kposu [19].

YuuteiBas OONBIITYIO POIH TAMYCa B MUMMYHHBIX
mporieccax, ObIJI0 MPOBECHO MHOYKECTBO HCCIIEI0BA-
HUH 1aHHOTO Oprana. O TuMyce y peI0 uMeroTes myo-
JIMKAIMY, ONMCBIBAIONINE TMCTOJOTHYECKUE, UMMY-
HOTUCTOXUMHUYECKHE MCCIENOBAHMS, IKCIIPECCHOH-
HbIM aHanu3. TeM He MeHee, TPU aHaIu3€e JOCTYITHON
HaM JIUTEePaTypbl HAMHU OBIITH OOHAPYKEHBI JOCTATOY-
HO CKy/HBIE JJaHHBIE O IUTOJIOTMYECKOM HCCIIEI0BA-
HUH, OMUCHIBAIOIIEM MOP(OIOTHIO KIETOK.

B cBsi3u ¢ 3THM, U3y4YeHUE KIETOYHOTO ITyJia TH-
Myca pbpI0 MO3BOJMT Oojiee JETAIbHO U3YyYUTh (PU-
3WOJIOTHIO ¥ (PYHKIMOHUPOBAHNE MUMMYHHOW CHUCTE-
MBI THIPOOHOHTOB.

Lenp u 3amaun uccienosanus. Llenpro ucciemno-
BaHMS SIBIISUIOCH OLIEHUTH H3MEHEHUS! KJIETOYHOTO CO-
CTaBa KJIETOK NapeHXUMbI TuMyca Cyprinus carpio Ha
¢done npumenenus llemodakrepuna-T.

MATEPHUAJIBI U METObI
NCCJIEJOBAHUM

OnbIT OBLT TPOBEICH B CHIEHUAIN3UPOBAHHOM PhbI-
OoBogueckoM xo3siiicTBe Boponexckolr oOnactu Ha
Kaprnax oOsIkHOBeHHBIX (Cyprinus carpio). Jlabopa-
TOpHbIE MCCIEJOBaHMs NPoBeAeHb! Ha Oasze HayuHo-
MCCIIeI0BATEIbCKOIO IIEHTPA M OTAeJa IKCIIEPHMEH-
tanpHOM (apmaronorun @TBHY «BHUBUIIDOuT».
st ombITa OBLTH TTO100PaHBI 0COOH TO0BAIOTO BO3-
pacta Becom 250—300 rpamm. [Ipu poHOBOM HCCIIC-
nosauuu (DO) ot pe1d (7 =15) IS UTOIOTHYECKO-
TO HccienoBanus ObIT oToOpaH THMYyC. B mociemyro-
IIeM TUIPOOHOHTHI OBIIN Pa3JesiCHbl Ha BE TPYIIIIbI,
OTBITHBI U KOHTPOJBHBIN npya. Kapnel KoHTpoIb-
Horo npyzaa (n = 8000) monyvanu 0OCHOBHOM paluoH,
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a peida coziepkaiuecs: B ornbITHOM npyxy (7 = 8000)
K OCHOBHOMY DAIlMOHY ITOJTydYaia MPOOHOTHYECKUIT
npenapar «llemmodakrepua-T» B m03upoOBKe 2 KI/T
kopMa B TeueHue 30 gHeil. 3aTreM mpu KOHTPOJIBHOM
0010Be OT pbIO (7 = 8) U3 ONMBITHOTO M KOHTPOJIBHOTO
npyaa (n = 8) TUMYC JUIsl IUTOJIOTUIECKOTO HCCIIe0-
BaHus oroupanu yepes 14 nueit (D14) nocne Hagana
MIpUMEHEHHMS Tpenapara, uepes 28 mueit (D28) u uepes
42 mus (D42) mocne Havwana IpUMEHESHHSI ITperapara.
JlaHHBIC TIpEnapaThl OKpamrBaikch o [lanmenreimy:
3 MuHyTHI (puKcanys B pukcaTope-kpacurene no Maii-
I'pronBanbay, 3areM Ha 40 MUHYT CTEKJIA IOTPYKAIU
B PacTBOP a3yp-303uH 1o PomMaHOBCKOMY, TIOCIIE YEro
3aKITFOYANI B TTOJIMCTHPOI [T JAIbHEHIIIETO Hece-
noBaHus. Lluromorndeckoe wcciaeoBaHUEe TIPOBOIH-

JIU C TIOMOIITBI0 MUKPOCKOTIOB Mapku Hospitex Diag-
nostics. JImst momy4enwst pororpadmuii HCIoIb30BaIaACh
BCTPOEHHAs KaMmepa ¢ paspeweHueM 5 Mmukce. IIpo-
LIEHTHOE COOTHOILLIEHHE KJIETOK PACCUMTHIBAIIN UCXOJIS
u3 1000 HacuntaHHBIX KiIeTOK. CTaTHCTHYECKas 00-
paboTKa pe3ynbTaToB NPOBE/CHA C TOMOIIBIO TTaKeTa
npuKIaaHBIX mporpaMM Microsoft Excel. JlocToBep-
HOCTP OIIEHWBAJIM METO/IOM MAPHBIX CPAaBHEHUH C HC-
MoNb30BaHneM Kputepusi CThIOJICHTA.

PE3YJIBTATHI UCCJEJOBAHUM
[Ipu U TOIOTNYECKOM HCCIICIOBAHUN MA3KOB—OT-
rmeJaTkoB TuMyca (Tadm. 1) Habmonaiy MuTo3 OT CPe/I-
HETO JI0 BBICOKOTO, (poH 6a30(hMITBHBIH, pa3pylIeHHbIe
SPUTPOLUTHI, BCICICTBUE TEMOJICITIOIIUH.

Tadauna

Hpouenmnoe COOMHOULEHUE 2EMONOOMUHYECKUX KIIEMOK 6 mumyce Kapna 0ObIKHOBEHH020

Bun kiretox ®onoBoe uccienosanue (DO)
Jlumdoruter 66,7 + 0,04

Heiirpoduibt 10,3+0,23

MOHOLMTEI 20,5+0,02
Knerku Motra 260,16

Bun kitetox Konrponsb, % Omnsrt, %

Uepes 14 queili nocne Hauana IPUMEHEHUS Npenapara

Jlumdoruter 62,5+0,3 68,6 £0,57
Heiirpoduist 20,8+0,1 10,7+0,19"

MoHOIHTEI 15,6 £ 0,41 20,9 +0,02
Knerku Motra 1,3+,02 1,4+0,45

Uepes 28 qHeil mocie Havyaia IpUMEHEHUs penapara

Jlumoruer 61,8 +0,34 80,7 £ 0,64"
Heiirpodus 27,6 £0,91 16,2 £ 0,24

MonHouuTHI 9,3+0,5 2,4+0,19
Knerku Motra 1,4+0,9 1,4+0,47

Yepes 42 Ous nocie Havana npumenenus npenapama (wepes 12 oueil nociie ommenvl npenapama)

JlumdonuTer 69,06 = 0,04 79,4 + 0,08
Hetirpodust 21,0+ 0,67 15,9+ 0,42

MoOHOLMTBI 5,7+0,01 32+0,17
Knerku Motra 1,1 +£0,5 1,6 £0,45

* ()
‘p < 0,05 Mo cpaBHEHUIO C TPYMITON KOHTPOJIS
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UYepes 2 Henenu nociie npuMmenenus Llemnobak-
TepuHa-T B KOHTPOJIBHOU TPyIIIIe HAOIIOMACTCS YBE-
JIMYEHUE TIPOIICHTHOTO COOTHOIICHHS HEUTPO(UIOB
(puc. 2), TaHHBIX KJIETOK Ha BCEM NPOTSHKEHUN B KOH-
TPOJBHOU rpynme Oonbiie B 2 pa3a, 4eM Ipu POHO-
BoM uccienoBanuu: D14 B 2,02 paza, D28 B 2,7 pas,
D42 B 2,04 pa3a. B oneITHOI rpy1ine MeHee BeIpaXKeHa
BOCHMANNTENbHASA peakiys: Ha 14 1eHb COOTHOIICHNE
HEHUTPO(UIIOB B KOHTPOIBHOHN U OIBITHOM TpyIIe He
HUMEIOT CYIIECTBEHHBIX OTJIMYMNI, Ha 28 1€Hb JaHHBIX
KJIETOK OOJIbIIIe B KOHTPOJIBHOU rpyriie Ha 57,3 %, Ha
42 nenp — Ha 54,4 %.

B xone mpoBeneHus sKCEpUMEHTa YCTaHOBIIE-
HO CHIDKEHHUE KOTMYECTBa MOHOIIUTOB (pHC. 3) B 00e-
WX TPYyIIax, B ONBITHOW TPyNIe 3TO CHIKEHHE 00-
Jiee BBIpaXXEHO: Ha 14 JeHb Mocie Havaia IpuMeHe-
HUS TIperapara HIKe, 4eM B (JOHOBOM HCCIIC/IOBAaHUN
Ha 20,9 %, na 28 neup — Ha 2,4 %, Ha 42 neHb — Ha
3,2 %. B xoHTpOsBbHOM Ha 14 1eHh COOTHOIIEHNE HIKE
Ha 15,6 %, Ha 28 nenp — Ha 9,3 %, Ha 42 NeHL — Ha
5,7 %, ueM 1ipu (OHOBOM HcCCIeNOBaHUU. PeakTns-
HbIe Makpogaru ¢ (haroruTo30M KJIETOK, MEKKICTOU-
HOTO BEIIECTBA BCTPEUYAINCH KpaiHe peaKo (puc. 4).

[IpolieHTHOE COOTHOIIEHUE JTUM(POLUTOB B KOH-
TPOJBHOH TPYIITIE HE UMENO CYIIECTBEHHBIX H3MEHe-
Hui. Ha mpoTshkeHnn Bcero uccieioBaHne OHO OBIIO
B npenenax 10 % orHocuTenbHO (OHOBOTO HCce-
noBaHMsl. B ONBITHON Tpyrre Mbl HAOMOIATH YBeE-
nuuenue auMdoruToB Ha 14 neHs Ha 2,8 %, Ha 28
nenb — Ha 21 %, Ha 42 neub — Ha 19 %. B ocHoB-
HOM OBUIH TIPEICTABICHBI MajIble TUMQPOIHTHI (IHa-

LJ.

METp KJIETOK MEHbIIIE Tuamerpa sputponura). Kier-
KH y Kapra OObIKHOBEHHOTO MMENU BUJI 1O CTPYKTY-
Pe CXOMHBIN ¢ TUMQOITUTAMH BBICIIUX TTO3BOHOYHBIX
JKUBOTHBIX: ()OpMa KIIETOK OKPYIJIasi, BBICOKOE SIICPHO-
[IUTOIIA3MATHYECKOE COOTHOIIICHHUE, CKYTHOE KOJINYe-
CTBO OJTHOPOJIHOM CBETI0-0a30(hMIIbHON [TUTOILIA3MBI,
S7pa OKPYIIIbIe, C TPyOBIM THIIEPXPOMHBIM XPOMATH-
HOM (puc. 1). PeakTuBHBIX TUM(OIUTOB Y OONBITHH-
CTBa PBIO HE HAOIIONAIOCH WU ObUTH B €IMHHYHOM
KOJIUYECTBE.

Puc. 1. Mansie numdouuntsl B Tmyce Cyprinus
carpio. Oxpacka no I[lannenreiimy, yB. 1000x

Puc. 2. Hefitpoduisl B mpenapare Tumyca pbid. Okpacka mo [lanmnenreiimy, yBeamuerue x 1000
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[Ipu cpaBHEeHUM KOHTPOJIbHOM (A) 1 onbITHOH (B)
IPYIIIBI BUAUM, PA3HUILY B KOJIMYECTBE HEUTPO(DUIOB
B OJTHOM IT0JI€ 3PEHHS: 2 B KOHTPOJIBHOM U 8 B OIIBIT-
HOM rpymme. I'panynbl HEHTPOQHUIOB HE BOCIIPHHU-
MaloT KpacuTesb 1o PoMaHOBCKOMY, M3-32 4ETO IUTO-
IJ1a3Ma MX BBIIJISIUT CBETIION, Oestoro neeTa [ 14, 15].
dopma camMHX KIETOK OKpyIIias. Sapa sKCIeHTpUIHO
PacTOIOKEHBI, OKPYIJION UITH OBATHHOH (hOPMBI C KOH-
JIEHCHUPOBAaHHBIM XPOMaTHHOM 0a30()MIIBHOTO IIBETA.

Puc. 3. MoHOIIUTEl B MHUKpOIIpenapare TUMyca
Kapna o0bIkHOBeHHOT0. OKpacka 1o [lanmenreiimy,
yBennuenue x1000

Puc. 4. Hurodarus B npenapare tumyca Cyprinus
carpio. Okpacka no Ilannenreiimy, ys. 1000x

Crpenkoii 0603Ha4eHbI MOHOILIUTHI B MUKPOTIpEna-
pare tumyca Cyprinus carpio. MOHOLUTSI IIpeCTaB-
TSI COOOW KpYITHBIE MOHOHYKJI€ApHBIE JIEHKOIIUTHI
€ OOMJIBHOM 3€PHUCTON LIUTOIIA3MOM OT CEPOTo /10 To-
TyOoBaTo-ceporo nBera. Sapa oKpyIible Uik OBaJlb-
HBbIE, peke 0000BUIHON WIIN AJIOYKOBUIHON (DOPMBI,
C 36pHUCTHIM XPOMATHHOM, CMEIICHBI K TIEpH(EPHH.

KonndectBo KileTOk MOTTa, Ty4HBIX KIETOK
(puc. 5) HE UMEIO CYIIEeCTBEHHBIX OTIUINH.

Puc. 5. bazodwr Ha dpoHe TMMPOIUTOB B MUKPO-
npenapare tTumyca Cyprinus carpio. OKpacka 1o
[Manmenreiimy, yB. 1000x

Puc. 6. [Tnact snuTenuanbHbIX KIETOK B TUMYCE
y Cyprinus carpio. Okpacka no [lanmnenreiimy, yB.
1000x
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OnuTenuii CTPOMBI ObUT TIPEACTABIIEH OOIINPHbI-
MU T1actaMu (puc. 6). Slapa kieTok ObUTH OKPYTIIBI-
MU HJIY OBJIbHBIMH C IIBIJIEBUIHBIM XPOMAaTHHOM, LIU-
TOIIIa3Ma HeXKHast, cliabo-0azodrpHast. [ paHutip! me-
XKy KIIETKaMH OBIITH Pa3MBbITHI.

Ha puc. 7 npencrasiieHbl IPEANONaraéMble peTu-
KyJIO3HUTEHATbHBIC KJIETKH. Y JTaHHBIX KIIETOK OKPYT-
JI0€ 3KCLIEHTPUYIHO PACIIOIOKEHHOE SIIPO C 3€PHUCTHIM
XpPOMaTHHOM, 2 HykJeonaMmu. [{uTonnazma orpocua-
Tasi, IMEET BBIPAKECHHBIN 0a30()MUIbHBIN IBET, HA I1e-
pudeprn HabIIOOAETCSI KOHTYP LIMTOILUIA3MBI C CBET-
J10-0230(DHITEHBIM OTTCHKOM.

Takske CTOUT OTMETUTH HAJTMYUE BO BCEX IPYIIIIAX
KJIETOK ¢ KBaJpaTHbIMU BaKyOJEIOZOOHBIMHU BKIIIO-
YEHUSIMH, HAaIIOMMHAIOIIMMH KPUCTAILIBI XOJIeCTepu-

=

Ha (puc. 8 A—T). [logoOHbBIC BKIFOUCHUS OMUCAHBI
B Ma3ke KpoBU UryaHsl. CyIIecTBYIOT J[Ba MPEIOII0-
JKEHHSI 00 X TPOUCXOXkIeHU . [lepBoe 13 HUX I1acur
0 TOM, YTO 9TH BKJIFOYEHUSI LIUTOIIIa3MbI COZIEPKAT MU~
KpOdJIeMeHTBI. BTopoe npennonokenne CyauT 0 TOM,
YTO 9TO BHPYCHBIE WM MMUPTEeMOIMTOHHBIE BKIIIOYE-
Husl. TouHas npuurHa UX HEU3BECTHA, HA JAHHBIN MO-
MEHT CYUTAETCS, YTO OHU HE CBS3aHBI C TEMAaTOJIOTH-
YECKMMHU aHOMAITUSIMU WJIH 3a00JeBaHUAMHA. Tak ke
JlaHHBIe (UTypbl OOHAPYXECHBI U BO BHEKIJIETOYHOM
npoctpanctse [14, 16].

OcoO0blil HHTEpEC MPENCTaBISIIN KISTKH C CBET-
JIBIMA MHUH/JIQJIEBUTHBIMA BKITFOUEHUSMH B ITUTOTLIA3-
Me (15—20 % ot Bcex kieTok). JloCTOBEepHBIX TAaHHBIX
0 TIPUPOJIE ITUX BKIFOUSHHH HE 00HapYx)eHo (puc. 9).

Puc. 7. PetuxynosnuTtenuansHble KIeTKA B TUMyce Cyprinus carpio. Oxpacka o [lanmenretimy, yB. 1000x

OBCY/XKIEHUE

OnucaHHass HAMU [UTOJIOTMYECKAs KapTHHA TH-
Myca Kapiia 0ObIKHOBEHHOTO aHaJIOrMYHA OIMIMCAHUSAM
JAHHOTO OopraHa y pei0 panee. [lapenxnma oprana ry-
CTO 3aroiHeHa TUM(OUTHBIMHU KIETKAMH, TaK e ITPH-
CYTCTBYIOT B HEOOJIBIIIOM KOJMYECTBE HEUTPODHUIIBI,
MOHOIIMTBI, TyYHbIC KJIETKH, KiieTku Morrta. Cpenu
CTPOMAJILHBIX KJIETOK YJIaJIOCh OIUCATh SITUTEIHAIIb-
HBIE ¥ PETUKYJIOIUTEINATbHBIE KIETKH, OCHOBBIBA-
sICh Ha TIOJTY9€HHBIX paHee MOP(oIOTHIeCKUX Xapak-
TEPUCTUKAX 3TUX KIETOK [6, 7, 10].

MHorue KIeTKU Mpu okpamuBanuu no Ilanmen-
reiiMy UJICHTUYHBIC TAKOBBIM KJIETKAM Y BBICIIUX I10-
3BOHOYHBIX (Harpumep, TuMQOIuUThI, Makpodary,
SIUTETNANTBHBIC KICTKH). HekoTopele KiIeTku (Hew-
TPOMUITBI, MOHOIIUTHI) UMEIOT CBOM OCOOCHHOCTH, KO-
TOPBIC OTHMCAHBI B PA3TUYHBIX JIUTEPATYPHBIX UCTOY-
Hukax [15, 16].

CyskaeHus o Tenbliax ['accalis UMEroT pa3inyHbie
JaHHbIe. B 0HUX MCCIIe0BaHUSX OHHM HAOIOIAIHNCh
TOJIBKO y B3POCIBIX 0co0eit [17], B Apyrux mccieno-
BaHUSX, TOBOPHUTCS O TOM, YTO TeJblla ['accans mpo-
Liecce OHTOTeHE3a MOIBEPratoTcs AereHepamui [§].

B nameM wuccienoBaHuuM He ObLIO OOHAPYKEHO
tener ['accans. BeposTHO, 3T0O MOXKET OBITH CBSI3AHO
C BO3pPaCTHBIMHA OCOOCHHOCTSIMU.

Taxoke cieyer yYuThIBaTh, YTO IPEACTaBICHHBIE
BBIIIIC CYXKJICHUS JJaHbl HA OCHOBAaHUM T'MCTOJIOTHYE-
CKUX MCCIICJIOBAHUM, U, BEPOSTHO, I0CTOBEPHOCTb I1H-
TOJIOTHYECKOTO MCCIICIOBAHUS I OOHAPYKEHUS Te-
nert ['accamsa HU3KA.

B nanpHeHIIMX HMCCIENOBAHUSX CTOUT YACIUTH
BHUMaHUE OOBEKTaM, KIETKaM TPEOYIOMIMX OO~
HUTEILHBIX METOJIOB McclenoBanus st ux audde-
PEHITUPOBKHY.

B yacTHOCTH, 3TO KJIETKH C KBapaTHBIMHU BaKyO-
JIETIOAHBIMH BKJIFOUEHHSIMH U KJIETKH C CBETIILIMH MUH-
JIaJIeBUIHBIMM BKIIFOUCHHMSIMU B IIUTOILIa3Me. [laHHbIe
BKITFOUEHHSI MOTYT COJIEP’KATh MUKPO3JIEMEHTHI, ObITh
BHUPYCHBIC U JIp. KOMIIOHEHTHI [14, 16].

B 1iesioM, HacTosiIKE Pe3yJIbTaThl TOYSPKUBAIOT,
YTO HE CJIEAYET YIyCKaTh U3 BUIY POJIb TUMYCA B Ia-
TOJIOTHYECKHUX COCTOSTHUAX Y PBIO, IIOCKOIBKY 3TO MO-
JKET CIOCOOCTBOBATh 0ojiee TITyOOKOMY MTOHHMAaHHUIO
B3aMMOJICHCTBUS X03s5WHA U aHTUTEHA IIPH 3apa3Hon
Y HE3apa3HOU IaTOJIOTUH.
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Puc. 8. KBagpatasie BakyonenonoOHse BKtoueHns. Oxpacka mo [lammenreiimy, yB. 1000x

3AKJIIOYEHHUE

[IpoBeneHHbIl ONBIT IpU (HOHOBOM HCCIEOBA-
HUU JIEMOHCTPUPYET BOCTIATUTENBHYIO PEAKIIUIO TH-
Myca y Kapra 0ObIKHOBEHHOTO, O YeM TOBOPST BBICO-
KM€ 3Ha4CHUS TAKMX BOCIIAJIUTEIBHBIX KIIETOK KaK MO-
votmThI (20,5 %) u HefiTpodwmist (10,3 %).

B xoHTpOsIBEHOM rpyme Ha TPOTAKEHUH UCCIEN0-
BaHUS COXPAHEHBI BBICOKHE IMOKa3aTelM 4yucia He-
tpoduios (20,8 % Ha 14 newsn, 27,6 % Ha 28 jcHb,
21,0 % ua 42 neHb).

BonbmmHCTBO KIETOK Npu OKpaiuuBanuy mno Ian-
[EHreliMy UMEeIN TaKHe JKE UTOJIOTMYECKUE MTPU3HA-

KU KaK Y BBICHIMX [T03BOHOYHBIX (TUM(OLUTHI, MAKPO-
¢aru u ap.). Y yacTH KI1eToK (HeHTpodUITbI, MOHOIIH-
ThI) HaOJIOJIANTUCH CBOU 0COOCHHOCTH CBOMCTBEHHEIC
Ul pbIO, ONMCAHHbBIE B PA3JIMYHBIX JUTEPATyPHBIX
HCTOYHMKAX.

B Gonpiiom xonmuuecTBe HaOMIONANNCH B BUIA
He auddepeHIUpYEeMBIX KIETOK ¢ 3KCHECHTPHYHBIMH
sIIpaMU M LIUTOIUIA3MOM, TYCTO 3aII0JIHEHHOM IIPSIMO-
YTOJBHBIMU HEOKPAIIEHHBIMH BKJIFOUSHUSIMH Y OJTHO-
TO BHJIA KJIETOK ¥ MUH/IaJICBUTHBIMHE ¢J1a00-0a30(hHITh-
HBIMH JIN0O HEOKPALLICHHBIMHU BKJIIOUEHHUSIMU Y JPYTO-
IO BHJIA KJICTOK.
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Puc. 9. Knetku 3anonHeHHbIe 00MIIBHO MUH/IAJIEBUHBIMU BKJITIo4eHUsiMU. Okpacka 1o [lanmenreiimy, yB. 1000x
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Abstract. This article describes thymus cellular composition of the common carp (Cyprinus carpio) at the age of
three years against the background of using the probiotic drug Cellobacterin-T that contains Bacillus subtilitis.
The indicators of the experimental group showed a decrease in the intensity of the inflammatory process, revealed
in the background study, which was expressed by a decrease in the percentage of monocytes, neutrophils and an
increase in lymphocytes.

During the experiment, thymus smears were made, which were stained according to Pappenheim. Cytosis of mi-
croslides was observed from medium to high, the background was basophilic, destroyed erythrocytes were found
due to hemodilution. Most of the cells, when stained by Pappenheim, are identical to those of higher vertebrates
(lymphocytes, macrophages, epithelial cells, etc.). Some cells (neutrophils, monocytes, etc.) have their own cy-
tomorphological features. The predominant group of cells were small lymphocytes. Blast forms of lymphocytes
were observed in a single amount. When using Cellobacterin-T in the experimental group, the indicators of mono-
cytes and neutrophils are much lower than in the control group: D14 — by 1.9 times, D28 — by 1.7 times, D42 —
by 1.3 times. The number of lymphocytes is close to the physiological norm: D14—68.6 %, D28—80.7 %, D42—

79.4 %, which indicates a decrease in the inflammatory response.
Keywords: thymus, cytology, common carp, lymphocytes, myelocytes, Mott cells

Fish diseases can cause great damage to fish farm-
ing, therefore, in order to successfully breed fish, in
particular the common carp, to obtain high productivity
of water bodies, it is important to know and be able to
diagnose the most common fish diseases and effective-
ly implement preventive measures. In some cases, the
disease is caused by a pathogen that enters the body of
the fish, in others — the fish becomes sick with a lack
or an excess of certain substances dissolved in water,
sharp fluctuations in water temperature, mechanical
damage, as well as insufficient nutrition or malnutri-
tion. Therefore, it is important to study the vital sys-
tems of fish organs for their further correction under
the conditions of anthropogenesis [1].

Organs or tissues of the immune system in teleosts
(bony fish) include the thymus, head kidney, spleen
and major mucosal-associated lymphoid tissues [2].

The immune system of the mucous membrane of te-
leosts is a lymphoid tissue of the skin, intestines, gills,
nasopharynx. It is the main lymphoid structure in the
body and plays a critical role in the response to infec-
tion [3]. The thymus in freshwater teleosts was the first
organ to become lymphoid [4]. It is the primary lym-
phoid organ, in which bone marrow-derived lymphoid
progenitor cells develop into functionally competent
T cells with continued support from thymic stromal
cells [5]. Thymus stromal cells in teleosts are repre-
sented by limiting epithelial cells located in the sub-
capsular, perivascular and peritrabecular zones; retic-
ular epithelial cells located in the medullary and cor-
tical zone; cystic cells located in the medullary zone;
thymic cells located in the corticomedullary border and
Hassall’s bodies [6]. Stromal cells also include various
subtypes of fibroblasts and dendritic cells [7]. Other
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cellular components of the thymus are macrophages,
myoid and mast cells [6].

Thymus tissue is densely filled with lymphoid
cells, which contain typically deeply stained nuclei and
sparse cytoplasm. Trabeculae may consist of strands of
epithelial cells, capillaries or fibrocytes. Cortical and
medullary epithelial cells form a network with their
cytoplasmic processes, which increase the area of in-
teraction with thymocytes and support the movement
of lymphoid cells [6].

After the process of selection and differentiation,
T lymphocytes leave the thymus and migrate to the
periphery to fulfill their role in the body’s immune re-
sponse [9].

In mammals, the thymus is cytologically represent-
ed by numerous cells of the lymphoid series. In addi-
tion, epithelioreticular cells can be found in the cyto-
gram, due to the hematopoietic factors of which lym-
phocyte differentiation occurs. These cells have a large
oval or rounded basophilic nucleus with 2—3 nucleo-
li, the cytoplasm is elongated, with processes, the zone
of enlightenment (Golgi complex) can be visualized.
Thymus microslides can also contain single neutro-
phils, macrophages and mast cells (up to 3—5 %) [10].

In mammals, it has been demonstrated that vari-
ous pathological conditions, such as infectious diseas-
es, can affect the thymus, disrupting its architecture
and function and negatively affecting the ongoing im-
mune response [11].

Cellobacterin-T combines the functions of two
feed additives — a feed enzyme and a probiotic. The
bacteria that make up Cellobacterin®-T (Bacillus sub-
tilitis) have a pronounced probiotic effect, inhibit the
development of pathogenic and opportunistic micro-
organisms, which ensures that the balance of the gas-
trointestinal microflora tract is maintained in the nor-
mal range. The enzyme complex of bacterial cellulases
contributes to a more complete breakdown of struc-
tural fiber (cellulose, hemicellulose), providing a more
complete release of feed nutrients.

The previous studies have demonstrated the ben-
eficial effects of Bacillus subtilitis in broilers, in par-
ticular, high rates of livability, weight gain and a de-
crease in the number of intestine salmonella [18]. Pigs
fed Bacillus ssubtilis had a higher weight gain to feed
ratio and had an increased total peripheral blood leu-
kocyte count [19].

Considering a great role of the thymus in immune
processes, many studies have been carried out on this
organ. There are publications on the thymus in fish that
describe histological, immunohistochemical studies
and expression analysis. Nevertheless, when analyz-
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ing the literature available to us, we have found rath-
er scarce data on a cytological study that describes the
morphology of cells.

In this regard, the study of the fish thymus cell pool
will allow a more detailed study of the physiology and
functioning of the immune system of hydrobionts.

Aims and objectives of the research. The aim of
the study was to assess changes in the cellular com-
position of the Cyprinus carpio thymus parenchyma
cells when using Cellobacterin-T.

MATERIAL AND METHODS

The experiment was carried out on the common
carps (Cyprinus carpio) on a specialized fish farm of
Voronezh. Laboratory studies were carried out on the
basis of the Research Center and the Department of Ex-
perimental Pharmacology of FSBSI «<ARVRIPP&T».
For the experiment, one-year-old individuals weighing
250—300 grams were selected. In the baseline study
(DO0), the thymus was obtained from fish (n =5) for
cytological examination. Subsequently, hydrobionts
were divided into two groups (experimental and con-
trol ponds).

The carps of the control pond (n = 8000) received
the main diet, and the fish kept in the experimental
pond (n = 8000) received the probiotic drug Cellobac-
terin-T at a dosage of 2 kg/t of feed for 30 days in addi-
tion to the main diet. Then during the test fishing, from
the fish (n = 8) of the experimental and control ponds
(n = 8), thymus for cytological examination was taken
14 days (D14), 28 days (D28) and 42 days (D42) af-
ter the beginning of using the drug. These drugs were
stained according to Pappenheim: 3-minute fixation
in a fixative-dye according to May-Grunwald, then
for 40 minutes the glasses were immersed in a solu-
tion of azure-eosin according to Romanowsky, after
which they were placed in polystyrene for further study.

Cytological examination was performed using the
Hospitex Diagnostics microscopes. The built-in cam-
era with a resolution of 5 megapixels was used to take
photographs.

The percentage of cells was calculated based on
1000 counted cells. Statistical processing of the re-
sults was carried out using the Microsoft Excel soft-
ware package. Reliability was assessed by paired com-
parisons using the Student’s t-test.

STUDY RESULTS
Cytological examination of thymus imprint smears
(Table 1) showed from moderate to high cytosis, ba-
sophilic background, destroyed erythrocytes due to
hemodilution.
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Percentage of hematopoietic cells in the thymus of the common carp e
Type of cells Baseline study (DO0)
Lymphocytes 66.7 £0.04
Neutrophils 10.3+£0.23
Monocytes 20.5+0.02
Mott cells 2.6+£0.16
Type of cells Control, % Experiment, %
14 days after the beginning of using the drug
Lymphocytes 62.5+03. 68.6 +0.57
Neutrophils 20.8 £0.1 10.7+0.19"
Monocytes 15.6 £0.41 20.9+0.02
Mott cells 1.3+£0.02 1.4+0.45
28 days after the beginning of using the drug
Lymphocytes 61.8+0.34 80.7 = 0.64"
Neutrophils 27.6+0.91 16.2+0.24
Monocytes 93+0.5 24+0.19
Mott cells 1.4+09 1.4+0.47
42 days after the beginning of using the drug (12 days after the drug withdrawal)
Lymphocytes 69.06 = 0.04 79.4 £0.08
Neutrophils 21.0+0.67 15.9+0.42
Monocytes 5.7+0.01 32+0.17
Mott cells 1.1£0.5 1.6 +0.45

* p <0.05 compared to the control group

Two weeks after the use of Cellobacterin-T in the
control group, an increase in the percentage of neutro-
phils has been observed (Fig. 2). Throughout the exper-
iment, these cells in the control group are by 2 times
more than in the baseline study: D14 — by 2.02 times,
D28 — by 2.7 times, D42 — by 2.04 times. In the ex-
perimental group, the inflammatory reaction is less pro-
nounced: on day 14, the ratio of neutrophils in the con-
trol and experimental groups does not have significant
differences; on day 28, there are more of these cells in
the control group by 57.3 %, on day 42 — by 54.4 %.

During the experiment, a decrease in the number
of monocytes was found (Fig. 3) in both groups, in the
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experimental group this decrease is more pronounced:
on day 14 after the beginning of using the drug, it is
lower than in the baseline study by 20.9 %, on day
28 —by 2 .4 %, on day 42 — by 3.2 %. In the control,
on day 14, the ratio is lower by 15.6 %, on day 28 —
by 9.3 %, on day 42 — by 5.7 % than in the baseline
study. Reactive macrophages with cell phagocytosis,
intercellular substance were extremely rare (Fig. 4).
The percentage of lymphocytes in the control
group had no significant changes. Throughout the
study it was within 10 % of the baseline study. In the
experimental group, we observed an increase in lym-
phocytes by 2.8 % on day 14, by 21 % on day 28, and
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by 19 % on day 42. Mostly small lymphocytes were
presented (the cell diameter is less than the diameter
of an erythrocyte). The cells of the common carp had
a structure similar to the lymphocytes of higher ver-
tebrates: the shape of the cells was round, a high nu-
clear-cytoplasmic ratio, a meager amount of homo-
geneous light-basophilic cytoplasm, the nuclei were
round, with coarse hyperchromic chromatin (Fig. 1).
Reactive lymphocytes in most fish were not observed
or were in a single amount.

When comparing the control (A) and experimen-
tal (B) groups, we see the difference in the number of
neutrophils in one field of view: 2 in the control and
8 in the experimental group. Neutrophil granules do
not perceive the dye according to Romanowsky, which
is why their cytoplasm looks light and white [14, 15].
The shape of the cells themselves is round. The nuclei
are eccentrically located, round or oval in shape with
basophilic condensed chromatin.

Fig. 1. Small lymphocytes in the thymus of the
Cyprinus carpio. Pappenheim staining, 1000x
magnification

Fig. 2. Neutrophils in the specimen of fish thymus. Pappenheim staining, 1000x magnification

The arrow indicates monocytes in a microslide of
the Cyprinus carpio thymus. Monocytes were large
mononuclear leukocytes with abundant granular cyto-
plasm from grey to bluish-grey. The nuclei are round or
oval, less often bean-shaped or rod-shaped, with gran-
ular chromatin, displaced to the periphery.

The number of Mott cells, mast cells (Fig. 5) did
not differ significantly.

The stromal epithelium was represented by ex-
tensive layers (Fig. 6). The cell nuclei were round or
oval with dusty chromatin, the cytoplasm was ten-
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der, weakly basophilic. The boundaries between cells
were blurred.

Figure 7 shows putative reticuloepithelial cells.
These cells have a rounded eccentrically located nu-
cleus with granular chromatin, 2 nucleoli. The cyto-
plasm is processed, has a pronounced basophilic col-
or, on the periphery there is a contour of the cytoplasm
with a light basophilic tint.

It is also worth noting the presence of cells with
square vacuole-like inclusions resembling cholesterol
crystals in all groups (Fig. 8A-D). Similar inclusions
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are described in an iguana blood smear. There are two F. - Y
hypotheses about their origin. The first of them states “B>
that these inclusions of the cytoplasm contain trace el- ’
ements. The second assumption judges that these are

. 3

viral or pyrhemocytonic inclusions. The exact cause a!-, . PN 8 ‘ '8
. o ' . Al ™ 3 -
-J oo i L4 - ’ & »

of them is unknown, at the moment it is believed that

they are not associated with hematological abnormal- I
ities or diseases. These figures were also found in the
extracellular space [14, 16].

Fig. 5. Basophil against the background of lympho-
cytes in the microslide of the Cyprinus carpio
thymus. Pappenheim staining, 1000x magnification

Fig. 3. Monocytes in the microslide of the common
carp thymus. Pappenheim staining, 1000 x magni-

L « b - o 1
Fig. 6. Layer of epithelial cells in the Cyprinus

carpio thymus. Pappenheim staining, 1000x mag-
nification

£l

£ : Of particular interest were cells with light al-
Fig. 4. Cytophagy in the specimen of the Cyprinus mond-shaped inclusions in the cytoplasm (15—20 %

carpio thymus. Pappenheim staining, 1000x mag- of all cells). Reliable data on the nature of these inclu-
nification sions have not been found (Fig. 9).
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Fig. 8. Square vacuole-like inclusions. Pappenheim staining, 1000x magnification

140 Bulletin of Veterinary Pharmacology « No. 3 (20) « 2022



Thymus cell pool of the common carp against the background of using Cellobacterin-T

Fig. 9. Cells richly filled with almond-shaped inclusions. Pappenheim staining, 1000x magnification

DISCUSSION

The cytological picture of the common carp thy-
mus described by us is similar to the descriptions of
this organ in fish earlier. The parenchyma of the or-
gan is densely filled with lymphoid cells. Neutrophils,
monocytes, mast cells and Mott cells are also present
in a small amount. Among stromal cells, it was pos-
sible to describe epithelial and reticuloepithelial cells
based on the previously obtained morphological char-
acteristics of these cells [6, 7, 10].

Many cells, when stained by Pappenheim, are iden-
tical to those of higher vertebrates (e. g., lymphocytes,
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macrophages, epithelial cells). Some cells (neutrophils,
monocytes) have their own characteristics, which are
described in various literature sources [15, 16].

Judgments about Hassall’s bodies have different
data. In some studies, they were observed only in adults
[17], in other studies, it is said that Hassall’s bodies un-
dergo degeneration during ontogenesis [8].

In our study, Hassall’s bodies were not found. Prob-
ably, this may be due to age characteristics. It should
also be taken into account that the judgments present-
ed above are given on the basis of histological stud-
ies, and probably, the reliability of a cytological study
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for the detection of Hassal’s bodies is low. In further
studies, attention should be paid to objects that require
additional research methods for their differentiation.
In particular, these are cells with square vacuole-like
inclusions and cells with light almond-shaped inclu-
sions in the cytoplasm. These inclusions may contain
trace elements and other components, be viral [14, 16].

Overall, the present results emphasize that the role
of the thymus in pathological conditions in fish should
not be overlooked, as this may contribute to a better
understanding of host-antigen interactions in case of
infectious and non-infectious pathologies.

The conducted experiment with a baseline study
demonstrates the inflammatory response of the com-
mon carp thymus, as evidenced by the high values of
such inflammatory cells as monocytes (20.5 %) and
neutrophils (10.3 %). In the control group, high lev-
els of neutrophil count were maintained throughout the
study (20.8 % on day 14, 27.6 % on day 28, 21.0 %
on day 42).

Most of the cells, when stained by Pappenheim,
had the same cytological features as in higher verte-
brates (lymphocytes, macrophages, etc.). Some of the
cells (neutrophils, monocytes) had their own features
typical of fish, described in various literature sources.

Two types of non-differentiable cells with eccen-
tric nuclei and cytoplasm densely filled with rectan-
gular unstained inclusions in one type of cells and al-
mond-shaped weakly basophilic or unstained inclu-
sions in another type of cells were observed in large
numbers.
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AHHoTanus. B crarse npencrasieH 0030p HayYHBIX JAHHBIX O POJIM ITPO- ¥ TPOTHBOBOCIIAINTEIBHBIX ITUTOKH-
HOB, XeMOKHHOB 1 KOCTUMYJIHPYIONIHUX (DaKTOPOB NMPH (PU3NOTIOTHUECKOH OepeMEHHOCTH. 3HAUUTEIbHOE BHUMA-
HUE yZeJseTcs y4acTHIO IUTOKMHOB B PETyJIALNH B3aMMOOTHOILICHUSI MaTepH U 1u1oja. PaccMOTpeHbI MexaHn3-
MBI BOCTIAJINTEIILHON PEaKINK HA PAHHEH CTaaun OEpEeMEHHOCTH, HEOOX0ANMOH /171t 0OecTieueHNs MILIaHTallu|
u pa3Butus sMOpuoHa. [Ipn HopManbHOM TedeHNH OEpPEMEHHOCTH IIUTOKWHOBBIN OalaHC CMEIIAeTCs B CTOPOHY
NMMYHOCYIPECCOPHBIX Th2- INTOKMHOB, MHIMOMPYIOIINX PEAKIUH KIETOYHOI'O MIMMYHHUTETa U CTUMYIIUPYIO-
X MPOTECTEPOH, XOPHOHUYECKHI TOHAJOTPOITMH U BEIPA0OTKY OJIOKHPYIOIINX aHTHTEIL.

KnroueBble ciioBa: OepeMEHHOCTD, IIMTOKUHBI, HMMYHOCYTIpeccusi, HHTep(hepoHsbl, T-muM(OnnTHI

duznonoruyueckas 6epeMeHHOCTb XapaKTepU3yeT-
Cs1 COCTOSTHHEM JIOKAJIbHOM MMMYHOCYTIPECCHH 1 afall-
TAIMOHHO-TTPUCIIOCOOUTENLHBIMHA H3MEHEHUSIMU, Ha-
MPaBJICHHBIMU Ha CO3J]AHHE ONTHMAJBHBIX YCIOBHM
i pocta u passutus wiona [ 1—10]. CrpykrypHo-
(yHKIIMOHAJIBHAST IEPECTPOiiKa B IMMYHHON CHCTe-
M€ OpraHu3Ma MaTe€pH acCOLMHUPYETCsl C €CTECTBEH-
HBIM ((DU3HOTOTHYECKUM) UMMYHOJE(PHUIIUTOM, YTO
MIpeI0TBpAaIlaeT OTTOPKEHNE HAINIOJIOBUHY UYKEepOJ-
Horo turona [11—13].

HmmyHOCynpeccus, siBISIOLIAscs OAHUM U3 MeXa-
HU3MOB UHIYKLUH TOJIEPAHTHOCTH K aJUIOAHTUTCHAM
1ona, 00yciIoBIeHa CHKEHHUEM aKTHBHOCTH MaKpO-
(aroB, HEUTPO(UIIOB, ECTECTBEHHBIX KUIIJIEPOB, AKTH-
Banueii T-cynpeccopos, a Takxe n3MEeHEeHHeM OajaH-
ca LUTOKUHOB, IPUHUMAIOLIUX YYACTHE B PETYIALUN
COOTHOILEHUSI UMMYHOMOIYJIUPYIOLIMX U UMMYHO-
CynpeccUBHBIX 3P (EKTOB B SHIOMETPUH, TpodoOdia-
CTe, a B MOCeAyIoeM — U B ruiarente, [11; 14—19]
U o0ecreunBaroIuX (pU3HOIOrHYECKUI YPOBEHD CO-
CYIIECTBOBaHUSI TEHETUYECKH YYKEPOIHBIX OPTraHM3-
MOB MaTepu U oaa [20—28].

LuToKMHBI, TPOAYLHpPYEMbIE, KIETKaMH JUM(O-
MUEJOHOTO KOMILJIEKCA, BBICTYNAIOT ayTOKPUHHbI-
MU U TapaKpUHHBIMU PEryasiTOpamMu (MeIruaTopamu)
TUIOTATAMOTHITO(PU3aPHONH CUCTEMBI U YYaCTBYIOT
B IpOLI€CcCax OIJIOA0TBOPEHUS, UMIUIAHTALMY U IUIA-
nedranuu [24, 25; 29—31].

CornacHo Teopul IMMYHOTPO(]H3Ma YCIIEIIHOCTh
MPOJIOHTHPOBAHKS OEPEMEHHOCTH 3aBUCUT OT OaJiaH-
ca mpoBocmanurenpaeix Thl (WJI-1, WI-2, NJI-6,
WnJi-12, ®HO-a, UH®-a, UHD-B, UHD-y, xemoku-
Hbl — MJI-8, MOHOIIMTapHBIN XEMOTOKCHYECKUH (hak-
TOp U Jip.) ¥ ipoTuBoBOCcHanuTeabHbIX Th-2/Th3 1u-
tokuHoB (MJI-4, NJI-10, TOP-f u np.) [2, 22, 32, 33],
SIBJISTFOLIIUXCSL MEIHATOPAMU MEKKJIETOYHBIX KOMMY-
HUKAIMi 1 00pa3ylomux MHOTOKOMIIOHEHTHYIO CH-
CTEMY MOJICKYJISIPHO-KJIETOYHON PETYIISIIAH IPOIIeCc-
COB pa3BUTHS U PYHKIIMOHUPOBAHHUS (PEeTOTIAIIEHTap-
HOTO KoMIIekca [6, 34, 35].

B Hacrosiiiee Bpemst ycTaHOBJIEHO, YTO ITPU (PH3HO-
JIOTHYECKOM TCUCHUM OCPEeMEHHOCTH ITUTOKUHOBBIN
OaslaHC cMemTaeTcs B CTOPOHY MIMMYHOCYTIPECCOPHBIX
Th-2 IUTOKMHOB, THTHOUPYIOIIUX PEAKIINN KIIETOYHO-
r0 UMMYHUTETA, CTUMYJIUPYIOIIUX CHHTE3 MPOreCTe-
POHA ¥ XOPHOHMYECKOTO TOHAIOTPOIIMHA U BBIPAOOT-
Ky Onmokupytomux anturen [2, 36—40].

Ilo MHeHuIO psia aBTOPOB, HadaJbHBIA MEPUOJ
OepeMEeHHOCTH TPOSBISIETCS BPEMEHHON BOCIIAIN-
TEIhHON peakirel C MOBBIIIEHHEM SKCIIPECCHUH TIPO-
BOCHAIUTENBHBIX [IATOKUHOB, HEOOXOIUMOM JIJISl M-
TUTAHTAIUY U TUIAIICHTALUHU, IPU 3TOM aKTHUBUPYHOT-
Cs IPOIIECChI HEOBACKYIISIPU3AIIUH ¥ KPOBOCHAOKEHNUS
B DH/IOMETPHUH, POPMUPYIOTCS KPOBEHOCHBIE COCYIBI
JUTSE 0OecTieueHHs aJIeKBaTHOTO KPOBOCHAOKEHHS TIJTa-
LIeHTHI U T1oa [29, 41—43].
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Kax n3BecTHO, LEHTpaIbHBIM MEIMATOPOM JIO-
KallbHBIX U CUCTEMHBIX BOCIAJTUTEIbHBIX PEaKIHii
sersiercst UJI-1 [29, 44, 45], koTopslit TpoaynupyeT-
csl, TNIAaBHBIM 00pa30M, MakpoQaraibHbIMU KIETKaMU
B CTa MM X aKTUBAIIUW, MOHOIIUTaMU, puOpodIacTa-
MH U HJIOTEeNUAIbHBIMU KJIeTKamu [21, 23, 24]. NJI-1
JKCIIpecCUpyeTcs TPOPoOIaCTOM Ha yHaCTKe UMITIaH-
TaIllUd M Y9aCTBYET B Mpe- U UMIUIAHTAIIHOHHOM pa3-
BUTHH dMOpHoHa [46, 47]. Ha HauampHBIX Tamax dM-
Opuorenesa oy BnusiHueM MJI-1oTmevaercs ycue-
HUE aJITe3UBHBIX CBOUCTB Tpodobdiacta [48].

Crnenyer OTMETHUTh, YTO OH U30UPATEIBHO aKTH-
BUPYET MPOIIECChl CHHTE3a U CEKPELuH OeJIKOBOTICTI-
THUAHBIX W CTEPOUJIHBIX TOPMOHOB, PHITU3UHT-(DAaKTO-
POB, KOHIIEHTPAIINS KOTOPBIX OKA3bIBAET CYIIECTBEH-
HOE€ BJIMSHHUE Ha TeUeHUE OEPEMEHHOCTH. YCHIUBAs
MIPOAYKILNIO XOPHOHUYECKOTO TOHAJ0TPOIMHA — OC-
HOBHOTO ropMoHa 6epemenHocty, MJI-1 yrueraer ce-
kpeuuto nponaktuHa. CesseiBanue MJI-1 ¢ ero pe-
LENTOPaMH B MaTEpPUHCKOM OpTaHH3Me CIOCOOCTBY-
€T UMIUIAHTAIlUU U Pa3BUTHIO U104, CTUMYIHPYET
nponudepanuio KJIETOK, 00pa3yoUX MialeHTap-
HBbII Oapbep.

I'myxosa T. H. [21], Beponotsemnsu 1. H. [29],
Xia H. [48] ormeuatort, uyto MJI-1 urpaer xiroueByio
POJb B CTAHOBIIEHUH TYMOPAJIEHOTO U KIIETOYHO-OIT0-
CPEIOBAaHHOTO MMMYHUTETA, SBISICTCS BAKHEHIINM
MOHOKHHOM, OCYIIECTBIISIOIIUM IPOLECCHl TeHepa-
uun 3G (HEKTOPHBIX U PEryISTOPHBIX KIETOK HMMYH-
HOW CHCTEMBI, OKa3biBasi BBIPAKEHHOE BIUSHHE Ha
mudhepeHIMPOBKY UMMYHOKOMITETEHTHBIX KJIETOK.
Wzmenenue yposast NJI-1 moxer OBITh pe3yabTaToM
B3aUMOJICHCTBUS UMMYHHOU U SHJOKPUHHON CUCTEM.

Uccnenosanusimu C. Dinarello [49] ycranoBie-
HO, YTO ToBbIIIeHHas cexpenns NJI-1 MmoxeT npuBo-
JIUTh K YBEJIIMYCHUIO KOHIIEHTpaIuii Gakropa HEKpo-
3a omyxonu anbdpa (PHO-a), maTepdepoHa- ramma
(UDH-y), NJI-2, NJI-12, 4T0 B CBOIO OYEPEH MOXKET
OCIIOKHSATh TeUeHUEe OEPEMEHHOCTH, a MOIAEPKaHHe
9TOTO IIUTOKUHA Ha HU3KOM YPOBHE SIBJISIETCSI OJTHAM H3
(hakTOpoB, CIOCOOCTBYIOIIUX €€ MPOJIOHTHPOBAHHIO.

Takke K OJJHOMY U3 OCHOBHBIX IATOKWHOB, Y4acT-
BYIOIIMX B PEryJIsiliid IMMYHHOTO OTBETa TpH Oepe-
MEHHOCTH, OTHOCUTCS MJI-2, KOTOpBIi CHHTE3UPYETCs
T-xenmepamu 1-ro Tuna u, sIBISISICH HHIYKTOPOM CEKpe-
LM UMMYHOITOTEHIUPYIOIIHUX JTUM(O- 1 MOHOKHUHOB,
y4acTByeT B (JOPMHUPOBAHUU KaK I'yMOPAJILHOTO, TaK
1 KJIIETOYHO-0TIOCPEIOBAHHOTO MMMYHHBIX OTBETOB [29].

B nepuon 6epeMeHHOCTH MECTOM CHHTE3a U ce-
kperun NJI-2 sBissercss cMHHIUTHOTPOPOOIACT, B KO-
TOPOM JKCIPECCUPYIOTCSI T€HBI, KOJUPYIOIINE €ro
AMUHOKHUCJIOTHYIO MTOCe10BaTenbHOCTh [21, 23]. Xo-

HuHa H. A. [24], I'nyxoBa T. H. [21] oTMeuaroT cro-
cobHocth NJI-2 Bo3nmelicTBOBaTh Ha TPO(MHUKY KIETOK
IJIAIICHTHl U aKTUBUPOBATH KIIETKU-CYIIPECCOPHIL.

R. Raghupathy [50] cuuraer, uTto npucyTCTBUE
MJI-2 reoOxoauMo TSt TPOIIECCOB TUTAIICHTAIINH, CO-
3peBaHusA U (PYHKITMOHHpPOBaHUS Tpododimacta. Uc-
ciemoBanausamMu C. Chan [51] BBIIBICHO, YTO MTOBBIIIE-
Hue nporykiuu MJI-2 MoxeT mpuBeCTH K YCHIICHUIO
BBIPA0OTKH JIPYTHX MPOBOCIATUTEIHHBIX IMTOKHHOB
Y OCJIOKHHUTB TEUCHUE OCPEMEHHOCTH.

MHuoro(yHKIIOHAIBHBIM UTOKHHOM C TIPOBOC-
MaJUTETbHBIMI UMMYHOPETYISATOPHBIMHA CBOWMCTBA-
MU siBiseTcs (haktop Hekposza omyxoiu-o (PHO-a).
OCHOBHBIMH €T0 IPOYLIEHTaMH BBICTYIIAIOT MOHOHY-
KJIeapHble (harouThl, TUM(OUTHBIC KJICTKH U TUIAIICH-
ta [21]. IIpu Bo3aeiicCTBNY HA UMMYHOKOMIICTCHTHBIC
kietkn @HO-0 HHAYIIHPYET SKCTIPECCHIO AaHTUTECHOB
TJIAaBHOTO KOMITIIEKCA THCTOCOBMECTHMOCTH, MOJIEKYIT
aAre3n, CTUMYIUPYET MPOAYKIIUIO WHTEPICHKHHOB
WJI-1, UJI-6, konoHHEeCTUMYIUPYIOUINX (PaKTOPOB
u mpocrortanauna F-2a [23, 24].

[To pesynbraram uccnenoBanus Ashton S. u co-
aBT. [52] runepcexpernust DHO-o TpUBOIUT K CyIIe-
CTBEHHOMY YBEJIMYCHHUIO YHCIIa alIONTHYECKUX KIIETOK
TpodobracTa, 4TO MOXKET CIYKUTh OHUM U3 (haKTO-
POB, CIIOCOOCTBYIOIIMX OCIOKHEHHIO OEPEMEHHOCTH.
I'. T. Cyxux [53] ycTanoBneno, uro ®HO-o akTUBHpY-
eT HaTypasbHbIe KIeTKu-Kuiuepsl (NK-kineTkn), cro-
COOHBIE JIM3UPOBATEH TPO(HOOIACT.

ITo mannabM Staszewski-Chavez S. u coaBrt. [54]
3HAYUTENIbHOE BHUMAHUE yAENseTcsl poiu (akropa
HEKpO3a OIyXOJIH-0 B PETYIIALNHN TPOLECCOB aloITO-
3a KJIETOK TJTIAI[eHTHI. YBEJIHMUEHHE ero KOHIIEHTPpaluu
WHAYIUPYET TOPMOXKEHUE TPOTU(epaIini 1 aronTo3
KJIIETOK DH/IOTEIHS, BEI3BIBAIOIINE HAPYIIIEHHE MUKPO-
LHUPKYISIUUU B TKAHU IUTALIEHTHI [55].

K nuroxnHaM, oKka3bpIBalOIIUM MPEUMYIIECTBEH-
HO JenpeccopHble d3QdeKThI, OTHOCATCS HHTEPhEpO-
Hbl | Tuna— N®H-o u UDH-f. Uctounrkom HDH-a
sBisttoTest NK-kimetku, T- u B- mumdorutsl, meHaput-
HBIC KJICTKH, MOHOITUTHI, Makpodaru u ap. [S6—59].

N®H-0 ycunuBaeT NpoayKIHIO XKEIATHIM TEJIOM
MPOrecTepOHa, BBICTyNAaeT MHAYKTOPOM KOPTH30Ja
Y XOPUOHAIBHOTO TOHAIOTPOTIMHA B TEpU0oA OepeMeH-
HOCTH M OTHOBPEMEHHO OJIOKHPYET IMPOIIECChl CHHTE-
3a mpoctornananaa F2o, 9To onpenenseT Gpu3noIorn-
YEeCKOe pa3BUTHE OEPEMEHHOCTH, TIPOIOHTUPYS TIPO-
1IeCChl UMIUTAHTAIUH Y TJIAlleHTalMK 3UroThl [21, 47].
OO6naniast BRIpaXKEHHBIM HMMYHOPETYJISITOPHBIM JCH-
CTBHEM OH IOBBIIIAET KJIETOYHYIO [INTOTOKCHYHOCTh
T-mamdonnros u NK-ki1eTok, ”HTHOUPYET posude-
pPaTHBHYIO aKTUBHOCTE JTUMQPOTIHTOB [58, 59].
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HNDH-B cunresupyercst pubpobdiacTamu 1 3ruTe-
JUANBHBIME KJIeTKaMu [56]. MexaHu3M ero necTBus
CBsI3aH C M3MEHEHUeM OajlaHca Ipo- U IPOTUBOBOC-
MAJINTENbHBIX (PAKTOPOB, B YACTHOCTHU C MOAABJICHU-
€M MIPOAYKLNH TPOBOCHAINUTENBHBIX INTOKUHOB, HH-
tepaeiikuna-17, UH®-y u noelieHHeM NPOAYyKIUU
npotuBoBocnamuTenpaoro NJI-10 [60—62].

BaxHyo posb Ha HauaJIbHOM 3Talle UMIIIAHTAlUU
1 SMOpHOHANBHOTO paszButus urpaer MOH-y, xoro-
PpBIii OJIOKHPYET pa3BuTHE OTBeTa 110 TUiry Th2, yrae-
taet cunte3 NJI-4 u nponudepaunto Th2 — xnerok
[29]. UOH-y mponyupyetcst aeruayanbHbiMu NK-
KJIETKaMH ¥ 00J1a/1aeT IMYHHOPET YIS TOPHBIMA, AHTH-
nponudepaTuBHBIMU U IPOAMNONTOTHYECKUMH CBOM-
cTtBamu [22, 33, 57, 63, 64].

MoutexynspHble MEXaHH3MBbI JIeHCTBUSI 00YCIIOB-
JICHBI €T0 CIIOCOOHOCTHIO MHTMOMPOBaTh Mponudepa-
o Tpododnacta U OJHOBPEMEHHO MOJABISTH MPO-
nykuto ' M-KCO, sBrisitoriierocs ero pocToBbIM (pak-
topoM. Kpome Toro, UDGH-y ctumynupyer NK-kinetku
u nurorokcuueckue T-mumbounTsl, GopMUpys THUM-
(hOKMHAKTUBUPOBAHHBIE KICTKU-KUILIEPHI, 00Iaa-
IOLIHe MMOTEHIIMAIbHON CIIOCOOHOCTBIO TIOBPEKAATD
TpodoOIacT U MOJABISATH €r0 TOPMOHANBHYIO (YyHK-
o [44].

[Ipu naTrooruyecKoM TeUYeHUU OepEeMEHHOCTH
BO3MOXKHa runepdyHkuus kiaetoxk Thl, mpoxyuupy-
IOLUX MPOBOCHAIUTENbHBIE IUTOKUHBI, B TOM YHC-
ne UDH-y, 4To MOXKET MPUBOJUTH K H30BITOYHO BBI-
PaXEHHBIM BOCIAJIMTEIBHBIM PEAKIMSIM B OpTaHU3-
Me, 0COOCHHO TIPU MEPCUCTEHIINA WH(EKITMOHHBIX
areHToB [29].

Huzkwit yposens UDH-y B TeueHne OepeMeHHO-
cTH obecriedrBaeT NPEUMYILECTBO CYPECCOPHOH aK-
TUBAIMN HaJ XEJIEPHOMN, UTO MPEMSITCTBYET OTTOPKeE-
HUIO 11oaa [65].

WJI-6, Hapsay ¢ ApyTMMH UTOKWHAMH TIIAICH-
Thl, cUHTE3Upyerca T- u B-mumdonuramu, Kierka-
MU 3HJ0TENnus, GruoOpodracTaMu, MOHOLIUTAMH U Ma-
Kkpodaramu, a Taxke Tpododnacrom [21, 24, 29, 66].
YcranosneHo, uto MJI-6, BeIpabaTeiBaeMblil KIeTKa-
MH TpohobIacTa aKTUBU3UPYET BEIPAOOTKY XOPHOTO-
HHYECKOTO TOHamoTponuHa [67, 68].

C oanoit croponsl, coBMecTtHO ¢ WNJI-1 u ®HO-a
OH peanu3yeT MepecTPOiKy dHIOKPUHHON CHUCTEMBI
MaTepH, a C Jpyrol — KOHTPOJIMPYET UMMYHHBIE pe-
aKIUU B (peToruialeHTapHou 30He [21].

Crout oTMeTHTH, uTO NJI-6, IBISISICH peryasTopoM
peakIuii ocTpoii pa3bl BOCTIAJICHHS U TEMOTI0332, BBI-
CTyMaeT B Ka4eCTBE MEAMATOPA 3AIIUTHBIX IPOLIECCOB
oT nH(eKIUK 1 MoBpeKAeH!s TKaHel. [Ipu nnpekm-
oHHOM Bo3neiictBun NJI-6 nHAyMpyeT B Ie4eHU CUH-

Te3 OeNKOB OCTpoii (pas3pl, UTO CIIOCOOCTBYET TOBHI-
HICHUIO YPOBHS NPOCTAMIAaHANHOB U ITPEKACBPEMEH-
HOMY Pa3BUTHUIO POJOBOM AesiTenbHOCTH [24, 29, 69].

Uccnenopanusmu Margni R., Zenclussen A. [70]
ycTaHoBieHo, yTo WNJI-6 MHrubupyeT npoayKIuio
WJI-1 u ®HO-0, oka3siBasi TEM CaMbIM ITPOTHBOBOC-
HNaJMTEeIbHOE JICHCTBHE.

Ymenbmenue npogykuuu NJI-6 y 6epemMeHHBIX
MOKET OBITh OJHUM M3 MaTOr€HETUYECKUX (PaKTOPOB
MIOJIaBJIEHUS] IMMYHOCYIIPECCOPHBIX PEaKIIUK U CPBI-
Ba UMMYHOJIOTMYECKOH TOJIEPaHTHOCTH MaTepH IO OT-
HOIIICHHIO K aHTHUTeHaM 1mtofa [21].

[ToBbiieHHbIH ypoBeHb NJI-6 siBsIeTCS MapKepoM
MIPOrHO3MPOBAHUS MPEXKIEBPEMEHHON POIOBON J1ed-
TETHHOCTH. BepomnoBemisiH u coaBT. [29] oTMeyaloT,
yro NJI-6, MO-BUIUMOMY, aKTUBHPYET HEUTPODHUIIb-
HBIE TPaHYJIOIUTHI, MaKpodaru K MECTHOH BBIpadOT-
K€ IIPOBOCHAINUTENBHBIX LIUTOKUHOB, ITPOCTOINIAHAN-
HOB, NO, KOTOpBIE CIIOCOOCTBYIOT POLIECCY CO3pPEBa-
HUS M PACKPBITHS LICWKN MaTKH, a TaK )K€ aHaJIOTHIHO
WJI-1 moBskImIaeT 3KCIPECCHIO PELIETITOPOB K OKCUTO-
[IUHY Ha KJIETKaxX dHIOMETPHSI.

IIpu du3monorndeckoM TEUCHUH OSPEMEHHOCTH
Ha BCEM €€ MIPOTSHKCHUH BaXXKHYIO POJIb UTPAET XEMO-
kun WJI-8, mpopyumpyemslii Makpodaramu, ¢pudpo-
OnmacTamu, HIOTEIHAIBHBIMA M 3MHTEINATIbHBIMH
KJIeTKaMu 3H10MeTpust. CHHTE3 ero yCUIMBAETCs MO
nericteueM NUJI-1 umu ®HO-y [31, 41, 71, 72], a B ce-
KPETOPHYIO (ha3y IUKIIA CHUYKAETCS 110]] BIMSHUEM IO~
BBILICHUS KOHLIEHTPALMK IPOreCTepoHa.

WJI-8 o0OecrnieunBacT aHTMOTEHE3 U 3aIUTY IJIa-
LEHTapHBIX 000JI0YeK, MPUHUMAET y4acTHE B Pery-
JSILUU CO3PEBAHMS LIEMKM MAaTKU U Hadajle poAOBOH
nesitensHocTH [31, 73] BRI3BIBAS MUTPAIHIO HEHTPO-
(WIBHBIX TPaHYJIOLUTOB U3 KPOBOTOKA M aKTHBUPYS
0CBOOOKAECHUE MMH KOJUIareHa3bl U 31acTassbl, ep-
MEHTOB, PacCIIEIUISIIOIINX BHEKJICTOUHBIH MaTPHKC,
BbIpa0aThIBaeMblil IIEpBUKAJIBHBIME (UOpobIacTa-
Mmu [74].

CymecTBeHHOE 3HAUEHUE B PEHPONYKTHUBHOMI
(hyHKIUH, B T. 4. B QOITHKYJIOT€HE3E, OBYIISINH, (PyHK-
LM SHAOMETPHUS U IUIALCHTHl UMEET IPaHyI0LUTap-
HO-MakpodarajibHbINA KOJTOHUECTUMYIIUPY IO (hak-
top (I'M-KC®) [20, 75]. OH npomyIupyeTcst SHI0Te-
JMaTbHBIMU KIIeTKaMu, GprOpobiactom, Makpodaramu
1 IMMGOLUTAMH, a TAKXKE UTEINAIBHBIMU KIIETKa-
MU PEHpPOAYKTUBHOTO TPAKTa IO IEHCTBUEM CTEPO-
UIHBIX TOPMOHOB [20].

[Momumo perynsiunu nudpepeHInpoBKY U QyHK-
i UMMYHHBIX KJ1eTOK, [ M-KC® obecrnieunBaet npu-
BJIEYCHHE JICWKOIIMTOB B dHAOMETpHi [76]. Cexpern-
pyembiii B mosiocth MaTku [ M-KC® cniocobcTByeT
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aJIre31H IOUMTIUIAHTAIIMOHHOHN OJIACTOLUTHI, TOCIEY-
foImeMy pocTy TpodobaacTa v €ro HHBa3UH Ty TEM T10-
BBIIIIEHUS YKCTIPECCHH aJIT€3MOHHBIX MOJIEKYIT, yCHJIe-
HUS IPOLYKIUH MPOTEA3 U APYTUX HUTOKUHOB [ 77, 20].

B skcnepuMenTax Ha MblIax OBIJIO yCTaHOBJIE-
HO, uT0 [M-KC® ycunupaetr MeTaboIM3M TIIFOKO3BI,
nponrdepannio KIEeTOK OJIACTOIUCTHI M TOBBIIIACT
AKHU3HECIIOCOOHOCTh JOUMIUIAHTALMOHHOIO 3MOpHO-
Ha [78]. Kpome Toro, pu 6epemennoctu, [ M-KCD
WUTPaeT CYIIECTBEHHYIO POJIb B ()OPMHUPOBAHUH HM-
MYHOTOJIEPAHTHOCTH K IJIOAY Yepe3 MOAYJSALUIO aK-
TUBHOCTH aHTHUTCHIPE3CHTHPYIOMINUX JCHAPUTHBIX
KJIETOK U Makpo(aroB, KOTOPbIE OMPEAEISAIOT BhIpa-
’)KEHHOCTh T-KJIETOYHOTO UMMYHHOTO OTBeTa. B mpu-
cyrctBur [M-KC® u 1JI-4 MOHOLUTBI, MUTPUPYIO-
LIME B CIIM3UCTYIO MAaTKH, TUPPEePeHIUPYIOTCS B TO-
JIEpOTE€HHbIE ACHIPUTHBIE KIETKH [79].

Cumwxenue npoaykmun [ M-KC® moxkeT oka3bi-
BaTh BIHSHIE HA (DYHKIINIO ICHPUTHBIX KIIETOK, C/IBU-
rast ux ()EHOTHUII OT TOJIEPOTEHHOTO K aKTUBUPYIOIIEMY
Thl-xireTkn v HapyIIas IMMYHOTOJIEPATHOCTH K IIJI0-
Zly Ha paHHUX CPOKax OepeMEHHOCTH, 4TO HaOIo1aeT-
csl IpH OECIUIONNH, CAMOTIPOM3BOJIbHBIX abopTax [80].

Bo Bpewmst pusnosioruueckoit 0epeMEeHHOCTH BaK-
HYIO POJIb WUTPAIOT NMPOTHBOBOCHAINTEIbHBIC IIUTO-
kuHbl Th-2 toma (MJI1-4, NJI-10, TOP- u ap.). Ovn
CIOCOOCTBYIOT IUTAIICHTAPHOMY 00pa30BaHHIO, MOJIC-
JUPYIOT MHBA3UIO U JuQQepeHunpoBKy Tpodoodia-
CTa, MHAYLUUPYIOT IJIAlCHTApHYIO MPOIH(epannto
W aHTHOTEHE3, a TaK)Ke HHTUOUPYIOT MPOCTOTIIAHIUH
Y TPOIYKITUIO MOHOIIUTAMH ITPOBOCTIATUTENFHBIX ITH-
TOKUHOB [44].

WnTepneiikun-4 — perynstop pocrta, muddepen-
LUPOBKH B-TuMQOIUTOB 1 mpolecca CHHTe3a aHTHU-
Tel, 00HapY)KUBAeTCs Ha IPaHMIIE MaTh-TIJIO/ Ha BCEX
stamax OepemenHoctu [20, 22, 81]. [Ipoayuupyer-
cs1 NJI-4 akruBupoBanabiMu CD4+ T-mumdonmramu
(Th2), TyuHBIMU KIIETKaMH, 303WHO(HUIAMH, KIETKa-
MU IIALEHTHI, MAaTEPUHCKON e IyanbHOl 000104-
KO, HUTOTPOGOOIACTOM, SHIOTEIUATBHBIMHA KIIET-
KaMy Marepu 1 mioaa. [IporectepoH, moBkImas CHH-
te3 NJI-4, raxoke narnbupyer peakuuu Thl B Teuenne
O6epeMenHoCTH. B miporiecce ¢hn3uonorndeckoi oepe-
MeHHocTH ypoBeHb NJI-4 yBenmunBaeTcs, 4To odec-
Me4rBaeT HOpMaabHOE pa3BUTHE TuIona [22, 44, 81].

Sensisick antaronrcToM aAuddepertmposku CDA+
Thl tuna u npoxykiuu Thl nurokunos, NJI-4 cno-
COOCTBYET MOJIIPU3AIIH AaHTUT€H-CTUMYIHPOBAHHBIX
HauBHBIX Th-kinerok B Th2-kneTku-3¢heKTopsl, mo-
JABIISIET aKTUBHOCTh MaKpo(aroB v CHHTE3 IPOBOCIIA-
JuTenbHBIX IuToKHHOB NJI-1, DHO-a, NJI-6, TO ecTh
oOyaaeT MpOTUBOBOCHAIUTENBHBIM A dexrom [20].

OpHUM 13 MEXaHU3MOB TIOJIOKUTEITHHOTO BITASHUS
NJI-4 Ha pazBuTre OepeMEHHOCTH SBJISIETCS 00ecte-
yenue Hapsaay ¢ [ M-KC® murpaunn MOHOLMTOB U3
nepugepruuecKkoil KpOBH B SHIIOMETPHUi 1 X audde-
PEHIIMPOBKY B TOJIEPOTE€HHBIE JEHIPUTHBIE KIETKH,
UTPAIONIE BAXKHYIO POJIb B Peau3aIliiil Perpoayk-
TUBHOW (pyHKIHH [79]

Piccinni M. P. [81]; Persson M. [82]; GuiJ. [83]
B HCCIIC0BAHMSIX HA TA0OPaTOPHBIX JKUBOTHBIX yCTAHO-
BWJIM, YTO YMeHblIeHne npoaykunu NJI-4 moxer mpu-
BECTH K CIIOHTaHHBIM 1 HHIYLUPOBAHHBIM abopTaMm.

KirroueBbIM IUTOKMHOM paHHEH OepeMEHHOCTH,
YYaCTBYIOIUM B ()OPMHUPOBAHNY TIIAIICHTHI, TUTAICH-
TapHOM aHTHOTEHE3E, PEryJIALIH TPOPoOIaCTHIECKOM
WHBa3uH siBisieTcst untepierikun NJI-10, koTopsiii mpo-
TYLUPYeTCsl KIIETKaMu TpogodiacTa Ha BCeX CTAANIX
oepemennoctu [31, 41]. Hapsny ¢ atum WUJI-10 BEI-
pabarsiBaetcs cyonomynsiusimu T-xirerok (Thl, Th2
u Th17), moHOIIMTaMH, Makpodaramu, JCHIPUTHBI-
MHU KJIETKaMH, B-kieTkamu, rpaHyJIONUTaMH, 303H-
HO(MIIaAMU U TYYHBIMHU KIJIETKaMH, SMTUTECIHNATbHBIMH
KJIeTkaMu 1 MatodHbiMu NK-kinetkamu. [39, 84, 85].

OKCIMEepUMEHTAIbHBIMH HCCIEIOBAHUIMHU
White C. A. [86] ycranosneHo, uto WJI-10 skcrmpec-
CUpYyeTCs B MaTKe, IMYHUKAX U SUIEBOAAX B TCUCHUE
ACTPaJILHOTO IMKJIA, BO BpeMsi OepeMEHHOCTH €To Ipo-
TYLUPYIOT IeHUAyalIbHBIE KIIETKH, a 0 CepeInHBI Oe-
peMeHHOCTH — raneHTa. [lnanenrta-cnenuduye-
CKHUH TJIMKONPOTEHH 18, cHHTEe3upyeMbIi TUTaHTCKU-
MU KJIeTKaMu Tpodobnacta, ycunubaeT cuates UJI-10
B PE3UJCHTHBIX MaKpodarax.

Kak ormeuaer H. B. Konecuukosa [30] u3meHne-
HHE COZIepKaHMs CTEPOUIHBIX TOPMOHOB HE OKa3bIBAET
BIUSHUA Ha kKonmmdecTBo MJI-10, cekperupyemoro Ha
YpOBHE MaTOYHO-TUIAIIEHTAPHOTO Oaphepa, MpH 3TOM
MOBBIIIEHNE KOHIIEHTPAIMU TPOBOCHATUTEIHLHOTO
WJI-1p uHaynupyeT ero cyuiecTBEHHOE YBEINYCHHE.

3amutHoe nedicteue WJI-10 Ha deToruaneHTap-
HYIO €IMHHUITy OOYCJIOBJIEHO IOJIaBICHNEM BOCHAIN-
TETBHOM peaKITuy 3a CYeT MHTHOMPOBAHMUS ITpordepa-
ouu Th1 mumdoruToB [34], cuHTE3a B CEKPEITUH TTPO-
BOCIATUTENBHBIX ITUTOKHHOB (UJI-1, NJI-6, DHO-q,
UDH-y u ap.) makpodaramu, xeMokrHoB [31, 41, 87]
Y IPOCTONIaHInHOB [3, 31].

WJI-10 cioco6etyet nuddepeniuaruun Th-0 kie-
ToK B Th-2/Th-3 ¢enorumnsr u ycmimBaer ux (QyHK-
IIMOHAJIFHYIO0 aKTUBHOCTh. Ha Kietkax Tpodobmacrta
WNJI-10 nossrmaet sxcnpeccuto HLA-G mMonekyin, He-
00XOAMMBIX JAJISl YCHCIHOW MMIUIAaHTaluu 3MOpHO-
Ha ¥ nojiepkanuu aktuBHocTd Th-2 kierok [3, 88].
B Toxe Bpems, B uccienoBanmsax ApreMmbeBoit [20]
otmedeHo, uto MJI-10 oTHOCUTCA K TUIEHOTPOITHOMY
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THUITY ITUTOKWHOB, TIOCKOJIbKY 00J1aJJaeT Kak CTUMYJIH-
pyrouiei, Tak MIMMYHOCYIIPECCOPHOM aKTUBHOCTBIO.

Camwxenue yposus NJI-4 u MJI-10 cmocobcTByeT
MEPCUCTUPYIOLIEMY BOCIAJICHUIO U B 3aBUCUMOCTH OT
HX KOHLIEHTPAIUH, CPOKa OEPEMEHHOCTH, CHCTEMHBIX
1 JIOKaJIbHBIX () (HEKTOB, MOKET MPUBECTHU K CIIEKTPY
ocnoxHeHui [41].

BaxxHy10 poJib B pa3BUTHHM ILIALIEHTHI U IJIOJA UT-
paet Tpanchopmupytomuii paxrop pocra-f (TOP-p),
JIOKAJIM3YIOIUICS B IUTALICHTE, IC[UIyalbHON TKaHU,
1010BbIX 0000uKax [29]. Ucrounnkom TDP-f sBst-
FOTCS TOMYJIAIUY AenuayanbHbix NK-kieTok ¢ peHo-
tunioM CD56 + CD3 u xnetkn Th3, MOHOIIUTEI ¥ Ma-
Kpodary, CHKEHUE €r0 YPOBHsI MOXKET BbI3bIBATH IIpe-
priBaHnEe OepeMeHHOCTH. [21]

T®P-P oka3blBaeT BEIpaXXKEHHOE WHTUOMpYIOLIee
nerctBue Ha mpoueccsl cunte3a JJHK knerkamu Tpo-
(obacra u perympyeT mpouecchl ero HBa3uu, Io-
nasisiet cuare3 UJI-1, NJI-6, UJI-8, ®DHO-PB, camka-
€T IPOAYKLHIO IPOCTAIVIAHANHOB B aMHHOHE U ACLH-
IyaJIbHBIX KJIETKaX, KOHTPOJIUPYET KJIETOUHBIH POCT,
aaresuro u audpdepeHurpoBky T- u B-mumdonnTtos
Marepu W IJI0Ja, a TaKKe aKTUBHOCTh MaKpo(daros.
[21, 89].

B pabore ['myxoBoii [21] oTMeuaeTCs BEIpaKeHHAS
CIOCOOHOCTh IUTOKUHA PEryIMPOBaTh IPOLIECCHI pe-
napanyy, OH MOTCHIUPYET POCTCTUMYIIUPYIOLIUE 3¢-
(beKThI y OOJIBIIMHCTBA ME3EHXUMAIbHBIX KIIETOK 1 O/l
HOBPEMEHHO OJIOKHPYET POCT AMUTEIHATBHBIX KIETOK.
VYcranosieno, uro TOP-f yraeraer nponudeparus-
HBbIE IIPOLIECCHI B KJIETKAX IUIALEHTHI U JINMGOLUTAX,
YTO OrpakJacT OpraHu3M OEepeMEHHOH OT 3J0Kaue-
CTBeHHOH mHBa3uu Tpodoodmacra. Ha makpodarais-
Hble U TuMpongabie KieTku TOP-f okasbiBaeT BbIpa-
KEHHOE JIETIPECCUBHOE JEWCTBUE, HEMOCPEICTBEHHO
CBSI3BIBASICH CO CHEIM(PHUECKUMHU PELENTOPAMH, IKC-
[IPECCUPOBAHHBIMY HA UX IOBEPXHOCTH.

AHayn3 TaHHBIX JIUTEPATyPhl O TUTOKUHOBOM 0a-
JIaHCE MO3BOJISIET 3aKJIFOUHTB, UTO MTPO- U IPOTHBOBOC-
MaJUTEIbHbIE [IUTOKUHBI BBHIMOJIHSAIOT BAXKHYIO POJIb
B TIOAATOTOBKE 3HIOMETPHSI K UMILJIAaHTALIUK dMOpHO-
Ha ¥ B TaJIbHEHIIIEM COXpaHeHnH OepeMeHHoCTH. Du-
3M0JIOrHYeCKasi OEPEMEHHOCTh aCCOLMUPOBAHA € J0-
MHUHHPOBaHUEM POTUBOBOCIIATUTEILHBIX LINTOKUHOB,
BbIpabareiBaeMbIx T-knetkamu Th2/Th3, a akrusa-
LM IPOBOCIHAIUTEIBHBIX MEINATOPOB, CHHTE3UpYe-
MbIX Thl-KkIeTkamMu, TIPUBOAUT K CPBIBY TOJEPAHTHO-
cTy U ee npeprBarmio [21, 29, 90]. Ognako ucce-
JOBaHUSAMU PsiZia ABTOPOB OTMEUEHO, YTO BBISBICHHUE
B KPOBHU MOBBILICHHOTO conepxanusi Thl nuroknHoB
HE BCeT/ia KOppelnupyeT ¢ HeOIaronpusTHHIM TeUCHHU-
€M U MCXOJI0M OepeMEHHOCTH M, Ha00OpOT, MpH Ma-

TOJIOTHH MOYKET OTMEYaThCsl BEICOKHH ypoBeHb Th2/
Th3 nurokunos [2, 18, 91]. Beicka3piBatoTcs COMHe-
HUSI B HEOOXOIUMOCTH YETKOTO JieeHus T-xenmnepoB
Ha IOATHIIBI, MOCKOJIBbKY T-KJIETKU IEMOHCTPHUPY-
IOT IIMPOKOE PAa3HOOOPA3Me IIUTOKUHOBBIX MPOdH-
nei» [2, 92, 93]. Pemaroriee 3HaueHNE IPU STOM HMe-
€T He OTKJIOHEHHE TT0Ka3aTelieil OT HOPMBI, a Tucoha-
JIAHC B CTPYKTYpE B3aUMOJICHCTBHUS HHTEPICHKUHOB.
OreHka TPOIYKIMK IUTOKMHOB MPH OSPEeMEHHOCTH
IMMO3BOJIACT YTOYHUTDH (1)I/I3I/IOJIOI‘I/I‘-ICCKI/IC MCXaHHU3MBbI,
OIpEIEIIIONME 3aIUTY IJI0A, BBIIBUTH MApKEPHI Ha-
pyIIEHUH IUTOKMHOBOTO OaJlaHca TPH TTAaTOJIOTHH Oe-
pemenHoctH [30].
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Abstract. The article presents an overview of scientific data on the role of pro- and anti-inflammatory cytokines,
chemokines and costimulatory factors in case of physiological pregnancy. Considerable attention is paid to the
participation of cytokines in the regulation of the relationship between mother and fetus. The mechanisms of the
inflammatory response at an early stage of pregnancy, which is necessary to ensure implantation and development
of the embryo, are considered. In case of a normal course of pregnancy, the cytokine balance shifts towards im-
munosuppressive Th2-cytokines, which inhibit cellular immunity reactions and stimulate progesterone, chorion-
ic gonadotropin and the production of blocking antibodies.
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Physiological pregnancy is characterized by a state
of local immunosuppression and adaptive changes
aimed at creating optimal conditions for the growth
and development of the fetus [1—10]. Structural and
functional restructuring in the immune system of the
mother’s body is associated with natural (physiolog-
ical) immunodeficiency, which prevents the rejection
of a half-foreign fetus [11—13].

Immunosuppression, which is one of the mecha-
nisms for inducing tolerance to fetal alloantigens, is
due to a decrease in the activity of macrophages, neu-
trophils, natural killers, activation of T-suppressors, as
well as a change in the balance of cytokines involved
in the regulation of the ratio of immunomodulato-
ry and immunosuppressive effects in the endometri-
um, trophoblast, and subsequently in the placenta [11,
14—19], and providing a physiological level of coex-
istence of genetically alien organisms of the mother
and fetus [20—28].

Cytokines produced by the cells of the lymphomy-
eloid complex act as autocrine and paracrine regula-
tors (mediators) of the hypothalamic-pituitary system
and are involved in the processes of fertilization, im-
plantation and placentation [24, 25; 29—31].

According to the theory of immunotrophism, the
success of pregnancy prolongation depends on the
balance of pro-inflammatory Thl (IL-1, IL-2, IL-6,
IL-12, TNF-a, IFN-a, IFN-B, IFN-y, chemokines —
IL-8, monocytic chemotoxic factor, etc.) and anti-in-

flammatory Th-2/Th3 cytokines (IL-4, IL-10, TGF-B,
etc.) [2, 22, 32, 33] that are mediators of intercellular
communications and form a multicomponent system
of molecular and cellular regulation of the processes
of development and functioning of the fetoplacental
complex [6, 34, 35].

It has now been established that during a physio-
logical course of pregnancy, the cytokine balance shifts
towards immunosuppressive Th-2 cytokines, which in-
hibit cellular immunity reactions, stimulate the synthe-
sis of progesterone and chorionic gonadotropin and the
production of blocking antibodies [2, 36—40].

According to some authors, the initial period of
pregnancy is manifested by a temporary inflammatory
reaction with an increase in the expression of pro-in-
flammatory cytokines necessary for implantation and
placentation, while neovascularization and blood sup-
ply processes in the endometrium are activated, blood
vessels are formed to ensure adequate blood supply to
the placenta and fetus [29, 41—43].

As it 1s known, the central mediator of local and
systemic inflammatory reactions is IL-1 [29, 44, 45],
which is produced mainly by macrophage cells at the
stage of their activation, monocytes, fibroblasts and
endothelial cells [21, 23, 24]. IL-1 is expressed by the
trophoblast at the site of implantation and is involved
in the pre- and implantation development of the em-
bryo [46, 47]. At the initial stages of embryogenesis,
under the effect of [L-1, an increase in the trophoblast
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adhesive properties is noted [48]. It should be noted
that it selectively activates the processes of synthe-
sis and secretion of protein-peptide and steroid hor-
mones, releasing factors, the concentration of which
has a significant effect on the pregnancy course. By
enhancing the production of chorionic gonadotropin,
the main hormone of pregnancy IL-1 inhibits the se-
cretion of prolactin. Binding of IL-1 to its receptors
in the mother’s body promotes implantation and de-
velopment of the fetus, stimulates the proliferation of
cells that form the placental barrier.

Glukhova T. N. [21], Veropotvelyan P. N. [29],
Xia H. [48] note that IL-1 plays a key role in the for-
mation of humoral and cell-mediated immunity, is the
most important monokine that carries out the process-
es of generation of effector and regulatory cells of the
immune system, having a pronounced effect on the dif-
ferentiation of immunocompetent cells. The change in
the level of IL-1 may be the result of the interaction of
the immune and endocrine systems.

The studies by C. Dinarello [49] have found that in-
creased secretion of IL-1 can lead to an increase in the
concentrations of tumor necrosis factor alpha (TNF-a),
interferon-gamma (IFN-y), IL-2, IL-12, which in turn
can complicate the pregnancy course, and maintaining
this cytokine at a low level is one of the factors con-
tributing to its prolongation.

One of the main cytokines involved in the regula-
tion of the immune response during pregnancy is IL-2,
which is synthesized by type 1 T-helpers and, being an
inducer of the secretion of immunopotentiating lympho-
and monokines, is involved in the formation of both hu-
moral and cellular mediated immune responses [29].

During pregnancy, the site of synthesis and secre-
tion of IL-2 is the syncytiotrophoblast, in which the
genes encoding its amino acid sequence are expressed
[21,23]. Khonina N. A. [24], Glukhova T. N. [21] note
the ability of IL-2 to affect the trophism of placental
cells and activate suppressor cells.

R. Raghupathy [50] believes that the presence of
IL-2 is necessary for the processes of placentation, mat-
uration and functioning of the trophoblast. The studies
by C. Chan [51] have revealed that an increase in the
production of IL-2 can lead to an increase in the pro-
duction of other pro-inflammatory cytokines and com-
plicate the pregnancy course.

A multifunctional cytokine with pro-inflammato-
ry immunoregulatory properties is tumor necrosis fac-
tor-o. (TNF-a). Its main producers are mononuclear
phagocytes, lymphoid cells and placenta [21]. When
exposed to immunocompetent cells, TNF-a induces
the expression of major histocompatibility complex

154

antigens, adhesion molecules, stimulates the produc-
tion of interleukins IL-1, IL-6, colony-stimulating fac-
tors and prostaglandin F-2a [23, 24].

According to the results of a study by Ashton S.
etal. [52], TNF-a hypersecretion leads to a significant
increase in the number of apoptotic trophoblast cells,
which may be one of the factors contributing to preg-
nancy complications. G. T. Sukhikh [53] has found that
TNF-a activates natural killer cells (NK cells) capable
of lysing the trophoblast.

According to Staszewski-Chavez S. et al. [54] con-
siderable attention is paid to the role of tumor necro-
sis factor-a in the regulation of placental cell apopto-
sis. An increase in its concentration induces inhibi-
tion of proliferation and apoptosis of endothelial cells,
causing a violation of microcirculation in the placen-
tal tissue [55].

Type 1 interferons, IFN-o and IFN-f, belong to
cytokines that have predominantly depressant effects.
The source of IFN-a is NK cells, T- and B-lympho-
cytes, dendritic cells, monocytes, macrophages, etc.
[56—59].

IFN-a enhances the production of progesterone by
corpus luteum, acts as an inducer of cortisol and chori-
onic gonadotropin during pregnancy and simultaneous-
ly blocks the synthesis of prostaglandin F2a, which de-
termines the physiological development of pregnancy,
prolonging the processes of implantation and placen-
tation of the zygote [21, 47]. Possessing a pronounced
immunoregulatory effect, it increases the cellular cy-
totoxicity of T-lymphocytes and NK cells and inhib-
its the proliferative activity of lymphocytes [58, 59].

IFN-B is synthesized by fibroblasts and epithelial
cells [56]. The mechanism of its action is associated
with a change in the balance of pro- and anti-inflam-
matory factors, in particular, suppression of the pro-
duction of pro-inflammatory cytokines, interleukin-17,
IFN-y and an increase in the production of anti-inflam-
matory IL-10 [60—62].

An important role at the initial stage of implanta-
tion and embryonic development is played by IFN-y,
which blocks the development of a Th2-type response,
inhibits the synthesis of IL-4 and the proliferation of
Th2 cells [29]. IFN-y is produced by decidual NK
cells and has immunoregulatory, antiproliferative and
proapoptotic properties [22, 33, 57, 63, 64].

The molecular mechanisms of action are due to
its ability to inhibit trophoblast proliferation and si-
multaneously suppress the production of GM—CSF,
which is its growth factor. In addition, IFN-y stimu-
lates NK cells and cytotoxic T-lymphocytes, forming
lymphokine-activated killer cells with the potential
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to damage the trophoblast and suppress its hormon-
al function [44].

In the pathological course of pregnancy, hyper-
function of Th1 cells producing pro-inflammatory cy-
tokines, including IFN-y, is possible, which can lead to
excessively pronounced inflammatory reactions in the
body, especially when infectious agents persist [29].

A low level of IFN-y during pregnancy provides
the advantage of suppressor activation over helper ac-
tivation that prevents fetal rejection [65].

IL-6 along with other placental cytokines is syn-
thesized by T and B lymphocytes, endothelial cells, fi-
broblasts, monocytes and macrophages, as well as tro-
phoblasts [21, 24, 29, 66]. It has been established that
IL-6 produced by trophoblast cells activates the pro-
duction of choriogonic gonadotropin [67, 68].

On the one hand, together with IL-1 and TNF-a,
it implements the rearrangement of the maternal en-
docrine system, and on the other hand, it controls im-
mune responses in the fetoplacental zone [21].

It should be noted that IL-6, being a regulator of the
reactions of the acute phase of inflammation and he-
matopoiesis, acts as a mediator of protective process-
es against infection and tissue damage. Under infec-
tious effect, IL-6 induces the synthesis of acute phase
proteins in the liver, which contributes to an increase
in the level of prostaglandins and premature develop-
ment of labor [24, 29, 69].

The studies by Margni R., Zenclussen A. [70] have
found that IL-6 inhibits the production of IL-1 and
TNF-a, thereby providing an anti-inflammatory effect.

A decrease in the production of IL-6 in pregnant
women may be one of the pathogenetic factors for the
suppression of immunosuppressive reactions and the
disruption of the mother’s immunological tolerance to
fetal antigens [21].

An elevated level of IL-6 is a marker for predicting
preterm labor. Veropotvelyan et al. [29] note that IL-6,
apparently, activates neutrophil granulocytes, macro-
phages to the local production of pro-inflammatory cy-
tokines, prostaglandins, NO, which contribute to the
process of maturation and opening of the cervix, and
similarly IL-1 increases the expression of oxytocin re-
ceptors on endometrial cells.

During a physiological course of pregnancy, the
IL-8 chemokine produced by macrophages, fibroblasts,
endothelial and epithelial cells of the endometrium
plays an important role throughout its entire duration.
Its synthesis is enhanced under the effect of IL-1 or
TNF-y [31, 41, 71, 72], and in the secretory phase of
the cycle it decreases under the effect of an increase
in the concentration of progesterone.
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IL-8 provides angiogenesis and protection of the
placental membranes, takes part in the regulation of
the maturation of the cervix and the onset of labor [31,
73] causing the migration of neutrophilic granulocytes
from the bloodstream and activating the release of col-
lagenase and elastase, enzymes that break down the ex-
tracellular matrix produced by cervical fibroblasts [74].

Granulocyte-macrophage colony-stimulating fac-
tor (GM—CSF) has a significant importance in repro-
ductive function, including in folliculogenesis, ovu-
lation, endometrial and placental functions [20, 75].
It is produced by endothelial cells, fibroblasts, mac-
rophages and lymphocytes, as well as by epithelial
cells of the reproductive tract under the effect of ste-
roid hormones [20].

In addition to regulating the differentiation and
functions of immune cells, GM—CSF attracts leuko-
cytes to the endometrium [76]. GM—CSF secreted into
the uterine cavity promotes adhesion of preimplanta-
tion blastocytes, subsequent growth of the trophoblast
and its invasion by increasing the expression of adhe-
sion molecules, enhancing the production of proteas-
es and other cytokines [77, 20].

In the experiments on mice, it has been found that
GM—CSF enhances glucose metabolism, prolifera-
tion of blastocyst cells and increases the viability of
the pre-implantation embryo [78]. In addition, during
pregnancy, GM—CSF plays a significant role in the
formation of immunotolerance to the fetus through the
modulation of the activity of antigen-presenting den-
dritic cells and macrophages, which determine the se-
verity of the T cell immune response. In the presence
of GM—CSF and IL-4, monocytes migrating into the
uterine mucosa differentiate into tolerogenic dendrit-
ic cells [79].

A decrease in GM—CSF production can affect the
function of dendritic cells, shifting their phenotype
from tolerogenic to activating Th1 cells and disrupt-
ing immunotolerance to the fetus at the early stages of
pregnancy, which is observed in infertility and spon-
taneous abortions [80].

During physiological pregnancy, anti-inflamma-
tory cytokines of the Th-2 type (IL-4, IL-10, TGF-B,
etc.) play an important role. They promote placental
formation, model trophoblast invasion and differenti-
ation, induce placental proliferation and angiogenesis,
and inhibit prostaglandin and monocyte production of
pro-inflammatory cytokines [44].

Interleukin-4 is a regulator of growth, differenti-
ation of B-lymphocytes and the process of antibody
synthesis, and is found at the mother-fetus border at
all stages of pregnancy [20, 22, 81]. IL-4 is produced
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by activated CD4+ T-lymphocytes (Th2), mast cells,
eosinophils, placental cells, maternal decidua, cytotro-
phoblast, maternal and fetal endothelial cells. Proges-
terone also inhibits Th1 responses during pregnancy by
increasing IL-4 synthesis. During physiological preg-
nancy, the level of IL-4 increases, which ensures the
normal development of the fetus [22, 44, 81].

Being an antagonist of the differentiation of CD4+
Thl type and production of Thl cytokines, IL-4 pro-
motes the polarization of antigen-stimulated naive Th
cells into Th2 effector cells, inhibits the activity of
macrophages and the synthesis of pro-inflammatory
cytokines IL-1, TNF-a, IL-6, then has an anti-inflam-
matory effect [20].

One of the mechanisms of the positive effect of
IL-4 on the development of pregnancy is to ensure,
along with GM—CSF, the migration of monocytes
from the peripheral blood to the endometrium and their
differentiation into tolerogenic dendritic cells, which
play an important role in the implementation of the re-
productive function [79].

Piccinni M. P. [81], Persson M. [82], GuiJ. [83]
in the studies on laboratory animals have found that a
decrease in the production of IL-4 can lead to sponta-
neous and induced abortions.

The key cytokine of early pregnancy involved in
the formation of the placenta, placental angiogenesis
and regulation of trophoblastic invasion is interleukin
IL-10, which is produced by trophoblast cells at all
stages of pregnancy [31, 41]. Along with this, IL-10
is produced by subpopulations of T cells (Thl, Th2
and Th17), monocytes, macrophages, dendritic cells,
B cells, granulocytes, eosinophils and mast cells, epi-
thelial cells and uterine NK cells. [39, 84, 85].

Experimental studies of White C. A. [86] have
found that IL-10 is expressed in the uterus, ovaries
and oviducts during the estrous cycle, during preg-
nancy it is produced by decidual cells and until the
middle of pregnancy — by the placenta. Placenta-spe-
cific glycoprotein 18, synthesized by trophoblast gi-
ant cells, enhances the synthesis of IL-10 in resident
macrophages.

As N. V. Kolesnikova [30] notes, a change in the
content of steroid hormones does not affect the amount
of IL-10 secreted at the level of the uteroplacental bar-
rier, while an increase in the concentration of pro-in-
flammatory IL-1p induces its significant increase.

The protective effect of IL-10 on the fetoplacen-
tal unit is due to the suppression of the inflammatory
response by inhibiting the proliferation of Thl lym-
phocytes [34], the synthesis and secretion of pro-in-
flammatory cytokines (IL-1, IL-6, TNF-a, IFN-y, etc.)
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by macrophages, chemokines [31, 41, 87] and prosta-
glandins [3, 31].

IL-10 promotes differentiation of Th-0 cells into
Th-2/Th-3 phenotypes and enhances their functional
activity. On trophoblast cells, IL-10 increases the ex-
pression of HLA-G molecules required for successful
embryo implantation and maintenance of Th-2 cell ac-
tivity [3, 88]. At the same time, the studies by Artem-
yeva [20] have noted that IL-10 belongs to the pleio-
tropic type of cytokines, since it has both stimulating
and immunosuppressive activity.

A decrease in the level of IL-4 and IL-10 contrib-
utes to persistent inflammation and, depending on their
concentration, gestational age, systemic and local ef-
fects, can lead to a range of complications [41].

An important role in the development of the pla-
centa and fetus is played by transforming growth fac-
tor-p (TGF-B), which is localized in the placenta, de-
cidual tissue and fetal membranes [29]. The source of
TGF-B is the population of decidual NK cells with the
CD56 + CD3 phenotype and Th3 cells, monocytes and
macrophages. A decrease in its level can cause abor-
tion. [21]

TGF-B has a pronounced inhibitory effect on the
processes of DNA synthesis by trophoblast cells and
regulates the processes of its invasion, inhibits the syn-
thesis of IL-1, IL-6, IL-8, TNF-f3, reduces the produc-
tion of prostaglandins in the amnion and decidual cells,
controls cell growth, adhesion and differentiation of T
and B lymphocytes of the mother and fetus, as well as
the activity of macrophages. [21, 89].

Glukhova [21] has noted a pronounced ability of
the cytokine to regulate repair processes; it potenti-
ates growth-stimulating effects in most mesenchymal
cells and simultaneously blocks the growth of epithe-
lial cells. It has been established that TGF-f inhibits
proliferative processes in placental cells and lympho-
cytes, which protects the body of a pregnant wom-
an from malignant trophoblast invasion. TGF-f has a
pronounced depressive effect on macrophage and lym-
phoid cells, directly binding to specific receptors ex-
pressed on their surface.

An analysis of literature data on cytokine balance
suggests that pro- and anti-inflammatory cytokines play
an important role in the preparation of the endometri-
um for embryo implantation and then in the mainte-
nance of pregnancy. Physiological pregnancy is asso-
ciated with the dominance of anti-inflammatory cyto-
kines produced by Th2/Th3 T cells and activation of
pro-inflammatory mediators synthesized by Th1 cells
leads to the breakdown of tolerance and its interrup-
tion [21, 29, 90]. However, the studies by a number of
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authors have noted that the detection of an increased
blood content of Thl cytokines does not always cor-
relate with an unfavorable course and outcome of preg-
nancy, and conversely, a high level of Th2/Th3 cyto-
kines can be noted in pathology [2, 18, 91]. There are
doubts about the need for a clear division of T-helper
subtypes, since T cells show a wide variety of «cyto-
kine profiles» [2, 92, 93]. In this case, it is not the de-
viation of indicators from the norm that is of decisive
importance, but the imbalance in the structure of the
interaction of interleukins. Assessment of cytokine pro-
duction during pregnancy makes it possible to clarify
the physiological mechanisms that determine the pro-
tection of the fetus, to identify markers of cytokine im-
balance in pregnancy pathology [30].
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" DedepanvHulil UCCIe008AMENLCKULL YEHINP HCUBOMHOBOOCNEA —

BIDK umenu axademuxa JI. K. Opncma, /[yoposuyst, Mockoeckas oonacms, Poccus

AHHOTanms1. Briepsble ITpoBe/ICHBI HCCIIEAOBAHUS HA OCHOBE MOHUTOPUHTA OEIIKOBO-JIMITUIHOTO OOMEHa y ObI-
KOB-TIPOM3BOJIUTENIEH OTEUECTBEHHOW KPAaCHO-NECTPOM mopoasl B Bo3pacte 2—11 jeT, B KoauuecTBe § royioB
B JICHb B3SITHs CeMEHH B ycioBusx UepHozembs: Boponexckoit oonactu. Mcecnenosanus BoimonHensl ®PIBHY
BHUUmnem, ®I'BHY OHUOWXK um. JI. K. Oprcra u xonguarom AOI'TB nHa 6a3e AO memmnpeanpusitue «Bo-
POHEXKCKOE», C UCTIOIb30BAHIEM COBPEMEHHOTO 000PY/I0BaHU M PeakTHBOB (OnoxuMuueckuii ananmmzarop Chem-
Well-2902 (Awareness Technology Inc., CILIA).

ITo uroram aHaym3a pe3yIbTaTOB UCCIIEIOBAHNS YCTAHOBHIIN, YTO BO3PACT OBIKOB INIEMITPEATIPUSTHH OKa3bIBACT
CYIIECTBEHHOE BIIMSIHUE HA HHTEHCHBHOCTH OOMEHa OEJIKOB M JIMIH/OB B X OpraHusMe. B BozpacTHOl rpymre,
BKITIOYAIOIICH poru3BoauTenei ot 6 o 11 set, koHmeHTparmu oodtero 6emnka (p < 0,05), mobynwaa (p < 0,001),
a Taroke menaouHoi ocdarassl (p < 0,01) yBennunimch Ha JOCTOBEPHYIO BEJIMUUHY. Y OBIKOB-IIPOU3BOHUTEIICH
Goree crapIero BO3pacTa OTMEUEHBI TAKKe IPEBBILCHNS (PU3HOIOTHUECKOM HOPMBI TI0 MaKCUMAIIbBHOMY COJIep-
YKAHUIO KPEaTHHUHA 1 MOYEBHHBI.

KaioueBble ciioBa: OMO3IEMEHTHI, OBIKM TIPOM3BOANTEIH, BO3PACT, MOPO/Ia, OCIKOBO-JIUITHIHBIN 0OMEH, MoUe-

BUHA, KPCATUHUH

D¢ PexTuBHOCTH NCIIOIB30BAHNS IEHHBIX B IUIE-
MEHHOM OTHOIIIEHUH OBIKOB-TIPON3BOIUTENEH B 3HAYH-
TEJIbHOU CTENEHU 3aBUCUT OT COCTOSHUSI UX 3A0POBbS
U BOCIIPOU3BOJIUTEIBHBIX KAUueCTB.

Buoxumuueckue uccienoBanns 0OMEHHBIX MPO-
LIECCOB TO3BOJISIOT OINPEIENNUTh YK€ Ha PaHHUX CTa-
JUSIX HApYILIECHHUs, BbI3BAHHBIC BO3JCHCTBUEM PA3IHY-
HBIX 9K30T€HHBIX U HJIOTEHHBIX (DAKTOPOB.

Metabonu4ecKkue Mporecchl MOTYT HapyIIaThCs
KaK IIPY HEJI0CTATKE, TaK U IPU U30BITKE MHOTHUX 3JIe-
MEHTOB B OpraHU3Me KUBOTHBIX.

benku, yrneBosbl, >KUpbl MOCTOSHHO B3aUMOJIEH-
CTBYIOT C MUHEpAJIbHBIMH BEIIIECTBAMU, 00pa3ys CBOe-
oOpa3Hble KOMITIEKCH. Eciam B opranmnsMe oTmeda-
€TCsl HeJIOCTATOK WM M30BITOK OeIKa, TO MPH 3TOM
COCTOSTHHH, B TIEPBYIO OUepeib, HapyiaeTcs Gpocop-
HO-KaJIbIMeBbId 00MeH [1]. Huskuit ypoBeHs 0ekoB

B paITMOHE WK HEIO0CTATOK HE3aMEHUMBIX aMUHOKHC-
JIOT BBI3BIBAIOT OCJIA0JICHHE JCATEIHPHOCTH BCEX JKe-
Jie3 BHYTPEHHEH CEKpeIru, U B 0COOEHHOCTHU THIIO-
¢u3a U HaIMOYCYHHUKOB [2].

YpoBeHb MOUEBHUHBI B KOMILIEKCE C KOHIICHTpa-
el ambO0yMHUHOB W TIIFOKO3BI B TUTa3Me KPOBH MO-
JKET ¢ OONBIION TOYHOCTHIO ITOKa3aTh cOaTaHCHUPO-
BaHHOCTH paIlFiOHa MO YHEPro-IIPOTEHHOBOMY COOT-
HOIIICHUIO U BBISIBUTH JACPUIMT WIN U30BITOK CHIPOTO
MPOTEHHA B CYXOM BEIIECTBE paIlloHa.

JIunuel B OpraHu3Me JKUBOTHBIX UTPAIOT OIPOM-
HYIO POJIh KaK HICTOUHUK SHEPTHH, SBIISIOTCS XOPOIITH-
MH PaCTBOPHUTEIISIMH KUPOPACTBOPUMBIX BUTAMHUHOB
u 1p. [3]. [Ipu noBeIIeHUU cofiepKaHust OOIINX JIH-
MUJI0OB B KPOBH CHUXKACTCS yPOBEHb (pochonumuaos,
B pe3yJbTaTe HAPYIIAETCS OKUCICHHE KHPOB IeUe-
HU, YTO IPUBOJUT K HAKOTUICHUIO KETOHOBBIX TeI [4].
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Benxoso-nunuonwviii oomen y 6viko6-npouzgooumeneil KpacHo-necmpou nopoosl

[Ipu KOMITEHCHPOBaHUHM OPraHU3MOM DHEPTETH-
YecKoro iehUIuTa MyTeM CXKUTaHUS JKUPOB IIPOUCXO-
JUT MOBBIIICHUE KOHIEHTPALUK X0JIECTEPHHA B KPO-
BU 1 00pa30BaHUE KETOHOBBIX TeJl, YTO BHI3BIBAET I1€-
pepoXKACHUE MTEUCHH [5].

[loBblIeHHE KOHIEHTPALUU OOIIET0 U MPSMOTO
OownupyOuHa, Beicokas akTuBHOCTh ACT u AJIT siB-
JISIFOTCSI IMarHOCTUYECKUMU TecTaMu 3a00J1eBaHuUs T1e-
YEHU alIUMEHTapHOU aTHosoruu [1].

KpearunuH, kak 1 MOYEBHHA, SBJISIFOTCS TPOIYK-
TaMu oOMeHa OenkoB B opranu3me. [Ipu noBeieHnn
KOHIIEHTPAIlMd MOUYEBUHBI B KPOBH YCHJICHHO OCBO-
OOKTaeTCsl aMMHUaK, OKa3bIBasi TOKCHYECKOE BO3/AEH-
CTBME Ha OPTaHU3M, [10JABJISIsI IEHCTBHUE ITOJIOBBIX JKe-
nes [6, 7].

KoHueHTpanus MOYEBUHBI MOXET ITOBBICUTHCS
B CHIBOPOTKE KPOBH NPH HAPYLUICHUH (YHKLUUH TO-
yek. CopeprkaHrne MOYEBUHBI yMEHbIIIaeTcs npu Oe-
KOBOM T'OJIOJITAHUH, & TAKIKE TIPH H30BITOYHOM ITOTPeO-
JeHun Oelka W HapyLICHUU €ro BcachlBaHMA. Brico-
KO€ COZIepKaHHe MPSIMOTO OMITMPYOMHA MOXKET OBITh
MPUYMHON 3a00JI€BaHUs NIEYCHH, TeNaTUTa U IPYyTUX
OoJie3Hel KemyI0YHO-KHIIEYHOTO TPaKTa.

ITo coneprkanuio XonecTeprHa B CHIBOPOTKE KPO-
BH MOXKHO CYJIUTh O (PYHKIIMOHAIEHOW CITIOCOOHOCTH
[IEYCHH, T. K. OH BXOAHUT B COCTaB KJICTOYHBIX MEM-
OpaH, ¥ C ero NOMOLIbIO B OPraHU3ME CHUHTE3UPYETCS
Oosiee 40 cTepoUIHBIX TOPMOHOB, B TOM YHCIIE TOP-
MOHBI HaJIIIOYEUYHUKOB, PErYIUPYIOLIHE YIIIEBOIHbIH
1 BOJHO-COJIEBOI OOMEHBI, a TaK)Ke MOJIOBbIC TOPMO-
HEI (3CTPAJNON U TECTOCTEPOH).

C moMoUIbI0 XOJIECTEPUHA B KOXKE MOJ IEUCTBU-
€M yAbTPadUOJICTOBBIX JIyuell CUHTE3UpYEeTCsS BUTa-
MuH D, KOTOPBI HEOOXOIUM /15l YCBOCHUSI KaJlbIIHs
B OpraHH3ME.

MOHUTOPHHT OHOXUMHUYECKOTO M DHJOKPUHHO-
'O CTaTyca y BbICOKOIIPOLYKTUBHBIX )KUBOTHBIX SIBJLSI-
€TCsl OCHOBOIIOJIAralOIINM, TaK KaK C €ro MOMOIIbIO
JaKe Ha CaMbIX PaHHHUX CTaIUSX MOYKHO BBISBIISITDH
HapyIIeHUs BCeX BUI0B 0OMEHa BEIECTB — OEJIKOB,
YTJIEBOJIOB, JIMMTUAOB, BUTAMUHOB, MaKpO-MUKpO3JIe-
MEHTOB, TOPMOHOB [§].

Bce oTkII0HEHUSI B KOPMIICHNH, COIEPIKaHUN U IKC-
IUTyaTaluy XUBOTHBIX IPUBOAAT K HAPYIICHUsM 00-
MeHa BELECTB, CHI)KEHHIO PE3UCTEHTHOCTH, BTOPHY-
HOMY MMMYHOJIE(UIIUTY, BEICOKOH 3a00JIeBaEMOCTH
(80—90 %) u, Kak cEACTBUE — CHIIKCHUIO (DEPTHIIb-
voctH (70—90 %).

[Ipu yBennyeHuM IIeMEHHON HEHHOCTH U YPOBHSI
MIPOAYKTUBHOCTH U3MEHSIETCS HHTCHCUBHOCTD OOMEHa
BEIIECTB U TOPMOHAJILHBIH cTaTyc OBIKOB HOBOM reHe-
THUYECKOW reHepannu. B cBsa3u ¢ aTuM Ha3pena HeoO-

XOIIUMOCTh YTOUHUTH OCHOBHBIE TTOKA3aTEN OMOJIOTH-
YECKUX MPOIIECCOB, POUCXOJSIINX B OPTaHU3ME ObI-
KOB-TIPOM3BOJMTENICH OTEUECTBEHHOM KPaCHO-TIECTPOM
MOPOJIBI, ¥ TTIOJTyYCHHBIE HOBBIE IaHHBIC HCTIOJIb30BATh
B COBEPIIICHCTBOBAHUY CEIICKITH BEICOKOIIPOTYKTHB-
HOTO KPYITHOTO POTATOTO CKOTA.

Ilens mccnemoBaHUld — W3YYHTh OCOOEHHOCTH
00OMEHHBIX Ipo1eccoB (OEIKOBO-TUIHIHOTO, MUHE-
pajbHOrO) M CoJepKaHhe YHAOTCHHBIX TOPMOHOB
(TecrocTepoHa, 3CTpaanoia, THPOKCHHA, KOPTHU30I1a),
a TaK)Ke XOJeCTEepUHA B CHIBOPOTKE KPOBU y OBIKOB
MPOU3BOJUTENIEH KPACHO-TIECTPOM MOPOJIbI B 3aBUCH-
MOCTH OT BO3pacTa, B ICHb B3STHs CEMEHH, B yCIIOBH-
SIX YepHO3eMHOM 30HbI PO (BopoHexckoi oonacT).

MATEPUAJ U METO/bI
HCCJIEJJOBAHUM

Pab6ora BeimosrHeHna corpymaukamu ®I'BHY
BHUUnnem, ®IT'EHY ®©UIL BUX um. JI. K. OpHcTa
u xomauara AO I'LIB Ha 6aze AO memnpenpustie
«Boponexckoe» B 2018—2019 rr. B onbiTax ucnosns-
30BaJi 8 OBIKOB-IIPOU3BOIUTENEH KPACHO-TIECTPOH M0-
pomsl B Bo3pacte 2—11 et

KopmiteHne >kWBOTHBIX OCYIIIECTBIISLTH cOaIaHch-
poBaHHBIM pannoHoM o HopmaMm BWXKa. Conepxa-
HHE U 9KCIUTYaTaIHIO IPOU3BOJUTEIICH OCYILECTBISIIH
B COOTBETCTBMU ¢ «HarnmoHaabHOM TEXHOJIOTHEH CO-
Jiep KaHusI ¥ UCTIOJIb30BAHUSI CIIEPMbI TUIEMEHHBIX ObI-
KOB Tpom3BoanTeNel (mox obmieit pegakimeii mpod.
Aobwmiosa A. U. u PemeraukoBoit H. M. M, 2008 1.).

KpoBb 1151 aHanu3oB Opanu U3 sSpeMHON BEHBI
B CTepHJIbHBIE MPOOHPKH, B TeueHne 30 MHUH mocie
3aBEPIICHUS B3SITHSI CEMCHHU.

buoxuMuueckuii coctaB KpoBU HCCIIEOBAIU Ha
omoxumuueckoM a"amm3atope Chem-Well — 2902
(Awareness Technology Inc., CIIIA) u atomH0-20-
copbOrmonHoM crekTpomerpe «KpanTt-2a» (Poccus).
Beuto onpeneneHo cojepxanue o0uiero Oeika, aib-
OyMuHa, TIOOYJIMHA M UX COOTHOIIEHHE, a TAKKE Ta-
KW T0Ka3aTeld, Kak XOJIeCTepHH, OMmpyOonH, Kpea-
THHHH, MOYEBHHA, meiaodHas gocdaraza. Comeprxa-
HUE€ XOJIeCTepHHA OI[CHWBAIIM Ha aBTOMATHYECKOM
ananuzarope Chem-Well — 2902 (Awareness Tech-
nology Inc., CILIA).

CrarucTudeckyro 00paboTKy IMOTy4YeHHOTO MaTe-
puaia mpoBoIwIH B mporpamme Microsoft Exel.

PE3YJIBTATHI HCCJEJOBAHUN
Hamu npoBefeH KOMIUIEKCHBIH MOHHUTOPUHT CO-
CTOSIHUST OCJIKOBO-JIMITUTHOTO OOMEHA y OBIKOB-TIPO-
M3BOJUTENIEH KPACHO-IIECTPOU IIOPO/IbI BOPOHEKCKOM
THma B Bo3pacte 2—11 jet (Tadm. 1).
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Taonnna 1
THokazamenu 6e1k060-1UNUOHO20 0OMEHA OLIKOG-NPOU3600UMETell
Cpennue BapmabensHOCTE akTHUECKas OTKJIOHEHHE OT
PedepenTtarpie
[Moka3zarenu roKasarenu . SHAMHI MaKCUMAaITbHBIX
M+m min max 3HAYEHU
OO0wmit 6enok, r/mn 90,3+ 5,14 73,36 109,33 70—92 18,84 %
Anp0yMuH, T/1 31,7+ 1,28 23,44 37,69 25—36 —
I'moOynuH, T/1 58,6 £ 5,07 40,29 75,91 40—63 20,49 %
AT 0,58 £ 0,06 0,4 0,82 0,4—0,8 2,50 %
XonecTepuH OOIIHA,
2,3+0,25 2,23 2,79 2,1—8,2 —
MM/n
bunitpybuis Ouuil 530,57 2,81 7,49 1,16—8,15 —
MM/n
Kpearuuun, MM/ 139,5+ 10,14 100,05 197,74 62—163 21,31 %
MoueBuna, MM/ 6,35+ 0,60 3,97 8,41 2,4—7.5 12,13 %

YcraHOBIEHO, YTO YpOBEHB 00IIero OesKa B ChI-
BOPOTKE KPOBH OBIKOB KPacHO-MECTPON MOPOBI ObLI
yBEIIMUEH, ero cpeiHee 3HaueHue coctasuio 90,3 1/,
YTO, IPAKTHUECKH, OJTM3KO K BEpXHEH rpanuiie (pusmo-
JIOTMYECKON HOPMBI (MakCHMaJIbHOE 3HAU€HHE HOP-
MbI — 92 1/1). HecMoTps Ha TO, 94TO JaHHBII TTOKa3a-
TEJIb HAXOAWJICS B IIpeAesax peepeHTHBIX 3HAYCHUH,
y 3HAYUTENBLHOM YacTH )KMBOTHBIX B KPOBH 001IMH Oe-
7ok pocruran Beauuunsl 109,33 v/ (Ha 19 % Bbiire
pedepeHTHBIX TIOKa3aTeneii). Takoit pocT comepika-
HUs 0011eT0 OeNKa B KPOBH JKMBOTHBIX, IO BCEH Bepo-
SITHOCTH, 00YCJIOBJICH BBICOKOKOHLICHTPATHBIM TUIIOM
KOPMJICHHSI, YTO XapaKTEPHO ISl BCEX TUIEMITPEATIPHS-
THUH € UEJBIO MOTy4eHHsI 0OJIBIIOT0 KOJTMUECTBa CIiep-
Mornpoaykiun. KoHieHTpaus r100yIMHOB XapakTe-
pHU30BaIach aHAJOTMYHBIMHU HOKa3aresiMu. CpenHee
3HaUEHME MO BCEHl rpymie ObIKOB HaXOIUIOCh B Ipe-
nenax pedepeHTHBIX 3HaueHni — 58,6 /11 (pu HOp-
Me 3—63 r/mm). OHako cpean OBIKOB-PON3BOAUTENCH
OBUTH JKUBOTHBIE C IOKA3aTeIISIMU BBIIIIC HOPMATHBHBIX
Ha 20 %. Takum oOpa3om, MOBBIIIIEHUE COAEPIKAHUS
ob1mero 6enka B OpraHu3Me IMPOM3BOIUTEIICH TIPOUC-
XOIUJIO 32 CYET IOOYIMHOBBIX (PpaKIHid.

Hamu Taxoke n3ydeHsl KOHLIEHTPALMU TPOAYKTOB
oOMeHa OeJKOB B OpraHM3Me — KpeaTHHHHA M MO-
YeBHHBI. B pesynbrare moiay4eHsl JaHHBIE, KOTOPHIE
CBHJICTEIHCTBYIOT O TOM, YTO CPEIU OBIKOB OBLIH 0CO-
OM C MOBBILICHHBIMU YPOBHSIMU KpeaTHMHHUHA — Ha
21,3 %, moueBuHbBl —Ha 12,1 % M0 CpaBHEHUIO C HOP-
MaTHBHBIMH ITapaMeTPaMH, XOTS CPETHHIE [TOKa3aTeIIH
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M0 3TUM KOMIIOHEHTaM He BBIXO/MIIN 32 PAMKH pede-
PEHTHBIN 3HaYEHUI.

PesynbraTel n3ydeHnuss OCIKOBO-TUIIHAIHOTO 00-
MeHa y OBIKOB KPacHO-TIECTPOH MOPOJIBI B 3aBUCUMO-
CTH OT BO3pacTa IpeJCTaBlIeHbl B Tabnuie 2. B nep-
BYIO TPYIIITy BOIUIN YeThIpe ObIKa B BO3pacte 2 JIET,
caMble MOJIO/Ible, B Hauajle aKTUBHOM KCIITyaTaluy.
Bo Bropyto rpyriy — Takoe e KOJIHYECTBO KUBOT-
HBIX, BO3pPacT KOTOPBIX COCTABIsLT 6—11 JeT.

W3 ananuza marepraiioB TaOIUIIBI 2 CIIEAYET, YTO
BO3pAcT UIPaeT CYLUIECTBEHHYIO POJIb B OOMEHHBIX
nporeccax y ObIKOB, U BCIEICTBHE 3TOTO UMEETCS P
pasInunil MKy TpyIlaMu. YpoBeHb 00IIero oenka
B BO3pAaCTHOM Tpyrme XUBOTHBIX (6—11 jer) cocra-
BrI 98,9 /11 ipr HOpMaTUBHOM nuanazone 70—92 /1.
Oto Ha 23,0 /71 BbIIIE ITOKA3aTeNeld MOIOIBIX OBIKOB,
Yy KOTOPBIX CPENHss BEJIMUYWHA COMICPIKaHUsI OOIIEeTOo
Oenka cocraBwia 75,9 r/n (pasuuua 30,3 % mpu g0-
croBepuoctu P < 0,05).

AHaJOrHYHbIC JaHHBIE 3a()UKCUPOBAHBI U TI0 CO-
JIepKaHUIo TIIOOYTMHOBOW (hpakiuu Oeika, MmpH J10-
cToBepHOCTH paszHuLel P < 0,001. Y B3pocibIx OBIKOB-
MIPOU3BOINTEIICH KOHIICHTPAILUS TIIO0YJIMHOB B CHIBO-
POTKe KpoBH Obl1a Ha ypoBHE 68,09 /11, uto Ha 25 1/71
OoJIbIIIe aHAJOTHYHOTO TIOKA3aTeNst MOJIOBIX KUBOT-
HBIX (42,8 1/1). OTHOIIEHNE CoMepKaHns aTLO0yMUHA
K TIOOYIIMHY OKa3ajioCh B TIOJNB3Y MOJOJBIX JKUBOT-
Hb1Xx — 0,78 npu Hopme 0,40—0,80 enunun. Y B3poc-
JIBIX OBIKOB-ITPOU3BOIUTENICH 3TOT MMOKA3aTeb HAX0-
nuics Ha ypoBHe 0,46 enuHuI.
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Benxoso-nunuonwviii oomen y 6viko6-npouzgooumeneil KpacHo-necmpou nopoosl

Tabauna 2
CocmosHnue 6e1Kko80-TunUOH020 06MeHa y 6bIKO8-npou3gooumenell
KpacHo-necmpoii NOpoobl 6 3a8UCUMOCIU OM 803PACMA
[Noxa3zarenu Briku-npoussonuTenu Pa3nuna JloctoBepHOCTB
Bospacr ObIKoB, 1€T 2 roga 6—11 net 4—9 ner
OO0mmit Genok, 1/ 75,38 £ 1,46 98,90 + 4,86 23,02/0,34 % P <0,05
Anp0yMuH, T/1 33,07 +1,25 70,87 + 1,92 —2.2/7,13% HJI
ImoOynuH, r/1 42,81+ 1,36 68,09 £ 3,42 25,22/3,92 % P <0,001
Al 0,78 0,13 0,46 + 0,02 —0,32/70,4 % P<0,1
Xonecrepun oo, MM/ 2,50+0,12 2,54 +0,11 0,04 /1,70 % HJI
Bunupy6un o0mmii, MM/x 4,99 + 1,36 5,44 £0,57 0,44 /8,91 % HJI
Kpearunaun, MkM/it 117,7 + 8,86 152,62 + 2,26 34,92 /23,67 % P<0,1
MoueBuna, MM/ 4,58 + 1,86 6,21 +£0,97 1,63 /35,7 % HJ

[Ipu M3y4eHun 3aBUCUMOCTH COAEP KaHus 001Ie-
ro OmnupyOuHa OT BO3pacTa KMBOTHBIX IOITYYEHBI
CIIE/IYIOIIUE PE3YAbTAThl — CPEHSS BEIMYNHA ITOTO
rokasaresisi y ObIKOB CTapIIero BO3pacTa paBHSIIACH
5,44 MKMOJIB/11, y MOJTOZIBIX 0c00eit — 4,99 MKMOITB/1T
(pasuuua 8,9 %). Y ObIKOB cTapiiell BO3PacTHOM rpyI-
bl OTMCUYCH IOBBINICHHBIH YPOBEHb KpPEaTHHHHA
(152,62 mxmonb/in), npotuB 117,7 MKMOJIB/TT y OBIKOB

JIBYX JieT. Pa3HuIIa MEXTy OTIBITHBIMU TPYIITIAMHA TI0
COJICPYKAHHIO 3TOTO KOMIIOHCHTA B CHIBOPOTKE KPOBU
cocraBuna 23,7 %, mpu P <0,1.

AHaim3 BapuabebHOCTH TIOJYYEHHBIX B UCCIIC-
JIOBaHHMH JIAHHBIX MMOKA3aJl HATMYNE OTKIOHCHUH Me-
Ky MUHUMAJIBHBIMA U MaKCHMAJTbHBIMU (DakTHYe-
CKHMMHU TIOKa3aTelsiIMU U pepepeHTHBIMY 3HAYCHUSIMU
UCCIICAYEMbIX MmapameTpoB (Tadum. 3).

Tadoauna 3

Bapuabervnocmo cocmosinus 6enko60-1unudHo2o obmena y 6blkos-npouzeooumerei
KPACHO-necmpoti ROpoobl 8 3a6UCUMOCIU 0N B03PACIA

ITokazarenu Briku-nipousBoguTenu PecdepenTHslie 3HAUCHUSA

Bo3spact Ob1koB, JieT 2 roga 6—11 ner

OO0mwuii O6enox, r/1 73,36—75,38 81,64—109,33 70—92
AnpOymuH, T/1 30,9—35,24 23,44—33,69 25—76
oGy, T/1 40,24—44 .98 58,20—75,91 40—63

AT, en 0,69—0,82 0,4—0,51 0,4—0,8
XomectepuH o6uwit, MM/n 2,26—2.,62 2,23—2.79 2,1—82
bunupy6un obumii, MM/ 2,81—7,49 4,17—7,49 1,36—38,15
Kpearuuun, MkM/i 100,05—127,9 132,27—197,74 62—163
MoueBuna, MM/ 5,67—7,4 3,97—8,41 2,4—7.5
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W3 nipencraBieHHBIX JaHHBIX TaONHUILI 3 CleLy-
€T, YTO CPEIU MOJIOABIX OBIKOB KaK MHHUMAaJbHbIC,
TaK ¥ MAKCHMaJIbHbIC ITapaMeTpPhl [T0Ka3aTesci oome-
Ha HAXOJMJIKMCh B rPpaHHIaX pedepeHTHBIX 3HAYCHUH.
Y OBIKOB IPOM3BOUTENICH OOJIee cTapIero Bo3pacra
OTMEUEHBI IPEBBIIICHUS (PU3UOIOTHUECKONH HOPMBI T10
MaKCHUMaJIbHOMY COJIEp>KaHUI0 001I1ero 0enka, riooy-
JIMHA, KpEaTMHUHA ¥ MOYCBUHBI.

DTO0 MOXHO OOBSCHUTH KOHLIEHTPATHBIM THIIOM
KOPMJICHHUST OBIKOB-TTPOU3BOAUTEINCH, KOTOPBIN SIBIIS-
€TCs CYIIECTBEHHBIM (haKTOpPOM Il OpPMUPOBaHUS
MOJTHOIICHHBIX CIIEPMATO30HI0B, CIIOCOOHBIX MEPEHEC-
TH «XOJIOZIOBOM yap» IPU KPUOKOHCEPBAIUH, & TAKKE
HEOOXOAUMOTO IS IOJYUYCHHUS 00JIBIIETO KOJUYECTBA
MOJTHOIICHHOTO CEMEHH € TOYKH 3PEHHS SKOHOMHKH.

3AKJIIOYEHHUE

Taxum 00pa3om, BO3pacT OBIKOB-IIPOU3BOIMTE-
JIel KpaCHO-NECTPOU NOPOJIbI UTPAET CYLIECTBEHHYIO
POJIb B COCTOSTHIH MX OCIIKOBO-TUTTUAHOTO oOoMeHa. T
aK, UMEIOTCS JOCTOBEPHBIE OTIMYHS B3POCIBIX OBI-
KOB IO OTHOLICHHIO K MOJOJIBIM: TI0 001IeMy OenKy
(P <0,05); xpearununy (P <0,01), ypoBHI0 1m1en04-
Hoi docdarazel (P <0,01). AHanoruuHsie JaHHBIC
6pun mosmyuens! H. B. boroiro6ogoit u mp. (2019) npu
M3yYEeHUH METa00IHYecKoro mpoduiisi y ObIKOB roJ-
LITUHCKOU mopoas! [9].

ABTOpPBI 0OTMEYAIOT, 4TO 00Jiee MHTEHCUBHOE HC-
MOJIb30BaHUE MPOU3BOIUTENICH C BO3PACTOM MPHBO-
JIUT K 3HAYMTEIIBHBIM U3MEHEHHSIM B 0OMEHE OEIKOB
(yBenmrmuuBaeTcs comepikaHue o0Iero Oenka, ero rio-
OyJTMHOBOW (ppakiny, a TaKkke KpeaTHHWHA, MOYEBH-
HBI ¥ HEKOTOPBIX (DEPMEHTOB), YTO CBSI3aHO, I10 MHE-
HUIO MCCIIEIOBATENEN, C MOBBILLIEHHOW HArpy3Ko Ha
MIEYCHB U CEPJICUHO-COCYUCTYIO CUCTEMY KMBOTHBIX.
[Tony4eHHbIEe B HACTOSIIIIEM HCCIICAOBAHUN YTOYHEH-
HBIE XapaKTEPUCTHKH META00IMIECKOTO TPOdHIIs OBI-
KOB KPacHO-TIECTPOM ITOPOJIbI, OTpaXKarolinue ux oei-
KOBO-JIUITUAHBIA U MUHEpAIbHBIII OOMEHBI, a TaKXkKe
BO3pAcTHAs AMHAMUKA IOKa3aTeIel YH0TeHHBIX Top-
MOHOB MOTYT OBITh MCIIOJIb30BAHBI JUISI PEIICHHS 3a-
Jlad TPaKTUIEeCKOW CEeNIEKIIMU B MPOrpaMMax CoBep-

IIICHCTBOBAHMS dTOHW TMTOPOIBI U TEXHOJIOTHH AKCILTya-
Tanuu OBIKOB TIPOU3BOIUTENEH, COACPIKAIIMXCS Ha
OTEUYECTBEHHBIX IICMIIPEANPUITHIX.
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Abstract. For the first time, the studies were carried out on the basis of monitoring protein-lipid metabolism in
servicing bulls of the domestic Red-Motley breed aged 2—11 years, in the amount of § animals per day for ob-
taining semen in the conditions of the Black Earth region (Voronezh region). The studies were carried out by FSB-
ST All-Russian Research Institute of Animal Breeding, FSBSI Federal Research Center for Animal Husbandry
named after Academy Member L. K. Ernst and JSC Holding Head Center for the Reproduction of Farm Animals
on the basis of JSC breeding enterprise «Voronezhskoe», using modern equipment and reagents (biochemical an-
alyzer Chem-Well-2902 (Awareness Technology Inc., USA).

Based on the analysis of study results, it was found that the age of the bulls of breeding enterprises has a signifi-
cant effect on the intensity of protein and lipid metabolism in their body. In the age group, including servicing
bulls from 6 to 11 years old, the concentrations of total protein (p < 0.05), globulin (p < 0.001) and alkaline phos-
phatase (p <0.01) increased by a significant value. In older servicing bulls, excesses of the physiological norm

for the maximum content of creatinine and urea were also noted.
Keywords: bioelements, servicing bulls, age, breed, protein-lipid metabolism, urea, creatinine

INTRODUCTION

The efficacy of using servicing bulls, valuable in
breeding terms, largely depends on the state of their
health and reproductive qualities.

Biochemical studies of metabolic processes make
it possible to determine disorders caused by the effect
of various exogenous and endogenous factors already
at the early stages.

Metabolic processes can be disturbed both with
a deficiency and with an excess of many elements in
the animal body.

Proteins, carbohydrates, fats constantly interact
with minerals, forming peculiar complexes. If there
is a lack or excess of protein in the body, then in this
condition, first of all, phosphorus-calcium metabolism
is disturbed (Reshetnikova N. M. et al., 2002). A low
level of proteins in the diet or a lack of essential ami-
no acids cause a weakening of the activity of all en-
docrine glands, and especially the pituitary and adre-
nal glands (Subbotin A. D., 2012).

The level of urea in combination with the concen-
tration of albumin and glucose in the blood plasma can

accurately show the balance of the diet in terms of en-
ergy-protein ratio and reveal a deficiency or excess of
crude protein in the dry matter of the diet.

Lipids in the body of animals play a huge role as
a source of energy and are good solvents for fat-solu-
ble vitamins, etc. (Metreveli T. V., 2005). With an in-
crease in the content of total lipids in the blood, the
level of phospholipids decreases, as a result, the oxida-
tion of fats in the liver is disturbed that leads to the ac-
cumulation of ketone bodies (Kuznetsov S. G., 2011).

When the body compensates for energy deficien-
cy by burning fats, an increase in the concentration of
cholesterol in the blood and the formation of ketone
bodies occur that causes liver degeneration (Plemy-
ashov K. V., 2010).

An increase in the concentration of total and direct
(conjugated) bilirubin, high activity of AST and ALT
are diagnostic tests for liver disease of alimentary eti-
ology (Reshetnikova N. M. et al., 2002).

Creatinine, like urea, are products of protein me-
tabolism in the body. With an increase in the concen-
tration of urea in the blood, ammonia is intensively
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released, having a toxic effect on the body, suppress-
ing the action of the gonads (Fomichev Yu.P., 2012,
Yuan G., Al-Shali K.Z., Hegele R. A.,2017). The con-
centration of urea may increase in the blood serum in
case of impaired renal function. The content of urea
decreases with protein starvation, as well as with ex-
cessive protein intake and impaired absorption. A high
content of direct bilirubin can cause liver disease, hep-
atitis and other diseases of the gastrointestinal tract.

By the content of cholesterol in the blood serum,
one can judge the functional ability of the liver as it
is part of cell membranes, and with its help more than
40 steroid hormones are synthesized in the body, in-
cluding adrenal hormones that regulate carbohydrate
and water-salt metabolism, as well as gonad hormones
(estradiol and testosterone). With the help of choles-
terol vitamin D is synthesized in the skin under the ef-
fect of ultraviolet rays. It is necessary for the absorp-
tion of calcium in the body.

Monitoring of the biochemical and endocrine status
in high yielding animals is fundamental, since even at
the earliest stages it can be used to detect violations of
all types of metabolism: proteins, carbohydrates, lip-
ids, vitamins, macro-microelements, hormones (Vlad-
imirov V. L., 2004).

All deviations in feeding, keeping and exploita-
tion of animals lead to metabolic disorders, reduced
resistance, secondary immunodeficiency, high mor-
bidity (80—90 %), and as a result reduced fertility
(70—90 %).

With an increase in breeding value and productiv-
ity level, the intensity of metabolism and the hormon-
al status of bulls of a new genetic generation change.
In this regard, there is a need to clarify the main in-
dicators of biological processes occurring in the body
of servicing bulls of the domestic Red-Motley breed
and to use the new data obtained in improving the se-
lection of high yielding cattle.

Aim and objectives of the research. To study the
features of metabolic processes (protein-lipid, mineral)
and the content of endogenous hormones (testosterone,
estradiol, thyroxine, cortisol), as well as cholesterol in
the blood serum of servicing bulls of the Red-Motley
breed, depending on age, on the day of semen collec-
tion, in the conditions of the Black Earth region (Vo-
ronezh region, Russian Federation).

MATERIAL AND METHODS
The work was carried out by the employees of
FSBSI All-Russian Research Institute of Animal
Breeding, FSBSI Federal Research Center for Animal
Husbandry named after Academy Member L. K. Ernst
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and JSC Holding Head Center for the Reproduction
of Farm Animals on the basis of JSC breeding enter-
prise «Voronezhskoe» in 2018—2019. In the experi-
ments, 8 Red-Motley servicing bulls aged 2—11 years
were used.

Animals were fed with a balanced diet accord-
ing to the norms of FSBSI All-Russian Research In-
stitute of Animal Breeding. The maintenance and ex-
ploitation of servicing bulls was carried out in accor-
dance with the National Technology for the Keeping
and Use of Semen of Servicing Bulls (under the gen-
eral editorship of prof. Abilov A. I. and Reshetniko-
va N. M. M, 2008).

Blood for analysis was taken from the jugular vein
into sterile test tubes within 30 minutes after the com-
pletion of semen collection.

The biochemical blood composition was studied
on a Chem-Well-2902 biochemical analyzer (Aware-
ness Technology Inc., USA) and a Kvant-2a atomic
absorption spectrometer (Russia). The content of to-
tal protein, albumin, globulin and their ratio were de-
termined, as well as the indicators such as cholester-
ol, bilirubin, creatinine, urea, alkaline phosphatase.

Cholesterol content was assessed on the Chem-
Well-2902 automatic analyzer (Awareness Technol-
ogy Inc., USA).

Statistical processing of the obtained material was
carried out in the Microsoft Excel program. The tables
show the means (M) and the error of the means (m), as
well as the levels of statistical significance of the dif-
ferences in the Student’s t-test.

RESULTS

We carried out a comprehensive monitoring of the
state of protein-lipid metabolism in servicing bulls of
the Red-Motley breed of Voronezh type at the age of
2—11 years. The data obtained are presented in Ta-
ble 1.

In the process of research, it was found that the
blood serum level of total protein in servicing bulls of
the Red-Motley breed was increased, its average value
was 90.3 g/L, which was practically close to the upper
limit of the physiological norm (the maximum value
of the norm is 92 g/L). Despite the fact that this indi-
cator was within the reference values, in a significant
part of animals, the blood total protein reached a val-
ue of 109.33 g/L (by 19 % higher than the reference
values). Such an increase in the blood content of to-
tal protein, in all likelihood, is due to a highly concen-
trated type of feeding, which is typical for all breed-
ing enterprises in order to obtain a large amount of
sperm production.
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Protein-lipid metabolism in servicing bulls of the red-motley breed

Table 1
Monitoring of protein-lipid metabolism in servicing bulls
. Mean indica- Actual variability Reference Dev1at10p from
Indicators the maximum
tors M+ m . values
min max values
Total protein, g/L. 90.3+5.14 73.36 109.33 70—92 18.84 %
Albumin, g/L 31.7+1.28 23.44 37.69 25—36 —
Globulin, g/L 58.6 £5.07 40.29 75.91 40—63 20.49 %
A:G 0.58 £0.06 0.4 0.82 0.4—0.8 2.50 %
Total cholesterol, mmol/L 23+0.25 2.23 2.79 2.1—8.2 —
Total bilirubin, mmol/L 5.3+0.57 2.81 7.49 1.16—8.15 —
Creatinine, pmol/L 139.5+10.14 100.05 197.74 62—163 2131 %
Urea, mmol/L 6.35+0.60 3.97 8.41 2.4—17.5 12.13 %

The concentration of globulins was characterized
by similar indicators. The average value for the en-
tire group of bulls was within the reference values —
58.6 g/L (at a norm of 3—63 g/L.). However, among
the servicing bulls there were animals with indicators
higher than the norm by 20 %. Thus, the increase in the
content of total protein in the body of servicing bulls
occurred due to globulin fractions.

We also studied the concentration of protein metab-
olism products in the body (creatinine and urea). As a
result, there have been obtained the data that indicate

that among the bulls there were individuals with elevat-
ed levels of creatinine by 21.3 %, urea — by 12.1 %,
compared with the standard parameters, although the
average values for these components did not go be-
yond the reference values.

The results of the study of protein-lipid metabo-
lism in bulls of the Red-Motley breed, depending on
age, are presented in Table 2. The first group includ-
ed four bulls at the age of 2 years, the youngest, at the
beginning of active exploitation. The second group in-
cluded the same number of animals aged 6—11 years.

Age-dependent state of protein-lipid metabolism in servicing bulls of the Red-Motley breed fable2
Indicators Servicing bulls Difference Significance

Age of bulls, years 2 years 6—11 years 4—9 years

Total protein, g/L 7538 £ 1.46 98.90 £ 4.86 23.02/0.34 % P<0.05

Albumin, g/L 33.07+1.25 70.87 £1.92 —2.2/713% ND

Globulin, g/L 42.81+1.36 68.09 £3.42 25.22/3.92% P <0.001

A:G 0.78£0.13 0.46 £0.02 -0.32/70.4 % P<0.1

Total cholesterol, mmol/L 2.50+0.12 2.54+0.11 0.04/1.70 % ND

Total bilirubin, mmol/L 4,99 +1.36 5.44+0.57 0.44/8.91 % ND

Creatinine, mmol/L 117.7 £ 8.86 152.62 +2.26 34.92/23.67 % P<0.1

Urea, mmol/L 458 £1.86 6.21+0.97 1.63/35.7 % ND
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From the analysis of the material in Table 2, it fol-
lows that age plays a significant role in the metabolic
processes in bulls, and as a result there are a number
of differences between groups.

The level of total protein in the age group of an-
imals (6—11 years old) was 98.9 g/L with the stan-
dard normal range of 70—92 g/L. This is by 23.0 g/L
higher than in young bulls, in which the average total
protein content was 75.9 g/L (difference 30.3 % with
P < 0.05 significance).

Similar data were recorded for the content of the
protein globulin fraction, with a significance differ-
ence of P <0.001. In adult servicing bulls, the blood
serum concentration of globulins was at the level of
68.09 g/L, which was by 25 g/L more than in young
animals (42.8 g/L). The ratio of albumin to globulin
was in favor of young animals — 0.78, at a normal

rate of 0.40—0.80 units. In adult servicing bulls, this
indicator was at the level of 0.46 units.

When studying the dependence of the content of
total bilirubin on the age of animals, the following re-
sults were obtained: the mean value of this indicator in
older bulls was 5.44 pmol/L, in young individuals —
4.99 umol/L (difference 8.9 %). In the bulls of the old-
er age group, an increased level of creatinine (152.62
umol/L) was noted, against 117.7 umol/L in the bulls
at age of two years.

The difference between the experimental groups
in terms of the content of this component in the blood
serum was 23.7 %, at P <0.1.

The analysis of the variability of the data obtained
in the study showed the presence of deviations between
the minimum and maximum actual indicators and the
reference values of the studied parameters (Table 3).

Age-dependent variability of the state of protein-lipid metabolism in servicing bulls of the Red-Motley breegable ’
Indicators Servicing bulls Reference values

Age of bulls, years 2 years 6—11 years

Total protein, g/L 73.36—75.38 81.64—109.33 70—92
Albumin, g/L 30.9—35.24 23.44—33.69 25—76
Globulin, g/L 40.24—44.98 58.20—75.91 40—63
A:G 0.69—0.82 0.4—0.51 0.4—0.8
Total cholesterol, mmol/L 2.26—2.62 2.23—2.79 2.1—-8.2
Total bilirubin, mmol/L 2.81—7.49 4.17—7.49 1.36—38.15
Creatinine, mmol/L 100.05—127.9 132.27—197.74 62—163
Urea, mmol/L 5.67—7.4 3.97—8.41 2.4—75

From the data presented in Table 3, it follows that
among young bulls, both the minimum and maximum
parameters of the metabolic indicators were within the
boundaries of the reference values. In older servicing
bulls, excesses of the physiological norm for the max-
imum content of total protein, globulin, creatinine and
urea were noted.

This can be explained by the concentrated type of
feeding for servicing bulls, which is an essential fac-
tor for the formation of full-fledged spermatozoa that
can withstand the «cold shock» during cryopreserva-
tion, and also necessary to obtain more valuable se-
men from an economic point of view.

170

DISCUSSION

As aresult of our research, it has been established
that the age of the Red-Motley servicing bulls plays a
significant role in the state of their protein-lipid metab-
olism. Thus, there are significant differences between
adult bulls in relation to young ones: in total protein
(P <0.05), creatinine (P < 0.01), alkaline phospha-
tase level (P <0.01). Similar data were obtained by
N. V. Bogolyubova et al. (2019) while studying the
metabolic profile in the Holstein bulls. The authors
note that more intensive use of servicing bulls with
age leads to significant changes in protein metabolism
(the content of total protein, its globulin fraction, as
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well as creatinine, urea and some enzymes increase),
which according to the researchers is associated with
an increased load on the liver and animal cardiovas-
cular system. The refined characteristics of the meta-
bolic profile of the Red-Motley bulls, obtained in this
study, reflecting their protein-lipid and mineral metab-
olism, as well as the age-related dynamics of endog-
enous hormones can be used to solve the problems of
practical selection in programs of improving this breed
and the technology of exploitation of servicing bulls
kept at domestic breeding enterprises.
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MAPKEPBI UMM YHOJIOTMYECKOM PEAKTUBHOCTH
Y CBUHOMATOK B ®ETAJBHBIN NEPUOJ CYIIOPOCHOCTH

Adnexceii Fappusiosuy lllaxos, Jlapuca IOpreBna Camnnna®, FOaus IOpseBHa Baagumuposa
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AunHoTanus. B crarse n3yueHa HHGpOPMaTHBHOCTb HHJEKCOB HIMMYHHOH PEAKTUBHOCTH B CBSI3YM C H3MEHEHHEM
COCTOSIHHSI CBUHOMATOK B (DeTaJILHBIN IIEPUOJ] CYTIOPOCHOCTH. YCTaHOBICHBI M3MEHEHHUS JICHKOIIUTAPHOTO IIPO-
(I, KOTOphIe OTPa)KalOT IMMYHHYIO TIEPECTPOHKY, MPOSBIIAIONIYIOCS B Hadale geraapHoro nepuona (38—40
JTHW) CHIKCHUEM COJCPKaHNS HEUTPO(DUIOB U TIOBBIIICHHEM KOJIMYecTBa TUMQOIUTOB Ha 38—40 nHHU, yMCHbB-
IICHEM YHCIIa TUM(OINTOB, YBETHUCHUEM YPOBHS JIEHKOIINTOB, HEUTPOIIOB Ha 78—81 CyTKH M 203MHO(H-
JIOB U MOHOILIMTOB BO BCE CPOKHM HCCIenoBaHui. OTMeUeHHbIE H3MEHEHHNS 3HA4YeHUI HHICKCOB HMMYHOPEaKTHB-
HOCTH CBHIETEIBCTBYIOT 00 HIMMYHHOH IIepeCcTpoiike CBHHOMATOK B MEPHO CYNOPOCHOCTH, HAIIPABICHHOH Ha
(hopMHpOBaHKE TOICPAHTHOCTH MX OpPraHU3Ma K aHTUTeHaM SMOPHOHOB, PEJOTBPAIIEHNE X OTTOP)KEeHHS 1 obec-
neyeHre (PU3MOJIOTUYESCKOTO TEUCHUS OEPEMEHHOCTH U Pa3BUTHS TUIOOB.

KiroueBble cj10Ba: CBHHOMATKH, CYIIOPOCHOCTh, KPOBb, JISHKOIIUTAPHBII MIPO(UIIb, HHAESKCH HMMYHOPEaKTHB-

HOCTH

CynopocHOCTD SIBIISIETCS BaXKHEWIITUM TIEPUOIOM
BOCIIPOM3BOJICTBA CBUHEH, B TEUEHUE KOTOPOI ITPOUC-
XOIWT MOBBIIIEHHE aKTUBHOCTH SHAOKPUHHBIX U Me-
Ta0OIMYECKUX MPOLIECCOB, BBI3BAHHBIX YCHUIICHHOM
muddepennuanueit KieTox, GOpMUPOBAHUEM HOBBIX
OpraHOB U TKaHEH, MHOTOKPAaTHBIM YBEJINYEHHUEM Mac-
CBI 3apoabIiei [1].

K onHOMY M3 KpUTHYECKUX IIEPHOOB B TCUCHUE
CYIIOPOCHOCTH CBHHOMATOK OTHOCHTCS (heTalbHBIN
nepuoj, HaunHarouuics ¢ 30-x cyTok mociie OIIoA0-
TBOPEHUS, B KOTOPBIH IPOUCXOAUT Hayaso (opMHpO-
BaHUS OPraHOB, CUCTEM M KOCTHBIX TKaHEH 110708 [2].

O cOoCTOSTHIM UMMYHOJIOTHYECKOI PEaKTUBHOCTH
B pa3Hble IEPHObI CYNIOPOCHOCTH, U3yUEHHUE KOTO-
POl OTHOCHUTCS K OIHOW M3 aKTyaJbHBIX 3aja4 BeTe-
pUHApHOW HAyKU U IPAKTUKH [3, 4], MOXKHO CYIUTH IO
JeUKOUUTapHOMY NPODUITIO IepUepUUECKOi KPOBH
[5]. U3BecTHO, uTO €€ MOP(OIOrHUSCKUl COCTAB OT-
paxkaeT COCTOSTHHE MHOTUX (PH3HOJIIOTHUECKUX (YHK-
Uil B OpraHu3Me >KUBOTHBIX M XapaKTEePU3yeT UM-
MYHHBIH CTaTycC, TaK Kak CBs3aH ¢ (pyHKIHOHAIbHOM
AKTUBHOCTBHIO BHYTPEHHHUX OPTaHOB U TKaHEW U HU3Me-
HSIETCS MO ISHCTBUEM Pa3IMYHBIX 3K30- U 3HJIOTCH-
HBIX akTopoB [5, 6]. [Jist OLIeHKH UMMYHHOTO CTaTy-
ca IMUPOKO MPUMEHSIOTCS JIEHKOIIUTAPHBIE HHEKCHI,
OTpaXKarOLMe B3aUMOCBA3H JIEHKOLUTAPHBIX KIETOK

KpoBH [5, 7] u He TpeOyromune IpOBEACHUS TOTIOTHH-
TEJIbHBIX MCCJIEOBaHUI. YCTaHOBIIEHO, YTO OHH I10-
3BOJISIFOT OIEHHUTH paboTy 3pPeKTOPHBIX MEXaHIU3MOB
MMMYHHOUM CHUCTEMbI U YPOBEHb UMMYHOJIOTHYECKON
PCAKTUBHOCTH, ONPEICIISIONUX MPOIeCcC POPMHUPO-
BaHUS HECTEIU(GUICCKUX ATaNTAIIIOHHBIX PEaKITHil
[5—28]. HampaBneHHOCTh M3MEHEHUHN JIEHKOIIHTAp-
HBIX WH/IEKCOB, OTPAKAIONINX COCTOSHIE MMMYHHON
CHUCTEMBI OpraHM3Ma, Y CBHHOMATOK B IEPHOJ CYIIO-
POCHOCTH M3y4YeHa HEIOCTATOYHO.

Lenbro ABUIOCH U3YUYCHHUE 3HAYMMOCTH U HHDOP-
MAaTUBHOCTHU HHICKCOB I/IMMYHHOI71 PECAKTUBHOCTHU
B CBSI3M C U3MEHEHHEM COCTOSHHSI CBHHOMATOK B (pe-
TaJbHBIN TIEPUOJ] CYyTIOPOCHOCTH.

MATEPUAJIBI U METO/bI
HUCCJEJTOBAHHUN

Hccnenosanust mpoBeeHbl HA KIMHUYECKH 3710-
POBBIX CBMHOMATKaX TPEXIOPOJHOTO CKPEIINBAaHUS
(xpynHas Oemas + maHgpac + aropok) 3—4 ormopoca
Ha 0a3ze MPOMBIIIJICHHOTO CBUHOBOIYECKOTO XO3Sii-
cTBa BopoHexckoit obnacT.

KpoBb miist uccnenoBanuii Opand y CBUHOMAaTOK
(n=15) 3a 5—7 gam go ocemeHenus u Ha 38—40
n 78—=81 cyTku cynopocHocTu. B kpoBu onpeaensian
COJIep)KaHKE JICUKOIIMUTOB U JICHKOPOPMYITY.
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[To neiikorpamMMe KpOBHU ObLIN PACCUMTAHBI HHTE-
rpajbHBIE IEHKOIUTAPHBIE HHACKCHI:

— OTHOUICHHWE CYMMBbI TPaHYJOLUTOB K CyMMe
MOHOLIUTOB U JIUM(OLUTOB — KPOBSHO-KJIETOUHBIH
nokazarens (KKII),

— OTHOILICGHHWE TPOU3BEJeHUS HEHTpOoDHIOB
K TPOM3BEJICHUIO CYMMBI JIUM(OIHUTOB, 0a30(HIIOB
1 MOHOLIUTOB Ha IIPOLIEHT 303MHO(PUIOB — PEAKTUB-
HEIH oTBeT HelTpodmmo (POH),

— OTHOLICHHE JTUMQOLHUTOB B JACCATHKPATHOM
YBEIMYECHUH K CyMMe TPaHyJIONUTOB — JTuMdonuTap-
HoO-rpanyionuTapuslii uaaexc (MJII),

— OTHOULICHUE HEHUTPOPMIOB K JTUMPOIUTAM
(UCHJI) [5].

[lomy4eHHBIE TaHHbBIE CTATUCTUYECKH 00padaThl-
BaJIM C UCIOJIb30BaHUEM ITpOrpaMMel «Statistica 8.0»

(Stat Soft Inc., CIILIA) u «Microsoft Excel», omeHky
3HAYUMOCTH PA3ITHUUH CPeTHIX apU(PMETHICCKIX —
o kpureputo CThIOICHTA.

PE3VJBTATHI UCCJIEJIOBAHU
N OBCYXKJIEHHUE

Y CBHHOMATOK COJepKaHHE JIEHKOINTOB, y4acT-
BYIOLIMX B OOJIBIIMHCTBE UMMYHOJOTMYECKHX PeaK-
i, ysennuminock Ha 11,0 % nHa 78—81 nens cymno-
POCHOCTH, YTO CBSI3aHO C MIMMYHHOH HepecTpOHKon
opranmu3ma (Tadm.).

B neiikonuTapHom npoduiie oTMeuany CHIKEHNE
OTHOCHTEIHHOTO KOIMYECTBA MaJIOYKOSIIEPHBIX U CET-
MeHTosAepHBIX HeHTpodmioB Ha 38—40 cytku Ha 30,2
1 6,3 % u noBBILLIEHUE UX conepkaHus K 78—~81 nHio
Ha 74,3 1 6,8 % COOTBETCTBEHHO.

Tabauua
Mopdgonozuueckue nokazamenu u 1€UKOYUMAaApPHsLe UHOEKCHL Y CEUHOMAMOK
CpoKu CynopoCHOCTH, CYyTKH
[Tokazarenu o ocemeHenus
38—40 78—81

Jletikonutsl, 10°/1 15,5+0,75 15,7+ 0,77 17,2+ 0,78
Heiirpoduisl: 1onbIe, % — — —
naaoukosaepusie, % 4,3+£0,24 3,0+0,23" 52+041™
CerMeHTosiepHbIe, %o 429+0,9 40,2 £ 1,59 42,92 +£0,57
Do3uHOPHITEL, % 3,2+0,27 4,36 £0,25™ 4,69+0,31
bazodusl, % 0,14 £ 0,09 0,36 +0,028" 0,92 + 0,24
Momnouutsl, % 3,1+£0,23 4,0 £ 0,25 5,23+0,28"
Jlumpouuter, % 46,3 +0,77 47,9+ 1,27 41,2+ 0,59
KIIIT 1,01 £ 0,008 0,93 £ 0,006 1,10 £ 0,005
POH 1,13+0,017 0,53 £ 0,002 1,04 +£0,002"**
nir 9,16 £ 0,031 9,90 + 0,044 7,82 +£0,051™
NCHJT 1,01 £0,007 0,89 + 0,006 1,15+ 0,004™

*P<0,05

*P<0,01

ok

KonudecTBo 303uHO(UIOB, yUaCTBYIOIIMX B pa3-
pyLICHUH U 00€3BPEIKUBAHUU TOKCHHOB OCIIKOBO-
IO IIPOUCXOKICHHS, B TICPUOJ] CYIIOPOCHOCTH YBEJIH-
gmock Ha 36,3 % (38—40 cytku) u 7,6 % (78—S81
JTHH), YTO SIBJISICTCSI OTBETOM Ha CTUMYIISIHIO aHTUTe-

P < 0,001 — o OTHOIIEHHIO K NMPEIBIAYIIEMY TEPUOTY

HaMH, a TaKKe CBSI3aHO C ayTOMHTOKCHKAIUEH B Tie-
pHon OEpEeMEHHOCTH U OTPaKAeT MAaKCUMAJIbHYIO aK-
THBHOCTB TIPOIIECCOB MPOIH(Epanii U STMMUHALIIN
TPaHyJIOUUTOB U3 KOCTHOro mMo3ra [9]. CoxepxaHue
0a30(uII0B, BBIIEISIOMIUX MTUPOKUH CIIEKTP OHOII0-
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TUYECKU aKTUBHBIX BEMIECTB (THCTAMUH, TETIApUH, Ce-
POTOHHUH, KaT€XOJIAMUHbI, IIATOKUHBI, JIUITHHBIC Me-
qaaTopsl U 1p.) [10] ¥ BEIIOTHSAIOMIUX ITPOTHBOBOC-
MaJUTEIHHYI0 ¥ HMMYHOMOAYJIUPYIOMIYIO (PYHKIIHUIO
[11], Bo3pocnio Ha 38—40 neHps cynopocHocTH B 2,6
pasza u Ha 78—81 cyTku B 2,5 pasza.

KonndecTBO MOHOIIUTOB, 00J1a/IAI0IINX BEIPasKEH-
HOH (haronuTapHOW aKTHBHOCTHIO, UTPAOIINX KITIO-
YEeBYIO pOJIb B paclio3HAaBaHUHM aHTHTEHOB M y4acT-
BYIOIIUX B (DOPMUPOBAHUH M PETYISIIUU UMMYHHO-
IO OTBETA, B YKa3aHHbBIE CPOKHU yBEIUYMIOCch Ha 29,0
u 30,8 %, 4TO yKa3pIBajJo Ha aKTUBAIIMIO aJIarTalld-
OHHBIX PEaKLUil.

OTHOCHUTENBHOE CoAepKaHME TMM(OITUTOB, 00ec-
MIEYUBAOIINX (POPMUPOBAHNE CTICII(PUIECKOTO MMMY-
HUTETA, MOBBICUIOCH He3HAUNTENbHO Ha 38—40 cyT-
ku Ha 3,5 %, a na 78—81 gum cHM3mIoCh Ha 16,3 %.
CHmxeHure yncia TUMQPOLHUTOB, MPOAYLHUPYIOIUX
MIPOTECTEPOH-UHAYIIMPOBAHHBIN OJIOKHPYIOMINH (hak-
TOP, BO3ICUCTBYIOIIUI HA €CTECTBEHHbIEC KUILJIEPHBIE
KIJIETKH, Y CBUHOMATOK TIPH YBEIHMUYEHHH CPOKOB Oe-
PEMEHHOCTH SIBIISICTCS (DU3HOIIOTUYHBIM U 00€CTICU -
BaeT TOJEPAHTHOCTh OpraHu3Ma MaTepy K aHTUT€HaM
mwioa0B [12].

N3menennst MOpQOIOTUIECKOH CTPYKTYPhI KPOBU
y CYITOPOCHBIX CBUHOMATOK B (DeTaIbHBIN ITEPHOJT 00-
YCIIOBJICHBI BIIUSIHUEM QJZIOAHTHTEHOB TUIOJIOB, BBI3bI-
BaIOIIMX CEHCHOMIIM3AIINIO OpraHu3Ma MaTepy 1 hop-
MHUpPOBaHUE OTBETHBIX UMMYHHBIX peakuuii [13, 14].

NmmyHonorndeckas peakTHBHOCTh OpraHu3Ma Cy-
ITOPOCHBIX CBHHOMATOK 00€CIIeYrBaeTCs 3a CUET Ipe-
BaJMpOBaHMS (PYHKIIMOHATHHON aKTHBHOCTH HEUTPO-
(hnnoB WK TUMQOIUTOB B 3aBUCHMOCTH OT CPOKOB
OepeMEeHHOCTH [5], 4TO MoxTBEpKAaeTCa pa3HOHA-
MPaBJIEHHOCTbIO U3MEHEHUN 3HAYEHUN WHIEKCOB:
KKII, POH, UCHJI, WJII, oTpakaromniux B3auMOCBsI-
31 IMMYHOKOMITETCHTHBIX KIIETOK [5, 7].

YCTaHOBIIEHO, YTO KPOBSHO-KJIETOUHBIN MTOKa3a-
TeJb, OTPAYKAIOIHIA OTHOIIIEHHE I'PAHYIIOIIMTOB K MO-
HOHYKJIeapaM, y cBUHOMAaTok Ha 38—40 nHu cyrmo-
pocHocTu ObuT HA 7,9 % HUXKE UCXOAHOTO 3HAYCHUS
(10 ocemMeHEeHMS) B PE3yIIBTAaTe YMEHBIICHHS KOJIMYe-
CTBa HEUTPO(DUIIOB U MOBBIIICHUS CONEPIKAHUS JINM-
(hOIIMTOB M MOHOIIMTOB, YTO CBHJIETEIICTBYET O pa3-
BUTUU 3JalITUBHOTO UMMYHHOTO OTBETa Ha aHTHIE-
HEI TIJIONIOB.

B 6onee nozaane cpoxu cynopocHoctu (78—S81
nmar) otMedeHo yBenndenne 3nadenns Kl ra 18,3 %
IO CPaBHEHUIO C MPEIbIIYIINM MEPHOIOM, 00yCIIOB-
JIECHHOE TIOBBINIEHUEM COJIepKaHUs HEHUTPOQUIOB,
203MHO(UIIOB M CHIDKEHUEM KOJIMYECTBA JIMM(OIUTOB,
Y yKa3bIBACT Ha MOBBIIIICHUE (PYHKIIMOHAILHON aKTHB-

HOCTH T'PaHYJIOIIUTOB, 00ECTIEUNBAIOIINX PEAKITUH HEe-
crienQrIecKor 3alUTHON CUCTEMBI OpraHu3Ma [§]

BenuuuHa muM@onuTapHO-rpaHyIOHUTAPHO-
ro unjekca (MJII'), xapakrepusytomiast OTHOIIEHHE
TUM(OITUTOB K KJIIETKaM TPaHYJIOIUTAPHOTO Psia, Ha
38—40 cyTku cynopocHOCTH ToBbIcHiach Ha 8,1 %,
a x 78—81 nHio cHu3unack Ha 26,6 %, 4TO OTpa)kaeT
CHW)KEHUE aKTHMBHOCTH JIMM(OIIUTOB C yBEIIMYCHUEM
CPOKOB CYTOPOCHOCTHU HApsAY C aKTUBALIUEH MUKPO-
(haragpbHOro 3B€Ha MMMYHHUTETA.

Cuamxenne Ha 38—40 neHp cymopoCHOCTH HH-
JIeKca COOTHOMICHUS HEUTPOPUIIOB U JTHMQPOITUTOB
(UCHJI) na 11,9 %, a 3arem Ha 78—81 cyTKu mO-
BbIIIeHUE Ha 29,2 %, yKka3bIBaeT Ha BO3pacTaHUE aK-
TUBHOCTH Hecnenu(puueckoil pe3ucTeHTHOCTH, YTO
KOMITICHCHPYET CHIDKEHUE aallTUBHOTO HMMYHUTETA
Y TEM CaMBbIM ITOBBIIIACT YCTOWIHMBOCTH MaTePH U TUTO-
Jia K Bo3Oynutemnsam uHbekuu [15].

YBenudyeHune coaepKaHusi 303MHO(IIOB 1 MOHO-
IUTOB Ha (DOHE YMEHBIIICHUSI KOJIMYeCTBa HEUTpodu-
noB Ha 38—40 nHU CYymOPOCHOCTH MPUBENIO K CHU-
JKEHUIO 3HAYCHUST WHICKCA PEAaKTUBHOTO OTBETA HEM-
tpoduio (POH) B 2,1 pa3a u CBHUACTEILCTBOBAIIO
0 BBICOKOW CTETIeHW aHTUTeHHOM Harpy3Kd Ha opra-
Hu3M. Ha 78—81 gum ormeueHo moseimenune POH
B 1,96 pasa, cBsizaHHOE ¢ aKTHBaluel HeUTpoduio-
reHesa u chopMUpOBaBIICHCS TOJICPAHTHOCTHIO K aH-
TUTEHAM TUIOMIOB.

YcTaHOBIEHHBIE H3MEHEHUS COTIIACYIOTCS C KOH-
HEeNIel peryisiud UMMYHHOH CUCTeMBI Tipu Oepe-
MEHHOCTH, npeaioxkeHHon duponom-Jlokeu [16],
B KOTOPOI TOBOPUTCS, UTO KJICTOUHBIC H PACTBOPUMEIC
MPOAYKTHI IUTAIICHTHI 00JIaaI0T Pa3HOHAIPABICHHBIM
MOIYIUPYIONUM NTEHCTBHEM Ha BPOXKICHHOE U MPH-
00peTeHHOe 3BEHbsI UMMYHHOI CHCTEMBI MaTepH, YTO
MPUBOJUT K TIO/IaBIICHHUIO CHENH(PUIECKOTO UMMYH-
HOTO OTBETa M YCWJICHHIO0 Hecrenupuyeckoro. [lpu
3TOM Cympeccus Creru(puIecKkoro 38eHa UMMYHHON
CHCTEMBI HE TIPOCTO COMPOBOXKAACTCS, HO M KOMIICH-
CHUpYyeTCS aKTHBallMeH CHUCTEMBI HeCHenn(prIecKoro
uMMyHuTeTa [16].

3AKJIIOYEHHUE

Taxum 006pa3oM, ¢ HaCTYIUIEHHEM CYNOPOCHOCTH
B IIPOIIECCE UMIUTAHTAINH YIMOPHOHOB U (HOPMHPOBa-
HUS TUTOJIOB YCTaHABIUBAIOTCS CIIOKHBIE IMMYHOJIO-
THYECKHE B3AUMOOTHOIIICHHUS B CHCTEME «MaTh-TIJIOMN,
00ecIeunBaroIye TOJISePaHTHOCT, CBUHOMATKH K aH-
TUTE€HAM IUIO/IOB U MPETSATCTBYIOLIUE HX OTTOP>KEHHUIO.
YCTaHOBIICHO, YTO M3MEHEHUS JICHKOIUTAPHOTO TIPO-
Gbuis B Iepuo CYyIOPOCHOCTH XapaKTepU30BaIUCh
CHIDKEHHEM CofIep KaHusI HeUTPO(HITOB U TIOBBIIIICHH-
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eM KoJindecTBa TUMQPOIuToB Ha 38—40 1HH, yMEHb-
MIEHUEM YHClIa TUM(OITUTOB, YBETUICHHEM YPOBHS
JIEHKOIUTOB, HEUTpOo(hMI0B Ha 78—81 CyTKH U 03H-
HO(HIIOB ¥ MOHOITUTOB BO BCE CPOKHU MCCIIEIOBAHHIA.
M3menenus 3HaYeHUN TEHKOIUTAPHBIX MHACKCOB CBU-
JETENbCTBYIOT 00 IMMYHHOH MepecTpoiike CBUHOMA-
TOK B IIEPUOJ] CYIOPOCHOCTH, HAIIpaBIeHHOH Ha (op-
MHPOBAHUE TOJIEPAHTHOCTU UX OpraHU3Ma K aHTHUIe-
HaM SMOpPHOHOB U oOecIiedcHUe (PU3HOJIOTHICCKOTO
TedeHUs1 OEPEeMEHHOCTH U Pa3BUTHS TUIO/IOB.
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MARKERS OF IMMUNOLOGICAL REACTIVITY
IN SOWS IN THE FETAL PERIOD OF GESTATION
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All-Russian Veterinary Research Institute of Pathology, Pharmacology

and Therapy, Voronezh, Russia, l.yu.sashnina@mail.ru®™

Abstract. The article represents the studies on the informational content of immune reactivity indices in connec-
tion with changes in the state of sows during the fetal period of gestation. Changes in the leukocyte profile were
established, which reflect the immune restructuring that manifests itself at the beginning of the fetal period (38—
40 days) by a decrease in the content of neutrophils and an increase in the number of lymphocytes on days 38—
40, a decrease in the number of lymphocytes, an increase in the level of leukocytes, neutrophils on days 78—S81
and eosinophils and monocytes in all periods of research. The noted changes in the values of the immunoreactiv-
ity indices indicate the immune restructuring of sows during the gestation period, aimed at forming their body’s
tolerance to embryonic antigens, preventing their rejection and ensuring the physiological gestation course and

fetal development.

Keywords: sows, gestation, blood, leukocyte profile, immunoreactivity indices

Gestation is the most important period of pig re-
production, during which there is an increase in the ac-
tivity of endocrine and metabolic processes caused by
increased cell differentiation, the formation of new or-
gans and tissues, and a multiple increase in the mass
of embryos [1].

One of the critical periods during the gestation of
sows is the fetal period, starting from day 30 after fer-
tilization, in which the formation of organs, systems
and bone tissues of the fetus begins [2].

The state of immunological reactivity in different
periods of gestation, the study of which is one of the
urgent tasks of veterinary science and practice [3, 4],
can be judged by the leukocyte profile of peripheral
blood [5]. It is known that its morphological composi-
tion reflects the state of many physiological functions
in the animal body and characterizes the immune sta-
tus, since it is associated with the functional activity of
internal organs and tissues and changes under the ef-
fect of various exogenous and endogenous factors [5,
6]. To assess the immune status, leukocyte indices are
widely used, which reflect the relationship of the leu-
kocyte blood cells [5, 7] and do not require additional
studies. It has been established that they make it pos-
sible to assess the work of the effector mechanisms of
the immune system and the level of immunological re-
activity, which determine the process of formation of
nonspecific adaptive reactions [5—S8]. The direction of

changes in leukocyte indices, reflecting the state of the
body’s immune system, has not been studied enough
in sows during gestation. The objective was to study
the significance and informational content of the im-
mune reactivity indices in connection with the change
in the state of sows during the fetal period of gestation.

MATERIAL AND METHODS

The studies were carried out on clinically healthy
sows of three-breed crossing (Large White + Landra-
ce + Duroc) of the 34-4"" farrowing on the basis of an
industrial pig breeding farm in Voronezh region.

Blood for research was taken from sows (n = 15)
5—7 days before insemination and on days 38—40
and 78—381 of gestation. The content of leukocytes and
the leukocyte formula were determined in the blood.

According to the blood leukogram, integral leuko-
cyte indices were calculated:

— the ratio of the sum of granulocytes to the
sum of monocytes and lymphocytes — blood cell in-
dex (BCI);

— the ratio of the product of neutrophils to the
product of the sum of lymphocytes, basophils and
monocytes by the percentage of eosinophils — the re-
active response of neutrophils (RRN);

— the ratio of lymphocytes in a tenfold increase
to the amount of granulocytes — lymphocytic-granu-
locytic index (LGI);
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— the ratio of neutrophils to lymphocytes (RNL) [5].
The obtained data were statistically processed us-
ing the program Statistica 8.0 (Stat Soft Inc., USA) and

RESULTS AND DISCUSSION
In sows, the content of leukocytes involved in most
immunological reactions has increased by 11.0 % on

Microsoft Excel, the assessment of the significance of ~ days 78—81 of gestation that is associated with im-

differences in arithmetic means — by the Student’s test.

mune restructuring of the body (Table).

Table
Morphological indicators and leukocyte indices in sows
Gestation period, days
Indicators Before insemination
38—40 78—81

Leukocytes, 10°/L 15.5+£0.75 15.7+0.77 17.2+£0.78
Neutrophils: young, % — — —
stab, % 43+0.24 3.0+£0.23" 52+041"
segmented, % 429+09 40.2 +1.59 42.92 +0.57
Eosinophils, % 3.2+0.27 436+0.25" 4.69+0.31
Basophils, % 0.14 +0.09 0.36 +0.028" 0.92 +£0.24"
Monocytes, % 3.1+0.23 4.0+0.25 5.23+0.28"
Lymphocytes, % 46.3+0.77 479+ 1.27 41.2+0.59™
BCI 1.01 +£0.008 0.93 +0.006™ 1.10 +0.005™
RRN 1.13£0.017 0.53 £0.002" 1.04 £0.002™"
LGI 9.16 £0.031 9.90 + 0.044™ 7.82+0.051"
RNL 1.01 £0.007 0.89 +0.006™ 1.15 +0.004™

" P<0.05

" P<0.01

sk

P <0.001 — in relation to the previous period

In the leukocyte profile, there was a decrease in
the relative number of stab and segmented neutrophils
by 30.2 and 6.3 % on days 38—40 and an increase in
their content by 74.3 and 6.8 % on days 78—38]1, re-
spectively.

The number of eosinophils involved in the de-
struction and neutralization of toxins of protein origin
increased by 36.3 % (38—40 days) and 7.6 % (days
78—81) during gestation, which is a response to anti-
gen stimulation, and is also associated with autointox-
ication during gestation and reflects the maximum ac-
tivity of the processes of proliferation and elimination
of granulocytes from the bone marrow [9].

The content of basophils that secrete a wide range
of biologically active substances (histamine, hepa-

Bulletin of Veterinary Pharmacology « No. 3 (20) « 2022

rin, serotonin, catecholamines, cytokines, lipid me-
diators, etc.) [10] and perform anti-inflammatory and
immunomodulatory functions [11] increased by 2.6
times on days 38—40 of gestation and by 2.5 times
on days 78—381.

The number of monocytes with a pronounced
phagocytic activity, which play a key role in antigen
recognition and participate in the formation and regu-
lation of the immune response, increased by 29.0 and
30.8 % within the indicated periods that indicated the
activation of adaptive reactions.

The relative content of lymphocytes, providing the
formation of specific immunity, increased slightly by
3.5 % on days 38—40, and decreased by 16.3 % on
days 78—81. A decrease in the number of lymphocytes
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producing a progesterone-induced blocking factor that
affects natural killer cells in sows with an increase in
gestational age is physiological and ensures the toler-
ance of the mother’s body to fetal antigens [12].

Changes in the morphological blood structure in
pregnant sows during the fetal period are due to the
effect of fetal alloantigens, which cause sensitization
of the mother’s body and the formation of immune re-
sponses [13, 14].

The immunological reactivity of the body of preg-
nant sows is ensured by the prevalence of the func-
tional activity of neutrophils or lymphocytes depend-
ing on the period of gestation [5] that is confirmed by
the multidirectional changes in the values of the indi-
ces: BCI, RRN, RNL, LGI, reflecting the relationship
of immunocompetent cells [5, 7].

It was found that the blood cell index, which re-
flects the ratio of granulocytes to mononuclear cells,
was by 7.9 % lower in sows on days 38—40 of ges-
tation than the initial value (before insemination) as a
result of a decrease in the number of neutrophils and
an increase in the content of lymphocytes and mono-
cytes that indicates development of an adaptive im-
mune response to fetal antigens.

In later periods of gestation (days 78—S81), there
was noted an increase by 18.3 % in the value of the
BCI, compared with the previous period, due to an in-
crease in the content of neutrophils, eosinophils and
a decrease in the number of lymphocytes. It indicates
an increase in the functional activity of granulocytes,
providing reactions of a nonspecific defense system [§]

The value of the lymphocyte-granulocytic index
(LGI), which characterizes the ratio of lymphocytes
to cells of the granulocytic series, increased by 8.1 %
on days 38—40 of gestation, and decreased by 26.6 %
on days 78—81 that reflects a decrease in the activity
of lymphocytes with an increase in periods of gesta-
tion along with the activation of the microphage link
of immunity.

A 11.9 % decrease in the neutrophil and lympho-
cyte ratio index (RNL) on days 38—40 of gestation,
and then an increase by 29.2 % on days 78—381, indi-
cates an increase in the activity of nonspecific resis-
tance that compensates for the decrease in adaptive
immunity and thereby increases the resistance of the
mother and fetus to infectious agents [15].

An increase in the content of eosinophils and
monocytes against the background of a decrease in the
number of neutrophils on days 38—40 of gestation led
to a decrease in the value of the index of reactive re-
sponse of neutrophils (RRN) by 2.1 times and indicat-
ed a high degree of antigenic load on the body. On days
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78—81, an increase in RRN by 1.96 times was noted,
associated with the activation of neutrophilogenesis
and the formed tolerance to fetal antigens.

The established changes are consistent with the
concept of regulation of the immune system during
gestation proposed by Fearon-Loxy [16], which states
that cellular and soluble products of the placenta have
a multidirectional modulating effect on the innate and
acquired parts of the mother’s immune system that
leads to suppression of the specific immune response
and amplification of the non-specific one. At the same
time, the suppression of a specific link of the immune
system is not only accompanied, but also compensat-
ed by the activation of the nonspecific immunity sys-
tem [16].

CONCLUSION

Thus, with the onset of gestation, in the process of
implantation of embryos and the formation of fetuses,
complex immunological relationships are established
in the mother-fetus system, which ensure the tolerance
of the sow to fetal antigens and prevent their rejection.
It was established that changes in the leukocyte profile
during gestation were characterized by a decrease in
the content of neutrophils and an increase in the num-
ber of lymphocytes on days 38—40, a decrease in the
number of lymphocytes, an increase in the level of leu-
kocytes, neutrophils on days 78—81 and eosinophils
and monocytes in all periods of research. Changes in
the values of leukocyte indices indicate the immune
restructuring of sows during gestation, aimed at the
formation of tolerance of their body to embryonic an-
tigens and ensuring the physiological course of gesta-
tion and fetal development.
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YCJOBUA NTYBJINKAILINU
U MMPABUJIA O®OPMJIEHUS CTATEMN

YBAKAEMBIE KOJIJIET'A!

Penakuus sxypHana «BerepunapHbiii hapMakolOrHuecKuii BECTHUK» Bcepoccuiickoro HayqHO-HUCCIEe0-
BaTebCKOTO BETEPHHAPHOTO HHCTUTYTA MATOJIOTHH, (hapMaKoJIOTHH U Tepannu Poccenbxo3akageMun Ipuriia-
aeT HayYHBIX COTPYAHHUKOB, ITPETIOIABATEICH By30B, COUCKATENEH YUEHBIX CTETIEHEH U MPAKTUKYIOLINX CIIe-
LUAJIMCTOB JJIsl MyOJIMKALUK PE3yIbTaToB SKCIEPUMEHTAIBHBIX UCCIEIOBAaHUN, TEOPETHUECKUX U 0030PHBIX
CTaTeH, KacarolMXcs aKTyaJlbHBIX BOPOCOB BETEPUHAPHOH (papMakosoru.

Leunb sxxypHana «BerepuHapHblil (hapMakoIoruueckuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HaIlpaBJie-
HUI pa3BUTHsI BeTepUHAPHOU (DapMaKoIIOTHH, IPUBJICYCHNE BHUMAHUS HAyYHBIX PA0OTHHKOB U CIIELIUAIIUCTOB
K aKTyaJIbHBIM TIpo0OJIeMaM, IPOIBMKEHNE MHHOBAIIMOHHBIX pa3paboToK.

OCHOBHBIE TEMaTHYeCKUE HATPABICHUS KypHaIa:

1. DxcniepuMeHTaNbHAS (HapMaKOJIOTHSL.

2. Kinununueckast papmMakoinorusi.

3. buoxumuueckas 1 MOJIEKYJIIpHas (apMaKoJIOTHS.

4. dapmarus.

5. HoBble JiekapCTBEHHBIE CPEIICTBA U IIPENAPaThl Ul TEpAuu U IPOPUIAKTUKY OONIE3HEH.

6. CpezncrBa 300TUTHEHBI, A€3MH(EKLUH, JE3MHCEKIUH U IepaTU3aLuy.

7. JleueOHBIC MPEMHUKCHI U KOPMOBBIE 100ABKH.

8. [Tatodusmnonorus, naToOMOXUMHS U SKCIIEPUMEHTAJIbHAS TEPaTHS.

Temarnueckoe coepxkaHue )KypHaJIa MOKET MEHSITHCS B 3aBUCMMOCTH OT TEKYIIUX 3a/1a4 HAYKH U [IPAKTUKU.

YCJI0OBUA NTYBJIUKALIUHN

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTePHAIbL:

1. Crarpto, 0hOpMIICHHYIO B COOTBETCTBHH C TpeOOoBaHUSIMH, Ha mouTy vetfarm.journal@yandex.ru
(«B pemakuuto xxypHana «BeTepruHapHbIi (HapMaKOIOrHYECKHH BECTHUKY ).

Marepuai, npemiaraeMblid s myOJIUKalyy, T0JDKEH OBITh TIIATENIFHO OTPEIAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HanpasJsieMble B PEIAKLUIO0, IPOXOIAT PELIEH3UPOBAHUE U BBIHOCATCS HA PACCMOTPEHUE PEIKOII-
nerun. [Ipu HE0OXOANMOCTH peaKuys CBA3BIBACTCS C aBTOPaMH 110 TenaeOoHy MM 3JIeKTpoHHOH noure. 1o
pesynbrataM 00CyKACHUS] IPUHUMACTCS PEeIIeHHE O BO3MOKHOCTH BKJIIOUEHHUS CTaThbU B JKypHaJl, 00 OTKasze
WM 10paboTKe.

Crarbs, HalpaBlieHHAsI aBTOPY Ha JOPabOTKY, TOKHA OBITH BO3BPAIICHA B HCIPABICHHOM BH/IE B MaKCH-
MaJIbHO KOPOTKHE CpokH. K pyKomnrcH HeoOX0AMMO MPUIIOKUTH MTUCBMO OT aBTOPOB, COJIEPIKAIIUE OTBETHI Ha
Bce 3ameudanust. Ctarbsi, TpeOyrolias IOBTOPHON 10padOTKH, paccMaTprBaeTCs Kak BHOBb nocTynusas. [1pu
9TOM JaTOM MOCTYIUICHHSI CYUTAETCS Jara MOJIyYeHNs PEAAKLNEH OKOHYATeIbHOTO BAPHAHTA CTAaThU.

[Inata ¢ aBTOpOB 32 MyOJINKAIMIO HE B3UMACTCSL.

ABTOpCKOE BO3HATPAXKICHHE 32 pa3MEIlCHUE CTaTel B MEYATHON U DJICKTPOHHON BEPCHUHM >KypHaIa aBTO-
pam crareil He BBITUIAYMBACTCSL.

Marepuasibl, HOCTYIHUBILUE B PEAAKIINIO, aBTOPAM HE BO3BPALLIAIOTCSL.

2. Ceenenus 00 aBTOpax:

damuusi, UMs1, OTIECTBO

VYyeHas cTeneHb

VYueHoe 3BaHUE

JlomKHOCTD

[TonHoe Ha3BaHUE OpraHu3aluu

Anpec, Tenedon, e-mail

OtaenbHO HEOOXOIUMO yKa3aTh JIMLO U €ro KOHTAKTHBIE JaHHBIE, C KOTOPBIM peAaKuus OyaeT BEeCTH mepe-
TOBOPBI M TIEPETINCKY.
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3. HampagsiieHue oT yupex/ieHus, B KOTOPOM BBITIOJIHEHA padoTa 110 Gopme:

B penakuuto xxypHana
«BerepuHapHBIH (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH IeYaTH MOFO (HAIIy ) CTaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOJTHOCTHIO He OBUTH paHee OmyOIHKOBAHBI .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh H OPUTHHATHLHOCTH MAaTePUAIOB, U3JIOKEHHBIX B CTAThE; TAOT
cornacue Ha cOop, 00pabOTKy U pacIipoCTpaHEeHNE CBOMX IEPCOHATIBHBIX JAHHBIX B COOTBETCTBHH C TPeOO-
BanusMu denepanbuoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHANbHBIX TaHHBIX)»; TApaHTU-
PYIOT, UTO HE HAPYyIIAOT HUYBUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIb, HE TIOJIeKAIUe K TTyOlTuKa-
LMY B OTKPBITOM N€YaTh B COOTBETCTBUH C JIEUCTBYIOIIMM 3aKoHOAaTenbcTBOM Poccuiickoil @enepanui.

BwmecTe co cTaTtheit aBTop mepenaet penakiiuy Ha HeOTPaHUICHHBIN CPOK CIICAYIONINE TIpaBa: MpaBo Ha
pasMeIeHne, BOCIIPON3BEICHNE U PaCIIPOCTPAaHEHUE CTAThH JIFOOBIM CITOCOOOM; TIPaBO Ha MepepaboTKy cTa-
ThY ¥ BHECEHHE N3MEHEHHI B CTaThIO; MMPaBO Ha MMyOJIMYHOE UCIIOIB30BAHUE MaTePHANIOB CTaThH U JEMOH-
CTpaIuio UX B MH(GOPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxoke aBTOPBI MOJTBEPIKAAIOT, YTO COMIACHBI C MPABIIIAMH PEIAKIUH TI0 ITOJTOTOBKE PYKOITUCH K U3-
nanuto. [Tocne myOnukanuu ee MUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBUIKOHM Ha *KypHal «BeTepruHapHbIit
(hapMaKkoJIOrMueCKUN BECTHUKY.

NOANHUCH (OAMUCH) aBTopa (aBTOPOB) bamMums, UMs, OTYECTBO

[oanucs (moammcn) 3aBEPSIIO.

nonnuck 1 @O nuua, 3aBepuBILIETO NOAIUCH
ML.II. opranuzanun
« » I.

* Ecin ObLIn 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'O[ BbIITYCKa, HOMCP, CTPAHUIIbI.

Jis yckopeHus Iy OIMKaIUY CTaThH B PEAKIIUI0 HEOOXOIMMO MTPEIOCTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPEHHYIO B OTJIEJIC KaJIpOB IO MECTY paboThI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMoM 710 15 cTpaHuIl mpegocTaBisercs B mporpamme Microsoft Word: mpudt — Times
New Roman, keribp — 14 1T, MeXXCTpOUHBI HHTEpBal — 1,5, ab3amubrii orctynm — 1,25, 6e3 nepeHocoB. Dop-
MaT CTpaHuIlbl — A4; 1oNst: JIeBoe — 3 CM, BEpPXHEe, IIPaBoe U HUKHEE — 2 CM.

DJeMEeHTaMU M3/1aTeNIbCKOro O(OPMIICHHUS CTATeH SIBJISIFOTCS:

— CcBejieHus 00 U3/IaHUH, B KOTOPOM OIyOJIMKOBaHA CTaThs;

— Ha3BaHUE pyOPUKH WU pa3nesia u3IaHws;

— THII CTaThu (Hay4YHAas CTaThs, 0030pHAs CTaThH, PEJAKIIHOHHAS CTaThs, AUCKYCCUOHHAS CTAThs, IIEPCOHA-
JIUY, pEIaKTOPCKAs 3aMeTKa, PEIICH3Ms Ha KHUTY, PEIICH3HsI Ha CTaThIO, CIIEKTAKIIb U T. I1., KPAaTKOE COOOIICHUE);

— WHJIEKC YHHUBepCalIbHOU necatuuHoi kiaccudukanun (YK);

— mudposoii naenTudurarop oobekra (Digital Object Identifier — DOI); ero mpusogst mo 'OCT P UCO
26324 u pacnonaratot nocie uaaekca YK otnenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyiaBHe CTaThH;

— TIOJ3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KJIFOYEBBIC CJIOBA (CIIOBOCOYCTAHHMS);

— 0JIarogapHOCTH;

— 3HaK OXPaHbl aBTOPCKOTO MpaBa;

— TIepeYCHb 3aTEKCTOBBIX OMOMMOrpaduecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThU;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa mOCTYTUICHHUS PYKOIIMCH B PEIAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTAaThU K OITyOINKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEACHBI:

— Oubnuorpaduyueckas 3aruch Ha CTaThIO JUIsl TAJIBHEHIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIC KaXKJIOTO aBTOPA, €CIIU CTaThsl MMEET HECKOJIBKO aBTOPOB;

— yKa3zaH#e 00 OTCYTCTBHH WM HATMYNY KOH(DIMKTA HHTEPECOB U ACTATM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 cJI0BOCOUYETAHUS B AJIEMEHTAX M3/1aTEIbCKOr0 O(OPMIICHHUS CTaTbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 y4eHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CIOBOCOYCTAHUN 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 CIEIYIONINX YaCTEH:

— BBEJICHHUE;

— TEKCT CTaTbhH (C BBIJCIICHHEM pa3/ieioB «MaTtepualibl 1 MeTOAb, «Pe3ymbrarey, «O0CcyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJIeHue OCHOBHOTO TEKCTa CTaThH Ha TEMaTHYECKUE PYOPHKH U OIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepualty MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK TPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM s13bIKe. OCHOBHOM TEKCT CTAaThU B M3IAHHUH MOXKET OBITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmBaTh B OIHOM cTaThe TEKCT Ha ABYX S3BIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTa CTAThH U 3aT€M MOBTOPSIOT Ha AaHTIIMHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3JaHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Ths1, HA3BaHKUE PYOPHUKH UK pa3Jielia, THII CTaThU, €e 3aryIaBue 1 M03aroJ0BOYHbIE JaHHbIE, OCHOBHBIE CBEIC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpadUIecKyIo 3aHCh s
nuTHpoBaHms. ViMeHa IpUBOAAT B TpaHCIUTEpUpoBaHHO# popme Ha matuauIle mo ['OCT 7.79 wmm B ToM dop-
Me, B KaKOH €e yCTaHOBHII aBTOP WIJIM 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 BKJIAJ/IC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(DIMKTA HHTEPECOB U IeTaH-
3aIUs TAKOTO KOH(IIUKTA B CITydae ero HaJi4Hsl, a TAKKe JIaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIInio, oo0pe-
HUS TIOCTIE PETICH3UPOBAHMS, TPUHATHS CTATHHU K OITyOIIMKOBAHUIO.

OcHOBHBIE cBeZIeHHS 00 aBTOPE COJepPKar:

— UM, OTYECTBO, (haMUIIHIO aBTOpa (ITOJTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aiuu (YUpeKIeHuUs), ee MoApa3AeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmbl ropuanueckoro jiuma: ®I'BYH, ®I'6OY BO, [TAO, AOuT. 1.);

— aJpec opraHu3ayy (YIpexkJIeHus ), ee TOoIpa3IelieHus], I7ie paboTaeT UK YIUTCs aBTOP (TOPOJ] M CTPaHA);

— DJICKTPOHHBIH azxpec aBTopa (e-mail);

— OTKpHITHIA uneHTH(UKaTop yaeHoro (Open Researcher and Contributor ID — ORCID) (npu Hanmuum).
Anpec opranuzanuy (yupexaeHus), Tie padoTaeT Win yYUTCs aBTOpP, MOXKET ObITh yKa3aH B MOJHOM GopMme.
DNeKTPOHHBIA afpec aBTopa MPUBOIAT Oe3 cloBa «e-maily, mocie IeKTPOHHOTO aapeca TOUKy HE CTaBsT.
ORCID npuBoasaT B popme 311ekTpoHHOTO aapeca B cetn Murepner. B xonne ORCID Touky ne crassar. Ha-
MMEHOBaHWE OpTaHU3aIuy (YIpeKICHHS ), e¢ aapec, MeKTpoHHbIH aapec 1 ORCID aBTopa oTHesSioT Ipyr OT
IpyTa 3ansIThIMU.

B ciydae, xoryia aBTop paboTtaeT (YUUTCs) B HECKOJIBKUX OpraHU3aIusiX (YIPEKISHHUIX ), CBEACHUS O KaXK-
JI0M MecTe paboThl (yueObl), YKa3bIBalOT IIOCIIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX H CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO0 HAJCTPOUYHBIX IUPPOBBIX 0003HAYCHHIA.
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Ecnu y cTathy HECKOIBKO aBTOPOB, TO CBEJICHHS O HUX MPHBOJIAT C YUETOM HHXKECIIEAYIOIUX MpaBuil. Mme-
Ha aBTOPOB MPHUBOJAT B MIPHHSATON UMU MOCIIEIOBATEILHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM H30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH ITPOTPAMM-
HBIM O0ecIieueHrEM ITyONUKAMH U3AaHHsL.

Bo3MoxHO nprBeieHHE AIIEKTPOHHOTO aJpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICIIbHOE YKa3aHUe aBTopa JIJIsl KOPPECIOHACHIINH 0 opMe: « ABTOp, OTBETCTBEHHBIH 3a MepernHc-
ky:» («Corresponding author:y).

JlommoTHUTETFHBIE CBEIEHUS 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUeCTBa U hamunuu, snekTponnbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MepBOH M0JI0CEe CTAThH;

— Y4YCHBIC 3BaHHUS;

— Y4YCHBIC CTCTICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH()UKAITMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTOpe (aBTOpax) MPHUBOSAT C MpeaNIecTByomnUMHU cioBamu «Hpopmanmst 06 aBTope (aBTo-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThu ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekTponnbie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX IU(POBLIX 0003HaYeHNH 1H-
nekc YJIK pacriomaraeTcst B I€BOM BepXHEM YTy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIONAraeTCsl HA3BaHHUE CTAaThU — 3aNIaBHBIMU OyKBaMH, OTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE 10 LICHTPY.

damunsi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, IO LIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTY>KUP-
HBIM IIpHdTOM.

Annoranuio Gopmupytor mo F'OCT P 7.0.99. O6bem annoTanmu He npesbimiaet 250 cios. [lepen anHoTa-
[UeH TIPUBOIAT CIIOBO « AHHOTAIH) («Abstract).

KitroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 0000I1IeHHbIe 1 MHOTO3HAUHBIE CJIOBA, & TAKIKE CIIOBOCOYETA-
HUS, COACPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITIOUEBBIX CJIOB (CIIOBOCOYETAHU ) HE JJOJDKHO OBITH MEHbIIE 3 U 0oJibine 15 ciioB (ci10Boco-
yeTaHuit). VIx mpuBoaaT, mpeasapsis cioBamu «Kirouessie cioBa:» («Keywords:»), 1 OTIEISIOT APYT OT IpY-
ra 3ansThIMH. [1oce KITFOYeBbIX CIIOB TOUKY HE CTaBST.

[Mocne KITIOUEBBIX CIIOB TIPUBOAT CJIOBA OJar0IapHOCTH OPraHU3alusIM (YUPEKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEIISIM U IPYTHM JIMIAM, OKa3aBIIIKM TOMOIIlb B MOJITOTOBKE CTAThU, CBEICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MyONHKAMK CTAaThU, IPOEKTaX, HAy4HO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaxX UM 10 pe-
3yJIBTaTaM KOTOPBIX OMyOJIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJIST C NPEANISCTBYIONIMM clIoBOM «biaronapHoctu:». Ha aHmmiickoM si3bIKe clioBa
ONarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHDIMKWCKOM SI3bIKE C MPEIIICCTBYIOIIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKa3aHHUs HAa3BaHHS pasiena), MaTepHuajbl 1 METOABI, pe-
3yJIBTaThl UCCIEIOBAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyto 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchumkn Ha MCTOYHUKH IAIOTCSA TI0 TEKCTY QPO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crivcke UTEpaTyphl )KelarebHO Hanndue Kak MUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHUKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

TaOnmuubl 10KHBI OBITH BEITONHEHB! B Microsoft Word u conepxarh cTaTucTHUECKH 00pabOoTaHHBINA Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHI 3ar0JIOBOK M CCBHUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH H (oTorpaduu HeoOX0AUMO MPENOCTABIATL B popmare jpeg, tif mm gif
(c paspemenunem He MeHee 300 TOYCK) C COOTBETCTBYIOIIUMH TTOITUCSIMHA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusl TEePMUHOB, OTIIHYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJNBKO MOCIE YIOMIHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxxknyHapoanoi cuctemoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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