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BJUSIHUE IOJIUCOPFA BIl HA BUOXUMMWYECKHUE
MMOKA3ATEJIA KPOBH KOPOB ITPU XPOHUYECKOM
CBHHIIOBOM NHTOKCUKAIIUN

Mapuna IlerpoBaa Cemenenko =, Asexcanap TocosnoBuu 3aceeB™,
Kcenust AnapeeBna CeMeHEHKO"

"Kpacnooapckuil Hayunblil yenmp no 300mexnuy i 6emepunapuil,

Kpacnooap, Poccus

“Topckuti 20Cy0apcmeenblil a2paphulil YHU6epcument,

Braouxaskas, Pecnybnuka Cesepras Ocemusi — Ananus, Poccus, sever291@mail.ru™

AnHoTanus. B craThe paccmarpuBaeTcsi BOIIPOC BIUSHUS MUHEPATBLHOTO SHTepocopbenTa norcopo BIT Ha Guo-
XUMHWYECKUH CTaTyC KOPOB, COIEPKAIIMXCS B YCIOBUAX TEXHOTEHHOH 30HBI. DKCIIEPUMEHT MpoBezeH B ¢. Kap-
manoH Pecryonmku CeepHast OceTus — AJtaHus Ha JOWHBIX KOpoBax (1 = 12), comeprkanuxcst Ha macTOuax
pu cBOOOIHOM BbINace. JKUBOTHBIM ONBITHOM TPYIIIBI €KETHEBHO B KOHIIEHTPHUPOBAHHbBIE KOpMa J00aBISIICS
nonucop6 BIT u3 pacuera 50,0 T Ha rosoBy B TeueHue 60 gHei. Bropas rpymmna KOpoB ciay»uiia KOHTPOJIEM U Ha-
XOIWJIaCh TOJBKO Ha KOPMaxX OCHOBHOTO PAallMOHA. YCTAHOBIIEHO, UTO MCTONb30BaHue noiucopba BII B Teuenne
60 mHEl crocoOCTBOBAJIO CHUYKEHUIO YPOBHS CBUHIIA B KPOBH KHBOTHBIX B 3,02 pa3a Ha ()OHE ero yBeIUUICHUS
Y KOHTPOJBHBIX aHaJoroB Ha 28,3 % OT mepBOHAYAIBHBIX 3HAYCHNH. DHTEPOCOPOEHT CrIOCOOCTBOBAT HOPMAITH-
3anMu OMOXHMHYECKOTO TOMEOCTa3a KUBOTHBIX, YTO MPOSBUIIOCH MOBBIIIEHHEM KOHIICHTpAUU o0miero Oenka
Ha 17,8 %, ans0ymuHoB — Ha 27,1 %, Timtoko3b1 — Ha 40,3 %, obmiero kanbius — B 1,72 pas3a, HEOPraHUIECKO-
ro ¢ocdhopa — B 1,65 paza mpu 0JHOBPEMEHHOM CHW)KEHHUW aKTUBHOCTH (hepMeHTOB medyeHn — AcAT — Ha

31,6 %, AnAT — B 1,6 paza.

KuroueBble cioBa: mosmcop0 BII, KopoBbl, CBUHIIOBAsSs HHTOKCHUKAIHS, KPOBb, OMOXMMHUYECKHUE [TOKA3ATEIIN

TeHaeHINH COBPEMEHHOIO pa3BUTHsI 00IECTBa
MIpeyCMaTpUBAIOT HOBBIM KOHIIENTYaIbHBIN MMOIXO/
K MOJICPHM3AIIMH M COBEPIICHCTBOBAHHIO BceX cdep
XO3SMCTBEHHOU JEITEIILHOCTH, YTO BJICUYET 3a COOOM
YCHJIEHHE TEXHOTEHE3a, COMPSHKEHHOTO C IOBBIIICH-
HOI Harpy3Koi Ha 00BEKTHI OKpYXarotei cpernsr. [1pn
9TOM MMEHHO CEJIbCKOX03AHCTBEHHOE IIPOU3BOJICTBO
B OOJIbBIIEH CTETIEHW MOABEP)KEHO HEraTHBHOMY aH-
TPOIIOT€HHOMY BO3/I€HCTBHUIO, 00YCIOBJIEHHOMY Ha-
KOTJIEHHEM M30BITOYHOTO KOJIMYECTBA BPEIHBIX Be-
IIECTB B MOYBAX U €CTECTBEHHBIX BOJOEMAX, d TaK-
XKe 3arpsis3HeHHeM Ouocdepbl B pe3ysabrare IpsiMoro
JNEeHCTBUSA HEpalMOHAIBHBIX CIIOCOO0B 3eMJIeIeIHs
1 )KHBOTHOBOJICTBA, MPUBO/AIINX K HAPYIIEHHUIO 3KO-
cuctemsl [1, 2].

[Tyrem perenns nanHOW MPOOIEMbI MOXKET CTAaTh
HCIIOJIB30BAHUE B KOPMOBBIX PAllMOHAX JKUBOTHBIX
SHTEPOCOPOESHTOB MIPUPOAHOTO MPOUCXOKACHUS [3].

DHTepocopOIHst — OIUH U3 HauboJee IPEBHUX
MeTO/10B 3((HEPEHTHOM Teparuu, MPUMEHSIEMbIH KaK
B T'YMaHHOM MEJUIIMHE, TAK U B BETEPUHAPHOU Mpak-
THUKE, U OTHOCAIIUICS K OJIHOMY U3 HaIllpaBJI€HUM Jie-
TOKCUKALIMOHHOM TepaIruu, OCHOBAaHHBIN Ha CBS3bIBA-
HUU ¥ BBIBEJICHUH U3 JKEITYI0YHO-KUIIIEYHOTO TPAKTa
(OKKT) aHIOTEHHBIX U DK30TCHHBIX BEIIECTB, HAJMO-
JIEKYISIPHBIX CTPYKTYp U KJIETOK, HHBIMHU CIOBaMHU,
KCEHOOMOTUKOB (Uy>KEPOIHBIX MIJISl )KHUBBIX OpPTaHM3-
MOB XMMHYECKHX BEIIECTB, ECTECTBEHHO HE BXOJA-
MIUX B OMOTHYECKH KPYyTOBOPOT) ITyTEM aJICOPOIIHH,
MOHOOOMEHA U KOMILIEKCOOOpa3oBaHus [4].

KittoueBble mpenMyIiecTBa SHTEPOCOPOSHTOB OC-
HOBAHBI HA MEXaHU3MaX UX COPOITMOHHON aKTUBHOCTH,
00yCIIOBICHHON COYETaHUEM KaK TIPSIMOTO ICHCTBHS,
KOT/Ia 33 CYET COPOIMOHHBIX CBOWCTB MPOUCXOIUT
HETIOCPE/ICTBEHHOE CBS3bIBAHNE COPOCHTOB C TOKCH-
YECKUMU TPOYKTAMH, TaK U HEMPSMOTO (OIOCPe/I0-
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BAaHHOTO) JIEHCTBHUA, KOTa BCIIEICTBUE JK30- U dH-
JIOTOKCHKO3a B OpraHU3Me MPOUCXOAHNT HapacTaHHe
MATOJIOTUYECKUX PEAKIINIA — aJIEPTUIECKIX, UMMY-
HOCYIIPECCHBHBIX, KaTabOIUIeCcKuX u 1p. [5].

MexaHU3M JeHCTBUS SHTEPOCOPOCHTOB 00YCIOB-
JIEH MX CIIOCOOHOCTBIO BCTYNaTh B (U3UYECKHUE H/
WU XUMHYECKUEC B3aMMOICHCTBUS C TOKCHUECKUMU
areHTamu, IMONaIAIONUMH B JKETyI0YHO-KAIIIEYHBIN
TpaxT. [Ipu 3TOM yKe B JKeITyIKe TPOUCXOIUT PAaBHO-
MEpHOE pacnpeziesieHie COpOSHTa C MUTIIEBBIMU KOM-
MIOHEHTAMU U COJSTHOM KUCIOoTONU. OgHAKO MPOLIECCh
copOIH B CBOEH aKTUBHOH (haze MpOUCXOJIST TOIBKO
B TOHKOM OT/IeJIe KUILIEYHHUKa, IJIe oj aecTBueM pH
Cpezbl OTMeYaeTcs BO3pacTaHie COPOIIMOHHON eMKO-
CTH COPOCHTA U TIPOSIBIIEHUE €r0 MAaKCUMAIIBHOM CIIO-
COOHOCTH K CBSI3bIBAHHIO.

Kpome Toro, copOeHTBI CITOCOOHBI BEIBOJUTH HE-
[epeBapeHHbIe OCTATKU MUIIHX (IUILEBbIE BOJIOKHA) U3
TOJICTOTO OT/IEJIa KUIIIETHHKA, a TAK)KE MTPOSIBIISATE BBI-
COKYIO KaTaJJUTHYECKYIO aKTUBHOCTh 1 HOHHOOOMEH-
HbIE CBOMCTBA B OpraHusme [6].

K npyrum (HenpsiMbIM ) JEWCTBHSIM SHTEPOCOPOCH-
TOB OTHOCHTCSI 3aIl[Ta CIM3UCTBIX 00O0JIOUEK OT pas-
JpaKaIONIMX areHTOB (0OBOJIAKUBAIOIIEE JICHCTBHUE)
Y IIATOTIPOTEKITHS, HATIPaBIICHHAS HA PETYIISAIINIO CITH-
3UCTHIX CEKPETOB, YCUIIEHHE KPOBOTOKA U TPOIH]e-
PATHBHBIX MPOIECCOB B KJIETKAaX; CTPYKTYPHU3AIHIO
Y BUJOU3MCHEHUE XUMUYECKOTO COCTaBa KUILICYHOTO
COZIEP’)KUMOTO0, HEOIATONPHUSATHOTO JUIS PA3MHOKEHHS
naToreHHoi (opsl [6].

Taxum 06paszom, MpUMEHEHNE YHTEPOCOPOCHTOB
B BETEpPHHAPHH ITO3BOJIICT CHU3UTH JIEHCTBHE TOKCH-
YECKUX BEIIECTB, yMEHBIIUTh HATPY3Ky Ha MEUYEHb —
OCHOBHOW OpraH JIETOKCUKAIINH, 2 TAK)KE 00€CIIeUnTh
CHCTEMHOE IMCTAaHTHOE JICHCTBIE HA META0OINUECKIE
MIPOIIECCHI )KUBOTO OPTaHU3Ma U YITYUIIATH (PYHKITHO-
HaJbHYIO0 aKTHBHOCTH BHYTPEHHHUX OpraHoB [7].

Ileanr ucciaenoBanuii. B cBs3u ¢ BhIIeCKa3aH-
HBIM, IIEJIBI0 HACTOAIIEH paboThl SBIISIIACH OIEHKA
BIUSHYSI SHTepocopOeHTa mosmcop6 BIT Ha munamu-
Ky OMOXMMHYECKUX TMOKa3arelieil KPOBH KOPOB MPHU
XPOHUYECKON CBUHIIOBOM MHTOKCUKAIIUH.

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

OkcniepuMeHT nposefieH B ¢. Kapmanon Pecry-
ok CesepHast Ocetns — AJlaHUS — HAXOJIAIIEMCS
B 35 kM OT I. BranukaBkasa u pacroyio)KEHHOM B TOP-
HOM MaccuBe Ha BeicoTe 1500 MeTpoB HaJl ypOBHEM
MOpsI Ha CKIIOHE Topbl Ka30ek.

Ha nannoMm ydacTke U3 TOHHBIX KOPOB, COEpAKa-
LIUXCS B JINYHOM OJICOOHOM X03HCTBE, ObLIO cop-

MHUPOBAHO JBE TPyl — OMbITHASA (1 = 12) 1 KOH-
TposibHas (7 = 12), KOTOpbIe AHEM COAEPKAINCH Ha
nacTOMIIax Npu CBOOOIHOM BBINIAcE, & BEYEPOM BO3-
BpallaJuCh B KOPOBHUK. JIOMOTHUTENHLHO K PALlMOHY
JKUBOTHBIM OBUIM TIPEIOCTABICHBI MaKpO- U MUKPO-
3JIEMEHTHBIE [TOKOPMKH.

Ilepen HauanOM SKCHEPUMEHTA Y KOPOB U3 KAXKI0H
TpyIIbI ObLTa 0TOOpaHa KPOBB ISl IPOBEICHHS OHOXH-
MHUYECKOTO aHaIN3a, PEAyCMaTPUBAIOLLETO ONpeie-
JICHUE B OpraHU3Me COICPYKAHMUS CBHHIIA U BBISIBIICHUS
CTETICHH TSDKECTH CBUHIIOBOM HHTOKCHKAIIHH, & TAKIKE
OTICHKH OMOXMMHUYECKOH COCTaBIISFOIICH KPOBH, TIOCTIE
Yero >KUBOTHBIM OIBITHOM I'PYIIIbI €KEJHEBHO B KOH-
LEHTPUPOBAHHbIE KOpMa J00ABIISIICS SHTEPOCOPOCHT
noxmcop6 BIT u3 pacyera 50,0 r Ha royoBy B TeUeHHE
60 nHeit. Bropas rpymnmna KopoB CiIy:Kuja KOHTPOJIEM
Y HaxO/IMJIach TOJIBKO HA KOPMax OCHOBHOTO PAIlMOHA.

ITommcop6 BII — BBICOKOYMCTHINA (HE MeHeEe
92 % OCHOBHOTO BEIIECTBAa), BRICOKOJHUCIIEPCHBIN,
anMporeHHbIN KpemHe3eM (mpousBoautens — 000
«ITomcop6», Yensiounckas 06:1.). Pazmep wactu —
He 6omnee 0,090 MM, yaenbpHast TOBEPXHOCTh — HE Me-
Hee 300 m?/r. Briaromapsi HEMOPHUCTOH CTPYKTYpe BCs
MOBEPXHOCTH Mpernapara JIerko JOCTyIHa JUIst COpOu-
PYIOIINXCST MOJIEKYII JIto0oro pazmepa. [unpoduien
XOPOIIO CMavYMBaeTCs BOJIOH, 00pasys ¢ Hell CycreH-
3ur0. O0sagaeT yHUKaaIbHOH COPOIIMOHHOM aKTHBHO-
cthio: 1 T cTrpykrypupyer 15—20 r Boabl, ciocobeH
cBs3bIBaTh 300—800 Mr GenKkoBBIX coenuuenuii, 1-10°
1 0osiee MUKPOOHBIX Tel. JIerkuit MenkoancnepCHbIH
MOPOMIOK 0eJI0ro Wi OeNoro ¢ TOTYObIM OTTEHKOM
nBera [8].

YpoBeHb CBUHLIA B KPOBH KUBOTHBIX OIIPEAEIIH Ha
aTOMHO-aJICOPOITMOHHOM criekTpomeTpe «MI'A-1000».
Buoxumuveckue nccie10BaHus ChIBOPOTKH KPOBU —
Ha aBTOMaTH3UPOBaHHOM aHanm3arope Vitalab Selectra
Junior.

ITomydenusie B ombITe UG POBEIE TaHHBIE 00pado-
TaHbI METOlAMU MAaTEMaTHUECKOM CTATUCTHKH, IPHHS-
TO B OMOJIOTUH M MEAULIMHE, C TIOMOLIBIO ITPOTPaMM-
Horo obecniedenust pupmbl Microsoft®.

PE3YJBTATHI HCCJIEJOBAHUN

[Ipu npoBeieHNH OMOXUMHYECKOTO aHaJIM3a yCTa-
HOBJICHO, YTO B HayaJi¢ OIBITHOTO IIECPHUOIa KOHIICH-
TpaLus CBUHIIA B CHIBOPOTKE KPOBH JKUBOTHBIX UMeEIIa
3HauuTeNnbHbIe Kotebanus (ot 1,01 mo 1,52 Mr/kr), 4TO
MIPEBBIIIANIO BEPXHUE TPAHUIIBI peDEePEHCHBIX 3HAYEC-
Huii B 1,68—2,53 paza. Cpennue mokasareinu 1mo KoH-
LICHTPAIIMU JJAHHOI'O TOKCHKAHTa M €ro AajibHeHIas
JIMHAMUKA B TPYIIAX C y4ETOM BBEJCHHUS SHTEPOCOP-
OcHTa mpescTaBieHbl B Tabmuie 1 u Ha pucyHke 1.
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Taonnna 1
Brusnue nonucopba BII na ounamuxy konyenmpayuu ceunya 6 kposu kopoe (M +m; n = 12)
KonuenTparyst cBUHIA, MT/KT
I'pynna
don gepes 30 mHeit gepes 60 mHei
OmnpITHAS 0,89 +0,11 0,42 +0,09"
1,27 £0,26
KonTponpHas 1,46 £0,25 1,63 £ 0,47
* p < 0,05 crenenb JOCTOBEPHOCTH I10 OTHOIICHHUIO K IPYIIIE KOHTPOJIS
DoH
0,52
Hepes 30 aneit
0,54
Yepes 60 aueit

0,14

= KonrtponsHas = OnbiTHas

Puc. 1. /lnHamMuKa KOHIIEHTPAIINH CBUHITA B KPOBU KOPOB TIOX AekicTBHEeM moircopOa BIT

Ucnonk3oBanue nonucopba BIT okaszano Beipa-
JKEHHOE BIIMSHUE Ha CHIKEHUE CBUHIIOBONH MHTOKCH-
KaIli¥ B OPTaHU3ME OIBITHBIX KOpoB. Tak, cirycts 30
JTHEH MPUMEHEHHUs DHTEPOCOPOSHTa YPOBEHb CBHHIIA
B KPOBH JKUBOTHBIX CHU3MIICS Ha 29,9 %, a eme uepes
MecCsIII JMHaMUKa ero CHHKEeHHs cocTaBmiia 52,8 %. 3a
60 nHell OmbBITHOTO MEepHosia KOHLEHTpPALUs CBUHIA
yMmenblmiack B 3,02 pasa, JOCTUTHYB IPaHUI] HOPMBI
IUTS KpymHOTO porartoro ckora (ExwHble canuTapHo-
SMUIEMUOJIOTHIECKHIE U TUTHEHNYECKIE TPeOOBaHuUS
K NPOAYKUUHU (TOBapam), MOIJIekAaIeH CaHUTapHO-
AMHUIEMUOIOTnYecKoMY Ha30py (koHTpomo) ECOI'T
299 (Pemenue KoMuccum TaMOXEHHOTO COI03a OT
28 mas 2010 roma Ne 299)).

B xoHTpoOnBHOI TpyIiNie pernucTpupoBaiach 00-
paTrHas TeHJEHIHMS. YPOBEHb CBHHIA B KPOBH KOPOB
HE TOJIbKO HE CHU3MJICS, HO, HAlIPOTHB, YBEIHUUIICA,

10

JoCTUrHYB K 60 nHro nokaszareneit 1,63 + 0,47 mr/kr,
YTO B MPOIEHTHOM OTHOIICHUH K ()OHOBBIM 3HAYCHU-
ssM cocTaBmiio +28,3 %. To ecTh, K OKOHUAHHIO DKC-
TIEpUMEHTA KOHIIEHTPAIIXS JAHHOTO TOKCUKAHTA Tpe-
BbIIIaa ypoBeHb MY B 2,72 pa3za.

Beenenue B KOpMOBOIM pallMOH KOPOB IOJIUCOP-
0a BII oka3zayio mo3uTHBHOE BIHSIHUE HA Psiji OHMOXU-
MHUYECKHUX MOKa3aTesieil KPOBH KUBOTHBIX, B HaCTHO-
CTH, Ha OEITKOBBIH, YITIEBOAHBIN, (EPMEHTHBIN 1 MH-
HEepaTbHBIH OOMEHBI.

[1o ypoBHIO IPOTENHOBOTO OOMEHa OTMEUEHA I10-
JIOXKUTEIbHASI IMHAMUKA C JOCTOBEPHBIM YBEIHUCHH-
€M KOHIICHTpaIuu 00I11ero Oejika B ChIBOPOTKE KPOBU
OTIBITHBIX KUBOTHBIX, KOTOPBIA K KOHILY MCCJIEI0Ba-
HUH yBEIMYHIICS OTHOCUTEIFHO aHAJIOTHYHOTO TIOKa-
3aresis B rpynne KoHTposst Ha 13,5 %, OTHOCUTENbHO
(hoHOBBIX 3HaueHuit — Ha 17,8 % (Tabmn. 2).
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Tabauna 2
Bruanue nonucopba BII na 6enkosviti oomen kopog (M £ m; n = 12)
ITokazarenu
I'pynna O6muit GeloK Benxosbie dppaknun, %
r/n IBOYMUHBI 0-TIO0YIUHBEL | B-TI0OYMUHBI | Y-TIOOYIHHEI

B Hataje 68,3 + 0,41 32,7 +3,24 13,1 +£0,23 172+0,72 | 37,0342
Konrponphas OHpITa

yepes 60 gHerd | 68,9 +4,93 36,1 £3,05 14,2+ 2,17 18,0 £ 0,90 31,7+ 1,73

B Hataie 664+2,19 | 354+201 14,9+ 1,52 13,1+1,48 | 36,6+2,64
OmnsITHAS -

gepes 60 gueit | 78,2 +3,01° 45,0+ 1,93 16,5+ 1,42 12,3+ 1,56 26,2 +1,34

*p<0,05

" p<0,01 cTeneHb JOCTOBEPHOCTH IO OTHOIICHUFO K TPYIIe KOHTPOIIS

Torna kak B KOHTPOJILHOU TPYTIIE YPOBEHB OOIIETO
0eJKa 3a BpeMs KCIIEPUMEHTA IPAKTHUECKU HE H3Me-
HUJICSL, OCTABAsICh 32 MIPE/IEIaMy HI)KHUX IPaHuL] HOp-
MBI [9]. OTU U3MEHEeHUs OTPA3WINCh U Ha MPOTCHHO-
rpamMmax MOAONBITHBIX KUBOTHBIX. Ppakuus aab0y-
MUHOB Y OTIBITHBIX KOPOB yBenuuniach Ha 27,1 % npu
MIPSIMOI KOPPEISIITIH CO 3HAYCHUSAMHU O0IIIero Oerka.
OTHOCUTENBHO KOHTPOJBHOM IPYIIIbI KOPOB OTMEYE-
Ha TeHJICHIINS K CHI)KEHUIO [3- U Y-1100ynmuHOB Ha 31,6
u 17,3 %, coorBeTcTBeHHO. TO €CTh MOJ JIEHCTBHEM
nonucopba BII B mpoTenHOrpaMmax KOpoB MPOU30-
1uia craduu3arys GpaKMOHHOTO COCTaBa, TOT/IA KaK
Y )KHBOTHBIX, HE TI0JIy4aBIIUX IHTEPOCOPOEHT, OTUET-
JIMBO HPOSBIISUICS TucOanaHc, oOyCIOBICHHbBIH HU3-
KHMH 3HAYCHUSIMH aJIbOyMUHOB Ha (DOHE yBEITUUCHHS
B-rnoOynuHoB. [1010GHBIH THIT TPOTEHHOTPAMM CBOM-
CTBEHEH BBIPaKEHHOMY TOKCHKO3Y, IIPH KOTOPOM JIUC-
MIPOTEUHEMUSI IIPOUCXOJTUT M3-32 IIPEUMYIIICCTBEHHOM
norepu (BCIACACTBUE MOBBIIEHHONH INPOHUIAEMOCTH
[MOYEYHOTO (PUIIBTPA) TeX OENKOB, KOTOPHIE OTIINYa-
IOTCS CPAaBHUTEJIBHO HEOOJIBIION MOJIEKYIISIPHOM Mac-
coil. KoHnieHTpamus ritoko3bl Ha Hayajio SKCIepHMEH-
Ta B 00eux Trpynmnax Obuia HU3KoH (Tadu. 3), omHaKo
y OIBITHBIX KOpoB Ha 60 eHb UCCIIeTOBaHMS ee 3Ha-
yeHust yBenuuuiauch Ha 40,3 %, Torna Kak y KOHTPOJIb-
HBIX aHAJIOTOB (PMKCUPOBATIOCH HEOCTOBEPHOE ITOBBI-
LICHHE TITFOKO3bI Ha 6,7 % (Ha YpOBHE TCHJICHIIVH).

Ha ¢one BBeaenus monucopba BII B kopma Ha-
OJTFOIANIOCh IOCTOBEPHOE CHUIKEHHUE (PEPMEHTHOM aK-
TUBHOCTH TPAHCAMHHA3 [1€UEHH IIPH OTHOBPEMEHHOM
YBEJIMUYEHUH 3THX II0Ka3aTesieil B rpyIine KOHTPOJIS.
K koHIy 3KCIIEpUMEHTAIBHOTO NEPUOAA YPOBEHb ac-
napraraMUHOTpaHc(epasbl B KPOBU OMBITHBIX KOPOB

cuauzmics Ha 31,6 % (p < 0,05), ananmHaMUHOTpaHC-
¢epazpr—B 1,62 paza (p < 0,01) orHOCHTENBHO POHO-
BBIX TIOKa3aTesaeld. MeXrpynoBble pa3inyusi 1Mo AaH-
HbIM (pepMEHTaM COCTaBHJIM, COOTBETCTBEHHO, 24,5
1 40,0 % B TIONB3Y OIBITHBIX )KUBOTHBIX.

Cy1iecTBeHHbIC U3MEHEHUS POU30LIIN U B MU-
HepaJbHOM OOMEHE, B YaCTHOCTH, AMHAMMKE OOIle-
TO KaJIbLH, COIEPKaHNE KOTOPOTO B ONBITHOH IpyII-
Te K KOHILY UCCIIeJOBATEILCKOTO IEPHOJIa TI0CTOBEPHO
(p <0,05) yBenmuuuiock B 1,72 pa3a Ha (hoHE yMEepeH-
HOT'O CHW)KEHHUSI B TPYIIIIC KOHTPOIBHBIX KOPOB.

V3meHeHne copepskaHus HEOPraHUIECcKoro (oc-
¢dopa B KPOBU KOPOB TAKKe OBbUIO 3HAYUMBIM — yBE-
nryenue B 1,65 paza OTHOCHTENILHO (DOHOBBIX MOKa3a-
Tenel u B 1,62 pa3a OTHOCUTENIBHO KOPOB KOHTPOJIb-
HOH IpyIIIBIL.

OTO MMEET MOJOXKUTEIbHOE 3HAYCHUE, TaK KaK
XPOHMYECKUH Ne(UIUT MUHEPATbHBIX COCIUHEHUMH
JUIS1 JTAKTUPYIOIUX KOPOB IPUBOAMT HE TOJIBKO K YXY/I-
HICHUIO (PU3HOJOTMYECKHUX MPOLECCOB B OPraHU3Me,
HO Y CHIDKEHHUIO ITPOM3BOICTBA MOJIOKA, a TaKke (op-
MUpOBaHUIO TUI07a. Kpome Toro, TaHHbIE MUKPOOJIe-
MEHTBI UCIIOJIB3YIOTCSI MUKPOGIIOPOH IS paciuerie-
HUSI CJIOKHBIX YITIEBOJIOB M CUHTE3a MUKPOOHAJIbHO-
ro OeJika B MpeKETyaKax.

3AK/IIOYEHUE
Taxum 06pa3zom, eKeTHEBHOE CKapMIIMBAHHUE TIpe-
napara mojucopo BII B cocraBe KOMOMKOPMOB Ha ITPO-
TsoKkeHUU 60 CYyTOK JTAKTUPYIOLIUM KOPOBaM OKa3bIBACT
MO3UTHBHOE BIUSHUE HA OMOXUMUYECKUE TIPOIECCHI
OpraHu3Ma XUBOTHBIX U CONCHUCTBYET YMECHBIICHUIO
KOHIIEHTpAIMY CBHHIIA B KpOBU. biiarojgaps BbICOKOM
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CBA3YIOIIEH CIOCOOHOCTH, Ipenapar copOHpyeT U BbI-
BOJIUT TSDKEJTbIE METAJUTBI, TOBBIIIAs TEM CaMbIM (PyHK-
LMOHAJIbHYIO AKTUBHOCTb I'€HaTOLUTOB U CLIOCOOCTBYS

aKTUBU3allu1 CI/IHTe306pa3y10HH/IX IIpOLCCCOB B HUX,
YTO B KOHCYHOM UTOTEC ITPUBOJAUT K YBCIIMUCHUIO psAia
OMOXHMHUYECKUX KOHCTAHT KpOBH.

Tadauna 3
Bruanue nonucopoa BII Ha yenegooHnwiil, hepmenmmuuiil u MuHepanioHulii oomer kopos (M +m; n = 12)
IToka3zarenun
I'pynma Kanpuuii Docdop N
Tmoxosa, AcAT, E]] AnAT, EJl oomuii, HEOpraHuy., Maru,
MMOJIB/JT MMOJIB/JT
MMOJIB/JT MMOJIB/JT
BHATAIC 1 051007 | 10324624 | 51,4+2,77 | 1,72+0,14 | 0,84+0,16 | 1,20+ 0,06
KonTposns- OlIpITa
Has yepe3 60
i 1,12+0,13 | 97,4+6,18 | 542+422 | 1,63+0,18 | 0,81 +0,09 | 1,24+0,03
BOH;;iZe 1244031 | 107,4+4,82 | 52,7+3,16 | 1,68+0,29 | 0,79+0,12 | 1,41+0,12
OmnbITHAS
qe)f;z;() 1,74+ 0,41 | 73,5+543° | 32,5424 | 2.89+0,36" | 1,31 €037 | 1,55+ 0,23
' p<0,05

" p<0,01 crenenb TOCTOBEPHOCTH IO OTHOIICHUTO K
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EFFECT OF POLYSORB VP ON BLOOD
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Abstract. The article deals with the issue of the effect of the mineral enterosorbent polysorb VP on the biochemical
status of cows kept in the technogenic zone. The experiment was carried out on dairy cows (n = 12) kept on pastures
with free grazing in Karmadon of the Republic of North Ossetia — Alania. The animals of the experimental group
were daily added polysorb VP to the concentrated feed at the rate of 50.0 g per animal for 60 days. The second group
of cows served as the control and was only fed the main diet. It was found that the use of Polysorb VP for 60 days
contributed to a decrease in the blood level of lead in the animals by 3.02 times against the background of its in-
crease in the control analogs by 28.3 % of the initial values. The enterosorbent contributed to the normalization of
the biochemical homeostasis of animals, which was manifested by an increase in the concentration of total protein
by 17.8 %, albumin — by 27.1 %, glucose — by 40.3 %, total calcium — by 1.72 times, inorganic phosphorus —
by 1.65 times with a simultaneous decrease in the activity of liver enzymes: AST — by 31.6 %, ALT — by 1.6 times.
Keywords: polysorb VP, cows, lead intoxication, blood, biochemical indicators

Trends in the modern development of society pro-
vide for a new conceptual approach to the moderni-
zation and improvement of all spheres of economic
activity, which entails an increase in technogenesis
associated with an increased load on environmental
objects. At the same time, it is agricultural production
that is more susceptible to negative anthropogenic ef-
fect due to the accumulation of excessive amounts of
harmful substances in soils and natural water bodies,
as well as pollution of the biosphere as a result of the
direct action of irrational methods of farming and ani-
mal husbandry, leading to ecosystem disruption [1, 2].

The solution to this problem can be the use of en-
terosorbents of natural origin in animal feed diets [3].

Enterosorption is one of the most ancient methods
of efferent therapy, used both in human medicine and
in veterinary practice, and belongs to one of the are-
as of detoxification therapy, based on the binding and
excretion of endogenous and exogenous substances,
supramolecular substances, structures and cells from
the gastrointestinal tract (GIT), in other words, xeno-
biotics (chemical substances alien to living organisms,
naturally not included in the biotic cycle) by adsorp-
tion, ion exchange and complexation [4].

The key advantages of enterosorbents are based
on the mechanisms of their sorption activity, due to a
combination of both direct action, when sorbents are
directly bound to toxic products due to sorption prop-
erties, and indirect (mediated) action, when patholog-
ical reactions increase due to exo- and endotoxicosis
in the body — allergic, immunosuppressive, catabol-
ic, etc. [5].

The mechanism of action of enterosorbents is due
to their ability to enter into physical and/or chemical
interactions with toxic agents entering the gastrointes-
tinal tract. In this case, even in the stomach there is a
uniform distribution of the sorbent with food compo-
nents and hydrochloric acid. However, sorption pro-
cesses in their active phase occur only in the small in-
testine, where under the effect of the medium pH, an
increase in the sorption capacity of the sorbent and the
manifestation of its maximum binding ability are noted.

In addition, sorbents are able to remove undigested
food residues (dietary fiber) from the large intestine,
as well as exhibit high catalytic activity and ion-ex-
change properties in the body [6].

Other (indirect) actions of enterosorbents include
protection of mucous membranes from irritating agents
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(enveloping action) and cytoprotection aimed at reg-
ulating mucous secretions, increasing blood flow and
proliferative processes in cells; structuring and modi-
fication of the chemical composition of the intestinal
contents, unfavorable for the reproduction of patho-
genic flora [6].

Thus, the use of enterosorbents in veterinary med-
icine can reduce the effect of toxic substances, reduce
the load on the liver, the main organ of detoxification,
as well as provide a systemic distant effect on the met-
abolic processes of a living organism and improve the
functional activity of internal organs [7].

Research objective. In connection with the fore-
going, the objective of this work was to evaluate the
effect of enterosorbent polysorb VP on the dynamics
of blood biochemical indicators in cows with chron-
ic lead intoxication.

MATERIAL AND METHODS

The experiment was carried out in Karmadon of
the Republic of North Ossetia-Alania, located 35 km
from Vladikavkaz in a mountain area at an altitude
of 1500 meters above sea level on the slope of the
Mount Kazbek. On this site, two groups were formed
from dairy cows kept at a private subsidiary plot: ex-
perimental (n = 12) and control (n = 12), which were
kept on pastures with free grazing during the day, and
returned to the barn in the evening. In addition to the
diet, the animals were provided with macro- and mi-
cronutrient supplements.

Before the beginning of the experiment, blood was
taken from cows from each group for biochemical anal-
ysis, which included determining the lead content in the
body and determining the severity of lead intoxication,
as well as assessing the blood biochemical component,
after which the animals of the experimental group were
daily added Polysorb VP to the concentrated feed en-
terosorbent from calculation of 50.0 g per animal for
60 days. The second group of cows served as the con-
trol and was only fed the main diet.

Polysorb VP — high-purity (not less than 92 % of
the main substance), highly dispersed, pyrogen-free sil-
ica (manufacturer — Polysorb LLC, Chelyabinsk re-
gion). Particle size — not more than 0.090 mm, specific
surface — not less than 300 m*/g. Due to the non-po-
rous structure, the entire surface of the drug is easily ac-
cessible to adsorbed molecules of any size. Hydrophile
is well wetted by water, forming a suspension with it.
It has a unique sorption activity: 1 g structures 15—
20 g of water, is able to bind 300—800 mg of protein
compounds, 1-10° or more microbial bodies. Light fine
powder of white or white with a blue tint [8].
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The blood level of lead in the animals was de-
termined on an atomic absorption spectrometer
“MGA-1000". Biochemical studies of blood serum —
on an automated analyzer Vitalab Selectra Junior.

The digital data obtained in the experiment were
processed by the methods of mathematical statistics
accepted in biology and medicine, using Microsoft®
software.

STUDY RESULTS

When conducting a biochemical analysis, it was
found that at the beginning of the experimental peri-
od, the blood serum lead concentration in the animals
had significant fluctuations (from 1.01 to 1.52 mg/kg),
which exceeded the upper limits of the reference val-
ues by 1.68—2.53 times. The average concentrations of
this toxicant and its further dynamics in the groups, tak-
ing into account the introduction of the enterosorbent,
are presented in Table 1 and Fig. 1.

The use of Polysorb VP had a pronounced effect
on the reduction of lead intoxication in the body of the
experimental cows. Thus, 30 days after using the en-
terosorbent, the blood level of lead in the animals de-
creased by 29.9 %, and after another month, the dy-
namics of its decrease was 52.8 %.

For 60 days of the experimental period, the con-
centration of lead decreased by 3.02 times, reaching
the limits of the norm for cattle (Uniform Sanitary
and Epidemiological and Hygienic Requirements
for Products (Goods) Subjected to Sanitary and
Epidemiological Supervision (Control) ESEGT 299
(Decision of the Commission of the Customs Union
dtd. May 28, 2010 No. 299)). The reverse trend was
recorded in the control group. The blood level of lead
in the cows not only did not decrease, but, on the con-
trary, increased, reaching 1.63 + 0.47 mg/kg by day
60, which, as a percentage to the baseline values was
+28.3 %. That is, by the end of the experiment, the
concentration of this toxicant exceeded the MRL lev-
el by 2.72 times.

The introduction of polysorb VP into the feed
diet of cows had a positive effect on a number of the
blood biochemical indicators of the animals, in par-
ticular, on protein, carbohydrate, enzyme and miner-
al metabolism.

According to the level of protein metabolism, pos-
itive dynamics was noted with a significant increase in
the blood serum concentration of total protein in the
experimental animals, which by the end of the study
increased relative to the same indicator in the control
group by 13.5 %, relative to the baseline values — by
17.8 % (Table 2).
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Table 1
Effect of polysorb VP on the dynamics of the blood lead concentration in cows (M +m; n = 12)
Lead concentration, mg/kg
Group
Baseline in30d in60d
Experimental 0.89 £0.11 0.42 £ 0.09"
1.27+£0.26
Control 1.46 £0.25 1.63 £0.47
* p <0.05 Degree of reliability in relation to the control group
Baseline
0.52
In30d
0.54
In 60 d
= Control = Experimental
Fig. 1. Dynamics of the blood lead concentration in the cows under the effect of polysorb VP
Table 2
Effect of polysorb VP on protein metabolism in cows (M £m; n = 12)
Indicators
Group Total protein, Protein fractions, %
gL albumins a-globulins B-globulins y-globulins
at the begin-
ning of the 68.3+£0.41 32.7+3.24 13.1+£0.23 17.2+0.72 37.0+£3.42
Control experiment
in 60 d 68.9£4.93 36.1£3.05 142+2.17 18.0£0.90 31.7+1.73
at the begin-
ning of the 66.4+2.19 354+2.01 149+1.52 13.1+1.48 36.6 £ 2.64
Experimental experiment
in 60 d 78.2+3.01" 45.0+1.93 16.5+£1.42 123+1.56 26.2+1.34
" p<0.05
" p<0.01 Degree of reliability in relation to the control group
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M. P. Semenenko, A. T. Zaseev, K. A. Semenenko

Whereas in the control group, the level of total
protein practically did not change during the experi-
ment, remaining outside the lower limits of the norm
[9]. These changes were also reflected in the proteino-
grams of the experimental animals. The albumin frac-
tion in the experimental cows increased by 27.1 %
with a direct correlation with the total protein values.
Relative to the control group of cows, there was a ten-
dency to a decrease in - and y-globulins by 31.6 and
17.3 %, respectively.

That is, under the effect of Polysorb VP, the pro-
teinograms of the cows stabilized the fractional com-
position, while in the animals that did not receive en-

terosorbent, an imbalance was clearly manifested due
to low albumin values against the background of an in-
crease in B-globulins. This type of proteinogram is typ-
ical of severe toxicosis, in which dysproteinemia oc-
curs due to the predominant loss (due to an increased
permeability of the renal filter) of those proteins that
differ in relatively small molecular weight. The glu-
cose concentration at the beginning of the experiment
in both groups was low (Table 3), however, in the ex-
perimental cows on day 60 of the study, its values in-
creased by 40.3 %, while in the control analogs an
unreliable increase in glucose by 6.7 % was recorded
(at the level of the trend).

Table 3
Effect of polysorb VP on carbohydrate, enzyme and mineral metabolism in cows (M +m; n = 12)
Indicators
Group Total Inorganic .
Glucose, AST, U ALT, U calcium, phosphorus, Magnesium,
mmol/L mmol/L
mmol/L mmol/L
at the
b‘;gmmng Of | 1054007 | 1032624 | 514277 | 1.72£0.14 | 0.84+0.16 | 1.20+0.06
Control the experi-
ment
in 60 d 1.12+0.13 | 97.4+6.18 | 542+422 | 1.63+£0.18 | 0.81£0.09 | 1.24+0.03
at the
beginning of
. + + + + + +
Experimen- the experi- 1.24+031 | 107.4+4.82 | 52.7+3.16 | 1.68+0.29 | 0.79+0.12 | 1.41+£0.12
tal ment
in 60 d 1.74+£041 | 73.5+£5.43" | 325.£24™ | 2.89+0.36" | 1.31+0.37 | 1.55+0.23
" p<0.05

™ p<0.01 Degree of reliability in relation to the control group

Against the background of the introduction of pol-
ysorb VP into feed, a significant decrease in the en-
zymatic activity of liver transaminases was observed
with a simultaneous increase in these indicators in the
control group.

By the end of the experimental period, the level
of aspartate aminotransferase in the blood of experi-
mental cows decreased by 31.6 % (p < 0.05), alanine
aminotransferase — by 1.62 times (p < 0.01) relative
to the baseline values. Intergroup differences in these
enzymes were 24.5 and 40.0 %, respectively, in favor
of the experimental animals.

Significant changes also occurred in the mineral
metabolism, in particular, the dynamics of total cal-
cium, the content of which in the experimental group
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significantly (p < 0.05) increased by 1.72 times by the
end of the study period against the background of a
moderate decrease in the group of the control cows.

The change in the blood content of inorganic phos-
phorus in the cows was also significant — an increase
by 1.65 times, relative to the baseline indicators, and
by 1.62 times, relative to the cows of the control group.

This has a positive meaning, since a chronic defi-
ciency of mineral compounds for lactating cows leads
not only to a deterioration in physiological processes
in the body, but also to a decrease in milk production,
as well as the formation of the fetus. In addition, these
trace elements are used by microflora for the break-
down of complex carbohydrates and the synthesis of
microbial protein in the proventriculi.

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023



Effect of polysorb VP on blood biochemical indicators of the cows with chronic lead intoxication

CONCLUSION

Thus, daily feeding of the drug Polysorb VP as part
of compound feed to lactating cows for 60 days has a
positive effect on the biochemical processes of the an-
imal organism and helps to reduce the blood lead con-
centration. Due to its high binding capacity, the drug
absorbs and removes heavy metals, thereby increas-
ing the functional activity of hepatocytes and facilitat-
ing the activation of synthesizing processes in them,
which ultimately leads to an increase in a number of
blood biochemical constants.
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Annoranusi. [IpoBeneHo nccnenoBanne Ha J1aOOPaTOPHBIX TPBI3YyHAX 110 CPABHUTEIHLHOMY M3YyUCHHIO OCTPOU
TOKCUYHOCTH, KyMYJISITUBHBIX CBOMCTB W BIMSTHHS HA T€MATOJIOTHYECKHE MOKazaTeny (papManeBTHYEeCKUX Cyo-
CTaHIMH, COfIEPKAIMX IIPONU3BOIHBIC OMC-UYETBEPTHYHBIX AaMMOHHEBBIX COCMHEHNH, 001aal0INX 00e3ABHKH-
BAIOIUM JIeHicTBHEM. B Xo1e 9KcriepruMeHTOB ObIIM HCClIeIoBaHbI (papManeBTHYecKnue CyOoCcTaHuy o) mudpa-
M MA-17 (coneprxatiias Ouc-a1uMeTHICYIIb(ar-TMMeTHIIaMUHOI THIIOBBIN 2(hup TepedTaneBoi Knucaorsl) 1 MA-23
(comeprkarast Ouc-TUMeTHICYIb(AT AMMETHIIAMHHOITHIIOBOTO d(Hpa TPYKCHIIOBOH KUCIOTH). DapmarieBTHye-
CKHe CyOCTaHIIMY KMBOTHBIM BBOJIMIIM BHYTPHMBIIIEYHO. YCTaHOBJIEHO, uTo BeanunHa JIJ[50 MA-17 u MA-23
JUTS Ta00PATOPHBIX MBIIICH COCTaBIsICT cOOTBETCTBEHHO 1,03 1 1,21 mr/kr macchl Tena. Bemmunna JIJ150 MA-17
n MA-23 ju1st 1aG0paTOpHBIX KPBIC COCTABIISIET COOTBETCTBEHHO 2,02 1 2,5 MI/KT Macchl Tela.

B pesynbrare nsyuenns KymynsaTHBHBIX CBOUCTB MA-17 ycranosieHo, uto JIJI, 1anHOTO CoeTuHenus pyu MHO-
TOKpPaTHOM BBEJIEHUHU cOCTaBIsET 7,27 mr/kr macchl Tena. Kosdumment kymynsimu (K ) coctapun 3,6. [pn us-
YYEHHH KyMYJIATHBHBIX CBOHCTB MA-23 OblJI0 ycTaHOBIEHO, uTo JIJI, | TaHHOTO COEIMHEHHS TPH MHOTOKPATHOM
BBeACHHH cocTaBisieT 13,38 Mr/kr Maccel Teina, K _cocrasun 5,4.

[Mocne BHYyTpUMBITIeYHOTO BBecHUS MA-17 B mo3e 1,8 mr/kxr u MA-23 B no3ax 1,7; u 2,0 Mr/kr Macce Tena, 10-
CTOBEPHBIX pa3INnYuii reMaToJIOTHYeCKHUX MoKa3aTesiel MeX/y ONBITHON U KOHTPOJILHOW IPyNIIaMU AKHBOTHBIX
oTMedeHO He Obl10. [IpoBeieHHbIE AKCIIEpUMEHTAIBHBIC NCCIIEI0BAHNUS TI0KAa3aJIH, YTO 110 TOKCHKOJIOTMYECKUM
nokazaressiMm MA-23 MeHee TokcudeH, yeM MA-17. D10 pa3inyme cBsi3aHO ¢ pa3HbIM CTPOECHUEM MEKOHHEBON
yactu Mosiekyl MA-23 u MA-17. B MA-17 B kauecTBe MEKOHUEBOM YaCTH MOJEKYJIbI AByXOCHOBHOM KHCIOTHI
ucrionb3yercst Tepedranesast kucnora, a B MA-23 — TpyKCHIIOBasi KMCJIOTa. DTH JJaHHbIE MTO3BOJISIIOT pa3pabo-
TaTh HalpaBJICHUE CHHTE3a (papMalleBTHUECKUX CyOCTaHINN, 001a/1a10INX 00€3ABHKNBAIOIINM JICHCTBHEM, U pe-
KoMeH7I0BaTh MA-23 B KauecTBe JICHCTBYOIIETO BELIECTBA MPHU pa3paboTKe HOBBIX ITPENaparos.

KuroueBble cJI0Ba: XUMUUECKUI CUHTE3, OCTPAst TOKCUYHOCTh, KyMYJISIIIUs, KITMHUYECKasl KapTHHA, FeMaToJIo-
TMYECKHE TTOKa3aTeIH, IMMOOMIN3aIHS

Jns ycriokoeHust IUKUX, JOMAIIHUX U CETBCKOXO-
351UCTBEHHBIX KUBOTHBIX HCIIOJIb3YIOTCS CIELIMATIbHbIE
00e3IBIKMBAOIINE Mpenaparsl. Ha cerogusmamil
JIEHb CIICKTpP MpenaparoB i 00e3IBIKUBAHMS K-
BOTHBIX OT€UECTBEHHOI'O IPOU3BOJICTBA BEChMA OIpa-
HUYeH. B cBsi3u ¢ 3TUM HEOOXOJMMO COBEPIICHCTBO-
BaTh CPEJICTBA BETEPUHAPHON MEANIIMHBI, TPEIHA3HA-
YEHHBIE JIJIsI BPEMEHHOTO 00€3/IBHKIBAHUS YKUBOTHBIX.

NMMoOunu3anus KUBOTHBIX (hapMakoJoTHue-
CKUMH CpEJICTBAMH OCHOBaHA Ha BPEMEHHOM TOTepe
MU JABUTATEIFHON CITIOCOOHOCTH. DTOT METO OTIIO-
Ba M (pUKCAITHH TTIO3BOJISIET O€30IMacHO paboTaTh C -
KUMU U JJOMAITHUMHU KUBOTHbIMU [ [—3].

PazpaboTka, CMHHTE3 HOBBIX MpenaparoB, 00aaa-
IOIIUX 00C3BIKUBAIOIIUM JICHCTBUEM, H3YUCHHUE X
TOKCHMYHOCTU U OS30MaCHOCTH SIBJIIETCS aKTyaJbHOU

© Paxmarymmn 3. K., Bacunesckuit H. M., Unusaros U. U., Mananses A. B., SImanosa I'. P., Xammkosa K. @., Xaxu-

moB M. C., 2023
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CpaGHMme/ZbHa}Z MOKCUKoNI02U4YeCcKas xapakmepucmuka gba;maueemuttecxux cy6cmam¢u11...

3aja4ell COBpeMEHHON BETepHHAPHOM (papMaKkoIoruu
1 TOKCHUKOJIOTHNH.

[ToaToMy 11€ITBIO HAITICH PAOOTHI ABISLIOCH CPABHH-
TeNbHOE N3yUYEeHUE TOKCUYHOCTHU M 0e301acHOCTH (ap-
MalleBTHYECKUX CyOCTaHIMH, COAEPKaIIX TPOU3BO/I-
HBbIC 6I/IC-‘lCTBepTI/I‘lHLIX AMMOHHEBbLIX COCHHHGHHﬁ.

Jia peanuzanuu JaHHOM 1enu ObLIa MOCTaBIIe-
Ha CJIeAyIoILas 3ajja4ya: U3yuuTh IOKa3aTelIu OCTPOi
TOKCUYHOCTH U KyMYJISITUBHOE JeiicTBue dapmaies-
THYECKHUX CyOCTaHIMH, COACPIKALIMX MPOU3BOAHBIC
OMC-ueTBEPTUYHBIX AMMOHHUEBBIX COCTUHEHUM, a TaK-
Ke BIIMSIHUE Ha TeMaToJIOrHueCKHe oKa3aTeaIu KpoBU
1a00paTOPHBIX JKUBOTHBIX.

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

UccnenoBanus mpoBeaeHBI B OTACIEHUU TOKCUKO-
noruu OI'BHY «®ITPB-BHUBW» (1. Kazaus).

MA-17 — ycinoBHOE 0003HaueHUE (hapmareBTH-
YeCKOM CyOCTaHIINH, COAepIKaIIeH ONC-TUMETHIICYITb-
(haT-TMMeTHIaMUHOITHIIOBBIA 2Qup TepedraeBoit
kucinotel. MA-23 — ycnoBHoe o0o3HaueHue (apma-
LIEBTUYECKON CYOCTaHIIMH, COIEpKalIei Ouc-aume-
TUICYIb(AT TUMETHIAMHHOITHIIOBOTO 3(hUpa TPYyK-
CUJIOBOM KHUCJIOTHI.

N3ydenue mokaszaresieil 0OCTpOM TOKCUUYHOCTH
MA-17 u MA-23 npoBoaunu Ha 65 caMkax Oenbix
KpbIc sxuBoi Maccort 180—240 r u Ha 70 camkax Oe-
JIBIX MBITIEH skuBOM Maccoit 18—22 r. B sxcnepumen-
T€ UCTIOIB30BAIN KJIMHIUYECKHU 30POBBIX JKUBOTHBIX.
OKCTIepUMEHTAITbHBIC JKHBOTHBIC HAXOIMINCH B OJTHU-
HAKOBBIX yCIIOBHSIX KOPMJICHHS U COZIEPIKaHUS C CO-
OIoIeHNeM BCeX CaHUTApHO-THTUEHHYECKHUX TPebo-
Banuii [4].

B xoxe ombiTOB ompeensiu o01iee COCTOSHUE
JKUBOTHBIX, OCOOCHHOCTH HX ITOBEJICHUS, NHTCHCHB-
HOCTH M XapaKTep JABUTaTeIbHON aKTUBHOCTH, HaJIH-
Yhe W XapaKTep CYIOpOT, KOOPIUHAIMIO JBIKEHHIA,
oTpeOIeHNE MUK, BOJIBI,  H3MEHEHHE MACChI Tela.

Onpenenenue JIJI, TpOBOAMIM METOIOM IPOOHT-
aHanu3a, npeiokeHHbiM MumiepoM u TeliHTepom
[5].

Uccnenyembie dapmaiieBTHUECKUE CyOCTaHIIUN
BBOJIMJIN XKUBOTHBIM BHYTPUMBIIIEYHO. B KauecTBe
pPacTBOPHUTEIS MCIOIB30BaM BOAY ISl WHBEKIIHH.
Jnst onpenenenns JII[, MA-17 na 1abopaTopHbIX MbI-
ax TeCTUpOBaiIu cieayrouue no3sl: 0,6; 0,9; 1,1; 1,2;
1,4 mr/xr maccel Tena. Jlns onpenenenus JIJ1, MA-17
Ha 71a00PaTOPHBIX KPBICAX TECTUPOBAIN CICIYIOLTUE
no3el: 1,5; 1,8; 2,0; 2,2; 2,6 MI/Kr Macchl Tea.

Jst onpenenenus JIZ[,, MA-23 na mtabopaTopHbIx
MBIIIaX TeCTUPOBaNH clieayromue 1o3el: 0,5; 1,1; 1,3;

1,4 u 1,5 mr/kr maccel Tena. Jlns onpenenenus JIZ
MA-23 Ha 1a00opaTOpHBIX KphICaX TECTUPOBAJIH CIie-
nyrommue no3sl: 1,05 1,7; 2,3; 2,6; 2,8 u 3,0 Mr/kr mac-
bl Tena. JKUBOTHBIM KOHTPOJIBHOM IPYTIITBI BBOAWIACH
BOJIA 11l MHBEKIHUH.

N3yueHne KyMyJIsTUBHBIX cBoiicTB MA-17
n MA-23 npoBoaniu Ha 50 camkax 6eJbIX KpBIC 10
Mertony Jlmma. JKuBOTHBIC OBUIM pa3melicHBI Ha JBE
TpyIIIbI 10 25 ronoB B Kaxaou. JKUBOTHBIM NEpBOU
rpynmsl BBoguid MA-17. JKUBOTHBIM BTOPOM I'pyMIIbI
BBoauian MA-23. HauanbHast BBoouMas 103a COCTaB-
nsna 0,1 ot oxHOI JIL, Kaxapie 4 nHst 3Ty 103y yBe-
muarBaiy B 1,5 pasa. CreneHb KyMyJasSsTUBHOTO Jeii-
CTBUS BBIpaXali KO HUITMEHTOM KyMYIISALINH, TIPE-
CTaBJISIONIUM COOON OTHOIIEHUE CyMMAapHOM J03BI
BEIECTBA, BhI3bIBarONIEH TH0ensb 50 % MOa0NBITHBIX
JKUBOTHBIX ITPH €0 MHOTOKPAaTHOM BBEJICHUH KHBOT-
HEIM, K J103€, BEI3BIBaoIIei rudens 50 % KUBOTHBIX
MOCJIe OMHOKPATHOTO BBeneHus [6, 7].

Mt m3ydenus snusaust MA-17 u MA-23 Ha re-
MAaToJIOTHYECKHE TIOKA3aTeTN KPOBH KPBIC OBLITH CKOM-
IJICKTOBAHbl 4 TPYIIBI )KUBOTHBIX 2—3-MECAYHOTO
BO3pacTa M0 ATk rojoB B Kaxaoi. Kpsicam nepsoit
Ipynnbl BHYTPUMBIIIEYHO BBOAMIN MA-23 B no3e
1,7 Mr/Kkr, KpbicaM BTOPOW TPYIIIbI BHYTPUMBIIICY-
HO BBOIWIN MA-23 B 03¢ 2 MI/KT, KppIcCaM TPETh-
eli TpyMIbl BHYTPUMBIIIEYHO BBOAUIN MA-17 B 103€e
1,8 Mr/kr maccel Tena. KpbicaM KOHTpPOJIBHOM Tpyn-
bl BBOJIWJIM BHYTPHUMBIIICYHO BOAY JJII MHBEKIIUN
B ooweme 0,1 mu. KpoBe mis uccnenoBanuii Opaiu
y JKMBOTHBIX 4epe3 15 MuH mociie BBEACHUS COEIH-
HEHWH C HACTYIUICHHEM UMMOOWIH3UPYIONMIETO (-
¢exra. ['emMaTonornyeckue UCCICAOBAHUS BKITFOYAIN
OIpeieIeHne KOIMMYECTBA SPUTPOLIUTOB, TEHKOLIUTOB,
reMOrI00HHa C TOMOLIBIO TeMaTOJIOrMYECKOT0 aHaAJIH-
3atopa «Mythic 18 Vet».

JlaHHbBIE SKCTIEpUMEHTABHBIX UCCIIEIOBAHUH 00-
pabarpIBalii METOOM BapHUallMOHHON CTAaTUCTUKH.
J1J1s1 9TO 11eNn UCTIONB30BAIH MTPUKJIIATHOE TIPOTPaMM-
Hoe obecneuenne STATISTICA. PaGoty nmpoBoauiu
COMIaCHO MPAKTHYECKOMY PYKOBOACTBY JUISl TIOJIB30-
Bateneil [8]. CrarucTuyeckyro 3HaYUMMOCTh Pa3TuIui
YCTaHABIUBAIIN 10 BenduHe KpuTepus CThIONEHTA.

PE3YJIBTATHI HCCJEJOBAHUM

O0s13aTeNbHBIM yCIOBHEM MPUMEHEHUS HOBBIX
BETEPUHAPHBIX MIPENApaTOB SABISCTCS MPEAIICCTBYIO-
1ee MPOBENCHNE TOKCUKOIOTHUECKUX UCCIIETIOBAHII
Ha J1a00paTOPHBIX KUBOTHBIX.

IIpu BBenennu kpeicam MA-17 B noze 1,2 mr/kr
Macchl TeJ1a BUJIMMBIX KIIMHUYECKUX U3MEHEHHH B I10-
BEJICHUU U B O0ILIEM COCTOSTHIH He HaOmoanock. [Tpu
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BBEICHUN TOKCUYECKUX /103 KIMHUYECCKUE MPU3HAKU
XapaKTePU30BAITUCH BO30OYKICHIEM, yTHETCHUEM, Y4a-
MIEHHBIM TBIXaHUEM, OABIIITKON 1 MUOGHUOPUIUIAIIHCH.

B xope mpoBeieHHBIX KCIIEPUMEHTOB OBLJIO yCTa-
HOBJICHO, 4TO Nipu BBeAeHnn MA-23 B nto3e 1,7 Mr/kr
MAaccChl TeJIa BUAUMBIX KIIMHUYECKUX H3MEHEHHH B I10-
BEICHHUU M OOIIEM COCTOSHHUM He HaOJI0Ja0Ch.
Oo0e3aBmkuBarouiee gerictsrue MA-23 Ha01101aJ10Ch
Yy KUBOTHBIX yepe3 10—15 MuH nocne BBeieHus 1036l
1,9 mMr/kr u mponomkanock B TedeHue 12—15 muH.

dapmarieBTUYECKasi CyOCTaHIUS 1O/ YCJIOBHBIM Ha-
3BaHreM MA-23 okasaach HanOomee 3pPeKTHBHOM,
MIPOSBIIAIONIEH oOe3nBIKHUBatomiee aeiictue. [lpn
BBEJICHUU TOKCUYECKUX 103 MA-23 y ®KUBOTHBIX OT-
MEYaJIOCh YTHETEHHOE COCTOSIHUE, HAPYIIEHUE KOOP-
JIUHAIIMK JIBMOKCHUH, OJIBIIIKA ¥ MUO(DUOPHIUISIIHS.
I'mGens Bcex KUBOTHBIX HacTymana yepes 13—15 mu-
HYT TIOCIIe OCTAaHOBKH JIBIXaHUSI.

Pe3ynbrarel ucciaenoBanuil mapamMeTpoB OCTPOM
TOKCHMYHOCTH TIPECTaBICHBI B Ta0muie 1.

Taoaumna 1
Tapamempor ocmpoti moxcuunocmu gpapmayesmuueckux cyocmarnyuti MA-17 u MA-23
[TapameTpbl OCTPOIt TOKCUYHOCTH, MI/KI MACChI Tella
i, L, i repmanan A, M
MA-17
JlaboparopHbie MbIIIH
0,6 0,9 1,03 (0,91+1,29) 1,36 1,4
JlaboparopHbIe KPBICHI
1,5 1,72 2,02 (1,79+2,29) 2,36 2,6
MA-23
JlabopaTtopHble MbIIN
0,8 1,1 1,21 (1,06+1,37) 1,41 1,5
JlabopaTopHble KPBICHI
1,9 2,06 2,50 (2,15+2,77) 2,87 3,0

AHanm3upys JaHHbIC TA0IUIBI 1, HEOOXOAUMO OT-
METHUTh TO, YTO HAN0OJIEe TOKCHUHBIM SIBJISICTCS CYO-
cranmmsg MA-17, Haubonee 4yBCTBUTEIHHBIM U3 JIa-
0OpaTOpPHBIX TPHIBYHOB SBIAIOTCA MbIA. Ha ocHo-
BaHUU MPOBEACHHBIX MCCIIEIOBAHUN MOXKHO C/IeJaTh
3aKJIFOUEHHE O TOM, 4TO 1o Benmuuune JIJI ns mabo-
paropHbIX Kpbic cyocTanimu MA-17 u MA-23 otHo-
cATCA K 1 KITacCcy TOKCHYHOCTH M OTIACHOCTH B COOT-
BerctBum ¢ ['OCT 12.1.007—76 u mo xmnaccuduka-
nuu U. B. bepesosckoii [9].

B cootBercTBuHE ¢ Knaccudukanueit Opranuzanun
SKOHOMHUECKOTO coTpyaaniectsa u pazpurus (OEC/I)
MA-17 u MA-23 0THOCSITCS K BHICOKOTOKCUYHBIM CO-
equaeHusM [10].

B pesynbprare n3ydeHus KyMyISITHBHBIX CBOHCTB
cyocranunu MA-17 ycranosuiu, uro 50 % >KUBOT-
HbIX nasio Ha 10 cyTku ombita. JIJI ) Ipu MHOTOKpar-

HOM BBEJICHUU JAHHOTO COCTUHEHUS 32 ATOT MEPHO
cocrasuia 7,27 mMr/kr maccel Tena, K _cocrasun 3,6.

[Ipu n3yueHun KyMyIaTUBHBIX CBOIMCTB CyOCTaH-
uu MA-23 Ob110 yCTaHOBJIEHO, 9T0 50 % KMBOTHBIX
noru6au Ha 20-i JeHb IKCIIEPUMEHTA. HI[SO JaHHOU
CyOCTaHIIMU TP MHOTOKPAaTHOM BBEJICHHHU 32 JTOT
nepuoz cocrasuia 13,38 mr/kr maccel Tena, K co-
craBui 5.4.

Pe3yapTarhl UcClIeIOBAHUNA KYMYJISITHBHBIX
CBOWCTB (apMaleBTHYeCKuX cyOcTanmmii MA-17
u MA-23 nipencrapieHsl B Tabmuie 2.

AHanmu3upys JaHHbIE TAONUIBI 2, HEOOXOAUMO
OTMETHUTH TO, YTO HarOOJIee TOKCUYHBIM TIPU MHOTO-
KpaTHOM BBEJICHUHU U HauOoJice KyMYJISITUBHBIM SIB-
nsterest MA-17. CormacHO METOTUICCKAM yKa3aHH-
SIM TIO OTIPEIEICHUIO0 TOKCHUYSCKUX CBOMCTB Ipera-
paroB, PUMEHAEMBIX B BeTepuHapuu, ecimu K > 1,
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TO 3TO MO3BOJIAET OTHECTH UX K IPYIIIE JICKAPCTBCH-
HBIX CPEICTB, Y KOTOPBIX OTCYTCTBYIOT KyMYJISITUBHBIE
cpoiicta [11]. CormacHO METOAMYECKUM YKa3aHUSM

[0 M3YYCHHUIO0 OOIICTOKCUYECKOTO JeicTBUs (hapma-
KOJIOTUYECKMX BelmeCTB, ecim K < 1, 10 910 Kymyins-
uust, ecau K> 1, To npusbikanue [7].

Tabauna 2
Kymynamuenvie ceoticmea papmayesmuueckux cyocmarnyuii MA-17 u MA-23
Haspatie coemHeHis JI,, ipu OZIHOKpATHOM Cymmapnas nosa JIJI, npu Koadduruent
BBEJICHUU MHOTOKPAaTHOM BBEJICHUU kymynsouu, K
MA-17 2,02 7,27 3,6
MA-23 2,50 13,38 5,4

KomrexcHast orieHKa 0CTpOil TOKCUYHOCTH U Ky-
MYJSTHBHBIX CBOHCTB MA-17 m MA-23 mo3Bonwimm
UX KJaccu(UIMPOBaTh MO CTENEHH OMACHOCTH TOK-
CHUYECKOTO JeHCTBHUS.

B Tabmune 3 npuBeneHbl JaHHBIE MO KiIacCU(H-
KaIluA OITACHOCTU TOKCHYECKOro aerctBus MA-17
n MA-23.

AHanmmu3upys AaHHbIE TaOMUIEI 3 HEOOXOIUMO
OTMETHUTH, YTO COIVIACHO KJIACCH(UKALUU CTETICHH
OMACHOCTH TOKCHYECKOTO JIEHCTBUS JIEKAPCTBEHHBIX

CPEICTB M BETEPUHAPHBIX MTPETIapaToB Mo K03 hHUIru-
EHTY KyMYJISILIUM U JI030BOMY YPOBHIO TOKCHYECKO-
ro nerctBusI MA-17 OTHOCHUTCST K BLICOKO OIIACHBIM,
MA-23 — ymepeHHo onacHbIM. [1o nHAEKCY MUPOTHI
TeparneBTHueckoro aeiicreug MA-17 u MA-23 otHo-
CATCS K BBICOKO OIacHOM Irpymie.

B cootBeTcTBHM ¢ KiIaccuuKanuei CTETEHU
OIAaCHOCTH TOKCHYECKOTO EHCTBUS JICKAPCTBEHHBIX
cpeacTs 1o ko3 unueHTy Kymynsuua MA-23 oTHO-
CUTCS K yMEpeHHo onacHoii rpynme [11, 12].

Taoauna 3

Knaccugurayuss cmenenu onacnocmu moxcuyecxkozo oeticmeust papmayesmuveckux cyocmanyutit MA-17 u MA-23

CrereHb 0acHOCTHU

Kpurepuii onacHoctu

BBICOKO YMEPEHHO Majo
Koaddurment kymysmsimu 1...5 >5...10 >10
MA-17 3,6
MA-23 5,4
ﬁg;::mﬁ YPOBEHb TOKCHUYECKOTO JEHCTBUSI B dKCIIEPU- 1901, > 5901, > 1091,
MA-17 +
MA-23 +
s e o e
MA-17 1,1
MA-23 1,5

BakHBIM acIeKTOM BBISBICHHS IMOTCHIIMATb-
HOUM OTMACHOCTH JIEKAPCTBEHHBIX MPENapaToB JJIs ue-
JIOBCKAa U XUBOTHBIX SIBJISICTCA HCCJICOAOBAHUC IeMa-
TOJIOTHYECKUX Mokazaresei. [lonanas B KpoBb, Je-
KapCcTBa CIIOCOOHBI BBI3BATh Psifl TEMAaTOJOTHIECKIX

C/IBUTOB, KOTOPBIE MOTYT COITPOBOK/IAThCSI OTCYTCTBH-
eM KJIMHUYECKUX MPOSBICHUN WHTOKCHKammu [13].
HccnenoBanue (POPMEHHBIX 3JIEMEHTOB KPOBH SIBJISI-
eTCsl TOCTYITHOMN, YyBCTBUTEIbHOM, HHPOPMAaTHBHON
dopmoii o0cieoBaHNs 1 MOXKET AaTh MOJE3HYIO UH-
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(hopMaruro JijIsl PACKPBITHS TATOTEHETHYECKUX OCHOB
nHTOKCHKaIui. Mzydas mophodyHKIIMOHATBHYIO Xa-
PAKTEepUCTHKY KIJIETOK KPOBH, MOYKHO OOHAPYKUTH H3-
MEHEHHE Ha YPOBHE KIIETOK M CYOKJIIETOYHBIX CTPYK-
Typ. Cieayer yuecTb U TO, UTO SPUTPOLUTHI AKTUBHO
YYacTBYIOT B TPAHCIIOPTE M 00C3BPEIKUBAHUM TOKCH-
YECKUX BEIIECTB, a UX 000JI0YKa SABJISICTCS YHUKAIIb-
HEIM agcopbentoM [14].

B cBs3M ¢ 3TUM MBI U3ydajy TeMaToJIOTHYeCKre
IOKa3aTelld KPOBU KPBIC MMOCJIE BHYTPUMBIIIEUHOTO

BBeneHnss MA-17 u MA-23. Ilocie BHyTpHUMBIIIEY-
Horo BBegeHust MA-23 B no3ax 1,7 u 2 MI/KI Macchl
TeJa KpbicaM UMMOOMIH3upytommii 3hdexr Hacrty-
nan yepes 15 munyT. [locne BHYyTpUMBIIIEYHOTO BBE-
neHust kppicam MA-17 B no3e 1,8 Mr/kr uMMoOUIH-
3upyromuil ¢ ekt HacTynan yepe3 15 MuUHYT, onHa-
KO OJTHOBPEMEHHO Y KUBOTHBIX BO3HUKAIIH CyIOPOTH.

Pesynbrarhl reMaToIornuecKuX UCCieI0BaHuH Mo-
cie BBesieHnss MA-17 u MA-23 nipenicraBiieHbl B Ta0-
nunax 4.

Taoauna 4
Temamonocuueckue noxkazamenu 6evix Kpblc NOCie 86e0eHuUs
dapmayesmuueckux cyocmanyuii MA-17 u MA- 23 (M £ m)
MA-23 MA-17
[Toxa3arennb En. u3m. Kontpons Jlo3a, MI/Kr Macchl Tela
1,7 2,0 1,8
DpUTPOIUTHI 102/n 8,75+ 0,29 7,81 +£0,30 7,68 +0,34" 6,25+0,32"
I'emornoOuH r/n 132,6 £4,21 132,8 +4,33 142,6 + 4,46 89,1 +0,24™
JlerKouThI 10°/n 6,12+ 0,23 6,25+0,27 6,37 +0,25 5,91 +0,28
' p<0,05
" p<0,001
** p=10,00001

AHanu3upyst JaHHbIe TaONUIE 4, CIIENYeT OTME-
TUTh, YTO MOCJIC BHYTPUMBIIICYHOTO BBeICHUsI (hap-
MaleBTHYecKor cyoctaniuu MA-23 B 103e 1,7 Mr/kr
JIOCTOBEPHBIX Pa3IMUUil reMaTOIOTHUECKUX ITOKa3are-
JIel MeXTy OMBITHBIMHA M KOHTPOJHHBIMHU TPYIIIAMH
YKUBOTHBIX HE HaOmoanock. ConepxaHue SpUTPOIH-
TOB B KPOBHU OCJIBIX KPBIC MIOCIIC BBEJICHUS COCTUHE-
uust MA-23 B 103¢ 2,0 MI/KT Macchl Tea OBLIO TOCTO-
BEPHO HIDKE, UeM y KOHTPOIbHOM rpynis (p < 0,05).

Conep:xaHue )pUTPOIUTOB U TEMOTIIOOMHA B KPO-
BH KPBIC OTIBITHON TPYTITBI TTOCIIE BHYTPUMBIIIEYHO-
ro BBeaennss MA-17 B no3e 1,8 MI/kr Macchl Tena
OBLIO JIOCTOBEPHO HIIKE, YEM B KOHTPOJBHOW TPYII-
e (p <0,001).

3AKJIIOYEHHUE

B pesynbrare npoBeieHHBIX AKCIIEPUMEHTOB, YCTa-
HOBMJIH, 4TO cyOcTanims MA-23 no apmakonoruye-
CKUM M TOKCHKOJIOTHUECKUM ToKa3areisiM 2P dekTus-
Hee U MeHee TokcnyHa, ueM MA-17. I1o Bceii BeposT-
HOCTH, 3TO pa3jINyUe CBA3AHO C PA3HBIM CTPOCHUEM
MEKOHHEBOW YacTH MoJiekyl. B cuHTe3e papmarien-
THYecKoi cyocraniun MA-17 B kauecTBe MEKOHHE-
BOM 4YacTH MOJIEKYJIbI IByXOCHOBHOM KHCIIOTBI HC-

MOJIb3yeTCs TepepTalieBast KMCIOTa, a B CHHTE3¢e (ap-
MaleBTU4YeCKor cyOcrtanmu MA-23 ucronb3yercs
TpyKCHiIOBas Kuciora. [losydeHHbIe TaHHBIC T03BO-
JISTIOT pa3paboTaTh HampaBlieHHue CHHTE3a (papMarieB-
TUYECKUX CYOCTaHIIMH, 00Iaatonux 00e31BHKIBA-
IOIUM JEeHCTBUEM.
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COMPARATIVE TOXICOLOGICAL CHARACTERISTICS
OF PHARMACEUTICAL SUBSTANCES CONTAINING
BIS-QUATERNARY AMMONIUM COMPOUNDS
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Abstract. A comparative study of acute toxicity, cumulative properties and the effect on hematological parame-
ters of pharmaceutical substances containing derivatives of bis-quaternary ammonium compounds with an im-
mobilizing effect was carried out on laboratory rodents. MA-17, the code name of the pharmaceutical substance
containing bis-dimethylsulfate-dimethylaminoethyl ether of terephthalic acid, and MA-23, the code name of the
pharmaceutical substance containing bis-dimethylsulfate of dimethylaminoethyl ester of truxyl acid, were inves-
tigated during the experiments. Pharmaceutical substances were administered intramuscularly. It has been estab-
lished that the LD50 of MA-17 and MA-23 in laboratory mice is 1.03 and 1.21 mg/kg, respectively. The LD50 of
MA-17 and MA-23 in laboratory rats is 2.02 and 2.5 mg/kg, respectively.

As aresult of studying the cumulative properties of MA-17, it has been found that the LD, after multiple admin-
istration of this compound is 7.27 mg/kg. The cumulation coefficient (C ) is 3.6. The LD, of MA-23 after multi-
ple administration is 13.38 mg/kg, C_is 5.4.

There were no significant differences in hematological parameters between the experimental and control groups
after intramuscular administration of MA-17 at a dose of 1.8 mg/kg and MA-23 at doses of 1.7 and 2.0 mg/kg.
The conducted experimental studies have shown that MA-23 is less toxic than MA-17. This distinction is due to
the difference of space (part) between charged amino groups of MA-23 and MA-17 molecules. Terephthalic acid
is used as a part between charged amino groups of the dibasic acid molecule in MA-17 substance, and truxyl
acid — in MA-23. These data allow to develop a direction for the synthesis of immobilizing pharmaceutical sub-
stances and recommend MA-23 as an active substance in the development of new compounds.

Keywords: chemical synthesis, acute toxicity, cumulation, clinical picture, hematological parameters, immobili-

zation

Special immobilizing preparations are used to calm
wild, domestic and farm animals. Currently, the range
of drugs for immobilizing domestic animals is quite
limited. In this regard, it is necessary to improve vet-
erinary medicines for the temporary animal immobi-
lization.

Pharmacological immobilization of animals is
based on the temporary loss of their motor activity.
This trapping and fixing method provides safe work
with wild and domestic animals [1—3].

The development and synthesis of new drugs with
an immobilizing effect and their toxicity and safety
studying are an urgent task of modern veterinary phar-
macology and toxicology.

Therefore, the purpose of our work was a compar-
ative study of the toxicity and safety of pharmaceu-
tical substances containing derivatives of bis-quater-
nary ammonium compounds.

To achieve the goal, the task of studying of pharma-
ceutical substances, containing derivatives of bis-qua-
ternary ammonium compounds, acute toxicity, its cu-
mulation and effect on hematological blood parame-
ters in laboratory rats was set.

MATERIAL AND METHODS
Experiments were conducted at the Department of
Toxicology of the Federal Center for Toxicological,
Radiation and Biological Safety (Kazan).

© Rakhmatullin E. K., Vasilevskiy N. M., Idiyatov I. I., Malanyev A. V., Yamalova G. R., Khalikova K. F., Khaki-
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MA-17 is the code name for a pharmaceutical sub-
stance containing bis-dimethylsulfate-dimethylami-
noethyl ester of terephthalic acid. MA-23 is the code
name of a pharmaceutical substance containing trux-
yl acid dimethylaminoethyl ester bis-dimethyl sulfate.

The study of acute toxicity parameters of MA-17
and MA-23 was carried out on 65 female white rats
weighing 180—240 g and 70 female white mice weigh-
ing 18—22 g.

Clinically healthy animals were used in the exper-
iments. Experimental animals were kept in the same
conditions of feeding and maintenance in accordance
with all sanitary and hygienic requirements [4].

During the experiments, the general animal condi-
tion, their behavior features, the intensity and nature
of motor activity, the presence and nature of convul-
sions, coordination of movements, food and water con-
sumption, and changes in body weight were examined.

The LD, was calculated by the method of probit
analysis proposed by Miller and Tainter [5].

Investigated pharmaceutical substances were in-
jected intramuscularly to animals. Water for injection
was used as a solvent. To establish the LD, of MA-17
in laboratory mice, the following doses were tested:
0.6,0.9,1.1, 1.2, 1.4 mg/kg. To determine the LD, of
MA-17 in laboratory rats, the following doses were
tested: 1.5, 1.8, 2.0, 2.2, 2.6 mg/kg.

To establish the LD, of MA-23 in laboratory mice,
the following doses were tested: 0.5, 1.1, 1.3, 1.4 and
1.5 mg/kg. To determine the LD, of MA-23 in labo-
ratory rats, the following doses were tested: 1.0, 1.7,
2.3, 2.6, 2.8 and 3.0 mg/kg. The animals of the con-
trol group were injected with water.

The study of the cumulative properties of MA-17
and MA-23 was carried out on 50 female white rats ac-
cording to the Lim method. The animals were divided
into two groups, 25 animals each. The animals of the
first group were injected with MA-17.

The animals of the second group were injected with
MA-23. The initial dose was 0.1 of LD, . Every 4 days
this dose was increased by 1.5 times The degree of cu-
mulative action was expressed by the cumulation co-
efficient, which is the ratio of the total dose of a sub-
stance that causes the death of 50 % of experimental
animals after multiple administration to the dose that
causes the death of 50 % of animals after a single in-
jection [6, 7].

To study the effect of MA-17 and MA-23 on
rat blood hematological parameters, 4 groups of
2—3-month-old animals, five individuals each, were
formed. The rats of the first group were intramuscu-
larly injected with MA-23 at a dose of 1.7 mg/kg, the
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rats of the second group were intramuscularly injected
with MA-23 at a dose of 2 mg/kg, the rats of the third
group were intramuscularly injected with MA-17 ata
dose of 1.8 mg/kg. The rats of the control group were
injected intramuscularly with water for injection in a
volume of 0.1 ml. Animal blood was collected 15 min-
utes after administration of the compounds with the on-
set of an immobilizing effect. Hematological studies,
including the number of erythrocytes, leukocytes, he-
moglobin, were determined by the Mythic 18 Vet he-
matological analyzer.

The data of experimental studies were processed
by the method of variation statistics. For this purpose,
the application software STATISTICA was used. The
work was carried out according to the practical guide
for users [8]. The statistical significance of differenc-
es was determined by the Student’s test.

STUDY RESULTS

Prior toxicological studies on laboratory animals
are prerequisite for the use of new veterinary drugs.

There were no visible clinical changes in behavior
and general condition of rats under 1.2 mg/kg of body
weight of MA-17. When toxic doses were adminis-
tered, clinical signs were characterized by anxiety, de-
pression, rapid breathing, dyspnea and myofibrillation.

During the experiments, it was found that no visi-
ble clinical changes in behavior and general condition
were observed under MA-23 at a dose of 1.7 mg/kg of
body weight. The immobilizing effect of MA-23 was
noted in animals 10—15 minutes after the adminis-
tration of a dose of 1.9 mg/kg and lasted for 12—15
minutes. The pharmaceutical substance under the code
name MA-23 proved to be the most effective, show-
ing an immobilizing effect. In the animals treated with
toxic doses of MA-23, depression, movement disor-
ders, dyspnea and myofibrillation were observed. The
death of all animals occurred 13—15 minutes after
respiratory arrest.

The results of acute toxicity studies are present-
ed in Table 1.

Analyzing the data presented in Table 1, it should
be noted that MA-17 is the most toxic and mice are
the most sensitive of laboratory rodents. Based on the
LD, for laboratory rats from conducted studies, it can
be concluded that, substances MA-17 and MA-23 be-
long to class 1 of toxicity and hazard in accordance
with GOST 12.1.007—76 and the classification of
L. V. Berezovskaya [9].

According to the classification of the Organization
for Economic Cooperation and Development (OECD),
MA-17 and MA-23 are highly toxic compounds [10].
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Acute toxicity parameters of MA-17 and MA-23 pharmaceutical substances fabled
Acute toxicity parameters, mg/kg of body weight
LD, LD, LDy, Wi::lel?v";gdence LD,, LD,
MA-17
Laboratory mice
0,6 0.9 1.03 (0.91+1.29) 1.36 1.4
Laboratory rats
1,5 1.72 2.02 (1.79+2.29) 2.36 2.6
MA-23
Laboratory mice
0,8 1.1 1.21 (1.06+1.37) 1.41 1.5
Laboratory rats
1,9 2.06 2.50 (2.15+2.77) 2.87 3.0

As a result of studying the cumulative properties
of MA-17, it was found that 50 % of animals died on
day 10 of the experiment. The LD after multiple ad-
ministration of this compound over this period was
7.27 mg/kg, C_ was 3.6.

In the study of MA-23 cumulative properties, it
was found that 50 % of animals died on day 20 of the
experiment. The LD, after multiple administration of
it over this period was 13.38 mg/kg, C_ was 5.4.

The results of studies of the cumulative properties
of pharmaceutical substances MA-17 and MA-23 are
presented in Table 2.

Analyzing the data presented in Table 2, it should
be noted that the most toxic after multiple administra-

tion and the most cumulative is MA-17. According to
the Guidelines for determining the toxic properties of
drugs used in veterinary medicine, it allows to classi-
fy drugs as a group without cumulative properties if
C, > 1[11]. According to the Guidelines for the study
of the general toxic effect of pharmacological sub-
stances, it is a cumulation if C_ < 1, and it’s an addic-
tion if C_ > 1[7].

A comprehensive assessment of acute toxicity and
cumulative properties of MA-17 and MA-23 allowed
them to be classified according to the degree of dan-
ger of toxic action.

Table 3 shows the data on the classification of
MA-17 and MA-23 toxic effects.

Table 2

Cumulative properties of MA-17 and MA-23 pharmaceutical substances

Substance name LD, with a single injection

Total dose of the LD,, after

. .. . Cumulation coefficient, C
multiple administration ¢

MA-17 2.02

7.27 3.6

MA-23 2.50

13.38 5.4

Analyzing the data presented in Table 3, it should
be noted that, according to the classification of a haz-
ard level of medicines and veterinary drugs toxic effect,
cumulation coefficient and the dose level of the toxic
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action, MA-17 belongs to highly hazardous, MA-23
belongs to moderately hazardous drugs. According to
the therapeutic margin index, MA-17 and MA-23 be-
long to a highly hazardous group.
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Classification of a hazard level of MA-17 and MA-23 toxic actions fables
Hazard level
Hazard criterion
High Moderate Low
Cumulation coefficient 1...5 >5...10 > 10
MA-17 3.6
MA-23 5.4
Dose level of toxic actions in the experiment 1 ED;, > 5 ED;, >10 ED,,
MA-17 +
MA-23 +
Therapeutic Margin Index (LD, /therapeutic dose) 5...15 >15...45 > 45
MA-17 1.1
MA-23 1.5

In accordance with the classification of a hazard
level of drug toxic effect, cumulation coefficient, the
MA-23 belongs to the moderately hazardous group
[11, 12].

An important aspect of identifying the potential
hazard of drugs for humans and farm animals is the
study of hematological parameters. Drugs, getting into
the blood, can cause a number of hematological chang-
es, which may be accompanied by the absence of intox-
ication clinical manifestations [13]. Blood cell exami-
nation is an accessible, sensitive, informative method
which can provide useful information for revealing the
pathogenetic basis of intoxication. It is possible to de-
tect changes at the level of cells and subcellular struc-
tures by studying the morphofunctional characteristics

of’blood cells. It should also be taken into account that
erythrocytes are actively involved in the transport and
neutralization of toxic substances, and their membrane
is a unique adsorbent [14].

In this regard, we studied the hematological pa-
rameters of the blood of rats after intramuscular in-
jection of MA-17 and MA-23. Immobilizing effect in
rats occurred 15 minutes after intramuscular adminis-
tration of MA-23 at doses of 1.7 and 2 mg/kg of body
weight. Immobilizing effect in rats also occurred 15
minutes after intramuscular administration of MA-17
ata dose of 1.8 mg/kg, but was simultaneously accom-
panied by convulsions.

The results of hematological studies after MA-17
and MA-23 injections are presented in Table 4.

Hematological parameters of white rats after MA-17 and MA-23 administration (M + m) fabled
MA-23 MA-17
Parameter Unit o;rer:f[asure- Control Dose, mg/kg of body weight
1.7 2.0 1.8
Erythrocytes 10'%/L 8.75+0.29 7.81+£0.30 7.68 +0.34" 6.25+0.32"
Hemoglobin g/L 132.6 +£4.21 132.8 +£4.33 142.6 +4.46 89.1+0.24™
Leukocytes 10°/L 6.12+0.23 6.25+0.27 6.37+£0.25 5.91+0.28
' p<0.05
" p<0.001
" p=0.00001
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Analyzing the data in Table 4, it should be noted
that after intramuscular administration of the pharma-
ceutical substance MA-23 ata dose of 1.7 mg/kg, there
were no significant differences in hematological param-
eters between the experimental and control groups of
animals. The content of erythrocytes in the blood of
white rats after administration of the compound MA-23
at a dose of 2.0 mg/kg of body weight was significant-
ly lower than in the control group (p < 0.05).

The blood content of erythrocytes and hemoglo-
bin in the rats of the experimental group after intra-
muscular injection of MA-17 at a dose of 1.8 mg/kg of
body weight was significantly lower than in the con-
trol group (p < 0.001).

CONCLUSION

As a result of the experiments, it has been found
that the substance MA-23 in terms of pharmacologi-
cal and toxicological parameters is more effective and
less toxic than MA-17. This distinction is probably due
to the difference of space (part) between charged ami-
no groups of molecules. Terephthalic acid is used as a
part between charged amino groups of the dibasic acid
molecule in MA-17 substance, and truxyl acid — in
MA-23. These data allow to develop a direction for the
synthesis of immobilizing pharmaceutical substances
and recommend MA-23 as an active substance in the
development of new compounds.
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METABOINYECKHUE U TATOMOP®OJOI'NYECKHUE
ACHHEKTHI TEHATOINPOTEKTOPHONU AKTUBHOCTH
CEJIE®JTAHA HA ®OHE PA3BUTHUA OCTPOI'O
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AHHoTanust. CTaTbs MOCBAIIEHA N3YYCHUIO TeIaTONPOTEKTOPHON aKTUBHOCTH ceneduiana Ha (poHe MOAEIBHO-
IO BOCTIPOM3BEJICHNS HAa ITUIE OCTPOTO TOKCHYECKOTO TeTAaTUTA C 1IETbIO BBISBICHHS B3aUMOCBSI3M MEXIY BO3-
HUKAIOUIMMH [IaTOJIOTUYECKUMH TIporieccaMy U 3 GEKTUBHOCTHIO (hapMaKOTEPATK B HUBEITMPOBAHUN CUMIITO-
MAaTHKH TOKCHKO3a, BOCCTAHOBJICHUH MaKpO- 1 MUKPOCTPYKTYPBI KJIETOK II€UCHH, a TAK)KE POCTOBBIX ITOKa3aTe-
JIel ¥ COXPaHHOCTH LBILIAT-OpoiinepoB. Hasnauenne cenedana B 1o3e 3 % OT CyXoro BemiecTBa KOPMOBOTO
pannoHa Ha IPOTSHKEHUH 14 HeH MOCTHHTOKCHKAIIMOHHOTO MEPHOA CIIOCOOCTBYET YITyUIICHUIO KIIMHUKO-(H-
3MOJIOTMYECKOT0 COCTOSIHUS OTBITHON NTHIBI, COXpaHHOCTH — 110 93,3 %, cpeaHecyTouHOro mpupocTa — Ha
9,9 %, a TakkKe TUCTOIOTUYECKOH CTPYKTYpPHI IICUCHH.

KaroueBble ciioBa: ceneduian, TenaTonpoTeKTop, KIMHIYECKUH CTaTyC, CPeIHECYTOYHBIH MPUPOCT, IBIIUIATA-

Opoiieps

B npuopuTeTe KOMIUTEKCca 3a1a4 COBPEMEHHOTO
OpOIJIEPHOTO NTHUIIEBOJCTBA HA TIEPEIOBBIC PYOEIKU
BBIXOJIUT pa3Be/ICHUE U COICPKaHUE BHICOKOTIPOAYK-
TUBHOHM NTHUIIBI ¢ BBICOKUMHU TPOAYKTHBHBIMH MOKa-
3aTeIsIMH TIPU COTTIOCTABUMBIX 3aTparax U MoJy4YeHue
HKOHOMHYECKOTO JI0X0J1a OTPACIH Ha 0a3e HOBEHIIINX
TEXHOJIOTUM U MX BHEIPEHHU B oTpacib. OgHaKo Takas
MHTEHCHBHAS CHCTEMa BBIPAIIMBAHHUS IITUIIHI 3a4aCTYIO
CIOCOOCTBYET Pa3BUTHIO CTPECCOBBIX PEAKIUi 1 KaK
CIIE/ICTBME — BO3HUKHOBEHHIO AncOanaHca oOMeH-
HBIX TIPOIIECCOB, O0YCIIaBIMBAIOIIUX MMOBBIIICHHYTO
YyBCTBUTEIHHOCTh OPTraHW3Ma NTHUI] K Pa3IHIHBIM
[aTOJIOTUSIM U B NIEPBYIO ouepenb — nedeHu [1—3].

[leuens (hepar) — kak HeHTpaIbHBIN OpraH Mpo-
necca Metabonu3Ma, CHHTe3a 1 0OMeHa psijia TopMo-
HOB, BUTAMUHOB, (PEPMEHTOB 1 MUKPOJIEMEHTOB, HEl-
TpaJU3aliyl dHJOTCHHBIX U YK30T€HHBIX TOKCHHOB,
4acTo He BBIIEP)KUBACT MOBBIIIEHHOHN (PyHKITHOHATH-
HOHM Harpy3KH, BCIIEJACTBHE YETr0 Pa3BUBAIOTCS IHC-
TpoduuecKkre MpoLeccsl MOPPOIOTUIECKUX CTPYK-
Typ nedenu [4—6].

CoBpeMeHHbIE TeNnaToMPOTEKTOPBI, HAXOASIINE
B (hapMaKoTepanuy akTHBHOE PUMEHEHHE B KOPPEK-
MM TernaTonaronaTui, AeHCTBYIOT B OpraHu3Me Kak

JIETOKCUKAHTBI, aKTUBHBIE COPOSHTHI UJIM CLIOCOOCTBY-
10T BOCCTAHOBJICHUIO MOP(PO(DYHKINOHAIBHBIX TTOKa-
3aTeNiell KJIETOK IMeueHH, YMeHbIIas (GyHKIHNOHAIb-
HYI0 Harpy3Ky Ha OpraHbl TenaroOnIHapHON CUCTe-
™Mbl [7—S8, 10].

Pemrenne mpo0GiieMbl HOpMaTH3allnu OOMEHHBIX
MPOLIECCOB B OpraHu3Me U Mop(hopyHKIMOHATHLHOTO
COCTOSTHUS NIEUEHU C MCIOJIb30BaHMEM IelaToTpOIl-
HBIX MpenapaToB MPeACTaBISAETCs BaXKHBIM PE3ePBOM
NoBbIIIeHNs YQ(HEKTUBHOCTH BEJICHHSI IITUIICBOJICTBA
U MIPOU3BOJCTBA NTHIIEBOAYECKON MPOAYKLHUHU, YTO
HACTOSITENIbHO TPeOyeT COBEPIIEHCTBOBAHUS METO-
JIOB paHHEH JUAarHOCTHKH HAapyLICHUH (yHKIHA 11e-
YEeHH, pacIUPEeHHs apceHaia U pa3padoTKH paruo-
HaJILHBIX CIIOCOOOB MCIOJIB30BaHUS B IITUIIEBOJICTBE
rernaroTPONHBIX U JIPYTUX OMONOTHYECKU aKTUBHBIX
BemecTs [2, 7—S8].

ApceHall JIeKapCTBEHHBIX CPEICTB, 00JIaAatonInx
renarornpoTEeKTOPHBIM MTOTEHINAIOM IPH renaTonaru-
SX Pa3IMYHON 3THOJIOTHH, JOBOJIBLHO IIMPOK U BKITIO-
YaeT Kak JIeKapCTBEHHbIE (POPMBI IPUPOTHOTO IPOKC-
XOXKIACHUS, TaK 1 CHHTETHYECKHUE (papMaKoIornieckne
cpenctBa. OHAKO CYIIECTBYIOMINN PSJT OTpaHNYEHHIA,
CBOWCTBEHHBIX MHOTUM Ipeniaparam, eiaeT npooie-
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My [TOHMCKa TOTEHIIATBHO 3()(hEeKTHBHBIX HOBBIX (ap-
MAaKOJIOTHYCCKHX BCIICCTB, BO3,IICI71CTByIOIIIHX Ha MO-
JICKYJISIPHBIE ¥ KIIETOYHBIC MUIIICHH, YPE3BBIYANHO aK-
TyalbHOH [2, 9].

Llenp wccnenoBaHuss — M3Y4YUTh TeNaTONPOTEK-
TOpHOE AelcTBHE cenedana — KOMIJIEKCHOTO pe-
napara, pa3paboTaHHOTO B OTxele (apMaKoIOTUU
Kpacnonapckoro HUBU Ha mMonenu ocTporo skcre-
PUMEHTAJILHOTO (TOKCHYECKOT0) TelaTuTa Ha OCHO-
B€ TUHAMHUKHU KITHHUYCSCKOW KAPTUHBI HHTOKCHKAIINH,
KOMITJICKCHOTO UCCIIEIOBAHMSI MAKPO- U MUKPOCTPYK-
TypBbI IEYCHHU, POCTOBBIX MOKa3aTeJel U COXPaHHOCTH
LBITUIAT-OpOHIePOB.

MATEPHUAJIBI U METO/IbI
NCCIEJOBAHUSA

MeTo0510THsI UCCIIEI0BAaHUNH COOTBETCTBOBAJIA
periaaMeHTaM 1o JOKJIMHUYECKHUM MCCIIeJOBaHUSAM
(«PyKOBOJICTBO MO SKCHIEPUMEHTAILHOMY (JIOKIHHHU-
YECKOMY) M3YUEHUIO HOBBIX (papMaKOJIOTHIECKUX Be-
mecTB» U «PyKoBOJCTBO IO TPOBEICHUIO JOKITMHIYE-
CKHUX HCCIIeIOBaHUI JIeKapCTBEHHBIX cpencTB) [5, 10].

OOBeKT uccnenoBaHusl — KOMIUIEKCHBIN Ipe-
napar ceneduan (Selephlanum), pa3paboTaHHBIN
Ha OCHOBE KPHCTAJUTMUECKOW pelnieTKH OCHTOHHTA
KanTeMupoBCKOTO MECTOPOXKIEHHS, B CTPYKTYPY KOTO-
Ppoii ObLITH BBEJICHBI HATPUS THOCYIb(AT, CeIeHCOoep-
KalMii KOMIIOHEHT, a TAK)KE pacTUTeNbHas cyOCcTaH-
LUs1 — TPaBa COJISIHKU XOJIMOBOI. dapmakoguHaAMUKa
Iperapara HarpanjieHa Ha yMEHbIIIEHHE MeTaboInye-
CKOTO BITUSTHHSA Ha TIEYeHb, BOCCTAHOBJIEHUE (PYHKITHO-
HAJIbHON aKTUBHOCTH M THCTOCTPYKTYPHI T€MaTOIITOB,
JETOKCUKAIMIO U aJICOPOIMI0 TOKCHHOB Pa3IHMYHOTO
MIPOUCXOXKICHUS, @ TAKXKE TOBBIIIEHUE COXPAHHOCTH
1 POyKTUBHOCTH. C 11€IbI0 YCTAHOBJIEHUS KOPPEIs-
LIMOHHBIX CBA3EH MEX/Ty KITMHUYECKUMHU CUMITOMaMH,
THCTOJIOTHYECKUMH M3MEHEHUSMHU CTPYKTYpBI TIede-
HU, COXpPaHHOCTBIO U POCTOBBIMH MTOKA3aTEISIMH TITH-
bl IPU TOKCUYECKOM TIOPKEHUH TIE€YCHH, OBLIT TIPO-
BezieH onbIT Ha 30 mplruisTax-opoinepax 17-1HeBHO-
r'0 BO3pacTa ¢ HauyaabHOM Maccoi Tena479,5 + 6,52 1.

MogenbHblii OIIBIT OCTPOro 3KCIEPUMEHTAIBHOTO
MTOPaKEHHUS TI€YeHN BOCTPOM3BOIMICS ITyTEM OJIHO-
KpaTHOTO BBEJICHUS NITUIIE TETPaxJIOpMETaHa B 03¢
5 mu/kr B ¢popme 50 % pacTBopa B OJMBKOBOM Mac-
JIe TIOCPEJICTBOM €r0 BHYTPHIKEIYAOUHOTO BBEACHHUS
4epe3 pOTOBYIO MOJIOCTh € IIOMOIIBIO 30H/1a (TTyOnHa
BBeneHus 3,5—4,0 cm).

ComtacHo aajbHEHIIEMy alrOpUTMy MOJEIbHOMN
CUCTEMEI i1 Vivo, IBIILIATA ObUTH pa3zelieHbl Ha JIBE
rpymmnsl (OMBITHYIO U KOHTPONBHYIO, 72 = 15). IlTnne
OTIBITHOM IPYIIIBI €KEAHEBHO Ha IPOTSLKEeHUHU 14 nHel

ckapmuBaics ceneduian u3 pacdera 3 % oT Cyxoro Be-
IIeCTBa KOPMOBOTO PALlMOHA, LBIILIATA KOHTPOIbHOM
rpynnsl Ha Gpone nopaxenus neuenu CCl, papmaxko-
TEPaIHIO HE MOJTYYalIH.

Copepxanue ¥ KopmiieHue OpoitnepoB o0enx
TPy COOTBETCTBOBAJIO OCHOBHBIM 300TEXHHYECKUM
TpeOOBaHUSIM (HAMOJBHOE COMIEpPKAHKE; OCHOBHOMN
parmon — xopMocmech «PocT», permaMeHTupoBaH-
Hasl COIIACHO BO3PACTy IO OEJKy, yIIeBoJaM U KH-
paM, BUTAMHUHaM, aMHHOKHMCIIOTaM U Makpo- U MU-
KpOdJIEMEHTaM).

C MOMeHTa BBEJCHHUSI TOKCOAO3bI TECT-00bEKTa,
U J1ajiee, Ha MPOTSHKEHUH BCEro HaOMI0IaTeIbHOTO I1e-
pHoza y ITULBI PETUCTPUPOBAJIACH ANHAMUKA KIIMHU-
YECKUX U3MEHEHMH (ITOJBMKHOCTh, COCTOSIHUE IIEPh-
€BOT0 IOKPOBA U BHJIUMBIX CIM3UCTBIX 00O0JIOUEK,
(YHKIHOHATBHOCTH OPraHOB MOYEBBIICIICHHUS U TIH-
HIEBapeHus ), TPaBUMETPUUECKHUE ITOKA3aTeNN, COXPaH-
HOCTb, a TAK)KE CTETIeHb BHIPAKEHHOCTH TOKCHUKO3a.

JLiist oLieHKY BIUSIHUSA ceseduiaHa Ha MaKpo- U MH-
KPOCTPYKTYPBI II€UCHH LBIILUIAT Ha 14 CyTKH 3KcIie-
PUMEHTAJILHOTO MepuoAa ObLI MPOBEAECH KOHTPOJIb-
HBII YOOI M BCKPBITHE MaBLICH NTHIBI, OTOOP Mpoo
JUTSI TATOMOPQOJIOTHYECKOTO M 'HCTOJIOTUIECKOTO HC-
cienoBanus (B COOTBETCTBHH ¢ «Mophonornyeckum
HCCJIEI0OBAaHUAM B BETCPHHAPHBIX J1abOpaTOPUAX)
(2008). dororpadupoBaHre TOTOBBIX THCTOIOTHYE-
CKHUX TPENapaToB OCYHIECTBISIOCH TP YBEINYCHH-
six 100 1 400 ¢ ucnonpzoBanuem mukpockona MC 300
(ABcTpusi) CO CrIeUaNTU3UPOBAHHBIM TPOTPAMMHBIM
00ecTIieUeHIEM PETHCTPANH U300pakeHusl 1udpo-
BOH kKamepoii Leica.

['paBuMeTpHuyeckoe onpenesaeHne Macchl TeJa MTH-
bl BBIMOJHSIOCH MIPH MTOCTAHOBKE OMbITA U MO €ro
OKOHYaHMIO. EKeTHEBHO MPOBOIUIICS KOHTPOJb CO-
XPaHHOCTH U TaJ1eKa MITUIICTIOTOIOBBS, TIPH STOM CO-
XPaHHOCTb PACCUUTHIBAJIACH B IPOLIEHTAX OT HayaJlb-
HOT'O IIOTOJIOBBS 32 BECh IIEpUoJ B 1IeJIoM. Macca Tena
ompenessiack MyTeM MHIUBHIYaJbHOTO B3BEILHBA-
HUSI, CPETHECYTOUHBIH MPUPOCT Macchl Tela — pac-
YETHBIM ITyTEM.

PE3YJIBTATHBI UCCJIEAOBAHUSA

YCTaHOBIIEHO, YTO 3KCIIEPUMEHTAJILHOE MTOpaKe-
HUE TICUCHH SIOM-TIPOOKCHJIAHTOM Y IIBITUIAT-OpOii-
JIEPOB BBI3BAJIO PA3BUTUE CUMIITOMOKOMILIEKCA, IPO-
SIBJISIEMOTO YTHETEHHEM, MTOHMKEHHOM peakuuei Ha
BHEIIHUE Pa3pakKUTENH, CYy)KEHHEM TJIa3HOMU e,
B3BEPOIICHHOCTHIO MEPHLEBOTO MOKPOBa, OJIeIHO-
CTBIO M YBEITHMYCHHUEM T'peOHS U CepekeK, ydalleH-
HBIM Cep/IlcOMeHUEM, YaCThIM TTIOBEPXHOCTHBIM JIbI-
XaHUEM U TUapeei.
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dapmakorepanus cenedaHOM B 3HAYUTEIHHON
CTETIeHN CTI0COOCTBOBAJIa YMEHBIICHNIO HETaTHBHO-
IO BIMSIHUS YETBIPEXXJIOPUCTOrO yIIepoAa y LbII-
JIAT ONBITHOM rpymnmbl. Co BTOPOro AHS 3KCIEPUMEH-
Ta ObLJIa OTMEUEHA JIy4Ias 0eaeMOCTh KOpMa, T10-
BBILICHUE JIBUTATEIHHON aKTHBHOCTH, BBIpAKCHHAs
YCTOWYUBOCTH HUKHUX KoHEeUHOCTeH. C 4—35 mHs Ha-
CTYINAJIO HUBEJIMPOBAHUE CUMIITOMATUKH HHTOKCHKA-
uud, a K 8—10-My JHIO Uccie10BaHuUs BbI3OPOBEIIO
10 86,7 % upiuisat. CoXpaHHOCTH 1O TPYyIIE COCTa-
Buna 93,3 % (puc. 1).

VYiy4iieHnue cOCTOSHUSI ITULIBI OTIBITHOM TPYIIIBI
[IOATBEPKAATIOCH ITOJIOKUTEIBHOU TEHICHIUMEHN Cpell-
HECYTOYHOIO IPUPOCTa Macchl Tena. Ha 3akmounTernb-
HOH CTaJIuU OIbITa CPEAHECYTOUHBIM IPUPOCT MACCHI
Teja OpOMIIEpPOB 3TOW TPYIIIEI MIPEBBIIIAI ITOKA3aTe-
JIU TPYIIIBI KOHTPOJs Ha 9,9 %, MexTpynmnoBble pas-
JIUYXA TI0 TaHHOMY ITOKa3aTeJI0 Y MTHUIIbI, TOTy4aB-
e cenedan, U KOHTpoJieM goctoBepHO (p < 0,05)
coctaBuin 5,9 %.

B KOHTpOJIBHOM TpyIIIIe CUMIITOMATHKA, COITPOBO-
JKAI0IAsi OCTPOE TOKCUYECKOE MOPAXKEHNUE TEUEHH,
HaOmroaIack Ha MPOTSHKEHUH BCETO MEPHOJIa HCCIle-
JIOBaHHUH, IBIIIJIATAa COIIOCTABUMO C OIBITHON NTUIICH
oTcTaBaid B pocte u pazButun. K 8—13 muio skcme-
puMeHTa y 66,7 % TTHIBI BBISBISIOCH 3HAYUTENb-
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IOBIUIAT B KOHIIC
OIIBITA, KT

B OnbITHas rpynmna

1374,0

Cpennsisi Mmacca Tena

HOE CHIDKCHHE allIIeTUTA W TTIOJTHOE €r0 OTCYTCTBHE.
[{pmusiTa masany Ha KOHEYHOCTH, C1ab0 pearnpoBa-
JM Ha BHEIIHME pa3npaxuTend. K KoHIy ombiTa ObUT
BBISIBJICH MaJIeK 7 0co0ei, B X0/1e BCKPBITHSI KOTOPBIX
PETUCTPUPOBANUCEH CIEYIONINE U3MECHEHHS: HATNINE
TEMHO-)KEJITOTO TpaHCcyaaTa B OPIONIHOW TMOJIOCTH,
yBEJIWYEHHE Pa3MEpOB MEYCHN U HEOTHOPOTHOCTE €€
nBeTa (TepeMeKaronmecs: y9acTKH Ceporo U ITHHH-
CTO-KOPUYHEBOT'0 1IBETA), PHIXJIOCTh KOHCUCTCHLUH,
MEPENOIHEHHOCTD JKETYHOTO MY3bIPs KETUbIO Kel-
TO-3€JICHOTO IIBETA.

[Tpu rucTONOrNYEeCKOM HCCIIEIOBAHUHU CPE30B TKa-
HU TI€YCHH OTBITHBIX LBIIUIAT, IPOBEACHHOM Ha 15
JICHb DKCIICPUMEHTA, MPU3HAKOB, XapaKTEPHBIX LIS
TOKCHYECKON MaTOJOTHH, BBI3BIBAEMOM SIIOM-IIPOK-
CHJIAaHTOM, BBISIBJICHO HE ObU10. BanmodHas cTpykTypa
TKaHH OpraHa M TPHaJbl B JOJIbKAX XOPOIIO poCcMa-
TPHBaJach, TEMATONUTHI HMEIU MPABIIbHYIO0 (GOpMY
C OJHOPOIHO OKPAIICHHBIMH SPAMH, aJbTePaTHB-
HBIC ¥ BOCIIAJIUTEIBHBIC TOBPEKICHNS OTCYTCTBOBA-
i (puc. 2).

B BeHO3HOM pycIie TpocMaTpuBaiCh KIETKH KPo-
BU (Makpodaru v eJMHUYHBIC Y03HHO(HIIBI); HE BbI-
pakeHHass WHQUIBTpAIUsI, 00yciIoBIeHHAs TUM)O-
[IUTaMU C HEKOTOPHIM KOJMYECTBOM HEHTpOodMIIoB

(puc. 3).

CpenHecyTOUHbIH
MIPUPOCT, T

CoxpaHHOCTb, %

KontponpsHas rpynna

Puc. 1. JluHamMuka Maccel Tea U COXPAHHOCTh LBILIAT-OpOiiepoB Ha (hOHE IKCIICPUMEHTATBHOTO MOPAKEHIUS
neyenn (M + m; n = 15)
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Puc. 2. Kietku nedeHu (OIbIT), OKpacka remMaro-
KCHJIMH-303UHOM, 00bekTuB 10X; okysmsip 10x

Puc. 3. Benosnoe pyciio ¢ Makpodharamu (OIIbIT),
OKpacKa reMaTOKCHIIMH-303UHOM, 00beKTUB 10X;
okymsip 10x

ITpu THCTOTIOTHYECKOM UCCIICAOBAHUH MITHIIBI KOH-
TPOJNBLHOU TPYTITBI BRISBIISAICS JTU3UC KIIETOK M CTPYK-
TYpHBIC HApPYIICHHsI TMEUYCHOUHBIX JIOJIEK C HEBbIpa-
KCHHBIM PaIUaIbHBIM PACIIOJI0KEHUEM MMEYCHOY-
HBIX 0alloK, OYard HeKpo3a, BKIIOYCHUS WU 3epHa,
XapaKTEePU3YIOIIUE PA3BUTHE 36PHUCTON TUCTPODHUM
(puc. 4, 5).

Puc. 4. JIusuc kIeTok ne4eHu (KOHTPOIIb), OKpac-
Ka NeMaTOKCHUJIMHOM M D03MHOM, 00bekTuB 10X;
okysip 10x

Puc. 5. 3epuncras nuctpodus medeHu (KOHTPOIIb),
OKpacka TeMaTOKCHJIMH-03WHOM, 00beKTHB 10X;
oxymsp 10x

3AKJTIOYEHUE

Takum 00pa3oM, 3KCIIEPUMEHTAILHO YCTaHOBIIE-
HO, 4TO Ha3Ha4YeHHE cesledana ONbITHBIM LI TaM-
OpoiinepaM cHUXKaeT QyHKIMOHAIBHYIO Harpy3Ky Ha
NIeYeHb, HUBEJIUPYET Pa3BUTHE KIMHUUYECKON KapTH-
HBI TOKCHKO3a, BEI3BAHHOT'O BBE/IEHUEM UETBIPEXXJIO-
pHCTOTO yTIIepojia, YTO B CPABHUTEIBHOM acCIEKTe
C KOHTPOJIBHOU NMTHIICH CTIOCOOCTBYET JOCTOBEPHOMY
MOBBILLICHHUIO [T0KA3aTEJEH CpeiHe Macchl U CpeHe-
CYTOYHOI'O MPUPOCTA, a TAKKE YIydIIaeT COCTOSTHHAE
Makpo- ¥ MUKPOCTPYKTYPbI IEUEHH.

CIIMCOK UICTOYHUKOB

1. Bacunves J. B. TlepcrieKTUBBI M HKOIIOTHYECKHUE MPO-
Onembl pa3BuTHs NTHIIEBOACTBA B Poccuu / D. B. Bacuib-
eB, E. B. [llaaBuHa // TeXHOTOTHH ¥ TEXHHYCCKUE CPEI-
CTBa MEXaHN3UPOBAHHOTO MPON3BOICTBA ITPOLYKIMHU pacTe-
HUEBOJCTBA M XUBOTHOBOACTBA. — 2017. —Ne 92. —
C. 173—185.

2. Kysbmunosa E. B. IlepcrieKTUBBI paCHIMPEHUS CIIEK-
Tpa IPUMEHEHHs TeNaToNpOTEKTOPOB B BeTepUHApUU /
E. B. Ky3smunosa, M. I1. Cemenenxo, E. A. Crapukosa
u ap. // IlonuremaTinuecKuii ceTeBOM MEKTPOHHBIN Hayd-
HBII KypHan KybaHCKOro rocyapcTBEHHOTO arpapHOTro
ynusepcurera. — 2014; 102:787—797.

3. Mapunuenko T. E. CocTossHUE U TEHAEHLMH OTpac-
mm itutieBoactsa B Poccnn / T. E. Mapundenko // UHHOBa-
[IMOHHOE 00ecreyeHNe TMYHOTO U MSCHOTO MTHIICBO/ICTBA
Poccun; Marepuanst XVIII MexayHaponHoit koH(epeH-
MM BCEMHMPHOW HAayYHOM aCCOIMAIMU II0 MTHIIEBOACTBY,
HIT «Hayunebrii ieHTp mo nTuneBoacTBy». Ceprues [locan,
2015. — C. 551—553.

4. I'punv B. A. KoppenauuoHHas 3aBUCUMOCTb CEJIEHO-
nedunmTa B naroreHese 3adoneBanuii neuenu / B. A. I'punb,
E. B. PoraneBa, M. I1. Cemenenko, E. B. Ky3pmunoOBa,

Berepunapnsiii papmaronornuecknii BecTHUK o Ne 3 (24) « 2023 33



M. I1. Cemenenro, E. B. Poeanesa, A. A. Abpamos, E. B. Kyzemunosa, B. A. [ puns

A. T. Komraes // Tpyast Kybanckoro rocyaapcTBeHHOIO ar-
papsoro yauepcutera. — 2021. — Ne 88. — C. 135—140.
5. PykoBOACTBO 10 NPOBEJICHUIO TOKJIMHUYECKUX HC-
clieioBaHU JiekapceTBeHHbIX cpeacts / [lox pen. A. H. Mu-
ponosa / Hacte niepBasi. — M.: ['pud u K, 2012. — 944 c.
6. Cemenenxo M. I1. DtnonaroreHe3 U 0COOEHHOCTH
rernaroTporHoON Tepanuu Kopo npu renarosax / M. I1. Ce-
menenko, E. B. Ky3smunona, E. B. Tankuna, @. JI. Onu-
uiyk // Berepunapus. — 2016. — Ne 4. — C. 42—46.

7. [youu O. U. CpaBHUTENbHAS OLIEHKA FeMaTONPOTEK-
TOPHBIX CBOWCTB PACTUTEIILHBIX aJalITOTCHOB Ha IKCIICPH-
MEHTAJILHOH MOJIENI XPOHHUYECKOTO aJIKOTOJILHOTO Iopa-
keHus nedenu in vivo / O. U. I'youu, S. FO. Jlamkosa,
. H. Kpusnens // XKypnHan benopycckoro rocymnapcrBeH-
HOro yHHBepcureTa. buonorus. — 2019. — Ne [. —
C. 54—062.

8. Hopruna E. I TenaronpoTekTopHbIe CBOcTBa (hiia-
BOHOHMJIOB ((papMakogMHAMHUKA M MEPCIICKTUBBI KIMHUYC-

CKOTO M3yueHHus): aBTopedepar auc. ... 1-pa OHONI. HayK /
E. I. lopkuna. — Bomnrorp. roc. men. yH-T., Bonrorpan,
2010.

9. Cemenenxo M. I1. CoBpeMeHHBIN MOIXO]] K BO3MOXK-
HOCTSIM IPUMEHEHUsI IIPUPOJIHBIX COPOESHTOB B BETEpHHA-
pun / M. I1. Cemenenko // B cOopHuke: AKTyaabHbIC IIPO-
0J1eMbl COBPEMEHHOW BETEPHHAPHON HAyKH W HPAKTHKH.
Marepuansl MexlyHapoJHOM HayYHO-IIPAKTUYECKON KOH-
(epenuunm, nocesitenHoi 70-neruto KpacHomapckoro Ha-
YYHO-MCCJIEJIOBATEIBCKOIO BETEPUHAPHOIO MHCTUTYTA.
OI'BHY «KpacHomapckuii HaydHO-HCCIeI0BaTeNbCKUHN Be-
tepuHapHblid nHCTUTYT»; PI'BOY BIIO «Kybanckwuii rocy-
JIapCTBEHHBII arpapHblil yHuBepcutet». — 2016. —
C. 95—97.

10. PykoBOACTBO MO 3KCIEPUMEHTATIBHOMY (JAOKIMHU-
YECKOMY) M3yUYEHHIO HOBBIX (hapMaKOJIOTMUECKHX BEILECTB /
[ox o6ut. pexn. P. V. Xabpuesa. — M. — OAO U3natens-
ctBo «Menmuiunay, 2005. — 832 c.

NHOOPMAIMA Ob ABTOPAX
M. I1. CemeHeHKO — JOKTOp BETEpPHHAPHBIX HAYK, JOLIEHT, 3aBE/YIOIIAs OTAEIOM (hapMaKOIOTUH;
E. B. PoraneBa — 10kTOp BeTepHHAPHBIX HAYK, BEAYIIUI HAYYHBIH COTPYHUK OT/Iela (hapMaKoIoruu;
A. A. AOpaMoOB — KaHJM/IaT BETEPUHAPHBIX HAyK, CTAPLIMK HAY4YHBIH COTPYAHUK OT/ea (hapMaKOIOTUH;
E. B. Ky3bMuHOBa — JJOKTOp BEeTEpPUHAPHBIX HAYK, [JIAaBHBII HAyYHbIH COTPYIHHUK OT/IeNa (papMaKoJIOTHu;
B. A. I'puHb — JIOKTOp BETEpUHAPHBIX HAYK, CTAPIINI HAYYHBIH COTPYHUK OTIela (papMaKoIoruu.

Crarps noctynuna B pegaknuio 01.08.2023 r.

34 BerepunapHsiii papmakomoruaeckuii BeCTHUK o No 3 (24) « 2023



Bulletin of veterinary pharmacology « 2023 « No. 1 (22)
IO OO RO OO OO RO OO OO OO OO OO OO OO OO RO OO OO O O O

Original article
UDC 619:615.356):616.3

METABOLIC AND PATHOMORPHOLOGICAL ASPECTS
OF THE HEPATOPROTECTIVE ACTIVITY OF SELEPHLAN
AGAINST THE BACKGROUND OF THE DEVELOPMENT
OF ACUTE MODEL HEPATITIS IN POULTRY

Marina Petrovna Semenenko™, Evgeniya Viktorovna Rogaleva, Andrey Andreevich Abramoyv,
Elena Vasilyevna Kuzminova, Vladimir Anatolyevich Grin

Krasnodar Research Center for Animal Husbandry and Veterinary Medicine,

Krasnodar, Russia, sever291@mail.ru®™

Abstract. The article is dedicated to the study of the hepatoprotective activity of selephlan against the background
of model reproduction of acute toxic hepatitis on the poultry in order to identify the relationship between the
emerging pathological processes and the efficacy of pharmacotherapy in the leveling of toxicosis symptoms, the
restoration of macro- and microstructure of the liver cells, as well as growth indicators and livability of broilers.
The use of selephlan at a dose of 3 % of the dry substance of the feed diet for 14 days of the post-toxic period
helps to improve the clinical and physiological condition of the experimental poultry, livability — up to 93.3 %,
the average daily growth — by 9.9 %, as well as the histological structure of the liver.

Keywords: selephlan, hepatoprotector, clinical status, average daily growth, broiler chickens

The priority of the set of tasks of modern broiler
poultry farming is the breeding and keeping high yield-
ing poultry with high productive indicators at compa-
rable costs and obtaining economic income for the in-
dustry based on the latest technologies and their im-
plementation in the industry.

However, such an intensive poultry rearing system
often contributes to the development of stress reactions
and, as a result, to the occurrence of an imbalance in
metabolic processes, which cause increased sensitivi-
ty of the poultry organism to various pathologies, and
primarily to the liver [1—3].

Liver (hepar) — as the central organ of the process
of metabolism, synthesis and exchange of a number
of hormones, vitamins, enzymes and microelements,
neutralization of endogenous and exogenous toxins,
often does not withstand increased functional load, as
a result of which dystrophic processes of morpholog-
ical structures of the liver develop [4—6].

Modern hepatoprotectors, which are actively used
in pharmacotherapy in the correction of hepatopa-
thologies, act in the body as detoxifiers, active sor-
bents, or help restore the morphological and func-
tional indicators of liver cells, reducing the func-
tional load on the organs of the hepatobiliary system
[7—38, 10].

Solving the problem of normalizing metabolic pro-
cesses in the body and the morphofunctional state of
the liver using hepatotropic drugs seems to be an im-
portant reserve for improving the efficacy of poultry
farming and the production of poultry products, which
urgently requires the improvement of methods for the
early diagnosis of liver dysfunctions, the expansion of
the arsenal and the development of rational methods
for the use of hepatotropic and other biologically ac-
tive substances in poultry farming [2, 7—S8].

The arsenal of drugs with hepatoprotective poten-
tial in case of hepatopathy of various etiologies is quite
wide and includes both dosage forms of natural origin
and synthetic pharmacological agents. However, the
existing number of limitations typical of many drugs
makes the problem of finding potentially effective new
pharmacological substances that act on molecular and
cellular targets extremely relevant [2, 9].

The objective of the research was to study the
hepatoprotective effect of selephlan, a complex drug
designed at the Department of Pharmacology of
Krasnodar NIVI on the model of acute experimental
(toxic) hepatitis based on the dynamics of the clinical
picture of intoxication, a comprehensive study of the
macro- and microstructure of the liver, growth indica-
tors and the livability of broiler chickens.
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MATERIAL AND METHODS

The research methodology complied with the
regulations for preclinical studies (Guidelines
for the Experimental (Preclinical) Study of New
Pharmacological Substances and Guidelines for
Conducting Preclinical Studies of Drugs) [5, 11].

The object of the study is the complex drug
Selephlan (Selephlanum), designed on the basis of the
crystal lattice of bentonite from Kantemirovskoye de-
posit, into the structure of which sodium thiosulfate, a
selenium-containing component, and also a plant sub-
stance (saltwort), were introduced. The pharmacody-
namics of the drug is aimed at reducing the metabol-
ic effect on the liver, restoring the functional activity
and histostructure of hepatocytes, detoxification and
adsorption of toxins of various origins, as well as in-
creasing livability and productivity.

In order to establish correlations between clinical
symptoms, histological changes in the structure of the
liver, livability and growth indictors of poultry with
toxic liver damage, there was conducted an experi-
ment on 30 17-day-old broiler chickens with an initial
body weight of 479.5 + 6.52.

The model experiment of acute experimental liver
damage was reproduced by a single injection of car-
bon tetrachloride at a dose of 5 ml/kg in the form of a
50 % solution in olive oil to the poultry with an intra-
gastric administration through the oral cavity using a
probe (introduction depth 3.5—4.0 cm).

According to the further algorithm of the in vivo
model system, the chickens were divided into two
groups (experimental and control, #n = 15). The poultry
of the experimental group were fed daily for 14 days
with selephlan at the rate of 3 % of the dry matter of
the feed ration, the chickens of the control group did
not receive CCl, pharmacotherapy against the back-
ground of liver damage. The keeping and feeding of
broilers of both groups corresponded to the basic zoot-
echnical requirements (outdoor keeping; the main diet
is Rost feed mixture, regulated according to age for
protein, carbohydrates and fats, vitamins, amino ac-
ids and macro- and micro-elements).

From the moment of introduction of the toxodose
of the test object, and further, throughout the entire
observation period, the dynamics of clinical chang-
es (mobility, the state of the feather cover and visible
mucous membranes, the functionality of the urinary
and digestive organs), gravimetric indicators, livabil-
ity, and also the severity of toxicosis.

To assess the effect of selephlan on the macro- and
microstructures of the liver of chickens, on day 14 of
the experimental period, a control slaughter and an au-

36

topsy of the dead poultry, sampling for pathomorpho-
logical and histological studies were carried out (in ac-
cordance with the Morphological Studies in Veterinary
Laboratories (2008). Photographing of finished histo-
logical specimens was carried out at magnifications
of 100 and 400 using an MS300 microscope (Austria)
with specialized software for image registration with
a Leica digital camera.

The gravimetric determination of the poultry’s
body weight was carried out during the experiment
and at the end of it. The livability and mortality of the
poultry population was monitored daily, while the liva-
bility was calculated as a percentage of the initial pop-
ulation for the entire period as a whole. Body weight
was determined by individual weighing, the average
daily weight gain was calculated.

STUDY RESULTS

It has been established that experimental damage
to the liver by a prooxidant poison in broiler chick-
ens caused the development of a symptom complex
manifested by depression, decreased response to ex-
ternal stimuli, narrowing of the palpebral fissure, ruf-
fled feather cover, pallor and an increase in the crest
and gill, rapid heartbeat, frequent shallow breathing
and diarrhea.

Selephlan pharmacotherapy significantly con-
tributed to the reduction of the negative effect of car-
bon tetrachloride in the chickens of the experimental
group. From the second day of the experiment, better
food intake, increased motor activity and pronounced
stability of the lower extremities were noted. From
days 4—35, the symptoms of intoxication began to lev-
el out, and by days 8—10 of the study, up to 86.7 %
of the chickens recovered. The livability in the group
was 93.3 % (Fig. 1).

Improvement in the condition of the poultry of the
experimental group was confirmed by a positive trend
in the average daily weight gain. At the final stage of
the experiment, the average daily weight gain of the
broilers in this group exceeded the control group by
9.9 %, the intergroup differences in this indicator in the
poultry treated with selephlan and in the control one
significantly (p < 0.05) amounted to 5.9 %.

In the control group, the symptoms accompany-
ing acute toxic liver damage were observed through-
out the entire period of the study, the chickens lagged
behind in growth and development, comparable to the
experimental poultry. By days 8—13 of the experi-
ment, 66.7 % of the poultry showed a significant de-
crease in appetite or its complete absence. The chick-
ens fell on their limbs and reacted poorly to external
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stimuli. By the end of the experiment, loss of 7 indi-
viduals was detected, during the autopsy of which the
following changes were recorded: the presence of a
dark yellow transudate in the abdominal cavity, an in-
crease in the size of the liver and heterogeneity of its
color (alternating areas of gray and clay-brown color),
friability of the consistency, overcrowding of the gall-
bladder with yellow-green bile.

1600 1455.3
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1200
1000
800 5355 536.8
600
400

200

Average body weight
of chickens at the beginning
of the experiment, kg

1374.0

Average body weight
of chickens at the end
of the experiment, kg

Histological examination of liver tissue sections
of experimental chickens, carried out on day 15 of the
experiment, did not reveal any signs typical of toxic
pathology caused by the prooxidant poison. The tu-
bule structure of the organ tissue and the triad in the
lobules was clearly visible, hepatocytes had a regular
shape with uniformly stained nuclei, and there were no
alterative and inflammatory lesions (Fig. 2).

n 657 598 93.3 533

Average daily
weight gain, g

Livability, %

B Experimental group " Control group

Fig. 1. Dynamics of body weight and livability of broiler chickens against the background of experimental liver
damage (M £ m; n = 15)

Fig. 2. Liver cells (experiment), hematoxylin-cosin
staining, lens 10x; ocular lens 10x

Blood cells (macrophages and single eosinophils)
were seen in the venous bed; not pronounced infiltra-

tion caused by lymphocytes with a certain number of

neutrophils (Fig. 3).
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Fig. 3. Venous bed with macrophages (experiment),
stained with hematoxylin-eosin, lens 10x; ocular
lens 10x

Histological examination of the poultry of the con-
trol group revealed cell lysis and structural disorders
of the hepatic lobules with an unexpressed radial ar-
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rangement of the hepatic tubules, foci of necrosis, in-
clusions and grains characterizing the development of
granular dystrophy (Fig. 4, 5).

Fig. 4. Lysis of liver cells (control), hematoxy-
lin-eosin staining, lens 10x; ocular lens 10x

Fig. 5. Granular dystrophy of the liver (control),
hematoxylin-eosin staining, lens 10x; ocular lens
10x

CONCLUSION

Thus, it has been experimentally established that
the administration of selephlan to experimental broil-
er chickens reduces the functional load on the liver,
levels the development of the clinical picture of toxi-
cosis caused by the introduction of carbon tetrachlo-
ride, which, in a comparative aspect with the control
poultry, contributes to a significant increase in the av-
erage weight and average daily weight gain and also
improves the condition of the macro- and microstruc-
ture of the liver.
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METABOJIMYECKUHN CTATYC BPOUJIEPOB
POIUTEJBCKOI'O CTAJA, THKYBAIIMOHHBIE KAYECTBA
SINI] U PESBUCTEHTHOCTD UBINJIAT, HOJYYEHHBIX OT HUX
B PABHBIE NEPUObBI NPOAYKTUBHOI'O HCIIOJb30BAHMU S
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AHHoTanusl. B crarbe npezcraBieHbl MaTepHaibl [0 U3yUYSHHI0 METabOINYeCKOro cTaTyca OpoiliepoB poju-
TeIhCKOTO cTajga kpocca Ko66 500 B pa3nudHble IEpHOIbI MPOIYKTHBHOTO UCTIONB30BaHMs. OMpeneneHbl moKa-
3aTeM KauecTBa MHKYOAIMOHHBIX SIUIl, OMOXMMHUYECKHE W UMMYHOJOTHYECKUE MO0KA3aTeal KPOBU CYTOYHBIX
LBITUIAT, MOJIYYeHHBIX OT OpoiiepoB poautensckoro crana Ha 32 (I rpynma) u 58 nenene (Il rpymnma) mpogyKTHB-
HOTO ucroib3oBanus. Ha 58 Heerne BbIpalMBaHusi NITUIIBI B KPOBU OTMEUAIIU JJOCTOBEPHOE yBEIMYCHHUE, 001IIe-
ro 6enka Ha 30,9 % (p < 0,001); xonecrepuna Ha 73,9 % (p < 0,001); xanpumst Ha 6,3 % (p < 0,05) oTHOCHTEINDB-
HO aHAJIOTHYHBIX MOKa3arenei y ntuiibl [ rpynmnsl. BruoxuMmudeckuit ananns Gerka 1 jKeNTKa siiil OKa3all, YTo BO
BTOPO# BO3PACTHOU TPYIIIE CyMMa KapOTHHOHIOB OblTa BhImIe Ha 29,9 % (p < 0,001); koHIIEHTpaIHs BUTAMHHA
E u B2 mmxe Ha 33,5 % (p <0,001) u 20,0 % (p < 0,001), coorBercTBeHHO. CONepKaHNE NUMMYHOTIIOOYTHHOB
B JKEJITKE U OeJKe SIHIIL, TOTyYeHHBIX OT OpoiiyiepoB BTOPOil BO3pAacTHOH rpymiisl, Ob110 HIKE Ha 9,4 % (p < 0,01)
u7,5% (p <0,01), coorBercTBeHHO. OTMeuanu 0ojiee HU3KOE COEPKAHIE B CHIBOPOTKE KPOBH CYTOYHBIX IIBIII-
JISIT, TIOJTyYEHHBIX OT NITUIIBI Ha 58 Hezene MpoayKTUBHOTO UCIIONB30BaHNMs, 001Iero 6enka — Ha 6,6 % (p < 0,01),
kasnbiust — Ha 29,4 % (p < 0,001) u pocdopa — Ha 12,5 % (p < 0,001) oTHOCHTENIFHO aHAIOTMYHBIX [TOKA3aTe-
Jieii epBoii nccieyemoii rpymnisl. [Ipu 0osiee JUIMTENbHOM HePHO/Ie TPOAYKTUBHOTO HCIOIB30BAHUSI IITUIIBI OT-
MEUEHO YBEJIMUCHNE KOHIIEHTPALMH OUOIIOTHUECKH aKTUBHBIX BELIECTB B SHIIE, YTO CO3/a€T ONTHUMAIIbHBIE YCIIO-
BUSI Pa3BUTHSI SMOPHUOHA U TIOJIyYSHHUE )KUZHECTIOCOOHBIX LIBIIUIST, OJIHAKO, OTMEUEHO CHH)KEHHE HUMMYHOJIOTHYe-
CKHMX I[0Ka3aTeleil, YTO MOXKET NMPUBECTH K HAPYUICHHIO Pa3BUTHS SMOPHOHOB, POCTY dMOPHUOHAIBHON
CMEPTHOCTH M BBIBOJly HEKOHJULIIMOHHOTO MOJIOJHSIKA. L[BIIIsITa OT Kyp CTapIiero Bo3pacTa MMEIOT OOJIbIIHHA [10-
TEHIIMAJ POCTa, HO M OOJiee BEICOKHE PUCKH HAPYILEHHsI OOMEHa BEIECTB.

KaioueBble c10Ba: Kypbl pOJMTEIBLCKOTO CTa/1a, META00INYECKHUIT CTaTyC, PE3UCTEHTHOCTD, )KU3HECTIOCOOHOCTh
LBITUISAT

BriBoguMocTh U AganpHEas NpoJyKTUBHOCTh
LBIIIAT-OpOHIepOB B 3HAYUTENHHON CTETEHN 3aBH-
CAT OT Ka4eCTBa MHKYOAIIMOHHBIX SIUI] POTUTEIHCKO-
ro craga. OqHuM U3 (PaKTOPOB, BIUSIONINX HA WX Ka-
YECTBO, SIBJISETCSI BO3PACT U 30POBbE MTHULIBI POJIU-
TEJNBCKOTO cTajaa Opoitnepos [1—3].

OTx0I B3pOCTON MTUIIBI U MOJIOTHSKA HAXOIHT-
€4 1IOJ1 TOCTOSIHHBIM KOHTPOJIEM BETEPUHAPHOIO TIEP-
COHaJIa XO3SIUCTB, YEro, K COXAJCHUIO, HENb3s CKa-
3aTh O THOHYIUX dMOpHOHaxX. HapymieHus B pa3Bu-

THUH DMOPHUOHOB TIPUBOJAT HE TOJIBKO K UX THOEIH, HO
Y K 3HaYUTEILHOMY YBEIIMUEHHIO MTPOIIEHTA C1a0oro,
HEKOHIULIMOHHOTO MoJioAHsAKa. Kpome Toro, noHm«ka-
€TCsl M J)KU3HECTIOCOOHOCTD BHELIHE 3/10POBBIX 0COOEH.

[Itnua, nepedonesmas B SMOPHOHAIBHBIN IEPH-
0]1, Xy’K€ pacTeT U pa3BUBAETCS, YaCTO HE B COCTOSI-
HUH Pean30BaTh B JAbHEHUIIIEM XOPOIIYI0 MSICHYIO
Y STMYHYTO0 TIPOYKTUBHOCTH [4].

IIprarHBEI BOHUKHOBEHUS SMOPHOHATIBHOMN CMEpT-
HOCTH 3aKJIFOYal0OTCs HE TOJNBKO B HAPYLICHUSIX PEXKU-

© Korapes B. 1., JIanosa JI. B., Jlenuncenko JI. 1., Banosa H. H., Uycosa I. I"., 2023
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Ma WHKYOaIiH, HO 4acTo 00yCIIOBJICHBI HU3KHM Kaye-
CTBOM I/IHKY6aHI/IOHHBIX AL, YTO ABJISICTCA CICOCTBH-
€M HETOJTHOIEHHOTO KOPMJICHHSI, HApYIICHUS APYTHX
AIIEMEHTOB TEXHOIIOTHH, a TaKKe OONE3HSIMHU penpo-
JTYKTUBHBIX OPTaHOB, OOMIMMH HEHMH(EKIIMOHHBIMU
1 MH(EKIIMOHHBIMY 3a00J1eBaHusIMU IITHI [2, 5—S8].

[Toucky onTHManbHBIX MMapaMeTpoB OTOOpa SUIT
JUTSI THKYOQITiH TIOCBSIIIIEHO OOJIBIIIOE KOJTMIECTBO HC-
cnenosanuii [1,2, 4, 6]. [Ipu aTOM H3y4daeTcs poiib pas-
JIUYHBIX (DAKTOPOB, BIUSIONINX HA MOP(OJIOTHIECKIE
1 OMOXMMUYECKHE [TOKA3aTeIH SIMI] U KPOBU I[BITUISIT.

Ba)KHI)IM SABIIACTCA 1/13yqu1/Ie BIIMSAHUSA aHTUOKCHU-
JTAHTHOTO CTaTyca y Kyp POAMTEIbCKOIO CTajia Ha UH-
KyOaITMOHHBIE KaueCTBA SIUI] U METa0OIMIECKIH TIPO-
(bMIh BBEIBOAMMBIX IIBITUIST, YTO IIHPOKO HCIIONB3Y-
FOT IPY MOHUTOPUHTE KIMHHYECKOTO CTAaTyca MTHIIBI
U JIJIsl PaHHEH TUarHOCTUKHU PUCKA BOSHUKHOBCHUS T1a-
TOJIOTUYECKOTO mporiecca [7, 9, 10].

[enbto nccnenoBaHui ABISIOCH U3yYEHUE METa-
OOJTMYECKOTO CTaTyca OpOMIIepOB POIUTEITHCKOTO CTa-
na xkpocca Ko66 500 Ha 32 u 58 Henerne nmpoayKTHBHO-
T'O MCIIOJIb30BaHMsI, OIICHKE MHKYOAIIMOHHBIX KaueCTB
HI\/'IHa, nonyquHoro OT HUX B I/ICCJ'[CI[yCMI)Ie HCpI/IOIH:I,
a TaKXKe UCCIIe0BaHIE META00IMYECKOT0 CTaTyca I10-
J'Iy‘IeHHI)IX I BITTJIAT.

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

B nTunieBoueckom xo3siiictee benroposckoit 00-
JIACTH JIJISL TIPOBEJCHUS MCCIIe0BaHUN ObLIO cop-
MHPOBAHO J[BE TPYIIIbI KIMHUUECKH 3I0POBBIX Kyp-
Hecymek kpocca Ko66 500: I rpynma — B Bo3pacte
32 Henmenu (TMEpBBIA ATal aKTHBHOW SHIEHOCKO-
ctn), 1l rpynna — B Bo3pacte 58 Henenb (mocnen-
HUH dTan siiieHockoctu). Kypsl monydanu coanas-
CHPOBAHHBIC PAIMOHBI B COOTBETCTBUHU C BO3PACTHEI-
MH TIoTpeOHOCTAMH. JlabopaTopHBIE HUCCICTOBAHUS
npoBoaunu Ha 6aze ®I'BHY «BHUBUIIDuT».
HccnenoBanust KpoBU MPOBOIMIA Ha TeMaTOJIOTHYE-

ckoM ananm3arope ABX Micros 60 (ABX Diagnostics,
Opannus). buoxuMudeckrne UCCIeI0BaHUs MTPOBO-
JIWIA Ha aBTOMarndeckoMm aHaimzarope Hitachi-902
(Roche Diagnostics GmbH, I'epmanust — Smnonus).
YaudurpoBaHHbIC METOBI HCIIONB30BAIH JUIS OIIpe-
JieNieHust BUTaMHHOB E, A M1 MOYEBOI KHCIIOTHI B CHIBO-
potke kpoBH [11]. MeToz anekrodope3a B arapo3HOM
relfie MPUMEHSITN TSl TToicueTa OeNTKOBBIX (hPaKITHIA.
B xpoBu kyp (7 = 5) onpenesnsiiig moka3arein: coaep-
JKaHHUe 001Iero 0eska, XoJaeCTepruHa, Kallblus, Heop-
raandeckoro gocdopa, MOYEBOH KHCIOTHI, AKTHB-
HOCTb ajJaHnHaMUHOTpaHcepassl (ATAT), acriaprar-
amuHOTpaHcdepassl (AcAT), memnounoit Gocdarasbl
(D), koHIIEHTpALIUIO OOIUX UMMYHOTIIOOYIHHOB,
JM30LMMHYIO0 aKTHUBHOCTH ChIBOpOTKH KpoBH (JIACK).

W3 xaxnoil maptuu sui ObLIO OTOOpaHO MO
10 mrTyk ass onpeaenacHus: GU3NKO-XUMUYECKHX T10-
Kazareyel: coaepkaHue KapOTHHOWJIOB, BATAMHHOB
A, E, B,, aKTHBHYIO KHCIIOTHOCTh OelIKa M JKEJITKA,;
MOP(]OIOTHIEeCKUX ITOKa3aTeseH (Macca sifia, WHIEKC
(hOpMBI, TOJNIIIIHA CKOPITYTIBI, AMHALIEI Xay).

B neyenu kyp 1 UBIIIAT ONPEAeIIsiid CoepKaHNe
BUTaMUHOB A, E, B,, C, KapoTHHa ¥ MEHKPO3JIEMEHTOB
(>xenesa, Melu, IMHKA, MapraHiia, ko0ajibTa, CeleHa).
B kpoBU y HBIUIT, TOMXYyYEHHBIX OT OpOWIEpOB po-
JIUTEITHCKOTO CTaJa, OTPEACIISITN OOITHIt OEITOK, X0JIe-
cTepuH, Gocop, MOUEBYIO KUCIIOTY, KaJIbIHI, aKTHB-
HocTh ATTAT, AcAT, I11®, JIACK, 001mirie tMMYHOTITO-
Oynuubl. CTaTHCTHYECKYI0O 00pabOTKy MOIy4eHHBIX
JAHHBIX TIPOBOIMIIN C TIOMOILIBIO KOMITBIOTEPHBIX PO~
rpamm Statsoft Statistika 6.0 u Microsoft Excel.

PE3YJBTATHI UCCJEJOBAHUN
[Ipu uccnenoBannu npod KpoBU OT Kyp-Opoiiie-
POB POAMUTENBLCKOTO cTaAa 32- U 58- HEAETBLHOTO BO3-
pacta 6I)UII/I BBISABJICHBI JOCTOBCPHLIC pa3jinyusd IO
psily OMOXMMHYECKUX TTOKa3aTeliei KPOBH, a TAKKE 110
MTOKa3aTesIM €CTECTBEHHOH Hecenn(uaeckoi pe3u-
CTEHTHOCTH (TadiI. 1).

Tabnnna 1
Pesynemamer uccreoosanus kposu 6poiiiepos pooumenvckoeo cmaoa(M = m)
Bospacr Opotinepos, Henenu / rpyrina
[okazarenn Pedepencubie 3HaueHms
I rpymma (32) II rpynma (58)
1 2 3 4
Benok oOumid, /1 43,7+ 1,05 57,2+1,11° 43,0—59,0°
Xonecrepun, MM/ 2,3+0,29 4,0+0,31" 2,8—52
Kanpiuii, MM/a 3,2+0,08 3,4+0,04" 2,9—3.4"
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Oxonuyanmue Ta0.1. 1

1 2 3 4
®docdop Heopranmueckuii, MM/ 1,6 +£ 0,08 1,7+ 0,07 1,3—1,9"
MoueBas KuciIoTa, MKM/IT 223,5+21,20 180,2 £ 12,10 176,8—1326,0™
AnAT, E/n 10,7+ 0,73 9,2+0,88 5,7—17,1"
AcAT, E/n 243.3 +12,40 185,3 £ 14,90 196,8—226,1"
D, E/n 538,0+ 0,14 674,0 = 15,00 572,5—1151,9"
O01me IMMYHOTITOOYIUHEL, T/JT 13,0+ 0,97 16,2 + 1,67 —
JIACK, MKr/™Ma 0,10+ 0,02 0,18 +£0,02 —

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

** p<0,001 — OTHOCHTEIBHO MMOKa3aTes el IPYIIIBI MITUIbI 32-HEAELHOTO NPOAYKTHBHOIO UCIIOIB30BAHMS

“[12]
" [13]
"~ [14]

VY nTunel Ha 58-i Helelne BhIpalUBaHUs OTMEYa-
JIY JIOCTOBEpHOE yBerueHue oodiero Oenka Ha 30,9 %
(» <0,001) uxonecrepuna va 73,9 % (p < 0,01) oTHO-
CUTETIFHO aHAJIOTUYHBIX MTOKa3arenel y OpoiiepoB Ha
32 Hezene, 4TO CBSI3aHO C MHTEHCHUBHO MTPOTEKAIOIIN-
MU TPOIIECCAMH POCTa U PA3BUTHS IITHIIBIL.

MuHepaJibHbIE JIEMEHTHI IPUHUMAIOT y4acTue
BO BCEX OMOXUMHUECKUX Mporieccax opranu3ma. OHu
MMEIOT BaYKHOE 3HAYECHHUE I KPOBETBOPEHUS, TKaHE-
BOTO JIBIXaHUsI, HOPMAITBHOTO (DYHKIIMOHUPOBAHHS BCEX
CUCTEM U OPTaHOB, YKPETICHHUS 3allIUTHBIX CHJI Opra-
HuzMa. Tak xkanbuuit 1 pocdop Heodxoaumbl a7st Gop-
MHPOBAHUS KOCTHOTO ckejiera [15, 16]. YcranosieHo,
YTO COAEpKAHME MAaKpPOIJIEMEHTOB ObUTO BhIIIE BO 11
TpyTIe MTUIBI, OTHOCUTENBHO | rpymmst: Ha 6,3 % —
¢docdopa, u 6,3 % (p <0,05) — kanpLusL.

VY Kyp ¢ BO3pacTOM yBEIMYMBACTCS YacTOTa CIIy-
YaeB XPOHUYECKUX U CYOKIIMHUYECKUX PopM Oolie3-
Hel oOMeHa BeIIeCTB, U3 YKCiia KOTOPhIX HanOosee
4acTO JIUArHOCTUPYIOTCS MMAaTOJIOIHs IEYSHN U 00Me-
Ha MOYEBOW KHCIOTHI, KOTOPas SBISAETCS KOHEUHBIM
ITPOAYKTOM OEITKOBOTO OOMEHA y ITHIIBI, M €€ 3Ha4e-
HUE MOXKET KOJIeOAThCs B IIUPOKUX IIPEJIENIax B 3aBH-
CUMOCTH OT MUTaHUS U (PU3HOJIOTHISCKUX 0COOCHHO-
creit kyp [17].

AxTtuBHOCTH ACAT ObUTa HUKE Y Kyp-Opoiine-
poB 58 — HeJENBHOTO BO3pAacTa OTHOCUTEILHO MTH-
uel [ rpynmner Ha 23,8 % (p < 0,05), 94TO BEpoATHO
CBSI3aHO C MCHEE WHTCHCHUBHBIM OOMEHOM BEIIECTB.

Yposens 111D Ob11 BBIIIIE B CHIBOPOTKE KPOBH Kyp PO-
nutenbckoro crana Il rpymmst Ha 25,3 % (p < 0,001),
YTO MOIJIO OBITH CBS3aHO C MHUTPAlMell B OPraHU3Me
KaJIbITHsI N3 KOCTHOHM TKaHH, HIYIIET0 Ha (pOPMHPOBA-
HUE SUYHOU CKOPIIYIIBL, & 3TO, B CBOIO OU€pe/lb, IPUBO-
JIAJIO K TTOBBIIICHUIO YPOBHS 3TOr0 (DePMEHTa B KO-
Bu. [lomydeHHBIC HAMH aHHBIC YKA3bIBAIOT HA BO3-
pacTHBIC HapyIIeHUST MUHEpaJIBHOTO oOMeHa [9, 14].

brio oTMedeHO yBenmnWuYeHWE TaKHWX IOKa3are-
Jieit MeTaboIMYeCKol aKTUBHOCTH UMMYHHOU CHCTe-
MBI, KaK JIH30LMMHAsi aKTUBHOCTh CHIBOPOTKH KPOBHU
1 KOJIMYECTBA 001X HMMyHOTII00yinHOB Ha 80,0 %
(» <0,05) u 24,6 %; coorBercTBeHHO [9, 18].

M3yuenne BUTAMHHHO-MUHEPAIBHOMN 00ecTIcueH-
HOCTH OpraHu3Ma OpOMIIEpOB POAMTEIHCKOTO CTaja
IPOBOJIMJIM ONIPE/ENss KADOTHH, BATaMMHBI A, E, B,
C, MUKPO3JIEMEHTHI JKeJIe30, MeJlb, UHK, KOOAIIBT, Ce-
JICH, MapraHel] B MCUYEHHU NTHIbI IByX SKCIICPUMEH-
TaJbHBIX rpymIl (Tabdmt. 2).

[TomryuenHbIe pe3yabTaThl 10CTOBEPHON pa3HUIIBI
MEXIy MOKa3aTeIsIMU 00eUX TPYIIT HE UMENH, KPo-
Me COoflep KaHHs MapraHIla, KOTOpoe OBIJIO BEINIE Ha
38,1 % (p <0,05) B nmeuenn OpoitepoB 58- Hexemb-
HOTO MPOTYKTUBHOTO HCIOJIb30BAHUSI.

JlonHKyOamoHHast OLEHKa KayecTBa SUI pa3HO-
BO3PACTHBIX Ky POIUTENHCKOTO CTajia oKa3ala BO3-
PacTHYIO OHOPOTHOCTH CTa/Ia [0 Macce SiIa, HHAEK-
cy GOpMBI U TOIIIMHE CKOPIYIBI. Pe3ynbrarer mpes-
CTaBJICHHI B Ta0uIe 3.
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Taoauna 2

Pesynemamut uccieoosanus npob mranu neveru 6poiinepos pooumenvckozo cmaoa (M £ m)

Bospact OpoiiiepoB poAUTEILCKOTO CTaa, HeACIb/ TpyIna

Ioxa3zarenu

I rpynma (32) II rpynma (58)
KapotuH, MKT/T 3,1£0,44 3,2+0,28
Butamun A, MKr/T 5942 + 6,93 592,6 + 13,45
Buramun E, MKT/T 12,4+ 0,59 12,2 +£ 0,51
Buramun Bz, MKI/T 11,7+ 0,31 12,1 +£0,27
Buramun C, MKr/T 37,8 £3,20 41,3+ 1,80
Keneso, Mxr/r 276,4 + 34,00 263,4+2532
Mens, MKI/T 3,7+0,44 2,9+0,18
[{uuk, MKT/T 29,5 +3,03 27,1 +£2,53
Maprasert, MKT/T 2,1+£0,23 2,9+0,17"
Kobanst, MKI/T 0,06 = 0,002 0,05 + 0,008
CeeH, MKI/T 0,03 £ 0,004 0,03 £ 0,005

* p<0,05 — OTHOCHTEIBHO MMOKA3aTeIICH TPYIIIBI TITUITET 32-HEIEIBHOTO MPOIYKTHBHOTO HUCITIONB30BaHHS

Taoauna 3
Mopgonoeuueckuii u puzuxo-xumuueckuti KOHmMpob Kypuuslx suy (M £ m)
Bospact OpoiinepoB poIuTeTBCKOTO CTa1a, HEACTh
IToxa3zarenu
I rpymma (32) II rpymma (58)
1 2 3
Macca stun, r 68,8 +1,23 68,7 £0,98
Wnnexc popmsr, % 75,0 £5,17 76,0 £4,12
Macca Oenka, T 37,5+ 1,10 38,4+ 0,90
% OT MaccCHI siIa 54,5+ 2,55 55,9+ 2,10
Macca xentka, 22,5+ 1,80 22,4+ 1,40
% OT MacchI sina 32,7+1,95 32,6 +1,75
Macca ckopiymbl, T 8,8 +0,80 7,9 + 0,60
% OT MacCHI siIa 12,8 £ 0,96 11,5+ 0,88
Macca Genka/Macca jKeaTKa 1,7+ 0,60 1,7+ 0,70
TomnmuHa CKOPITYIIEI, MM 0,37 £ 0,342 0,39 +£0,354
Enuanner Xay 78,7 +£3,74 77,3 £2,98
pH xentka 6,6 £0,15 6,3+0,14
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Oxonuyanue Ta0.J1. 2

1 3
pH Oernka 9,1 +0,20 9,1 +£0,22
CopnepxaHue B KelTKE:

CyMMa KapOTHHOUIOB, MKI/T 6,7+0,15 8,7+0,18™
Burtamun A, MKI/r 9,3+0,21 9,3+0,22
Buramun E, MKr/r 21,2+0,49 14,1 £0,38"
Buramun B,, Mkr/r 4,0 £ 0,09 3,2+0,10™
O61re TMMYHOTTIOOYIHHBI, T/IT 32,9+0,63 29.8 +0,71*
Coneprxanne B Oenke:
JInzonmm Oenka, Mr/t
OO011rie *UMMYHOTIIOOYITHHBI OeITKa, /71 8,03+0,13 74+0,15"

" p<0,05

" p<0,01

™ p <0,00] — OTHOCHTENBHO MOKa3aTeeH TPYIIbI ITUIBI 32-HEAETBHOTO MPOAYKTHBHOTO UCIIONB30BAHUS

Bo Bcex uccieloBaHHbBIX SIHIIAX KEJNTOK HE pac-
ITBIBAJICS, OBLT XOPOIIIO MUTMEHTUPOBAH, 0€3 IATCH.
Benok smir oT 00enx rpymil NTHITI ObLT MPO3PavHbIiA,
0e3 MHOPOHBIX BKIIFOYCHUH, TUIOTHBIA CIIOW COXpa-
HsUT hopMy.

Pesynbrarel aHamu3a sSull, MpeICTaBICHHbBIC B Ta0-
nute 3, oKa3ajH, YTO B )KEJTKE SHII, TTOTYIEHHBIX OT
Kyp-OpoiinepoB 58-HenenpbHOTro BO3pacTa, CyMMa Ka-
POTHHOUIOB ObIJIa BBIMIE, Y€M B JKEITKE SHUII, MOITY-
YEHHBIX OT NTUIl 32-HeeIbHOTO Bo3pacTta, Ha 29,9 %
(p <0,001). Konnenrpanus BuramMmuHa A B o0eux
rpymmnax He UMeJa JOCTOBEPHBIX OTINIUH.

W3BectHO, uTO medumur ButamuHa E mpuBoguT
K CHHDKEHUIO BBIBOJIMMOCTH U BBICOKOM YMOPHOHAITH-
HOM CMEPTHOCTH Ha IOCJETHEH CTaauy WHKyOaluu
B CBSI3U C MOBPEKICHUSIMHU, BOSHUKAIOIIUMHU B Cep-
JIEYHO-COCYIUCTON CUCTEME SMOPHOHA, a TAKXKE MO-
JKET yKa3bIBaTh Ha MPOIECCHl yracaHUs MPOTyKTUB-
HOHM (YHKITMH opraHu3Ma NTHUIIH [§]. YcTaHOBICHO,
4TO cojiepxanne ButamuHa E Oputo Hike Ha 33,5 %
(» <0,001) B >KenTKe SHLL, MOTYYEHHBIX OT Kyp POIU-
TEJIBCKOTO CTaja 58-HeaeaIpHOro BO3pacTa.

Konuentpanuus Buramuna B, Taxke Oblia Huke
B JKEJITKE SIUILl, NOJIydeHHbIX OT Kyp II rpynms! Ha
20,0 % (p <0,001). HemocTarounocts pubodira-
BUHA B SiIle MOXET MPHUBECTH K 3aMHUPAHHUIO M-
OpHOHOB M3-3a 3aME/JICHHOTO Pa3BUTHS aJUIAHTOU-

ca M HapyIIeHHs NCTIOIh30BaHNs OenKa 1 xKenTKa [6].
KonnenTpanus nu3onmma B O€IKe SHll, TTOTYYeHHBIX
OT TITHILIBI BTOPOH T'PYTITBI, ObLTA HIDKE, YeM B IIEPBOU
Ha 3,8 % (p <0,05). ConepxkaHue UMMYHOTIIOOYITH-
HOB B JKENTKE U O€JIKE Ul MOJYyYSHHBIX OT Opoiie-
OB BTOPOI BO3PAaCTHOM Tpymibl ObUT0 HIKE HA 9,4 %,
(»<0,01)u7,5% (p<0,01), COOTBETCTBEHHO, UYTO
MOYKET BIIMSATH HA PE3UCTEHTHOCTh OPTaHMU3Ma TMOJy-
YaeMBbIX I[BITUIST.

B cbhIBOpOTKE KPOBU CYTOYHBIX LBITLIST, HOTYYCH-
HBIX OT Kyp POAMTENBCKOTO CcTajia Ha 58 Heaese mpo-
JYKTUBHOTO HCIIOJIb30BaHUS, OTMEYAIIH O0JIee HU3KOe
conepxkanne oomiero oenka— Ha 6,6 % (p < 0,01), Ha
¢oHe ero cHMKEHUS B 00eux rpymmax (Tadm. 4).

OTMEUEHO yMEHBIIEHUE CONEPIKAHUS KaJIbIHs
u ¢pocdopa B CHIBOPOTKE KPOBU CYTOUHBIX IIBITLIAT,
MoJly4eHHBIX OT OpoitnepoB II rpymmsl, Ha 29,4 %
(p<0,001) m 12,5 % (p <0,001), cooTBeTCTBEH-
HO, Ha (DOHE WX CHIDKEHHS B 00EMX Tpymmax MTHUIBL.
ConeprxaHre B CBIBOPOTKE KPOBHU XOJIECTEPHHA Y IIbIIT-
JISIT, TIOJTyYEHHBIX OT Kyp 58-I Hefleu MPoyKTUBHO-
rO MCHOJb30BaHUs ObLIO HUXE Ha 5,6 % (p < 0,05).
KonrmenTpanus MO4eBOH KHCIOTH B 00EUX TPyIIax
ObLa B rIpenenax peepeHCHBIX 3HAYCHHIA, HO B TPYII-
Te TBITUIAT OT Kyp-OpoiinepoB Ha 58 Hemese MpoaykK-
THUBHOTO UCTIOJIB30BaHUs €€ CoAepKaHne ObLIIO BEIIIIS
Ha 6,3 % (p <0,05).
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Taoauuna 4
Buoxumuueckue u uMmMyHoOI02UHECKUE NOKA3AMENU KDOBU CYyMOounblx yvinaam (M = m)
I'pynna
Toxasatem IBITIISITA OT Kyp-Opoiiie- | IBIIIsATa OT Kyp-Opoiine- Pegepencubie suateHuA
poB 32 wen. (I rpynma) poB 58 nen. (I rpymma)

Benok oOmiwmii, /71 34,6 +0,63 32,3+0,39" 43,0—59.,0°
Xonecrepun, MM/ 5,4+0,09 5,1+0,09 2,852
Kansuumii, MM/n 3.4+0,09 2,4 +£0,08™" 2,9—3.4"
docdop HeopraHuIeCKHii, MM/ 4,0+0,08 3,5+0,03" 1,3—1,9"
MoueBas Kuciora, MKM/I1 684,6 + 11,48 728,0 £ 16,09 176,8—1326,0™
AnaAr, E/n 9,7+ 0,96 10,3 + 0,84 5,7—17,1"
AcArT, E/n 246,7+4,37 263,8 + 4,84 196,8—226,1"
I®, E/n 279,8 £ 13,20 360,6 = 10,70™ 572,5—1151,9"
OO0111e IMMYHOIIIOOYIMHBI, I/J1 8,1 +£0,35 5,9+027" —
JIACK, mkr/mi 0,24 + 0,03 0,23 +£0,03 —

" p<0,05

" p<0,01

" p <0,001 — OTHOCHTENBHO ITOKA3aTENEH TPYIIIIBI ITUIB 32-HEIENBHOTO MPOAYKTHBHOTO HUCIIOIb30BaHMS

“[12]
" [13]
T [14]

AxtuBHOCTh ACAT, oTBeuaromero 3a yckope-
HUE BBICBOOOXKJICHUSI aMMHaKa U3 aMUHOKHCIIOT IS
€ro MOCIIEAYIONIeH mepepaboTKy B IUKIIE MOYEBUHBI,
B 00eHX TpymIax ObUIO BhIIIE pe)epeHCHBIX 3HAYCHUI.
OTMeuann JOCTOBEPHOE YBEIHMUYCHHE OIpPEAesieMO-
ro moxkasarens Ha 6,9 % (p < 0,05) B rpymnme mbIIJIsT,
MOJTYYEHHBIX OT ITUIBI HAa 58 HeJiene BhIpaliBaHusl.

B cpIBOpOTKE KPOBH IBIIIIAT, HOTYYESHHBIX OT Kyp
11 rpymmB1 HAOMFOIAIH TOCTOBEPHOE TIOBBIIIIEHNE YPOB-
Hs 1estouHol gocdarassl Ha 28,9 % (p < 0,001), or-
HOCHUTEIILHO aHAJIOTUYHOTO MOKasarelis | rpynmsbl.

VBenuueHne akTUBHOCTH ()epMEHTa B KPOBH Ha-
OJIroaeTCs P HAPYIICHUA MUHEPAJIbHOTO OOMEHa,
YTO CBSI3aHO C TIOBBINIIEHNEM HHTEHCHBHOCTH OOMEHa
KanbpIs 1 pocdopa MexTy KOCTHOW TKAHBIO M Op-
TaHU3MOM, TIPU OJJHOBPEMEHHOM CHIDKCHHH YPOBHS
Kanplus B kposu [14, 17].

CHIKeHUE YPOBHS 00X KIMMYHOIJIOOYJIMHOB Ha
27,2 % (p < 0,001) y UBIILIAT, TOTY4YEHHBIX OT Opoiiie-
poB poauTtenbckoro ctaja Il rpymiibl, CBUIETENbCTBY-
eT 0 0osee HU3KOW MEeTa0OoIMIECKO aKTHBHOCTH M-
MyHHOMU cucteMsl [9, 18].

Pesynbrarsl UCCaEOBAHMS TMECUCHU CYTOUYHBIX
UBITIIAT MPEICTABICHBI B TAOIUIIE 5.

B neueHu 1BITUIST, MOTy9E€HHBIX OT Kyp CTapIIero
BO3pacTa, OTMEUCHO 0oJiee BBICOKOE COIepKaHHe Ka-
poruHa — Ha 16,7 % (p < 0,001), npu Oosee HU3KOU
KOHLIeHTpauuu BuTamMuaa A — Ha 20,6 % (p < 0,01),
YKa3BIBAIONICH Ha CHIDKCHUE METa0OIMIECKON U Jie-
MOHUPYIOIIEeH (PYHKINH IIEYSHHN B IEPHOJT UX SMOPHO-
HajpHOro paszsutus [19, 20].

Taxoke, y UBIUIAT 3TOU TPYIIILI B TKAHU MEUYCHU
BBISIBJICHO O0J1ee BRICOKOE cofiepaHune BUTamuHa C —
Ha 43,7 % (p <0,01).

ITo conmep»xannto MUKPOAIIEMEHTOB B ITEUEHH IIbITT-
JISIT IBYX TPYTIIT JOCTOBEPHBIX 3HAYEHHH ITOTy9IEHO HEe
OBLII0, HO HAOJIO/IaIach TSHICHIIUS K CHIDKEHHUIO CO-
JIepKaHMsI [IMHKA, MapraHiia, kodaibTa U celicHa BO
BTOPOM rpymirie.

3AKJIIOYEHHUE
[Ipu Gonee IIUTENBHOM INEPUOIE MPOTYKTUB-
HOTO HCIOJIB30BaHMS MTHUIBI OTMEYEHO YBEJINUYEHHE
KOHIIGHTpaIMK OMOJOTMYECKH aKTUBHBIX BEIIECTB
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B siiiIle, 4TO co3aeT Oosee ONTHMAIIbHBIE YCIOBUS pa3-
BHUTHUS YMOPHOHA U TTOSTydeHne Ooliee KU3HECTIOCO0-
HBIX IBITUISIT, OTHAKO, OTMEUCHO CHI)KCHHUE TI0Ka3aTe-
Jield IMMYHHUTETA, YTO MOYKET NOBBIIIATH PHCKU HAPY-

IICHUS pa3BUTHUS IMOPHOHOB. L{pimisiTa, MOTyYeHHBIC
OT Kyp CTapIliero Bo3pacTa UMEIOT OOJIbINNI TOTECH-
[UaJl pOCTa, HO U OoJiee BRICOKHE PUCKU HAPYIIICHHS
oOMeHa BEIIEeCTB.

Tabnunua 5
Pesynemamor uccreoosanus npob mranu neyernu cymounvix yvinaam (M + m)
I'pynmbr
Toxasaremn Ipimsita ot Kyp-Opoitiepos 32 vea. | Llpiuista ot Kyp-Opoiiiaepos 58 He.
(I rpymma) (IT rpymma)
Conep:kaHre BUTAMUHOB
Kaporun, MKr/T 9,0+0,15 10,5 +£0,24"
Burtamun A, MKr/r 22,8+ 1,10 18,1 +1,00™
Burtamun E, Mkr/r 15,6 £ 0,70 15,3+0,76
Butamun B,, MKr/T 11,0+ 0,36 10,6 +£ 0,23
Buramun C, MKI/r 45.8+3,29 65,8 +5,05"
CozeprkaHne MUKPODJIEMEHTOB

Keneso, Mkr/r 60,2 + 3,81 61,8 +4,44
Menn, MKI/T 46+0,15 4,7+0,22
[uHK, MKT/T 192+1,5 18,1 £2,50
Maprasert, MKT/T 3,1+0,20 2,8+ 0,26
KobGanbt, MKI/1 0,005 + 0,0006 0,004 = 0,0005
CeneH, MKT/T 0,009 +0,0010 0,006 + 0,0006

" p<0,01

™ p<0,00] — OTHOCHTEIHLHO MOKa3aTeaeN MPYIIbI IITHIBI 32 — HEAETBHOIO MPOAYKTHBHOTO UCIIOJIB30BAHUSI
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METABOLIC STATUS OF BROILERS OF THE PARENT
FLOCK, HATCHING QUALITIES OF EGGS AND
RESISTANCE OF CHICKENS OBTAINED FROM THEM
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Abstract. The article presents the material on the study of the metabolic status of broilers of the parent flock of
Cobb 500 cross in various periods of productive use. The indicators of the quality of hatching eggs, blood bio-
chemical and immunological indicators of day-old chickens obtained from broilers of the parent flock of 32
(I group) and 58 (II group) weeks of productive use were determined. At the 58th week of rearing poultry, a sig-
nificant increase in the blood total protein by 30.9 % (p < 0.001) was noted; cholesterol — by 73.9 % (p < 0.001);
calcium — by 6.3 % (p < 0.05) relative to similar indicators in the poultry of group I. The biochemical analysis
of egg white and yolk showed that in the second age group the amount of carotenoids was higher by 29.9 %
(p <0.001); the concentration of vitamin E and B2 was lower by 33.5 % (p < 0.001) and 20.0 % (p < 0.001), re-
spectively. The content of immunoglobulins in the yolk and protein of eggs obtained from broilers of the second
age group was lower by 9.4 % (p < 0.01) and 7.5 % (p < 0.01), respectively. A lower content in the blood serum
of day-old chicks obtained from poultry of 58 weeks of productive use was noted, total protein — by 6.6 %
(p <0.01), calcium — by 29.4 % (p < 0.001) and phosphorus — by 12.5 % (p < 0.001), relative to similar indi-
cators of the first study group. With a longer period of productive use of poultry, an increase in the concentration
of biologically active substances in the egg has been noted, which creates optimal conditions for the development
of the embryo and the production of viable chickens, however, a decrease in immunological indicators has been
noted, which can lead to impaired development of embryos, an increase in embryonic mortality and the output of
substandard young poultry. The chickens from older hens have a greater growth potential but also a higher risk
of metabolic disorders.

Keywords: chickens of the parent flock, metabolic status, resistance, viability of chickens

The hatchability and further productivity of broil-
er chickens largely depend on the quality of the hatch-
ing eggs of the parent flock. One of the factors affect-
ing their quality is the age and health of the poultry of
the broiler parent flock [1—3].

Culling of adult and young poultry is under the
constant control of the veterinary staff of the farms,
which unfortunately cannot be said about dying em-
bryos. Violations in the development of embryos lead
not only to their death, but also to a significant increase
in the percentage of weak, substandard young poul-
try. In addition, the viability of apparently healthy in-
dividuals also decreases. A bird that has been ill dur-
ing the embryonic period grows and develops worse,

often not being able to realize good meat and egg pro-
ductivity in the future [4].

The causes of embryonic mortality are not only
violations of the incubation regime, but are often due
to the low quality of hatching eggs, which is a conse-
quence of inadequate feeding, violation of other ele-
ments of technology, as well as diseases of the repro-
ductive organs, general non-communicable and infec-
tious diseases of poultry [2, 5—S8].

A large number of studies have been devoted to
the search for optimal parameters for selecting eggs
for incubation [1, 2, 4, 6]. At the same time, the role
of various factors affecting the morphological and bi-
ochemical indicators of eggs and blood of chickens is
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being studied. It is important to study the effect of an-
tioxidant status in parent flock hens on the incubation
quality of eggs and the metabolic profile of hatched
chickens, which is widely used in monitoring the clin-
ical status of poultry and for early diagnosis of the risk
of a pathological process [7, 9, 10].

The objective of the research was to study the
metabolic status of broilers of the parent flock of Cobb
500 cross of 32 and 58 weeks of productive use, to as-
sess the incubation qualities of the eggs obtained from
them during the study periods, as well as to study the
metabolic status of the chickens obtained.

MATERIAL AND METHODS

On the poultry farm of Belgorod region, two groups
of clinically healthy laying hens of Cobb 500 cross were
formed for research: group I — at the age of 32 weeks
(the first stage of active egg production), group Il —at
the age of 58 weeks (the last stage of egg production).
The chickens received balanced diets in accordance
with age requirements. Laboratory studies were carried
out on the basis of FSBSI “ARVRIPP&T”. Blood stud-
ies were performed on an ABX Micros 60 hematolog-
ical analyzer (ABX Diagnostics, France). Biochemical
studies were performed on a Hitachi-902 automat-
ic analyzer (Roche Diagnostics GmbH, Germany —
Japan). Unified methods were used to determine vita-
mins E, A and uric acid in blood serum [11]. The aga-
rose gel electrophoresis method was used to calculate

the protein fractions. In the blood of chickens (n = 5),
the following indicators were determined: the content
of total protein, cholesterol, calcium, inorganic phos-
phorus, uric acid, the activity of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alka-
line phosphatase (AP), the concentration of total im-
munoglobulins, serum lysozyme activity (SLA).

From each batch of eggs, 10 eggs were selected
to determine the physicochemical indicators: the con-
tent of carotenoids, vitamins A, E, B,, the active acid-
ity of the protein and yolk; morphological indicators
(egg mass, shape index, shell thickness, Haugh units).

The content of vitamins A, E, B,, C, carotene and
trace elements (iron, copper, zinc, manganese, cobalt,
selenium) was determined in the liver of hens and
chickens. The total protein, cholesterol, phosphorus,
uric acid, calcium, activity of ALT, AST, AP, SLA and
total immunoglobulins were determined in the blood
of chickens obtained from broilers of the parent stock.
Statistical processing of the obtained data was carried
out using computer programs Statsoft Statistika 6.0
and Microsoft Excel.

STUDY RESULTS
In the study of blood samples from broiler chick-
ens of the parent flock of 32 and 58 weeks of age, sig-
nificant differences were revealed in a number of blood
biochemical indicators, as well as in terms of natural
nonspecific resistance (Table 1).

Study results of the blood of broilers of the parent flock (M + m) e
Age of broilers, weeks/group
Indicators Reference values
Group 1 (32) Group II (58)
1 2 3 4

Total protein, g/L 43.7+1.05 5724 1.11™ 43.0—59.0°
Cholesterol, mM/L 2.3+£0.29 4.0+£0.31™ 2.8—5.2
Calcium, mm/L 3.2+0.08 3.4+0.04 29347
Phosphorus inorganic, mm/L 1.6 +£0.08 1.7+0.07 1.3—1.9°
Uric acid, uM/L 223.5+21.20 180.2 +12.10 176.8—1326.0™
ALT, U/L 10.7 +0.73 9.2+0.88 57—17.17
AST, U/L 243.3+12.40 185.3 +14.90° 196.8—226.17
AP, U/L 538.0£0.14 674.0 £ 15.00™" 572.5—1151.9"

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023

49



V. I Kotarev, L. V. Lyadova, L. I. Denisenko, N. N. Ivanova, G. G. Chusova

Table 1 (the end)

1 2 3 4
Total immunoglobulins, g/L 13.0+£0.97 16.2 £ 1.67 —
SLA, ng/ml 0.10£0.02 0.18£0.02" —
*p<0.05
* p<0.01
" p <0.001 — relative to the indicators of the group of poultry of 32 weeks of productive use
*[12]
00 [13]
000 [14]

In the poultry of 58 weeks of rearing, a significant
increase in total protein by 30.9 % (p < 0.001) and cho-
lesterol by 73.9 % (p < 0.01) was noted relative to the
similar indicators in broilers of 32 weeks, which was
associated with intense ongoing processes of poultry
growth and development.

Mineral elements take part in all biochemical pro-
cesses of the body. They are important for hematopoie-
sis, tissue respiration, normal functioning of all sys-
tems and organs, strengthening the body’s defenses.
Thus, calcium and phosphorus are necessary for the
formation of the bone skeleton [15, 16]. It was estab-
lished that the content of macronutrients was higher in
group 11, relative to group I: phosphorus — by 6.3 %
and calcium — by 6.3 % (p < 0.05).

In hens, with age, the incidence of chronic and
subclinical forms of metabolic diseases increases, out
of which the pathology of the liver and uric acid me-
tabolism, which is the end product of protein metab-
olism in poultry, is most often diagnosed, and its val-
ue can vary widely depending on nutrition and physi-
ological characteristics of hens [17].

AST activity was lower by 23.8 % (p <0.05) in
58-week-old broilers relative to the poultry from group
I, which was probably due to a less intense metabo-
lism. The level of alkaline phosphatase was higher by
25.3 % (p <0.001) in the blood serum of chickens of
the parent flock of group II that could be due to the
migration of calcium in the body from the bone tis-
sue, which went to the formation of the eggshell, and
this, in turn, led to the increase in the blood level of
this enzyme. Our data indicate age-related disorders
of mineral metabolism [9, 14].

There was noted an increase in such indicators of
the metabolic activity of the immune system as se-
rum lysozyme activity and the amount of total immu-
noglobulins by 80.0 % (p < 0.05) and 24.6 %, respec-
tively [9, 18].

The study of vitamin and mineral sufficiency of
the organism of broilers of the parent flock was car-
ried out by determining carotene, vitamins A, E, B,
C, trace elements (iron, copper, zinc, cobalt, selenium,
manganese) in the liver of poultry of two experimen-
tal groups (Table 2).

Study results of the liver tissue specimens of broilers of the parent flock (M +m) fable
Age of parent floock broilers, weeks/group
Indicators
Group I (32) Group II (58)

1 2 3
Carotene, ng/g 3.1+0.44 32+0.28
Vitamin A, pg/g 594.2 + 6.93 592.6 +13.45
Vitamin E, pg/g 12.4+£0.59 12.2 £0.51
Vitamin B, pg/g 11.7 +£0.31 12.1£0.27
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Table 2 (the end)

1 2 3
Vitamin C, pg/g 37.8+3.20 41.3+1.80
Iron, pg/g 276.4 +34.00 263.4+2532
Copper, ng/g 3.7+0.44 2.9+0.18
Zinc, pg/g 29.5+3.03 27.1+£2.53
Manganese, ng/g 2.1+£0.23 29+0.17
Cobalt, pg/g 0.06 £ 0.002 0.05+0.008
Selenium, pg/g 0.03 £0.004 0.03 £0.005

* p <0.05 — relative to the indicators of the group of poultry of 32 weeks of productive use

The obtained results did not have a significant dif- Pre-incubation assessment of the quality of eggs
ference between the indicators of both groups, except  from hens of the parent flock of different ages showed
for the content of manganese, which was higher by  the age uniformity of the flock in terms of egg mass,
38.1 % (p < 0.05) in the liver of broilers of 58 weeks  shape index and shell thickness. The results are pre-

of productive use.

sented in Table 3.

Morphological and physicochemical control of chicken eggs (M = m) fable
Age of broilers from parent flock, weeks
Indicators
Group I (32) Group II (58)
1 2 3
Mass of eggs, g 68.8 +£1.23 68.7 £ 0.98
Form index, % 75.0+5.17 76.0+4.12
Protein mass, g 37.5+1.10 38.44+0.90
% of egg mass 54.5+2.55 55.9+2.10
Yolk mass, g 22.5+1.80 22.4+1.40
% of egg mass 32.7+1.95 326 +1.75
Shell mass, g 8.8+0.80 7.9 +£0.60
% of egg mass 12.8£0.96 11.5+0.88
Protein mass/yolk mass 1.7+ 0.60 1.7+0.70
Shell thickness, mm 0.37 £ 0.342 0.39 +0.354
Haugh units 78.7+3.74 773 +£2.98
Yolk pH 6.6+0.15 63+0.14
Protein pH 9.1+£0.20 9.1+£0.22
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Table 3 (the end)
1 2 3
Content in yolk:

The amount of carotenoids, pg/g 6.7+0.15 8.7+£0.18™
Vitamin A, png/g 9.3+0.21 9.3+0.22
Vitamin E, pg/g 21.2+£0.49 14.1£0.38™
Vitamin B, pug/g 4.0+0.09 3.2+0.10™
Total immunoglobulins, g/L 32.9+0.63 29.8+£0.71"
Content in protein:
Protein lysozyme, mg/g
Total immunoglobulins of protein, g/L 8.03+0.13 7.4+0.15"

" p<0.05

" p<0.01

™ p <0.001 — relative to the indicators of the group of poultry of 32 weeks of productive use

In all the eggs studied, the yolk did not blur, it was
well pigmented, without spots. The egg white from
both groups of poultry was transparent, without foreign
inclusions, the dense layer retained its shape.

The results of the analysis of eggs presented in
Table 3 showed that in the yolk of eggs obtained from
broilers at the age of 58 weeks, the amount of carot-
enoids was higher by 29.9 % (p <0.001) than in the
yolk of eggs obtained from broilers at the age of 32
weeks. The concentration of vitamin A in both groups
had no significant differences.

It is known that vitamin E deficiency leads to a
decrease in hatchability and high embryonic mortal-
ity at the last stage of incubation due to the damage
that occurs in the cardiovascular system of the em-
bryo, and may also indicate the processes of extinc-
tion of the productive function of the bird’s body [8]. It
was found that the content of vitamin E was lower by
33.5% (p <0.001) in the yolk of eggs obtained from
chickens of the parent flock at the age of 58 weeks.

The concentration of vitamin B, was also lower in
the yolk of eggs obtained from the chickens of group
II by 20.0 % (p <0.001). Insufficiency of riboflavin
in the egg can lead to freezing of embryos due to de-
layed development of allantois and impaired use of
protein and yolk [6].

The concentration of lysozyme in the protein of
eggs obtained from the poultry of the second group
was lower than in the first by 3.8 % (p <0.05). The
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content of immunoglobulins in the yolk and white of
eggs obtained from broilers of the second age group
was lower by 9.4 % (p <0.01) and 7.5 % (p <0.01),
respectively, which may affect the resistance of the or-
ganism of the chickens obtained.

In the blood serum of day-old chickens obtained
from hens of the parent flock of 58 weeks of produc-
tive use, a lower content of total protein was noted —
by 6.6 % (p < 0.01), against the background of its de-
crease in both groups (Table 4).

A decrease in the serum content of calcium and
phosphorus of day-old chickens obtained from the
broilers of group II was noted: by 29.4 % (p < 0.001)
and 12.5 % (p < 0.001), respectively, against the back-
ground of their decrease in both groups of poultry.
The serum content of cholesterol in chickens obtained
from hens of 58 weeks of productive use was lower
by 5.6 % (p < 0.05).

The concentration of uric acid in both groups was
within the reference values, but in the group of chick-
ens from broiler hens of 58 weeks of productive use,
its content was higher by 6.3 % (p < 0.05).

The activity of AST, which is responsible for ac-
celerating the release of ammonia from amino acids
for its subsequent processing in the urea cycle, was
higher than the reference values in both groups. A sig-
nificant increase in the determined indicator by 6.9 %
(p < 0.05) was noted in the group of chickens obtained
from the poultry of 58 weeks of rearing.
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In the blood serum of chickens obtained from the
hens of group II, a significant increase in the level of
alkaline phosphatase by 28.9 % (p < 0.001) was ob-
served, relative to the same indicator of group I.

An increase in the activity of the enzyme in the
blood is observed in case of violation of mineral me-
tabolism, which is associated with an increase in the
intensity of the exchange of calcium and phosphorus

between bone tissue and the body, with a simultaneous
decrease in the level of calcium in the blood [14, 17].

A decrease in the level of total immunoglobulins
by 27.2 % (p <0.001) in chickens obtained from the
broilers of the parent flock of group Il indicates a low-
er metabolic activity of the immune system [9, 18].

The results of the study of the liver of day-old
chickens are presented in Table 5.

Blood biochemical and immunological indicators of day-old chickens (M £+ m) fabled
Group
Indicators chickens from broilers of | chickens from broilers of Reference values
32 weeks (group I) 58 weeks (group II)

Total protein, g/L 34.6 +£0.63 32.3+£0.39" 43.0—59.0°
Cholesterol, mM/L 5.4+0.09 5.1+0.09 2852
Calcium, mm/L 3.4+0.09 2.4+0.08™ 2.9—34"
Phosphorus inorganic, mm/L 4.0 £0.08 3.5+0.03" 1.3—1.9°
Uric acid, uM/L 684.6 £ 11.48 728.0 + 16.09" 176.8—1326.0™
ALT, U/L 9.7+0.96 10.3+£0.84 57—17.17
AST, U/L 246.7+4.37 263.8 +4.84" 196.8—226.17
AP, U/L 279.8 +13.20 360.6 £ 10.70™ 572.5—1151.9"
Total immunoglobulins, g/L 8.1+0.35 5.9+027" —
SLA, pg/ml 0.24 +0.03 0.23+0.03 —

" p<0.05

* p<0.01

** p<0.001 — relative to the indicators of the group of poultry of 32 weeks of productive use

°[12]

00 [1 3]
Table 5
Study results of the liver tissue specimens of day-old chickens (M £+ m)
Groups
Indicators chickens from broilers of 32 weeks chickens from broilers of 58 weeks
(group I) (group II)
1 2 3

Content of vitamins

Carotene, ug/g 9.0£0.15 10.5+0.24™
Vitamin A, pg/g 22.8+1.10 18.1 +1.00™
Vitamin E, pg/g 15.6 £0.70 153+0.76
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Table 5 (the end)

1 3
Vitamin B, pug/g 11.0 £ 0.36 10.6 £0.23
Vitamin C, pug/g 45.8+3.29 65.8 £5.05"
Content of trace elements

Iron, pg/g 60.2 +£3.81 61.8 +4.44
Copper, ug/g 4.6+0.15 4.7+0.22
Zinc, pg/g 192+1.5 18.1 £2.50
Manganese, |1g/g 3.1+0.20 2.8+0.26
Cobalt, png/g 0.005 + 0.0006 0.004 £ 0.0005
Selenium, pg/g 0.009 £ 0.0010 0.006 + 0.0006

* p<0.01

*

In the liver of chickens obtained from older hens,
a higher content of carotene was noted — by 16.7 %
(» <0.001), with a lower concentration of vitamin A —
by 20.6 % (p < 0.01), indicating a decrease metabolic
and depositing functions of the liver during their em-
bryonic development [19, 20]. In the chickens of this
group, a higher content of vitamin C was also found
in the liver tissue — by 43.7 % (p < 0.01).

According to the content of trace elements in the
liver of chickens of two groups, no significant values
were obtained, but there was a tendency to reduce the
content of zinc, manganese, cobalt and selenium in
the second group.

CONCLUSION

In case of a longer period of productive use of
poultry, an increase in the concentration of biological-
ly active substances in the egg was noted, which cre-
ated more optimal conditions for the development of
the embryo and obtaining more viable chickens, how-
ever, a decrease in immunity was noted that may in-
crease the risk of impaired development of the embryos.
Chickens obtained from older hens have greater growth
potential but also higher risks of metabolic disorders.
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AHHOTanms1. B crarbe nmpeicTaBiIeHbl MaTepraiibl U3yUEHHS KIIMHUKO-9X0TrpaUuecKuX mapaMmeTpoB u Mopdo-
JIOTHYECKOTO COCTOSIHUSL SHAOMETPHSI IPU €r0 HIIOMIA3UU. YCTAHOBJIEHO, YTO TUIOIUIA3Hs 3HJOMETPUS PETH-
cTpupyeTcs B cpenHeM y 7,4 % OecrionHbix kopoB. ['unormiasus suxomerpust B 29,4 % cirydaeB pa3BUBaeTcs Ha
(hoHe rUMoQyHKINOHAIFHOTO COCTOSTHHS OJIOBBIX TOHA, a 65,8 % cily4aeB AnarHoCTHPYIOTCS JTIOTEHHOBBIE KU~
CTBI SMYHUKOB, IMEIOIINE pasMepsl 36,1 + 2,9 Mm. DxorpaguiyeckuM KpUTEpHEM AUATHOCTUKH TMIOTUIA3UH DH-
JIOMETPUS SIBIISIETCS TONIMHA cTeHKH — 3,5 + 0,14 MM. ['unomiasus s3H10MeTpusl XapaKTepU3yeTcs UCTOHUECHHU-
€M PHJIOMETpHSI, HaJIMIHEM B HEM KJICTOK (prOpolOiIacTHIeckoro psijia, Cy>KeHHEM TPOCBETa MAaTOYHBIX JKeJe3,
TMaJIMHO30M KPOBEHOCHBIX COCY/IOB. [Ipy rumnoma3um sHAOMETpHUS MIPOLIEHTHOE CofiepKaHue (PyHKIIMOHAIBHO-
aKTHBHBIX 3JIEMEHTOB CHID)KEHO B 2,55 pasa 1o CpaBHEHHIO C )KUBOTHBIMH 0€3 OTKJIIOHEHHH CO CTOPOHBI OPI'aHOB
BOCIPOM3BOACTBA, B TOM YHCJIE€ TOKPOBHOIO snuTenust — B 3,59 pasa, kpoBeHOCHBIX cocyqoB — B 3,05 pa3a, ma-

TOUYHBIX JkeJie3 — B 2,26 pasa.

KaroueBrble ciioBa: KOpPOBBI, SHHOMGTpHﬁ, TUIIOIIIA3uA, IMarHoCTUKa

B yciioBHsSIX ”HTEHCHBHOTO BEJICHUS YKUBOTHOBO/I-
CTBa, MOJTy4YEHUs BBICOKOM POTyKTUBHOCTHU BO3pacTa-
€T Harpy3ka Ha BCE CUCTEMbl OpraHU3Ma XHUBOTHOTO,
B TOM YHCJI€ U Ha OpraHbl BOCTIPOU3BOCTBA.

Hanpsixennoe GyHKIIMOHUpPOBaHNE OOMEHHBIX
IIPOIIECCOB SBISIETCS MPEIPACIIONATAIOIINM (PaKTOPOM
Pa3BUTHS TOPMOHAIILHO-META00INIECKAX HAPYIIICHUN
1 3a00JIeBaHUI OPTaHOB PENPOAYKIUU. B ocHOBE pa3-
BHUTHS XPOHUYECKHX 3a00JIeBaHUIT MATKH y KOPOB Ha-
XOJIATCSl HAPYIICHUS T€USHHUS ITOCIEPO0BOTO TIEpHO-
11, TIPOSIBIISIONINECS B (pOPME THOWHO-BOCIIATATEb-
HBIX 3200J1€BaHHH, CyOMHBOIIOIIN MaTKH, ricOanaHca
MOJIOBBIX cTepou1oB [1—3].

B o0mieli cTpykType THHEKOJIIOTHYECKUX 3a00I1e-
BAHHUI KOPOB Ha JIOJIF0 XPOHUUYECKUX MATOJIOIUI Mar-
KH FTHOHHO-BOCHAJIMTEIBHOTO U ()Y HKI[MOHAJILHOT'O Xa-
pakrepa npuxonutcs 65,0—74,6 % [4, 5].

XpoHUYeCKHe BOCHAUTEIbHBIE 3a00eBa-
HUsSI MaTKH, TPOSBISIOMIAECS B POpMe SHIOMETPH-
Ta U MHOMETPBI, B OOJIBIIIMHCTBE CIIyYaeB, SIBISIOT-
Csl IPOAOJKEHNEM OCTPBIX IPOIECCOB, BCIIEICTBUE
HECBOEBPEMEHHOTO WM HEI(H(HEKTUBHOTO JICUSHUS
W TUATHOCTHUKH [6].

CreneHs pacnpoCTpaHEHNsI XPOHUUECKUX THOMHO-
BOCTIAJIMTENbHBIX 3a00JIeBaHU Y OCCIIIIOAHBIX KOPOB
nocrturaet 28,3—30,0 % [7, 8].

[TaTomorun MaTku y KOpoB (PyHKIIMOHAIEHOTO Xa-
paKTepa MeHee pacpoCTPaHEHbI B MOJIOUHOM JKHBOT-
HoBoacTBe. Hanbonee uacto quarnoctupyemoit ¢pop-
MOH SIBJISIETCS XPOHUYECKasi CyOMHBOIIOLUS MATKH —
36,7—43,8 %. B ocHOBe pa3BUTHSI CyOMHBOIIOUHUN
MAaTKH JIe)KaT HapyIIeHNs WHBOJIIOIIMOHHBIX MpoIec-
COB B MaTKe, CO3Jal0LIIX HEOJIaroNpUsITHEIE YCIOBHS
IUIsL pa3BUTUS 3apoasima [9, 10].

Hauwmenee pacnpoctpaneHHOl (popMOH XpOHH-
YeCcKHX 3a00JIeBaHUI MaTKH Y KOPOB SIBIISIETCSI THIIO-
Tu1a3ust SHAOMeTpus. B aureparype cBeeHus, Kacaro-
IIMECS TUTIOTIIIA3UH YH/IOMETPHSI, HOCAT OTPHIBOYHBIN
XapakKTep, B TOM YUCIIE U 110 IPUYMHE OTCYTCTBUS KPHU-
TEpUEB €€ AUATHOCTUKH.

[ToaToMy M3ydeHHEe CUMNTOMATHKHU TMIIOIIA3UU
SHJIOMETPHS U pa3paboTKa KPUTEPUEB €€ TUarHOCTH-
KM SIBJIIETCS AKTYaJIbHOU 3a1a4uei.

Leap ucciienoBaHuii — M3yYUTh KIMHUKO-3XO-
rpaduuecKue MoKa3aTea U KPUTEPUN JUATHOCTHKH
TUIOIJIA3UH SHIOMETPUS Y KOPOB.
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MATEPUAJ U METOJbI
HUCCJIEJOBAHUM

OOBEKTOM HCCIIeI0BAHUS SIBIISUINCH OECIUIOHbIE
KOpoBbI uepe3 45—120 gueil nocne orena, pa3aeiicH-
HBIE TI0 IPUHIIMITY aHAJIOTOB Ha JIBE TPyNIbI: 0e3 oT-
KJIOHEHUH CO CTOPOHBI OPraHOB BOCIPOM3BOACTBA
(n = 15) u runorutazus suomerpust (n = 10). {1t uz-
YUCHUS KIMHUKO-3XOTpaQUUecKuX MapamMeTpoB T'u-
[IOIUIa3UU YHIAOMETPHUS MPOBEACHBI KINHUYECKUE,
TPaHCPEKTAJIBHBIC U HXOTrpa)uIecKUe NCCIEIOBAHUSL.
TpaHcpekTanbHbIE HCCIIEIOBAHUS BBITOIHEHBI 0011Ie-
MPUHSATBIMA B aKyLIEPCKO-THHEKOJIOTHUECKOH TpaK-
THUKE METOJaMH, YIbTPa3ByKOBbIE — C MPUMEHCHH-
eM ckanepa Easy-Scan-3. [Ipu npoBeaennn nccieno-
BaHUH YUUTHIBAJIN: TONOIpa(uIo MaTKu, ee pa3Mepsbl,
KOHCUCTEHLMSI, PUTUAHOCTD, TOJIIIMHA CTCHKH MaT-
KM, pa3Mep NOJOCTH POTOB MaTKH, HaJHMYHe MU OT-
CYTCTBHE THOSI, pa3Mephl JKEJITOTO Tella B SIMYHHUKAX,
HAJINYHE WITU OTCYTCTBUE (DOJUTMKYIISPHBIX U JIFOTEH-
HOBBIX KHCT U HX pa3Mephl.

OT Bcex JKUBOTHBIX, BKJIIOUYEHHBIX B OIIBIT, OTO-
OpaH OMOTICHIHBII MaTepHai U3 CTEHKU 3HIOMETPHS
JUIS TIPOBEJICHUSI THCTOJIOTMYECKUX MCCIE0BaHUH.
OTtoOpaHHBIl OHOICHITHBIM Marepuan (HUKCHPOBAIH
B 10 % pactBOpe HelTpanmpHOTO hopMannHa, 00e3-
BOKMBAJIM B CIIUPTaX, XJI0popopMe U 3aIMBAIIU B I1a-
padun. Cpesbl roToBmiM Ha Mukpotome MIIC-2 Tos-
LIIMHOW 5—7 MKM, AenapadUHUPOBAIN M OKpalINBa-
JIM TeMATOKCUIMH-031HOM.

MopdomeTpudeckre HccieqoBaHUus 00pa3oB
CTEHKU MAaTKH IPU TUIOIUIA3UM SHIOMETPUS IIPOBE-
nensl o 1. I. ABranauiosy (1990).

[TomydeHHbI THPPOBOI MaTepHal MMOIBEPTaln
CTaTUCTHYECKOH 00pabOTKe C MCIOIb30BAHUEM Ma-
KeTa MPUKJIATHBIX TIporpaMm Statistica 6.0. Pazmuuuns
CUMTANIA CTATUCTHYECKU 3HAUUMBIMU TIpH p < (,05.

PE3YJIBTATHI HCCJIIEJOBAHUM

[Ipu u3zydenuu creneHu pacnpoCTPaHEHUsI TUIIO-
IJIA3UU SHAOMETPHS YCTAaHOBJICHO, UTO TaHHAs MAaTo-
JIOTHsl MaTKU PErHCTpUpyeTcs B cpenHem y 7,4 % oec-
IJIOTHBIX KOPOB. [Ipu yBemndaeHIH IPOIOIKATETHHO-
ctu 6ecrmonus 10 60—90 mHel yacToTa perucTparim
TUIOIUIA3UH SHAOMETpUsI oBbIaeTcs A0 9,0 %, 90—
120 nueit — no 12,9 %. Kpome Toro, ¢ moBbIIeHHEM
MosiouHo# npoxyktuBHOCTH ¢ 5000 10 9000 KT THIO-
IJ1a3Ms1 DHIOMETPHS Y KOPOB AMarHocTupyercs B 1,88
paza garre.

[Ipu mpoBeneHNN KITMHNKO-aKyIIEPCKHUX U YIABTPa-
3BYKOBBIX HICCJIE/IOBAHUH YCTAHOBIICHO, YTO MIPU THITO-
IJIA3UU SHIOMETPUS MaTKa HE YBEJIMUCHA, HAXOIUTCS
B TA30BOM TMOJIOCTH, IPsIOION KOHCUCTEHIINH, HE pea-

rupyeT Ha Maccax. CTEHKM MaTKu IpU JAaHHOU Ma-
TOJIOTMH COCTABIIAIOT B cpenneM 3,5 + 0,14 mm. Ilpu
npoBeaeHnn Y3U-uccinenoBaHuii KOpoB ¢ THIOILIA-
3Uel PHIOMETPHs HE yHaeTcs JUarHOCTUPOBaTh Ha-
JU4gre mojocTei B o0nacTu poroB Matku. Ilpu ruro-
TUTa3UH SHIAOMETPHS THUIIb B 4,8 % ciydaeB B SUYHH-
Kax BBISBIIOTCS (PYHKIIMOHAIIFHO aKTHBHBIE KEIThIC
Tena, uMmetomue quametp 13,4 +£0,9 mm, B 29,4 % —
rUNO(YHKIIMOHAIBHOE COCTOSIHUE ITOJIOBBIX TOHAJ,
B 65,8 % — NMIOTEMHOBBIE KHUCTHI, TUAMETP KOTOPBIX
cocrauser 36,1 £2,9 mm, uto B 1,24—1,35 paza
(P <0,05—0,01) GompIrie M0 CpaBHEHUIO C IPYTHMH
MATOJIOTUSIMU MATKH.

YV KIIMHUYECKH 340POBBIX KOPOB MaTKa pacronia-
raercsi B Ta30BOM IOJOCTH, YIPYTrO-3J1aCTUYHON KOH-
CHUCTEHIINH, Ha MacCak pearupyer COKpalleHUSIMHU.
Y kopoB 0e3 OTKJIOHEHHUSI CO CTOPOHBI OPTraHOB BOC-
MPOU3BOJICTBA CTEHKA MaTKu jJocTuraer 5,6 + 0,16 mm.
V 81,7 % »TUX )KUBOTHBIX B IOJOBBIX TOHAAAX PETU-
CTPUPYIOTCS JKENIThIE TEJIa II0JI0BOIO IIUKJIA, JOCTUTA-
romue B pazmepe 14,5 £0,7 mm.

Pe3ynbpTaThl THCTONOTUYECKUX HCCIIEAOBAHUN
CBUJETEILCTBYIOT O TOM, YTO TIPH THUIOIUIA3UH DH-
JIOMETPHSI TUATHOCTUPYETCS MEJIOCTHBIA TOKPOBHBIN
SIUTENUH, TPEACTABICHHBIA KIIETKAMU KyOW4YeCcKOU
¢dopmsl (puc. 1—2). B cnusucroii 00010uKe TUarHO-
CTHpYETCsl HEOOJIBIIOE KOIUYECTBO CIIABIIMXCS Ma-
TOYHBIX JK€JI€3, CBUIECTEIbCTBYIONIEE O MOHMKEHHON
X (QyHKIMOHATHLHOW aKTHBHOCTH. B cTpome 3HIIO-
MeTpusi OOHAPYKEHBI KIETKH (HUOpOOIacTHIECKOTO
psAa, XapaKTepU3yolllee HayaJlo pa3BUTHS COETUHU-
TeIbHOHN TKaHU. KpoBeHOCHBIE COCY/IbI IPU TUIIONJIA-
3WH CIIABIINECS, CTEHKH KOTOPBIX THATMHU3UPOBAHBI.

i1,

'r:ﬂ'*li’ ?_{ &'j’

TV

i
Puc. 1. KyOnueckuii HOKpOBHBIH SMUTENNH 1 He-
3HAYMTETbHAs KIETOUHAS HHOHUIBTPALUS Y KOPOBBI
IpPU TUNOIUIa3UU dHAOMETpHs. OKp. IeM.-203UH.
VB. 0k. 7, 00. 40
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Puc. 2. YMeHbpIICHHE KOTHYECTBA U CYKEHHE ITPO-
CBETa MAaTOYHBIX JKEJIE3 TIPH TMIOIUIA3UH YHOME-
Tpust y KOpoBBL. OKp. TeM.-303uH. YB. oK. 7, 00. 40

IIpu rumomnnasuu SHAOMETPHS MPOIEHTHOE CO-
JnepxaHue (QyHKIIMOHATbHO-aKTHBHBIX 3JICMCHTOB
CHIDKEHO B 2,55 pasza Mo CpaBHEHUIO C KMBOTHBIMH
0e3 OTKIIOHEHUH CO CTOPOHBI OPTaHOB BOCIIPOM3BO/I-
CTBa, B TOM YHCJIE TIOKPOBHOTO 3muTenus — B 3,59
pasa (P <0,001), kpoBeHOCHBIX cocynoB — B 3,05
paza (P <0,001), maTounsIx >xene3 — B 2,26 paza
(P <0,001) (Tabm. 1).

BricoTa KJI€TOK MOKPOBHOTO AIUTENUS TIPH TH-
MOTUIa3UH PHJIOMETPUS MEHbIIE Ha HIDke Ha 27,8 %
(P<0,01) mo cpaBHEHHUHU C KIMHUYECKH 30POBBI-
MU KHBOTHBIMH, TOJIIHHA dSHA0MEeTpusi — Ha 38,3 %
(P <0,001), BBICOTA SMUTEIHOIMTOB MaTOYHBIX Ke-
ne3 — Ha 26,6 % (P < 0,001) (Tabmn. 2).

Pesynbprarel n3y4eHus cTepeoMeTpHIeCKUX MOKa-
3arenei YHIOMETPHsI IIPH €ro THUIOTUIa3HH MTPE/ICTaB-
JieHbI B TaOnuIe 3.

Taoauna 1

CmpyKkmypHas Xapakxmepucmuxa 3HOOMempusi KOpog npu e2o UNONLa3uu

TTokpoBHBIi A1IMTE-

ITaromorus N
i, %

MarouHbIe JKene3sl,

Kposenocusie Crpoma 3HIOMeTpus,
cocynsl, % %

I'unonnasus sH710-

BOCITPOMU3BOJCTBA

0,84 + 0,08 6,72 +0,44™ 2,04 +0,13* 90,40 £4.,5
METPHs
be3 oTknonenuit co
CTOPOHBI OPTAHOB 3,02 +0,22 15,2+ 0,8 6,23 +0,37 75,55+4,5

** P <0,001 — 1Mo cpaBHEHHIO C KUBOTHBIMH 63 OTKIIOHEHHUH CO CTOPOHBI OPTAHOB BOCIIPOM3BOICTEA

Taoauma 2

HJlanwempulteCKue noxkasameinu auc)omempuﬂ KOpoe6 npu e2o cunoniasuu

Bricota nmokpoBHOTO

ToniuHa 3HIOMETPHS,

Bricora surenus MaTou-

IlaTomorus
SIUTEIUS, MKM MKM HBIX JK€JIe3, MKM
lurnoniasus SHAOMETPHUS 14,3 +1,12" 204,6 £ 15,4 9,4+0,62"
be3 oTknoneHuit co
CTOPOHBI OPTAHOB BOCTIPO- 19,8 £ 1,32 331,7+224 12,8 +£ 0,92

N3BOACTBA

" P<0,01

sk

YCTaHOBIECHO, YTO TIPU TUTIOTUIA3UH YHIOMETPUS
00BEM DMUTEITHOIUTOB MATOYHBIX XKEJIe3 CHIDKCH Ha
29,8 % (P < 0,001), B Tom uncine ux sipep — Ha 24,9 %
(P<0,001), a 00beM KJIETOK MOKPOBHOTO SIHUTEIIHUS
1 WX siiep — cooTBeTcTBeHHO Ha 18,8 % (P < 0,001)
n 23,5 % (P < 0,001), aTo monTBep>KaaeT pe3yabTaTsl
THCTOJIOTMYECKUX HCCIIEIOBAHUI, CBUICTEIBCTRYIO-

P < 0,001 — mo cpaBHEHHUIO C )KUBOTHBIMU 03 OTKJIOHCHHI CO CTOPOHBI OPTaHOB BOCIIPOU3BOJICTBA

HIMX O PA3BUTUH AUCTPOPUUESCKUX U IpordepaTus-
HBIX MPOLIECCOB B 3HIOMETPHH.

3AKJTIOYEHUE
TakuMm 00pa3oM, TMarHOCTHKA TUIIOILIA3UH HIO-
METPHS OCHOBBIBACTCS HA KIIMHUKO-3X0TpauuecKux
JTAaHHBIX U pe3yJbTaTax FTUCTOJIOIHYECKUX UCCIIEN0Ba-

58 BerepunapHsiii papmakomoruaeckuii BeCTHUK o No 3 (24) « 2023



K/ZUHMKO-SXOZPG¢M1!€CKG}Z xXapakmepucmuxka u OUASHOCTNUKA 2UNONLA3UU 3H60M6mpuﬂy MOJIOYHbIX KOPOB

Huid. ['unommaszus sugometpus B 29,4 % cirydaes pas-
BHBaeTcs Ha (poHe TUTIO(YHKITMOHAIEHOTO COCTOSTHUS
MIOJIOBBIX TOHA, a 65,8 % cily4aeB IUarHOCTUPYIOT-
Cs1 IIOTEUHOBBIE KMCTBI SITYHUKOB, UMEIOLLIE Pa3Mephl
36,1 = 2,9 MM, YTO IPUBOJUT K MOBBIILIEHHOMY YPOB-
HIO nporectepoHa. CocTOsIHME THIEepPIpOrecTepoHe-
MUU MIPUBOANT K YTHETEHUIO COKPATUTEILHON aKTHB-
HOCTH OpraHa, YMEHbILICHUEM TOJIIINHBI €0 CTCHKU Ha

37,5 %, ueM y KMBOTHBIX 0€3 OTKJIOHCHHSI CO CTOPO-
HBI OPTraHOB BOCIIPOU3BOJICTBA. DXOTpaduIeCKIM KpH-
TEepHeM JTUarHOCTHKH TUTIOTIIIA3UN SHIOMETPUS SBIS-
eTcs ToimuHa cTeHKH — 3,5 £+ 0,14 MM, ['mnorrasus
SHJIOMETPUSI XapaKTePU3YETCsI HCTOHYCHUEM YHJIOME-
TPUSl, HAJIMYUEM B HEM KJIETOK (hPUOPOOIACTHUECKOTO
psiaa, Cy:)KEHHEM MPOCBETa MaTOYHbBIX JKEJIe3, I'HasIu-
HO30M KPOBEHOCHBIX COCY/IOB.

Taoauna 3

Cmepeomempuqecmte noxkasameiu 3H()0Mempu;z Kopoe6 npu e2o cunoniasuu

O0BeM sep ruTe-

OO0BEM PIUTEINOLHN-

O0BeMm sinep smuTe-

O0BeM dIUTETUOLHN-

BOCIIPOU3BOJACTBA

Iaromorus JIMOIUTOB MATOYHOM | TOB MATOYHBIX JKEJE3, | JIMOIUTOB MOKPOB- TOB TIOKPOBHOTO
JKEIIE3bI, MKM> MKM? HOTO SIHTENNS, MKM’ SIUTEHS, MKM>
T'unornasus 3110~ . . - -
A 122,4 £ 10,1 349,8 + 28,7 160,3 + 12,1 641,5+51,2
METpHsI
bes oTknonenwuit co
CTOPOHBI OPraHOB 162,9£10,3 498,1 £29,7 209,5 £ 13,7 789,3 44,1
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CLINICAL AND ECHOGRAPHIC CHARACTERISTICS
AND ENDOMETRIAL HYPOPLASIA IN DAIRY COWS

Ivan Vladimirovich Bondareyv, Vitaliy Ivanovich Mikhalev®, Igor Sergeevich Tolkachev

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

Voronezh, Russia, mikhalevvit@yandex.ru®™

Abstract. The article presents the material for the study of clinical and echographic parameters and the morpho-
logical state of the endometrium in case of its hypoplasia. It has been established that endometrial hypoplasia is
registered on average in 7.4 % of infertile cows. Endometrial hypoplasia in 29.4 % of cases develops against the
background of a hypofunctional state of the genital gonads, and 65.8 % of cases are diagnosed with luteal ovari-
an cysts measuring 36.1 £ 2.9 mm. The echographic criterion for diagnosing endometrial hypoplasia is the wall
thickness — 3.5 £ 0.14 mm. Endometrial hypoplasia is characterized by thinning of the endometrium, the pres-
ence of fibroblastic cells in it, narrowing of the lumen of the uterine glands and hyalinosis of blood vessels. In
case of endometrial hypoplasia, the percentage of functionally active elements is reduced by 2.55 times, com-
pared with the animals without deviations in the reproductive organs, including the integumentary epithelium —
by 3.59 times, blood vessels — by 3.05 times, uterine glands — by 2.26 times.

Keywords: cows, endometrium, hypoplasia, diagnostics

Under conditions of intensive animal husbandry,
obtaining high productivity, the load on all systems of
the animal’s body, including the organs of reproduc-
tion, increases.

The intense functioning of metabolic processes is
a predisposing factor in the development of hormonal
and metabolic disorders and diseases of the reproduc-
tive organs. At the heart of the development of chron-
ic uterine diseases in cows are violations of the post-
partum period course, manifested in the form of puru-
lent and inflammatory diseases, uterine subinvolution,
imbalance of sex steroids [1—3].

In the general structure of gynecological diseas-
es of cows, chronic purulent and inflammatory and
functional uterine pathologies account for 65.0—
74.6 % [4, 5].

Chronic inflammatory uterine diseases, manifest-
ed in the form of endometritis and pyometra, in most
cases, are a continuation of acute processes due to un-
timely or ineffective treatment and diagnosis [6]. The
prevalence of chronic purulent and inflammatory dis-
eases in infertile cows reaches 28.3—30.0 % [7, 8].

Bovine uterine pathologies of a functional nature
are less common in dairy farming. The most frequent-
ly diagnosed form is chronic uterine subinvolution —
36.7—43.8 %. The development of uterine subinvo-
lution is based on violations of involutional processes

© Bondarev I. V., Mikhalev V. 1., Tolkachev I. S., 2023
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in the uterus, which create unfavorable conditions for
the embryo development [9, 10].

The least common form of chronic bovine uter-
ine disease is endometrial hypoplasia. In the litera-
ture, information regarding endometrial hypoplasia is
fragmentary, including due to the lack of criteria for
its diagnosis.

Therefore, the study of the symptoms of endome-
trial hypoplasia and the development of criteria for its
diagnosis is an urgent task.

The objective of the research is to study the clin-
ical and echographic indicators and criteria for diag-
nosing endometrial hypoplasia in cows.

MATERIAL AND METHODS

The object of the study was infertile cows 45—
120 days after calving, divided into two groups ac-
cording to the principle of analogues: without devi-
ations in the reproductive organs (n = 15) and endo-
metrial hypoplasia (n = 10). To study the clinical and
echographic parameters of endometrial hypoplasia,
clinical, transrectal and echographic studies were car-
ried out. Transrectal examinations were performed by
the methods generally accepted in obstetric and gyne-
cological practice, ultrasound examinations were per-
formed using the Easy-Scan-3 scanner. When conduct-
ing research, the following were taken into account:
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the topography of the uterus, its dimensions, consist-
ency, rigidity, the thickness of the uterine wall, the size
of the cavity of the uterine horns, the presence or ab-
sence of pus, the size of the corpus luteum in the ova-
ries, the presence or absence of follicular and luteal
cysts and their sizes.

From all animals included in the experiment, bi-
opsy material from the endometrial wall was obtained
for histological studies. The obtained biopsy materi-
al was fixed in 10 % neutral formalin solution, dehy-
drated in alcohols, chloroform and embedded in paraf-
fin. Sections of 5—7 um were prepared on an MPS-2
microtome, deparaffinized and stained with hematox-
ylin-eosin.

Morphometric studies of uterine wall samples with
endometrial hypoplasia were carried out according to
G. G. Avtandilov (1990).

The resulting digital material was subjected to
statistical processing using the Statistica 6.0 software
package. Differences were considered statistically sig-
nificant at p < 0.05.

STUDY RESULTS

When studying the degree of endometrial hypo-
plasia distribution, it has been found that this uterine
pathology is recorded on average in 7.4 % of infertile
cows. With an increase in the duration of infertility up
to 60—90 days, the frequency of registration of en-
dometrial hypoplasia increases up to 9.0 %, 90—120
days — up to 12.9 %. In addition, with an increase
in milk productivity from 5000 to 9000 kg, endome-
trial hypoplasia in cows is diagnosed by 1.88 times
more often.

When conducting clinical obstetric and ultrasound
studies, it has been found that in case of endometri-
al hypoplasia, the uterus is not enlarged, is in the pel-
vic cavity, flabby, does not respond to massage. The
walls of the uterus in case of this pathology are of
3.5+ 0.14 mm. When conducting ultrasound studies
of the cows with endometrial hypoplasia, it is not pos-
sible to diagnose the presence of cavities in the area
of the uterine horns. In case of endometrial hypoplas-
ia, only in 4.8 % of cases functionally active corpora
lutea with a diameter of 13.4 £ 0.9 mm are detected
in the ovaries, in 29.4 % — a hypofunctional state of
the genital gonads, in 65.8 % — luteal cysts, the di-
ameter of which is 36.1 + 2.9 mm, which is by 1.24—
1.35 times (P < 0.05—0.01) more than other uterine
pathologies.

In clinically healthy cows, the uterus is located in
the pelvic cavity, has an elastic-resilient consistency
and reacts with contractions to massage. In the cows
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without deviation from the reproductive organs, the
uterine wall reaches 5.6 + 0.16 mm. In 81.7 % of these
animals, corpora lutea of the sexual cycle is recorded
in the genital gonads, reaching a size of 14.5 = 0.7 mm.

The results of histological studies indicate that in
case of endometrial hypoplasia, a complete integumen-
tary epithelium is diagnosed, represented by the cells of
a cubic shape (Fig. 1—2). In the mucous membrane, a
small amount of collapsed uterine glands is diagnosed,
indicating their reduced functional activity. In the stro-
ma of the endometrium, there have been found cells of
the fibroblastic series, which characterize the begin-
ning of the connective tissue development. In case of
hypoplasia, blood vessels are collapsed, the walls of
them are hyalinized.

l

=

Hi

Fig. 1. Cubic integumentary epithelium and slight
cellular infiltration in a cow with endometrial hy-
poplasia. H&E staining. Ocular mag. 7, lens 40

Fig. 2. Reducing the number and narrowing of the

lumen of the uterine glands in case of endometrial

hypoplasia in a cow. H&E staining. Ocular mag. 7,
lens 40
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Clinical and echographic characteristics and endometrial hypoplasia in dairy cows

In case of endometrial hypoplasia, the percent-
age of functionally active elements is reduced by 2.55
times, compared with the animals without deviations
in the reproductive organs, including the integumenta-
ry epithelium — by 3.59 times (P < 0.001), blood ves-
sels — by 3.05 times (P < 0.001), uterine glands — by
2.26 times (P < 0.001) (Table 1).

The height of the cells of the integumentary ep-
ithelium in case of endometrial hypoplasia is by
27.8 % (P < 0.01) lower than in clinically healthy an-
imals, the thickness of the endometrium — by 38.3 %
(P <0.001), the height of epitheliocytes of the uterine
glands — by 26.6 % (P < 0.001) (Table 2).

The results of the study of stereometric indicators
of the endometrium in case of its hypoplasia are pre-
sented in Table 3.

It has been found that in case of endometrial hy-
poplasia, the volume of epithelial cells of the uter-
ine glands is reduced by 29.8 % (P < 0.001), includ-
ing their nuclei — by 24.9 % (P <0.001), and the
volume of the cells of the integumentary epithelium
and their nuclei — by 18.8 % (P < 0.001) and 23.5 %
(P <0.001), respectively, which confirms the results
of histological studies indicating the development of
dystrophic and proliferative processes in the endo-
metrium.

Table 1
Structural characteristics of the endometrium of the cows with its hypoplasia
Pathology Int.egurpentary Uterine glands, % | Blood vessels, % Endometrial stroma, %
epithelium, %
Hypoplasia of the 0.84 = 0.08"" 6.72 £ 0.44™ 2.04+0.13"™ 90.40 £ 4.5
endometrium
No deviations in the 3.02+0.22 152408 6.23+0.37 7555445
reproductive organs
** P <0.001 — compared with the animals without deviations in the reproductive organs
Table 2

Planimetric indicators of the endometrium of the cows with its hypoplasia

Height of the integumenta-

Thickness of the endome- | Height of the epithelium of

Pathology ry epithelium, pm trium, pm the uterine glands, pm

Hypoplasia of the endome- 143 +1.12" 204.6 £ 15.4™ 9.4+0,62°
trium
No deviations in the 19.8+1.32 331.7+224 12.8+0,92
reproductive organs

" P<0.01

** P <0.001 — compared with the animals without deviations in the reproductive organs

Table 3

Stereometric indicators of the endometrium of the cows with its hypoplasia

Volume of nuclei of

Volume of epithelial

Volume of nuclei of
epitheliocytes of the

Volume of epithelio-
cytes of the integu-

organs

Pathology epithelial cells of the cells of the uterine . o
terine gland, um’ glands, um’ integumentary mentary epithelium,
b ’ ’ epithelium, pm? um?
Hypoplasia of the 122.4+10.1" 349.8 +28.7" 160.3 £ 12.1" 641.5+51.2"
endometrium
Without deviations in
the reproductive 162.9+10.3 498.1 £29.7 209.5+13.7 789.3 £ 44.1

ok
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P <0.001 — compared with the animals without deviations in the reproductive organs

63



1. V. Bondarev, V. I. Mikhalev, I. S. Tolkachev

CONCLUSION

Thus, the diagnosis of endometrial hypoplasia is
based on clinical and echographic data and the re-
sults of histological studies. Endometrial hypoplasia
in 29.4 % of cases develops against the background
of a hypofunctional state of the genital gonads, and
65.8 % are diagnosed with luteal ovarian cysts meas-
uring 36.1 &+ 2.9 mm, which leads to an increased lev-
el of progesterone. The state of hyperprogesteronemia
leads to inhibition of the contractile activity of the or-
gan, a decrease in the thickness of its wall by 37.5 %
than in the animals without deviation in the reproduc-
tive organs. The echographic criterion for diagnos-
ing endometrial hypoplasia is the wall thickness —
3.5 + 0.14 mm. Endometrial hypoplasia is character-
ized by thinning of the endometrium, the presence of
fibroblast cells in it, narrowing of the lumen of the uter-
ine glands and hyalinosis of blood vessels.
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AunHoTanust. [{enbio paboTel SIBUIIOCH N3y4Ye€HHE UMMYHHON CHCTEMBbI KOPOB C CHHAPOMOM aHEMHUH U XPOHHUYE-
CKOT'0 CHCTEMHOTO BOCHAJICHUSI BO BpeMsi OEpEeMEHHOCTH ¥ B PaHHHI NOCIEPOI0BOM niepro. [Jist BHIIOIHEHUS
ITOCTABJICHHOM I1eNTH OblIa H3y4YeHa AMHAMHKA HMMYHOJIOTHYECKHX MTOKa3aTesel 3J0POBBIX KOpOoB (1 = 15), ¢ cuH-
JPOMOM aHEMUH (72 = 8) ¥ XpOHUYECKOTO CHCTEMHOTO BOCIAJICHHsI HU3KOH CTeTeHn HHTeHcuBHOCTH (1 = 7). Ha
150—160, 210—220 1 260—265 nH1 OepeMEHHOCTH U Yepe3 HEeJIeITI0 M0CIIe POJIOB Y M3y4aeMbIX TPYIIIT JKHBOT-
HBIX TIPOU3BOAMIICS OTOOP NpoO KpoBU. B kpoBH onpesensuiu coaepxkanue npopocnaiurenbubix (UJI1-1p, NJI-2,
OHO-a u UTH®-y) u npotuBoBocnanutenbHbix (MJI1-4, JI-10) IUTOKHHOB, a TaKoke MOKa3aTeI! KIETOYHOTO (KO-
smuectBo T- u B-mumdounto, ®AH, ®Y, U, u HCT-rect) u rymopansaoro ummynurera (IgM, IgA, IgG,
KACK, BACK, JIACK u [IMK). YcTaHoBi€eHO, 4YTO Y KOPOB, HE3aBUCUMO OT KIIMHUYECKOTO COCTOSIHHSI, HAaUMHAas
¢ 210—220 gHs CTeNBHOCTH, HACTYTACT KPUTUYESCKUH IEPHOJ, XapaKTepU3YIONIIUICS TI0IaBICHNEM KIETOYHOTO
1 TYMOPAJNbHOTO HMMYHHTETA, B pe3ynsrate kotoporo ®AH ymensmanace Ha 6,2—10 %, cnontannsnii HCT-
tect Ha 17,4—19,4 %, a BACK B cpeanem Ha 10 % (P < 0,05). Takke y KOpOB ¢ COIMyTCTBYIOIIEH MaToioruei
OTMEYaeTcs ANCOaIaHe MEXIY MPOBOCHIAIUTEIbHBIMK U IIPOTHBOBOCIIAIUTEILHBIMU IIUTOKUHAMH, YTO CO3AET
PHCKH OCJIOKHEHHUS] OEpEMEHHOCTH U Pa3BUTHS NATOJIOTUH Y TIOTOMCTBA. Y KOPOB, C HOPMaJIbHO MTPOTEKAOIIEH
0EpEeMEHHOCTBIO B PAHHUH NOCIICOTENBHBIN EPUOJT HAOII0ASTCsl BOCCTAHOBICHHE HIMMYHOJIOTHYECKUX MTOKa3a-
Tellei, HO y )KUBOTHBIX C aHEMHEH, HaOITIoIatolIeicsi BO BpeMsi 0EpeMEHHOCTH, B ITOCIEPOIOBOI EPHOT TPOKC-
XOJIUT CHIDKEHNE aKTHBHOCTH UMMYHHOU CUCTEMbI. YpoBeHb T- 1 B-miuM(ouuTOB ObUT I0CTOBEPHO HUKE MOKA-
3aresnei 3m0poBbix Ha 26,1 u 53,1 %, a DAH, JIACK u KACK Ha 29,1; 10,3 1 33,9 % coorBercTBenHo. Ha done
CYILECTBYIOLIEH MATOJIOTHH TO CO3JIAET PUCK BBHIOBITUS MJIM HAPYLICHHUs BOCIIPOU3BOAUTEIBHOM CIIOCOOHOCTH.
[Ipu ananm3e cepBUC-TIepHO/Ia JAHHBIX KUBOTHBIX HAOIIOAIOCH €T0 YBeNIWYeHNuE B 2,7 pa3a. AHaJIOTHYHBIE TCH-
JICHIINU U PUCKU CO3/1aBAIMCh M y KOPOB C CHHJIPOMOM XPOHUYECKOTO CHCTEMHOTO BOCTIAJICHHS HU3KOH CTEIIeHN
UHTEHCUBHOCTH.

KuroueBble ci10Ba: KOPOBBI, 0epEeMEHHOCTh, aHEMHUS, XPOHHUECKOE BOCTIAJIEHHE, ITATOKUHBL, TYMOPAIbHBIN U KJle-
TOYHBIA UMMYHUTET, PAHHUI IIOCJIEPOAOBOM NEPUOJ, CEPBUC-TIEPUOL

BBEJAEHHUE
pylieHust oOMeHa BeriecTB. HapyiieHue uMMyHHO-

OnHOl 13 OCHOBHBIX 3371a4 COBPEMEHHOTO CKOTO-
BOJICTBA SIBJISICTCSI COXPaHESHHE MMPOAYKTUBHOTO JIOJITO-
JIETUS ¥ TIOBBIIICHUE TUIOMOBUTOCTH KOpoB. OqHAKO,
B YCJOBHUSX MPOMBINIJIEHHOW TEXHOJOTUH MPOU3-
BOJICTBA B CHUJIYy Pa3HOOOpPA3HBIX MPUYHH (TEXHOIO-
THYECKHUX, IKOJIOTHYCCKHUX, IMU300TOJOTHISCKHUX )
Y JKUBOTHBIX Pa3BUBAIOTCS UMMYHOIS(MUIIUTHI U Ha-

ro crarycCa BbIpaXKa€TCd B YTHETCHUU I'YMOPAJIbHOT'O
1 KJIETOYHOTO 3BeHhEB UMMyHHTeTa [11].
bepeMeHHOCTB, poAbl U MOCIEPOIOBLIN MEPHUO/T
SIBIISTFOTCS] HAMOOJTIee CIIOKHBIMH B IPOIIECCE IKCILTya-
TalMu MOJIOYHOTO CKOTa. B HacTosiiee Bpemst CIIoxKu-
JIOCh Y€TKOE TIOHUMaHUE, 4TO (POPMUPOBAHUE U TCUC-
HHUE OEPEMEHHOCTH, COITPOBOKIAEMOE CIICTIN(DUIECKOMI
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Axynosa K. O., SIxkumuyk O. B., 2023

BerepunapHsrii papmakomorudeckuii BeCTHUK o No 3 (24) « 2023 65



11 A. apwun, I” A. Bocmpounosa, FO. H. bpueaoupos, Y. T. Lllanownuxos, M. C. XKyxos, JI. 0. Cawnuna...

MOP(OITOTUIECKON U TOMEOCTAaTHIECKON TIepecTpoii-
KOW MAaTEPHHCKOTO OpraHu3Ma, BO MHOTOM OTIpE/Iesi-
€TCsl COCTOSIHHEM KaK HIOKPUHHOMW, TaK U UMMYH-
HOM cucTeM (B YaCTHOCTH IUTOKHHAMH). [[UTOKMHBI
PETYIHPYIOT BCE ATAIbl TeCTAIIMOHHOTO MpoLecca OT
HMMIUIAaHTAUH OIACTOLMCTOB 10 MEXaHU3Ma POIOBO-
ro akra [9]. [Ipuuem, Ha POTSHKEHUHN OEpEeMEHHOCTH
3HAYUMOCTh T€X WMJIM WHBIX (PAKTOPOB M3MEHSETCH,
YTO OOYCIIOBIEHO 0COOEHHOCTSAMH ATAIIOB (POPMHPO-
BaHUS TUTALIEHTHI, U3MEHEHHUEM TOIYISITHOHHOTO CO-
CTaBa KJIETOK MPOAYIICHTOB [IMTOKUHOB B JIMHAMUKE
reCTallMOHHOTO TIpollecca M HaJIUYHEM COIYTCTBY-
IOIIHX MMATOJIOTHYECKUX COCTOSHUN Yy OepeMEHHBIX.

Opnnoti 13 HanboJree pacpoCTpaHESHHOM ITaToJI0-
ruel apnsgercs anemus [ 12]. Bmecre ¢ atum gocrarou-
HO IIUPOKOE PACIPOCTPAHCHUE CPEIH KOPOB HUMEIOT
XpOHUYECKHE 0OJIE3HN KOHEYHOCTEH, MaTKu, MOJIOU-
HO sxese3bl u Ap. [1, 3, S]. I1pu 3TOM HEOOX0IUMO OT-
METHTb, YTO BIIUSIHHE aHEMHHU U XPOHUYECKHX BOCIIA-
JUTENHHBIX TPOIIECCOB Ha COCTOSTHUE MMMYHHOH CH-
CTeMbl OEpEeMEHHBIX KOPOB B TIEpHO]] OEpeMEHHOCTH
U TIOCJIE POJOB HE U3y4aJlOCh.

Lenbto paboOTHl SBUIOCH M3yYEHUE UMMYHHOTO
CTaryca KOpOB ¢ CHHJIPOMOM aHEMHHU U XPOHHYECKO-
IO CUCTEMHOTO BOCIIAJICHHUSI BO BpeMsi OEPEeMEHHOCTH
U B paHHUH TTOCJIEPOOBOM TIEPHO/I.

MATEPHUAJIBI U METO/ bl
HUCCJIEJOBAHUM

PaGora BhINIOJIHEHA B BECEHHE-JCTHUN TEPHU-
on 2022 rofa B yCIOBUAX KUBOTHOBOAYECKOTO KOM-
IIeKca, pacIoioKeHHOTo B BopoHekckoi o0ma-
CTH C Y4eTOM TpeOOBaHUN OMOITUYECKON KOMHCCHUHU
OI'bBHY «BHUBUII®OuTY». B nccnenoBanuu 3aaei-
CTBOBAJIMCH KOPOBBI KPACHO-TIECTPON MOPOIBI (TOJ-
IITHHU3UPOBaHHbBIC) 2—3 JIaKTaIl[k U CPOKOM Oepe-
menHoctr 150—160 mueit. JKMBOTHBIE MTOABEPIIINCH
KOMILJIEKCHOMY KJIMHHUKO-1a00paTopHOMY 00cCIiIeo-
BaHUIO, B PE3yJIBTaTe KOTOPOTO OHU OBLIU pa3ieiieHbl
Ha 3 rpynnsl: rpynmna 1 (n = 15) — 310poBble KOpO-
BBI; Tpynna 2 (n = 8) — KOpPOBBI ¢ TUITOXPOMHOMN MHU-
KpOITUTAPHOU aHeMHueit; Tpymma 3 (n = 7) — KOPOBEI
C CHHAPOMOM XPOHHYECKOTO CHCTEMHOTO BOCTIale-
HUSl HU3KOW CTETIeHN HHTEHCUBHOCTH. KOpOBBI Haxo-
JIWITACH Ha MPUBSI3HOM COJICPIKaHUU U MTOTyYaIH TOJ-
HOIICHHBIH paruoH. [lociie pogoB perucTpupoBagoch
BpeMs 0 IJIOAOTBOPHOTO OCEMEHEHHs BCeX 3ajeil-
CTBOBAaHHBIX B HcclieoBaHnu KopoB. Ha 150—160,
210—220 m 260—265 nHU OCpPEeMEHHOCTH M Yepe3
HEJIeIIO TMOCIIe POJIOB y JKUBOTHBIX MPOBOIUIICS OT-
00p MpoO KPOBU M3 XBOCTOBOI BEHBI C TOMOIIIBIO Ba-
KYYMHOU CHCTEMbI B IPOOUPKU C aKTUBATOPOM CBEp-

teiBaeMocTu kposu SiO, u DJITA («Chengdu Puth
Medical Plastics Packaging Co., Ltd.» Kuraif). B cbI-
BOPOTKE KPOBH ONpenesui: uaTepiaeiikua-1 (MJI-1
B), uarepneiikun-2 (1J1-2), narepneiikun-4 (1J1-4),
untepneiikun-10 (MUJI-10), dpaktop HEekposa omyxo-
mu-anbha(®HO-a), uarepdepon-ramma (MHD-y),
B COOTBETCTBHH C yTBEPKIACHHBIMU HACTABJICHHSI-
My Kk auarnoctudeckuM Habopam (BEKTOP-BECT)
Poccust, ummynornoOymua M (IgM), nummyHOTIIO0Y-
mH A (IgA), nmmynorno6yiun G (IgG) B cooTBert-
CTBHH C yTBEP>KACHHBIMHU HACTABICHUSMH K TECT -CH-
cremam (pupmbl Cloud-Clone Corp.) USA, meromom
MMMYHO(EpPMEHTHOTO aHaju3a. YPOBEHb KOMILIE-
MenTapHoit (KACK), 6akrepurmuaaoit (BACK) u mu-
3onuMHOi (JIACK) akTHBHOCTH CHIBOPOTKH KPOBH,
¢darouurapuylo akTUBHOCTH HeliTpodpmioB (PAH),
¢arouurapuoe uucio (PY), parounTapHblii HHIACKC
(®WN) n nposonuiu nocranoBky HCT-tecra comnac-
HO METOIWYECKUM pekoMeHmanusm [6]. KomnaecTBo
T- 1 B-muM)oruToB, TUPKYTHPYIOMNAX UMMYHHBIX
koMmruiekcoB (LK) ompenernsinu B cOOTBETCTBUN Me-
ToAuYecKUMU pexkomMeHnnanuamu [7]. [lpu Bwimon-
HEHUH J1a0OpaTOPHBIX HCCIEIOBAHUI HCTIOIb30BaA-
mu doroanekrpokonopumerp KOK-3 (Poccus), ana-
nu3atop uMMyHOpepMeHTHBIX peakuuii AUDP-01
YHUIIAHT™ (3AO «ITMKOH», Poccust) m Mukpo-
cxort Mukpomen 3 U3 (OOO «HabGmromarensHbie mpH-
6ope1», Poccus).

[Toy4yeHHbIi MaTepra NoABEPrajcs CTaTUCTUYE-
CKoil 00paboTKe B makeTe mporpamMm Statistica v 6.1.
PaccuntweiBanu cpenHioro apudmerndeckymo (M)
Y cTa"aapTHY0 omuoOKy cpenneii (SE). JloctoBepHOCTH
pa3uuus MeKIy BEIOOpPKaMH OLIEHUBAIIN C TTIOMOIIBI0
HernapaMeTpruYecKoro Kpurepusi Manna — YUTHH.
IIpu npoBepke CTaTUCTUYECKUX TUIIOTE3 UCIIOIB30Ba-
mu 5 % ypoBens 3HaunMoctr: 1 — P < 0,05 B cpaBHe-
HUU C TPYIIOHN 310pOBBIX KOpoB; 2 — P < 0,05 B cpas-
HEHHU ¢ JaHHBIMU Ha 150—160 geHs CTEeNBLHOCTH,
3 — P <0,05 B cpaBHeHUHU ¢ JaHHBIMHU Ha 260—265
JIeHb CTEIBHOCTH.

PE3YJBTATHI UCCJEJTOBAHU

HccnenoBanue HUTOKMHOBOTO IPOUIs KOPOB
MI0KAa3aJI0, YTO Y >KUBOTHBIX M3 2 IPYMIIBI CO CPOKOM
crenbHocTH 150—160 nneit xonmuectso MJI-1 B,
NJI-2 u ®HO-a 65110 yBemuueno Ha 59,4 %, 50,0 %
1 84,6 % COOTBETCTBEHHO. YPOBEHB IPOTUBOBOCTIAJIH-
tensHOTO NJI-4 noctoBepHO He oTmyancs, a MJI-10
Obl1 Ha 42,2 % HWXKE, 9eM B TPYIIE 3A0POBbIX KH-
BOTHBIX. B rpymme 3 yposens MJI-1p Obin BhIIIE TI0-
KasareJsiel 3710pOBBIX JKUBOTHBIX B 2 paza, a DHO-a
u WJI-2 yBennuens! Ha 88,5 u 81,3 % cooTBETCTBEH-
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Ho. CoieprkaHue MPOTHBOBOCIIATIMTEILHBIX HHTPEIIEH-
KHUHOB Ob110 nToHmkeHo: MJI-4 na 27,3 %, a 1JI-10 Ha
39,1 %. [Ipu MOBTOPHOM HCCIIEIOBAaHUH KPOBU Y KO-
POB co cpokoM cTenbHoCTH 210—220 nuei B 1-ii rpyn-
e Habroganock qoctoBepHoe ysenunuenue MJI-2 na
6,3 % u 1JI-4 B 2,5 paza npu coXxpaHEHUU OTHOCUTEIb-
HOW CTaOMIBHOCTH JIPYTHX MoKa3zarenei. B rpymnme 2
ypoBeas @HO-0 10CcTOBEpHO HE N3MEHHUIICS, a TIOKa3a-
tenb MJI-1B Bo3poc u 6611 Ha 90 % BEITIIE UeM B TpyTI-
nie 1. Takxe otmeueHo yBenuuenue ypoBus NJI-4 B 2,2
pasa 1o CpaBHEHHIO C TAKOBBIM Yy 37I0POBBIX KMBOT-
weix. [lokazarenu WUJI-2, NJI-10 u UH®-y pu 3TOM
JIOCTOBEPHO HE M3MEHWINCh. B rpymme 3 coxpanmi-
s paHee C(HhOPMHUPOBAHHBINA ITUTOKUHOBBIN TIPODUIIE,

KOTOPBIN HE TIpeTepIie KaKUX-JTU00 JT0CTOBEPHBIX H3-
MeHeHul (Tabm. 1).

Ha 260—265 neHp cTenbHOCTH Yy KOPOB U3 IEp-
BOU I'pyMIIbl TPOU30ILIO CHIDKEHUE KonnuecTna MJI-2
Ha 15,6 % u 1JI-4 no ucxomHoro yposus, 1 MH®D-y
Ha 15,6 %. B 10 sxe Bpemsi B rpyrine 2 HaOI01aI0Ch
yBenuuenne mokasareneit NJI-1p u ®HO-a, koTopsie
OobpuTH B 2,1 1 2 pa3a BEINIE YeM Y KOPOB U3 TPYIIITHI 1.
Bwmecre ¢ atum ormeuanoces yBenuuenue MJI-4, ypo-
BEHb KOTOPOTO CTaJl BhIIIE B 9,6 pa3a OTHOCUTEIBHO
KOPOB U3 IpyImmbl cpaBHenus, a MJI-2 ocraascs 6e3
u3MeHeHn. B rpymme 3 coxpaHsuics MOBBIMIEHHBIN
YPOBEHB IPOBOCTIATTUTENBHBIX U HU3KHIA ITOKa3aTeNb
[IPOTHUBOBOCIAJIUTENIbHBIX LINTOKUHOB.

Taoauuna 1
LumoxuHogulii npoghus KOpPoO8 ¢ PasHbIM KIUHUYECKUM COCTNOAHUEM 80 8peMs bepeMeHHOCmU U nocjie omend
bepemeHHOCTB, THU
ITokazarenu I'pynna [Tocne orena
150—160 210—220 260—265
1 3,2+0,16 3,0+0,25 2,9 +0,09 2,6 £0,10%3
WJI-1B, or/miu 2 5,1+£0,17! 5,7+0,301"? 6,1 £0,25"2 5,8+0,27!
3 6,6 £0,47! 6,5+0,22! 5,9 +0,08!2 15,2 +£2,28"3
1 32+0,17 3,4+0,20 2,7+0,22? 3,0£0,17
WJI-2, nr/mn 2 4,8+£0,15! 4,7+0,03! 4,6+0,17' 4,5+0,09!
3 5,8+0,19! 6,0 £0,30! 5,4 +0,04!2 5,5+0,07!
1 22+0,25 5,4 +£0,74? 2,1 +£0,43 4,1 £0,25%3
WJI-4, ar/mn 2 2,3+0,48 11,7+0,47'2 20,2 +2,95!2 5,1 £0,95%3
3 1,6 £0,20 3,7 +1,02? 1,8+0,18 5,2+ 1,46%3
1 6,4 £0,03 7,0£1,01 6,8 £0,47 7,8 £0,93
WJI-10, or/mn 2 3,7+0,15! 4,2+0,42'2 3,9+0,30! 4,5+0,15'3
3 3,9+0,42! 4,2 +0,35! 4,0+ 0,39! 4,4 +0,55!
1 2,6 +£0,06 2,7+0,13 2,6 +£0,05 2,2+0,02123
DOHO-a, nr/ma 2 4,8 +0,18! 4,7+0,12! 5,2+0,2412 4,6 £0,06'3
3 49+0,37 4,7+ 0,06 49+0,21" 5,5+£0,27'3
1 44+0,28 4,5+ 0,40 3,8 £0,05? 3,9+0,06
NH®-y, nr/min 2 44 +0,28 44+0,21 39+0,08 4,1+0,12
3 4,0+0,05 42+0,12 4,0+0,09 4,7+0,201%3
' P <0,05 B cpaBHEHUU C TPYMIION 3I0POBBIX KOPOB
2 P<0,05 B cpaBHEHHY C TaHHBIME Ha 150—160 J€Hb CTENBHOCTH
3 P<0,05 B cpaBHEHHY C JaHHBIME Ha 260—265 J€Hb CTEBHOCTH
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LuToKnHOBEIH MpodniIb KOPOB TMOCE OTeNa U3
rpynmsl 1 XxapakTepu30BajIcs CHHKEHHEM MTPOBOCTIa-
JIUTEJBHBIX U YBEIINYEHHUEM ITPOTHBOBOCIIANTENTHHBIX
uuTokrHOB. Tak, komuaectBo MJI-1B u ®HO-a y nan-
HBIX JKUBOTHBIX cHHU3mIoch Ha 10,3 1 15,4 % cootBert-
CTBEHHO, a konuyecTBo WJI-4 u MJI-10 yBenuuunoch
Ha 95,2 u 14,7 %. Y KOpoB 2-#1 TpyIIIBl OTMEYAIOCh
COXpaHEeHHE MOBBIIIIEHHOTO YPOBHSI IIPOBOCIAINATENb-
HBIX U CHIDKEHUE COIeP KaHHUS TPOTHBOBO CIIATTUTEb-
HbIX TUTOKHHOB. NJI-1B n ®HO-0 661111 2,2 1 2,1 pasa
BBIIIIE€ B CPABHEHUU C TAKOBBIMU MOKA3aTEIsIMH KOPOB
u3 rpynst 1. MJI-10 6611 Huoke Ha 42,3 %, a J1-4 He
HIMeEJT IOCTOBEPHO 3HAYMMOT0 OTANYHSL. Takxke oTmeya-
JIOCHh COXpPaHEHHUE BBICOKOTO YpoBH: NJI-2, KommdaecTBO
kotoporo 0bu10 Ha 50,0 % BbIIIe, YeM y KOpoB U3 1-ii
IpyIIBL. Y 5KUBOTHBIX U3 TPYMIIBI 3 MPOHU30IIJIa aKTH-
BU3aIHUs BEIPAOOTKH ITPOBOCTIANTUTEIbHBIX ATOKUHOB.
NJI-1B u ®HO-a Obutn B 5,9 u 2,5 pasa Bbllie, ueM
y KopoB u3 rpymisl 1. [Ipu aTom HaOmonanocs ysenu-
yerne NJI-4 (B 2,9 paza) u NJI-10 (ra 10,0 %), omHako
konuuecTBo MJI-4 10cTOBEPHO HE OTIIMYAJIOCH OT TAKO-
BOro kopoB rpynnsl 1, a MJI-10 Ob11 Huske Ha 43,6 %.
WJI-2 mpu 5TOM HE U3MEHHJICSI, HO OBUI BBILIE YPOBHS

37I0POBBIX )KUBOTHBIX Ha 83,3 %, a UH®D-y Bo3poc Ha
17,5 % w Obu1 BeIme rpynms! cpaBHeHus Ha 20,5 %.

VIMMyHONIOrH4eCKUe NCCIIEA0BaHMS TOKA3aJIH, YTO
y KOPOB BTOPOI1 TPYIIIIBEI TIOCTOBEPHO BhIILE B 1,4 paza
conepxanue C-peakruBHOro Oeika u I[gM Ha 15,9 %,
anokazarenu BACK, JIACK, KACK, IgA u IgG 6pumn
Hmwke Ha 1,8; 6,1; 19,6; 4,3 u 27,5 % cooTBEeTCTBEH-
HO TI0 CPaBHEHUIO C IPYNION 340POBBIX KUBOTHBIX.
VY KOpoB ¢ Hpu3HaAKaMH XPOHHYECKOTO BOCHAJICHHS
BBISIBJIEHBI HE3HAYUTEIbHBIE IMMYHOJIOTHUECKHE OT-
kioHeHus B Bujie ymenblienns BACK n JIACK na 1,6
n 7,3 % COOTBETCTBEHHO M YBEIWYECHHS KOJMYECTBA
nmmyHorooynmaa A u GHa 15,6 m 19,5 %. N3yuenne
T- 1 B-nmum¢ounToB nokasasno, 4To abCOMOTHOE KO-
mryecTBo T- u B-1umM@onuToB nMesno 1ocToBepHOE
MEXTPYIIIOBOE OTINYHE.

Tak, xonuyectBo T-nmuMponuTOB B rpymime 2
u 3 Obuto Ha 26,9 u 22,3 % Hmke, 4YeMm B Tpymme 1,
a B-mumdponmroB Hmmke Ha 23,8 % COOTBETCTBEHHO.
HCT-rect nokasai, 4To y KOpOB 2 IpyIIibl CIIOHTaH-
Helii HCT-TecT 10CTOBEpHO HE OTIIMYAIICS OT 3J10pPO-
BBIX KMBOTHBIX, @ cTUMYnupoBanHblid HCT-Tect ObLt
Bhie Ha 14,3 % (Tabi. 2).

Taoauma 2

Tlokazamenu kiemouHoeo u CYMOPANbHOCO UMMYHUmMema y Kopoe ¢ pa3HbiM
KAUHUYECKUM COCMOAHUEM 60 6PDEMSL 6€p€M€HHOCWlu u nocie omena

bepemenHocTb, THU
[Tokazarenu I'pynna Ilocne orena
150—160 210—220 260—265
1 2 3 4 5 6
1 1,75 0,071 1,74 + 0,088 1,64 0,101 2,34 £ 0,066°
f(')f/i“‘q’oum"" 2 1,28 + 0,092 1,46 £0,073'2 | 1,51 40,0582 1,73 £0,108'3
3 1,36 + 0,126 1,59 0,118 1,49 + 0,038 1,83 +0,177'3
1 0,84 + 0,046 1,10 0,072 0,67+0,083 | 130+0,1143
]féf/ﬁMq"’““T”’ 2 0,64 + 0,049' 0,98 + 0,050° 0,61 + 0,061 0,61 + 0,062
3 0,64 + 0,047' 1,23 40,134 0,56 + 0,038 0,94 + 0,094123
1 82,3+ 0,97 74,2 + 0,812 77,2 + 0,492 91,3 + 0,672
DAH, % 2 81,0+ 1,0 76,0 + 1,562 76,3 +0,70° 73,4 42,5112
3 83,3+ 1,13 74,9 + 1,572 77,1 + 0,742 76,7 + 4,082
1 8,3+0.21 7,240,132 5,440,182 8,7 4 0,39°
@Y, e 2 8,4+0,17 7,24+ 0,20° 5,740,242 7,7+ 0,65°
3 8,1+ 0,08 7,440,122 5,640,262 8,4 4 0,59°
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IIponomnxenne Tadml. 2

1 3 4 5 6
10,1 +£0,27 10,4 £0,18 9,8+0,15 9,9+0,27
DU, en 9,6 £0,15 9,4+0,27? 9,9+0,32 9,4+0,43
7,0£0,27! 7,5+0,33! 7,2 +0,34! 9,9+0,34
17,2 + 0,80 14,2 + 0,872 14,8 + 1,10 15,8 + 1,22
cnHCT, % 18,0+ 1,36 14,5+0,982 15,3 +0,532 16,4+ 1,15
16,0 + 1,13 12,9 +0,40° 13,5+ 0,742 16,0 + 1,37
35,0+ 1,04 43,4 +1,522 452 + 1,852 34,3 +0,883
ctHCT, % 40,0 + 2,56 42,0 + 1,65 44.5+091 37,1+ 1,44
32,5+1,88 45,1 +1,68° 45,7+ 1,347 37,0+ 1,77
1 0,449 £ 0,048 0,504 £ 0,045 0,590 + 0,0282 0,273 +£0,031%?
LUK, mr/mt 2 0,417 £ 0,029 0,410 £0,048 0,545 £+ 0,0222 0,268 = 0,06223
3 0,451 + 0,045 0,513 £ 0,048 0,581 +0,013> | 0,220+ 0,06123
89,8 £ 0,54 79,9 +£1,15% 83,4 + 3,332 80,6 + 1,167
BACK, % 88,2 +0,53! 78,9 +1,782 86,1 = 1,34 78,4 +2,60%3
88,4 £0,522! 79,6 + 2,002 86,0 + 0,432 80,3 +0,98%3
1,79 + 0,051 1,84 + 0,052 1,91 + 0,068 1,94 + 0,05
JIACK, mkr/min 1,68 £0,031! 1,83 £0,036° 1,97 £0,037? 1,74 £0,08'3
1,66 + 0,040! 1,88 + 0,069 2,1+£0,112 1,76 £ 0,07'3
11,2+ 0,83 9,0£0,77° 11,7 +0,77 10,3 +0,77
KACK, % 10,6 = 1,11 85+1,13 12,7 + 0,90 73+ 1,282
9,6+1,32 8,3+0,86 9,2 +0,88! 8,6 +£0,48!
1,4+0,22 1,6 £0,31 0,4 £0,40° 0,8+0,25
gﬁ;ﬁgz:zmblﬁ 2,0+0,27" 1,88 + 0,35 2,3+0,16' 1,6 £ 0,46
1,9+ 0,46 2,0+0,22 2,4+0,20! 1,2 +0,54°
1 0,325 + 0,003 0,311 + 0,007 0,370 +0,009> | 0,324 + 0,003}
IgA, mr/mn 2 0,337 +0,013 0,290 +£0,0112 0,333 +0,009' 0,322 + 0,003
3 0,330 + 0,006 0,310 + 0,002 0,300 + 0,004 | 0,321 +0,019
1 5,71 £0,055 6,62 + 0,281 5,74 £0,194 3,81 +0,095>*
IgM, mr/mn 2 5,80+ 0,315 6,51 + 0,353 5,43 £ 0,205 5,10 +0,121'2
3 5,41 £0,113! 6,37 +£0,130° 6,40 £ 0,160"? 6,43 +£0,272!2
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OxoHnuyanue Ta0J1. 2

1 3 4 5 6
23,6+ 1,19 17,1 + 1,092 28,2+ 1,67 17,9 0,33

IgG, Mr/mn 16,2 + 1,03’ 17,2 £0,47 16,7 £0,81' 17,5+ 0,67
18,1 + 0,66 17,9 + 0,43 18,8 +0,37' 16,7 + 0,833

' P <0,05 B cpaBHEHUH C TPYMIION 3I0POBBIX KOPOB

2 P<0,05 B cpaBHeHMY ¢ AaHHBIME Ha 150—160 1€Hb CTENBHOCTH
3 P<0,05 B cpaBHEHHUH C JaHHBIME Ha 260—265 J€Hb CTEIBHOCTH

VY xopoB mepBoii rpymmsl Ha 210—220 nenp Oe-
PEMEHHOCTH, OTMEUYEHO J0CTOBEPHOE YBEJINYCHHE
B-nmumdounTos Ha 31,0 %, HO cHIKeHME arouuTap-
HOM akTUBHOCTH HelTpopmioB U @Y na 9,8 u 13,3 %
cootBercTBeHHO. [IpoBenennniit HCT-tecT mokaszan,
gt0 crioHTaHHbI HCT-TecT nocToBepHO CHU3UIICS Ha
17,4 %, a crumymuposanubsiii HCT-tect yBenmmumi-
cs Ha 24 %. BMecTe ¢ TUM HaOII01aI0Ch TOCTOBEP-
Hoe cHmkeHne IgG n BACK na 31,4 u 11 % cootBeT-
CTBEHHO. Y KOPOB C THIIOXPOMHOI aHEMUEH OTMeva-
nock cHkenne DAH, @ u ®U Ha 6,2; 14,3 1 9,6 %
COOTBETCTBEHHO. BMecTe ¢ 3TUM yMeHbIINICS CIIOH-
tanHeid HCT-tect Ha 19,4 %, a cTUMyIMpOBaHHBIN
HCT-tecT ocrancs 6e3 m3meHeHus. B pesynbrare 310
Hanuio orpaxenue B ymensiieHuu bACK na 10,5 %.
VY KOpOB ¢ IMpHU3HAKaMH XPOHUYECKOTO BOCHAJIECHUS
oTMevasoch yBennueHnue B-nmumdonmros Ha 92,2 %.
Onnaxo, IgA u I1gG causunucs Ha 10,0 1 40,8 % co-
OoTBeTCTBEHHO. Ilokazarenu ¢aromuTapHOi aKTHB-
Hoctu ®AH 1 OY umenu aHaJOTHUHYIO TUHAMUKY,
B pe3yabrare kotopoi cHusuiauck Ha 10,1 u 8,6 % co-
OTBETCTBEHHO, crioHTanHbli HCT-TecT gocToBepHO
camsmics Ha 19,4 %, a crumynuposannslii HCT-tect
u ypoBens JIACK ysenuunncs na 38,8 u 13,3 % co-
OTBETCTBEHHO. B pe3ynbrare JaHHBIX U3MEHEHNI HH-
TerpanbHblil nokazarenb BACK noctoBepHO yMeHb-
e Ha 10,0 %.

Ha 260—265 nenb cTenbHOCTH Y KOPOB U3 TEp-
BOW TPYNIBI NMPOU3OMLIIO JOCTOBEPHOE yMEHbIIIe-
Hue B-num@onuros, B pe3yabrare 4ero OHU CTAIN Ha
20,2 % HMKe UCXONHOTO ypoBHs. daronnuTapHas ak-
TuBHOCTH HeHTpoduioB U HCT-Tect nocToBepHO He
n3MeHunuck, a Y u ®U cansmnuck Ha 34,9 1 30,7 %
COOTBETCTBEHHO. Takke JOCTOBEPHO CHU3MIICSA YPO-
BeHb C-peaktuBHOTO Oeka, BACK mIgM na 71,4; 7,1
n 5,3 % COOTBETCTBEHHO. J{[MHAMITKA H3MEHEHNH TTOKa-
3aresieil KIIeTOYHOr0 UMMYHUTETA Y KOPOB 2 U 3 rpyI-
bl UMEJIa aHAJIOTMYHYIO TEHICHIIUIO, YTO U Y )KHBOT-
HBIX Tpynmsl 1. YpoBeHs B-numdounTtoB npu 3ToM

YMEHBLIWJICS ¥ JOCTHUT HCXOAHbIX 3HaueHu . [Tpu atom
C-peakTHBHBIN OETIOK y KOPOB BTOPOH IPYIIIBI BO3POC
Ha 22,3 % u ObL1 B 5,8 pa3a BhIIIIE, YEM B TPYIIIIE 3/10-
POBBIX )KMBOTHBIX. BMecTe ¢ 3TuM oTMedanoch yBe-
mruenne [ITWUK u JIACK na 30,7 u 17,3 % cooTBet-
CTBEHHO. Y KOPOB M3 IPYIIIHI 3 HAOIFOIAI0Ch ITOBHI-
meHre nMMyHornoOyanna M u LIUK na 11,5 1 28,8 %.
NmmynornoOyaus G npu 3ToM yBenuuuiics Ha 12,6 %
OTHOCHTEJIBHO MPEIbIAYIINX JAHHBIX, HO HE UMEJ JI0-
CTOBEPHO 3HAYMMOTO OTJIMYHS B CPAaBHEHUH C TIOKa3a-
TEJIEM 3[10POBBIX KUBOTHBIX. [IOBBIICHHBINH YPOBEHb
LUPKYIHPYIOIINX HMMYHHBIX KOMIUIEKCOB Y KOPOB 2
u 3 rpynnsl Ha 30,7 u 28,8 %, SABIAIOIMMXCS TPOAYK-
TaMU PEeaKIIM1 aHTUTEH-aHTUTENO0 U UTPAIOLIUX CYIIe-
CTBEHHYIO pOJIb B MOJAEPKAHUN TOMEOCTasa, M0-BU-
JUMOMY CBSI3aH C BO3/ICHCTBHEM HMMYHO/IETIPECCHB-
HBIX (DaKTOPOB M AHTUTCHHOH HATPYy3KOI Ha OPTaHU3M.

ITocne oTena B KJIETOYHOM 3BEHE UIMMYHHOMW CH-
CTEMBI KOPOB M3 IPyNIbl | MPOU30LUIN CYIIECTBEH-
HBbIE U3MEHEHMUSI, XapaKTepu3ylolnecs yBeIndeHHEM
konmdectBa T- u B-nmumdonuros, haronnrapHoi ax-
THBHOCTH KJICTOK, CHIKeHHeM IgA, IgM, IgG u LIUK.
Taxk, abcomorHoe konmmdecTBO T- u B-mumdornton
JIOCTOBEpHO yBennumioch Ha 42,7 u 94,0 %, a DAH,
@Y u ®U Bozpocnu Ha 18,3; 61,1 u 41,4 % coorBeT-
ctBeHHo. IgA, IgM, IgG n UK cuusunucs Ha 12,4;
29,6; 36,5 u 53,7 % OTHOCUTEIILHO 3HAYCHUI BTOPOI
MOJIOBUHBI TpUMecTpa O6epeMeHHOCTH. TeHaeHnn
W3MEHEHHUH B rpyImme 2 ObUIM aHAJIOIMYHBIMH, YTO
U B BbILICYKa3aHHOM IpyIIie, HO OHU UMENH Pa3HyIo
BBIPaXKEHHOCTb.

Tak, y AaHHBIX XUBOTHBIX ypoBeHb T-
1 B-nmumonuToB ObUI TOCTOBEPHO HUXKE IOKa3a-
teneit rpynmsl 1 Ha 26,1 n 53,1 %, a ®AH, JIACK
n KACK na 29,1; 10,3 1 33,9 % cOOTBETCTBEHHO,
a IgM npu 3Tom Ob1 Beie Ha 33,9 %. [Ipu cpaBHe-
HUU TT0Ka3aTeNell KopoB U3 IPyMibl 3, OTMEYEHO, YTO
®AH, T- u B-mumpounTsl Taxke ObUIM HIKE, YeM
B rpynme 1 Ha 16,0; 21,8 u 27,7 %, a JACK u KACK
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Ha 9,3 1 16,5 % coorBeTcTBenHo. [Ipn aTom IgM Opu1
BhIIIe Ha 68,8 %.

AHaM3 BOCIIPONU3BOAUTEIIEHOMN CITOCOOHOCTH KO-
POB ITOKa3aJ1, 4TO CEPBUC-TIEPHOJ KOPOB U3 TPyIIIHI |
coctanis 51,8 + 6,61 nHel, B To Bpems, KaK Yy KOPOB
c anemueii (Tpynma 2) JaHHBIH TEepUOA ObLT TPOIOI-
KuTeNnbHEH B 2,7 paza (140,7 £ 11,13 nueit, P < 0,05).
[IpomomKUTENFHOCTD CEPBHC-TIEPHOA KOPOB C CHH-
JPOMOM XPOHHUYECKOTO CHCTEMHOTO BOCITAJICHHS HU3-
KOM CTENeHH WHTEHCUBHOCTH (TpyTia 3) cocTaBisiia
115,0 £+ 12,8 nHeit u ObL1a JOCTOBEPHO BBIIIIE MTOKA3a-
TEJisl 3I0POBBIX KOPOB B 2,2 pa3a, HO HUXKE 3HAUCHUU
KOpoB ¢ anemuei (rpymma 2) Ha 18,3 % (P < 0,05).

B pesynbrare npoBeIeHHbIX UCCIIEIOBAaHUM yCTa-
HOBJICHO, YTO ITUTOKWHOBBINA MPO(UITH 3A0POBBIX KO-
POB B TE€UEHHUE U3yYaEMbIX TIEPHUOJIOB OEPEMEHHOCTH
OBLT OTHOCUTEJIBHO CTAaOMIIBHBIM U XapaKTeprU30Ball-
csl mpeolnagaHieM MPOTHBOBOCHAIUTEIBHBIX LIUTO-
KHHOB. MHoOrHe ucciieoBareiy orMedarot, yto NJI-4
u WJI-10 uHTHONPYIOT peakiny KIETOYHOTO HMMYHH-
TeTa, CTUMYJIUPYIOT CHHTE3 ITPOreCTEPOHA U XOPHOHH-
YECKOT'0 TOHAI0TPOTIHHA U BRIPAOOTKY OJIOKHPYIOIITIX
antuten [13, 16].

Tem caMbIM 3TO yKa3bIBaeT M MOATBEPKAACT hu-
3MOJIOTHYECKOe TeueHne OepeMeHHOCTH. B panHuii
MTOCJICOTEhHBIN MEPUOJl YPOBEHBb MPOBOCHATUTENb-
HBIX IMTOKHHOB CHUKAJICS, & TPOTHBOBOCIIAIUTEb-
HbIX yBenuuuBaics. COCTOSsHME UMMYHHOU CHUCTE-
MBI XapaKTepHU30BaJIOCh YBEJIMUYEHHEM KOJIMYECTBA
T- u B-mumdonnTos, paronurapHoii akTHBHOCTH,
camxerneM IgA, IgM, IgG, xoTopsie BeposTHEE BCe-
ro OBUTH TIepeTaHbl ¢ MOJIO3MBOM TIOTOMCTBY.

B cBoro ouepeib, y KOpOB ¢ aHEMHUEH 1 CHHAPOMOM
XPOHHYECKOI'0 CHCTEMHOTI'0 BOCTIaJIEHUs] HU3KOM CTere-
HU MHTEHCUBHOCTH peodiiaziall ypoBeHb MPOBOCTIAIIH-
TEIBHBIX ITMTOKUHOB. P51 aBTOPOB OTMEUAET, YTO TI0-
Bermrenwe NJI-1, MJI-2, ®DHOao n C-peakTuBHOTO Oeika
YKa3bIBaeT Ha BO3MOXKHOCTH OCJIO)KHEHHUSI OepeMeH-
HOCTH U PHUCK pa3BUTHS Npesknomicuu [14, 15, 17].

IIpu 3TOM OTIMYUTENBHON UEPTON KOPOB C aHe-
Mueit Obuto nuHeliHoe yBenuyenue WJI-4, HaumHast
¢ 210—220 mHS CTETFHOCTH, YTO BEPOSITHEE BCETO SIB-
JIsieTCs KOMIIEHCATOPHBIM TiporieccoMm. MccienoBanus
TYMOPaJIbHOTO HMMYHHUTETA TIOKa3bIBAIOT, UYTO, HAYH-
Hasl C 3TOTO K€ BpEMEHH, TIPOUCXOIUT CHIDKEHUE OaK-
TEPUIUIHON AKTUBHOCTU CHIBOPOTKH KPOBU U HIMMY-
HOTIIOOYJIMHOB, a TaKKe CHI)KAETCSl aKTUBHOCTH KJle-
TOYHOTO IMMYyHHUTETa. OTHON M3 MPUYUH U3MEHEHHUS
COCTOSIHHSI HIMMYHHOH CHCTEMBI, BEPOSITHEE BCETO 5B-
JISIETCSl yCHIICHUE TPOIECCOB MEPEKUCHOTO OKHCIIe-
HUA JTUMUI0B, UHTEHCUBHOCTb KOTOPBIX YCHIIMBACT-
Csl C Hauana TPEThEro TpuMecTpa 0epeMeHHocTH [2].

OTnUYnTENBHONU YEPTON )KMBOTHBIX C IMPU3HAKA-
MU XPOHHYECKOTO BOCTAJICHUSI SIBJISIETCSI COXpaHe-
HUe noBkIeHHoro nokasaresns UJI-13, UJI-2, DHOq,
C-peakTuBHOTO O€lika M HU3KUX 3HaueHuu NJI-4,
NJI-10. JIeBkoBuu K. A. ¢ coaBTopamMy OTMEYAIOT, YTO
cumxenne NJI1-4 u MJI-10 ciocoOCTByeT mepcrucTupy-
IOLIEMY BOCHAJICHUIO U B 3aBUCUMOCTH OT UX KOHIICH-
TpaLuy, Cpoka 6epeMEHHOCTH, CHCTEMHBIX U JIOKaJIb-
HBIX 3P (EKTOB, MOKET MPUBECTH K CIEKTPY OCIIOXK-
HeHuit [4].

ITocne ponoB y KOpOB ¢ aHEMHUEN OTMEYAETCS CO-
XPaHEHHE MOBBIIIEHHOTO YPOBHS IIPOBOCHATINTEIBHBIX
U CHIDKEHHME MPOTHBOBOCIAIUTEIbHBIX LUTOKUHOB,
a y KOpOB C CHHJIPOMOM XPOHHYECKOTO CHCTEMHOTO
BOCHAJIEHUS! HU3KOM CTENEHH MHTEHCUBHOCTH OTMeE-
YyaeTcs BBIPAKEHHOE YBEIMUYEHHUE MPOBOCIIAIUTEINb-
HBIX ITATOKWHOB, COTIPOBOXKIAIOIIEECS YMEHBIIICHHEM
rokaszareseil Hecrienupuuecko IMMYHHOH 32U THI.
BeposiTHee Bcero, JaHHbIe H3MEHEHUST OOBSICHSIIOTCS
OCJIOKHEHUSIMH, BO3HUKAIOIUMH B ITOCJIEPOIOBOM T1e-
PHOA U, CIIeI0BAaTENbHO, AKTUBU3AIIMEH BOCTIAIUTEb-
HO¥1 peaknuu [8, 10]. B nanpHEHIIEM y TaKHX JKUBOT-
HBIX OTMEYAETCs! CHIKCHHUE PENPOAYKTHUBHON (yHK-
nuu. TakuMm 00pa3om, MOXKHO MPEAIONOKUTH, YTO
TIOBBILICHHBIN YPOBEHb IPOBOCTIANNTEIbHBIX LINTOKHU-
HOB M COXpaHEHHE MOHMKEHHOTO MMMYHHOT'O CTaTy-
ca KOpOB I0CJIE OTella YBEIUYUBAET MPOJOTKUTENb-
HOCTH CEpPBHC-TIEPHOAA KUBOTHBIX, YTO BEJET K IPA-
MBIM 3KOHOMUYECKHUM IOTEPSIM KHBOTHOBOJIOB.

3AK/TIOYEHUE

HpOBCZ[CHHI)IC HCCJICAOBaHUs ITOKa3ajin, YTO y KO-
POB, HE 3aBUCUMO OT KJIIMHUYECKOTO COCTOSIHUSA, HAaYH-
Hast ¢ 210—220 AHS CTENBPHOCTH, HACTYTAET KPUTH-
YECKUU MEepHuo/l, XapaKTepU3yrIUNHCcs MOIaBICHUEM
KJIETOYHOTO U TYMOPAJIbHOTO UMMYHHTETA, a TaKKe
JucOanaHcoM MEXy MPOBOCHAIUTEIBHBIMUA U MPO-
TUBOBOCHAJIUTCIbHBIMU IUTOKMHAMUA Y KHBOTHBIX
C COIYTCTBYIOUIEH MaTOJIOTHUEN, YTO CO3/Ia€T PUCKHU
OCJIOXKHEHUsI OCPEMEHHOCTU U Pa3BUTHSI M1aTOJIOTUH
y TOTOMCTBa. Y KOpOB 0€3 MaToJOTHi U ¢ HOpMailh-
HO IIpOTeKarouell 0epeMEeHHOCThIO B PAHHUI MOCIe-
OTEJNIbHBIH Mepro/] HaOIIOAAETCSI BOCCTAHOBJICHHE UM-
MYHOJIOTMYECKHUX TTOKa3aTesiel, HO y KOpOB C aHEMHUEH,
HaOo/1atoNIeiicst BO BpeMsi O6peMEHHOCTH, B IOCIIe-
POIOBO NEPUOA IPOUCXOANUT CHIKECHHUE aKTUBHOCTH
MMMYHHOH cucTeMbl Ha (JOHE paHee CyLIEeCTBYIOLICH
MaTOJIOTUHU, YTO CO3JAeT PUCK BBIOBITHS WU yBEIH-
YeHHUs] cepBUC-TIepHoa. AHAJIOTHYHbIE TEHJCHIIUN
Y PUCKH CO3/IAI0OTCS Y KOPOB C CHHAPOMOM XPOHHUYE-
CKOTO CHCTEMHOTO BOCHAJICHUSI HU3KOHM CTETIeHN MH-
TEHCHBHOCTHU BO BpeMs OEpEMEHHOCTH.
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IMMUNE STATUS OF COWS WITH VARIOUS DURATION OF
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“Yudanovskie prostory, Voronezh region, Russia

Abstract. The objective of the work was to study the immune system of cows with anemia syndrome and chron-
ic systemic inflammation during gestation and in the early postpartum period. To achieve this goal, the dynamics
of immunological indicators of healthy cows (n = 15), with anemia syndrome (» = 8) and chronic systemic in-
flammation of low intensity (» = 7) was studied. On days 150—160, 210—220 and 260—265 of gestation and
one week after calving, blood samples were taken from the studied groups of animals. The content of pro-inflam-
matory (IL-1pB, IL-2, TNF-a and IFN-y) and anti-inflammatory (IL-4, IL-10) cytokines, as well as the indicators
of cellular (the number of T- and B-lymphocytes, PAN, PhN, Phl, and NBT test) and humoral immunity (IgM,
IgA, IgG, SCA, SBA, SLA and CIC). It has been established that in cows, regardless of the clinical state, start-
ing from days 210—220 of gestation, a critical period begins, characterized by the suppression of cellular and hu-
moral immunity, as a result of which PAN decreased by 6.2—10 %, spontaneous NBT test — by 17.4—19.4 %
and SBA — by 10 % (P < 0.05). In cows with concomitant pathology, there is also an imbalance between pro-in-
flammatory and anti-inflammatory cytokines, which creates the risk of gestational complications and the devel-
opment of pathologies in the offspring. In cows with a normal gestation in the early postpartum period, there is a
restoration of immunological indicators, but in animals with anemia observed during gestation, a decrease in the
activity of the immune system occurs in the postpartum period. The level of T- and B-lymphocytes was signifi-
cantly lower than in healthy ones by 26.1 and 53.1 %, and PAN, SLA and SCA — by 29.1, 10.3 and 33.9 %, re-
spectively. Against the background of the existing pathology, this creates a risk of culling or impaired reproduc-
tive ability. When analyzing the service period of these animals, its increase by 2.7 times was observed. Similar
trends and risks were appeared in cows with low intensity chronic systemic inflammation syndrome.
Keywords: cows, gestation, anemia, chronic inflammation, cytokines, humoral and cellular immunity, early post-
partum period, service period

INTRODUCTION

One of the main tasks of modern cattle breeding is
to maintain productive longevity and increase the fer-
tility of cows. However, under conditions of industri-
al production technology, for various reasons (techno-
logical, environmental, epizootological), immunodefi-
ciencies and metabolic disorders develop in animals.
Violation of the immune status is expressed in the sup-
pression of the humoral and cellular immunity [11].

Gestation, calving and the postpartum period are
the most difficult in the process of dairy cattle exploita-
tion. At present, there is a clear understanding that the
formation and course of gestation, accompanied by a

specific morphological and homeostatic restructuring
of the maternal organism, is largely determined by the
state of both endocrine and immune systems (in par-
ticular, cytokines).

Cytokines regulate all stages of the gestational
process from blastocyst implantation to the mecha-
nism of calving [9].

Moreover, during gestation, the significance of cer-
tain factors changes, which is due to the peculiarities of
the stages of placenta formation, changes in the popu-
lation composition of cells producing cytokines in the
dynamics of the gestational process, and the presence
of concomitant pathological state in pregnant cows.
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Anemia is one of the most common pathologies
[12]. At the same time, chronic diseases of the limbs,
uterus, mammary gland, etc. are quite widespread
among cows [1, 3, 5]. It should be noted that the ef-
fect of anemia and chronic inflammatory processes on
the state of the immune system of pregnant cows dur-
ing gestation and after calving has not been studied.

The objective of the work was to study the immune
status of cows with anemia syndrome and chronic sys-
temic inflammation during gestation and in the early
postpartum period.

MATERIAL AND METHODS

The work was carried out in the spring-summer pe-
riod of 2022 in the conditions of a livestock complex
located in Voronezh region, taking into account the
requirements of the Bioethical Commission of FSBSI
“ARVRIPP&T”. The study included Red-Motley (hol-
steinized) cows of 2—3 lactations and a gestation peri-
od of 150—160 days. The animals underwent a com-
prehensive clinical and laboratory examination, as a re-
sult of which they were divided into 3 groups: group 1
(n = 15)— healthy cows; group 2 (n = 8) — cows with
hypochromic microcytic anemia; group 3 (n=7) —
cows with chronic systemic inflammation syndrome
of low intensity. The cows were tethered and received
a complete diet. After calving, the time to successful
insemination of all cows involved in the study was re-
corded. On days 150—160,210—220 and 260—265 of
gestation and a week after calving, blood samples were
taken from the tail vein of animals using a vacuum sys-
tem into test tubes with a blood clotting activator SiO,
and EDTA (Chengdu Puth Medical Plastics Packaging
Co., Ltd., China). The following were determined in
blood serum: interleukin-1p (IL-1p), interleukin-2
(IL-2), interleukin-4 (IL-4), interleukin-10 (IL-10),
tumor necrosis factor-alpha (TNF-a), interferon-gam-
ma (IFN-y), in accordance with approved guidelines
for diagnostic kits (VECTOR-BEST, Russia), immu-
noglobulin M (IgM), immunoglobulin A (IgA), im-
munoglobulin G (IgG) in accordance with approved
guidelines for test systems from Cloud-Clone Corp.,
USA), enzyme immunoassay. The level of complemen-
tary (SCA), bactericidal (SBA) and lysozyme (SLA)
activity of blood serum, phagocytic activity of neutro-
phils (PAN), phagocytic number (PhN), phagocytic in-
dex (Phl) were determined and the NBT test was per-
formed according to the methodical recommendations
[6]. The number of T- and B-lymphocytes, circulating
immune complexes (CIC) was determined in accord-
ance with the methodical recommendations [7]. When
performing laboratory studies, a KFK-3 photoelectr-
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ocolorimeter (Russia), an AIFR-01 UNIPLANtm en-
zyme immunoassay analyzer (CJSC “PIKON”, Russia)
and a Micromed 3 U3 microscope (‘“Nablyudatelnye
pribory” Ltd., Russia) were used.

The obtained material was subjected to statistical
processing in the Statistica v6.1 software package. The
arithmetic mean (M) and standard error of the mean
(SE) were calculated. The significance of differences
between the samples was assessed using the nonpar-
ametric Mann-Whitney test. When testing statistical
hypotheses, a 5 % significance level was used: 1 —
P <0.05, in comparison with the group of healthy
cows; 2 — P <0.05, in comparison with the data on
days 150—160 of gestation; 3 — P < 0.05, in com-
parison with the data on days 260—265 of gestation.

STUDY RESULTS

The study of the cytokine profile of cows showed
that in the animals from group 2 with a gestational
age of 150—160 days, the amount of IL-1 3, IL-2 and
TNF-a was increased by 59.4 %, 50.0 % and 84.6 %,
respectively. The level of anti-inflammatory 1L-4 did
not differ significantly, and IL-10 was by 42.2 % low-
er than in the group of healthy animals. In group 3, the
level of IL-1P was by 2 times higher than in healthy
animals, and TNF-a and IL-2 were increased by 88.5
and 81.3 %, respectively. The content of anti-inflam-
matory interleukins was reduced: IL-4 — by 27.3 %,
and IL-10 — by 39.1 %. In a repeated blood test in
the cows with a gestation of 210—220 days in group
1, there was a significant increase in IL-2 by 6.3 %
and IL-4 — by 2.5 times, while maintaining the rela-
tive stability of other indicators. In group 2, the level
of TNF-a did not change significantly, and the level of
IL-1p increased and was by 90 % higher than in group
1. An increase in the level of IL-4 by 2.2 times was
also noted, compared to that in healthy animals. The
indicators of IL-2, IL-10 and IFN-y did not change sig-
nificantly. In group 3, the previously formed cytokine
profile was preserved, which did not undergo any sig-
nificant changes (Table 1).

On days 260—265 of gestation in the cows from
group 1, there was a decrease in the amount of IL-2 by
15.6 % and IL-4 — to the initial level and INF-y — by
15.6 %. At the same time, in group 2, an increase in
IL-1p and TNF-a was observed, which were by 2.1 and 2
times higher than in the cows from group 1. At the same
time, an increase in IL-4 was noted, the level of which
became higher by 9.6 times relative to the cows from
the comparison group, and IL-2 remained unchanged.
In group 3, an increased level of pro-inflammatory and
a low level of anti-inflammatory cytokines remained.
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Cytokine profile of cows with various clinical states during gestation and after calving fabled
Gestation, days
Indicators Group After calving
150—160 210—220 260—265
1 3.2£0.16 3.0+£0.25 2.9+0.09 2.6 +£0.10%3
IL-1B, pg/ml 2 51+0.17! 5.740.301'2 6.1 +0.25'2 5.8+0.27!
3 6.6 +0.47" 6.5+ 0.22! 5.9+0.08'2 15.2+£2.28"3
1 3.2+£0.17 3.4+£0.20 2.7+0.22? 3.0+£0.17
IL-2, pg/ml 2 4.8+0.15' 4.7 +0.03! 46+0.17" 4.5 +0.09'
3 5.8+0.19! 6.0 £ 0.30! 5.4+0.04'2 5.5+0.07"
1 22+0.25 5.440.74 2.1+043 4.1+0.25%3
IL-4, pg/ml 2 2.3+0.48 11.7 +£0.47'2 20.2 £2.95!2 5.1+0.95%
3 1.6 £0.20 3.7+ 1.022 1.8+0.18 5.2+ 1.46%
1 6.4+0.03 7.0+ 1.01 6.8+0.47 7.8+0.93
IL-10, pg/ml 2 3.7+0.15! 4.2 +£042!2 3.9+0.30 45+0.1513
3 3.9+042! 4.2 +0.35! 4.0£0.39! 4.4 +0.55'
1 2.6 £0.06 2.7+0.13 2.6 +£0.05 2.2+0.02"23
TNF-a, pg/ml 2 48+0.18' 4.7+0.12! 5.2 +0.2412 4.6 £0.06'3
3 49+0.37 4.7 +0.06' 49+0.21" 5.5+0.27'
1 4.4+0.28 4.5+0.40 3.8+ 0.05? 3.9+0.06
IFN-y, pg/ml 2 4.4 +0.28 44+0.21 3.9+0.08 4.1+0.12
3 4.0+0.05 42+0.12 4.0+0.09 4.7+0.20">3

' P <0.05, in comparison with the group of healthy cows

2 P<0.05, in comparison with the data on days 150—160 of gestation
3 P<0.05, in comparison with the data on days 260—265 of gestation

The cytokine profile of the cows from group 1 af-
ter calving was characterized by a decrease in pro-in-
flammatory and an increase in anti-inflammatory cy-
tokines. Thus, the amount of IL-1p and TNF-a in these
animals decreased by 10.3 and 15.4 %, respectively,
and the amount of IL-4 and IL-10 increased by 95.2
and 14.7 %. In the cows from group 2, an increased
level of pro-inflammatory cytokines and a decrease in
the content of anti-inflammatory cytokines were not-
ed. IL-1B and TNF-a were by 2.2 and 2.1 times high-
er, compared to those of cows from group 1. IL-10 was
lower by 42.3 %, and IL-4 did not have a significant
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difference. It was also noted that a high level of IL-2
was maintained, the amount of which was by 50.0 %
higher than in the cows from group 1. In the animals
from group 3, there was an activation of the produc-
tion of pro-inflammatory cytokines. IL-1p and TNF-a
were by 5.9 and 2.5 times higher than in the cows from
group 1. At the same time, an increase in IL-4 (by 2.9
times) and IL-10 (by 10.0 %) was observed, howev-
er, the amount of IL-4 did not significantly differ from
that of the cows from group 1, and IL-10 was lower
by 43.6 %. IL-2 did not change, but was higher than
the level of healthy animals by 83.3 %, and INF-y in-
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creased by 17.5 % and was higher by 20.5 % than the
control group.

Immunological studies showed that in the cows
from group 2, the content of C-reactive protein was sig-
nificantly higher by 1.4 times and IgM — by 15.9 %,
and the indicators of SBA, SLA, SCA, IgA and IgG
were lower by 1.8, 6.1, 19.6, 4.3 and 27.5 %, respec-
tively, compared with the group of healthy animals. In
the cows with signs of chronic inflammation, minor im-
munological abnormalities were revealed in the form of
a decrease in SBA and SLA by 1.6 and 7.3 %, respec-
tively, and an increase in the amount of immunoglob-
ulin A and G by 15.6 and 19.5 %. The study of T- and
B-lymphocytes showed that the absolute number of T-
and B-lymphocytes had a significant intergroup differ-
ence. Thus, the number of T-lymphocytes in groups 2
and 3 was by 26.9 and 22.3 % lower than in group 1,
and B-lymphocytes were lower by 23.8 %, respective-
ly. The NBT test showed that in the cows from group
2, the spontaneous NBT test did not significantly dif-
fer from healthy animals, and the stimulated NBT test
was higher by 14.3 % (Table 2).

In the cows from group 1 on days 210—220
of gestation, there was a significant increase in
B-lymphocytes by 31.0 %, but a decrease in the
phagocytic activity of neutrophils and PhN by 9.8 and
13.3 %, respectively. The conducted NBT test showed
that the spontaneous NBT test significantly decreased
by 17.4 %, and the stimulated NBT test increased by
24 %. At the same time, there was a significant decrease
in [gG and SBA by 31.4 and 11 %, respectively. In the
cows with hypochromic anemia, there was a decrease
in PAN, PhN and Phl by 6.2, 14.3 and 9.6 %, respec-
tively. At the same time, the spontaneous NBT test de-
creased by 19.4 %, while the stimulated NBT test re-
mained unchanged. As a result, this was reflected in a
10.5 % decrease in SBA. The cows with signs of chron-
ic inflammation showed an increase in B-lymphocytes

by 92.2 %. However, IgA and IgG decreased by 10.0
and 40.8 %, respectively. The indicators of phagocyt-
ic activity of PAN and PhN had similar dynamics, as a
result of which they decreased by 10.1 and 8.6 %, re-
spectively, the spontaneous NBT test significantly de-
creased by 19.4 %, and the stimulated NBT test and the
level of SLA increased by 38.8 and 13.3 % respective-
ly. As a result of these changes, the integral indicator
of SBA significantly decreased by 10.0 %.

On days 260—265 of gestation in the cows
from group 1, there was a significant decrease in
B-lymphocytes, as a result of which they became by
20.2 % lower than the initial level. The phagocytic ac-
tivity of neutrophils and the NBT test did not change
significantly, while PhN and Phl decreased by 34.9 and
30.7 %, respectively. The level of C-reactive protein,
SBA and IgM also significantly decreased by 71.4,
7.1 and 5.3 %, respectively. The dynamics of chang-
es in the indicators of cellular immunity in the cows
from groups 2 and 3 had a similar trend as in the an-
imals from group 1. The level of B-lymphocytes de-
creased and reached the initial values. At the same time,
C-reactive protein in the cows from group 2 increased
by 22.3 % and was by 5.8 times higher than in the
group of healthy animals. At the same time, there was
an increase in the CIC and SLA by 30.7 and 17.3 %,
respectively. In the cows from group 3, there was ob-
served an increase in immunoglobulin M and CIC by
11.5 and 28.8 %. Immunoglobulin G at the same time
increased by 12.6 % relative to the previous data, but
did not have a significant difference, in comparison
with healthy animals. An increased level of circulat-
ing immune complexes in the cows from groups 2 and
3 by 30.7 and 28.8 %, which are products of the an-
tigen-antibody reaction and play a significant role in
maintaining homeostasis, is apparently associated with
the effect of immunosuppressive factors and antigen-
ic load on the body.

Table 2
Indicators of cellular and humoral immunity in cows with various clinical states during gestation and after calving
Gestation, days
Indicators Group After calving
150—160 210—220 260—265
1 2 3 4 5 6

1 1.75+0.071 1.74 £ 0.088 1.64+0.101 2.34 £0.066°
ngﬁlphocyte& 2 1.28 +0.092! 146007312 | 1510058 | 1.73+0.108'
3 1.36 £0.126! 1.59+0.118 1.49 +£0.038 1.83£0.177'3
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Table 2 (continued)

1 3 4 5 6
0.84 £ 0.046 1.10 + 0.072 0.67 + 0.0832 1.30+£0.1143
]féifinph"cytes’ 0.64 + 0.049' 0.98 + 0.0502 0.61 +0.061 0.61 + 0.062!
0.64 + 0.047' 1.23+£0.134 0.56 + 0.038 0.94 + 0.094!23
82.3+0.97 74.2 £ 0.812 77.2 £0.49° 91.3 +£0.67**
PAN, % 81.0+ 1.0 76.0 £ 1.562 76.3 +0.70? 73.4 +2.5112
83.3+1.13 74.9 £ 1.577 77.1+0.742 76.7 +£4.08'2
83+0.21 7.2+0.132 54+0.18 8.7 +0.393
PhN, U 8.4+0.17 7.2+0.20 574024 7.7 +0.653
8.1+0.08 74+0.122 5.6 +0.26 8.4+0.59
10.1 £0.27 10.4 £0.18 9.8+0.15 9.9+0.27
PhI, U 9.6+0.15 9.4+0.27 9.9+0.32 9.4 +0.43
7.0+0.27! 7.5 +0.33! 7.2+0.34! 9.9+0.34
17.2 £0.80 14.2 +£0.87% 14.8 £1.10% 15.8+£1.22
spNBT, % 18.0+1.36 14.5 +0.98 15.3 +£0.53? 164+ 1.15
16.0+1.13 12.9 + 0.40? 13.5+0.742 16.0 + 1.37
35.0+ 1.04 43.4 +1.522 45.2 +1.852 34.3 + (.88
stNBT, % 40.0 £2.56! 42.0+1.65 445+ 0091 37.1+1.44°
32.5+1.88 45.1+1.68 45.7+1.34? 37.0+1.77°
0.449 £ 0.048 0.504 £0.045 0.590 + 0.028> 0.273 £0.03123
CIC, mg/ml 0.417 + 0.029 0.410 + 0.048 0.545+0.0222 | 0.268 +0.062%3
0.451 +0.045 0.513 £0.048 0.581 £0.0132 0.220 £0.06123
89.8£0.54 79.9 £ 1.15% 83.4+3.332 80.6+1.16%
SBA, % 88.2+0.53! 78.9 + 1.78 86.1+ 1.34 78.4 £ 2.60%
88.4 +0.522! 79.6 + 2.00? 86.0 + 0.43? 80.3 + 0.9823
1.79 +0.051 1.84 +0.052 1.91 +0.068 1.94 + 0.05>
SLA, pg/ml 1.68 £0.031! 1.83 £0.036° 1.97 £0.037° 1.74 £ 0.08"3
1.66 £ 0.040! 1.88 = 0.069? 2.1+0.112 1.76 £0.07"
11.2+0.83 9.0+0.772 11.7+0.77 10.3+0.77
SCA, % 10.6 £ 1.11 85+1.13 12.7 £0.90 7.3+ 1.28123
9.6 +1.32 8.3+0.86 9.2 +£0.88! 8.6 +0.48'
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Table 2 (the end)

1 3 4 5 6
14+022 1.6+ 031 0.4 % 0.40° 0.8 +0.25
grsf;?ﬁ’ 20+027 1.88 +0.35 2.340.16' 1.6+ 0.46
1.9+0.46 204022 244020 1.2 +0.54°
0.325 + 0.003 0311+£0.0072 | 0.370+0.009% | 0.324 +0.003°
IgA, mg/ml 0337+0.013 | 0290+0.011> | 0.333+0.009' | 0.322+0.003
0330+0.006 | 0.310+0.002> | 0.300+0.004'> | 0.321+0.019
5.71 +0.055 6.62+0.281° 5.74+0.194 3.81 % 0.095%3
IgM, mg/ml 5.80 0315 6.51 +0.353 5.43 +0.205 5.1040.121'2
5.41+0.113! 6.37 +0.130° 6.40+0.160'> | 6.43+0.272'2
1 23.6+1.19 17.1 + 1.092 282+ 1.67 17.9 4+ 0.3323
IgG, mg/ml 2 16.2 + 1.03! 17.240.47 16.7 + 0.81" 17.5+0.67
3 18.1 4 0.66' 17.9 +0.43 18.8 +0.37' 16.7 + 0.833

' P <0.05, in comparison with the group of healthy cows
2 P <0.05, in comparison with the data on days 150—160 of gestation
3 P<0.05, in comparison with the data on days 260—265 of gestation

After calving, significant changes occurred in the
cellular link of the immune system of the cows from
group 1, characterized by an increase in the number
of T- and B-lymphocytes, phagocytic activity of cells,
a decrease in IgA, IgM, IgG and CIC. Thus, the ab-
solute number of T- and B-lymphocytes significantly
increased by 42.7 and 94.0 %, and PAN, PhN and Phl
increased by 18.3, 61.1 and 41.4 % respectively. IgA,
IgM, IgG and CIC decreased by 12.4, 29.6, 36.5 and
53.7 % relative to the values of the second half of the
gestation trimester. The trends of changes in group 2
were similar to those in the above group, but they had
different severity. Thus, in these animals, the level of
T- and B-lymphocytes was significantly lower than
in group 1 by 26.1 and 53.1 %, and PAN, SLA and
SCA — by 29.1, 10.3 and 33.9 %, respectively, while
IgM was higher by 33.9 %. When comparing the indi-
cators of the cows from group 3, it was noted that PAN,
T- and B-lymphocytes were also lower than in group
1 by 16.0, 21.8 and 27.7 %, and SLA and SCA — by
9.3 and 16.5 %, respectively. At the same time, IgM
was higher by 68.8 %.

The analysis of the reproductive ability of cows
showed that the service period of the cows from group
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1 was 51.8 + 6.61 days, while in the cows with ane-
mia (group 2) this period was by 2.7 times longer
(140.7 £ 11.13 days, P <0.05). The duration of the
service period of the cows with chronic systemic in-
flammation of low intensity (group 3) was 115.0 + 12.8
days and was significantly higher than that of healthy
cows by 2.2 times, but lower than the values of cows
with anemia (group 2) by 18.3 % (P < 0.05).

As aresult of the studies, it was found that the cy-
tokine profile of healthy cows during the studied pe-
riods of gestation was relatively stable and was char-
acterized by a predominance of anti-inflammatory cy-
tokines. Many researchers note that IL-4 and IL-10
inhibit cellular immunity reactions, stimulate the syn-
thesis of progesterone and human chorionic gonado-
tropin and the production of blocking antibodies [13,
16]. Thus, it indicates and confirms the physiological
course of gestation. In the early postpartum period, the
level of pro-inflammatory cytokines decreased, while
that of anti-inflammatory ones increased. The state of
the immune system was characterized by an increase
in the number of T- and B-lymphocytes, phagocyt-
ic activity, a decrease in IgA, IgM, IgG, which were
most likely transferred to the offspring with colostrum.
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Immune status of cows with various duration of gestation and in the early postpartum period

In turn, in cows with anemia and chronic system-
ic inflammation syndrome of low intensity, the level
of pro-inflammatory cytokines prevailed. A number
of authors note that an increase in IL-1, IL-2, TNF-a,
and C-reactive protein indicates the possibility of ges-
tation complications and the risk of preeclampsia [14,
15, 17]. At the same time, a distinctive feature of the
cows with anemia was a linear increase in IL-4, start-
ing from days 210—220 of gestation, which is most
likely a compensatory process. The studies of humor-
al immunity show that, starting from the same time,
there is a decrease in the serum bactericidal activity and
immunoglobulins, and the activity of cellular immu-
nity also decreases. One of the reasons for the change
in the state of the immune system, most likely, is the
intensification of lipid peroxidation processes, the in-
tensity of which increases from the beginning of the
third trimester of gestation [2].

A distinctive feature of animals with signs of
chronic inflammation is the maintenance of elevated
levels of IL-1B, IL-2, TNF-a, C-reactive protein and
low values of IL-4, IL-10. Levkovich K. A. et al. note
that a decrease in 1L-4 and IL-10 contributes to per-
sistent inflammation and, depending on their concen-
tration, gestational age, systemic and local effects, can
lead to a range of complications [4].

After calving, cows with anemia maintain an in-
creased level of pro-inflammatory cytokines and a de-
crease in anti-inflammatory cytokines, and cows with
chronic systemic inflammation syndrome of low in-
tensity show a pronounced increase in pro-inflamma-
tory cytokines, accompanied by a decrease in nonspe-
cific immune defense. These changes are most likely
explained by complications that occur in the postpar-
tum period and, consequently, by the activation of the
inflammatory response [8, 10]. In the future, such an-
imals show a decrease in reproductive function. Thus,
it can be assumed that an increased level of pro-inflam-
matory cytokines and the persistence of a reduced im-
mune status of cows after calving increase the duration
of the service period of animals, which leads to direct
economic losses for livestock breeders.

CONCLUSION

The conducted studies have shown that in cows, re-
gardless of the clinical state, starting from days 210—
220 of gestation, a critical period occurs, characterized
by the suppression of cellular and humoral immuni-
ty, as well as an imbalance between pro-inflammatory
and anti-inflammatory cytokines in animals with co-
morbidities, which creates the risks of gestation com-
plications and the development of pathologies in the
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offspring. In cows without pathologies and with a nor-
mal gestation in the early postpartum period, there is
a recovery of immunological indicators, but in cows
with anemia observed during gestation, in the postpar-
tum period, there is a decrease in the activity of the
immune system against the background of a pre-ex-
isting pathology, which creates a risk of culling or in-
crease in service period. Similar trends and risks ap-
pear in cows chronic systemic inflammation of low in-
tensity during gestation.
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AHHoTanus. B 1aHHOI cTaThe MpeACTaBaeHbI PE3YIIBTAThI OLEHKH JIETOKCUIMPYIOIIEH CITOCOOHOCTH TPEX MHO-
TOKOMITOHEHTHBIX CPEJCTB B OTHOIIeHUH T-2 TokcHHa, adiatokcuHa Bl u 3eapaiieHoHa B OmbITax invivo.
AXTyaJIbHOCTb JJAHHON PabOThI MPOJAUKTOBaHA HEOOXOIUMOCTBIO ITOUCKA M Pa3pabOTKU KOMILJIEKCHBIX CPEICTB
B YCJIOBHSIX COYETAHHBIX MHKOTOKCHKO30B.

W3105)KEHHBIE B CTATHE PE3YJIBTATHI MTOTBEP MM OMACHOCTH COYETAHHOTO BO3CHCTBHS MUKOTOKCHHOB Ha Opra-
HU3M IBIUIAT-0poiiiepoB. [IpUCYyTCTBIE MUKOTOKCHHOB B KOPME ITPUBEIIO K CHIXKEHHIO KOHIIEHTPAIMH O0IIEro
OeJka, abOyMHUHOB, TIIFOKO3bI, (OCHOTUIUIO0B, TUTIOMPOTEHHOB BBICOKOH INIOTHOCTH, aJIbOYMUH-IJI00YTMHOBO-
ro koa¢duitnenta. [Ipu MUKOTOKCHKO3€ OTMEYAIOCH MOBBINICHUE COAEPIKAHUS MOYEBOM KUCIIOTHI, KPEaTHHUHA,
00111ero OMITUpyOUHa, X0JICCTePUHA, TPUITUIICPHIOB, AKTUBHOCTH JIUIA3bl U HHACKCA aTeporenHoctu. Hopmaitu-
3UPYIOLIEE BAUSHUE HA UCCIIEAyeMble OMOXMMHUYECKHUE TIOKA3aTeTH OTMEUEHO IIPH UCIIOIb30BAHUM MHOTOKOMITO-
HeHTtHoro cpenctBa (MC), B cOcTaB KOTOPOTO BXOJUT HEOpTraHUUECKUH (IPUPOHBIN MUHEpAIl TaJTya3uT) U Op-
TaHUYECKUH COPOEHTHI (B-TIIIOKAHBI PACTUTEILHOTO MPOUCXOKAEHHS), IPOT PACTOPOIIINA ¥ METHOHHH.
KJioueBble ¢J10Ba: MUKOTOKCHHBI, MUKOTOKCHUKO3, IIBITISATA-0pOiiepsl, OHOXUMHYECKHE TTOKA3aTEITd KPOBH, JI€-

TOKCHKAI[UsI, KOPMOBasi o0aBKa

3arps3HeHIEC MUKOTOKCHHAMU SIBJISICTCS T100a7Th-
HOM Tipo0IeMOii 1S CeThCKOX03SIIHCTBEHHOM MPOYK-
uud 1 KopmoB [1]. Cpean 0CHOBHBIX MUKOTOKCHUHOB,
CBSI3aHHBIX C CEILCKUM XO3SHCTBOM, Hauboee pac-
HPOCTPaHEHHBIMHU AABJIAOTCA aduaTokcun B, 3eapa-
JICHOH, JIE30KCUHUBAJIEHO, PyMOHU3UHBI, T-2 TOKCHH
1 oXpaTrokcuH. HecMOTpst Ha TO, YTO MPOU3BOAUTEITH
KOPMOB CIIEAYIOT CTPOTAM PYKOBOASIITM ITPHHITATIAM,
YTOOBI TTIO/JIEPKUBATH YPOBHU TOKCHHOB HUYKE MaKCH-
MaJIbHO JIOITYCTHUMBIX ITPEJIEIIOB, BO3/ICHCTBHE HA TIPO-
JIYKTUBHOCTb JKUBOTHBIX HM3-3a B3aUMOJICHCTBUS Me-
KTy Pa3IMYHBIME TOKCMHAMHU BO3MOYKHO IIPH TOPa3/Io
0oJiee HU3KUX KOHIICHTPAITUAX. BONBIIMHCTBO N30715-
TOB MHUKPOCKOITMYECKUX TPHOOB TIPOYyIIUPYIOT B Ka-

YECTBE BTOPUYHBIX META0OIUTOB OJMH WIIH HECKOIb-
KO TOKCHHOB, B CBSI3U C 3THM, B ICHTPE BHUMAHUS Ha-
XOIATCS UX KOMOMHMpoBaHHbBIE 3G eKThl. B nenom,
MPU3HAKK MUKOTOKCHKO30B BKJIFOYAIOT B c€0sI CHIKE-
HHE NPOAYKTUBHOCTH, )KUBOH MacChl, KOHBEPCHH U T10-
TpeOieHust KopMa, THapero, HapylIeHHe PerpoayKTHB-
HOH (hyHKIMH, MOP(hOIIOTHIEeCKHe, ONOXUMHUYECKUE
M3MEHEHWsI KPOBH, THUCTOIATOIOTUYECKUE N3MEHEHU S
BHYTPEHHUX OPraHOB, UMMYHOCYTIPECCHIO, TTAJICK.

HccnenoBanust 1o ynaneHHI0 MUKOTOKCHHOB 3 3a-
PaKEHHBIX KOPMOB B TTOCJIE/IHEE BpeMsl ObLITH cocpe-
JIOTOYCHBI Ha JIETpaJiallii, HHAKTUBAIIMN WK yiaie-
HUU MHUKOTOKCHHOB C TIOMOIIBIO (PM3UYECKUX, XHUMH-
YeCKUX U OMOJIOTHYECKUX METOIOB [2].
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Haubosee 3¢ ek THBHBIM METOZOM MUHUMH3ALIUN
Bpeaa OT MHUKOTOKCHHOB B YKHBOTHOBOJICTBE SIBIISICT-
Csl ICTIONIb30BaHKE 0COOBIX MaTePUAIOB, KOTOPHIE aJI-
COpPOUPYIOT MUKOTOKCHHBI, TEM CAMBIM OTpaHUYHBas
X OMOAOCTYITHOCTh B opraHu3Me. CIHCOK 3THX Be-
LIECTB, BKJIFOYAeT HEOpraHNYeCKue (OCHTOHUTHI, 11€0-
JIUTBIL, ITYHTUT U JIP.) ¥ OpraHn4decKre aJIcopOeHTHI (Ha-
MIPUMeEp, PACTUTEIbHBIE FITH APOXOKEBbIC [3-TITFOKAHBI)
[3—06]. ITockonbKy €qUHBIIA METOI JETOKCUKALIUU BCE-
[J1a UMEET CBOU IUIFOCHI U MUHYCBI, UHTEPEC MPEICTaB-
JISIFOT MPEeTiapaThl KOMILIEKCHOTO JISHCTBHS, 0COOCHHO
B CiIy4yae cOBMeCTHOTO 3arpsizHenus [7]. [pusnanue
TOKCHUKOJIOTHYECKUX B3aUMOJIEHCTBUN MUKOTOKCHU-
HOB, a TAKX€E OLICHKAa OMACHOCTH, CBSI3aHHAs! C OHO-
BPEMEHHBIM PUCYTCTBUEM MUKOTOKCHUHOB, 3arpsi3Hsi-
FOIIUX KOPMa, CO3/IAJIA HOBYIO CEPhE3HYI0 TIpo0IIeMYy,
KOTOPYIO0 HEOOXOIMMO U3yUYUTh U pa3paboTaTh HOBBIC
CpEJICTBA CHIKEHUS yIiepOa, MPUIMHIEMOr0 MUKOTOK-
CHHAMU C YIETOM MX KOMOMHHPOBAHHOTO JCHCTBUS.

Llens mccnenoBannii — OIEHKA ITOTCHITHAIBHOM
BO3MOXHOCTU IPUMEHEHHUS MHOTOKOMITOHEHTHBIX
CPE/ICTB B YCIIOBUSX KOMOMHHPOBAHHOTO BO3/ICHCTBUS
MukoTOoKcHHOB (T-2 TokcuHa, adnarokcuna B, 3eapa-
JICHOHA) Ha OPTaHU3M IBIIUISIT-OPOIIIEPOB C Yy4eTOM
M3MEHEHUH OMOXMMHUYECKUX MOoKa3aTeNnell X KPOBH.

MATEPHUAJIBI U METOJbI

OmnpIThl poBeaeHsbl Ha 80 mpluIATaX-Opoinepax
kpocca KOBB 500 (20—21 cyTouHoro Bo3pacTta, Ku-
Boii Maccoit ot 0,8 710 0,9 kr), pa3eneHHbIX 0 NPUH-
LMy aHaJoroB Ha 8 rpymn. Lpimsta-Opoiiineps! ep-
BOU TpyIITbl (OMOJOTHYECKUN KOHTPOJIb) TOTydaan
TOJILKO OCHOBHOM panuoH. Bropas rpynna ciyxuia
TOKCUYECKUM KOHTPOJIEM (KOPM KOHTAaMHUHHUPOBAJIH
CMEChI0O MUKOTOKCHHOB). TpeThsl rpymnmna NTUL ToIy-
Yasia OCHOBHOW palyioH, KOHTAMHUHUPOBAaHHBINA CMe-
ChI0 MUKOTOKCHHOB C JI00aBJIE€HHEM MHOTOKOMIIO-
HeHtHOTO cpenctBa Ne 1 (MC1) Ha ocHOBe B-TirOKa-
HOB, IIPOTa PAacTOPOIIIH, BuTaMuHa E, ackopouHoBoii
KHCJIOTBI 1 JIeBaMuU30J1a. YeTBepTas rpyIna — OCHOB-
HOU palyioH, KOHTAMUHUPOBAHHBIH CMECHIO MUKOTOK-
CHHOB C JI00aBJICHHEM MHOTOKOMIIOHEHTHOTO CpPe/l-
ctBa Ne 2 (MC2) Ha ocHOBE OCHTOHHWTA, STHTAPHOU
KHCJIOTbI, METHIIypalluia, BUTAaMUHA A U IPOOHOTHU-
yeckoro npenapara «®nopun». [IsTas rpynna — oc-
HOBHOM palMoH, KOHTAMUHHPOBAHHbIH CMECHIO MU-
KOTOKCHHOB C J00aBJIeHUEM MHOTOKOMIIOHEHTHOTO
cpenctBa Ne 3 (MC3) Ha 0CHOBE TaJlTya3uTa, METHO-
HUHa, B-IVII0KaHOB U 1IpoTa pactopommu. Llecras,
celbMasi 1 BOCbMasl IpyIINa CIy>KUJIN AJIsl OLEHKH 0€3-
BPEIHOCTH KOPMOBBIX 100aBOK: €KEIHEBHO JIOTIOIHH-
TEJILHO K OCHOBHOMY PAIlOHY BBOAMIM MHOT'OKOMIIO-

HEHTHBIE cpeacTBa (mectas rpynna — MC1, ceqpmas
rpynma — MC2, Bockmast Tpymma — MC3) u3 pacue-
ta 0,25 % ot panuoHa.

MuxkoTokcuHbl 3agaBaiu ¢ kopmoMm (T-2 Tok-
cuH — 2,5 Mr/kr, aduarokcun B,—3,3 mr/kr, 3eapa-
JIeHOH — 1,7 MI/KT) yTeM TILATEIbHOTO IepeMerIn-
BaHMs1. JJOCTYII NITHI] K KOPMY U BOZIE OBLIT CBOOOTHBIM.

DKCIepUMEHTAIBLHBIN TIEPUOJT JITHIICS Ha TIPOTSI-
JKEHUHW TpeX Hegenb. LIBIUIsIT akKImMaTH3upOBan
K 7a00paTOpHBIM YCIIOBUSIM B TE€UEHHUE JIBYX HEIEINb
JI0 Havaja SKCIepUMEHTA.

KpoBb y b T-0poiiiepoB Opany U3 BEHBI C BHY-
TpEHHEH CTOPOHBI KPbLTa Ha,| IOKTEBBIM COUJICHCHUEM
ITyTeM ITpoKojIa. YOO mTuIl mpou3Boanin Ha 21-¢ cyT-
KH C COOJTIOIEHNEM CAaHUTAPHO-TUTHEHUYECKUX HOPM.

B kadecTBe OMOXMMHYECKUX TOKa3aTeJeld TOK-
CHYECKOT0 JICHCTBUSI MUKOTOKCHHOB OLICHUBAIHN CO-
JIepKaHUE B CBIBOPOTKE KPOBHU 00IIIEro Oelika, aboy-
MUHOB, TJIOOYJIMHOB, MOYEBOW KHCIIOTHI, KpEaTHHU-
Ha, o0Imero OMIMpyOnHa, TITIOKO3bI, TPUTITHIICPUIOB
(TT"), munoniporenHoB Beicoko# mmotHocTH (JIIIBI),
o0mero konuuecTsa xonectepuna (XC), hpocdonumnu-
noB, numnassl Ha ananuzarope APJ] 200. Conepxanue
[I00YJIMHOB BBICUMTBIBAIHM TI0 Pa3HUIC MEKIY CO-
Jiep>)KaHueM OOIIero Oellka W KOJNMYeCTBa albOyMu-
HOB; aTs0yMHUH-TTI00yTHHOBEIH K03 pumment (AI'K),
KaK OTHOIIIEHHE KOJIMYEeCTBA aThOYMHUHOB K KOIHUYE-
CTBY INIOOYAMHOB. KOIMUYeCcTBO JIMONPOTEHHOB HU3-
ko TuiotHoctu (JIITHIT) onmpenensnu mo dopmyie:
XC JITHIT = o6mmit XC — (XC JIIBIT — TT7/2,2).
Pacuet nunnekca areporeaHoctd (M A) BEIOTHSIIH 110
dopmyme: (OXC-JITIBIT)/JITBII.

Craructrueckas 00pabOTKa JaHHBIX MPOBOJIU-
Jach B IporpaMMHOM nponykre Statistica 6.0 ¢ wuc-
TMIOJTE30BaHMEM METO/IOB OTNIMCATEILHON M CPAaBHHUTEIb-
HOM CTaTUCTHUKHU.

PE3YJBTATHI HCCJEJTOBAHUMI

buoxumuyeckue mokasaresin KpOBU 3aHUMAIOT
0c000€ MECTO U OYCHb BaXKHBI KaK JUIsl OIICHKH (bu-
3MOJIOTHYECKOI0 CTaTyca OpraHu3Ma IMTHUll, TaK U JJIs
CBOGBpeMeHHOﬁ JUATrHOCTUKH ITIATOJIOTHMYCCKUX CO-
crostHuH. JlaHHAS AMArHOCTHKA MTO3BOJISET HAa OMOXH-
MHYECKOM YPOBHE OIIEHUTH (PYHKITHOHAILHOE COCTOS-
HUE OpPTaHu3Ma, padoTy MEYCHH, TOYCK, TIOKEITYI04-
HOW JKeJIe3bl U JIPYTUX OPraHoOB, a TAKKE COCTOSIHUC
0EJIKOBOTO, YIVICBOJHOIO, YKUPOBOTO U MUHEPAJIBHO-
ro 0OMEHa BEIIECTB.

B Tabmure 1 mpencraBieHb OHOXUMHUYIECKHE TT0-
Ka3aTeNy CHIBOPOTKH KPOBH HBITUIAT-OPOUIIEPOB TIpH
CMEIIaHHOM MHKOTOKCHKO3€ Ha (JOHE NMPUMEHEHUS
MHOT'OKOMITOHCHTHBIX CPEACTB.
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[IpucyrcTBre MUKOTOKCHMHOB B KOPME IMPHUBEIIO
K CHIDKCHHIO KOHIICHTpAITUU 00111ero Oenka u anb0y-
MUHOB B KpOBH. B Tpymie TOKCHYecKOro KOHTPOIS
cozpepkanue Oenka cHmwxkanoch Ha 25,0 % (p <0,01)
n42,6 % (p <0,001) B cpaBHEHUH ¢ (HOHOBBIMU 3HAYC-
HUSMU. MUKOTOKCHHBI HApYyIIAIOT CUHTE3 OelKa B Tie-
YCHH, KPOME TOTO CHUYKEHUE YPOBHS OCJIKOB B KPOBU
MOXKET OBITH OOYCIIOBIICHO JeTEHEpariei dHA0IIIa3-
MaTHYeCKOTO PETUKYIyMa U MHTHOMPOBAaHUEM CHHTE-
3a Oenka B rematoruTax [8]. CHHKEHHE KOHIIEHTpa-
uuu Oesika ¥ aTbOyMHUHOB TIPU MHKOTOKCHKO3€ ITHIT
OIKCcaHo B psizie pador [9—11].

[Tpy1 MUKOTOKCHKO3€ KOHIICHTPAILIMK 00I1ero Oer-
Ka U ambOyMHHA B CBIBOPOTKE MOTYT OBITH CHIKE-
HBI W3-32 UHTUOMPOBAHUS TPAHCIIOPTa aMUHOKHCIIOT
u tpanckpuniuu MPHK, a Takke moreHuuanbHOTro
MIPSIMOTO B3aUMOJICHCTBUSI MUKOTOKCHHOB C PHOOCOM-
HBIMHU €IMHUIIAMH, YTO MPUBOJUT K UHI'MOUPOBAHUIO
cuHTe3a Oenka [12].

JlobGaBineHne B TOKCHYHBIH KOPM MHOTOKOMIIO-
HEHTHBIX CPEACTB MPHUBEIO K POCTY YPOBHS Oenka
B CBIBOPOTKE 110 CPAaBHEHHIO C TPYTIIIOHN, OTy4aBIIei
TOJIbKO TOKCHHBI.

Conepxxanue Oeyika ¥ albOyMHUHOB y NTHII 3,
4 u 5 rpynm 610 cHIKeHo Ha 18,3 % (p <0,05);
16,5 % (p < 0,05); 3,7 % u 25,2 % (p <0,001); 18,4 %
(p<0,001)u 8,1 % oTHOCUTENIBLHO (DOHOBBIX 3HAYCHHUH.

PacueTHbIi1 mokasaresnn 6EIKOBOro 00MeHa — aJib-
OyMHH-TJIO0YTUHOBOE COOTHOILIEHHE Y MTHUI] I'PYT-
MBI TOKCUYECKOTO KOHTpOJIsI cHIkamncs Ha 41,5 %
(p <0,01); mpu ucrronszoBanmu MC1 Ha 19,8 %. [Ipn
npumeHeHun MC2 u MC3 cHMXeHHEe JaHHOTO MOKa-
3aress ObIJIO MEHEE BBIPAXKEHO.

MoueBasi KUCIIOTa SIBISIETCS. OCHOBHBIM KOHEUHBIM
MPOIYKTOM OeJIKoBOro oOMeHa y nruiisl. Ee mokazare-
JIM UIMEIOT 3HAYMTENIbHBIC KOJICOaHMUsI, CBSI3aHHBIE C ITH-
TaHWEM M (PU3HOTOTHICCKUMH 0COOCHHOCTSIMH KPOC-
cog. [laromorust oOMeHa MOYEBOM KACIIOTHI BO3HUKAET
IIpH IOPAKEHUU MTOYEK, TaK KaK JOKa3aHo, 4TO Y 3]10-
POBOI#A ITHIIBI OHU JIETKO BBIBOJIST U3 OpPraHu3Ma U30bI-
TOYHOE KOJIMYECTBO ATOTO MPOAYKTa. MUKOTOKCHUKO3
XapaKTEPU30BaJICS MOBBIIICHUEM COICPIKAHUS MOYE-
BOW KHCIJIOTBI, CTATUCTHYECKH JOCTOBEPHBIE M3Me-
HEHMs ObUIM OTMeYeHBl y nTul Bropoi (Ha 47,4 %;
p <0,001), Tperbeii (Ha 35,4 %; p <0,01) u gerBep-
Toii (Ha 24,4 %; p < 0,05) rpynm. I1pu ucnonb3oBaHuM
MC3 KoHIIEHTpAaIUs MOYEBOU KUCIOTHI yBEIHMUNIIACH
Ha 11,3 % mo cpaBHEeHHIO ¢ (POHOBBIM MTOKA3aTEIIEM.

B cbIBOpOTKE KPOBH CEIIBCKOX035IHCTBEHHOM MTH-
IIbI BMECTE C MOYEBOW KHCIIOTOH OINpPENesstoT ypo-
BEHb KpeaTHHUHA, UTPAIOIIETO BAXKHYIO POJIb B SHEP-
FeTHYECKOM OOMEHE MBIIICYHON TKaHU OpPraHu3Ma.

Bo3zneiicTBre MUKOTOKCHHOB MOBBIIIANIO KOHIIEHTpa-
LI1I0 KpeaTrHuHa Ha 25,8 % (p < 0,001). JocToBepHoe
MOBBIILIEHHE OBIJIO OTMEUEHO TAKXKe MPH UCIIOIb30Ba-
Hun MC1 u MC2 na 12,8 % (p <0,001) B Tperbei,
nHa 11,8 % (p <0,01) B yerBeptoi#i rpynmnax. B ms-
TOH rpymIe KOHLEHTpalus KpeaTUHUHA Oblila BbIIIE
(oHOBBIX 3HaUeHUH Ha 5,7 %.

VYpoBeHb yINEeBOAHOTO OOMEHa ONMPEAEISIN 10
COJIEpKaHMIO TIIIOKO3bI B CBIBOPOTKE KPOBH. DTO ca-
MBIl paCIIPOCTPAaHEHHBIN YITIEBO/] B )KUBOTHOM Opra-
Hu3Me. Hrpaet poib CBA3YIOIIETO 3BeHa MEXKIY dHEP-
TEeTHYECKOH 1 IITACTUICCKON (PYHKIFSIMU OpTraHU3Ma.
Ha 21 cyTku ypoBeHb IITFOKO3HI y IBIIIAT-0pOoiiiepoB
BTOPOM, TPEThE, YeTBEPTOI IPyNIIbl OB TOCTOBEP-
HO cHIKeH Ha 18,4 % (p < 0,001), 13,7 % (p < 0,001),
8,8 % (p < 0,01), Tora kax B IATOH rpyIIe CHUKEHUE
OBIIO MEHEE BRIPAKEHHBIM U cocTaBmwiio 3,1 % oTHO-
CUTENBHO (DOHOBBIX 3HAYCHHH. TakuM 0Opaszom, Io-
6asnenne MC3 cTabunn3npoBasio ypoBEHb IITIOKO3BI.

Bonpocsl oOMeHa JIMIIUI0B B OpraHU3Me MITHIIBI
UMEIOT Ba)KHOE 3HAYEHUE, TOCKOJIbKY JIUIH/IbI SIBJIS-
IOTCSl DHEPTOEMKUM CyOCTpaToM — IPH OKHCICHUU
1,0 T sxupa oOpasyercs 9,3 Kkai 3HEPTHH, 9TO B 2,2
pasza Oosiblile, YeM NPHU OKHUCICHUU OCNIKOB M yIJie-
BOJIOB. JKHpBl MOOMIM3YIOT KaJIbLMH U3 BHYTPHKJIC-
TOYHOTO JIETO, PETYIUPYIOT MHOTHE OMOJIOTHYECKHUE
MIPOIIECCHI B KPOBH, SABJISIOTCS CTUMY/ISITOPAMU ITHIIIE-
BapUTEILHOM (PYHKIMH OKETYTOYHON JKENIe3bl U T10-
BBILIAIOT YPOBEHb JIUMA3bl B IAHKPEATHUECKOM COKE.
B opranusme HelTpasbHBIC XKUPbI HAXOAATCS B hopme
3aMacHOro M MPOTOILIA3MaTHUECKOTO KHpa, B COCTAB
KOTOPOTO BXOAST (hOC(OIUIHIBI M JTUITOTPOTEHHBI.

[Ipn MHUKOTOKCHKO3€ OTMEUaoCh IMOBBHIIIEHUE
YPOBHSI XOJIECTEpHUHA U TPUTIHIEPUIOB. Y TTHUIL
3 rpyInsl K KOHILY 9KCIIEpUMEHTa COIEepPIKaHUE XOJie-
CTEpPHHA U TPUIIMLIEPUAOB IIPEBBILIANIO (POHOBBIE MO-
kazarenu Ha 26,4 % (p <0,01) u 35,9 % (p <0,001),
4 rpynmel —Ha 23,0 % (p < 0,01) u 27,4 % (p < 0,01).
Konebanust 3THX 1moKa3aresnei y nTHIl TP UCTIONb30Ba-
HUY BTOPOH U TPETHEH perienTyphl ObUTA HE3HAYNTEITb-
Hele. CoznepxaHue XoJlecTepuHa y ntul 4 u 5 rpynn
obo Hike Ha 8,0 % u 2,0 %; TpUIIHIEpUIOB Ha
9,2 % (p <0,05) u 2,3 %, 4TO OTpakaeT BOZMOIKHBIC
renaTo3aluTHBIE CBOMCTBA HMCCIEyeMbIX MHOTO-
KOMIIOHEHTHBIX CpeICTB. 3aUKCUPOBAHO TOBBIIIE-
HHE aKTUBHOCTH JuTa3el npu T-2, ada- u 3eapaie-
HOHTOKCHKO3€ NTUL. AKTUBHOCTh ()epMEHTa B IPYyII-
1€ TOKCUYECKOTo KOHTpOJIsl yBenuumiack Ha 14,5 %
(» <0,001). CrarucTu4ecku JOCTOBEPHBIX H3MEHCHUI
B aKTHMBHOCTH JIUTA3bl B CHIBOPOTKE KPOBU NP BBE-
JIEHUH B TOKCHYHBIN KOPM MPO(PHUIAKTHIECKIX KOM-
IJICKCOB HE 0OHAPYKEHO.
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V nTul, nojly4aBlUIMX TOJBKO 3arps3HEHHBIN pa-
[IMOH, OTMEYAJIOCH CHIKEHHE KomrmaecTBa Gochoum-
muaoB Ha 27,2 % (p < 0,001). locToBepHOE M3MeEHe-
Hue (p < 0,001) uccrexyemoro nokasarenst 3apUKCH-
POBaHO MpY BBEIEHUH B TOKCHUHBIN Kopm MC1 n MC2
(19,9 % u 17,2 %). Ilpu ucnonnzoBanun MC3 xomnmue-
cTBO QochonunuaoB ObLUTO CHIKEHO Ha 5,7 %.

LprmutsTa-0poitnepsl, KOTOPHIM 3a1aBaIl KOPM 3a-
I'PSA3HEHHBIM MHUKOTOKCHHAMM, TOKa3anu Oojee HU3-
KYI0 KOHLIEHTPAIMIO JINTIONPOTENHOB BBICOKOH TIIIOT-
HOCTHU. Y NTHIL] BTOPOH, TPETbEU U YETBEPTOMN IPyII
konuentpanus JIIBII 6ba Huxke GOHOBBIX 3HAUE-
uuit Ha 20,6 % (p <0,001); 12,6 (»p <0,01) u 5,1 %.
Konmenrparus JIITHIT va 21 cyTku sKciepuMeHTa
y OTHUL BTOPOM, TPEThEH U YETBEPTOH I'pymH MOBbI-
manack Ha 49,5 % (p <0,001); 36,9 % (p <0,001)
u 10,5 % (p <0,05). Ilpu ucnonszoannu MC3 no-
CTOBEPHBIX U3MEHEHHUH HCCIIENyeMbIX KIacCOB JIUIIO-
MIPOTEHMHOB KPOBH HE OOHAPYKEHO.

IToBbimenue xonectepuna u cHwkeHnue JITIBII
MOBJIMSIIO HA M3MEHEHUE PacueTHOTO MoKa3aredsi, OT-
pakaloliero HapylIeHHe XOJIECTEPUHOBOIO OOMEHa,
a MIMEHHO, MHJIEKCa aTepOreHHOCTU. JJ0CTOBEPHBINA POCT
HA B 1,9 paza (p <0,001) nabiromanu y Oy BTOpon
1 TpeThel rpyni. Y UBILISAT YETBEPTOM IPyIIIbI [IOKaA-
3arenb ObuT ToBbIIeH Ha 28,4 % (p < 0,05). Usmenennit
y nTun, nonyyasmmnx MC3, He 3adukcupoBaHo.

JlnutenpHOE MOCTYIUIEHHME MHUKOTOKCHHOB CIIO-
COOCTBOBAJIO MOBBIIICHUIO KOHIICHTPALUU OHIUPY-
OuHa B CBIBOPOTKE KpOBU. OTHOCUTEIHEHO (POHOBBIX
3HaYEHUH cojepKaHne o0Iero OnmupyorHa BO3poc-
1o Ha 31,8 % (p <0,05); 20,6 % (p <0,05); 14,5 %
u 3,4 %, COOTBETCTBEHHO BO BTOPOM, TPEThEH, UeT-
BEpPTOU U IATOU rpymmax.

CraTucTHuecku JOCTOBEPHBIX M3MEHEHUI Ouo-
XHUMHUYECKHX ITapaMeTPOB KPOBH LILIILISIT-OPOIIIEPOB,
[IOJTy4aBUIMX JONOJHUTEIBHO C OCHOBHBIM paluo-
HOM MHOTOKOMIIOHEHTHBIE CPEIICTBA, HE OOHapyxe-
HO. OTMEYEHHBIE BO3pPACTHBIE U3MEHEHHS HE BBIXO-
JIAJTH 32 TIpe/eibl (PU3HOIOTHYECKUX HOPM.

3AKJIIOYEHUE

OnHOBpEMEHHOE NMPUCYTCTBUE adiaTokcuna B,
T-2 TokcHHa ¥ 3eapajyieHOHa B KOpME MpU moTpeodiie-
HUM €ro NTHLEH OKa3blBaeT HEOIAronpusATHOE BIIUS-
HUE Ha OMOXMMHYECKHE TIOKa3aTeIN CHIBOPOTKH KPO-
Bu. JlobaBreHne B KOpM MHOTOKOMIIOHEHTHBIX CPE/ICTB
JUIs1 IETOKCUKAI[MM MUKOTOKCHHOB CHIKaeT HebJaro-
npusTHOE BoziekicTeue T-2 TokcuHa, adatokcnna B
n 3eapaneHoHa. OnHako HanOosee YPPEeKTHBHBIM OKa-
3aJI0Ch MHOT'OKOMIIOHEHTHOE CPEJICTBO, B COCTaB KO-
TOPOTO BXOAAT HAHOTPYOKH rajuryasura, o0asaromue

BBICOKOH aJICOPOIIMOHHON criocoOHOCThIO [13, 14],
B-riTroKaHbI, CIIOCOOHBIE CBSI3BIBATH MTUPOKUI CTIEKTP
MHUKOTOKCHHOB, IIIPOT PACTOPOIIIIN OOraThlii BATAMH-
HAMH, MUHEpaJlaMi M aHTHOKCHIAHTHBIMHU COCIMHE-
HUSIMU, CTAaOWIH3UPYIOIIUMHU KIETOYHBIE M CYOKIIe-
TOYHBIE MEMOPAHBI, a TAK)KE METHOHUH, Y4aCTBYIOIINI
B JCTOKCHUKAIIMU MUKOTOKCHHOB B IICUYCHU 34 CUCT I10-
BBIIICHHUS] aKTHBHOCTH METUJIBHBIX I'PYIIIL.
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Abstract. This article presents the results of an assessment of the detoxifying ability of three multicomponent
agents in relation to T-2 toxin, aflatoxin B1 and zearalenone in in vivo experiments.

The relevance of this work is dictated by the need to search for and design complex agents in cases of mixed my-
cotoxicoses.

The results presented in the article confirmed the danger of the combined effect of mycotoxins on the body of
broiler chickens. The presence of mycotoxins in the feed led to a decrease in the concentration of total protein,
albumin, glucose, phospholipids, high density lipoproteins, albumin-globulin ratio. In case of mycotoxicosis, there
was an increase in the content of uric acid, creatinine, total bilirubin, cholesterol, triglycerides, lipase activity and
atherogenic index. A normalizing effect on the studied biochemical indicators was noted when using a multicom-
ponent agent (MA), which includes inorganic (natural mineral halloysite) and organic sorbents (B-glucans of plant
origin), milk thistle meal and methionine.

Keywords: mycotoxins, mycotoxicosis, broiler chickens, blood biochemical indicators, detoxification, feed additive

Mycotoxin contamination is a global problem for
agricultural products and feed [1]. Among the major
mycotoxins associated with agriculture, the most com-
mon are aflatoxin B, zearalenone, deoxynivalenol,
fumonisins, T-2 toxin and ochratoxin. Although feed
manufacturers follow strict guidelines to keep toxin
levels below maximum acceptable limits, effects on
animal performance due to interactions between dif-
ferent toxins are possible at much lower concentra-
tions. Most isolates of microscopic fungi produce one
or more toxins as secondary metabolites, so their com-
bined effects are in focus. In general, signs of mycotox-
icoses include a decrease in productivity, body weight,
feed conversion and consumption, diarrhea, impaired
reproductive function, blood morphological and bio-
chemical changes, histopathological changes in inter-
nal organs, immunosuppression, mortality. Research
on the removal of mycotoxins from contaminated feed

has recently focused on the degradation, inactivation
or removal of mycotoxins using physical, chemical
and biological methods [2].

The most effective method of minimizing the harm
from mycotoxins in livestock production is the use of
special material that adsorb mycotoxins, thereby lim-
iting their bioavailability in the body. The list of these
substances includes inorganic (bentonites, zeolites,
shungite, etc.) and organic adsorbents (for example,
vegetable or yeast B-glucans) [3—6].

Since a single method of detoxification always has
its pros and cons, drugs of complex action are of inter-
est, especially in the case of joint pollution [7].

The admission of toxicological interactions of my-
cotoxins, as well as the assessment of the hazard asso-
ciated with the simultaneous presence of mycotoxins
contaminating feed, has created a new serious problem
that needs to be studied, and new means of reducing

© Matrosova L. E., Balakirev N. A., Tarasova E. Yu.,, Erokhondina M. A., Kanin M. 1., 2023
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the damage caused by mycotoxins, taking into account
their combined effects, should be designed.

The objective of the research is to assess the po-
tential use of multicomponent agents under condi-
tions of combined exposure to mycotoxins (T-2 tox-
in, aflatoxin B,, zearalenone) on the body of broiler
chickens, taking into account changes in the blood bi-
ochemical indicators.

MATERIAL AND METHODS

The experiments were carried out on 80 broiler
chickens of COBB500 cross (20—21 days old, live
weight from 0.8 to 0.9 kg), divided into 8 groups ac-
cording to the principle of analogues. Broiler chick-
ens of the first group (biological control) received only
the basic diet. The second group served as a toxic con-
trol (the food was contaminated with a mixture of my-
cotoxins). The third group of poultry received a basic
diet contaminated with a mixture of mycotoxins with
the addition of a multicomponent agent No. 1 (MC1)
based on B-glucans, milk thistle meal, vitamin E, ascor-
bic acid and levamisole. The fourth group is the main
diet contaminated with a mixture of mycotoxins with
the addition of a multicomponent agent No. 2 (MC2)
based on bentonite, succinic acid, methyluracil, vita-
min A and the probiotic drug “Florin”. The fifth group
is the main diet contaminated with a mixture of my-
cotoxins with the addition of a multicomponent agent
No. 3 (MC3) based on halloysite, methionine, f-glu-
cans and milk thistle meal. The sixth, seventh and
eighth groups were used to assess the safety of feed
additives: daily, in addition to the main diet, multicom-
ponent agents were introduced (sixth group — MCl1,
seventh group — MC2, eighth group — MC3) at the
rate of 0.25 % of the diet.

Mycotoxins were given with feed (T-2 toxin —
2.5 mg/kg, aflatoxin B —3.3 mg/kg, zearalenone —
1.7 mg/kg) by thorough mixing. The poultry had free
access to food and water.

The experimental period lasted for three weeks.
The chickens were acclimatized to laboratory con-
ditions for two weeks prior to the experiment onset.

Blood from broiler chickens was taken by punc-
ture from a vein on the inside of the wing above the
elbow joint.

The poultry were slaughtered on day 21 in compli-
ance with sanitary and hygienic standards.

As biochemical indicators of the toxic effect of my-
cotoxins, the content of total protein, albumins, glob-
ulins, uric acid, creatinine, total bilirubin, glucose,
triglycerides (TG), high-density lipoproteins (HDL),
total cholesterol (CH), phospholipids, lipases on an

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023

ARD200 analyzer. The content of globulins was cal-
culated from the difference between the content of to-
tal protein and the amount of albumin; albumin-glob-
ulin ratio (AGR), as the ratio of the amount of albu-
min to the amount of globulins.

The amount of low density lipoproteins (LDL) was
determined by the formula: LDL CH = total CH —
(HDL cholesterol — TG / 2.2). The calculation of the
atherogenic index (Al) was performed according to
the formula: (TCH-HDL)/HDL.

Statistical data processing was carried out in the
Statistica 6.0 software product using descriptive and
comparative statistics methods.

STUDY RESULTS

Blood biochemical indicators occupy a special
place and are very important both for assessing the
physiological status of the poultry organism and for
the timely diagnosis of pathological states. This diag-
nostic allows assessing the functional state of the body,
the functioning of the liver, kidneys, pancreas and oth-
er organs, as well as the state of protein, carbohydrate,
fat and mineral metabolism at the biochemical level.

Table 1 presents the blood serum biochemical in-
dicators of the of broiler chickens with mixed myco-
toxicosis against the background of the use of multi-
component agents.

The presence of mycotoxins in the feed led to a de-
crease in the concentration of total protein and albu-
min in the blood. In the toxic control group, the pro-
tein content decreased by 25.0 % (p < 0.01) and 42.6 %
(p <0.001), compared to baseline values. Mycotoxins
impair protein synthesis in the liver; in addition, a de-
crease in the blood level of proteins may be due to de-
generation of the endoplasmic reticulum and inhibition
of protein synthesis in hepatocytes [8].

A decrease in the concentration of protein and al-
bumin in case of avian mycotoxicosis has been de-
scribed in a number of works [9—11].

In case of mycotoxicosis, serum total protein and
albumin concentrations may be reduced due to inhibi-
tion of amino acid transport and mRNA transcription,
as well as the potential direct interaction of mycotox-
ins with ribosomal units, leading to inhibition of pro-
tein synthesis [12].

The addition of multi-ingredient products to the
toxic feed resulted in an increase in serum protein lev-
els, compared to the toxin-only group.

The content of protein and albumin in poultry of
groups 3, 4 and 5 was reduced by 18.3 % (p <0.05),
16.5 % (p <0.05), 3.7 % and 25.2 % (p < 0.001),
18.4 % (p <0.001) and 8.1 % relative to baseline values.
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The calculated indicator of protein metabolism —
albumin-globulin ratio in the poultry of the toxic con-
trol group decreased by 41.5 % (p < 0.01); when using
MC1 — by 19.8 %. With the use of MC2 and MC3,
the decrease in this indicator was less pronounced.

Uric acid is the main end product of protein metab-
olism in poultry. Its indicators have significant fluctua-
tions associated with nutrition and physiological char-
acteristics of crosses.

The pathology of uric acid metabolism occurs
when the kidneys are damaged, since it has been proven
that in a healthy poultry they easily remove an excess
amount of this product from the body. Mycotoxicosis
was characterized by an increase in the content of
uric acid, statistically significant changes were noted
in the poultry of the second (by 47.4 %, p <0.001),
third (by 35.4 %, p <0.01) and fourth (by 24.4 %,
p <0.05) groups. When using MC3, the concentra-
tion of uric acid increased by 11.3 %, compared to the
baseline indicator.

In the blood serum of poultry, together with uric
acid, the level of creatinine, which plays an important
role in the energy metabolism of the body’s muscle tis-
sue, is determined. Exposure to mycotoxins increased
creatinine concentration by 25.8 % (p < 0.001). A sig-
nificant increase by 12.8 % (p <0.001) in the third
group and by 11.8 % (p <0.01) in the fourth group
was also noted when using MC1 and MC2. In the
fifth group, the creatinine concentration was higher
by 5.7 % than the baseline values.

The level of carbohydrate metabolism was deter-
mined by the content of glucose in blood serum. It is
the most abundant carbohydrate in the animal body. It
plays the role of a link between the energy and plastic
functions of the body. On day 21, the glucose level in
broiler chickens of the second, third, fourth groups was
significantly reduced by 18.4 % (p <0.001), 13.7 %
(» <0.001), 8.8 % (p <0.01), while in the fifth group
the decrease was less pronounced and amounted to
3.1 % relative to the baseline values. Thus, the addi-
tion of MC3 stabilized the glucose level.

The issues of lipid metabolism in the body of a
poultry are important, since lipids are an energy-inten-
sive substrate — when 1.0 g of fat is oxidized, 9.3 kcal
of energy is generated, which is by 2.2 times more than
when proteins and carbohydrates are oxidized. Fats
mobilize calcium from the intracellular depot, regu-
late many biological processes in the blood, stimulate
the digestive function of the pancreas and increase the
level of lipase in the pancreatic juice. In the body, neu-
tral fats are in the form of storage and protoplasmic
fat, which includes phospholipids and lipoproteins.
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In case of mycotoxicosis, an increase in the level of
cholesterol and triglycerides was noted. In the poultry
of group 3, the content of cholesterol and triglycerides
exceeded the baseline values by 26.4 % (p < 0.01) and
35.9% (p <0.001), group 4 — by 23.0 % (p <0, 01)
and 27.4 % (p <0.01) by the end of the experiment.
The fluctuations of these indicators in poultry when
using the second and third formulations were insig-
nificant. The content of cholesterol in the poultry of
groups 4 and 5 was lower by 8.0 % and 2.0 %, triglyc-
erides —by 9.2 % (p < 0.05) and 2.3 %, which reflects
the possible hepatoprotective properties of the studied
multicomponent agents.

An increase in lipase activity was recorded in T-2,
afla- and zearalenontoxicosis in poultry. Enzyme ac-
tivity in the toxic control group increased by 14.5 %
(» <0.001). Statistically significant changes in the ac-
tivity of lipase in blood serum after the introduction of
prophylactic complexes into toxic feed were not found.

In the poultry that received only the contaminat-
ed diet, there was a decrease by 27.2 % (p <0.001)
in the amount of phospholipids. A significant change
(p <0.001) of the studied indicator was recorded when
MCI1 and MC2 were introduced into the toxic feed
(19.9 % and 17.2 %). When using MC3, the amount
of phospholipids was reduced by 5.7 %.

Broiler chickens fed a mycotoxin-contaminated
diet showed a lower concentration of high density li-
poprotein. In the poultry of the second, third and fourth
groups, the concentration of HDL was lower than the
baseline values by 20.6 % (p < 0.001), 12.6 (p <0.01)
and 5.1 %. The concentration of LDL on day 21 of
the experiment in the poultry of the second, third and
fourth groups increased by 49.5 % (p < 0.001),36.9 %
(» <0.001) and 10.5 % (p < 0.05). When using MC3,
no significant changes in the studied classes of blood
lipoproteins were found.

An increase in cholesterol and a decrease in HDL
affected the change in the calculated indicator, re-
flecting a violation of cholesterol metabolism, name-
ly, the atherogenic index. A significant increase in Al
by 1.9 times (p <0.001) was observed in the poultry
of the second and third groups. In the chickens of the
fourth group, the indicator was increased by 28.4 %
(p <0.05). The changes in the poultry treated with
MC3 were not recorded.

Long-term intake of mycotoxins contributed to
an increase in the blood serum concentration of bili-
rubin. Relative to the baseline values, the content of
total bilirubin increased by 31.8 % (p < 0.05), 20.6 %
(p <0.05), 14.5 % and 3.4 % in the second, third,
fourth and fifth groups, respectively.

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023



Efficacy evaluation of the new multicomponent agents for the detoxification of T-2 toxin, aflatoxin Bl and zearalenone

Statistically significant changes in the blood bi-
ochemical indicators of the broiler chickens that re-
ceived multicomponent agents in addition to the main
diet were not found. The noted age-related changes did
not go beyond the physiological norms.

CONCLUSION

The simultaneous presence of aflatoxin B, T-2
toxin and zearalenone in the feed when consumed by
the poultry has an adverse effect on the blood serum
biochemical indicators. The addition of multicompo-
nent mycotoxin detoxifiers to the feed reduces the ad-
verse effects of T-2 toxin, aflatoxin B, and zearale-
none. However, the most effective was a multicompo-
nent agent, which includes halloysite nanotubes with
a high adsorption capacity [13, 14], B-glucans capa-
ble of binding a wide range of mycotoxins, milk thistle
meal rich in vitamins, minerals and antioxidant com-
pounds that stabilize cell and subcellular membranes,
as well as methionine, which is involved in the detox-
ification of mycotoxins in the liver by increasing the
activity of methyl groups.
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AHHOTauMs. B crathe npuBeAeHbI pe3yabTaThl 10 CPABHEHUE KYJIBTYPAIbHBIX U MOJEKYISPHO-TEHETHUECKUX
METOJIOB UACHTU(DHUKAIINA MAKPOOPTAHU3MOB BO3IyIITHON CPE/IBbI P BHIPAIIUBAHUH OPOIICPOB B 2 TIOMCIIICHH-
sIX. BBIMOJHEHHBIMU UCCIIE0BAHUSIMU YCTAHOBIIEHO, UTO PA3HUIIA MEXTY KOJIMUECTBOM MUKPOOPIaHU3MOB, OITpe-
JICIIEMBIX MOJICKYJISIPHO-TEHETHYCCKUM CIIOCOOOM M KYJIBTYpabHBIMH METOIAMU COCTABIISUIA HA MPOTSHKCHUU
ombIta oT 21,0 10 90,3 pas3a B 3aBUCHMOCTH OT ITOMEIICHUS U BpeMeHH 0T00pa. Takum 00pa3oM, UCTIOIE30BaHHE
MOJICKYJIIPHO-TCHETHYECKUX METOJIOB J]a€T BOBMOXKHOCTH COKPATUTh BPEMsI aHAITU3a ITPO0 BO3IyXa, IIPOU3BECTU
YYeT HEKYJIBTUBUPYEMBIX ()OPM MHKPOOPTAaHH3MOB, KOTOPhIC HEBO3MOXKHO HICHTU(DUIIMPOBATH KYJIBTYpPaTbHbI-

MU MCTOIaMU.

KaioueBrnle ciioBa: MUKPOOPraHnu3Mbl, KYJIbTYPAJIbHBIC U MOJICKYJISIPHO-TCHETUYCCKUE METOABI, 6aKTepI/II/I, BO3-

JIyX TIOMEIICHUH

NHTeHCUBHOE BeleHUE NMTHUICBOJICTBA CBs3a-
HO C BBICOKOM KOHIEHTpalMeW OpraHuyecKor IMbLIN
B TIOMETE, MOJACTUIIKE, & TAKXKE B BO3AYIIHOU Cpele.
Oprannyeckasi bUTh Ha NITHIIE()aOpUKax IPeICTaBIIS-
€T cO00I CIIOKHYIO CMECh YACTHI] TIOMETa, KOpMa, TIOJI-
CTHWJIKH, TIEPHEB, KIIEIIEeH, OaKTepuii, rpudOB, TPHOKO-
BBIX CIIOP M SHIOTOKCHHOB [1].

KoH1eHTpanus MUKpOOPraHU3MOB MOYKET JTOCTH-
rars ot 10" KOE/T [2].

Coo0manoce, YToO B OPraHMYEeCcKOM MBI 00-
Hapy>KEHbl TaKHUE POJbI ILNIECHEBBIX I'PUOOB, KaK
Acremonium, Alternaria, Aurobasidium Aspergillus,
Basidiospores, Cladosporium, Chrysosporium,
Drechslera, Epicoccum, Eurotium, Fusarium,
Geomyces, Mucor, Penicillium, Pithomyces,
Rhizomucor, Scopulariopsis u Ulocladium [3].

Cpenu Oakrtepuii ooHapyxuBanu Bacillus an-
thracis, Chlamydia ornithosis, Salmonella cholerae-

suis var., Listeria monocytogenes, Mycoplasma spp.
Staphylococcus spp., Streptococcus spp [4].

DT MUKPOOPTaHU3MBI MOTYT OBITh BPEIHBI KaK
JUIsl paOOTHUKOB NTUIE()aOPUK, TAK U AJISI TOTOJIOBBS
nTHil. B muteparype cymecTByIOT yka3aHus Ha TO, YTO
COTpyIHUKH NTHIe()aOpHUK MOJBEPraloTCs BO3/CH-
CTBHIO 00JIee BRICOKUX YPOBHEH OpraHUIeCKON THIITH
M0 CPAaBHEHUIO C COTPYIHHKAMU MOJOUYHBIX (hepMm
Y CBUHOKOMILJIEKCOB [5].

Oprannyeckyro mblb, KOTOpasi MPOHUKAET B JIbI-
XaTeJIbHYI0 CUCTEMY YeJIOBEKa CBSA3BIBAIOT C BO3HUK-
HOBEHHUEM alUIepTuH, paka, Gudpo3a, XPOHUIECKOH
00CTpYKTHBHOHN OOJIC3HU JIETKUX, aCTMBI, XpOHHYE-
CKOTO OpOHXUTA, THIIEPPEAKTUBHOCTH OPOHXOB, TOK-
CHYECKOT0 CHHJIPOMA, pa3ipa’KeHus CITU3UCTHIX 000-
JIOYCK KOHBFOHKTUBBI ¥ KOXKH [6].

BoJIbIIMHCTBO HMCCeI0BaHUNA MUKPO(IOPHI BO3-
JTyXa ITHYHUKOB BBITTOJTHEHO C MPUMEHEHUEM KJIaCCH-
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YECKHX METOJI0B MUKPOOHOJIOTHU: METOJIOB a3pOOHO-
T'O ¥ aHaPPOOHOTO KYIGTHBHPOBAHNS HA TUTATEIBHBIX
cpenax, (EeHOTUITUIECKON XapaKTePUCTHKE KyJIbTH-
BHPYEMBIX H30JISTOB, @ TAK)KE CBETOBOH M 3JIEKTPOH-
Hoii Mukpockonuu [7]. Tem He Menee, Mukpoduiopa,
B YaCTHOCTH, CAHUTAPHO-3HAYMMas1, pa3IMUHBIX CpeJl
HE MOXeT OBITh TOYHO WACHTU(UITUPOBAHA U U3yUeHa
STHUMH METO/IaMH, TIOCKOJIbKY TOJIBKO HEKOTOpast 4acTh
BCEX MUKPOOPTaHU3MOB ITOJIAETCS KyTETHBUPOBAHUIO
[8]. Ucrionmp30BaHMe MOJIEKYISPHBIX METOJIOB (CEKBE-
nuposanus u [P THK) ynyummno ananus cocraBa
MHUKPOOHOIIEHO3a Pa3IMUHbIX cpef [9], 4To mpuBeIto
K YITy4IICHUIO KOHTPOJISI Ka4eCTBAa CAHUTAPHBIX MEPO-
npugaTuii. MonexkyaspHble METOJIbI BCE Yallle UCTIOb-
3YIOTCS JUIS BBISIBJICHUS ITaTOT€HOB, KOTOPBIE TPYIHO
KyJBTHBHPOBATh WJIN KOTOPBIE IO HACTOSIIETO BpEMe-
HU HE KyJbTHBHPOBAJIHCH.

B HacTosmee Bpems IMEIOTCS OrpaHNYEHHBIE CBe-
JEHHSI O COCTaBE OPraHMYECKOW MBIIH, MTPUCYTCTBRY-
folIe B Bo3ayxe Ha mTuiieadprkax Hamiei crpa-
HbI [10]. HeoOXxoquMo TpOBECTH JOIMOIHUATEIbHBIC
HCCIIEZIOBaHUSI MUKPOOHOTHI BO3AyXa, KOTOpas MO-
XKET MPEJICTABIATh YIPO3y IS 340POBbs paOOTHHKOB
Y 1OroJ10Bbs NTHLl. CpaBHEHHE KYJIBTYPaTIbHBIX U MO-
JIEKYISIPHO-TEHETUIECKIUX METO/IOB HICHTHU(HUKAIINH
MHUKPOOPTaHU3MOB B OOJIACTH M3yYEHUS BO3MYITHON
CpeZbl MOXKET BBISIBUTH MTPEHMYIIECTBA MM OTPaHU-
YEHUS TeX WIN APYTHX U OLEHUTH 3PPEKTUBHOCTD UX
MIPUMEHEHUs B Hay4YHBIX U MPHUKIIAJHBIX HCCIer0oBa-
HUSX B 00JIaCTH IITUIIEBOACTBA.

ensro miccmenoBanms ObLIa OIIEHKAa MUKPOOHO-
JIOTUYECKOTO 3arpsi3HEHUs BO3/IyXa MPH BBIPAIIBA-
HUU OpoiepoB ¢ 1-cyTodHOTo 70 35-CyTOYHOTO BO3-
pacTa ¢ IpUMEHEHUEM KYJIbTYpaJbHBIX U MOJIEKYJISP-
HO-TeHETHYECKUX METO/IOB.

MATEPUAJIBI U METO/bI
HUCCJIEJOBAHUM

HayuHo-X0351iicTBeHHBII 3KCIEPUMEHT ObUT TPO-
BezieH B 2022 rony B YCJIOBHSI Y4€OHO-OIBITHOTO XO-
sstiictBa ®I'BOY BO Cankr-IlerepOyprekuii rocynap-
CTBEHHBI arpapHbIil yHuBepcHTeT. OOBEKTOM HCCIIeI0-
BaHUS CITY’KHJI BO3MyX MBYX momerneHnid (Ne 1 u Ne 2)
IUIsl cofiep kaHusi OpoitinepoB kpocca «Pocc-308».
Kopmrienue u ycioBust conepKaHust ITHLBI ObLIA HICH-
THUYHBIMH C YY€TOM pekomenaanuii «Aviagen LLCy.
Kopmiienne nTuiis! 0CyIecTBIsIOCh BBOIIO TPaHyIH-
poBaHHBIMHU KoMOuKopMamu: «Ctapt» (kpynka, 0—14
mHei), «Poct» (kpymika, 15—28 areit), «DuHumm» (rpa-
HyJbl, 29—A42 nas). Lpmuist-6poiinepoB BeIpamuBa-
7 ¢ 1-cyToHOro 10 35-CyTOYHOrO BO3pacTa, KoIuye-
CTBO T'OJIOB — 25 B Ka)KJIOM ITOMEIIIEHHH.

Tlepen mocaakoi NTUIllbl, a Takxke Ha 1-H, 7-H,
14-i1, 21-i1, 28-# n 35-1 1eHb BeIpaIIMBaHus Opoiiie-
POB OCYILIECTBIISUT COOpP MUKPOOPTraHU3MOB BO3/LyXa
OTIBITHBIX OOKCOB ITOCPENICTBOM HCTIOJIb30BAHUS CTaH-
naprusupoBanHoro npubdopa I1Y-1b (Poccus, 3A0
«Xumkoy). Ilpuaiun paboTel mpuOopa OCHOBAH Ha
MMIIAKITMOHHOM OCKICHHUH a3p030JIei Ha TUIOTHYIO
nuTarenbHyto cpeny MIIA (Msico-nmenToHHbIN arap)
B Ccilydae JalbHEeHIero NnpUMEeHEeHHs KyJIbTypaJlbHBIX
METOJIOB M Ha (M3PACTBOP B Cllydac MCIIOIb30BAHUS
MOJIEKYJISIPHBIX METO/IOB aHAJIH3a.

B BO3ay1ITHOI Cpene TOMEIICHHH OTTpeneIsTh 00-
Iee KOJIMYeCTBO MUKPOOPTaHU3MOB, COJIEPKAIIUXCS
B | M° BO3/1yxa, a TAK)KE X TAKCOHOMUYECKHIA COCTaB
C MIPUMEHEHUEM KYJIBTYpaIbHBIX METO/IOB Ha 0a3e j1a-
Ooparopuu QakyapTeTa 300MHKEHEPUH M OMOTEXHOIIO-
THH M MOJIEKYJISIPHO-TEHETHYECKIX METOJOB Ha Oase
Kageapbl Ha MPOU3BOACTBE « BHOTEXHOIOTHS KOPMOBY
®I'BOY BO CIIoI'AY.

KynbrypansHbie nccieqoBanus MPOBOIMIHA B CO-
OTBETCTBUU C METOJUYECKIM MOCOOMEM M PEKOMEH-
nanusmu [11, 12]. Yamku Ietpu co cpemoit MIIA,
u3BnedeHHnple u3 npudopa [1Y-1b ¢ MmakcumanbHO
BO3MOXKHBIM COOJIOZIGHUEM YCIOBUI CTEPUIILHOCTH,
BBIpAIIMBANIA B TepMocTare npu temmeparype 37 °C
B TeueHne 24—48 gacoB. YUeT pe3yabTaroB IIPOBO-
JIATA TTyTeM TI0/ICYeTa KOJIIMYECTBA BBIPOCIITUX KOJIO-
HueoOpazyronmx enuaull (KOE) mpoBonwnu B quna-
muke. JJuddepennunanuro BuaoB OakTepuii mpoBOIMIH
Ha 35-e CyTKH BhIpalluBaHus ITHILL 110 MOpdosoruye-
CKUM, THHKTOPUAIILHBIM, KYJIBTYPaJIbHBIM i OHOXHMH-
YeCKUM CBOMCTBAM | C TTOMOIIKIO TTOceBa Ha audde-
peHIMaIbHbBIE Cpebl. MteHTr(uKannio BeIACTICHHBIX
KYJIBTYP OCYLIECTBIISIIN Ha 35-€ CYyTKH BBIPAILIMBAHUS
NTHL B COOTBETCTBHH C TPEOOBAHUSIMHU, H3JIOKEHHBIMH
B «Kparkom omnpezenurerne 6akrepuit bepmxm» (1997).

MosexynspHO-TeHeTHYeCKHE UCCIIETOBAHMS TTPO-
BOIWJINCH B TMapalienb ¢ KyabTypaidbHIMH. OTOOp
npo0 mposoawin npudopom I1VY-1b, cpenoii ans
YAaBIMBAHUS OPTaHUYECKOM MBLIH CITY>KUJ CTEPUIIb-
HBIl (usnonornueckuii pactsop. Toranenyro JJHK
13 00pasloB BBIIESAIN ¢ MoMoIbio Habopa DNA
Purification Kit («Fermentas, Inc.», Jlutsa), ciemys
PpEeKOMEHTAIHsIM TTPON3BOANTENS. KOHIIEHTpaInio ouu-
HICHHBIX (JParMeHTOB OMPENESISIIN C TOMOIIBIO (piTyo-
pumetpa Qubit 2.0 («Invitrogen», 'epmanus) corac-
HO PEKOMEH I[N N3TOTOBUTEIIS.

g u3ydenns oOmero Koinm4yecTBa MUKPOOpra-
HU3MOB MPUMEHSIM MeToJ KonuyecTtBeHHOU ITIIP.
KonnuectBennyto 1P npoBoauiIy ¢ UCHOIb30BaHU-
em ammngukaropa aerekrupyromero [T Lite-4 (OO0
«HIIO JHK-Texunonorus», Poccus) ¢ momoinpio
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«Habopa peaktuBoB ams nposeaenus [1L[P-PB B npu-
CYTCTBMH HHTepKasmpyromiero kpacurens EVA Green»
(3BAO «CunTomn», Poccus) n yHHBepcalbHBIX ITpaiime-
poB Ha obmiee konmdecTBo Oaktepuit (5°-3) HDAL:
ACT CCT ACG GGA GGC AGC AG, HDA2: GTA
TTA CCG CGG CTG CTG GCA. Ananu3 npoBOAIN
B JIMHAMUKE Ha ITPOTSHKEHUH BCETO dKcniepuMenTa. J{ist
aHaIn3a colep KaHms MUKpOMHUIIETa poaa Aspergillus
Ha 35-e¢ CyTKM BbIpAllMBaHMs NTUI] UCIOJIb30BAIU
npaiiMepsl Aspl CGGCCCTTAAATAGCCCGGTC,
Asp2 ACCCCCCTGAGCCAGTCCG. Ilpumensnu
crienyrorue yciopus amrmiudukarmu: 95 °C — 3 muH.
(1 nukm), 95 °C — 1 muH., 57,6 °C — 1 muH., 72 °C —
ImuH. (40 nukios),72 °C — 5 mun (1 uk).

Jis n3ydenus cocraBa MUKpodops! Ha 35-€ cyT-
KM BbIpaliuBaHus ntull Obu1 BeiOpan meron T-RFLP
(terminal restriction fragment length polymorphism).
s pectpukiuu (30—>50 Hr aMIUIMKOHOB) HCTIONB30-
Banu pepmentsl Haelll, Hhal u Mspl («Fermentasy,
JlutBa). IIpOAYKTH PECTPUKIINU CEKBECHHUPOBABIH
(CEQ 8000, «Beckman Coulter», CIIIA). [ onpe-
JeneHust prIoreHeTHYeCcKor MPUHALICKHOCTH OaKTe-
puii ucronb3oBany nporpamMmy Fragment Sorter u 6azy
JAHHBIX. Pe3ybTarhl, MoJy4eHHbIE B OTHOCUTEILHOM
KOJIMYECTBE (IOJITX MUKPOOPTAHU3MOB B 00IIEM KO-
JMYecTBe) OBUTH TIEPECUNTAHBI B aOCOIOTHOE KOJIH-
YECTBO MUKPOOPTaHU3MOB C yUETOM JTaHHBIX OOIIEeT0

B No | kynbTypanbHblii M No 2 KylnbTypanbHbIN

250 000
o
=
3 « 200 000
=)
= 2
S 9 150 000
o
(D]
% 100 000
3
50 000
IMepen  1cyr.™
OCaJIKOM!

7 CyT.

cojiepkaHust OaKTepUi, MOTYICHHBIX METOJIOM KOJIHU-
yectBeHHOH [P o popmyme:

oC (KneTOK/r) x OK (%)
100 (%) ’
rae X — abCoMIOTHOE KOJTMUYECTBO MUKPOOPTaHU3MOB
(xmetox/m?); OC — obrriee comeprkanue OaKTepuii, Me-
tomoM KommaectBeHHoM 1P ; OK — oTHOCHTENIEHOE
KonmmgecTBo Oakrepuit MmetogoM T-RFLP.
ndpossie qaHHBIE OBLTH TOIBEPTHY THI CTATUCTH-
Yyeckoil 00paboTKe ¢ MpUMEHEHHEM OAHO(PAKTOPHOTO
JMCTIEPCUOHHOTO aHaiN3a U KPUTEPUSI MHOKECTBEH-
HbIX cpaBHeHMil Hpromena — Kelicia B nporpam-
Mme «Primer of Biostatistics 4.03» mist Windows XP.
PesynwraTsl peacraBneHsl kKak cpeanue (M) u craH-
nmapTHbIe ook cpequux (= SEM). JloctoBepHOCTH
pa3n4uil ycTaHaBIMBAIH 110 t-KpuTeputo CThIOICHTA,
pa3Inuusl CUUTAIN CTATUCTHYECKH 3HAYMMBIMU TPH
P <0,05.

PE3YJBTATHI UCCJEJOBAHUN
Pe3ynbrarhl cCpaBHUTEIBHBIX UCCIEAOBAaHUN 00-
[Ier0 KOJUYEeCTBA OAaKTEpUH BO3IyXa MOMEHICHHUH
JUTSL BBIpAIIMBAHUS MTUI B JTUHAMUKE C IPUMEHEHH-
€M KyJIbTYPaJIbHBIX METOIOB U MOJIEKYJISIPHO-TEHETH-
yeckux metoja konudectBeHHou TP mpencrasie-
HbI Ha pUCYHKeE 1.

No 1 xomwa. ITI[P ™ Ne 2 xomuy. [TI[P

:[

l4cyr. 2lcyr. 28cyr. 35cyr

Puc. 1. Pesynprarhl rcciaejoBaHIi 00MIero KoamdecTBa OakTepuil B mpodax BO3AyXa KyJIbTypPalbHBIM METOIOM
U ¢ nomolupto konmyectBeHHoi [TLP, Ne 1, 2 — Homepa nomerieHuid:

# 3 3 5 .
KOE/ m IIpyU UCIOJIL30BAHUU KYJIBTYpPaJbHBIX METOA0B, KJIETOK/M Ipu HUCIOJIb30BaHUM METOJa KOJIMYECTBEHHOU H]_[P,
“Bo3pac*r NTHUL HA MOMCHT UCCJICJOBaHUs

W3 pucynka 1 BUIHO, 9TO YK€ B MEPBHIC CYTKH
ITOCJIE TIOCAAKH IBITUIAT KOJIMYECTBO MUKPOOPTaHU3-
MoB B 1 M® Bo3myxa B momerenusix Ne 1 u Ne 2 yBe-

JUYUIIOCH 110 CPAaBHEHUIO C MOMEHTOM J0 IMOcal-
KM, 4TO OBIIO MTOKA3aHO KaK C IPUMEHEHHEM KYJIBTY-
paynbHBIX MeTonoB (B 5,2 u 7,1 paza B 3aBUCUMOCTH
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ot nometneHus) (P < 0,05), Tak ¥ ¢ MOMOIIBIO KOJTH-
yectBerHoi [11IP (B 1,3 pa3a B 000MX TTOMEIIEHHUSX )
(P <£0,05). Ha mpoTsxeHne BCero mepuoaa OmbITa
C YBEIIMYCHNEM BO3pacTa ITUII MUKPOOHast ooceMe-
HEHHOCTH yBenuunBaiack (P <0,05) B o0oux mome-
EeHusAX. JJoCTOBEpHOH pa3HULIbI 110 KOJIUYECTBY MU-
KPOOOPTaHU3MOB B BO3/IyX€ ITPH CPABHEHHH ITOMEIIIe-
Hus Ne 1 u momemenust Ne 2 Ha BCeX 3Tamax oToopa
po6 obHapyxeHo He 66110 (P > 0,05). C mpumMeneHu-
€M KyJIBTypaJIbHBIX METO/IOB MTOKa3aHO, YTO MUKPOO-
HOE JIaBJICHUE yBEJIMYUBAJIOCH €CTECTBEHHBIM 00pa-
30M OT YpOBHS OT mocaaku a0 35 cytok B 2,0 u 1,9
pa3a (P <0,05) B momemenusx 1 u 2 COOTBETCTBEH-
HO, ¢ IpUMEHEHHEeM KonmdectBeHHoi [11[P — B 6,4
u 6,2 paza (P <0,05). To ectb, ypoBeHb KOHTAMHHA-
LIUH BO31yXa, BEPOSITHO, HIMEET CBSI3b C KHU3HEICATEIb-
HOCTBIO NMTHUI], IPUCYTCTBHEM MOJCTUIOYHOTO Mare-
puana, KOMOMKOpMa, BOJIBI.

B KonM4ecTBEHHOM BBIPAKCHUU MaKCHMallb-
HOE cozepkaHue OakTepuil B BO3AYyXe COCTABISIO
4,1-10° KOE/™M? (Ha 35-¢ cyTKH BBIpAIIMBAHUS TITHII),
KakK OBLIO MOKa3aHO C MPUMEHEHUEM KYJIBTYPaIbHBIX

MeTozoB u 2,3+ 105 kieTok/m® (Ha 35-€ CyTKH BbIpaliy-
BaHUS NTHII), KaK OBIJIO MOKa3aHO C MOMOIIBIO KOJIH-
gectBeHHou I1LIP.

TakuMm 00pa3oMm, IIpy MPOBEIECHUH aHAIN30B MO-
JIEKYIAPHO-TEHETHUECKUM METOIOM KOJTMYE€CTBEHHON
[P u kaccu4ecKUMHA MUKPOOUOJIOTHYECKIMHU Me-
TOJaMH HaOJIIOAAITUCH CXOAHbIE TEHJACHIIMH B M3Me-
HEHWHU 00IIeH YMCIIEHHOCTH MUKPOOPTaHU3MOB. Tem
HE MEHee, Pa3HUIlA MEXK Ty KOJTMYECTBOM MUKPOOPra-
HU3MOB, ONPENENIEMBIX MOJIEKYIAPHO-TEHETUUYECKUM
Croco0OM U KyJbTYPaJIbHBIMH METOIaMH COCTaBIIsIA
Ha npoTshKeHuu onbiTa oT 21,0 1o 90,3 pasa B 3aBucu-
MOCTH OT MOMEIIEHHUS 1 BpeMeHu otoopa (P < 0,05).
BeposiTHO, 3TO CBA3aHO C OTPAaHUYEHUSIMH KYJBTY-
paJIBHBIX METOOB, KOTOPBIE 3aKIIOYAIOTCS B HEBO3-
MOYXHOCTH aHaJIM3a HEKYJIbTHBHPYEMBIX (HOpM MHU-
KpOOPTraHU3MOB.

Ha 35-e cyTku BbIpaimuBaHus NTUI] ObUT JOTIOJI-
HUTEIFHO MPOBEACH aHAJIN3 KOJMYECTBA HEKOTOPBIX
TPYIII CAHUTAPHO-TI0KA3aTEIbHBIX MUKPOOPTaHU3MOB
B BO3/1yX€ KYJIBTYPaJIbHBIMHA U MOJIEKYJIIPHO-TEHETH-
YECKHMHM MeTomaMu (Taoi.).

Taodauna

Pe3y/1bmambl ucciedo8anull HEKOMmMOopbvlX cpynn caHumapHo-noKkasameilbHblx
MUKPOOP2AHUIMOE KYIbm)pPATbHOIMU U MOJEKYIAPHO-ceHemuyeCKumu Memooamu

Kynerypansasie metonsl, KOE (M + m)
B 1 M*BO31yXa

MoeKyIsSpHO-TEHETHYECKHE METO/IBI, KIETOK/M®

ITomemmenue 1 ITomermmenue 2 ITomemmenue 1 ITomermenue 2
Escherichia coli
5,4+ 1,80-102 52+0,18:10° 1,1+0,01-10* 1,0 £ 0,0002-10°
Staphylococcus aureus
5,4+0,29-102 53+0,18107 9,9+0,07-10° 8,9+0,1-10°
Aspergillus spp.
2,5+ 0,56:10? 2,4+0,17-10? 2,1 +£0,03-10° 2,1 +£0,04-10°

C npuMeHeHHEeM KyJIbTYPaibHbIX 1 MOJIEKYJISIPHO-
TEHETHYECKUX METOIOB B BO3/yXe NTHYHHKOB OBLIO
BBISIBIICHO MPUCYTCTBUE CAHWUTAPHO-3HAYUMBIX Oak-
tepuit Escherichia coli, Staphylococcus aureus v Mu-
kpomutieta Aspergillus spp. (Tadm.).

B oprannyeckoii mpun ntunedadpuK pa3audaHbe
IpyNIbl MUKPOOPTaHU3MOB BBISBIISUINCH U paHee [7].

B o0pasnax Taxke ObLIH 0OHAPYKEHBI TTOJIOMKH-
TeIbHBIC HA MAHHUT CTAQUIOKOKKH. E. coli mpucyT-
ctBoBana B 90 % mpoaHaTM3UPOBAaHHBIX 00PA3IOB
meiH. UTo KacaeTcs 0OOHAPYKSHHBIX HAMH B BO3/TyXE

Aspergillus spp., TO MHOTUE BUJIbI U3 HUX MPU3HAHBI
ayuteprenapiMy mrammamu [13]. [pucyrerBue nan-
HOTO TOKCHHOOOPA3yIOMIero rpuda B BO3AYXE MOXKET
UMETH CBSI3b C 00OHAPYKEHHEM MUKOTOKCHHOB B TTBLTH
Ha NITHIIEXO35UCTBAX, YTO OBLJIO MOKA3aHO paHee Npu
npoBeaeHuu uccnenoBanui [ 14]. MUKOTOKCHHEI, B3Be-
IICHHOHM B BOJSIHOM I1ape, MOTYT BJIbIXaThCs MTHIIA-
MU U JTFOIBMH, 9TO TAKXKE MPEACTABISIET OMACHOCTb.
W3 maHHBIX TaOIUIBI BUIHO, 9TO KOJTHMYECTBO BBI-
SBIEHHBIX Escherichia coli, Staphylococcus aureus
u Aspergillus spp. UMeeT OTINYHE MPH UCIIOIH30BA-
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HUM Pa3HBIX METOIOB aHAN3a: KYJIbTYPaIbHBIX U MO-
JIEKYISIPHO-TeHETHYECKIX . KOTMUeCTBO BBISIBICHHBIX
IIPU MOJIEKYJISIPHO-TCHETHUECKUMH METOlaMU OaKTe-
U TPYTITBI KATIIEYHOM MAIOYKH B 19 pa3 Oonbiie, yem
IIPU UCTIONB30BAHUH KYJIBTYPaHBIX METOJOB, KOJTHYe-
cTBO cTauiiokokkoB — B 18 pa3 Ooble, Koamye-
CTBO IUIECHEBBIX IpUO0B — B 8 pa3 Oobiire (P < 0,05).

3AKJIIOYEHUE

B pesysbrare npoBeIcHHBIX UCCICAOBAHUN HAMU
YCTaHOBJICHO, YTO B TPOLIECCE BHIpAIIMBAHMS OpOK-
JIEpOB MPOHUCXOIUT HAKOTUIEHUE MHKPOOPTaHU3MOB
B BO3JIyX€ 3aKPBIThIX IOMEICHUH, BKITFOYast CAHUTAP-
HO-3HAYUMBbIC (KHIIEIHAs IMaJI09Ka, CTaQUIOKOKKH,
TOKCHHOOOpa3ytomiue rpudsr). Panee Mukpoopranmsz-
MBI BO3yXa B NTUIEXO3SHMCTBaX, B OCHOBHOM, ObUIN
HCCIIEIOBAHBI C TOMOUIBIO KYJIBTypaJIbHBIX METO/IOB.
Kak nokazanu Haim uccieioBanusi, pe3yabTarhl, 1o-
Jy4YeHHbBIE TPATUIIMOHHBIMA METOJJaMH MHUKPOOHO-
JIOTHU Y MOJICKYJSIPHBIMU METOJIAMH, COMTOCTABUMBI.
OnHaKO KCIIOIh30BAHUE MOJICKY/ISIPHO-TEHETHUECKUX
METOJIOB ITO3BOJISIET IPOBECTH 00JIee TOUHBIN aHaJH3
HcclieoBaHusl MUKPO(IIOphl BO3/1yXa MPH BBIpAIIU-
BaHMU NTHII. BO3MOXXHO, UCTTONB30BaHUE IAHHBIX Me-
TOJIOB B JTAUTbHEHIIIEM MPEIOCTABUT BO3MOXKHOCTH CO-
KpaTuTh BpeMsl aHallu3a Mpod BO3AyXa, MPOU3BECTH
YUYET HEKYJIbTUBUPYEMBIX (HOPM MHUKPOOPTaHH3MOB,
KOTOPbIC HEBO3MOXKHO MACHTH()UIIMPOBATH KYJIbTY-
PaJbHBIMH METO/IaM, YTO OyJeT CrocoOCcTBOBATh 00-
nee 3 (HeKTHBHOMY TIPOBEICHUIO BETCPUHAPHO-CAHH-
TApHBIX MEPOTIPUITHH.
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Abstract. The article presents the results of a comparison of culture and molecular genetic methods for identify-
ing microorganisms in the air when rearing broilers in 2 rooms. The performed studies had found that the differ-
ence between the number of microorganisms determined by the molecular genetic method and culture methods
was from 21.0 to 90.3 times during the experiment, depending on the rooms and time of selection. Thus, the use
of molecular genetic methods makes it possible to reduce the time of air sample analysis, to take into account non-
culturable forms of microorganisms that cannot be identified by culture methods.

Keywords: microorganisms, culture and molecular genetic methods, bacteria, indoor air

Intensive poultry farming is associated with a high
concentration of organic dust in manure, litter and also
in the air. Organic dust on poultry farms is a complex
mixture of manure particles, feed, bedding, feathers,
mites, bacteria, fungi, fungal spores and endotoxins [1].

The concentration of microorganisms can reach
from 10'* CFU/g [2].

Mold genera such as Acremonium, Alternaria,
Aurobasidium Aspergillus, Basidiospores,
Cladosporium, Chrysosporium, Drechslera,
Epicoccum, Eurotium, Fusarium, Geomyces, Mucor,
Penicillium, Pithomyces, Rhizomucor, Scopulariopsis
and Ulocladium have been reported to be found in or-
ganic dust [3].

Bacillus anthracis, Chlamydia ornithosis,
Salmonella choleraesuis var., Listeria monocytogenes,
Mycoplasma spp., Staphylococcus spp., Streptococcus
spp. were found among the bacteria [4].

These microorganisms can be harmful to both
poultry workers and poultry populations. There are
indications in the literature that workers on poultry
farms are exposed to higher levels of organic dust
compared to workers on dairy farms and pig breeding
farms [5].

Organic dust that enters the human respiratory sys-
tem is associated with the occurrence of allergies, can-
cer, fibrosis, chronic obstructive pulmonary disease,
asthma, chronic bronchitis, bronchial hyperreactivity,
toxic syndrome, irritation of the mucous membranes
of the conjunctiva and skin [6].

Most studies of the air microflora in poultry hous-
es were performed using classical methods of micro-
biology: methods of aerobic and anaerobic cultivation
on nutrient media, phenotypic characteristics of cul-
tivated isolates, as well as light and electron micros-
copy [7]. However, the microflora, in particular, sani-
tary significant of various environments cannot be ac-
curately identified and studied by these methods, since
only a certain part of all microorganisms can be culti-
vated [8]. The use of molecular methods (sequencing
and DNA PCR) improved the analysis of the compo-
sition of microbiocenosis of various media [9], which
led to improved quality control of sanitary measures.
Molecular techniques are increasingly being used to
identify pathogens that are difficult to culture or have
not been cultured to date.

Currently, there is limited information on the com-
position of organic dust present in the air at poultry
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farms in our country [10]. More research is needed
on the air microbiota, which may pose a threat to the
health of workers and poultry. Comparison of culture
and molecular genetic methods for the identification
of microorganisms in the field of studying the air en-
vironment can reveal the advantages or limitations of
one or the other and evaluate the efficacy of their use
in scientific and applied research in the field of poul-
try farming.

The objective of the study was to assess micro-
biological air pollution when rearing broilers from 1
day to 35 days of age using culture and molecular ge-
netic methods.

MATERIAL AND METHODS

The scientific and economic experiment was car-
ried out in 2022 in the conditions of the educational
and experimental farm of St. Petersburg State Agrarian
University. The object of the study was the air of
two rooms (No. 1 and No. 2) for keeping broilers of
Ross-308 cross. The feeding and keeping conditions
of the poultry were identical, taking into account the
recommendations of “Aviagen” LLC. Poultry were
fed ad libitum with granulated feed: Start (crumbles,
0—14 days), Growth (crumbles, 15—28 days), Finish
(granules, 29—42 days). Broiler chickens were reared
from day 1 till day 35 of age, the number of birds was
25 in each room.

Before placing the poultry, as well as on days 1, 7,
14, 21, 28 and 35 of rearing broilers, air microorgan-
isms were collected from experimental boxes using a
standardized device PU-1B (Russia, CJSC “Khimko™).
The principle of the device operation is based on the
impaction deposition of aerosols on a dense nutrient
medium MPA (meat-peptone agar) in case of further
use of culture methods and on saline in case of using
molecular methods of analysis.

In the air environment of the rooms, the total num-
ber of microorganisms contained in 1 m? of air, as well
as their taxonomic composition, was determined us-
ing culture methods on the basis of the Laboratory of
the Faculty of Zooengineering and Biotechnology and
Molecular Genetic Methods at the Department of Feed
Biotechnology of FSBEI HE SPbSAU.

Culture studies were carried out in accordance with
the methodical manual and recommendations [11, 12].
Petri dishes with MPA medium, removed from the
PU-1B device with the maximum possible observance
of sterility conditions, were grown in a thermostat at a
temperature of 37 °C for 24—48 hours. Accounting for
the results was carried out by counting the number of
grown colony-forming units (CFU) in the dynamics.
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Differentiation of bacterial species was carried out on
day 35 of rearing poultry according to morphological,
tinctorial, cultural and biochemical properties and by
inoculation on differential media. Identification of iso-
lated cultures was carried out on day 35 of rearing poul-
try in accordance with the requirements represented in
the Bergey’s Brief Classification of Bacteria (1997).

Molecular genetic studies were carried out in paral-
lel with culture studies. Sampling was carried out with
a PU-1B device; a sterile saline solution served as a
medium for trapping organic dust. Total DNA was iso-
lated from the samples using a DNA Purification Kit
(Fermentas, Inc., Lithuania) following the manufactur-
er’s recommendations. The concentration of purified
fragments was determined using a Qubit 2.0 fluorim-
eter (Invitrogen, Germany) according to the manufac-
turer’s recommendation.

The quantitative PCR method was used to study
the total number of microorganisms. The quantitative
PCR was carried out using a detecting DT Lite-4 am-
plifier (“NPO DNK-Technologiya” LLC, Russia) us-
ing a Reagent kit for real-time PCR in the presence of
EVA Green intercalating dye (CJSC “Sintol”, Russia)
and universal primers on the total number of bacteria
(57-3”) HDA1: ACT CCT ACG GGA GGC AGCAG,
HDA2: GTA TTA CCG CGG CTG CTG GCA. The
analysis was carried out in the dynamics throughout
the experiment. To analyze the content of micromycet-
es of the genus Aspergillus on day 35 of rearing poul-
try, primers Aspl CGGCCCTTAAATAGCCCGGTC,
Asp2 ACCCCCTGAGCCAGTCCG were used. The
following amplification conditions were used: 95 °C —
3 min. (1 cycle), 95 °C — 1 min., 57.6 °C — 1 min.,
72 °C — 1 min. (40 cycles),72 °C — 5min (1 cycle).

To study the composition of the microflora on day
35 of rearing poultry, the T-RFLP method (terminal
restriction fragment length polymorphism) was cho-
sen. Restriction (30—50 ng amplicons) was performed
with Haelll, Hhal and Mspl enzymes (Fermentas,
Lithuania). Restriction products were sequenced (CEQ
8000, Beckman Coulter, USA). To determine the phy-
logenetic affiliation of bacteria, the Fragment Sorter
program and the database were used. The results ob-
tained in the relative quantity (percentage of microor-
ganisms in the total number) were converted into the
absolute number of microorganisms, taking into ac-
count the data on the total bacterial content obtained
by the quantitative PCR according to the formula:

_ TC(cells/g) x RN (%)
- 100(%)

b
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where X is the absolute number of microorganisms
(cells/m?®); TC — total content of bacteria, by the quan-
titative PCR; RN — relative number of bacteria by the
T-RFLP method.

Numerical data were statistically processed using
one-way analysis of variance and the Newman-Keuls
multiple comparison test in the Primer of Biostatistics
4.03 program for Windows XP.

The results are presented as the means (M) and
standard errors of means (= SEM). Significance of dif-

B No. | culture ™ No. 2 culture

*

.2 250000
i)
2
£ 200000
G
@]
s 150 000
E
= 100 000
=
E 50 000

Before d. 1™

placing

N | II

d.7

ferences was determined by the Student’s t-test, dif-
ferences were considered statistically significant at
P <0.05.

STUDY RESULTS
The results of comparative studies of the total num-
ber of bacteria in the air of rooms for rearing poultry
in the dynamics, using culture methods and the mo-
lecular genetic method of the quantitative PCR, are
shown in Fig. 1.

No. 1 quantitative PCR  ® No. 2 quantitative PCR

I
1
I
II I

d. 14 d. 21 d. 28 d. 35

Fig. 1. Results of studies of the total number of bacteria in the air samples by the culture method and using the
quantitative PCR, No. 1, 2 — numbers of rooms:

*CFU/m? when using culture methods, cells/m* when using the quantitative PCR method; "“age of poultry at the time of the
study

Fig. 1 shows that already on the first day after plac-
ing the chickens, the number of microorganisms in 1
m? of air in the rooms No. 1 and No. 2 increased, com-
pared to the moment before placing, which was shown
both with the use of culture methods (by 5.2 and 7.1
times, depending on the rooms) (P <0.05), and us-
ing the quantitative PCR (by 1.3 times in both rooms)
(P £0.05). Throughout the entire period of the exper-
iment, with increasing age of the poultry, the microbi-
al contamination increased (P < 0.05) in both rooms.
A significant difference in the number of microorgan-
isms in the air when comparing the room No. 1 and
room No. 2 at all stages of sampling was not found
(P > 0.05). Using culture methods, it was shown that
the microbial pressure naturally increased from the
level from placing on day 35 by 2.0 and 1.9 times
(P <0.05) in the rooms 1 and 2, respectively, using the
quantitative PCR — by 6.4 and 6.2 times (P < 0.05).
That is, the level of air contamination is likely to be

102

related to the vital activity of poultry, the presence of
bedding material, compound feed and water.

In quantitative terms, the maximum content of
bacteria in the air was 4.1-10° CFU/m® (on day 35 of
rearing poultry), as shown using the culture methods
and 2.3-10° cells/m? (on day 35 of rearing poultry), as
shown by the quantitative PCR.

Thus, when conducting analyses by the molecu-
lar genetic method of the quantitative PCR and classi-
cal microbiological methods, similar trends were ob-
served in the change in the total number of microor-
ganisms. However, the difference between the number
of microorganisms determined by the molecular genet-
ic method and culture methods was from 21.0 to 90.3
times during the experiment, depending on the room
and time of selection (P < 0.05). This is probably due
to the limitations of culture methods, which consist in
the impossibility of analyzing uncultivated forms of
microorganisms.
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Comparison of culture and molecular genetic methods for the identification of sanitary-indicatory microorganisms

On day 35 of rearing poultry, an additional analy-
sis of the number of certain groups of sanitary-indica-

tory microorganisms in the air was carried out by cul-
ture and molecular genetic methods (Table).

Results of studies of some groups of sanitary-indicatory microorganisms by culture and molecular genetic meth:;vble
Culture methods, CFU (M £ m) in 1 m® of air Molecular genetic methods, cells/m?
Room 1 Room 2 Room 1 Room 2

Escherichia coli

5.4+ 1.80-10? 5.2+0.18-10? 1.1+0.01-10* 1.0 £0.0002-10°

Staphylococcus aureus

5.4+0.29-10° 5.3+0.18-10? 9.9+0.07-10° 8.9+0.1-10°
Aspergillus spp.

2.5+0.56:10? 2.4+0.17-10? 2.1+0.03-10° 2.1 +£0.04-10°

Using culture and molecular genetic methods, the
presence of sanitary significant bacteria Escherichia
coli, Staphylococcus aureus and micromycete
Aspergillus spp. was revealed in the air of poultry
houses (Table).

In the organic dust of poultry farms, various
groups of microorganisms were detected earlier [7].
Staphylococci positive for mannitol were also found
in the samples. E. coli was present in 90 % of the ana-
lyzed dust samples.

As for Aspergillus spp., found by us in the air, many
species of them are recognized as allergenic strains
[13]. The presence of this toxin-producing fungus in
the air may be associated with the detection of myco-
toxins in dust on poultry farms, which was shown ear-
lier in the studies [14]. Mycotoxins suspended in wa-
ter vapor can be inhaled by poultry and humans, which
is also a hazard.

From the data of Table 1 it can be seen that the
number of identified Escherichia coli, Staphylococcus
aureus and Aspergillus spp. differs when using differ-
ent methods of analysis: culture and molecular genet-
ic methods. The number of bacteria of the Escherichia
coli group detected by molecular genetic methods is
by 19 times more than when using culture methods,
the number of staphylococci is by 18 times more, the
number of mold fungi is by 8 times more (P < 0.05).

CONCLUSION
As a result of the research, we found that in the
process of rearing broilers, microorganisms accumu-
late in the indoor air, including sanitary ones (E. coli,
staphylococci, toxin-forming fungi). Previously, air-
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borne microorganisms on poultry farms were main-
ly investigated using culture methods. As our studies
have shown, the results obtained by traditional meth-
ods of microbiology and molecular methods are com-
parable. However, the use of molecular genetic meth-
ods allows for a more accurate analysis of the study
of air microflora in poultry rearing. It is possible that
the use of these methods in the future will provide an
opportunity to reduce the time of air sample analy-
sis, to take into account nonculture forms of microor-
ganisms that cannot be identified by culture methods,
which will contribute to more efficient veterinary and
sanitary measures.
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AHHoOTanus. B cTatse npeacTaBiaeHb! pe3ynbTaThl H3y4eHN HMMYHO-OHOXHMMUYECKOTO CTaTyCca CBHHOMATOK IIPH
Pa3BUTHH THOMHO-KaTapajibHOTO dHAOMETpUTa 1 MMA B mociiepofoBoi nepuoa. B kxpoBu 12 ¢cBUHOMATOK TI0-
MecH KpyImHO# 0emoit mopoas! 1 aHapaca 3a 10 mgHeilt 1o omopoca u mepes 0ThbeMOM ITOPOCST ONMPEAEIISUIN COo-
Jep>KaHue JEHKOIIUTOB, 3PUTPOIIITOB U TEMOITIOONHA, POMEKYTOYHBIX ITPOTYKTOB CBOOOAHOPATUKAIEHOTO OKHC-
nenust mununoB (MJIA), mapkepoB HUTpo3uBHOH (NOX) u sHH0reHHo# naTOKCcHKanuu (MCM u UDW), akTuB-
HOCTB (hepmeHTaTHBHOTO (Karanasza u I'TIO) u ypoBeHb HeepMeHTaTHBHOTO (BUTaMUHBI A U E) 3BeHa crcTEMBI
AHTHUOKCHUJAHTHOM 3alTUTHI, TToKa3areau uMmmMmyHnTeTa (oomme nmmyHornooynuasl, [IUK, BACK, JIACK, ®AJI,
®Y, ®U, T- u B-mumdorutsr). [To cpaBHEHHIO ¢ KIIMHUYECKU 3I0POBBIMU CBUHOMATKAMH Y JKHBOTHBIX C PUCKOM
pa3BHUTHsI THOMHO-KaTapaibHOTo dH0MeTpUuTa i MMA 1ipu HeoCTaTouHOM (DYHKIIMOHUPOBAaHUN aHTHOKCHUAAHT-
HOU cUCTEMbI, Ha (DOHE MOBBILICHHON aKTUBHOCTH IPOLECCOB MEPEKUCHOTO OKUCICHUS JINIH/I0B U HUTPO3UBHO-
IO CTpecca BBISIBICHO CHIKEHHE 001Iel Hecrienru(uieckoil pe3uCTeHTHOCTH, Beyllee K IPOSIBICHUIO BOCIIAJIH-
TEJIHHOTO MPOILIEcca B IOJIOBBIX OpraHax B OCIEPOa0BOi eproa. Kpome Toro, i mociie BEI3AOPOBICHUS HMMYH-
HO-OMOXMMHUYECKHHA CTaTyC MepeOOoIeBIINX CBUHOMATOK OTIMYACTCS OT 3AOPOBBIX KHMBOTHBIX, YTO MOXKET
MPEISITCTBOBATH BhIPA00TKE y HUX 3((PEKTUBHOI 3alIUThI B OTBET HA AHTUTEHHYIO U TOKCHUECKYIO HArPY3KY.
Ki1roueBble c10Ba: aHTHOKCHIAHTHAS 3aIIIUTA, YHI0T€HHAs HHTOKCHUKAITHS, 00IIIast HecTeu(pmIecKasi pe3UCTEHT-
HOCTb, TOCIEPOIOBOM IHAOMETPUT U MMA, CBUHOMATKH

B pazButum nociieponoBoi MaTojJ0oruu y CBUHO- Cucrema HecieIUUICCKON pe3UCTCHTHOCTH Op-

MAaToK 0c00ast pOJIb OTBOAUTCS HAPYIIICHUSIM UMMYHO-
JIOTHYECKOM PEaKTUBHOCTH OPraHnu3Ma, KOTOPhIC MPH-
BOJIST K TIOBBIIICHHOW BOCIIPUUMYHUBOCTH KUBOTHBIX
K pa3jnyHbIM naroreHam. [lepeBos1 CBUHOBOJICTBA Ha
[IPOMBIIIIJICHHYIO OCHOBY XapaKTePU3YeTCs KPYIJIO-
TOJIOBBIM OE3BBITYJIBHBIM COJICPYKAHUEM ITOTOJOBbS
OOJIBIIMMU TEXHOJIOTHUECKH TPYIIITIAMHU, PAHHUM OTh-
€MOM IIOPOCHT, IEPErPyNIUPOBKAMH, BAKITHHALUIMHU
Y IPUMEHEHUEM XHMHUOTEPATIeBTHUSCKUX MTPEapaToB,
YTO CYIIECTBEHHO BIUSIET HAa COCTOSIHUE 00ILIeH Hecte-
HU(UIECKON PE3UCTEHTHOCTH OpraHMu3Ma JKHBOTHBIX
u crienuduueckoro uMMmyHureta [1, 2].

raHu3Ma pearupyer Ha MUKPOOPTaHHU3MBI, Uy KepoJ-
HBIE KJIETKU U TOKCHYECKUE BELIECTBA, UCIIONb3Ys 1S
3aIIUTHI BOCTIATIEHHE, ParolnTo3 U r'yMopalbHbIe (ax-
TOpHI [3, 4].

HenocrarounocTs Kakoro-To 3BeHa Hecrerudude-
CKOTO MMMYHHTETA 10 ONPEACICHHON CTEIIEH! KOM-
MEHCUPYETCS 3a CYeT HOPMAILHON WIIN MOBBIIIEHHON
AKTUBHOCTH APYIUX KOMIIOHEHTOB, HO OIpEJEICH-
HBII NEPUOJ MOXKET IPOU30UTH CPBIB 3AIUTHBIX pe-
aKIUii, XapaKTepHU3yIoIuiics 001ei IMMYHHOU HeJl0-
CTaTOYHOCTBIO U Pa3BUTHEM XPOHUYECKOTO BOCIIANIE-
Hus [5].
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OOmMM maToreHeTH4eCKUM (HakTOPOM Pa3BUTHSI
MATOJIOTHYECKOTO COCTOSTHHS Y CBHHOMATOK BBICTYTIACT
CcBOOOTHOpAIWKATIBHAS MTATOJIOT UL, KOTOpast MHUIIHH-
PYeT reHepaInio akTUBHBIX ()OpM KHCIOPOAa M OKHUC-
JUTETBHBIN CTpecC, MPUBOIAIINX K N30BITOYHON BhI-
paboTke cBOOOTHBIX PAMKAJIOB U JIECTPYKIUHU Kile-
TOYHBIX MEMOPaH NPU HAPYIICHUU (PYHKIIMOHAIEHOTO
COCTOSIHFISI CHCTEMBI aHTHOKCHIAHTHOM 3alTuTHI [0, 7].

DHJIOTeHHAsS WHTOKCHKAIIHMS COMIPOBOXKIAET paz-
JIUYHBIE TTATOJIOTHYECKHE MPOIIECCHI ¥ OMPEIENISIET CTe-
IIeHb TSHKECTH TeueHus 3aboneBanus [8, 9.

[Ipu MHOTHX COCTOSIHUSIX, COIIPOBOXK/IAEMBIX CHH-
JPOMOM SHJIOT€HHOM HHTOKCHKAIIUH, YCTAHOBJICHO IO~
BBIIIIEHNE KOTMYECTBA CPETHE-MOIEKYIISPHBIX MTENTH-
noB [10, 11].

B MexaHu3Me pa3BUTHS OKHCIUTEIHLHOTO CTpec-
ca U (QyHKIIMOHUPOBAHUS CHCTEMbl aHTHOKCH]IAHT-
HOMW 3alUTHl OPTaHU3Ma aKTHBHO YYacTBYET OKCH]I
asorta [12].

Ero BmusHIE Ha OTAETHHO MPOTEKAOIINE TTPOTIEeC-
CBHI B Pa3NIUYHBIX TKAHAX SBISIETCS HEOIHO3ZHAYHBIM
1 pa3HOHamnpaBieHHBIM. CHCTEMa OKCHIA a30Ta MOXKET
OKa3bIBaTh TOPMO3sILIee ICHCTBHE Ha TEUEHHE MPOLIEC-
ca MepEeKUCHOT0 OKHUCIICHHS JIMITUIOB, 3aME IS Th CUH-
TE€3 MHOTHUX MOTEHIHATbHBIX aKTUBATOPOB JIUITHTHOM
MIEPOKCUIAININH, YIACTBOBATh B PETYISAIIUHN (HPU3HOIIO-
THYECKHX TPOIIECCOB U B MATOTEHE3e aKyMIEePCKHX Ta-
Tojoruil. IPEeKThl ASUCTBHUS OKCHIA a30Ta 3aBUCST
OT ero KOHIIEHTpaluu B KieTkax [13—15].

Lens nccnenoBanmii — U3y4UTh UMMYHO-OHOXH-
MUYeCKUH MPO(UIh y KUBOTHBIX C PUCKOM Pa3BUTHUS
MTOCJIEPOIOBOM TATOJIOTHH J0 OTIOPOCA M TIEpeT OTh-
€MOM TIOPOCHT.

MATEPHUAJIBI U METO/JbI
UCCJIEJOBAHUM

Hccnenosanms mpoBeieHB! Ha 12 CBHHOMATKAX I10-
MeCH KPYITHOH Oelloi mopoibl U TaHapaca, ¢ Maccoi
tena 180—240 Kr, KOTOPBIX PETPOCHEKTUBHO TOCIIE
oropoca pasJeNuin Ha ABe rpynnsl. B nepsoii rpymn-
e ObUIH 3710POBBIC KUBOTHBIC, BO BTOPOH — C THOM-
HO-KarapaibHbIM dHIOMEeTpUTOM 1 MMA (y O0JIbHBIX
CBHUHOMATOK uepe3 1—2 mociie onopoca perucTpupo-
BaJId YTHETEHHOE COCTOSIHUE, TIOBBIIICHUE TEMIIEPaTy-
pBbI TeTa B TeueHue 2—3 HEeH, TaToI0rnYeCKUe BhIe-
JIEHUs! U3 TOJIOBBIX OPraHOB, BOCIMAJIEHNE MOJIOYHON
JKEJIE3bl, KOTOPBIE IPEKPAILAINCE Yepe3 S5 AHEH nocie
MIPOBEICHHON TepaIin).

Ot cBuHOMAaTOK 32 10 gHEH M0 Ormopoca u mepen
OTBEMOM IOPOCAT Opanu MPoOBI KPOBH IS U3yde-
HUSL MOP(OJIOTHUECKHUX TIOKa3aTejel KpOBH, CHCTe-
MebI [1OJI-AO3 1 umMmMmyHHOTO cTaryca.

DPHUTPOIUTHI, JIEHKOIIUTHI, TeMOTJIIOOWH, TeMa-
TOKPHUT U JEUKO(HOPMYITy ONPEAEISIN C MOMOIII0
remaTtonoruueckoro anaiauszaropa ABX MICRO
S60 ¥ cTaHAAPTHBIX METOAUK IMOJCUETa KIETOK.
Conepxanue oOmMHUX UMMYHOTJIOOYJINHOB, IUP-
KYTUPYIOMIUX UMMYHHBIX kKomiuiekcoB (L{UK), T-
1 B-muMQoIToB, 0aKTepUIIuIHY 0 aKTUBHOCTH CHIBO-
potku kposu (BACK), 1M3011MMHY10 aKTUBHOCTb Chbl-
BopoTku KpoBH (JIACK), ¢parouurapHyto akTHBHOCTb
neikorutoB (DAJT), parommraproe uncio (DY), da-
rortapublil naaexc (GN), ycranaBnmBaim B COOTBET-
CTBHH C YTBEP)KIACHHBIMHA MeTOmuKamu [3, 16].

OINEeHKY COCTOSIHUSI CUCTEMBl aHTHOKCHIAHTHOM
3aIMTHI ¥ yPOBHS 9HIOT€HHON HHTOKCUKALIMH B KPOBH
TIPOBOJIVIIH C TIOMOIIIbIO criekTpodoTomerpa UV-1700
«Shimadzuy. [{yst 3TOTO OMNpeesiin aKTUBHOCTh Ka-
Tanasel U mmyrarnoHnepokcuaassl (I'TIO), konmen-
Tpauuio BUTaMuHa A U E, MaJIOHOBOrO JuajbAeru-
na (MJ1A), cTaOMIBHBIX METaOOIUTOB OKCHIA a30-
ta (NO,), BEIweCTB CpeHEN MONIEKYISPHON MacChl
(MCM) ¢ moclenyronM pacueToM HHIEKCa DHIIO-
reaHoi naTokcukanuu (MBN) [17].

st cratrctyeckoit 00pabOTKH MOy YEeHHBIX DKC-
MEPUMEHTANBHBIX JaHHBIX UCIIOJIb30BAIIN MTAKET IPH-
KInagHbIX nporpamm Microsoft Excel. Beibopounsie
CpeaHre BEIWYMHBI MPU3HAKOB, PaCIpeeeHne KO-
TOPBIX MMOTYHHSIIOCHh HOPMAIEHOMY 3aKOHY, CPaBHU-
BaJ 110 t-kputeprto CTHIOCHTA; Pa3IMyusl CUUTAIIN
3HaunMbIMHU TIpH p < 0,05.

PE3YJIBTATHI UCCJEJOBAHUM

HccnenoBanne KpoBU OT CBUHOMATOK 3a 10 gHEH
JIO TIPEAITTIONIaraeMoro ONIOPOCa HE BBISIBUIIO CTATHCTH-
YECKHU JOCTOBEPHOW Pa3HUIIBI MEXKTY TPYIIIIAMU KH-
BOTHBIX T10 COJICPKAHUIO SPUTPOILIUTOB, TEMOTTIO0NHA,
reMaToKpuTa u JelkouuToB (Tabm. 1). OnHako B jiei-
ko(opMyJie y CBUHOMATOK BTOPOW T'PYIIIBI IO CpaB-
HEHHIO C MEPBOH OTMEYaN TIOBHIIICHNE KOJMYECTBa
TIAIOYKOSICPHBIX M CETMEHTOSICPHBIX HEUTPODUITOB
Ha 83,7 % u 12,4 % cOOTBETCTBEHHO, IPU CHUKECHUU
ypciaa MoHouuToB Ha 42,9 %.

Ilepen oTreMOM MOPOCAT y CBUHOMATOK BTOPOM
TPYIIbl B CPABHECHUH C TIEPBOI KOJIMYECTBO 3PUTPO-
IHUTOB ObLTO HIKE HA 7,1 %, remornobOuna Ha 5,0 %
U reMaTokpuTa Ha 6,8 %. B KpoBH )KMBOTHBIX, IEpe-
HECIIUX TOCJIe POAOB dHIOMeTpuT 1 MMA, HaOmro1a-
JIY TIOBBIIIEHHOE COJEpKaHue JeikonuToB Ha 8,2 %,
MAJIOYKOSJIEPHBIX HelTpodmioB B 1,6 paza u mumdo-
IUTOB Ha 6,5 %.

W3menenue nokasarenei oodmiero Hecrenupuie-
CKOTO UIMMYHHUTETa y CBUHOMATOK MEPBON M BTOPOU
TPYyII B TEYCHUE OMBITA PEACTABICHBI B TaONMMIIE 2.
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Tlokazamenu KpoB8U Yy CBUHOMAMOK

Tao6auna 1

3a 10 nHe# 1o onopoca

nepes OTbeMOM TTOPOCST

Ioxasarenn
| 1I | 1I

Dputporwmtel, 10'%/71 6,5+0,19 6,3+0,12 6,0+0,18 5,8+0,08"
I'emornoOuH, /11 123,6 £2,98 | 1224+ 1,84 115,8 £2,29 109,0 £ 1,46
I'ematokpur, % 39,6 £ 0,68 38,8 £0,88 372+1,17 34,6 +0,73"
Jletikonutsl, 10°/11 12,2 +£0,24 12,7+£0,24 11,5+ 0,29 12,5+ 0,27
[ManoukosiiepHbie HEUTPODHUITBI, Yo 1,4 +0,25 2,6 +0,20™ 2,6 +0,51 4,14+ 0,40
CermeHTOsIICpHBIC HEUTPOIIIBI, Y0 32,8 +1,43 36,9 +1,30" 49,4+ 1,36 45,3+ 1,87
Dozunoduisl, % 8,6 £ 1,08 7,6 £0,75 3,6 £ 0,60 3,1+0,26
MowuormuTst, % 204032 1,1+0,14" 1,6+ 0,40 194026
Jlumdoruter, % 55,2+ 1,77 51,8+ 1,96 42,8 £0,97 45,6 +1,13"

' p<0,05

** p <0,005 orHOCHTENBHO | TPYIITIET

Taoauma 2

Tloxazamenu 061/{4612 Hecneuuqbuuecmﬁ PE3UCMEHMHOCMU CEBUHOMAMOK

3a 10 gueit no omopoca

ITepen orpeMom mopocar

IToxasarenn
I 11 I 11

Jlumdormer, 10%/m 6,80+ 0,10 6,58 £ 0,08 4,92 + 0,08 5,54+ 0,07
T-mamorurer, 10°/1 2,90 + 0,06 1,68 £0,03 | 1,81+0,06 2,2+0,07"
B-mumdornutel, 10%/71 1,42 +£ 0,06 1,81 £0,04 | 0,79 £0,06 0,93 + 0,04
®daronuTapHas akTUBHOCTH JIEHKOLIUTOB, % 77,2+ 1,29 81,7 +1,99" 79,6 +£ 1,33 75,80 = 1,45"
darorUrapHoe YUCIO 4,02 +0,07 4,59+ 0,06 | 5,96+ 0,09 5,25+0,07"
daronuTapHeIi HHIEKC 5,28 £0,08 5,69 +0,07" | 7,82+0,12 6,73 £0,08™
BakrepuiuaHas akTUBHOCTb CBIBOPOTKU KpoBH, % | 68,18 £ 0,81 | 66,19 + 1,53 56,4 £0,58 62,5+ 1,43"
JIuzonmMHast aKTHBHOCTB CHIBOPOTKU KPOBH, MT/JT 0,70 = 0,06 0,52 +0,03" 1,38 £0,18 1,51 £0,4
O01re IMMYHOTITOOYITUHEIL, T/JT 28,80 £0,79 26,4+034™ | 34,6+0,56 36,2 + 0,68
Hupkymupyroniie UMMYHHBIC KOMITICKCHI, T/1T 0,58 +£ 0,06 0,62 +£0,03 0,62 + 0,06 0,73 £0,03

" p <0,05—0,02
" p<0,005—0,001 otHOCHTENBHO | TpyIITIBI

3a 10 gHE# 1o omopoca, MpU CPaBHUTEIEHO OJTH-
HAKOBOM YPOBHE B KPOBH CBHHOMATOK KOJHMYECTBA
JTUMQOIUTOB, Y JKUBOTHBIX BTOPO# TPYMIBI Coaep-
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skanne T-mumdoruToB 610 HIKE Ha 42,1 %, a ab-
COIOTHOE Yncio B-mumdonunTtos Beime Ha 27,5 %.
[Tpu 5TOM, yMEHBIIICHHE KOHIICHTPAIUK OOIINX UM-
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MYHOIJIOOYJIMHOB 10 CPAaBHEHUIO C TIEPBOM TPYMIIOi
Ha 8,3 % CBHIIETEIHCTBOBAIO O HAPYIICHUU TPAHC-
dhopmanmu B-TuMQOIUTOB B IMIIa3MOITATEI, CHHTE3H-
PYIOIIUX aHTHTENA.

HccnenoBanue KIETOYHOTO 3B€HA UMMYHHOH CH-
CTEMBI [10Ka3aJI0, YTO Y CBUHOMATOK BTOPOM TPYIIIIbI
10 CPABHEHMIO ¢ KIIMHUYECKU 3/I0POBBIMH JKUBOTHBI-
MH TIpA 0oJiee HU3KOM coepkaHuu T-muMdonnuTon
Ha 7,6 % n JIACK Ha 25,7 % oTMedeHa BBICOKAS aK-
TUBHOCTH HelTpodmioB. Tak, garonurapHas aKTHB-
HOCTB JICWKOLUTOB ObL1a BhILIE Ha 5,8 %, (harounTap-
HBII HIEKC U paronmTapHoe yrcno Ha 7,8 %o u 14,2 %
COOTBETCTBEHHO.

[Toxazaremnm o011 HecTIeITU(pUICCKOM PE3UCTECHT-
HOCTH Y CBHHOMATOK BTOPOH TPYTITHI TIEPe]] OThEMOM
MIOPOCSAT XapaKTePH30BAIUCH POCTOM KOJIHMYECTBA JIUM-
(oumroB Ha 12,6 %, T- u B-mumdonuroB —Ha 21,5 %
u 17,7 % cooTBeTCTBEHHO, Ha (hOHE OOJICe HU3KOH (a-
TOIUTAPHOW aKTUBHOCTHU JICHKOITUTOB Ha 4,8 %, OU
u ®Una 13,9 % u 11,9 % coOTBETCTBEHHO.

B Toxe Bpems y epe0osIeBIIrX KUBOTHBIX TIOKa-
3aTeNd TyMOPaJbHOTO 3BeHA Hecrnennu(uyeckon pe-
3UCTCHTHOCTHU: OAKTEPHIIMIHON W JIM30ILMMHON aK-

TUBHOCTH CBIBOPOTKH KpoBH OblH BbIme Ha 10,8 %
1 9,4 % COOTBETCTBEHHO, OOLIMX UMMYHOIJIO0YIMHOB
U IUPKYJIUPYIOIIUX UMMYHHBIX KOMIUIEKCOB Ha 4,6 %
u 17,7 % cOOTBETCTBEHHO.

TakuMm 00pa3oM, y CBUHOMATOK, 3a00JIEBINX IO~
cie poaoB sHAOoMeTpuToM U MMA, 3a 10 guel mo
IPEAIOIaraeMoro oropoca HadJrgaeTCsl HalpsHKEH-
HOCTB 3alLUTHBIX CHUCTEM opranusma. IIpu sTom mo-
KazaTesu o01el Hecriequ(uIecKoil pe3uCTEeHTHOCTH
U TI0CJI€ BBI3IOPOBIICHUSI OTIIMYAIOTCS OT 30POBBIX
JKUBOTHBIX, YTO TPeOyeT JalbHEHIIero N3yUeHHUS TS
MOHUMAaHUS UX POJIH B TIATOT€HE3¢e MOCIIePOI0BOH Ta-
TOJIOTMHU M 3HAYCHHUS AJIsl IPOrHO3UPOBAHUSL.

ITpu m3ydyeHnu npoueccoB cBOOOAHO-paIUKalIb-
HOT'O OKHCJICHUSI U CUCTEMbI aHTHOKCHUAAHTHOH 3all-
ToI 32 10 gHEH 10 omopoca ycTaHOBJIEHO, YTO Y TOJI-
OTIBITHBIX YKMBOTHBIX BO BTOPOW TPYyIIE KOHIIEHTpa-
LIMs1 MAJIOHOBOIO AWajiberuaa obuia Beiiie Ha 23,7 %
(Tabm. 3). boree BrICOKass ”HTEHCUBHOCTH IPOTIECCOB
MEPEKUCHOTO OKHUCIICHUS JIMITUI0B BMECTE C yBEIH-
YEHHBIM COJIEPIKAHUEM MOJIEKYJI CPETHEH MACChI A,
Ha 8,3 Y%ou A, Ha7,7 % NpuBEna K poCcTy MHIEKCA JH-
JIOTEHHOH MHTOKCcHKaImu Ha 23,0 %.

Ta0nnna 3
Toxazamenu 3H002eHHOU UHMOKCUKAYUYU U AHMUOKCUOAHMHOU 3auumbl Y CGUHOMAMOK
3a 10 gueit o omopoca [lepen oTreMOM TOPOCAT
IToxaszarenu

1 I I 11
MJIA, MKMOIB/I 1,18 £0,07 1,46 + 0,05 1,29 £0,07 1,43 +0,05
MCM,,,, y. €. 0,72 + 0,06 0,78 £ 0,04 0,58 £ 0,06 0,67 + 0,04
MCM,,,, y. e. 0,26 £ 0,06 0,28 + 0,04 0,32+ 0,06 0,36 + 0,04
Hon,y. e. 14,80 = 0,48 18,20 +0,45™ 12,8 £0,42 15,6 £0,39™
NO,, MkmoIIB/1 126,40 £ 6,11 174,3 £ 4,40™ 52,6 £1,73 70,5+ 1,77
Karanasa, mmons H O, /n-Mun 28,60 + 0,94 32,30+ 0,81° 24,6 £ 0,81 28,8+£0,72"
I'T1I0, mmons GSH/n-Mun 12,40 £ 0,41 9,41+0,23" 10,8 +£0,35 9,62 +0,24"
BuTtamun A, MKMOJIB/TT 1,14+ 0,07 0,89 +0,04" 1,28 +£0,07 1,04 +£ 0,04
Buramun E, MKMOJIB/J1 14,80 + 0,48 12,1 +0,30™ 15,8 £0,52 12,9 +0,32"

" p<0,02—0,01
" p<0,005—0,001 otHOCHTENBHO | TpyIITIBI

Y CBHHOMATOK C pUCKOM Pa3BUTHSI IOCIEPOTOBOI
MaTOJIOTHH OKUCIIUTENEHOE HANPSKEHNE COTIPOBOXK /1A~
eTcst i3MeHeHneM (DyHKIIMOHUPOBaHUS ()epPMEHTATHB-
HOTO U He(hepMEHTATHBHOTO 3BEHA AHTHOKCHIAHTHOM
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CUCTEMBI: CHIYKCHUEM aKTUBHOCTH TJIyTaTHOHIICPOK-
cunassl Ha 24,1 %, KOHIICHTpAIlM BHUTaAaMHUHA A Ha
21,9 % u Butamuna E na 18,2 %. IloBeimenue ak-
THUBHOCTHU KaTtaia3bl Ha 12,9 %, BO3MOXKHO, CBSI3aHO
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C HaKOIUIEHHEM MEPBUYHBIX MPOAYKTOB JIUIOMEPOK-
CHUIAKITAU U BO3POCIINM METabO0IM3MOM B HEUTPODH-
Jax 1 Makpodarax npu KOTOpoM HapacTaeT CoAeprka-
HHUE aKTUBHBIX (POPM KHCIIOPOJa, B 00€3BPEKUBAHIH
KOTOPBIX y4acTByeT KaTtayasa [18].

KoH1eHTpalust okcuia a30ta, KOTOpbIid pacciiadis-
eT IIaIKYI0 MyCKYJIaTypy MaTKH, MTOJIZIePKUBast MaTKy
B COCTOSIHUY I1OKOSI BO BpeMs1 O6pEMEHHOCTH, y4acTBY-
€T B PETYISLUH POIOB, ABJISIETCA BAXKHOM 9aCThIO HM-
MYHHTETA, y CBHHOMATOK BTOPOM I'PyTIIBI 110 CpaBHE-
HUIO C IepBOii rpymiioii Obuta Beiie Ha 37,9 %. B cBs-
31 C TEM, YTO OKCHJI a30Ta TAK)KE ABJISETCS CHTHAIbHON
MOJIEKYJIOH, y4aCTBYIOUIEH B OKUCIUTEIBHOM CTpEC-
C€ M BOCIAJICHHUH, MOBBIIIEHHAS] HHTCHCUBHOCTD €TI0
BbIpaOOTKH B Iepuof OEpeMEHHOCTH Y CBUHOMATOK,
nepedosieBmUX dHAOMETpUTOM 1 MMA B mociepo-
JIOBOM TIEPHOJIE, MOXKET OBITH CBsI3aHAa KakK C peain3a-
LUEH ero 3alUTHON (PYHKIIMH OT TPOHUKHOBEHHS I1a-
TOT€HOB, TaK 1 C Pa3BUTHEM HUTPO3aTHBHOTO CTpECca.

HccnenoBanne KpoBU MOIONBITHBIX CBUHOMATOK
repesl OTbEMOM IOPOCST TMOKa3aJlo, 4YTO BO BTOPOMH
rpymIne Mo CPaBHEHHUIO CO 37A0POBBIMH KMBOTHBIMU
ObLI1a BBIIIE KOHIICHTPALUSI MaJOHOBOTO JUANIb/CTH-
na na 10,9 %, monexyn cpennei Macchl A, U A, Ha
15,5 % u 12,5 % coorerctBenno, DU na 21,9 %,
YTO CBUJETEIBCTBYET O 0ojiee aKTUBHOM TE€UEHUH
Yy HHUX IIPOLIECCOB MEPEKUCHOTO OKHUCIICHMS JINITUA0B
1 POCTE DHJOTEHHON HHTOKCHKALINH.

[Ipn 3TOM aKTMBHOCTH IIIIOTaTHOHIEPOKCUIA-
3Bl B KPOBH CBHHOMATOK BTOPOM TPYIIIBI ObLIA HIKE
Ha 10,9 %, a xatana3el, HampoTHB, BhImIe Ha 17,1 %,
YTO CBSI3aHO C IOBBIIIEHHOW HHTCHCHUBHOCTBIO OKHC-
JIUTENBHBIX MPOLECCOB M HAKOIUIEHUEM MEPBUYHBIX
MPOAYKTOB MEPOKCUIALINH, & TAKXKE POJIBIO KaTanas3bl
B MOAYJSALMY HUTPO3aTUBHOIO CTpeEcca IyTEM OKHC-
JICHWsI HUTPUTOB JI0 HUTpaToB [19].

Coneprxanue BUTaMUHa A 110 CPaBHEHHIO CO 3710-
POBBIMH KUBOTHBIMH OBIIIO MeHbIIe Ha 18,8 %, a BH-
tamuHa E Ha 18,4 %, 4TO, NO-BUIUMOMY, SIBISIETCS
pe3yabTaToOM MOBBILIEHHOTO PAcXo/a Ha MOJAepxkKa-
HUE OKHUCIINTEIBHO-BOCCTAHOBUTEIBHBIX MPOIIECCOB
B OpraHU3Me CBHHOMATOK.

KoHnenTpanusa oxkcuaa azora, KOTOPbIA Urpaer
CYLIECTBEHHYIO POJIb B MAaTOTCHE3€ Pa3IMYHBIX Ia-
TOJIOTHIi, B TOM YHCJE, B IPOTPECCUPOBAHUN XPOHH-
YECKOT0 BOCTIAJIEHUS], Y CBHHOMATOK BTOPOM TPpyIIIbI
HIPEBBILIAJIA JAHHBIN [T0KA3aTENb Y dKUBOTHBIX IIEPBOMI
rpymmsl Ha 34,0 % [20].

Taxum oOpa3oM, MoBpeXxAarONIee NeHCTBHE TOK-
CHUYECKUX IPOAYKTOB MeTabosn3Ma OEJIKOB U JIUIH-
JI0B, TOKCHHOB MUKPOOHOTO IPOUCXOKACHUS IIPU He-
JIOCTAaTOYHOCTH JETOKCUKAIIMOHHBIX U aHTHOKHUCIIH-

TEJIBHBIX (DAKTOPOB OpraHM3Ma 0 POJOB IIPUBOIUT
K CHWKCHMIO OOIIeH Pe3UCTEHTHOCTH CBUHOMATOK
nocye onopoca. [Ipu 3ToM NMOBBILIEHHBIH pacxo] pe-
3epBOB UIMMYHHOMN M aHTHOKCUIAHTHOM CUCTEM B OT-
BET Ha aHTUT'CHHYIO M TOKCHYECKYIO Harpy3Ky MOXKeT
MIPUBECTH K HAPYIIEHUIO MEXaHW3MOB 3aIIUTHI B Op-
TraHNW3ME KUBOTHBIX.

3AKJIIOYEHUE

OnHUM U3 BEAYIINX MAaTOreHHBIX (aKTOPOB pas-
BUTHUS I10CJIEPOJOBOr0 BOCIAJIUTEIBHOIO HpOLEC-
ca B PEMPOAYKTUBHBIX OpraHax y CBUHOMATOK SIBIIA-
€TCsl HapyIllIeHNEe OKUCIUTEIbHO-aHTHOKCUIAHTHOTO
OanaHca, YTO MPHUBOIUT K OKUCIUTEIBHOMY CTpec-
cy. CBoOOHOpaAMKaIbHOE OKHCIICHHE Y CBUHOMATOK
C THOIHO-KaTapanbHbIM 3HI0MeTpuToM 1 MMA 1o
CPaBHEHHIO CO 3I0POBBIMHU KUBOTHBIMHU IPOXOJIUT HA
0oJiee BBICOKOM YPOBHE C HApacTaHHEM SHIOTCHHOM
MHTOKCHKAILINH, IPH 0CJ1a0JIeHUH aHTHOKHUCIIUTENILHO-
ro moTeHuuansa oprannsma. Habirogaercs Takxke mo-
BBILICHUE BEIPAOOTKH OKCHA a30Ta U CHIYKEHHE MOKa-
3aTenei o0mel HecennuIeckol pe3uCTEHTHOCTH.

B cBs3u ¢ Tem, 4TO pasHbIe MEPUOJIBI TTOJIOBOTO
[UKJIa XapaKTePU3YIOTCS ONPENEIEHHBIM COCTOSTHAEM
MeTaboM3Ma, 17151 BOCCTAaHOBJICHUSI PETIPOLYKTUBHOTO
3]10pOBBSI JKUBOTHBIX IPU BOCHAIUTENBHBIX IPOIIEC-
cax B MaTKe TpeOyeTcsi KOMIIEKCHBIH TOIX0], BKIIIO-
YaroInii HCIIOJIB30BAHNE MTPETIapaToB IS KOPPEKIUU
MHTEHCUBHOCTH CBOOOTHOPAIMKAIBHBIX PEAKIUii, I10-
BBIIICHUS] aHTUOKCUIAHTHOTO CTaTyca U Hecneuupu-
YECKOM PEe3UCTEHTHOCTH B OPraHU3ME CBUHOMATOK.
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IMMUNOBIOCHEMICAL PROFILE IN THE SOWS
WITH A PATHOLOGICAL POSTPARTUM PERIOD
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Abstract. The article presents the results of the study of the immunobiochemical status of the sows with the de-
velopment of purulent-catarrhal endometritis and MMA in the postpartum period. In the blood of 12 crossbreed
sows (Large White and Landrace) 10 days before farrowing and before weaning piglets, there were determined
the content of leukocytes, erythrocytes and hemoglobin, intermediate products of free radical lipid oxidation
(MDA), markers of nitrosive (NOx) and endogenous intoxication (MWM and IEI), activity of the enzymatic (cat-
alase and GPO) and the level of the non-enzymatic (vitamins A and E) link of the antioxidant defense system, im-
munity indicators (total immunoglobulins, CIC, SBA, SLA, PAN, PhN, Phl, T- and B-lymphocytes). Compared
with clinically healthy sows, in the animals at risk of purulent-catarrhal endometritis and MMA development with
insufficient functioning of the antioxidant system, against the background of increased activity of lipid peroxida-
tion and nitrosive stress, a decrease in overall nonspecific resistance was revealed, leading to the manifestation of
an inflammatory process in the genital organs in the postpartum period. In addition, even after recovery, the im-
munobiochemical status of recovered sows differs from healthy animals, which may prevent them from the de-
velopment of effective protection in response to antigenic and toxic load.

Keywords: antioxidant protection, endogenous intoxication, general nonspecific resistance, postpartum endome-

tritis and MMA, sows

In case of the postpartum pathology development
in sows, a special role is given to the disorders of the
body’s immunological reactivity, which lead to in-
creased susceptibility of animals to various pathogens.
The transition of pig breeding to an industrial basis is
characterized by year-round non-walking maintenance
of livestock in large technological groups, early wean-
ing of piglets, rearrangements, vaccinations and the use
of chemotherapeutic drugs, which significantly affects
the state of general nonspecific resistance of the ani-
mal organism and specific immunity [1, 2].

The body’s nonspecific resistance system reacts
to microorganisms, foreign cells and toxic substanc-
es, using inflammation, phagocytosis and humoral fac-
tors for protection [3, 4].

The insufficiency of some link of nonspecific im-
munity is compensated to a certain extent due to the

normal or increased activity of other components, but
for a certain period there may be a breakdown of pro-
tective reactions, characterized by general immune de-
ficiency and the chronic inflammation development [5].

A common pathogenetic factor in the development
of a pathological state in sows is a free radical pathol-
ogy, which initiates the generation of reactive oxygen
species and oxidative stress, leading to excessive pro-
duction of free radicals and destruction of cell mem-
branes in violation of the functional state of the anti-
oxidant defense system [6, 7]. Endogenous intoxica-
tion accompanies various pathological processes and
determines the severity of the disease [8, 9]. In case
of many states accompanied by the syndrome of en-
dogenous intoxication, an increase in the amount of
medium molecular weight peptides has been estab-
lished [10, 11].
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Nitric oxide is actively involved in the mechanism
ofthe oxidative stress development and functioning of
the antioxidant defense system of the body [12].

Its effect on separately occurring processes in var-
ious tissues is ambiguous and multidirectional. The ni-
tric oxide system can have an inhibitory effect on the
course of the lipid peroxidation process, slow down the
synthesis of many potential lipid peroxidation activa-
tors and participate in the regulation of physiological
processes and in the pathogenesis of obstetric pathol-
ogies. The effects of nitric oxide action depend on its
concentration in cells [13—15].

The objective of the research is to study the immu-
nobiochemical profile in the animals at risk of post-
partum pathology development before farrowing and
before weaning piglets.

MATERIAL AND METHODS

The studies were carried out on 12 crossbreed sows
(Large White and Landrace), weighing 180—240 kg,
which were retrospectively divided into two groups af-
ter farrowing. In the first group there were healthy ani-
mals, in the second — with purulent-catarrhal endome-
tritis and MMA (in the sick sows, 1—2 after farrow-
ing, a depressed state, an increase in body temperature
for 2—3 days, pathological discharge from the genital
organs and inflammation of the mammary gland were
recorded which stopped 5 days after treatment). From
the sows 10 days before farrowing and before weaning
piglets, blood samples were taken to study the blood
morphological indicators, the LPO-AOD system and
the immune status.

Erythrocytes, leukocytes, hemoglobin, hematocrit
and leukoformula were determined using the ABX
MICRO S60 hematology analyzer and standard cell
counting techniques. The content of total immuno-
globulins, circulating immune complexes (CIC), T- and
B-lymphocytes, serum bactericidal activity (SBA), se-
rum lysozyme activity (SLA), phagocytic activity of
leukocytes (PAL), phagocytic number (PhN), phago-
cytic index (Phl) were performed in accordance with
approved methods [3, 16].

The state of the antioxidant defense system and the
level of endogenous intoxication in the blood were as-
sessed using a Shimadzu UV-1700 spectrophotometer.
For this, the activity of catalase and glutathione per-
oxidase (GPO), the concentration of vitamin A and E,
malondialdehyde (MDA), stable metabolites of nitric
oxide (NO, ), substances of medium weight molecules
(MWM) were determined, followed by the calculation
of the index of endogenous intoxication (IEI) [17].

For the statistical processing of the obtained ex-
perimental data, the Microsoft Excel package of ap-
plied programs was used. Sample mean values of signs,
the distribution of which obeyed the normal law, were
compared by Student’s t-test; differences were consid-
ered significant at p < 0.05.

STUDY RESULTS
The blood test from sows 10 days before the ex-
pected farrowing did not reveal a statistically signifi-
cant difference between groups of animals in terms of
the content of erythrocytes, hemoglobin, hematocrit
and leukocytes (Table 1).

Table 1
Blood indicators in sows
10 days before farrowing Before weaning piglets
Indicators
I I I I
1 2 3 4 5
Erythrocytes, 10'%/L 6.5+0.19 6.3+0.12 6.0+£0.18 5.8+0.08"
Hemoglobin, g/L 123.6 =2.98 122.4+1.84 115.8 £2.29 109.0 £ 1.46
Hematocrit, % 39.6 £0.68 38.8+£0.88 37.2+1.17 34.6£0.73"
Leukocytes, 10°/L 12.2+£0.24 12.7+£0.24 11.5+0.29 12.5£0.27
Stab neutrophils, % 1.4+£0.25 2.6+0.20" 2.6+£0.51 4.1 +£0.40
Segmented neutrophils, % 32.8+1.43 36.9 +1.30" 49.4+1.36 453 +1.87
Eosinophils, % 8.6+ 1.08 7.6 +0.75 3.6 +0.60 3.1+0.26
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Table 1 (the end)

1 2 3 4 5
Monocytes, % 2.0+0.32 1.1+£0.14 1.6 £0.40 1.9+0.26
Lymphocytes, % 552+ 1.77 51.8+1.96 42.8+0.97 45.6+1.13"

' p<0.05
" p <0.005 relative to group I

However, in the leukoformula in the sows of the
second group, compared with the first, an increase
in the number of stab and segmented neutrophils by
83.7 % and 12.4 %, respectively, was noted, with a de-
crease in the number of monocytes by 42.9 %.

Before weaning piglets, in the sows of the second
group, in comparison with the first group, the number
of erythrocytes was lower by 7.1 %, hemoglobin —

by 5.0 % and hematocrit — by 6.8 %. In the blood of
the animals that suffered from endometritis and MMA
after farrowing, an increased content of leukocytes by
8.2 %, stab neutrophils — by 1.6 times and lympho-
cytes — by 6.5 % was observed.

The changes in the indicators of general nonspecif-
ic immunity in the sows of the first and second groups
during the experiment are presented in Table 2.

Table 2
Indicators of general non-specific resistance of sows
10 days before farrowing Before weaning piglets
Indicators
I II I II

Lymphocytes, 10°/L 6.80£0.10 6.58 £0.08 4.92 £0.08 5.54+£0.07"
T-lymphocytes, 10°/L 2.90 +0.06 1.68 +0.03" 1.81 = 0.06 2.2+0.07"
B-lymphocytes, 10°/L 1.42£0.06 1.81 +£0.04" 0.79 £0.06 0.93 £0.04"
Phagocytic activity of leukocytes, % 77.2+1.29 81.7+1.99 79.6 £1.33 75.80 £ 1.45
Phagocytic number 4.02+0.07 4.59+£0.06" 5.96 £0.09 525+£0.07"
Phagocytic index 5.28 +£0.08 5.69+£0.07" 7.82+0.12 6.73 £0.08"
Serum bactericidal activity, % 68.18 +0.81 66.19 £ 1.53 56.4+0.58 62.5+1.43"
Serum lysozyme activity, mg/L 0.70 £0.06 0.52 +0.03" 1.38£0.18 1.51+04
Total immunoglobulins, g/L 28.80+0.79 26.4+0.34™ 34.6 +£0.56 36.2+0.68
Circulating immune complexes, g/L 0.58 £ 0.06 0.62 +0.03 0.62 +0.06 0.73+0.03

" p <0.05—0.02

" p <0.005—0.001 relative to group I

Ten (10) days before farrowing, with a relative-
ly equal level of lymphocytes in the blood of sows,
in the animals of the second group, the content of
T-lymphocytes was lower by 42.1 %, and the abso-
lute number of B-lymphocytes was higher by 27.5 %.
At the same time, a decrease in the concentration of
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total immunoglobulins by 8.3 %, compared with the
first group, indicated a violation of the transformation
of B-lymphocytes into plasma cells synthesizing an-
tibodies.

The study of the cellular link of the immune system
showed that in the sows of the second group, compared
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with clinically healthy animals, with a lower content of
T-lymphocytes by 7.6 % and SLA—by 25.7 %, a high
activity of neutrophils was noted. Thus, the phagocyt-
ic activity of leukocytes was higher by 5.8 %, phago-
cytic index and phagocytic number — by 7.8 % and
14.2 %, respectively.

Indicators of general non-specific resistance in the
sows of the second group before weaning piglets were
characterized by an increase in the number of lympho-
cytes by 12.6 %, T- and B-lymphocytes — by 21.5 %
and 17.7 %, respectively, against the background of a
lower phagocytic activity of leukocytes by 4.8 %, Phl
and PhN — by 13.9 % and 11.9 %, respectively.

At the same time, in the recovered animals, the in-
dicators of the humoral link of nonspecific resistance:
serum bactericidal and lysozyme activity were higher
by 10.8 % and 9.4 %, respectively, total immunoglob-
ulins and circulating immune complexes — by 4.6 %
and 17.7 %, respectively.

Thus, in the sows that fell ill with endometritis
and MMA after farrowing, 10 days before the expect-
ed farrowing, the tension of the body’s defense sys-
tems is observed.

At the same time, the indicators of general nonspe-
cific resistance even after recovery differ from healthy
animals, which requires further study to understand
their role in the pathogenesis of postpartum patholo-
gy and their significance for prognosis.

When studying the processes of free radical ox-
idation and the antioxidant defense system 10 days
before farrowing, it was found that in the experimen-
tal animals of the second group, the concentration of
malondialdehyde was higher by 23.7 % (Table 3). A
higher intensity of lipid peroxidation processes, to-
gether with an increased content of medium weight
molecules (A,,, — by 8.3 % and A,,, — by 7.7 %), led
to an increase in the index of endogenous intoxica-
tion by 23.0 %.

Indicators of endogenous intoxication and antioxidant protection in sows fables
10 days before farrowing Before weaning piglets
Indicators
I I I I
MDA, pmol/L 1.18 £ 0.07 1.46 +£0.05" 1.29 +£0.07 1.43+0.05
MWM,,,, c. u. 0.72 £ 0.06 0.78 £ 0.04 0.58 £0.06 0.67+0.04
MWM,,,, c. u. 0.26 £ 0.06 0.28 £0.04 0.32+0.06 0.36+0.04
IEL, c. u. 14.80 £ 0.48 18.20 +£0.45™ 12.8 £0.42 15.6 £ 0.39™
NO,, umol/L 126.40 £ 6.11 174.3 £4.40™ 52.6+1.73 70.5+1.77"
Catalase, mmol H,O_/L-min 28.60 + 0.94 32.30+0.81" 24.6 +0.81 28.8+0.72"
GPO, mmol GSH/L-min 12.40 £ 0.41 9.41 £0.23" 10.8 £0.35 9.62 +0.24
Vitamin A, pmol/L 1.14+0.07 0.89 +0.04 1.28 £ 0.07 1.04 +£0.04
Vitamin E, pmol/L 14.80 £ 0.48 12.1 £0.30" 15.8+0.52 12.9+0.32"

*p <0.02—0.01
" p <0.005—0.001 relative to group I

In the sows at risk of postpartum pathology devel-
opment, oxidative stress is accompanied by a change
in the functioning of the enzymatic and non-enzymat-
ic link of the antioxidant system: a decrease in the ac-
tivity of glutathione peroxidase by 24.1 %, the concen-
tration of vitamin A— by 21.9 % and vitamin E — by
18.2 %. An increase in catalase activity by 12.9 % may
be associated with the accumulation of primary prod-
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ucts of lipid peroxidation and increased metabolism
in neutrophils and macrophages, in which the content
of reactive oxygen species increases, in the neutrali-
zation of which catalase is involved [18].

The concentration of nitric oxide, which relaxes
the smooth muscles of the uterus, keeping the uter-
us at rest during gestation, is involved in the regula-
tion of farrowing, is an important part of immunity, in
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the sows of the second group, compared with the first
group, was by 37.9 % higher. Due to the fact that ni-
tric oxide is also a signaling molecule involved in ox-
1dative stress and inflammation, the increased intensi-
ty of its production during gestation in the sows with
endometritis and MMA in the postpartum period may
be associated both with the implementation of its pro-
tective function against the penetration of pathogens
and with the nitrosative stress development.

The study of the blood of the experimental sows
before weaning piglets showed that in the second
group, compared with healthy animals, the concentra-
tion of malondialdehyde was higher by 10.9 %, medi-
um weight molecules (A,,, and A, — by 15.5 % and
12.5 %, respectively), IEI — by 219 %, which indi-
cates a more active course of lipid peroxidation pro-
cesses and an increase in endogenous intoxication.

At the same time, the activity of glutathione perox-
idase in the blood of the sows of the second group was
lower by 10.9 % and catalase, on the contrary, high-
er by 17.1 %, which was associated with an increased
intensity of oxidative processes and accumulation of
primary peroxidation products, as well as the role of
catalase in the modulation of nitrosative stress by ox-
idation of nitrites to nitrates [19].

The content of vitamin A compared with healthy
animals was less by 18.8 %, and vitamin E — by
18.4 %, which was the result of an increased con-
sumption for maintaining redox processes in the body
of sows.

The concentration of nitric oxide, which plays a
significant role in the pathogenesis of various pathol-
ogies, including the progression of chronic inflamma-
tion, in the sows of the second group exceeded this in-
dicator in the animals of the first group by 34.0 % [20].

Thus, the damaging effect of toxic products of pro-
tein and lipid metabolism, toxins of microbial origin,
with insufficient detoxification and antioxidant factors
of the body before farrowing, lead to a decrease in the
overall resistance of sows after farrowing. At the same
time, an increased consumption of the reserves of the
immune and antioxidant systems in response to an an-
tigenic and toxic load can lead to a violation of the de-
fense mechanisms in the animal body.

CONCLUSION
One of the leading pathogenic factors in the devel-
opment of postpartum inflammation in the reproduc-
tive organs of sows is a violation of the oxidative-an-
tioxidant balance, which leads to oxidative stress. Free
radical oxidation in the sows with purulent-catarrhal
endometritis and MMA, compared with healthy an-
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imals, takes place at a higher level with an increase
in endogenous intoxication, with a weakening of the
body’s antioxidant potential. There is also an increase
in nitric oxide production and a decrease in overall
non-specific resistance.

Due to the fact that different periods of the sexual
cycle are characterized by a certain state of metabo-
lism, to restore the reproductive health of the animals
with inflammatory processes in the uterus, an integrat-
ed approach is required, including the use of drugs to
correct the intensity of free radical reactions, increase
the antioxidant status and nonspecific resistance in the
body of sows.
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BHEIPUTPOLIUTAPHOI JOJIM TeMOIIIO0MHA, YTO 00YCIIOBJICHO MOBBILIEHHEM ITPOHUIIAEMOCTH MEMOPaH 3pUTPOLIH-
TOB. B pesynbrare, BO3HUKAET THIOXPOMUS, T. €. CHIDKAETCSI KUCIOPOAHAs eMKOCTh KPOBH, YTO B KJIMHUYECKOM
IUTAHE COOTBETCTBYET MIPEJAHEMUYECKOMY COCTOSHMIO. [ KOMIIEHCAIIUH PUCKA MPOrPECCUPOBAHUS THITOKCHI
AKTHBU3UPYETCS SPUTPOII0I3, YTO MO3BOJISIET UCKIFOYHUTH MTPU (PU3HOJIOTHYECKON OEpEMEHHOCTH Pa3BUTHE I10J1-
HOILIEHHOTO CUMIITOMOKOMITIIEKCa aHeMuu. OIHAKO MPH ATUTEIHHOH Meperpy3Kke KOCTHOIO MO3ra MOTYT BO3HHK-
HyTb cOOM ero paboThI ¥ IPOLIECCOB APUTPOIIOI3a. BHavae 3T0 mposBUTCS pacIMpeHHeM BapuadeIbHOCTH pas-
Mepa PUTPOLIUTOB C YBEIMUEHUEM JI0JIU MEJIKUX KJIETOK, HO 3aT€M BO3HHUKAET PUCK PAa3BUTHUS TMIIOXPOMHOM MH-
KpPOLUTApHOW aHEeMHHU. Y OOJIbHBIX aHEMHEH M TOKCHUECKOH UCTPO(UH IeueHH W3HAYaIbHO HMEETCSI aHeMUSI.
[Tpu 5TOM, 00€ aTOJIOTMK UMEIOT COOCTBEHHBIE B3aMMOIOIIONHSIOLIME MEXaHU3Mbl Pa3BUTHSI aHEMHH, T. €. UMe-
et Mecto cuHTponus. [Ipu Hannumm renaro3a n aneMun y OepeMeHHbIX, Ha ()OHE BBISIBICHHOW Y HUX TEHJICHLIUH
K THIIOXPOMHH, HAOJIIOIAeTCsl YCUIICHNE BBIPQXKEHHOCTH paHee UMelolleiics anemuu. Pa3Burue recrosa He oka-
3bIBAaET CYLIECTBEHHOE BIIUSIHUE HA 3PUTPOLIUTAPHYIO CUCTEMY, HO ITPU HEM OTMEYEHO 0oJiee 3HaYUTEIbHOE 10~
BBILIICHUE IPOHUIIAEMOCTH MEMOpaH 3pUTPOLMTOB U AeduIMTa B HUX reMorioonHa. B pesyibrare, y 60abIInH-
CTBa KMBOTHBIX aHEMHS HE BO3HHKAET, HO BO3PACTAET PUCK €€ Pa3BUTHSI IPU HAJIMYMH TIpepacioaraomumx dax-
TopoB. [ToaTomy, npu coueranuun y OepeMEHHBIX Ieraro3a, aHeMHH U T'eCT03a XapaKTep reMaToorHYeCcKuX
M3MEHEHHH OIPEEISIOT SKCTpareHu TalIbHbIe narojorud. OHaKo, MoKa3aHo, 4To NPH IaHHOH KOMOPOUTHOH 11a-
TOJIOTMHU HAOJII0aeTCs pa3BUTHE OoJiee TxKENIoN (pOpMbl aHEMHUH, T. €. UIMEET MECTO IIPOTrPECCUPYIOIINH XapaK-
TEp MHTETPaIbHOIO NaroreHes3a. B naHHOW KOMOPOWIHON CTPYKType coueTanue OOJIe3HH IIEYeH! U KPOBU SIBJISI-
eTcst (POHOBOM, a recT03 — OCJIOKHSIIONIEH 11aTOJIOTHEH.

KioueBble ciioBa: KOpPOBBI, )PUTPOLUTAPHAS CUCTEMA, KOMOPOUIHOCTh, aHEMHUsI, TOKCHYECKasi TUCTPOdus T1e-
YeHH, FeCT03, MaCTUT

310pOBbE MATOUHOTO TIOTOJIOBbS SBJISIETCSI OCHOB-
HBIM JTUMUTHPYIONIHM (PaKTOPOM Pa3BUTHUS MICHOTO
1 MOJIOYHOTO CKOTOBOJCTBA. B cTpykType 3a00meBae-
MOCTH KOPOB Mpeo0JialaeT Marojorus OpraHoB BOC-
[IPOU3BOJICTBA, aKTYaJIbHOCTh KOTOPO Han0O0JIee BhI-
cokast y 0epeMeHHBIX U B HOBOTEJIbHBIHN niepuo [ 1, 2].
PenpoiyKTHBHBIC HAPYILICHHS, B Y4CTHOCTH, aKyIlIep-
CKasl MaTOJIOTHsI, TAKUE Kak OCCIUIONNE, HEBBIHAIINBA-
Hue OepeMeHHOCTH, (DeTOoIIalleHTapHAS HEIOCTaTOY-
HOCTDB U ITPEIKITAMIICUS ABJIAIOTCA IIPEIMETOM MHOTUX
HCCIIeIOBAaHUHN B 00JIACTH MEAUITUHCKUX U BETEPHHAP-

HbIX HayK [3—>5]. B ckOTOBOACTBE 3TH IATOJIOTUU BXO-
JIAT B YKUCJIO OCHOBHBIX MPUYUH BOSHUKHOBEHUS TU-
HEKOJIOTMYECKUX M IIEPUHATAIBHBIX 3a00JIeBaHMii [6].
[Ipesxmammcust (TecTo3, MO3THIN TOKCHKO3) TIPEICTaB-
JIIeT OO0 MaTONOTHIO OEPEMEHHOCTH, XapaKTePH3y-
IOIIYIOCS apTepPHAIIbHON THITEPTEH3UEH, POTEUHY PH-
ell, oTeKaMu 1 HapymieHneM (DyHKIIUH MHOTHX CUCTEM
opranusMa. HecMoTpst Ha CpaBHUTEITBLHO OOJIBIIIOE KO-
JIMYECTBO IMyOJIMKAIMHI, TOCBAIICHHBIX JaHHOW TPO-
OyleMe, MHOTHIE BOIIPOCHI €€ BO3HUKHOBEHUS W TIaTO-
reHesa He u3y4eHsl [7]. IlepBrle aganTamoHHEIE pe-
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aKIUU Ha OEPEeMEHHOCTb, MPOUCXOJSAT CO CTOPOHBI
MUKPOIUPKYISINAN, TO3TOMY MOYHO TPENIMTOI0KHTD,
YTO B Pa3BUTHH MPEIKIAMIICUN BaXKHAS POJTb IPUHA-
JIEKUT PEOJOrHUECKUM HapyeHusMm [8, 9]. [Ipu satom,
0c0OBII HHTEPEC MPEACTABIISET COCTOSHIE SPUTPOLH-
TOB, KOTOPBIE SIBIISIIOTCS BEAYIUM (pakTopoM, orpee-
JISTIOIIMM MUKPOLMPKYIALIUIO, & TaKKe oOecreunBa-
TOT aJICKBaTHYIO TKAaHEBYIO Nep(y3unto u ra3000MeH Ha
ypoBHe Mukpococynos [10, 11]. Oanaxo, ¢ KnuHHYE-
CKOM TOYKH 3pEHUS1, BAXKHO 3HATH HE TOJIBKO POITH JHC-
(YHKIHI SPUTPOLIUTOB B PA3BUTHH T€CTO3a, HO U 0CO-
OCHHOCTH ero TeueHus Ha poHe paHee BO3HUKIIUX 00-
ne3Heit kporu. [loaTomy, 1enpio Hammen padoThI OBLIO
M3yYeHHUE COCTOSHUS SPUTPOIUTAPHON CUCTEMBI TIPH
0epeMEeHHOCTH HEOCIIOKHEHHOU U OCIIOKHEHHOH aKy-
LIEPCKOM U DKCTPAareHUTAIbHON MaTONOrHEH.

MATEPUAJIBI U METO/bI
UCCJEJOBAHUM

B yc10BHSX MOJIOYHO-TOBapHOM (hepMBI, pactiono-
YKeHHOU B BopoHexckoii 061acTu, B iepuon ¢ 1 utoHs
o 25 utons 2022 roaa NpoBOIUINCH UCCIIEIOBAHUS,
00BEKTOM KOTOPOT0 OBLITH KOPOBHI B BO3pacTe 3—06 JieT
KpacHO-TiecTpor (BOpoHEKCKUI THIT) M TOIIITHH-
CKOH YepHO-TIeCTPOH (BEHTepCKasi CENEKIN) MOPO/I.
JKuBoTHBIE cofiepKannch OECIIPUBSA3HO B TPYTITOBBIX
CEKIIUAX C UHIUBUYaTHHBIMU ITOIyOOKCAMH IS OT-
JIbIXa, a JJIs TIPOTYJIKU MUMETH CBOOOHBIN BBIXOJ] Ha
BBITYJIBHYFO IIJIOIIAJIKY, 000PY/IOBAHHYIO HAaBECOM.
CocTaB ¥ NMUTATEIBHOCTh WX PAI[MOHA OBLI COCTaB-
JIEH C y4eTOM (PH3UOIOTHUIECKOTO COCTOSIHHS M COOT-
BETCTBOBAJI CYIIECTBYIOIINM B HACTOSIIIEE BPEMS pe-
KomeHanusm [12].

Ha ocHOBaHuMM pe3yibTaToB JIUCIIAHCEPU3AIUU
ObLTH CPOPMUPOBAHBI BOCEMb I'PYIIIT ) KUBOTHBIX: Ne 1
(TTONOXKUTENBHBIN KOHTPOIB, 1 = 25) — KIMHUYECKU
3mopoBbie HeOepemMeHHble Ha 115—125-it nenp nak-
taruu, Ne 2 (n =25) — nebepemennsie (115—125-i
JICHb JIJAKTaIlliK ) OOJIbHBIC T'eIIaTo30M M aHeMueH, Ne 3
(n =25) — KIMHUYECKH 3[0OPOBBIC CO CPOKOM Oepe-
MeHHOCTH 4,0—4,5 mecsnia Ha 215—225-1 ieHb JTak-
taruu, Ne 4 (n =25) — GonbHBIE TENMATO30M U aHe-
MHEH co cpokoM OepemerHoctr 4,0—4,5 Mecsia Ha
215—225-# nenp nakramuu, Ne 5 (n = 25) — KIWHU-
YECKH 3[I0POBBIE CO CPOKOM OepemenHocTu 7,5—38,0
Mecses, Ne 6 (22) — OepeMeHHbIE CO CPOKOM 7,5—
8,0 MecsII1eB 1 HATMYUEM Te€CTO3a CPETHEH TSKECTH Te-
yerns, Ne 7 (n = 23) — GepeMeHHBbIE CO CPOKOM 7,5—
8,0 Mecs1IeB 1 HAITMIHUEM COUCTAaHUA T'eIIaTo3, aHeMHUS
M TecTo3a cpemHel Tshxect TedeHust u Ne 8 (n =20) —
OOJIBHBIC TEMaTo30M U aHeMHUEH CO CPOKOM OepeMeH-
HoctH 7,5—8,0 Mmecsna.

Huddepennmalinio KUBOTHBIX, TI0 HAJTHIHIO Oec-
PEMEHHOCTH ¥ €€ CPOKY, IPOBOAMIN Ha OCHOBAaHUU
pe3yabTaTOB PEKTAJIbHOTO O0CIIeA0BaHMs, a rpaja-
[UIO- TI0 COCTOSIHUIO 3I0POBbsI — I10 JAaHHBIM KITU-
HUYECKUX, HHCTPYMEHTAIBHBIX U JJA0OPATOPHBIX HC-
cienoBaHuil. Bee )KMBOTHBIE HAXOJUIIMCH O] IIOCTO-
SHHBIM HaOIIOICHWEM B TEUEHHUE JBYX MECAIEB OT
UCXOZHOTO 00CIIeIOBAHMS.

O/HaKO B YKa3aHHBIC BBIIIE CPOKH JIAKTAIIUN HITU
0epeMEHHOCTH KHBOTHBIC OHU IOJBEPrajnuch Oomee
JIeTaabHOMYy oOcienoBanuio. [Ipu 3ToM, KIMHUKO-
HHCTPYMEHTAIbHOE 00CJIeHOBaHNE TPOBOIUIN 00-
HICTIPUHSATBIMA METOJIAaMH, a MPOOBI KPOBU IS Jia-
0OpaTOpHOTO aHajIM3a OTOMPATU U3 SIPEMHOH BEHBI
B BakyymHble npoOupku EJIAME]] ¢ aktuBato-
pOM CBepTHIBaHMS (IUOKCHJ KPEMHHUsS) WINA C aHTH-
xoaryasarom (K,9ITA), cooTBeTCTBEHHO, 1Is TO-
JTy4yeHust oOpas3la ChIBOPOTKH WJIM LEIbHOH KPOBH
(AO «Enaromckwuii mpuOOpHBIN 3aBoa», Poccns). [Tpu
WCCIIeIOBAHUH KPOBH HCIOIB30BAIM KOMMEPUYECKHUE
Habopbl peaktnBoB «/luaBer Tect» (AO «J/lmakoH-
JC», Poccust). Knuandeckuii AnarHo3 CTaBUIIM C y4e-
TOM CHeNU()UIESCKUX KIMHUYECKUX CUMIITOMOB H pe-
3yJBTaTOB UCCIIe0BaHUS KpoBH [12, 13].

[Ipu TOM, TOKCHYECKYIO TUCTPOPUIO IMEUEHU
(remaTo3) KOHCTAaTHUPOBAIHM MPU BBISIBICHUU BBICO-
KOI'0 YpOBHS XojecTepHuHa (= 5,5 MM/1), Gunupyou-
Ha (> 18,0 MKM/11), aKTHBHOCTH aJJaHHHAMHUHOTPAHC-
dbepassl (= 40,0 E/n), acnapraramuHoTpancdepassl
(> 100,0 E/n), menounoii pocdaraser (>200,0 E/n),
rammariyTamuaTpancdepassr (> 25,0 E/n) u copou-
tonaeruaporeHassl (> 1,5 E/m). Ha mannuaune anemun
yKa3bIBaJIO CHI)KEHHUE BEITMUMH remarokpuTa (< 25,0),
remornoouna (< 85,0 r/11) u ero comepxaHusi B 3pu-
TporuTax (< 16,0 nr). OcHoBaHUEM [JIs1 KOHCTAaTa-
MU TPEedKJIaMIICUU (TecTo3a, MO3HEro TOKCHUKO3a
0OepeMEeHHBIX) SIBISIOCH COUETAHUE OTEKOB, MOBHIIIIE-
HUs ypoBHs Oeiika B Moue (= 0,3 1/11), IMCTOIMYECKO-
ro (> 55,0 Mm.pT.CcT.) U cuctoarueckoro (> 135,0 mm
PT. CT.) apTepHaIbHOTO JaBICHUSL.

OueHKy 2pUTPOLUTAPHON CUCTEMBI MPOBOIU-
JI1 Ha OCHOBAHHHM IOKa3aTesieil KOJMuecTBa 3pUTPO-
IIATOB, YPOBHS T€MaTOKPHUTa, OOIIEro reMOTIIOONHA
1 ero BHedpuTpormTapaoi dhpakuuu (BOI'), cpemme-
ro conepxanus (MCH) u xonnientparun (MCHC) re-
MOIJIOOHMHA B SPUTPOLIUTE, & TAKKE CPEIHEro 00beMa
sputpounutoB (MCV) u cTeneHu Bapualuu TaHHOU
BenuuHbl (RDW).

[Ipu craTrcTHYECKOM aHaHM3€e TOTyYeHHBIX BEJH-
YUH PACCYUTHIBAIIN CPETHIO apH(PMETHIECKYIO U ee
omunOKy (M + m), a TOCTOBEPHOCTh MEKIPYIIIIOBOTO
pasznnuus (p) oLeHUBa K Mo Kpurepuio CThIONEHTA.
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Cocmosinue 3pumpoyumapHoll cucmemvl npu KOMOPOUOHOU NAONOSUU ) KOPOB

PE3YJBTATHI HCCJIEJOBAHUM
N OBCYXIAEHUE

OO6cemoBaHme TTOKa3ajIo, 4TO Y 3M0POBBIX HeOe-
PEMEHHBIX U OEPEMEHHBIX KOPOB OTCYTCTBOBAIIH MPHU-
3HAKM KaKOW JINOO MaTOJIOTUH, OHH UMEIH XOPOIINi
aIlleTUT U ObUIM aKTUBHBI. Y OOJBHBIX IenaTo3oM u/
WJIH TETIaTO30M U aHEMHUEH COXPaHSLJICS alleTHT, HO Ha-
0JII0/1aJ710Ch YMEHBIIICHHUE JIBUTATEIbHON aKTHBHOCTH
1 YBEJIMYCHHE BPEMEHH, KOT/Ia OHH JIexkKaT. Pe3ynsrarh
HaOMIONEHNUS 3a KUBOTHBIMU ITOKA3ajIHd, YTO B Haya-
JIE OIbITA y BCEX JKUBOTHBIX OTCYTCTBOBAJIM CHMIITO-
MBI [TATOJIOTUW MOJIOUHOM xkesie3bl. OHAKO B TIEPUOT

HaAOJIONICHUS CPEAM MCXOIHO 3/I0POBBIX HE OepeMeH-
HBIX W BTOPOTO TPUMECTpa TeCTAIMH JTHArHOCTHPO-
Bayw MacTuT Kianandecknii y 4,0 u 4,0 %, a cyOoxmm-
Huyeckuit — y 4,0 u 8,0 % xuBoTHBIX. B TO Bpems,
KaK [TPH UCXOHOM HAJTMYUH KOMOPOH/THON NaTOJI0TUU
3a0071€BaeMOCThL XOJI0CTEIX cocTaBuna 12,0 u 8,0 %,
a 6epemennbix —y 12,0 1 20,0 %.

Pe3ymnpraTe ananm3a KpOBU MPEACTaBICHBI B Ta0-
munax 1 1 2, U3 KOTOPBIX BUIHO, YTO MPH (HU3HOIIO-
TUYECKO OEpEMEHHOCTH MPOUCXOJIST U3MEHEHUS Te-
MaTOJIOTUYECKOTO TPOQUIIS, BEIPAXKECHHOCTh KOTOPO-
T'O 3aBHCHUT OT I€CTAIIMOHHOTO CPOKA.

Tabauua 1
Temamonoeuueckue nokazamenu Kpogu KOpos HebepeMeHHbIX U OepemerHblx co cpokom 4,0—4,5 mecsyes
[Moxkazaremnu / KopoBbI co cpokoM OepeMeHHOCTH
HeGepemeHHbBIE KOPOBBI
I'pynmna >kMBOTHBIX 4,0—4,5 mecsnes
3n0poBbie I'enato3, anemus 310poBbIe I'enaro3, anemus

Dpurpouutsl, 10"/ 6,15+0,135 5,10+ 0,117 6,40 + 0,207 5,30 £ 0,125
I'emornoOuH, /71 114,0 + 4,20 85,0+ 1,70 110,5+ 2,11 85,0+ 1,19
I'ematokpur, % 32,6 £ 1,01 25,00 +0,51 31,9+ 0,870 24,7+ 0,70
BOT, r/n 0,27 + 0,005 0,52+ 0,013 0,35+0,012" 0,58 + 0,021
MCH, nr 18,54 +£ 0,413 16,60 0,210 17,11 £ 0,388 16,04 + 0,240
MCHC, r/n 349,7+£5,92 340,0 £4,27 346,4+ 3,74 344,1 £4,00
MCV, pm? 53,01 £0,710 49,02 +0,617" 49,60 + 0,713 46,6 £ 0,508
RDW, % 13,20 £ 0,441 18,7 £0,288 14,3 £ 0,260 19,8 £0,155

*P<0,05

" P<0,01

" P<0,001 — B cpaBHEHHH CO 3I0POBBIMH

B cpaBHEeHUY ¢ moka3aresiMu HeOePEMEHHBIX, OT-
MEUEHO yBEJIMYeHHE YpPOBHs 3puTpounToB Ha 4,9 %
y OepeMeHHBIX co cpokoM 4,0—4, 5 MmecsieB u Ha
6,0 % B TpetbeM TpuMecTpe, RDW Ha 8,3 u 12,1 %.
[TomuMo 3TOTO, HAOMIOMAETCS HEKOTOPOE yMEHBIIIe-
nue remornoouna, MCH, MCHC u MCV. Ilpu 3tom,
HECMOTpPSI Ha YMEPEHHYIO BBIPAKEHHOCTH MPOUCXO-
JSIIIUX U3MEHEHUH, (POPMUPYETCsl TOCTOBEPHAs TCH-
JEHIHS Pa3BUTHS TUTIOXPOMHH CO CHIDKEHHEM 00T1I1e-
ro TeMOTIIOOWHA, €r0 COEeP)KaHUS W KOHIICHTPAIUU
B spuTponutax. OMHON U3 MPUYNH aHEMHUU SBISIETCS
YBEIIMYCHHUE TIPOHHUIIAEMOCTH MEMOpaH SPUTPOIIUTOB
U BBIXOJ] TEMOIJIOOMHA U3 KJIETOK, HA YTO yKa3bIBaeT
yBenuyeHue ypoBHs BOI' Bo BTOpoMm u TpeTbeM TpH-
MeCTpe, COOTBETCTBEHHO, Ha 29,6 u 40,7 %.

BrisiBIeHHOE TTOBBIIEHHE KOJTUYECTBA DPUTPO-
LIMTOB ¥ BapraOEIIbHOCTH UX Pa3MepPOB yKa3bIBaeT Ha

aJanTallMOHHO-KOMITEHCATOPHYIO aKTHBH3AIIUIO KOCT-
HOro Mo3ra. [ 14], Ho JututensHast GyHKIIMOHATIHHAS Ha-
rpy3Ka Ha Hero (hOpMHUPYET PUCK COOS ITPOIIECCOB dDPHU-
TPOII033a, Ha YTO YKa3bIBaeT TEHACHIINS K YMEHBbIIIe-
HUIO o0bema sputporutoB (MCV). MHorue aBTopsl
OTMEYaIOT CPAaBHUTEIBHO LTMPOKOE pacpOCTpaHEHHE
aHeMHUH cpeaun OepeMeHHbIX [15, 16]. BoisBieHHbIC
HaM{ M3MEHEHUS TeMaToJIOTHYeCcKOro MpouiIs He
JTAIOT OCHOBAHUS JUIA KOHCTATallMW HAIMYUS y HHUX
anemud [17, 18]. OnHako, moKa3aHO HATIMYHE PUCKA €€
Pa3BUTHS B BUJIC IPUUMHHO-CIIEICTBEHHOTO IIPOLEC-
ca, MHUITUUPYEMOTO MOBBIIMICHHEM MTPOHUIIAEMOCTH
MeMOpaH PUTPOIIUTOB CO CHUKEHHEM KOHIICHTPALIUH
W Ccofep KaHWs B HUX remMornnoomHa. J[ins xommenca-
IIUHU, BO3HUKAIOIIEH TIPH 3TOM THITOXPOMHUH SPHUTPO-
[IUTOB, aKTHBU3UPYETCs paboTa KOCTHOTO MO3Ta, HO
JUTATENbHAS (PYHKIIMOHAIbHAS HArPy3Ka CHIDKAIOT €T0
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KOMIICHCATOPHBIN MTOTEHIINAJ U, BOBMOXKHO, B COUETa-
HUU C 1e(PUIINTOM CTPYKTYPHBIX METabOIUTOB (Kee-
30, (osatel 1 ap.) [19] cHIKAETCsS Ka9eCTBO IPUTPO-
o33a ¢ TEeH/ICHIUEH K aHU30I[UTO3Yy C YBEIIMYCHUEM
JIOJIA SPUTPOLIUTOB MEHBIIETO pa3Mepa.

Takum o6pa3om, npu OEPEMEHHOCTU TPOUCKOJISAT
M3MEHEHUS SPUTPOIUTAPHON CUCTEMBI, U3 YUCIIA KOTO-
PBIX HanboJsee BhIPaKeHbI — 3TO TEHACHIINS K THTIO-
XPOMHH Y TIOBBIICHUIO YPOBHS BHEIPUTPOLIUTAPHOTO
reMOIOOMHA, KOTOPbIe POPMHUPYIOT PUCK BO3HUKHO-
BEHUS aHEMHUU, HO JIJISl €€ Pa3BUTHSI HEOOXOAMMBI J10-
MOJIHUTEIIbHBIC (DAKTOPBI, TAKHE KaK YCUIICHUE CTETIe-
HU JECTPYKIUK MEMOpaH 3pUTPOIIMTOB U BTOPUUHBIX
HapYyIICHUA SpPUTPOII033a (TOKCHUeCcKast TUCHYHKITHS,
nedunut notpedienus u ap.) [19].

Y KOpOB U3 rpymIlbl 2 IUarHOCTUPOBAIN HATTHUNE
TOKCUYECKOM TUCTpoduu reueHu (Ternaro3) i aHeMHUH.
[Ipu >TOM, CIOKHO OMPENETUTH OYEPETHOCTH PA3BU-
TS yKa3aHHBIX 3a00JI€BaHUN, T. K., TPH AHEMUH YaCThI
CITy4Jau HapyIIeHUS TemaroOnInapHoi cucteMsl [20,
21], a reMaToIOTHYECKUE CABUTH HAOIIONAIOTCS TIPH
MHOTHUX 3a00sieBaHusIX reuenu [22, 23]. [Toatomy, Mbl
KOHCTaTUpPyeM HAJIUYUE COUCTAHUS JIByX CaMOCTOS-
TEJNBHBIX 3TUX OOJIE3HEH, T. €. UMEET MECTO KOMOP-
OumHast maroyiorwsi. Y OONBHBIX HeOCpEMEHHBIX W Ha
BTOPOM TpHUMeECTpe OepeMEeHHOCTH OTMEUeHBI aHaJIO-
THUYHBIC 110 HAITPABICHUIO M CTETIEHU BHIPAXKEHHOCTH
M3MEHEHUS U3y4aeMbIX TIoKa3zareneil. Tak, y HUX OKa-
3aJIMCh HUXKE, YEM Y 30POBBIX, YPOBEHB YPUTPOILIUTOB
coorBeTcTBeHHO Ha 17,1 u 17,2 %, remorinoOuna Ha
25,41 23,1 %, remarokputa Ha 23,3 1 22,6 %, MCH

Ha 10,51 6,3 % u MCV Ha 7,5 1 6,0 %, HO BBIIIC BEIH-
quasl BOI'Ha 92,6 1 65,7 % n RDW nra 41,6 1 38,5 %.

TakuMm 00pazoM, y HeOEpEMEHHBIX H Ha BTOPOM
TpUMecTpe OepeMEeHHOCTH, pa3BUTHE KOMOPOUAHOM
TIaTOJIOTHH, BKITIOYAOIIEH B ce0s rernaro3 U aHeMHUIO,
UMEET MECTO YCWIICHHE NEeCTPYKIMU MeMOpaH 3pu-
TPOLIUTOB M AHEMUS C BBIPAXKECHHBIMHU THIIOXPOMHU-
el u spurpouutoneHueil. CoyetaHue yMEHbILIECHUS
KOJIMYECTBA SPUTPOLMTOB M COIEP)KAHMS B HUX Ie-
MOIJIOOMHA XapaKTEepPHO JJIsl aHEMHUH NMPH XpOHHYE-
CKUX 3a00JICBaHUSAX, B MATOTEHE3¢ KOTOPOU HAOII0-
JaeTcsl codueTtanue aeduuura xenesza (pexe ¢oue-
BOW KHCIIOTBI), HAPYLICHUS! CHHTE3a 3PUTPOIIOITHHA
Y THNEPIPOAYKIMN (PAKTOPOB, YTHETAIOLIUX IPUTPO-
1mo33. [24]. [lomumo 3TOTO, Y OEpEMEHHBIX Ha (OHE
($U3N0NIOrnUecKor TEHACHIIMN K YMEHBIICHUIO 00be-
Ma SPUTPOIMTOB U PACHIMPEHUS BAPHAOCITHHOCTH X
pa3MepoB, OTMEUEHO YCHUIJIEHHE BBIPAKEHHOCTH aHU-
30LIMTO3a U MUKPOLIUTO3A.

VY GosbHBIX (Tenaro3, aHeMHsi) KOPOB CO CPOKOM
oepemenHoctH 7,5—8,0 MecsIeB UICHTHYHBIN reMa-
TOJOTUYECKHUI POQHIIb, YKA3bIBAIOIIUI HA HATTMYUE
TUIIOXPOMHOW MUKPOLMTAPHON aHEMHUM C BBIPAYKEH-
HBIMH HapyIIeHUSIMA (YHKITHH MeMOpaH dPUTPOITH-
TOB M BapruaOeIbHOCTH UX pazmepa (tadn 2). [Ipu paz-
BUTHH Ha 3TOM CPOKe OEpEeMEHHOCTHU recrosa (cpen-
HSIS CTETICHB TSYKECTH ) HE IPOUCXOJIAT CyLIECTBEHHbIE
WU3MEHEHMUSI SPUTPOLUTAPHOM cucTeMBbl. cKiltoueHne
COCTAaBJISIET YBEJIMUEHHE, B CPABHEHUH CO 3I0POBBI-
mu, yposas BOI (12 39,5 %) u RDW (ua 29,4 %), HO
ymenbiiearne MCH (#a 3,9 %) u MCV (6,6 %).

Tabmuna 2
T'emamonozuyeckue noxkasamenu Kpogu Kopog co cpokom bepemennocmu 7,5—38,0 mecsayes
ITokaszarenu / T'ecro3, remaros,
310pOBBIE I'ecto3 I'enaro3, anemus

I'pynna sxuBOTHBIX aHeMHUs
DpurpouuTtsl, “10'%/1 6,52 +0,206 6,56 +0,284 5,25+0,163 5,57 +0,100
I'emornoOuH, /71 108,5 £2,11 105,0 +£2,21 81,0 £ 1,30 85,3 +1,35
Iematokpur, % 31,50+ 0,414 29,61 £0,381 22,540,260 24,40 £ 0,371
BOT, r/n 0,38 £0,010 0,53 £ 0,008 0,78 £0,014 0,65 +0,015
MCH, nr 16,65 £0,370 16,00 £ 0,368 15,42 £0,315 15,30 £ 0,325
MCHC, r/n 344,4 £531 354,6 £ 4,62 360,0 £5,18 349,6 £ 5,47
MCV, pm? 48,3+ 0,75 45,1 £ 0,66 42,8 +0,61 438 +1,14
RDW, % 14,80 £ 0,215 19,16 £ 0,308 19,9+ 0,213 19,5+ 0,200

*P<0,05

*P<0,01
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Haunbosee BhIpakeHHbIC TeMaTOJIOTMYSCKUE Ha-
PYLICHHSI BBISBJICHBI ITPH COYETAHUHU I'€CTO3a, rera-
TO3a U aHEMHUH. Y 3TUX OOJBHBIX KOIWYECTBO DPH-
TPOLIMTOB OKa3aJI0Ch HM)KE B CPABHEHUH CO 37I0POBHI-
mu Ha 19,5 %, ¢ 0O0IBHBEIMHU T€NATO30M U aHEMHCH Ha
5,7 % u recto3om Ha 20,0 %, ypoBeHb TeMOIIIO0NHA,
COOTBETCTBEHHO, Ha 25,3, 5,0 u 22,8 %, reMarokpu-
ta Ha 28,6, 7,8 u 24,0 %, MCV na 11,4, 2,3 u 5,1 %.
Ho Brerme 6p11u Bemanasl BOIT (B 2,1 pasa, Ha 20,0
n 47,2 %) u RDW (na 34,4, 2,1 u 3,9 %).

TakuM 00pa3oM, MPU HEOCIOKHEHHOM T'eCTO3e
CPeIHEH TAKECTH HE TPOUCXOAUT KIMHHUYSCKU 3HA-
YUMbBIX U3MEHEHHUN FeMaTOJI0rMUECKOr0 CTaTyca Ku-
BOTHBIX, HO BBISIBIIEHHOE TIOBBIIIIEHNE TIPOHUIIAEMOCTH
MeMOpaH SPUTPOIMTOB U BBIPAKECHHOCTH aHU3OIIH-
TO3a, B COUYETAHUH C (PH3UOIOTHUYECKOU MPEapacIio-
JIOKEHHOCThIO Y OEpEMEHHBIX, TTOBBIIIAET PUCK Pa3-
BUTHS aHeMuH. [Ipyu KOMOPOUIHOM BapHaHTe recTo3a
BBISIBJICHBI IPU3HAKH TUIIOXPOMHON MHUKPOIIMTAPHON
aHeMWH, BEAYIIMMH MEXaHW3MaMH TaToreHe3a KOTo-
pOii SIBIISIFOTCSL HApYIICHUST pabOThl KOCTHOTO MO3ra
(aHM30MTO3, MUKPOLIUTO3), GYHKINI MeMOpaH 1 Spu-
TpouuToB (ruroxpomusi, BOI'). OnHako, oTMeUeHHbBIC
M3MEHEHUS MPEUMYIIIECTBEHHO O0YCJIOBIICHBI HE Ie-
CTO30M, @ COIYTCTBYIOIIUMH aTOJOTUSIMH (aHEMHUS,
[TaTOJIOTHUS TIEYCHH), UCKIIFOUEHUE COCTABISET MIHC-
(hyHKIIMM MeMOpaH, CTEIeHbh BHIPAXKECHHOCTH KOTO-
PBIX BO3pacTaeT B MPUCYTCTBUH recto3a. [Ipu stom,
BBICOKA BEPOSTHOCTb, YTO aHEMHS MOXKET OBITh IIPH-
YUHOW MJIM TOBBIIIAET BEPOSITHOCTh BO3SHUKHOBEHUS
recto3a [25]. JlaHHOE TIpenrookeHne TpedyeT mpo-
BEJICHHUS COOTBETCTBYIOIINX HCCIEOBAHNH, T. K. TIPH
€ro TOJTBEPKICHUU Y KUBOTHBIX (DOPMUpPYETCS HO-
Basi TAKTHKA MTPOPUIIAKTHKH TOKCUKO30B OEPEMEHHBIX.

3AK/IIOYEHUE

PesynbpTarsl reMaTogoruuyeckux Uccie0BaHun
[TOKa3aJIi yBEIMICHNE BHEIPUTPOIIUTAPHOH JIOITH Te-
MOTJIOOMHA Y KOPOB MPH HEOCIOKHEHHOW OepeMeH-
HOCTH, 4TO OOYCIIOBJICHO IOBBIIICHUEM IMPOHMIIAC-
MOCTH MEMOpaH dPUTPOLUTOB U SBISIETCS] IPHYNHOM
HUX THIIOXPOMHHU. B pesynbprare BOZHHKAET THIIOXPO-
MHS, T. €. CHIDKAETCS KUCIOPOAHAS €MKOCTh KPOBH,
YTO B KJIMHUYECKOM TNIAHE COOTBETCTBYET ITPEIaHEeMHU-
YECKOMY COCTOSIHUIO. [IJ1s1 KoMIIEHCaluK pucKa mpo-
TPECCUPOBAHUS TUITOKCUH aKTUBU3UPYETCS SIPUTPOIIO-
33, YTO TIO3BOJISIET UCKITIOUUTE TPU (PU3HOIOTHYECKON
OCpEMEHHOCTH Pa3BUTHE TOTHOIICHHOTO CHMIITOMO-
KomIuiekca aneMuu. OJIHAKO, NP JTTUTEILHOM Tiepe-
rpy3Ke KOCTHOTO MO3Ta, MOTYT BOSHHKHYTh COOH €T0
PpaboThI U IPOIIECCOB ApUTPOITI033a. BHavase 3to npo-
SIBUTCSI pACIIMPEHUEM BapraOeIbHOCTH pa3Mepa IpH-

TPOLIMTOB C YBEIMYCHUEM JIOJI MEJKHUX KJIETOK, HO
3aTeM BO3HUKACT PUCK Pa3BUTHS TUIIOXPOMHON MHU-
KpOLIUTAPHOU aHeMuu. Y OOJIbHBIX aHEMHEH U TOK-
CUYECKOH AMCTPOQUH MEUEHH M3HAYATBHO MMEETCS
anemus. [Ipu 9TOM, 00€ MaTONIOTHH UMEIOT COOCTBEH-
HBIE B3aNMOJIOTIONTHSIOIINE MEXaHN3MBI Pa3BUTHS aHe-
MUH, T. €. IMEeT MecTo CHHTporws. [[pu Hanmaum re-
1aro3a 1 aHeMUHu y OepeMeHHbIX, Ha ()OHE BBISIBIICH-
HOW y HUX TEHJICHIIMU K TUTIOXPOMHH, HaOIIoAaeTCs
yCHJIEHHE BBIPAKEHHOCTH PaHee NMEIOIIEHCS aHEMUH.
Pa3BuTHe recro3a He OKa3bIBaET CyIIECTBEHHOE BIIHSI-
HHUE Ha YPUTPOILIUTAPHYIO CHCTEMY, HO TIPH HEM OTMe-
4eHO 0oJiee 3HAUUTENFHOE TIOBBIIIIEHUE IPOHHUIIAEMO-
cTH MeMOpaH 3pUTPOLUTOB U Ae()UIIUTA B HUX TEMO-
miobuHa. B pesynbrare, y OONbIIMHCTBA )KUBOTHBIX
aHEeMUs He BO3HUKAET, HO BO3pAacTaeT PUCK €€ pa3BU-
THS TIPU HAJIWYUHU TMIPepacronaraionmx (GpaxTopos.
[ToaTomy, ipu codeTaHum y OepeMEHHBIX Teraro3a,
aHEMHH W T'eCTO3a XapaKTep reMaToJOTHIEeCKUX W3-
MEHEHHH OIpeNeNsIIoT 3KCTpareHUTalbHbIE MaToJI0-
run. OJIHAKO, MPH JIAHHOW KOMOPOUTHOM MAaTOIOTUU
HaOo1aeTcst pa3BuTHE OoJee TSHKENIOH GOpMBI aHe-
MUH, T. €. IMEET MECTO IMPOTPECCUPYIOLTHI XapaKTep
WHTETPAILHOTO TaToreHe3a. B nanHoi KoMmopOuHON
CTPYKType coueTanue 00JIe3HH IIEUEHHU ¥ KPOBH SIBJISI-
eTcst JOHOBOI, a FeCTO3 — OCIOKHSIOIIECH MaToIOTU-
eil. [IpencraBieHHble pe3ysbTaThl IOKA3aJId, YTO IIPU
OEepEeMEHHOCTH Y 3/I0POBBIX KHBOTHBIX HET aHEMHHU.
OmHako, ©IMEIOTCS (PU3HOIOTHIECCKU 00YCITOBIICHHEIS
reMaToJIOTUYeCKNEe W3MEHEHUS, MMOBBIMIAIONINE CTe-
MIEHb PUCKa €€ BOSHUKHOBEHMSI M YCHIIMBAIOLINE YPO-
BEHb BBIPAKEHHOCTH aHEMHUH, BO3HUKILEH TP HAJIH-
YHU Y KOPOB SKCTpareHUTalbHbIX Oose3nei. [loatomy,
JUTSE TPO(PUITAKTUKY aHEMHUH y OepeMEHHBIX, HE00X0-
JTUMO BBISIBIICHUE aHEMUH Y XOJIOCTHIX )KHBOTHBIX WIIH
Ha paHHUX CPOKax X OepeMeHHOCTH. Bo Bpemsi Oepe-
MEHHOCTH KOHTPOJIHMPOBATh YPOBEHb BBIPA)KEHHOCTHU
npeapacoararommx (pakropoB — coep:KaHue BHe-
SPUTPOLIUTAPHOTO TeMOITIO0NHA U €T0 YPOBHS B 3pH-
TpouuTax. [Ipu yBennyuennn ykazaHHBIX CKPHHUHTO-
BBIX TIOKa3areyel ClieAyeT MPOBOIUTh MEPOIIPHUATHS
M0 HOPMAJIN3alMd MEMOPAaHHBIX CTPYKTYp OpPTaHU3-
Mma. Harmpumep, HeoOX0aMMO Ha3HaYeHUE SHTEPOCOP-
OEHTOB, aHTUTMITOKCAHTOB, aHTHOKCHUIAHTOB U JIPYTUX
(hapMaKoIOrHYECKUX CPEJICTB, CHUKAIOIINX YPOBCHb
9HJIOTEHHBIX ¥/HAJIA SK30T€HHBIX TOKCHHOB, BOCCTAHAB-
JUBAIOIINX [EIOCTHOCTh U (PYHKIIMOHATILHYIO aKTHB-
HOCTh OMOoMeMOpaH.
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STATE OF THE ERYTHROCYTE SYSTEM IN CASE
OF COMORBID PATHOLOGY IN COWS
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Abstract. In the conditions of a large dairy farm, using clinical, instrumental and laboratory methods, studies of
the state of the erythrocyte system during gestation in cows with uncomplicated and complicated obstetric and
extragenital pathology were carried out. It has been revealed that during an uncomplicated gestation there is a
constant tendency to increase the extra-erythrocyte fraction of hemoglobin, which is due to an increase in the per-
meability of erythrocyte membranes. As a result, hypochromia occurs, i. e. the oxygen capacity of the blood de-
creases, which in clinical terms corresponds to a pre-anemic state. To compensate for the risk of hypoxia progres-
sion, erythropoiesis is activated, which makes it possible to exclude the development of a full-fledged anemia
symptom complex during physiological gestation. However, with prolonged overload of the bone marrow, mal-
functions of its work and erythropoiesis processes may occur. Initially, this will manifest as an increase in the var-
iability in the size of erythrocytes with an increase in the proportion of small cells, but then there is a risk of hy-
pochromic microcytic anemia development. The animals with anemia and toxic liver dystrophy initially have ane-
mia. At the same time, both pathologies have their own complementary mechanisms for the development of
anemia, i. e. there is syntropy. In the presence of hepatosis and anemia in pregnant animals, against the back-
ground of a tendency to hypochromia revealed in them, there is an increase in the severity of previously existing
anemia. The development of gestosis does not have a significant effect on the erythrocyte system, but in case of
it a more significant increase in the permeability of erythrocyte membranes and a deficiency of hemoglobin has
been noted. As a result, in most animals, anemia does not develop, but the risk of its development increases in the
presence of predisposing factors. Therefore, when combined with hepatosis, anemia and gestosis in pregnant an-
imals, the nature of hematological changes is determined by extragenital pathologies. However, it has been shown
that in case of this comorbid pathology, the development of a more severe form of anemia is observed, i. e. there
is a progressive nature of integral pathogenesis. In this comorbid structure, the combination of liver and blood
diseases is the background, and gestosis is a complicating pathology.

Keywords: cows, erythrocyte system, comorbidity, anemia, toxic liver dystrophy, gestosis, mastitis

The health of the breeding stock is the main lim-
iting factor in the development of beef and dairy cat-
tle breeding. In the structure of morbidity in cows, pa-
thology of the reproductive organs prevails, the rele-
vance of which is the highest in pregnant animals and
in the fresh-calf period [1, 2]. Reproductive disorders,
in particular, obstetric pathology, such as infertility,
miscarriage, fetoplacental insufficiency and gestosis
are the subject of many studies in the field of medical
and veterinary sciences [3—S5]. In cattle breeding, these
pathologies are among the main causes of gynecologi-
cal and perinatal diseases [6]. Preeclampsia (gestosis,
late toxicosis) is a pathology of gestation characterized
by arterial hypertension, proteinuria, edema and dys-
function of many body systems. Despite the relative-

ly large number of publications devoted to this prob-
lem, many issues of its occurrence and pathogenesis
have not been studied [7]. The first adaptive reactions
to gestation occur from the microcirculation, so it can
be assumed that rheological disorders play an impor-
tant role in the development of preeclampsia [8, 9]. At
the same time, the state of erythrocytes, which are the
leading factor determining microcirculation, and also
provide adequate tissue perfusion and gas exchange
at the level of microvessels, is of particular interest
[10, 11]. However, from a clinical point of view, it is
important to know not only the role of erythrocyte dys-
functions in the development of gestosis, but also the
features of its course against the background of previ-
ously occurring blood diseases. Therefore, the objec-
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tive of our work was to study the state of the erythro-
cyte system during gestation with uncomplicated and
complicated obstetric and extragenital pathology.

MATERIAL AND METHODS

In the conditions of a dairy farm located in
Voronezh region, from June 1 to July 25, 2022, the
studies were carried out, the object of which were
cows at the age of 3—6 years, Red-Motley (Voronezh
type) and Holstein Black-Motley (Hungarian selection)
breeds. The animals were kept loose in group sections
with individual semi-boxes for rest, and for walking
they had free access to a walking area equipped with
a canopy. The composition and nutritional value of
their diet was compiled taking into account the physi-
ological state and corresponded to the currently exist-
ing recommendations [12].

Based on the results of medical examination, eight
groups of animals were formed: No. 1 (positive control,
n = 25) — clinically healthy non-pregnant on the days
115—125 of lactation, No. 2 (n = 25) — non-pregnant
(days 115—125 of lactation) animals with hepatosis
and anemia, No. 3 (n = 25) — clinically healthy with a
gestational age of 4.0—4.5 months on days 215—225
of lactation, No. 4 (n = 25) — animals with hepatosis
and anemia with a gestational age of 4.0—4.5 months
on days 215—225 of lactation, No. 5 (n = 25) —clini-
cally healthy with a gestational age of 7.5—=8.0 months,
No. 6 (22) — pregnant with a gestational age of 7.5—
8.0 months and the presence of preeclampsia of mod-
erate severity, No. 7 (n = 23) — pregnant animals with
a gestational age of 7.5—8.0 months and the presence
of'a combination of hepatosis, anemia and gestosis of
moderate severity, and No. 8 (n = 20) — animals with
hepatosis and anemia with a gestational age of 7.5—
8.0 months.

Differentiation of animals, according to the pres-
ence of gestation and its duration, was carried out on
the basis of the results of rectal examination, and gra-
dation by health reasons — according to clinical, in-
strumental and laboratory studies. All animals were
under constant observation for two months from the
initial examination. However, at the above periods of
lactation or gestation, the animals were subjected to
a more detailed examination. At the same time, clin-
ical and instrumental examination was carried out by
conventional methods, and blood samples for labo-
ratory analysis were taken from the jugular vein into
ELAMED vacuum tubes with a coagulation activator
(silicon dioxide) or with an anticoagulant (C,EDTA),
respectively, to obtain a sample of serum or whole
blood (JSC “Elatomskiy pribornyy zavod”, Russia).
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In blood tests, commercial reagent kits “DiaVet Test”
(JSC “Diakon-DS”, Russia) were used. Clinical diag-
nosis was made taking into account specific clinical
symptoms and blood test results [12, 13]. At the same
time, toxic liver dystrophy (hepatosis) was diagnosed
when high levels of cholesterol (> 5.5 mM/L), biliru-
bin (> 18.0 uM/L), alanine aminotransferase activi-
ty (>40.0 U/L), aspartate aminotransferase (> 100.0
U/L), alkaline phosphatase (= 200.0 U/L), gammaglu-
tamine transferase (> 25.0 U/L) and sorbitol dehydro-
genase (> 1.5 U/L). The presence of anemia was in-
dicated by a decrease in hematocrit (< 25.0), hemo-
globin (< 85.0 g/L) and its content in erythrocytes
(£16.0 pg). The basis for ascertaining preeclampsia
(gestosis, late toxicosis of pregnant animals) was a
combination of edema, increased levels of protein in
the urine (> 0.3 g/), distolic (> 55.0 mmHg) and sys-
tolic (> 135.0 mmHg) blood pressure. Evaluation of the
erythrocyte system was carried out on the basis of indi-
cators of the number of erythrocytes, hematocrit, total
hemoglobin and its extra-erythrocyte fraction (EEF),
the mean cell hemoglobin (MCH) and mean corpus-
cular hemoglobin concentration (MCHC), as well as
the mean corpuscular volume (MCV) and the degree
of red cell distribution width (RDW).

In the course of statistical analysis of the obtained
values, the arithmetic mean and its error (M + m) were
calculated, and the significance of the intergroup dif-
ference (p) was assessed by Student’s t-test.

RESULTS AND DISCUSSION

The survey showed that healthy non-pregnant and
pregnant cows showed no signs of any pathology, they
had a good appetite and were active. The animals with
hepatosis and/or hepatosis and anemia retained their
appetite, but there was a decrease in motor activity and
an increase in the time they lay down. The results of
observation of animals showed that at the beginning of
the experiment, all animals had no symptoms of mam-
mary gland pathology. However, during the observa-
tion period, among initially healthy non-pregnant an-
imals and the second trimester of gestation, clinical
mastitis was diagnosed in 4.0 and 4.0 %, and subclini-
cal —in 4.0 and 8.0 % of animals. While in case of the
initial presence of comorbid pathology, the incidence
of non-pregnant animals was 12.0 and 8.0 %, and the
incidence of pregnant animals — in 12.0 and 20.0 %.

The results of the blood test are presented in Tables
1 and 2, from which it can be seen that during physi-
ological gestation, changes in the hematological pro-
file occur, the severity of which depends on the ges-
tational age.
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Blood hematological indicators of non-pregnant and pregnant cows with a period of 4.0—4.5 months fabled
Indicat0r§ / Non-pregnant cows Cows with a gestational age of 4.0—
Group of animals 4.5 months
Healthy Hepatosis, anemia Healthy Hepatosis, anemia
Erythrocytes, "10'%/L 6.15+0.135 5.10+0.117 6.40 +0.207 5.30+£0.125
Hemoglobin, g/L 114.0 £4.20 85.0+1.70 110.5+£2.11 85.0+1.19
Hematocrit, % 32.6 +1.01 25.00 £0.51 31.9+0.870 24.7+0.70
EEF, g/L 0.27 £ 0.005 0.52+0.013 0.35+0.012" 0.58 £0.021
MCH, pg 18.54 £0.413 16.60 £ 0.210 17.11 £ 0.388 16.04 &= 0.240
MCHC, g/L 349.7+5.92 340.0 £4.27 346.4+3.74 344.1 +4.00
MCV, um? 53.01 +0.710 49.02+0.617° 49.60 £ 0.713 46.6 £0.508
RDW, % 13.20 £ 0.441 18.7 +0.288 14.3 £0.260 19.8 £0.155
*P<0.05
" P<0.01

sk

P <0.001 — compared to healthy ones

In comparison with non-pregnant animals, there
was an increase in the level of erythrocytes by 4.9 %
in pregnant animals with a gestational age of 4.0—4.5
months and by 6.0 % in the third trimester, RDW —
by 8.3 and 12.1 %. In addition, there is some decrease
in hemoglobin, MCH, MCHC and MCV. At the same
time, despite the moderate severity of the ongoing
changes, a significant trend in the development of hy-
pochromia is formed with a decrease in total hemo-
globin, its content and concentration in erythrocytes.
One of the causes of anemia is an increase in the per-
meability of erythrocyte membranes and the release
of hemoglobin from cells, as indicated by an increase
in the level of EEF by 29.6 and 40.7 % in the second
and third trimester, respectively.

The revealed increase in the number of erythro-
cytes and the variability of their sizes indicates an
adaptive-compensatory activation of the bone mar-
row. [14], but a long-term functional load on it cre-
ates a risk of failure of erythropoiesis processes, as
indicated by a tendency to a decrease in the volume
of erythrocytes (MCV). Many authors note a relative-
ly wide spread of anemia among pregnant individuals
[15, 16]. The changes in the hematological profile that
we have identified do not give grounds for ascertain-
ing the presence of anemia in them [17, 18]. However,
it has been shown that there is a risk of its develop-
ment in the form of a causal process initiated by an in-
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crease in the permeability of erythrocyte membranes
with a decrease in the concentration and content of he-
moglobin in them. To compensate for the resulting hy-
pochromia of erythrocytes, the work of the bone mar-
row is activated, but prolonged functional load reduces
its compensatory potential and, possibly, in combina-
tion with a deficiency of structural metabolites (iron,
folate, etc.) [19], the quality of erythropoiesis decreas-
es with a tendency to anisocytosis with an increase in
the proportion of smaller erythrocytes.

Thus, during gestation, changes in the erythrocyte
system occur, out of which the most pronounced is a
tendency to hypochromia and an increase in the lev-
el of extra-erythrocyte hemoglobin, which form the
risk of anemia, but its development requires addition-
al factors, such as an increase in the degree of destruc-
tion of erythrocyte membranes and secondary disor-
ders of erythropoiesis (toxic dysfunction, consump-
tion deficit, etc.) [19].

The cows from group 2 were diagnosed with tox-
ic liver dystrophy (hepatosis) and anemia. At the
same time, it is difficult to determine the sequence of
these diseases development, because in case of ane-
mia there are frequent cases of the hepatobiliary sys-
tem violations [20, 21], and the hematological chang-
es are observed in case of many liver diseases [22, 23].
Therefore, we state the presence of a combination of
these two independent diseases, i. €. there is a comor-
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bid pathology. In non-pregnant animals, and in the sec-
ond trimester of gestation, changes in the studied in-
dicators were similar in direction and severity. Thus,
their erythrocyte levels were lower than in healthy ones
by 17.1 and 17.2 %, respectively, hemoglobin — by
25.4 and 23.1 %, hematocrit — by 23.3 and 22.6 %,
MCH — by 10.5 and 6.3 %, and MCV — by 7.5 and
6.0 %, but higher than the value of EEF by 92.6 and
65.7 %, and RDW — by 41.6 and 38.5 %.

Thus, in non-pregnant animals and in the second
trimester of gestation, the development of comorbid
pathology, including hepatosis and anemia, there is an
increase in the destruction of erythrocyte membranes
and anemia with severe hypochromia and erythrocy-
topenia. The combination of a decrease in the number
of erythrocytes and the content of hemoglobin in them
is typical of anemia in case of chronic diseases, in the
pathogenesis of which there is a combination of iron

deficiency (less often folic acid), impaired synthesis of
erythropoietin and hyperproduction of factors that in-
hibit erythropoiesis. [24]. In addition, in pregnant an-
imals, against the background of a physiological ten-
dency to reduce the volume of erythrocytes and ex-
pand the variability of their sizes, an increase in the
severity of anisocytosis and microcytosis was noted.
Sick (hepatosis, anemia) cows with a gestational
age of 7.5—8.0 months have an identical hematolog-
ical profile, indicating the presence of hypochromic
microcytic anemia with severe dysfunction of eryth-
rocyte membranes and variability in their size (Table
2). In case of the preeclampsia (moderate severity) de-
velopment at this stage of gestation, there are no sig-
nificant changes in the erythrocyte system. The excep-
tion is an increase in the level of EEF (by 39.5 %) and
RDW (by 29.4 %), but a decrease in MCH (by 3.9 %)
and MCV (6.6 %), in comparison with healthy animals.

Blood hematological indicators of cows with a gestational age of 7.5—38.0 months fable
Grgggig?t;rfisn/lals Healthy Gestosis Gestojz,elki::izatosis, Hepatosis, anemia

Erythrocytes, "10'%/L 6.52 +0.206 6.56 +0.284 5.25+0.163 5.57+0.100
Hemoglobin, g/L 108.5+2.11 105.0+2.21 81.0 +1.30 85.3+1.35
Hematocrit, % 31.50+0.414 29.61 +0.381 22.5+0.260 24.40 +0.371
EEF, g/L 0.38+£0.010 0.53 £0.008 0.78 £0.014 0.65+£0.015
MCH, pg 16.65+0.370 16.00 = 0.368 1542 +0.315 15.30+0.325
MCHC, g/L 3444 +531 354.6 +4.62 360.0 £5.18 349.6 £5.47
MCV, pm? 48.3+0.75 45.1 £0.66 42.8+0.61 43.8+1.14
RDW, % 14.80 £ 0.215 19.16 +0.308 19.9+0.213 19.5+0.200

*P<0.05

™ P<0.01

sekeok

P <0.001 — compared to healthy ones

The most pronounced hematological disorders
were found in case of a combination of gestosis, hepa-
tosis and anemia. In these animals, the number of eryth-
rocytes was lower in comparison with healthy ones
by 19.5 %, with the animals with hepatosis and ane-
mia — by 5.7 %, and gestosis — by 20.0 %, hemo-
globin levels — by 25.3, 5.0 and 22.8 %, respective-
ly, hematocrit— by 28.6, 7.8 and 24.0 %, MCV — by
11.4, 2.3 and 5.1 %. The values of EEF were higher
(by 2.1 times, by 20.0 and 47.2 %) and RDW (by 34.4,
2.1 and 3.9 %).
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Thus, in case of uncomplicated moderate gestosis,
there are no clinically significant changes in the hema-
tological status of animals, but the revealed increase in
the permeability of erythrocyte membranes and the se-
verity of anisocytosis, combined with a physiological
predisposition in pregnant animals, increases the risk
of anemia development. In case of the comorbid vari-
ant of gestosis, signs of hypochromic microcytic ane-
mia were revealed, the leading mechanisms of patho-
genesis of which are disturbances in the functioning of
the bone marrow (anisocytosis, microcytosis), mem-
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brane and erythrocyte functions (hypochromia, EEF).
However, the noted changes are mainly due not to
gestosis, but to concomitant pathologies (anemia, liv-
er pathology), with the exception of membrane dys-
function, the severity of which increases in the pres-
ence of preeclampsia. At the same time, it is highly
likely that anemia can cause or increase the likelihood
of gestosis [25]. This assumption requires appropriate
research, because when it is confirmed in animals, a
new tactic for the prevention of toxicosis of pregnant
animals is formed.

CONCLUSION

The results of hematological studies showed an
increase in the extra-erythrocyte fraction of hemoglo-
bin in the cows with uncomplicated gestation, which
is due to an increase in the permeability of erythrocyte
membranes and is the cause of their hypochromia. As
a result, hypochromia occurs, i. e. the oxygen capaci-
ty of the blood decreases, which in clinical terms cor-
responds to a pre-anemia state. To compensate for the
risk of hypoxia progression, erythropoiesis is activat-
ed, which makes it possible to exclude the develop-
ment of a full-fledged anemia symptom complex dur-
ing physiological gestation. However, with prolonged
overload of the bone marrow, malfunctions of its work
and erythropoiesis processes may occur. Initially, this
will manifest as an increase in the variability in the size
of erythrocytes with an increase in the proportion of
small cells, but then there is a risk of the hypochromic
microcytic anemia development. The animals with ane-
mia and toxic liver dystrophy initially have anemia. At
the same time, both pathologies have their own com-
plementary mechanisms for the development of ane-
mia, i. e. there is syntropy. In the presence of hepato-
sis and anemia in pregnant animals, against the back-
ground of a tendency to hypochromia revealed in them,
there is an increase in the severity of previously exist-
ing anemia. The gestosis development does not have a
significant effect on the erythrocyte system, but in case
of it a more significant increase in the permeability of
erythrocyte membranes and a deficiency of hemoglo-
bin was noted. As a result, anemia does not develop in
most animals, but the risk of its development increas-
es in the presence of predisposing factors. Therefore,
when combined with hepatosis, anemia and gestosis in
pregnant animals, the nature of hematological changes
is determined by extragenital pathologies. However, in
case of this comorbid pathology, the development of a
more severe form of anemia is observed, 1. . there is a
progressive nature of integral pathogenesis. In this co-
morbid structure, the combination of liver and blood
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diseases is the background, and gestosis is a compli-
cating pathology. The presented results have shown
that there is no anemia in healthy animals during ges-
tation. However, there are physiologically determined
hematological changes that increase the risk of its oc-
currence and increase the severity of anemia that oc-
curs when cows have extragenital diseases. Therefore,
for the prevention of anemia in pregnant animals, it is
necessary to identify anemia in non-pregnant animals
or at the early stages of their gestation. During gesta-
tion, control of the predisposing factors severity — the
content of extra-erythrocyte hemoglobin and its lev-
el in erythrocytes. With an increase in these screen-
ing indicators, measures should be taken to normalize
the membrane structures of the body. For example, it
is necessary to prescribe enterosorbents, antihypox-
ants, antioxidants and other pharmacological agents
that reduce the level of endogenous and/or exogenous
toxins, restore the integrity and functional activity of
biomembranes.
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KINHHUKO-®PU3NOJIOI'MYECKOE COCTOAHUE
CBUHEM ITPU UCIIOJIB30BAHUH JJI51 X
KOPMJIEHUA 3EPHA, BBIPAIIIEHHOI'O HA ITOJIAX
C PABHBIM YPOBHEM XUMHU3AIINUN

Ouabra Cepreesna Ionosa ™=, Iaen Anapeesny Hapmmn™, IOpuii Hukonaesuy Anexun”™
2

*Canxm-IlemepOypackuil 20Cy0apCmeeHHblll YHUGEPCUMEN 6CMEPUHAPHOU MEOUYUHbL,
Canxm-Ilemepoype, Poccus

" Beepoccutickuil HayuHO-UCCIe0068AMeNbCKULL 6eMePUHAPHBIL UHCIUNTYM NAMOI02UL,
¢apmaronozuu u mepanuu, Bopornedc, Poccus, alef z@mail.ru™

AHHOTanus. B crarbe npeacTaBiIeHb! pe3ybTaThl HCCIESA0BAHMS 110 H3YUSHUIO 0COOCHHOCTEH KIIMHUKO-(DH3HO-
JIOTUYECKOTO COCTOSIHUSI CBHHEH MPH MCIIOJIb30BaHHUH JUIS MX KOPMIICHHS 3€pHA BBIPAILICHHOTO Ha IMOJISX C pa3-
HOH MHTEHCHBHOCTBIO HCIIOJIb30BaHHS MUHEPAIBHBIX yI0OpCHUH

Ha xpymHOM CBHHOBOTYECKOM MPEANIPUATHH, pacIONokeHHOM B JInmerkoit oomactu, B 2020—2021 rr. mpoBenn
OTIBIT, 00BEKTOM HCCIIEIOBAHNUS KOTOPOTO OBUTH 125 KITMHUYIECKH 3M0POBBIX CBHHEHN B Bo3pacte 120 cyTok. M3 ux
gricaa ObUTH C(OPMHUPOBAHBI BE OMBITHBIC TPYIIIHI, KOTOPEIE B TeueHHe 60 CyTOK MOTydaiy KOMOUKOPM, B CO-
CTaB KOTOPOT'O BXOIMJIM SYMEHb M IIICHUIA IPOM3BEACHHBIC HA TT0YBaX 0e3 MPUMEHEHHsI MUHEPAIbHBIX yI00-
penmii (Ne 1, n = 60) 1 ¢ UHTEHCHBHBIM UX BHeceHueM (Ne 2, n = 65).

BBIsIBIIEHO, YTO HHTEHCHBHOE TPUMEHEHHE B ITOJICBOM KOPMOITPON3BOJICTBE MIUHEPAIBbHBIX YI0OpEHHMIA, OOIbIINH-
CTBO M3 KOTOPBIX COAEPIKAT a30T U Pochop, CONPOBOKIACTCS YBEINUCHUEM COACPIKAHNSA B KOPMAX HMEHHO STHX
9JIEMEHTOB, HO BO3HHKAET AUCOAIAHC MUTATEJIBHBIX M OHOJIOTHYECKH aKTHBHBIX BELIECTB. B TECTOBBIX KyJbTy-
pax BO3HUKACT Ae(UINT Kalblys M MarHus. B suMeHe HaKaIUIMBaeTCsl IMHK U HE3HAYNTENIBHO YBEIHIUBACTCS
coziep)kaHie Meu ¥ MapraHua. B nmenuiie orMedeHa o0paTHasi TEHACHINS O CHI)KCHUEM YPOBHS [TMHKA U MEJIH.
B 911X KOpMax, B CpaBHEHHH C 3¢PHOM, BEIPAIIICHHBIM 0€3 MPUMEHEHH MUHEPAJIBHBIX yIOOPEHHH, BBIIIE TIOKa-
3aTesIy OOLIeH MUTATENFHOCTH, HO NX OHOJIOrHYeckast IEHHOCTh HIDKE, YTO HEraTHBHO OTPAa3MJIOCh Ha COCTOS-
HHH 3[0pOBbSl U NPOAYKTUBHOCTH CBHUHEH Ha OTKOpME. Y >KMBOTHBIX OTMEYEHO HapylleHHe (QYHKUUH IedeHn
U pa3BHTHE CHHIPOMA SHIOTCHHOH MHTOKCHKALUH, YTO CTal0 IPHYNHOM yBEINUeHNUs HX 3a001eBaeMOCTH (9H-
TEPOKOJINT) U CHWKEHUS aKTHBHOCTH POCTA.

BHeceHre MUHEpaNBHBIX YIOOPEHHUH, SBISETCS OYEBHIHOW HEOOXOAMMOCTBIO COXPAHEHUs IUIOAOPOIMS MOYB
1 YBEIIMYCHUS YPOXKAITHOCTH KOPMOBBIX KYJIbTYp. OHAKO JOMUHHPYIOIIAs B HACTOAIICE BPEMS IPAKTHKA XHUMH-
3aIiU TIPOBOJIUTCS OTPAHIHYCHHBIM HA0OPOM OMOJIOTHYECKN 3HAYMMBIX JJIEMEHTOB, YTO (POPMHPYET TucOaIanc
COCTaBa IOYBBI M PACTEHHUH ¢ MOCIESAYIONIMM HETaTHBHBIM BIMSHUEM Ha 30POBbE M IPOLYKTHBHOCTh )KUBOT-
HBIX.

KuroueBble cj10Ba: CBHHBH, OTKOPM, YIOOPEHNS, 36pHOBBIE KYJIBTYPHI, IOUBa

CBHMHOBO/ICTBO SBJISIETCS BEAYIIEH OTPACIBIO MU-
POBOTO KUBOTHOBO/ICTBA U OJHUM M3 OCHOBHBIX HC-
TOYHHUKOB TIOJIHOIEHHBIX MPOAYKTOB muTaHus [1].
JloCTIKEeHUST CeNEeKIMOHHO-TeHeTHIEeCKOH paboThI
u (popMUpOBaHME YCTOMYMBOW TIIEMEHHOW 0a3bl BO
BCEX SKOHOMHYECKHU PA3BUTBHIX CTpaHax CO3aeT MH-
TeHCH()UKAMOHHBIA MOTEHINAT PAa3BUTHUSI OTPACIH
[2, 3]. OnHako Ba)KHO MOMHUTB, YTO TP MHTEHCU(H-
KallK IPOrpeCcCUPyET OAUH U3 OCHOBHBIX CICPKUBa-

© Iomoga O. C., [TapmmH I1. A., Anexun 0. H., 2023

101MX (pakTopoB — opraHu3anus 6€30MacHOTO U MOoJI-
HOIICHHOTO COAJIAHCHPOBAHHOTO KOpMIIeHUS. J[aHHOMY
BOIIPOCY TTOCBSIIIIEHO OOJBIITOE KOJTUISCTBO Iy OTHKa-
I, B KOTOPBIX IIOMAMO PaCITUPEHUS 3HAHUH (HU3HO-
JIOTUHM KOPMJICHUS, aKIICHTUPYETCsl BHUMAaHKUE Ha H3-
MEHEHHE Ka4eCTBa KOPMOB, OOYCIIOBIEHHBIX aHTPO-
MaToreHHBIM Bo3zeicTBreM [4, 5]. IIpu aTom 0coObIit
HMHTEPEC MPEJACTABIISICT POJib XUMH3AIMKM CEIIbCKOTO
XO341CTBA, T. K., €€ 3a/1a4a 3aKIF09aeTCs B yBEIHYe-
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HUU [IPOU3BOJICTBA TIPOYKTOB IMUTAHUS JJIsl YEJIOBE-
Ka U KOPMOB JJIsl 5)KMBOTHBIX, HO OHA OKa3ajach U OC-
HOBHBIM HCTOYHHKOM JKOJIOTHYECKOTO pHcKa [6, 7].
[enpro HaMMX MCCISOBAaHUN ObLTIA CPABHHUTEIbHAS
OIICHKA KIIMHUKO-(PU3UOJIOTHIECKOTO COCTOSHHUSI TIPH
WCIIOJIb30BAHUU ISl X KOPMJICHUS 3€PHA BBIPAIICH-
HOTO Ha IMOJIX ¢ MHTCHCUBHBIM BHECCHUEM MUHEPAJThb-
HBIX yIOOpPEHUI B CBOOOTHBIX OT HUX.

MATEPHUAJIBI U METO/ bl
HUCCJIEJOBAHUM

Ha xpymHOM CBHHOBOAYECKOM NPEANPHUSITHH, pac-
rontoykeHHoM B JTunerkoii oomactu, 8 2020—2021 . 1.
MIPOBEINN OIIBIT, 0OBEKTOM HCCIIEIOBAHUSA KOTOPO-
ro ObUTH KOpMa, MTPOM3BENIEHHBIE HAa TIOYBAX C pas-
HBIM YPOBHEM XHMHU3AIUU U CBUHBH, KOTOPBIE UX T10-
ayqanu. [Ipon3BoACTBO 3epHOBBIX KOPMOB B XO35H-
CTBE OCYIIECTBIISICTCS HA MOCTOSIHHO HCIOIb3yEeMbIX
(OKYNBTYpEHHBIX) ¥ BHOBb OCBAMBACMBIX (HEOKYIIh-
TYOEHHBIX ) YJacTKaX 3eMJIH, Ha KOTOPBIX ITpeodiama-
€T YepHO3eM OOBIKHOBEHHBIN CPEeTHEMOIITHBIN Cpesl-
HETyMYCOBBIA TIMHUCTBIA. IIpu 3TOM, HEOKYIBTY-
PEHHBIE MOYBHI (CTAPOMAaXOTHBIC, IIETIMHA) B TCUCHHUE
nocaenHux 12—15 et He UCToNMBh30BANCH, B TO Bpe-
Ml KaK OKYJIBTYPEHHbIE y4acTKH HAXOJHMIICh B TIOCTO-
STHHOW DKCITTyaTanny. TeCTOBBIMU 3TaKOBBIMH KYITh-
Typamu ObUTH BEIOpaHBI MIIEHUIIA U TYMEHb, KOTOPBIS
SIBIISIFOTCS. OCHOBHBIMU KOPMaMH B PallMOHE CBUHEH.
[IpeamiecTBEeHHUKOM BBIPAIIMBAHUS YKA3aHHBIX KYJlb-
TYp Ha HEOKYJIBTYPEHHBIX y4acTKax Oblia IleIHa, a Ha
COTIOCTaBUMBIX MOJSIX — KyKypy3a. Ha naTeHcuBHO
HCTIOJI3yEeMBIX TT0YBaX TMEPe;] TOCEBOM O3MMOH ITIe-
Hu1sl BHOCHIM 38 kT azora 50,0 kr pochopa n 46,5 kr
Kajus, pu nocese — 9,5 xr gpocdopa, nocie nocesa
(moxkxopmka) — 49,5 xr azora Ha rektap. Ha momsix su-
MEHS [TepeT ero MOCEBOM BHOCHIIN 73 KT a30Ta, 88,0 kr
tdhochopa u 112 kr kanus, npu moceBe — 9,5 xr ¢oc-
(hopa Ha rexTap. Ha paHee HEMCTIONB3yeMbIX yUacTKax
3€pHOBBIE BRIPAIMBAIH O€3 TPUMEHEHUS YIOOPCHHIA.
[lony4eHHble HAa COMOCTaBUMBIX IMOJISIX KOpMa € TO-
MOIIBIO OOIIENPUHATHIX METOAMK MOJBEPTaJINCh 300-
TEXHUYECKOMY aHAJIN3Y C OTIPeIeIEHIEeM COJePKAHNS
BJIard, CIPOTO MIPOTENHA, CHIPON KIIETUYATKH, KaIbIIHS
1 Gocdopa ¢ MOCIEqYIONUM PacieTOM CYyXOTo Bellle-
cTBa 1 oOMeHHOH 3Heprud [8,9]. [lomumo 3Toro0, o-
TOMETPUUECKUM METO/IOM IOCIJIE MOKPOTO O30JI€HHUs
OILICHUBAJIM YpOBeHb (ocdopa, a C MOMOIIBI aToM-
HO-a0COPOIIMOHHOTO METO/A OINpPENesUIi KaJIbIIUH,
MarHui, MUHK, MeIb 1 Maprasert [10].

Jlnst olieHKH BIUSHUS 3epHA, TIOIYYEHHOTO C CO-
MOCTaBUMBIX TONEH, ObUIH 0TOOpanbl 125 knuHuue-
CKH 3JI0pOBBIX CBHHEN B Bo3pacTe 120 cyTok (Ha oT-

KOpME) — TPEXITOPOIHBIN TOBAPHBIN THOPHI: MaTKa
(xpynHas Oenas + naHapac) u Xpsk (Hopkmup). 13 ux
yrcina ObU ¢(hOPMHUPOBAHBI JIBE ONBITHBIC TPYIIIIbI,
KOTOpbIe B TeueHue 60 CyTOK Moixydain KOMOHKOPM,
B COCTaB KOTOPOTO BXOJIMIIH 3€PHOBBIE C HEOKYIBTY-
peHHBIX (Ne 1, n = 60) mwim OKyIBTYpEHHBIX ITOJCH
(Ne 2, n = 65). KoMOMKOpM HCTIONB3yeMBIii B COMTOCTA-
BHMBIX TPYIIIIaX UM OJIN3KKE MapaMeTphl TUTATEIb-
HOCTH M COCTOsII U3 stuMeHs (52 %), mrenunisl (35 %),
mpota coesoro (CIT 43,0 %, 8,5 %) u MuHepanbHbII
KOMILIEKC (TpUKabIms Gocdar, HaTpusi XIOPHUI, TIpe-
Mukc 3,5 %). JKuBOTHBIE coiep Kaiiuch B CTAHKAX 110
15—17 royioB B THIOBOM MOMETIIEHUN 000PYIOBAHHOM
CaMOCIIIABHOHM TEXHOJIOTHEN HaBO30yIAJICHH s, TPUOO-
pamu oborpeBa, MPUTOYHBIMHU U BBITSDKHBIMH YCTPOH-
CTBaMH C A8MOMAMU3UPOBAHHOU CUCTNEMOU Ynpasie-
HUsA MUKpokaumamom. TUTI KOpMIIEHHS CyXOH CO CBO-
OOTHBIM JOCTYIIOM K KOMOHUKOPMY W BOje (TIOFIIKH
HunnensHbie). CBuHEH B Bo3pacte 110 cyTok mepe-
BOJMJIM Ha y4acTOK OTKOpMa, rae B TeueHue 10 cyTok
OHH aJIalITUPOBAIIUCH K HOBBIM YCIIOBHSAM COZEpIKa-
HUS U B Bo3pacTe 120 CyTOK UM HaYMHAJIHN CKapMIIH-
BaTh TECTHUPYEMbI KOMOMKOPM B T€UEHHE BCETO TIe-
puoxaa otkopma (80 cytok). B mepssrii (120 cyT.) u mmo-
cineqauii (200 cyT.) JeHP ONBITA ONPENEISIA Maccy
TeJla KUBOTHBIX, a Y 6 TOJIOB U3 KaKIOU IPyIIBI OT-
Oupany mpoObl KPOBU C IIPABOI CTOPOHBI U3 IPEMHOMN
BeHbI B BakyyMHbIe ipooupku EJTAME]] ¢ antukoa-
rynsarom (K,9ITA) mist coxpaHeHus €€ MHTaKTHOTO
COCTOSIHMS U C aKTHBATOPOM cBepThiBanus (Si0,) ms
nony4yeHus: chiBOpoTkH (AO «EmaroMckuii mpuodop-
HEBIH 3aBOM», Poccus).

B o6pa3max kpoBu onpeAensiiy B CBIBOPOTKE KPO-
BU ypOBeHb anaHuHTpaHchepassl (AnAT), acmaparar-
amuHoTpaHchepassl (AcAT), menouno docdarasza
(LL1D), obmiero Gemka, IIFOKO3bI, KpeaTHHIUHA, MOYCBH-
HBI, XOJIECTEPHHA, TPUTIIHAIEPUJIOB, KAIbIus, pocdo-
pa, Marausl, (KoMMepUIecKkue Habopsl peakTuBoB, AO
«Jlnaxon-JIC», Poccnst), MOJeKyIbl cpeHel Macchl
(MCM) na qnmHe BomHBI 254 HM [11]. [Tomumo 3T0-
0, U3y4aJi KOHIECHTPALUIO MAJIOHOBOTO JHAaJIb/IeT U~
Jla METoIoM ocaxaeHus pocdoBonbhpaMoBoil Kuc-
JI0TOH, ¢ THOOapOuTYpOBO# KrcioToi [12]. Ha atom-
HO-a0copommonHOM criekTpodoromerpe Perkin Elmer
mod. 703 (CIIA) B eipHON KPOBH U3ydYalH COMEP-
JKaHUe MEIM, [IMHKA, KeJle3a, Maprania u KodaibTa.

Pesynerarhl nccnenoBaHUi OBEPrain CTATHCTH-
4eCKol 00paboTKe ¢ TIOMOIIBIO TIporpaMm «Statistica
8.0». IIpu 3TOM paccUnTHIBaIN CPENHIOI0 apupmeTn-
JecKyro U ee omuoOky (M £+ m), a Takke TOCTOBEp-
HOCTh MEXTPYIIIOBOTO Pa3nyus (p) MO KPUTEPHUIO
CTpIOJICHTA.
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PE3YJBTATHBI UCCJIEJOBAHUA
N UX OBCYXJIEHUE
Ha oxynbTypeHHBIX CEIbXO3YTOAUIX YpOKai-
HOCTb O3MMOH HIIeHuIbl cocTaBuia 40,8 1/ra, a s4-
MeHs 35,5 1/ra, B TO BpeMsl Kak Ha [IEJIHHE OBbLIO OT-
MEUEHO CHIKEHHE yporKasi, COOTBETCTBEHHO Ha 8,1 %

(37,5 w/ra) u 5,6 % (33,5 w/ra). B tabmuie Ne 1 npesn-
CTaBJICHBI PE3YJIBTAThl U3YUYCHUA COJACPIKAHUA NHUTA-
TEIBHBIX ¥ MUHEPAJIbHBIX BEIIECTB B TECTOBBIX KOP-
Max (3€pHOBBIC) BBIPAIICHHBIX Ha OKYJIBTYPEHHBIX
U HEOKYJIBTYPCHHBIX MOJISIX.

Tao6auna 1

Cooeporcanue numamenbHbix 6ewecms U MUHEPALO8 6 SIUMEHE U NULEHUYEe GbIPAU eHHBIX
Ha OKYIbIYPEHHbIX U HEOKYIbIYPEHHBIX NOISX (8 K2 HAMYPAIbHO20 KOpMA)

SlumeHb [Tmennma (03mMas) TBEPIBIX COPTOB
Iloxasaremy HeoxynbTypeHHbIe OKyJIbTypeHHbIE HeoxynbrypeHHble OKyJbTypEeHHBIC
TTOYBBI MOYBEI (1 = 4) MOYBHI (1 = 4) MouBHI (17 = 4)
KonmaecTso po6 4 4 4 4
Cyxoe BemecTBo, T 839,3 £ 2,80 841,3+2,74 846,3 + 3,10 848,2 + 3,30
CrIpoif IpoTenH, T 111,8 £2,12 114,0 £ 1,10 140,0 £ 2,37 147,5 +£2,105
Oo6mennas sueprust, MJx 9,80 £ 0,505 10,3+ 0,418 10,1 £ 0,63 10,8 £ 0,68
CeIpas kieryarka, T 47,0+ 0,70 46,2 +£ 0,63 27,2 + 0,65 26,3 +0,48
Kanpuwid, r 1,86 = 0,060 1,64 £ 0,048 * 0,85+0,013 0,62 £0,011"
Docdop, T 3,57+0,103 3,88 +0,085" 4,15+0,130 4,76 0,100
Maruuii, r 1,06 + 0,030 0,95 +0,026™ 1,20 + 0,042 1,00 £ 0,039™
[{usk, Mr 38,8 + 2,160 54,3 +2,050"" 41,8+ 1,35 37,8 £ 1,05
Menp, Mr 4,530,110 4,67+ 0,103 2,34+ 0,041 2,25+ 0,030
Maprasuer, mr 13,0+ 1,02 13,4 + 0,68 40,8 + 1,06 41,2+ 1,102
*P<0,05
" P<0,01

sekeok

Kax B stameHe, Tak U B IIIIEHUIIE BBIPAIIICHHBIX
Ha OKYJBTYPEHHBIX IOJNIAX HaONIOmaeTcs TeHACHIINS
(p 2 0,5) K yBEeTUYEHHUIO CYyXOTO BEIIECTBa, CHIPO-
ro MPOTEHHA ¥ OOMEHHOM YHEPIUU, HO YMEHBIIICHUS
CBIpOH KieT4aTku. boree BeIpaKeHHOE pa3Iudue OT-
MEUCHO B MHHEPATHLHOM COCTaBE KOPMOB. YPOBEHB
KaJIbLIMSL B STYMEHE € OKYJIBTYPEHHBIX MOJEH OKa3al-
csl HIDKe, 4eM ¢ nenunsl, Ha 11,8 %, a B mmeHwnIe Ha
27,1 %, maraus Ha 10,4 u 16,7 %, HO BbIIIE OBLIH ITO-
kazarenu ¢pochopana 8,7 u 14,7 %, u mapranua Ha 3,1
u 1,0 %. B s;tumMene ¢ ”HTEHCUBHO UCIIOIB3YEMBIX T10-
Jei cofepKkaHre HUHKA ObLUIO BBIIIE, YEM C HEOKYIIb-
TypeHHBIX y4acTkoB Ha 39,9 %, a memu Ha 3,1 %, HO
B MILEHULIE 3TU OKA3aTeNIN 0KA3aJIUCh COOTBETCTBEH-
HO HIKe Ha 9,6 u 3,8 %.

P < 0,001 — B cpaBHEHHH C 3ePHOM, TIOTYICHHOM Ha HEOKYITBTYPEHHBIX ITOYBAX

B nepron ¢ 1990 go 2016 rox Konmn4ecTBO BHE-
CEHHUs MUHEpaJIbHBIX ynoOpennii B Poccun ymeHb-
mmwiochk ¢ 112 1o 25 kr/ra, 4To 3HAYUTEILHO HIXKE,
YeM BBIHOC AJIEMEHTOB MUTAHUSI YPO’KAeM BO3JCIbI-
BaeMBIX KyJAbTYp. M XOTS Ipr 3TOM OTMEUYACTCSI HEKO-
TOpOE yBEIMUYCHUE YPOKAWHOCTH 3€PHOBBIX, HO ITO
00yCIIOBIIEHO HE YBEJIIMYEHHUEM IUIOAOPOIUS TOYB,
a teM, uto ¢ 2000 rozma, u3 060poTa BEIBOAMIUCH Cl1a-
0OOOKYIJIETYpEHHBIC TOYBBI, HA KOTOPHIX BO3/ICIIBIBAHHC
CEJIbCKOXO3HCTBEHHBIX KYJIBTYp OBbLIO HE peHTa0eIb-
HbIM [13]. B mocnegnue rogsl oTMEeYeHa TEHICHIIHS
K YBEJIMUCHUIO XUMH3AIIUHU TTOYBHI, HO CICAYET MPH-
3HaTh, YTO COZEPIKaHME TyMyca JIake Ha YepPHO3EeM-
HBIX MOYBAX MOJAXOIUT K KPUTHUECKON oTMeTKe [14].
[Ipu 5TOM HMeEeT MECTO He TOJIBKO BaJIOBOM Jeuiut
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MUTaHUsI pacTeHHid, HO U ero aucOanaHc. Tak, B pa-
CTEHHMEBOJICTBE HanOoJiee aKTHBHO HCIIONB3YIOT MHU-
HepaJbHbIE yI0OpEeH!s, OPHEHTUPOBAHHbBIE HA YBEJIH-
YeHHEe yporKas. bBOIBIIMHCTBO U3 HUX COIEPKAT a30T
u ocdop, 4To odecreunBaeT yBeITUICHNE ITHX dJIe-
MEHTOB B To4Be [15] 1 Kak mokaszayiu HaIIu UCCIEH0-
BaHUs B pacTeHusX. OnHaKo mpu 3ToM hopMHUpyeTcs
nucOamaHc MUTATENbHBIX B OMOIOTHYECKH aKTHBHBIX
BEIIECTB B PACTEHUSX 32 CUET M3MEHEHHUs XapaKTepa
B3aMMOOTHOIIIEHUI MEX Ty HUMH H OTPAHTYEHHOCTHIO
HabOpa BHOCHMBIX JIEMEHTOB oAKopMKH [ 16]. B pe-
3yJbTaTe, Kak MoKa3aJly Hallll UCCIIeJOBAaHUS B TECTO-
BBIX KYJIBTYPax BO3HUKAET JICOUIUT KaJIbIUs U Mar-
HUs. B siaMeHe HakarImBaeTcs MUHK 1 He3HAYUTEb-
HO YBEIIMYUBACTCS COJEpKaHWE METU W MapraHIia.
B nmennne ormeuena ooparHasi TEHACHLUS CO CHU-
JKCHHUEM ypPOBHS IIMHKA M MEJIH.

Pesynbrarhl KIMHUYECKOTO HAOIOACHUS 32 KH-
BOTHBIMH U3 CONOCTAaBUMBIX TPYIII MTOKa3alH, 4TO
B TE€UYEHHE BCEro OIBITa HE OBLIO CIIy4aeB MX THOe-
nu. Ha 34—40 quu onbiTa y 5 )KUBOTHBIX U3 IPYIIIbI

No 1 my 12 ron. — rp. Ne 2 HaGmOgaIMCh CUMITTOMBI
SHTEPOKOJIUTA B BHJIE OCIIA0JICHHS alllIeTUTa U TIOHO-
ca, Ipu 3ToM (peKaTnu ObUTH Ma3eroJ00HbIE CBETIIO-
KOPHYHEBOTO IIBETA C MPUMECHIO CIIM3U. CHMITOMBI
HaOmronanu B TeueHne 2—4 aHel, HO 3aTEM OHU HC-
ye3anu 0e3 MPUMEHEHUS JICKapCTBEHHBIX CPEJCTB.
Onnaxko, y 7 60mpHBIX U3 Tpymmbl Ne 2 3a001eBaHNE
MIEPenuIo B XPOHUYECKYI0 (OpMY, Ha YTO yKa3bIBa-
JIO0 B3IyTHE KUBOTA, JIOKHBIE MO3BIBBI K Jiedexannn
(0o06b1uHO B epBbie 20 MUHYT OCIIE TIOTPEOICHUS KOP-
Ma) ¥ YBEJIMYEHHUE JIIUTENbHOCTH auapen (1o 8—15
JHEl), pexanuu ObIITN BOASHUCTBIE WM Ma3enomo0-
HBIE C COMEP’KaHUEeM KPOBW W/WIIH OONBIIOTO KOJH-
YecTBa CIU3U. Y OONBHBIX HE OTMEYANIH TTOBBIIIICHUS
TEMIIEPaTypbl U OOILEro yrHeTeHHS.

Pe3ynbraThl B3BENIMBAaHUSI CBHHEW TPECTaBIIC-
Hbl B Tabnuue 2. [Ipu 3ToM, yuuThIBas, 4To y 00Jb-
HBIX HAPYIIAIOTCS TPOLECCHl POCTa U CIOXKHO 00b-
eKTUBHO IH((HEpESHINPOBATH POIH ATMMEHTAPHBIX
(hakTOpPOB, MACCOMETPHUIO MPOBOMIIN TOIBKO Y 370-
POBBIX KUBOTHBIX.

Tabnuna 2
buoxumuueckue noxkazamenu Kposu HOpocsam u3 epynnsl OmKopmda
[Tokazarenu / ['pyrma »KHBOTHBIX I'pynma Ne 1 I'pynma Ne 2
Bospacr, cyt 120 200 120 200
Macca Tena, Kr 37,2+ 1,70 103,4 + 2,50 37,9+ 1,00 93,5+ 1,65
CpenHecyToYHbIN IPUBEC, T 830,0 + 10,00 695,0 + 8,20

B mepBeIil n1eHb ombiTa He OBLIO TOCTOBEPHOTO
pa3IUYMsA MacChl TeJla KUBOTHBIX B COTIOCTaBHMBIX
rpynnax. THTEHCUBHOCTh pocTa B TEUCHHUE OIBITA
y CBHHEH, KOMOMKOPM KOTOPBIX COJICPIKAI 3EPHOBBIE,
BBIpAIIICHHBIE HA IIEJIMHE 0KA3aJIach BBIIIE, YEM B CO-
nocrtaBuMoi rpymme Ha 19,4 % (P < 0,001), aro co-

OTBETCTBEHHO OTPA3HJIOCh HAa Macce TeJla B KOHLIE Ha-
Omronenusi. B tabnuue 3 npencraBieHbl Pe3yabTaThl
aHaJIM3a COCTaBa KPOBM KIMHUUYECKH 37J0POBBIX KH-
BOTHBIX IJI€ BUJTHO, YTO B TEYEHHE OIBITA TPOU30LLIN
pa3Hble 10 BBIPAKEHHOCTH W HAIPABJICHUIO U3MEHe-
HUS UX OMOXMMMYECKOIO CTaTyca.

Tabauna 3
Buoxumuueckue nokazamenu Kposu nopocam us epynnsi OmKopmd
Fp}i(:'ffkaizgiﬁ/mx I'pynma Ne 1 I'pynma Ne 2
Bospacr, cyt 120 200 120 200
1 2 4 5

OO0muit Genok, /1 72,10 £ 1,15 71,50 + 1,31 72,0 +£1,09 76,0+ 1,19
MoueBnna, MM/11 3,88 +0,075 3,97 £ 0,050 3,90 +£ 0,062 3,50 £ 0,060
Kpearunun, MkM/1 142,6 + 3,70 145,0 £ 4,62 143,0 £ 2,41 176,0 £ 527"
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OxoHuyanme Ta0JI1.

1 2 3 4 5

D, E/n 140,0 + 10,20 137,5 £ 9,60 140,8 + 8,11 190,0 + 5,14™
AcAT, E/n 41,8 +2,97 43,0 +3,72 42,1 £2,37 50,3 +4,20
AnAT, E/n 37,0 £ 1,90 37,0+ 1,90 37,5+ 1,48 53,2 +4,74™
Kanpuuit, MM/1 2,60 + 0,037 2,57 +£ 0,040 2,62 +0,029 2,78 +£0,025™"
Docdop, MM/n 2,82 +0,025 2,80+ 0,015 2,79 + 0,030 3,22 £0,024™
I'nroxoza, MM/n 3,47+0,115 3,50+0,121 3,45+0,110 3,69+0,175
Tpurmmepumpr, MM/ 0,41 = 0,050 0,46 + 0,081 0,43 £ 0,038 0,50 £ 0,065
Xonecteput, MM/ 1,64 + 0,050 1,81 0,063 1,65+0,072 1,44 £ 0,045
Marunit, mr/% 2,50+0,013 2,58 £ 0,026 2,50+ 0,010 2,44 £ 0,017
CBM, mxr/% 3,43 +£0,108 3,41+0,172 3,40+ 0,097 2,60 £ 0,133
MCM 254, ycn. en. 0,272 +0,013 0,280 + 0,006 0,281 +0,018 0,311 +0,006™
MJIA, aM/mn 0,680 + 0,015 0,638 £0,012 0,689 + 0,020 0,726 0,010
Keneszo, MM/n 4,31 +0,027 4,42 + 0,040 4,33 +0,015 4,37+0,052
Menpb, MKM/n 14,8 £ 0,327 16,3+ 0,219 15,0 + 0,260 15,0 £ 0,485
Lusk, MKM/n 40,9 + 1,31 42,5+1,75 40,7 + 1,13 36,0 £ 1,55
Mapranen, MkM/n 3,0+£0,15 3,1+0,21 3,0+0,21 3,0+0,16
Kob6aist, MkM/n1 0,77 £ 0,041 0,75+ 0,036 0,75+ 0,039 0,71 £ 0,027

*P<0,05

" P<0,01

sekesk

B Teuenue onbiTa y cBuHel u3 rpynmsl Ne 1 Ha-
OromaeTcsl TEHACHIMS K YMEHBIIIEHUIO 00IIIero 6er-
ka (1a 0,8 %, p > 0,5), LD (ma 1,8 %, p > 0,5), kamb-
us (ma 1,15 %, p > 0,5), docdopa, T0 y )KUBOTHBIX
W3 COIOCTaBUMOM TPyIIBl HA00OPOT OTMEYEHO yBE-
JIMYEHUE JAHHBIX MOKa3aTeJIei COOTBETCTBEHHO Ha
5,5, 34,9, 6,1 u 15,4 %. PaznonanpaBieHHast quHA-
MHKa OMOXMMHYECKHX IMOKa3aTelNieil TakKe MpPOSBH-
JIaCh TEM, YTO Y JKMBOTHBIX U3 rpynmsl Ne 1 HaOmro-
JaeTcsl yBeIHUYeHHeE, a B Tp. Ne 2 — CHIKCHHE BEJIH-
YUH XoJiecTepuHa cooTBeTcTBeHHO Ha 10,3 u 12,7 %,
moueBuHBI Ha 2,3 1 10,2 %, maruus Ha 3,2 u 12,7 %,
nnHka Ha 3,9 u 11,5 %. Ha 3akmounTensHOM 3Tane
OTIBITA Y )KMBOTHBIX MOTYYAIONINX KOMOUKOPM C 3ep-
HOBBIMH BBIPAIICHHBIMU Ha OKYJIBTYPEHHBIX ITOJIAX
0Ka3aJIoCh BBILIE, YeM Y CBUHEHN U3 rpymiibl Ne 2 ypo-

P <0,001 — B cpaBHEHHMH € KUBOTHBIMH C aHAJIOTMYHOM Maccoil Tena u3 rpymnmsl Ne 1

BeHb 00111ero Oenka (Ha 6,3 %), kpearunuHa (21,4 %),
D (38,2 %), AcAT (17,0 %), AnAT (43,8 %), xanb-
st (8,2 %), docdopa (15,0 %), mrokosst (5,4 %), HO
Hmke MmoueBHHHI (Ha 11,8 %), xonecrepuna (20,4 %),
maruus (5,4 %), CBU (23,7 %), mexu (8,9 %), 1uH-
ka (15,3 %) u xobankra (Ha 5,3 %). [Tomumo 3TOTO,
y cBuHEH n3 rpynmbl Ne 2 B KOHIIE OMBITa OTMEYEHO
HaAKOTUIEHHE MapKepOB CHHIPOMA SHIOT€HHOM HHTOK-
cukauuu, Tak copep:xkanne MCM u MJIA y Hux oxa-
3aJI0Ch BBIIIE BEPXHETO Mpeiesia HOPMEL, a B CPaBHE-
HUU C YPOBHEM COIOCTAaBUMBIX >KMBOTHBIX Ha 11,1
n 13,8 %.

Taxum 06pa3zom, HECMOTpPSI HA OTMEYEHHOE yBe-
JTUYEHNE MUTATebHOCTH KOPMOB Ha (poHE XmMm3a-
IIUY TIOYBHI KX OMONIOTHYECKas [IEHHOCTh CHU3MIIACh,
YTO BEPOSTHO OOYCIIOBJICHO ArcOaaHcoM (hU3UOII0-
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TUYECKU aKTUBHBIX BENIeCTB (MuHEpaIoB). [Ipu aTom
y JKUBOTHBIX HAOJIOMACTCS MOBBINICHUE AKTUBHOCTH
amuHotpancdepas u LL{D, 9To B coueTaHUN ¢ HU3KHM
YPOBHEM XOJIECTEPHUHA YKa3hIBACT Ha BEICOKYIO BEpPO-
SITHOCTh HapyIIEHUs MeMOpPaHHBIX CTPYKTYp B Op-
raHu3Me U (YHKIMOHAJIbHYIO MEPEerpy3Ky MEUCHU
[17,18]. Hu3kwuii ypoBeHb io/a, CBI3aHHOTO C OeKa-
v kpoBu (CBH) ykassiBaer Ha ocmaGenne QyHKIHO-
HAaJHHOTO COCTOSTHHSI IIIUTOBUIHOM KENe3bl, TaK KaK
9TO OOJBIIas 9acTh THPOHUHOB [ 19]. U X0Ts oT™MeueH-
HBIE HapyIIeHHs: 0OMEHa BEIECTB UMEIOT YMEPEHHYIO
CTETeHb BBIPAYKEHHOCTH MX MHOTOIUIAHOBOCTb I1aTO-
(dusnonornYeckoro AeUcTBHS GOpMHUPYET KIMHHYE-
CKH 3HAYUMBIA WHTETPANBHEIN 3(DQEKT ¢ pa3BUTHEM
CUHJIpOMA DHJIOTEHHOW WHTOKCHKAIIUH, YBEIHMUEHUS
3200J1eBaeMOCTH (IHTEPOKOIIUT) U CHUKCHUST aKTHB-
HOCTH pOCTa.

3AKJIIOYEHUE

Buecenne MUHEpaNbHBIX yIOOpPEHUM, SBISCTCS
OUYEBHIHOW HEOOXOIMMOCTHIO COXPAaHEHUS ILIO/I0-
pPOAMS TOYB M YBEIMUCHHS YPOKAHHOCTH KOPMOBBIX
KyabTyp. OnHaKO TOMUHHPYIOIIAsl B HACTOsIIIEE Bpe-
M IPAKTUKA XUMU3ALUU ITPOBOAUTCA OrpaHNUYCHHBIM
Ha0OpOM OMOJOTHYCCKH 3HAYUMBIX DJIEMEHTOB, UTO
(hopmupyer nucOaraHc cocTaBa MOYBBI U PACTEHUN
C TIOCTIEYIOIIMM HEraTUBHBIM BIIMSHHEM Ha 37I0PO-
BbE U IPOJYKTUBHOCTH )KUBOTHBIX. [Ipn 3TOM matore-
HeTH4yecKuii 3QdeKT, BeposaTHO, 00yCIIOBIICH U3MEHE-
HUEM METa0O0INYEeCKHX MPOIECCOB Ha POHE N3OBITKA
nin AedunuTa OMOJOTHYECKA aKTHBHBIX BEUIECTB,
B YaCTHOCTH, MUHEPAJIOB, a TAK)KE HAKOIUIEHHEM TOK-
CUYECKHX ITPOAYKTOB HAPYIIIEHHOTO OOMEHA BEIIECTB
1 HEKOTOPBIX DJIEMEHTOB, YPOBEHb KOTOPBIX MTOBBIILICH
B paCTCHUAX, 1 OHU YIKEC ABJIAIOTCA aHTPONATOICHHBI-
MM TOKCHKaHTaMH.
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CLINICAL AND PHYSIOLOGICAL STATE OF PIGS WHEN
FEEDING THEM WITH THE GRAIN GROWN IN THE FIELDS
WITH VARIOUS LEVELS OF CHEMICALIZATION
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Abstract. The article presents the results of the research on the study of the characteristics of the clinical and
physiological state of pigs when feeding them with the grain grown in the fields with various intensity of the use
of mineral fertilizers.

In 2020—2021, at a large pig breeding enterprise located in Lipetsk region, there was conducted an experiment,
the object of which was 125 clinically healthy pigs at the age of 120 days. Two experimental groups were formed
out of them, the animals of which received compound feed for 60 days, which included barley and wheat pro-
duced on soils without the use of mineral fertilizers (No. 1, n = 60) and with their intensive application (No. 2,
n=065).

It has been revealed that the intensive use of mineral fertilizers in the field forage production, most of which con-
tain nitrogen and phosphorus, is accompanied by an increase in the content of these elements in the feed, but there
is an imbalance of nutrients and biologically active substances. Test cultures are deficient in calcium and magne-
sium. Zinc accumulates in barley and the content of copper and manganese slightly increases. In wheat, the op-
posite trend was noted with a decrease in the level of zinc and copper. In these feeds, in comparison with the grain
grown without the use of mineral fertilizers, the overall nutritional value is higher, but their biological value is
lower, which negatively affected the health and productivity of fattening pigs. Liver dysfunction and the devel-
opment of endogenous intoxication syndrome were noted in the animals, which caused an increase in their mor-
bidity (enterocolitis) and a decrease in growth activity.

The application of mineral fertilizers is an obvious need to preserve soil fertility and increase the yield of fodder
crops. However, the currently dominant practice of chemicalization is carried out with a limited set of biological-
ly significant elements, which creates an imbalance in the composition of soil and plants with a subsequent neg-

ative effect on the health and productivity of animals.
Keywords: pigs, fattening, fertilizers, crops, soil

Pig breeding is the leading branch of the world an-
imal husbandry and one of the main sources of high-
grade foodstuffs [1].

Achievements in breeding and genetic work and
the formation of a stable breeding base in all econom-
ically developed countries create an intensification po-
tential for the industry development [2, 3].

However, it is important to remember that with the
intensification, one of the main limiting factors pro-
gresses — the organization of a safe and complete bal-
anced feeding. A large number of publications are de-
voted to this issue, in which, in addition to expanding
knowledge of the physiology of feeding, attention is
focused on changes in the quality of feed due to an-
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thropogenic effect [4, 5]. At the same time, the role of
chemicalization of agriculture is of particular interest,
since its task is to increase the production of food for
humans and animal feed, but it also turned out to be
the main source of environmental risk [6,7]. The ob-
jective of our research was a comparative assessment
of the clinical and physiological state when using the
grain grown in the fields with intensive application of
mineral fertilizers and free from them.

MATERIAL AND METHODS
In 2020—2021 at a large pig breeding enterprise
located in Lipetsk region, there was conducted an ex-
periment, the object of which was the feed produced

137



O. S. Popova, P. A. Parshin, Yu. N. Alekhin

on soils with different levels of chemicalization and the
pigs that received them. The production of grain fod-
der on the farm is carried out on constantly used (cul-
tivated) and newly developed (non-cultivated) plots of
land, on which ordinary medium-thick, medium-humus
clayey black soil predominates. At the same time, un-
cultivated soils (old arable, virgin soil) have not been
used over the past 12—15 years, while cultivated are-
as have been in constant operation. Wheat and barley
were selected as test grain crops, which are the main
feeds in the diet of pigs.

The forerunner of the cultivation of these crops on
uncultivated plots was virgin lands, and on comparable
fields — corn. On intensively used soils, before sowing
winter wheat, 38 kg of nitrogen, 50.0 kg of phospho-
rus and 46.5 kg of potassium were applied, when sow-
ing — 9.5 kg of phosphorus, after sowing (top dress-
ing) — 49.5 kg of nitrogen per hectare. In the fields
of barley, before sowing, 73 kg of nitrogen, 88.0 kg
of phosphorus and 112 kg of potassium were applied,
while sowing — 9.5 kg of phosphorus per hectare. In
previously unused areas, grains were grown without
the use of fertilizers. The forages obtained on com-
parable fields were subjected to zootechnical analy-
sis with the determination of moisture content, crude
protein, crude fiber, calcium and phosphorus with the
subsequent calculation of dry matter and exchange en-
ergy using generally accepted methods [8,9]. In addi-
tion, the level of phosphorus was assessed by the pho-
tometric method after wet ashing, and calcium, mag-
nesium, zinc, copper and manganese were determined
using the atomic absorption method [10].

To assess the effect of epy grain obtained from
comparable fields, 125 clinically healthy pigs at
the age of 120 days (fattening) were selected — a
three-breed commercial hybrid: breeding pig (Large
White + Landrace) and boar (Yorkshire). Two exper-
imental groups were formed out of them, which re-
ceived compound feed for 60 days, which included
grains from uncultivated (No. 1, n = 60) or cultivated
fields (No. 2, n=65). Compound feed used in com-
parable groups had similar nutritional parameters and
consisted of barley (52 %), wheat (35 %), soybean
meal (SP 43.0 %, 8.5 %) and a mineral complex (tri-
calcium phosphate, sodium chloride, premix 3.5 %).
The animals were kept in pens for 15—17 animal units
in a standard room equipped with self-alloying manure
removal technology, heating devices, supply and ex-
haust devices with an automated microclimate control
system. The type of feeding is dry with free access to
compound feed and water (nipple drinkers). Pigs at the
age of 110 days were transferred to the fattening area,
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where they adapted to the new conditions of keeping
within 10 days and at the age of 120 days they were
fed the test compound feed during the entire fattening
period (80 days). On the first (120 days) and last (200
days) days of the experiment, the body weight of the
animals was determined, and blood samples were tak-
en from the right side of the jugular vein in 6 animals
from each group into ELAMED vacuum tubes with an-
ticoagulant (K,EDTA) to preserve its intact state and
with a coagulation activator (SiO,) for serum produc-
tion (JSC Elatomskiy Instrument Plant, Russia).

In blood samples, the levels of alanine transferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase (AP), total protein, glucose, creatinine,
urea, cholesterol, triglycerides, calcium, phosphorus
and magnesium were determined in the blood serum
(commercial kits of reagents, JSC Diakon-DS, Russia),
medium weight molecules (MWM) at a wavelength of
254 nm [11]. In addition, the concentration of malon-
dialdehyde was studied by precipitation with phos-
photungstic acid, with thiobarbituric acid [12].

The whole blood content of copper, zinc, iron, man-
ganese and cobalt was studied on an atomic absorp-
tion spectrophotometer Perkin Elmer mod. 703 (USA).

The research results were subjected to statistical
processing using the programs Statistica 8.0. At the
same time, the arithmetic mean and its error (M + m),
as well as the significance of the intergroup difference
(p) were calculated according to Student’s t-test.

STUDY RESULTS AND DISCUSSION

On cultivated farmland, the yield of winter wheat
was 40.8 centners per hectare (c/ha), and barley —
35.5 c/ha, while on virgin lands there was a decrease
inyield by 8.1 % (37.5 c/ha) and 5.6 % (33.5 c/ha), re-
spectively. Table No. 1 presents the results of studying
the content of nutrients and minerals in the test feeds
(grain) grown on cultivated and uncultivated fields.

Both in barley and wheat grown on cultivated
fields, there is a tendency (p > 0.5) to increase dry
matter, crude protein and metabolic energy, but re-
duce crude fiber. A more pronounced difference was
noted in the mineral composition of the feed. The lev-
el of calcium in barley from cultivated fields turned
out to be lower by 11.8 % than from virgin lands, and
in wheat — by 27.1 %, magnesium — by 10.4 and
16.7 %, but phosphorus was higher by 8.7 and 14.7 %,
and manganese — by 3.1 and 1.0 %. In the barley from
intensively used fields, the zinc content was higher by
39.9 % than from uncultivated plots, and copper — by
3.1 %, but in wheat these figures were lower by 9.6
and 3.8 %, respectively.

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023



Clinical and physiological state of pigs when feeding them with the grain grown in the fields with various levels...

Content of nutrients and minerals in the barley and wheat grown in

cultivated and uncultivated fields (in kg of natural feed)

Table 1

Barley Winter durum wheat
Indicators Uneultivated soils Cultivated soils Uncultivated soils Cultivated soils
(n=4) (n=4) (n=4)

Number of samples 4 4 4 4
Dry matter, g 839.3 +£2.80 841.3+£2.74 846.3 +£3.10 848.2 +£3.30
Crude protein, g 111.8+2.12 114.0+1.10 140.0 =2.37 147.5+£2.105
Metabolic energy, MJ 9.80 £ 0.505 10.3+£0.418 10.1 £0.63 10.8 £0.68
Crude fiber, g 47.0£0.70 46.2 +0.63 27.2+0.65 26.3 +£0.48
Calcium, g 1.86 +0.060 1.64+£0.048 ™ 0.85+0.013 0.62+£0.011™
Phosphorus, g 3.57+0.103 3.88 +£0.085 4.15+0.130 4.76 +£0.100™"
Magnesium, g 1.06 £ 0.030 0.95 +0.026™ 1.20 +£0.042 1.00 £ 0.039"
Zinc, mg 38.8+2.160 54.3 £2.050™" 41.8+1.35 37.8+1.05
Copper, mg 4.53+0.110 4.67+0.103 2.34 +0.041 2.25+0.030"
Manganese, mg 13.0+1.02 13.4+0.68 40.8+1.06 41.2+1.102

*P<0.05

“ P<0.01

sekeok

In the period from 1990 to 2016, the amount of
mineral fertilizer application in Russia has decreased
from 112 to 25 kg/ha, which is significantly lower than
the removal of nutrients from the crops. And although
there is a slight increase in grain yields, this is due not
to an increase in soil fertility, but to the fact that since
2000 poorly cultivated soils, on which the cultivation
of crops was not profitable, were taken out of circula-
tion [13]. In recent years, there has been a tendency to
increase the chemicalization of the soil, but it should
be recognized that the humus content, even in black
soils, approaches a critical level [ 14]. At the same time,
there is not only a gross deficiency of plant nutrition,
but also its imbalance. Thus, in crop production, min-
eral fertilizers are most actively used, aimed at increas-
ing the yield. Most of them contain nitrogen and phos-
phorus, which provides an increase in these elements
in the soil [15] and as shown by our studies in plants.
However, at the same time, an imbalance of nutrients
and biologically active substances in plants is formed
due to a change in the nature of the relationship be-
tween them and a limited set of introduced feeding el-
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ements [16]. As a result, as shown by our studies in
test cultures, there is a deficiency of calcium and mag-
nesium. Zinc accumulates in barley and the content of
copper and manganese slightly increases. In wheat, the
opposite trend was noted with a decrease in the level
of zinc and copper.

The results of clinical observation of the animals
from comparable groups showed that during the entire
experiment there were no cases of their death. On days
34—40 of the experiment, in 5 animals from group
No. 1 and in 12 animals — group No. 2, symptoms of
enterocolitis were observed in the form of a decrease
in appetite and diarrhea, while the feces were greasy,
light brown in color with an admixture of mucus. The
symptoms were observed within 2—4 days, but then
they disappeared without the use of drugs. However,
in 7 sick animals from group No. 2, the disease turned
into a chronic form, as indicated by bloating, false urge
to defecate (usually in the first 20 minutes after eat-
ing food) and an increase in the duration of diarrhea
(up to 8—15 days), feces were watery or greasy, con-
taining blood and/or a lot of mucus. The sick animals
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did not demonstrate an increase in temperature and
general depression.

The results of weighing pigs are presented in
Table 2. At the same time, given that growth process-
es are disturbed in sick animals and it is difficult to ob-
jectively differentiate the role of alimentary factors,
massmetrics was performed only in healthy animals.

On the first day of the experiment, there was no
significant difference in the body weight of the ani-
mals in comparable groups. During the experiment,

the intensity of growth in the pigs, the feed of which
contained the grains grown in virgin lands, was higher
by 19.4 % (P < 0.001) than in the comparable group,
which accordingly affected the body weight at the end
of the observation.

Table 3 presents the results of the blood composi-
tion analysis of clinically healthy animals, where it can
be seen that during the experiment there were changes
in their biochemical status that were different in severi-
ty and the direction of their biochemical status change.

Biochemical blood indicators of piglets from the fattening group fuble
Indicators / Group of animals Group No. 1 Group No. 2
Age, days 120 200 120 200
Body weight, kg 372+ 1.70 103.4£2.50 37.9+1.00 93.5+£1.65
Average daily weight gain, g 830.0 = 10.00 695.0 = 8.20
Table 3
Biochemical blood indicators of the piglets from the fattening group
Gr(fzgig?t;;isn/lals Group No. 1 Group No. 2
Age, days 120 200 120 200
1 2 3 4 5
Total protein, g/ 72.10 = 1.15 71.50 £ 1.31 72.0 +1.09 76.0 £ 1.19°
Urea, mm/L 3.88+£0.075 3.97+£0.050 3.90 £ 0.062 3.50 £ 0.060"
Creatinine, uM/L 142.6 +=3.70 145.0 £4.62 143.0 £2.41 176.0 £5.27
AP, U/L 140.0 £ 10.20 137.5+9.60 140.8 £ 8.11 190.0 £ 5.14™
AST, U/L 41.8+2.97 43.0+£3.72 42.1£2.37 50.3+4.20
ALT, U/L 37.0+1.90 37.0+1.90 37.5+1.48 53.2+4.74"
Calcium, mm/L 2.60 £ 0.037 2.57 £ 0.040 2.62 +0.029 2.78 £0.025™
Phosphorus, mm/L 2.82£0.025 2.80+£0.015 2.79 £0.030 3.22+£0.024™
Glucose, mM/L 3.47+0.115 3.50+0.121 3.45+0.110 3.69+0.175
Triglycerides, mM/L 0.41 £ 0.050 0.46 +0.081 0.43 £0.038 0.50 £+ 0.065
Cholesterol, mM/L 1.64 +0.050 1.81£0.063 1.65+0.072 1.44 £ 0.045™
Magnesium, mg/% 2.50+£0.013 2.58 £0.026 2.50+0.010 2.44 +£0.017"
PBI, pg/% 3.43+£0.108 3.41+£0.172 3.40 £ 0.097 2.60 +0.133™
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Table 3 (the end)
1 2 3 4 5

MWM . c.u. 0.272+£0.013 0.280 £ 0.006 0.281 +0.018 0.311 £ 0.006™"
MDA, nM/ml 0.680 +0.015 0.638 £0.012 0.689 +0.020 0.726 +£0.010™*"
Iron, mm/L 431 +0.027 4.42 +0.040 433+0.015 4.37+0.052
Copper, uM/L 14.8 £0.327 16.3+£0.219 15.0£0.260 15.0 £0.485"
Zinc, uM/L 40.9 +1.31 42.5+£1.75 40.7+£1.13 36.0 £ 1.55™
Manganese, pM/L 3.0+0.15 3.1+0.21 3.0+0.21 3.0+0.16
Cobalt, pM/L 0.77 £0.041 0.75+£0.036 0.75+0.039 0.71 £0.027

*P<0.05

* P<0.01

ok

During the experiment, the pigs from group No. 1
tend to decrease in total protein (by 0.8 %, p > 0.5),
alkaline phosphatase (by 1.8 %, p >0.5), calcium
(by 1.15 %, p > 0.5), phosphorus than in the animals
from the comparable group, on the contrary, an increase
in these indicators by 5.5, 34.9, 6.1 and 15.4 %, respec-
tively, was noted. The multidirectional dynamics of bi-
ochemical indicators also manifested itself in the fact
that in the animals from group No. 1 an increase was
observed, and in group No. 2 — a decrease in choles-
terol values by 10.3 and 12.7 %, respectively, urea —
by 2.3 and 10.2 %, magnesium — by 3.2 and 12.7 %,
zinc — by 3.9 and 11.5 %. At the final stage of the
experiment, the level of total protein (by 6.3 %), cre-
atinine (21.4 %), alkaline phosphatase (38.2 %) was
higher in the animals receiving compound feed with
the grain grown in cultivated fields than in the pigs
from group No. 2, AST (17.0 %), ALT (43.8 %), cal-
cium (8.2 %), phosphorus (15.0 %), glucose (5.4 %)
but lower than urea (by 11.8 %), cholesterol (20.4 %),
magnesium (5.4 %), PBI (23.7 %), copper (8.9 %),
zinc (15.3 %) and cobalt (by 5.3 %). In addition, at the
end of the experiment, in the pigs from group No. 2,
the accumulation of endogenous intoxication syndrome
markers was noted, so the content of MWM and MDA
in them turned out to be higher than the upper limit of
the norm, and in comparison with the level of compa-
rable animals — by 11.1 and 13.8 %.

Thus, despite the noted increase in the nutritional
value of forages against the background of soil chemi-
calization, their biological value decreased, which was
probably due to an imbalance of physiologically active
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substances (minerals). At the same time, an increase
in the activity of aminotransferases and alkaline phos-
phatase is observed in animals, which in combination
with low cholesterol levels, indicates a high probabil-
ity of damage to membrane structures in the body and
functional overload of the liver [17,18]. A low level of
protein-bound iodine (PBI) indicates a weakening of
the functional state of the thyroid gland, since this is
a large part of thyronins [19]. And although the noted
metabolic disorders have a moderate degree of sever-
ity, their multifaceted pathophysiological action forms
a clinically significant integral effect with the devel-
opment of endogenous intoxication syndrome, an in-
crease in morbidity (enterocolitis) and a decrease in
growth activity.

CONCLUSION

The application of mineral fertilizers is an obvious
need to preserve soil fertility and increase the yield of
fodder crops. However, the currently dominant prac-
tice of chemicalization is carried out with a limited set
of biologically significant elements, which creates an
imbalance in the composition of soil and plants with a
subsequent negative effect on the health and productiv-
ity of animals. At the same time, the pathogenetic ef-
fect is probably due to a change in metabolic process-
es against the background of an excess or deficiency
of biologically active substances, in particular miner-
als, as well as the accumulation of toxic products of
impaired metabolism and some elements, the level of
which is increased in plants, and they are already an-
thropogenic toxicants.
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KOMIIJIEKCHBINA CIIOCOB JIEYEHU I KOPOB
IHPU XPOHUYECKOM SHAOMETPUTE

Banepusi Cepreesna bosoroBa, Buranuii UBanoBuy Muxanes™,
Ouabra AnexceesHa MaH:KypHuHa

Bcepoccutickuii Hayuno-uccie008amenscKull 6emepuUHapHbitl UHCIMUNYm Namoao2u,
¢apmakonozuu u mepanuu, Boponeoic, Poccus, mikhalevvit@yandex.ru®

AnHoTanmsi. B crarbe nmpezicTaBieHbl MaTepualsl n3ydeHus 9QGEeKTUBHOCTH KOMILIEKCHOTO crioco0a Tepanun
KOPOB ITPH XPOHUYECKOM IHJIOMETPHUTE, MPEIYCMaTPHBAIOIIECIO IPUMEHEHNE 00IeCTUMYIUpytomuX (0nocTH-
MYJIBTUH), CHMIITOMAaTH4YeCKUX (YTEPOTOH) M STHOTPOITHBIX (HOBBIH Ipenapar aHTHMUKPOOHOTO aeicTBust «ITK»),
4TO 00EcIeYnBacT MOBBIICHHUE TeparneBTHYecKol dppektuBHOCTH Ha 9,5—17,3 %, ipu cokpamenun Ha 0,48—
1,06 uncna BHYyTPUMATOYHBIX BBEJCHUI aHTUMUKPOOHBIX CPEICTB, MPOJOIDKUTENLHOCTH Oectutoaus Ha 11,7—
35,3 nHelt u xoaddunueHTa omtogoroperus Ha 0,14—0,26. B mporiecce KOMIUICKCHOTO JICUCHHST POUCXOIUT
BOCCTAHOBJICHHE PUTUIHOCTH MAaTKU, YMEHbIIICHHE TOJILUHBI €¢ CTeHKH Ha 75,0 % 10 CpaBHEHHIO C HAa4aJIoM Jie-
YEeHHUs, IPU OTCYTCTBUU THOMHBIX BKIIOUCHUN. KITMHUUEeCKoe BBI3IOPOBICHHE COPOBOXKIACTCS CHUXKEHUEM MHU-
KpOOHOI 00CEMEHEHHOCTH MaTKH B 7,29 pasa, B TOM 4uciie SHTepodakTepuil B 3,25 pasa, 4To yKa3bIBaeT Ha ca-
HaIMIO TOJIOCTH MaTkH. KOMIUIEKCHOE JIe4eHHe XPOHMYECKOTO SHAOMETPUTA CIIOCOOCTBYET BOCCTAHOBIICHUIO
CTPYKTYPHO-(YHKIIHOHAIBEHBIX CBOWCTB ITOKPOBHOTO SITUTEINHS, YTO IPOSBUIIOCH YBETMYSHUEM BBICOTHI €T0 ATIH-
TenuonuTos Ha 21,1 %. Kpome Toro y kopoB 3Tol rpymiibl BICOTA SMUTEIHOLUTOB MaTOYHBIX YKEJIe3 MOBBICHU-
nach Ha 22,4 %, a Tomuaa 3n0MeTpust — Ha 20,5 %, 94TO CBUACTEIBCTBYCT 00 aKTHBH3AIIUU €TO CEKPETOPHOM
byHKIHN.

KioueBble c10Ba: KOPOBBI, XPOHUUECKUH SHIOMETPHT, KOMITJICKCHAsI TEPaTtsl, HOBBIH aHTUMUKPOOHBIN Npera-

pat «I1K»

Hcnonb3oBanne penpoayKTUBHOTO MOTEHIIMAJA
MaTOYHOTO TOTOJIOBBS ompenensercs (QyHKIMOHU-
pPOBaHMEM MHOTMX CHUCTEM OpraHu3Ma, ITIaBEHCTBY-
IOlllee 3HAYCHHE MPHU 3TOM MPUAACTCS OpraHaM BOC-
npousBojcTBa. Cpean MaroJoruii BOCIPOU3BOIH-
TEJIbHOM CHUCTEMBbI OpraHM3Ma OTPOMHOE 3HaueHue
3aHUMAIOT 3a00JIeBaHUS MAaTKH, B TOM YHCJIE SHI0ME-
TPUTHI. XPOHUYECKUN SHIOMETPUT JTUATHOCTUPYET-
cay 15,2—31,7 % GecrmogHbIX )KUBOTHBIX [1—3].

DKOHOMHMYECKHUE TOTEPH OT XPOHUUYECKOTO SHIO-
METpUTA 10 JaHHBIM MexlyHapOIHO! MOJIOYHOH ac-
conuanuu coctanisitor 250 eBpo/skuBoTHOE [4].

XPOHHYECKHUI SHIOMETPHUT B OOJIBITHHCTBE CITY-
4aeB SABJSETCS NPOAOIKEHUEM OCTPBIX U MOJTOCTPBIX
(hopm Bocnanenus sugoMeTpus. [Ipu 3ToM B 3HIIOME-
TPUU IUATHOCTUPYETCS TUIIEPEMUS], KPOBOU3IUSIHUS,
JUCTPO(PHUUECKUE TPOLIECCH AUTETHATBHBIX KIETOK,
Pa3poCT COEAUHUTENBHO-TKAHHBIX 3JIEMEHTOB, YTO
3HAYUTEIHHO YXY/IIAeT YCIOBHUS IS TUIOJOTBOPHO-
IO OCEMEHEHUS KUBOTHBIX [5].

HenocpencTBeHHON NpUYUHON pa3BUTHS BOCTIAIU-
TEJIBHBIX MPOLIECCOB B SHIAOMETPUH SIBIISICTCS pPa3HO-
oOpasnas mukpoduopa: E. coli, Staph. aureus, Staph.
epidermidis, Staph. pyogenes, Str. agalactiae u np.
Tepamusi KOpOB C XPOHHUECKUM IHIOMETPUTOM OC-
HOBaHa HA NMPUMEHEHHH aHTUMHUKPOOHBIX CPEJCTB,
OeccucTeMHOE MPUMEHEHHE KOTOPBIX CO3/IaeT Mpe/-
MOCBUIKHU JIsl Pa3BUTUS PE3UCTEHTHBIX IITAMMOB MU-
KpOOpraHusmos [6].

YyBCTBUTEIBHOCTH MUKPO(]IOPHI, N30IUPOBAH-
HOU M3 MaTOYHOTO COJEPKUMOTO OOJLHBIX XPOHHYE-
CKUM 9H/IOMETPUTOM KOPOB, UMEET TCHICHIIHIO K CHU-
xenwuto [7, 8].

Hawnbonpmmuit 3 ekt mpu JedeHuH KOPOB ¢ Xpo-
HUYECKUM 3HIOMETPUTOM JIOCTUTACTCSI IPH COBMECT-
HOM NPUMEHEHHH O0IIeCTUMYIUPYIOLINX, MUOTPOII-
HBIX ¥ 3THOTPONHBIX cpeacTB. KommiekcHas Tepanst
HarpaBJieHa Ha HOPMaJIH3allui0 0OMEeHa BEIECTB B Op-
raHyu3Me ¥ TPO(UKU B HOPAKEHHOM OpraHe, KOppeK-
L0 HEPBHO-MBIIIEYHOI'O TOHYCa MUOMETPHUS U CO-
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KpaTHTeIbHOW (QyHKIMM MaTKH, OCBOOOXKEHHE ee
MOJIOCTH OT CKOITMBIIETOCS DKCCY/ara, MOBHIIICHHE
3aLIUTHBIX CUJI OPraHU3Ma U [I0JABJICHUE KU3HEeAes -
TEJILHOCTH MHUKPOQIIOPHI, BOCCTAHOBJICHHE CTPYKTY-
pol ¥ QyHKuuu Matku [9—11].

HecMmortps Ha pa3paboTaHHbIE B OC/IEIHEE BPEMsI
MHOTOUHUCIICHHBIC aHTUMUKPOOHBIE Mperaparsl pac-
IIPOCTPAHEHHNE XPOHUUECKUX YHIOMETPUTOB B MOJIOU-
HOM KMBOTHOBOJZICTBE HE UIMEET TeHICHLIMH K CHIKe-
Huto. [loaromy pazpabdboTka 3¢ppeKTHBHBIX cxeM jede-
HUS KOPOB C XPOHUYECKHUM SHIOMETPUTOM SIBIISIETCS
aKTyaJIbHOH 3ajaueil.

Less ncciaexoBanuii — onpenenuth dPPEKTHB-
HOCTb KOMIUJIEKCHOTO JIEYEHHsI KOPOB IIPU XPOHHUYE-
CKOM SHJIOMETPUTE.

MATEPHUAJ U METO/JbI
HUCCJIEJOBAHUM

OOBEKTOM HCCIIEIOBAHNS SBIISUTUCH KOPOBHI C JiHa-
THO30M XPOHHUYECKUH 3HAOMETPHUT. Jlnaruos ycra-
HaBJIMBAJIH IO pe3yabTaTaM KIMHHYECKHUX, TPAHCPEK-
TaJbHBIX U YJIBTPA3BYKOBBIX UCCIIEIOBAHUH B COOTBET-
cTBUH ¢ «MeTouecKnM TocodreM Mo NpopUIaKTHKE
OecIuIousl y BBICOKOTIPOAYKTHBHOTO MOJIOYHOTO CKO-
Ta» (Boponex, 2010) [12].

JKuBoTHBIE TTOCTIE TTOCTAHOBKH JWarHo3a ObITH
paszenieHsl 0 TIPUHITUITY aHAJIOTOB Ha TPH TPYIIIIHI.
KopoBam mepBo#i rpynmnsl (n = 18) BHyTprMaToy-
HO BBOJWIH IIpenapar METPUKYpP COITACHO MHCTPYK-
IIUH 110 PUMEHEHNI0; BTOpoH (n = 20) — MeTpuKyp,
a Takke OMOCTUMYIBTHH — B 1103¢ 30,0 MIT TPIIKIIBI
¢ 48-4acOBBIM MHTEPBAJIOM U YTEPOTOH — TPHKIIbI
¢ 24-yacoBbIM uHTEpBaIoM B 103¢ 10,0 Mit; TpeTbeit
rpymnsl (7 = 19) — OGHOCTUMYIIBI'HH U YTEPOTOH B TEX
JKe J103aX U B T€ K€ CPOKH, UTO U KUBOTHBIM BTOPOU
IPYIIIBL, U JOTIOJHUTEIBHO — HOBBIM aHTUMHKPOO-
HEI nperrapar «I1K» BHyTpuMmarodro B mosze 20 M
OJIMH Pa3 B JIEHb JI0 BBI3IOpOBIEHUs. KinmHmueckyro
3¢ (EeKTUBHOCTH MTPOBEACHHOTO JICUSCHHS OICHUBAIIN
I10 MMPOLIEHTY BBI3I0POBEBIINX )KUBOTHBIX, KPATHOCTU
BHYTPHUMAaTOYHOTO BBE/ICHHSI aHTUMUKPOOHBIX ITpera-
PaToB, KOJTMYECTBY OILIOIOTBOPEHHBIX )KUBOTHBIX, TIe-
pHOIy OT OTeNa IO OTUIOMOTBOPEHUS, KO3 PHUITHCHTY
OTLIOJIOTBOPEHHUSI.

[Ipu onpenenenun 3pHEeKTHBHOCTH KOMITIEKCHOTO
JICUCHUSI YYUTHIBAJIU TAKIKE PE3YJIBTAThI YIBTPa3BYKO-
BBIX MCCIICOBaHHUHN (HAaJIHM4YMe/0OTCyTCTBUE THOSI, TOJI-
IIMHA CTEHKH MATKH, THAMETP TOJIOCTH MaTKH).

OT 5—6 KOpOB U3 KaKIOH TPYNITBI 0 M TIOCIe
IIPOBENICHHOTO KOMILIEKCHOTO JISYEHHSI OTOOPaHBI ITPO-
OBl MAaTOYHOTO COAEPKUMOTO ISl TPOBEICHUSI OaKTe-
PHUOIOTUYECKUX UCCIEA0BAHUM.

OT KOPOB, MOABEPraBIINXCS KOMILIEKCHOM Tepa-
TTUH, JJIs1 TIPOBEICHUS THCTOJIOTHYECKIX HCCIIEI0BA-
HUH ObUT 0TOOpaH OMONICHIHBINA MaTepra U3 CTCHKH
SHIOMETPHS, KOTOPBIH prukcuposamu B 10 % pactBope
HeHTpabHOrO (hopMaTHA, 00C3BOKHUBAJIH B CITUPTAX,
xyopodopme 1 3anuBay B mapaduH. Cpe3bl TOTOBIIIN
Ha Mukpotome MIIC-2 Tonmunoit 5—7 MKM, Aenapa-
(UHUPOBAIN ¥ OKPAIINBAIA FeMAaTOKCUIINH-303UHOM.
Mopdomerpruyeckue ucciaeqoBaHus 00pa3LoB CTECH-
KM MaTKH JI0 U TI0CJIe KOMITJIEKCHOTO JICUEHUs TPOBe-
nensl o I I'. ABranammoy (1990) [13].

ITomyuenusrit ndpoBoi MaTrepuan MOIBEpraTn
CTAaTHCTUYECKOW 00pabOTKe C HMCIIONIb30BAHUEM IIa-
KeTa NPUKJIAAHBIX TporpaMm Statistica 6.0. Pazmnuus
CUMTAIIU CTATUCTHYECKH 3HaUnMbIMU 1ipu P < 0,05.

PE3YJBTATHI UCCJEJTOBAHU

Pe3ynpraTel KiImHIYECKOH 3PPEKTHBHOCTH JIcUe-
HUSI KOPOB IIPU XPOHUYECKOM SHIOMETPUTE MTPEACTaB-
JeHbl B Tabmuue 1. YcTaHOBIEHO, YTO TEpanus Xpo-
HUYECKOTO 3HJIOMETPUTA KOPOB C IPUMEHEHHEM Me-
TpHKypa (TiepBast rpyra) odecrednia KITMHHIECKOe
BbI310poBieHue 72,2 % KUBOTHBIX. 711 MOCTHIKEHUS
TepaneBTHaeckoro dddexra tpedyercs 3,17 £ 0,12
BHYTPMMATOYHBIX BBeACHUI npenapara. [locne mpo-
BEJICHHOT'O JICYEHHUSI OIIOA0TBOPUIOCH 69,2 % BBI3H0-
POBEBILINX >KUBOTHBIX B cpeaHeM udepe3 110,7 + 8,1
naeil. KoadduimeHnt oronoTBopeHus: KopoB, KOTO-
PBIX MOJBEpPrajgy JICUEHUIO C IPUMEHEHHEM METpUu-
Kypa, coctaBuia 2,31 + 0,12.

Bornee BbIcOKHE pe3ysbTaThl ICYEHHS XPOHUUECKO-
TO 9HJIOMETPUTA MOJIyYEeHBI IPH KOMIUIEKCHOH Teparuu
JKUBOTHBIX (BTOpasi TpyMmIma), nNpeaycMaTpuBaromen
MpUMEHEeHHE OOIIeCTUMYITHPYIOMHX (OHOCTHUMYIIb-
THH), MHOTPOITHBIX (YTEPOTOH) W aHTUMHKPOOHBIX
(metpukyp) cpenctB. KomruiekcHast cxema crnocoo-
CTBYET MOBBILICHUIO TEPaneBTHUECKOH 3()(HheKTHBHO-
cTi Ha 7,8 % 10 CpaBHEHMIO C HCIOJIb30BAHUEM OfI-
HUX aHTUMHKPOOHBIX CPEJICTB, IIPH COKpAILEHHH Ha
0,52 (P < 0,05) xomn4ecTBa BHYTPIMATOYHBIX BBE/IE-
HUi MeTpukypa. KilmHuueckoe BBI3IOPOBJIEHUE KO-
POB 3TOM IPYIIIBI CONPOBOKAAIOCH OIUIOIOTBOPEHHU-
eM 75,0 % >KUBOTHBIX, 4TO Ha 5,2 % BBIILIE, YEM MIPU
Tepanyuy OHUM METPUKYPOM, IIPH COKPAILIEHHH TPO-
JIOJDKATENBHOCTH IEPHO/Ia OT OTeNa 10 OTIIOA0TBOpE-
Hus Ha 23,6 gaeit (P < 0,05) u koaddurenTa omio-
norBopeHust — Ha 0,12.

KommuiekcHoe jeueHne KOpoB IpU XPOHUYECKOM
SHJOMETPUTE, MpeaycMaTpHuBarollee NpUMEeHEHUE
OnocTUMysBIrUHA, yTepoToHa U npenapara «[1K» (Tpe-
Thsl TPYIIIA), OKa3ajiock Hanbonee 3PPEeKTUBHBIM —
89,5 %, ato Ha 9,5 % BEIIIIE 110 CPABHCHHIO C )KUBOT-
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HBIMH BTOpOH rpynmnsl 1 Ha 17,3 % — 1o cpaBHEHUIO
¢ mepBoi. s MOCTHKEHNUS KIMHUYECKOTO d(deKTa
norpedoBanock Ha 0,48 (P < 0,05) MeHbIIIe BHYTpH-
MaTo4HBIX BBeeHni npenapara «I1K» mo cpaBaenuto
C JKUBOTHBIMH BTOpO# rpymmbl v Ha 1,06 (P < 0,001) —
110 CPAaBHEHMIO C I1epBOH. ITocie KIIMHNYEeCKOro BbI30-

POBJICHUS] KOPOB TPETHEH TPYMIIBI OMIOAOTBOPIIOCH
Ha 13,2—19,0 % Oomnple >KUBOTHBIX TPU COKpAIIIe-
HUHW TPOIOJDKUATEIRHOCTH Oectutonmst Ha 11,7—35,3
nHeit (P < 0,01) u ko3 durrenTa ormionoTBOpeHI —
Ha 0,14—0,26 o cpaBHEHHIO C KUBOTHBIMU MEPBOI
Y BTOPOU T'PYIIIHI.

Tabmuna 1
Dpghexmusnocmos KomnieKcHo20 Jiewerus Kopos npu XPOHUYECKOM SHOOMempume
[pyTmibl )KUBOTHBIX
Iloxazarenu
nepBas, n = 18 BTOpas, n =20 TpeThs, n = 19

Brznopogerno, kopoB/% 13/72,2 16/80,0 17/89,5
KparHocTs BBEICHHS 3,17+0,12 2,65+0,15" 2,11 +£0,11"
Om010TBOPHIIOCH, KOPOB/% 9/69,2 12/75.0 15/88.2
Iepuoz OT oTena 10 OIIOJ0TBOPEHHMS 110,7 £ 8,1 87,1 £52" 75,4+ 4,6"
KoadhdurmeHT ormnonoTBopeHust 2,31+0,12 2,19+0,11 2,05+0,11

*P<0,05

" P<0,01

sk

Pesynbrarsl kmuHHYECKOW 3((HEKTUBHOCTH KOM-
IUIEKCHOW Tepanuy KOPOB C XPOHUUYECKUM 3IHJIIOMe-

P <0,001 — 1o cpaBHEHHIO € )KUBOTHBIMU TIEPBON TPYIIIBI

TPUTOM TIOATBEPKACHBI dXOTPaPUIECKUMU JTaHHBI-

Mu (Tabm. 2).

Tadauna 2

K/luHMKO-QXOZpa¢M‘l€CKu6 napamempuvl MamKu KOpoe npu KOMNi1€KCHOM J1e4eHUU XPOHUUECKO2O 3H()0Mempuma

ITocne neuenus

Jlo neuenwus,

IToxa3zarenu
n=157

nepBasi rpyIna,
n=13

BTOpas rpyIna,
n=16

TPEThsI TPYIINA,
n=17

Pora marku
CBHCAIOT 3a Kpai
JIOHHOTO cpaiie-

Pacnonoxxenne MaTku

TazoBas moyI0CThL

TazoBast moJI0CThb

TazoBast moJI0CTh

HUS
VYBenuueHue pazMepa MaTku, pa3 1,5—2,0 1,2—1,3 — —
VYopyro-anactud- | Ymopyro-anactud- | YHOpyro-aaacTud-

Koncucrennus VYnpyras

Hasi Hasi Hasi
TouyHa CTEHKH MATKH, MM 9,1 +0,44 6,7+0,31" 6,1 £0,19™ 52+0,21"
PasmMep MoJIOCTH POTOB MaTKH, MM 18,4 +£0,91 39+0,16™ — —
Hammame / oTcyTcTBHE THOS + — — —

*P<0,05
" P<0,001 — 110 cpaBHEHHUIO C HAYAJIOM JICUEHHS
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YcTaHOBIIEHO, YTO TEPAIHSI KOPOB C XPOHUYECKUM
SHJOMETPUTOM C HCIIOIH30BAHUEM OJTHOTO METPUKY-
pa (mepBas TpyIia) COpoBOKAAECTCS YMEHBIICHHEM
pa3Mepa MaTkd (KOTOpasi MOCiie OKOHYaHWS JICYCHUS
Bce eie yBennyena B 1,2—1,3 pasa), npuoOpeTeHu-
eM ed ympyro-3JacTUYHON KOHCUCTEHIIUU, OTCYT-
CTBHEM THOSI B MOJIOCTH MaTKu. [Ipu KIMHUYECKOM
BBI3ZIOPOBJICHUN KOPOB pa3Mep MOJIOCTH POTOB MaTKH
ymenbmmaetcs B 4,7 paza (P <0,001) mo cpaBHEeHHIO
C Ha4yaJIoM JICUEHHUs, a TOJIINHA CTeHKH MaTKd — Ha
35,8 % (P < 0,05).

KommiekcHoe neueHne KOpoB, KOTOPHIM B Kade-
CTBE 3THOTPOITHOIO CPEJICTBA MPUMEHSIIH METPUKYP
(BTOpas rpymma), COMPOBOKIACTCS BOCCTAHOBIICHU-
€M pa3MepoB MaTKH, OTCYTCTBHEM IOJIOCTH B €€ PO-
rax, yMEHbIICHUEM TOJILIMHBI CTEHKH MaTKu Ha 49,2 %

(P <0,001) mo cpaBHEHUIO ¢ HAYAJIOM TepareBTUIEe-
CKOI0 Kypca.

Tepamnust KOPOB ¢ XPOHUYECKUM 3HIOMETPHUTOM,
npegycMaTprBaroliasi IpuMeHeHHe O0IIeCTUMYIH-
PYIOLIUX, MUOTPOITHBIX U ATHOTPOMHBIX (Ipernapar
«TK») cpencTs (TpeThs rpymmna) NpUBOAUT K BOCCTA-
HOBJICHUIO aHATOMO-TOTIOIpaUIECKUX XapaKTepH-
CTHK MaTKH, PUTMIHOCTH, YMEHBIICHUIO TOJILNHBI
creHku matku Ha 75,0 % (P <0,001), orcyTcTBUIO
THOMHBIX BKJIIOYEHUH MO CPABHEHHUIO C HAYAJIOM Jie-
YEHUSI.

Knuandeckast 3¢ peKTHBHOCTh KOMIUIEKCHOTO
croco0a JIe4eHUs] KOPOB C XPOHUUECKUM YHIIOMETPH-
TOM TOATBEPKICHA pe3yJabTaTaMu OaKTepHOIOoruye-
CKHX HCCIIEIOBaHUH 3KCCynaTa, NpeACTaBICHHBIMU
B Tabnuie 3.

Taoauna 3

Peszynomameor baxmepuonocuteckux ucciedo8anull IKCCyoama Kopog npu
KOMNJLEKCHOU Mepanuu XpoHu4eckoeo SHOoMempumad

ITocne neuenus

KOE/mn

Toxasarenn Ho nevenns nepBasi rpynna, | Bropas IpyImna, | TpeThs IpylIa
n==~6 n=>5 n=>5
Creneti, MHKpOGHOI KOHTaMUHAILNH, 3219,5+129.3 | 987.4+ 673" | 684,2+52,7" | 441,9+37,2"

DHutepobakrepun, %/IgKOE/Mn

80,0/3,9 £ 0,21

50,0/1,9 £0,11™

40,0/1,4 + 0,09

20,0/1,2 + 0,07

budunodaxrepun, %/1gKOE/mn

40,0/1,7 £ 0,11

50,0/2,1 £ 0,14

60,0/2,4 +0,19™

60,0/2,6 £ 0,12

Jlakro6axrepun, %/IgKOE/mn

40,0/1,8 £ 0,13

50,0/2,0 £ 0,11

60,0/2,2 + 0,14

60,0/2,4 £ 0,15

BunoBoit cocraB Mukpoduiopsr, %

Staph. aureus 40,0 33,3 20,0 0,0
Staph. epidermidis 10,0 0,0 20,0 40,0
Str. agalactiac 10,0 16,7 0,0 0,0
E. coli 20,0 16,7 0,0 0,0
Ent. faecalis 20,0 33,3 20,0 20,0
Ent. faecium 0,0 0,0 40,0 40,0
MUKpPOCKOITUYECKHE APOXKIKETTIONO0HBIC 60.0 50,0 40,0 20,0
rpu0sI, %

*P<0,05

" P<0,01

sekeok

P < 0,001 — mo cpaBHEHHUIO C HAYAJIOM JICUCHUS

YcTaHOBIIGHO, YTO MPUMEHEHUE OJJHOTO aHTHMH-
KpOOHOTO cpe/icTBa METPUKYpa (TiepBas rpyIia) Cro-
COOCTBOBAJIO CHU)KCHUIO CTEIICHW MUKPOOHOH KOH-
tamuHauA B 3,26 paza (P < 0,001), B ToMm gucie SH-
tepobakTepuiit — B 2,05 paza (P <0,001). Ilocae
MPOBEACHHOTO TEPANIEBTHUECKOTO Kypca 13 MAaTOYHOTO

COZIEP>KUMOTO U30JIMPOBaHa clieAyIomast MUKpodiopa:
Staph. aureus — 33,3 %, Str. agalactiae — 16,7 %, E.
coli — 16,7 %, Ent. faecalis — 33,3 %.

CoBMeCTHOE IIPUMEHEHHE METPUKYypa CO Cpeln-
CTBaMH O0IIECTUMYITHPYIOMIEH 1 CHMITTOMATHYECKON
Tepanuu (BTopas rpyImna) mpu XpOHHIECKOM SHI0Me-
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TPHUTE CTIOCOOCTBOBAJIO CHHYKEHHIO MUKPOOHOM KOHTa-
MuHauu Matku B 4,71 paza (P < 0,001), suTepobdak-
tepuit — B 2,79 paza (P <0,001), mpu OBBIIICHUN
oudunodakrepuii B 1,41 paza (P <0,01) u makro-
Oaktepuit — B 1,22 paza (P <0,05). Y knuHUYECKH
30POBBIX KOPOB IOCJIE 3aBEpIICHUSI TepareBTHYE-
CKOTO Kypca MaTOYHOE COICPIKUMOE OBLIO KOHTaMH-
Huposano Staph. aureus — 20,0 %, Staph. epidermid-
1s— 20,0 %, Ent. faccalis — 20,0 %, Ent. faccium —
40,0 %. Kpome TOro u3 MaTO4HOTO COAEPKUMOIO
KOPOB 3TOM TpyHIbl MO 3aBEPUICHUN TepaneBTHYE-
CKOTO Kypca W30JMPOBaHbI IPOKIKETIO00HBIC TPHOBI
B 40,0 % ciy4aes.

KomnnexkcHast Tepanust KOpoB (TpeThs rpyn-
1a) ¢ NpUMEHeHHEeM OMOCTUMYJbIMHA, YTEPOTOHA
n npenapara «IIK» obecrneunna cHmxeHue cremne-

2.1 52
—

4,8

87,9

B [TokpoBHbIH snuTenuii @ MaTtoyHble xKeae3bl

KposenocHsie cocypl B CTpoMa SHAOMETPUS

a

HU MHKpPOOHOI KOHTaMWHAIMKW MaTku B 7,29 pasa
(P <0,001), B ToM gucie suTepodakTepuii B 3,25
pasza (P <0,001). Knuan4yeckoe BBI3IOPOBIEHUE KO-
POB 3TOH IPYIIIBI TPOUCXOAMIIO HA (DOHE IMOBBIICHHS
B COJCP)KMUMOM MaTK{ YpOBHSI OU(HI0- U JTaKTOOAaK-
tepuii B 1,53 (P <0,001)n 1,33 (P < 0,01) pa3za coot-
BETCTBEHHO. MUKpPOGIIOpa MAaTOYHOTO COAEPKUMOTO
IO OKOHYAHHH JICUCHUS IpecTapiena Staph. epider-
midis — 40,0 %, Ent. faecalis — 20,0 % u Ent. facci-
um — 40,0 %, 94TO CBUACTENBCTBYET O CaHALUU MO-
JIOCTH MaTKH.

KomrutekcHast Tepantist KOpoB ¢ XpOHUUECKUM JH-
JOMETPUTOM TaKXKe CII0COOCTBOBAJIA BOCCTaHOBJICHUIO
CTPYKTYPHOIH OpraHu3auuy SHAOMETpus. Pe3ynbrare
MOPHOMETPUUECKUX HCCICIOBAHUMN IHIOMETPHUS
NpEeACTaBICHbl Ha PUCYHKE 1.

3,1 13,8

6,3

76,8

B ITokpoBHBIi 3nuTeNMii M MaTOYHBIE JKeJle3bl

KposenocHsle cocyibl B CTpoMa 3HIOMETPHS
6

Puc. 1. CtpykrypHast XapaKTepUCTUKA SHIOMETPHs KOPOB IIPH KOMIUIEKCHOM JICYEHHH XPOHUYECKOTO SHIOME-
TpuTa, %!

a — J10 JICUCHUS 6 — T0CJIe KOMIUIEKCHOM TEeparuu XpOHUICCKOI'0 SHAOMETPUTA

YcTaHOBIIEHO, YTO B TIPOIIECCE KOMIUIEKCHOTO Jie-
YeHHsI KOPOB (BTOpasi TpyIIa) MpOH30ILIO MOBBIIIE-
HUE MPOICHTHON JOJIU MOKPOBHOTO Ariutenus B 1,47
pa3a, MaTOYHBIX KeJe3 — B 2,65 paza, KpOBEHOCHBIX
cocynoB — B 1,31 pa3a, 4To 06ecreunio BOCCTaHOB-
neHne (pyHKIIMOHAIBHBIX CBOMCTB SHIOMETPHSI.

PesynbraThl MIaHUMETPUYECKUX HCCIIETOBAHUN
SHJIOMETPUS TIPU KOMIUICKCHOHN Teparnuu KOPOB IpU
XPOHUYECKOM JHIOMETPUTE MPEACTABICHBI HA PHU-
CYHKe 2.

YcTaHOBIIEHO, YTO KIMHUYECKOE BBI3IOPOBICHNE
KOpOB Ha (hOHE TPUMEHEHHS OMOCTUMYIIBIHHA, YTEPO-
ToHa u nipenapara «I1K» cnocobcTBoBaio BoccTaHOB-

JICHUIO CTPYKTYpPHO-(PYHKIIMOHAIBHBIX CBOHCTB IO-
KPOBHOTO 3MUTENUS, YTO NPOSBUIOCH YBEIUUCHUEM
BBICOTHI ero snurennonutoB Ha 21,1 %. Kpome Toro,
Y KOPOB 3TOH TPYTIIBI BBICOTA SITUTESIIMOIUTOB MaTOU-
HBIX JKeJie3 MoBhIcHiIach Ha 22,4 %, a TONIIHWHA SHJIO0-
metpus — Ha 20,5 %, cCBUETENbCTBYOIIEE 00 aKTH-
BU3AIIMU €T0 CEKPETOPHOH (PYyHKITHH.

3AKJITIOYEHUE
Takum 00pa3oM, KOMILIEKCHOE JICYEHHUE KOPOB MPH
XPOHUYECKOM SHAOMETPHTE, MPeayCcMaTpHBaloiee
MpUMEHEeHHE OOIIeCTUMYITHPYIOMHX (OUOCTHMYITb-
THH), CHMIITOMaTHYECKUX (YTEPOTOH) U 3THOTPOITHBIX
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(mpenapar «I1K») cpencts obecrieunBaeT MoBBILIEHNE
TeparneBTuieckoi s ¢pexkrnBHOCTH Ha 9,5—17,3 %,
npu cokpaienuu Ha 0,48—1,06 uyncna BHyTpuMaToy-
HBIX BBEJICHHI aHTUMUKPOOHBIX CPEJICTB, TTPOTOIIKH-
TenbHOCTH Oectutomus Ha 11,7—35,3 nHeit u koaddu-
uuenTa omtonorsopenus Ha 0,14—0,26. B npomecce
KOMIIJICKCHOTO JICUCHHS TPOUCXOIUT BOCCTAHOBIICHUE

400
350
300
250
200
150
100

50 17,1
0 L —

20,7

BricoTta mokpoBHOTO
SIUTEIINS

B /[0 ieueHust

2834

Tonmmua sHIOMETPUSA

PUTHIHOCTH MaTKH, YMEHBIIICHUE TOIIIUHEI €€ CTCH-
ku Ha 75,0 % 10 CpaBHEHHIO C HAYAJIOM JICUEHUS, IPU
OTCYTCTBUHU THOMHBIX BKItOUeHUN. KilnHnueckoe BbI-
3JIOPOBIIEHUE COMTPOBOXKAACTCS CHHKEHUEM MUKPOO-
HO 00CEMEHEHHOCTH MaTKH B 7,29 pasa, CBUIETEIb-
CTBYIOIIEE O CAHAIIMHU [TOJIOCTU MATKH, a TAK)KE BOCCTa-
HOBJICHHEM CTPYKTYPHOM OpTaHU3AINH dHIOMETPHSI.

341,5

10,7

13,1

BricoTa snuTeanonuToB
MAaTOYHBIX JKeJe3

Ilociie OKOHYAHUS JICUEHUS

Puc. 2. HJ’IaHI/IMeTpI/I‘IeCKI/Ie napamMeTpbl SHAOMETPHUA KOPOB IMPU KOMIIJICKCHOM JICUHCHUU XPOHHUYCCKOTO DH/I0-
METpUTA, MKM
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COMPLEX METHOD FOR THE TREATMENT OF
THE COWS WITH CHRONIC ENDOMETRITIS

Valeriya Sergeevna Bolotova, Vitaliy Ivanovich Mikhalev™, Olga Alekseevna Manzhurina

All-Russian Veterinary Research Institute of Pathology, Pharmacology and Therapy,
Voronezh, Russia, mikhalev-vit@yandex.ru®™

Abstract. The article presents the material for studying the efficacy of a complex method for the treatment of the
cows with chronic endometritis, which involves the use of general stimulants (biostimulgin), symptomatic (uter-
oton) and etiotropic (new antimicrobial drug “PK”) agents, which provides an increase in therapeutic efficacy by
9.5—17.3 %, with a reduction by 0.48—1.06 in the number of intrauterine injections of antimicrobial agents, the
duration of infertility by 11.7—35.3 days and the fertilization rate — by 0.14—0.26. In the process of complex
treatment, the rigidity of the uterus is restored, the thickness of its wall is reduced by 75.0 %, compared with the
treatment onset, in the absence of purulent inclusions. Clinical recovery is accompanied by a decrease in the mi-
crobial contamination of the uterus by 7.29 times, including enterobacteria — by 3.25 times, which indicates the
sanitation of the uterine cavity. The complex treatment of chronic endometritis helps to restore the structural and
functional properties of the integumentary epithelium, which was manifested by an increase in the height of its
epithelial cells by 21.1 %. In addition, in the cows of this group, the height of epithelial cells of the uterine glands
has increased by 22.4 %, and the thickness of the endometrium — by 20.5 %, which indicates the activation of

its secretory function.

Keywords: cows, chronic endometritis, complex therapy, new antimicrobial drug “PK”

The use of the reproductive potential of the breed-
ing stock is determined by the functioning of many
body systems, while the reproductive organs are of
paramount importance.

Among the pathologies of the reproductive system
of the body, uterine diseases, including endometritis,
are of great significance. Chronic endometritis is di-
agnosed in 15.2—31.7 % of infertile animals [1—3].

Economic losses from chronic endometritis, ac-
cording to the International Dairy Association, amount
to 250 EUR/animal [4].

Chronic endometritis in most cases is a continu-
ation of acute and subacute forms of inflammation of
the endometrium. At the same time, hyperemia, hemor-
rhages, dystrophic processes of epithelial cells, growth
of connective tissue elements are diagnosed in the en-
dometrium, which significantly worsens the conditions
for successful insemination of animals [5].

The direct cause of the inflammatory processes de-
velopment in the endometrium is a diverse microflora:
E. coli, Staph. aureus, Staph. epidermidis, Staph. py-
ogenes, Str. agalactiae and others. The therapy of the
cows with chronic endometritis is based on the use of
antimicrobial agents, the unsystematic use of which

creates the prerequisites for the development of re-
sistant strains of microorganisms [6]. The sensitivity
of the microflora isolated from the uterine contents of
cows with chronic endometritis tends to decrease [ 7, 8].

The greatest effect in the treatment of the cows
with chronic endometritis is achieved with the com-
bined use of general stimulating, myotropic and etio-
tropic agents. Complex therapy is aimed at normaliz-
ing the metabolism in the body and trophism in the af-
fected organ, correcting the neuromuscular tone of the
myometrium and the contractile function of the uterus,
freeing its cavity from accumulated exudate, increas-
ing the body’s defenses and suppressing the vital activ-
ity of the microflora, restoring the structure and uter-
ine function [9—11].

Despite the recent development of numerous an-
timicrobial agents, the prevalence of chronic endo-
metritis in dairy farming does not tend to decrease.
Therefore, the development of effective treatment
regimens for cows with chronic endometritis is an ur-
gent task.

The objective of the research is to determine the
efficacy of the complex treatment of the cows with
chronic endometritis.

© Bolotova V. S., Mikhalev V. 1., Manzhurina O. A., 2023
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MATERIAL AND METHODS

The object of the study were cows diagnosed with
chronic endometritis. The diagnosis was established
on the basis of the results of clinical, transrectal and
ultrasound studies in accordance with the Methodical
Guide for the Prevention of Infertility in High Yielding
Dairy Cattle (Voronezh, 2010) [12]. The animals af-
ter diagnosis were divided into three groups accord-
ing to the principle of analogues. The cows of the first
group (n = 18) were intrauterine injected with metri-
cure according to the instructions for use; the second
(n =20) — metricure, as well as biostimulgin — at
a dose of 30.0 ml three times with a 48-hour interval
and uteroton — three times at a dose of 10.0 ml with a
24-hour interval; the third group (n = 19) — biostim-
ulgin and uteroton at the same doses and at the same
time as the animals of the second group, and addition-
ally — a new antimicrobial drug “PK” was injected
intrauterine at a dose of 20 ml once a day until con-
valescence. The clinical efficacy of the treatment was
assessed by the percentage of recovered animals, the
frequency of intrauterine administration of antimicro-
bial drugs, the number of fertilized animals, the period
from calving to fertilization, and the fertilization rate.

When determining the efficacy of the complex
treatment, the results of ultrasound examinations (pres-
ence / absence of pus, thickness of the uterine wall, di-
ameter of the uterine cavity) were also taken into ac-
count.

From 5—6 cows from each group, before and af-
ter complex treatment, the samples of the uterine con-
tents were taken for bacteriological studies.

From the cows undergoing the complex therapy,
biopsy material was taken from the endometrial wall
for histological studies and was fixed in a 10 % solu-
tion of neutral formalin, dehydrated in alcohols, chlo-
roform and embedded in paraffin. Sections of 5—7
pum thick were prepared on an MPS-2 microtome,
deparaffinized and stained with hematoxylin-eosin.
Morphometric studies of uterine wall samples before
and after complex treatment were carried out accord-
ing to G. G. Avtandilov (1990) [13].

The resulting digital material was subjected to
statistical processing using the Statistica 6.0 software
package. The differences were considered statistical-
ly significant at P < 0.05.

STUDY RESULTS

The results of the clinical efficacy of treatment of
the cows with chronic endometritis are presented in
Table 1. It was found that the treatment of chronic en-
dometritis of the cows with the use of metricure (the
first group) ensured the clinical recovery of 72.2 % of
the animals. To achieve a therapeutic effect, 3.17 = 0.12
intrauterine injections of the drug are required. After
treatment, 69.2 % of recovered animals were fertilized
in 110.7 £ 8.1 days. The fertilization rate of the cows
treated with metricure was 2.31 = 0.12.

Table 1
Efficacy of the complex treatment of the cows with chronic endometritis
Groups of animals
Indicators
the first, n =18 the second, n =20 the third, n =19

Recovered, cows/% 13/72.2 16/80.0 17/89.5
Frequency of administration 3.17+£0.12 2.65+0.15 2.11+£0.117"
Fertilized, cows/% 9/69.2 12/75.0 15/88.2
Period from calving to 110.7 % 8.1 87.1+5.2" 75.4+4.6°
fertilization
Fertilization rate 2.31+0.12 2.19+£0.11 2.05+0.11

*P<0.05

" P<0.01

sk

Better results in the treatment of chronic endo-
metritis have been obtained with the complex thera-
py of animals (second group), which includes the use
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P <0.001 — compared with the animals of the first group

of general stimulants (biostimulgin), myotropic (uter-
oton) and antimicrobial (metricure) agents. The com-
plex scheme promotes an increase in the therapeutic
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efficacy by 7.8 %, compared with the use of antimicro-
bial agents alone, with a reduction of 0.52 (P < 0.05)
in the number of intrauterine injections of metricure.
The clinical recovery of the cows in this group was ac-
companied by the fertilization of 75.0 % of the animals,
which was by 5.2 % higher than with only metricure
therapy, with a reduction in the duration of the period
from calving to fertilization by 23.6 days (P < 0.05)
and the fertilization rate — by 0.12.

Comprehensive treatment of the cows with chronic
endometritis, involving the use of biostimulgin, uter-
oton and the drug “PK” (third group), turned out to be
the most effective — 89.5 %, which was by 9.5 % high-
er, compared with the animals of the second group and

by 17.3 %, compared with the first one. To achieve a
clinical effect, it took by 0.48 (P < 0.05) less intrau-
terine injections of the drug “PK”, compared with the
animals of the second group and by 1.06 (P < 0.001),
compared with the first one.

After the clinical recovery of the cows of the third
group, by 13.2—19.0 % more animals were fertilized
with a reduction in the duration of infertility by 11.7—
35.3 days (P <0.01) and the fertilization rate — by
0.14—0.26, compared with the animals of the first
and second groups.

The results of the clinical efficacy of the complex
therapy for the cows with chronic endometritis are con-
firmed by echographic data (Table 2).

Clinical and echographic indicators of the uterus of cows in case of the complex treatment of chronic endometritis

Before treatment,

Indicators =57

the first group n = 13

Table 2
After treatment
the second group, the third group,
n=16 n=17

Uterine horns hang
over the edge of the
floor of pelvis

Location of the uterus

Pelvic cavity

Pelvic cavity Pelvic cavity

Increase in the uterus

L 1.5—2.0 1.2—1.3 — —
size, times
Consistency Elastic Viscoelastic Viscoelastic Viscoelastic
Thickness of the wall of 9.1 +0.44 6.7+031" 6.1£0.19™ 5240217
the uterus, mm
Slzq of the cavity of the 184+ 0.91 394016™ o o
uterine horns, mm
Presence/absence of pus + — — —

*P<0.05
** P <0.001 — compared with the treatment onset

It has been established that the therapy of the cows
with chronic endometritis using only metricure (the
first group) is accompanied by a decrease in the size of
the uterus (which after the end of treatment is still in-
creased by 1.2—1.3 times), the acquisition of a viscoe-
lastic consistency, and the absence of pus in the uter-
ine cavity. With clinical recovery of cows, the size of
the cavity of the uterine horns decreases by 4.7 times
(P <0.001), compared with the treatment onset, and
the thickness of the uterine wall decreases by 35.8 %
(P <0.05). Complex treatment of the cows treated with
metricure as an etiotropic agent (the second group) is
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accompanied by the restoration of the uterus size, the
absence of a cavity in its horns and a decrease in the
thickness of the uterine wall by 49.2 % (P <0.001),
compared with the therapeutic course onset.

The therapy of the cows with chronic endome-
tritis, involving the use of general stimulating, myo-
tropic and etiotropic (the drug “PK”) agents (the third
group) leads to the restoration of the anatomical and
topographic characteristics of the uterus, rigidity and a
decrease in the thickness of the uterine wall by 75.0 %
(P <0.001), the absence of purulent inclusions, com-
pared with the treatment onset.
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The clinical efficacy of the complex method for
the treatment of the cows with chronic endometritis is

confirmed by the results of bacteriological studies of

the exudate presented in Table 3.

Table 3
Results of bacteriological studies of cows” exudate in case of complex therapy of chronic endometritis
After treatment
Indicat Before treat-
ndicators ment the first group, the second the third group,
n==o6 group, n=>5 n=>5
Degree of microbial contamination, CFU/ml | 3219.5+129.3 | 987.4+67.3"™" | 684.2+52.7"" | 4419 +37.2™

Enterobacteria, %/IgCFU/ml

80.0/3,9+0.21

50.0/1.9£0.11"

40.0/1.4 +£0.09™

20.0/1.2+0.07*"

Bifidobacteria, %/1gCFU/ml

40.0/1,7 £ 0.11

50.0/2.1 £ 0.14

60.0/2.4 +0.19"

60.0/2.6 £0.12"

Lactobacteria, %/1gCFU/ml

40.0/1,8 £ 0.13

50.0/2.0+0.11

60.0/2.2 +£0.14

60.0/2.4 +0.15"

Species composition of microflora, %

Staph. aureus 40.0 333 20.0 0.0
Staph. epidermidis 10.0 0.0 20.0 40.0
Str. agalactiae 10.0 16.7 0.0 0.0
E. coli 20.0 16.7 0.0 0.0
Ent. faecalis 20.0 333 20.0 20.0
Ent. faccium 0.0 0.0 40.0 40.0
Microscopic yeast-like fungi, % 60.0 50.0 40.0 20.0

" P<0.05

" P<0.01

ok

P <0.001 — compared with the treatment onset

It was established that the use of one antimicro-
bial agent metricure (the first group) contributed to a
decrease in the degree of microbial contamination by
3.26 times (P < 0.001), including enterobacteria— by
2.05 times (P < 0.001). After the therapeutic course,
the following microflora was isolated from the uterine
contents: Staph. aureus — 33.3 %, Str. agalactiac —
16.7 %, E. coli — 16.7 %, Ent. faecalis — 33.3 %.

The combined use of metricure with general stim-
ulating and symptomatic therapy (the second group)
in case of chronic endometritis contributed to a de-
crease in microbial contamination of the uterus by
4.71 times (P < 0.001), enterobacteria— by 2.79 times
(P <0.001), with an increase in bifidobacteria by 1.41
times (P < 0.01) and lactobacteria — by 1.22 times
(P <0.05). In clinically healthy cows, after the ther-
apeutic course completion, the uterine contents were
contaminated with Staph. aureus — 20.0 %, Staph.
epidermidis — 20.0 %, Ent. faecalis — 20.0 %, Ent.
faecium — 40.0 %.

In addition, yeast-like fungi were isolated from the
uterine contents of the cows of this group at the end of
the therapeutic course in 40.0 % of cases.

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023

The complex therapy of cows (the third group)
with the use of biostimulgin, uteroton and the drug
“PK” provided a decrease in the degree of microbial
contamination of the uterus by 7.29 times (P < 0.001),
including enterobacteria— by 3.25 times (P < 0.001).
Clinical recovery of the cows in this group occurred
against the background of an increase in the contents
of the uterus of the level of bifido- and lactobacteria
by 1.53 (P <0.001)and 1.33 (P < 0.01) times, respec-
tively. The microflora of the uterine contents at the
end of treatment is represented by Staph. epidermid-
is — 40.0 %, Ent. faecalis — 20.0 % and Ent. faeci-
um — 40.0 %, which indicates the sanitation of the
uterine cavity.

The complex therapy of the cows with chronic
endometritis also contributed to the restoration of the
structural organization of the endometrium. The re-
sults of morphometric studies of the endometrium are
shown in Fig. 1.

It had been established that in the process of com-
plex treatment of cows (the second group) there was
an increase in the percentage of the integumentary
epithelium by 1.47 times, uterine glands — by 2.65
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times, blood vessels — by 1.31 times, which ensured
the restoration of the functional properties of the en-
dometrium.

It was established that the clinical recovery of cows
against the background of the use of biostimulgin, uter-
oton and the drug “PK” contributed to the restoration
of the structural and functional properties of the integ-
umentary epithelium, which was manifested by an in-

2.1 5.2
© 48

87.9

B Integumentary epithelium M Uterine glands

Blood vessels B Endometrial stroma

a

crease in the height of its epitheliocytes by 21.1 %. In
addition, in the cows of this group, the height of epi-
thelial cells of the uterine glands increased by 22.4 %,
and the thickness of the endometrium — by 20.5 %,
indicating the activation of its secretory function.

The results of planimetric studies of the endome-
trium in the complex therapy of the cows with chron-
ic endometritis are shown in Fig. 2.

3.1

13.8
6.3

76.8

B Integumentary epithelium B Uterine glands

Blood vessels ® Endometrial stroma

b

Fig. 1. Structural characteristics of the endometrium of cows in case of the complex treatment of chronic endo-
metritis, %:

a — before treatment; b — after complex therapy of chronic endometritis

400
350
300
250
200
150
100

50 17.1
0 | —

20.7

Height of the integumentary
epithelium

B Before treatment

283.4

Thickness
of the endometrium

341.5

10.7 13.1

Height of the epithelial cells
of the uterine glands

After the end of treatment

Fig. 2. Planimetric parameters of the endometrium of cows in case of the complex treatment of chronic endome-
tritis, mem

154

Bulletin of Veterinary Pharmacology « No. 3 (24) « 2023



Complex method for the treatment of the cows with chronic endometritis

CONCLUSION

Thus, the complex treatment of the cows with
chronic endometritis, which involves the use of general
stimulants (biostimulgin), symptomatic (uteroton) and
etiotropic (the drug “PK”) agents, provides an increase
in therapeutic efficacy by 9.5—17.3 %, while reducing
the number of intrauterine injections of antimicrobial
agents by 0.48—1.06, the duration of infertility — by
11.7—35.3 days and the fertilization rate — by 0.14—
0.26. In the process of complex treatment, the rigidi-
ty of the uterus is restored, the thickness of its wall is
reduced by 75.0 %, compared with the treatment on-
set, in the absence of purulent inclusions.

Clinical recovery is accompanied by a decrease
in the microbial contamination of the uterus by 7.29
times, indicating the sanitation of the uterine cavity,
as well as the restoration of the structural organization
of the endometrium.
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LUAJIMCTOB JJIsl MYOJIMKALUK PE3yIbTaToB 3KCIEPUMEHTAIBHBIX UCCIEIOBAaHUN, TEOPETHUECKUX U 0030PHBIX
CTaTeH, KacarolKXcs aKTyaJlbHBIX BOPOCOB BETEPUHAPHOH (papMakosoru.

Leunb s)xypHana «BerepuHapHbiil (hapMakoIoruueckuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HaIlpaBJie-
HUI pa3BUTHsI BeTepUHAPHOU (papMaKoIIOTHH, IPUBJICYCHNE BHUMAHUS HAyYHBIX PAOOTHHKOB U CIIELIUAIIUCTOB
K aKTyaJbHBIM TIpo0OIeMaM, POIBMKEHE MHHOBAIIMOHHBIX pa3paboToK.

OCHOBHBIE TeMaTHYeCKUE HAIPABICHUS KypHaIa:

1. DxcniepuMeHTaNbHAS HapPMaKOJIOTHSL.

2. Knununueckast papmMakoinorusi.

3. buoxumuueckas 1 MOJIEKYJIIpHas (GapMaKoJIOTHS.

4. dapmarus.

5. HoBele JiekapCTBEHHBIE CPEIICTBA U NIPENAPAThI Ul TEPAUU U IPOPUIAKTUKY OONIE3HEH.

6. CpezncrBa 300TUTHEHBI, AE3UH(EKLUH, JE3MHCEKIUH U IepaTU3aLuy.

7. JleueOHBIE MPEMUKCHI U KOPMOBBIE 100ABKH.

8. [Tatodusmnonorus, narToOMOXUMHS U SKCIIEPUMEHTAIbHAS TePaTTHS.

Temarnueckoe coepxkaHue )KypHaJIa MOKET MEHSTHCS B 3aBUCMMOCTH OT TEKYIIUX 3a/1a4 HAYKH U [IPAKTUKU.

YCJIOBUA TYBJIUKALIMHU

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTepPHAIbL:

1. Crarpio, 0hOpMIICHHYIO B COOTBETCTBHH C TpeOoBaHUSIMH, Ha mouTy vetfarm.journal@yandex.ru
(«B pemakuuto )xypHana «BeTepruHapHbIi (apMaKOIOrHYECKHIH BECTHUKY ).

Marepuai, npemiaraeMblid s MyOIUKalyy, T0JDKEH OBITh TIIATENIFHO OTPEIAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HanpasJsieMble B PEIAKLUI0, IPOXOIAT PELIEH3UPOBAHUE U BBIHOCATCS HA PACCMOTPEHUE PEIKOII-
nerun. [Ipu HE0OXOANMOCTH peaKuys CBA3bIBACTCS C aBTOPaMH 110 TejeoHy MM 3JIeKTpoHHOH noure. 1o
pesynbrataM 00CyKACHUS] IPUHUMACTCS PEIIeHHE O BO3MOKHOCTH BKJIIOUEHHUS CTaThbU B JKypHaJl, 00 OTKasze
WM 10paboTke.

Crarbs, HanlpaBlieHHAs] aBTOPY Ha JOPa0OTKY, TOKHA OBITH BO3BPAIICHA B HCIIPABICHHOM BH/IE B MaKCH-
MaJILHO KOPOTKHE CpokH. K pyKkomnrcn HeoOX0anMO MPUIIOKUTH TUCBMO OT aBTOPOB, COJIEPIKAIIE OTBETHI Ha
Bce 3ameudanust. Ctarbsi, TpeOyrolias IOBTOPHON 10padOTKH, paccMaTprBaeTcs Kak BHOBb ocTynusas. [1pu
9TOM JaTOM MOCTYIUICHHSI CYUTAETCS Jara MOJIyYeHHs PEAAKLIUEH OKOHYATeIbHOTO BAPHAHTA CTAaThU.

[Inata ¢ aBTOpOB 32 MyOJINUKAIMIO HE B3UMACTCSL.

ABTOpPCKOE BO3HATPAXKICHUE 32 pPa3MEIlCHUE CTaTel B MEYaTHON U DJICKTPOHHON BEPCHUHU >KypHaIa aBTO-
pam crareil He BBITUIAYMBACTCSL.

Marepuaiibl, HOCTYIMBIINE B PEAAKLNIO, aBTOPAM HE BO3BPAILAIOTCSL.

2. Ceenenmus 00 aBTOpax:

damuusi, UMs1, OTIYECTBO

VYuyeHas cTeneHb

VYueHoe 3BaHUE

JlomKHOCTD

[TonHoe Ha3BaHUE OpraHu3aluu

Anpec, Tenedon, e-mail

OtaenbHO HEOOXOIUMO yKa3aTh JIMLO U €ro KOHTaKTHBIE JaHHBIE, C KOTOPBIM peAakuus OyJeT BeCTH mepe-
TOBOPBI M TIEPETINCKY.
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3. HampagsiieHue oT y4upex/ieHus, B KOTOPOM BBITIOJIHEHA paboTa 110 opme:

B penakuuto xxypHana
«BerepuHapHBIH (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH ITeYaTH MOFO (HAIIy ) CTAaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOJTHOCTHIO He OBUTH paHee OmyOITHKOBAHBI .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh M OPUTHHATIHLHOCTH MAaTePUAIIOB, H3JIOKEHHBIX B CTAThE; JAFOT
cornacue Ha cOop, 00pabOTKy U pacIipoCTpaHEeHNE CBOMX IEPCOHATIBHBIX JAHHBIX B COOTBETCTBHH C TPEOO-
BanusmMu denepanbuoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHaNbHBIX TaHHBIX»; TapaHTU-
PYIOT, UTO HE HAPYyIIAOT HUYBUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIb, HE TIOJIekKAIUe K ITyOlTuKa-
LIMM B OTKPBITOM N€YaTh B COOTBETCTBUHU C JIEUCTBYIOIIMM 3aKoHOAaTenbcTBOM Poccuiickoit @enepanuu.

BwmecTe co cTaTtheil aBTop mepenaet penakiiuy Ha HeOTPaHUICHHBIN CPOK CIISAYIONINE TIpaBa: MpaBo Ha
pasMeIeHne, BOCIIPON3BEICHNE U PaCIIPOCTPAaHEHUE CTAThH JIFOOBIM CITOCOO0OM; TIPaBO Ha IMepepaboTKy cTa-
ThY ¥ BHECEHHE N3MEHEHHI B CTaThIO; MPaBO Ha MMyOJIMYHOE UCIIOIB30BAHUE MaTePHANIOB CTaThH U JE€MOH-
CTpaIrio UX B MH(OPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxke aBTOPBI MOJTBEPIKAAIOT, YTO COMIACHBI C MPABIIIAMH PEIAKIUH TI0 MTOJTOTOBKE PYKOITUCH K U3-
nanuto. [Tocne myOnukanuu ee NUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBUIKOHM Ha *KypHal «BeTepuHapHbIi
(hapMaKoJIOrMueCKUN BECTHUKY.

MOANHUCH (OAMUCH) aBTOpa (aBTOPOB) bamMums, UMs, OTYECTBO

[oanucs (moammcn) 3aBEPSIIO.

nonnuck 1 @O nuua, 3aBepuBILIETO NOAIUCH
ML.II. opranuzanun
« » I.

* Ecin ObLIn 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'O[ BbIITYCKa, HOMCP, CTPAHUIIbI.

Jis yckopeHus Iy OIMKaIUy CTaThH B PEAKIINI0 HEOOXOAMMO MTPEIOCTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPEHHYIO B OTJIEJIC KaJ[POB 10 MECTY paboThI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMoM 710 15 cTpaHuIl mpegocTasisgercs B mporpamme Microsoft Word: mpudt — Times
New Roman, keribp — 14 1T, MeXXCTpOUHBI HHTEpBal — 1,5, ab3amubrii orctyn — 1,25, 6e3 nmepeHocoB. Dop-
MaT cTpaHuIlbl — A4; 1ost: IeBoe — 3 CM, BEpXHEe, IIPaBoe U HIDKHEE — 2 CM.

DJeMEeHTaMU M3/1aTeNIbCKOro O(OPMIICHHUS CTATeH SIBIISIFOTCS:

— CBejieHus 00 U3/IaHUH, B KOTOPOM OIyOJIMKOBaHA CTaThs;

— Ha3BaHUE pyOPUKH WU pa3nesia u3IaHus;

— THII CTaThu (Hay4YHas CTaThs, 0030pHAs CTaThH, PEJAKIIHOHHAS CTAThs, AUCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUY, pEIaKTOPCKAs 3aMeTKa, PEIICH3Ms Ha KHUTY, PEIICH3HsI Ha CTAaThIO, CIIEKTAKIIb U T. I1., KPaTKOE COOOIIICHUE);

— WHJICEKC YHHUBepCalIbHOU necatuuHoi kinaccudukanuu (YK);

— 1udposoii naenTudurarop oobekra (Digital Object Identifier — DOI); ero mpusogsat mo 'OCT P UCO
26324 u pacnonaratot nocie uanekca YK otnenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyaBHe CTaThH;

— TIOJ3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KJIFOYEBBIC CJIOBA (CIIOBOCOYCTAHHMS);

— OJIarogapHOCTH;

— 3HaK OXPaHbI aBTOPCKOTO MPaBa;

— TIepEYCHb 3aTEKCTOBBIX OMOMMOrpadMuecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThy;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa MOCTYTUICHHUS PYKOIIMCH B PEIAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTAaThU K OITyOJIMKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEACHBI:

— Oubnuorpaduueckas 3aruch Ha CTaThIO JUIsl TAJIBHEHIIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIE KaXKJIOTO aBTOPA, €CIIU CTaThsl IMEET HECKOJIBKO aBTOPOB;

— yKa3zaH#e 00 OTCYTCTBHH WM HATMYNN KOH(DIMKTA HHTEPECOB U AETATIM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 CJI0BOCOUYETAHUS B AJIEMEHTAX M3/1aTeIbCKOr0 O(OPMIICHHUS CTaTbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 yueHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CJIOBOCOYCTAHUN B OMOIHOTrpaduyecKiX CChUIKAX U CIIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO# TEKCT CTaThH MOXET ObITh CTPYKTYPHUPOBAH U COCTOSITH U3 CIEIYIONIIX YaCTeH:

— BBEJICHHUE;

— TEKCT CTaTbH (C BBIICIICHHEM pa3/ienoB «MaTtepuaiibl 1 MeTOAb, «Pe3ynbrareny, «O0cyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJieHue OCHOBHOTO TEKCTa CTaThH Ha TEMAaTHUECKUE PYOPHKH U TOIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepually MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK IPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM si3bIKe. OCHOBHOM TEKCT CTAaThU B M3IAHHUH MOXKET OBbITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmuBaTh B OHOM cTaThe TEKCT Ha JABYX S3bIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTa CTAThH U 3aT€M MOBTOPSIOT HAa AaHTIINHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3aHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Thsl, HA3BaHHE PYOPHUKH WK pa3Jielia, THII CTaThH, €¢ 3aryIaBhe 1 MM03aroJ0BOYHbIE JaHHbIE, OCHOBHBIE CBEIC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpaduIecKyIo 3auch s
nuTHpoBaHwms. ViMeHa IpUBOAAT B TpaHCIUTEpHUpoBaHHO# popme Ha matuauIe o ['OCT 7.79 wmm B ToM dop-
Me, B KaKOH €e yCTaHOBHII aBTOP WIJIM PEeIaKINs U3/TaHusl.

[Tociie 0CHOBHOTO TEKCTa CTaThU MPUBOJIAT HA SI3bIKE TEKCTA CTAThU U 3aTEM MOBTOPSIOT HA aHTIIMACKOM
SI3BIKE CIIEAYIOIINE AIEMEHTHI U3/1aTeIbCKOTO 0(OPMIICHUS: IOTIOTHUTENIBHBIE CBEACHUS 00 aBTOpe (aBTOpaXx),
CBEJICHHSI O BKJIAJIC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(IMKTA HHTEPECOB U IeTalH-
3aIUs TAKOTO KOH(IIUKTA B CITydae ero HaJi4usl, a TAKKe JIaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIINIo, 01o0pe-
HUS TIOCTIE PEIICH3UPOBAHMS, TPUHATHUS CTATHHU K OITyOIIMKOBAHUIO.

OcHOBHBIE cBeZIeHHS 00 aBTOPE COJepKar:

— UM, 0TYECTBO, (haMUIIHIO aBTOpa (MTOJTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aiuy (YUpeKJIeHus), ee MoApa3aeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmMbl ropuanueckoro jiuma: ®I'BYH, ®I'BOY BO, [TAO, AOuT. 1.);

— aJpec opraHu3aiy (YIpexkJIeHus ), ee TOoIpa3IelieHus, I71e paboTaeT Uil YIUTCs aBTOp (TOPOJ] M CTPaHA);

— DJICKTPOHHEIH azxpec aBTopa (e-mail);

— oTKpeITHI HaeHTH(HKaTOop yueHoro (Open Researcher and Contributor ID — ORCID) (mipu Hamu-
yun). AJipec opranusanuu (yU4pexIeHus), rie padoTaeT UM YYUTCS aBTOP, MOXKET OBITh YKa3aH B MOTHOU
(dbopme. DIEKTPOHHBIN aJIpec aBTOpa NPUBOIAT O€3 cIoBa «e-maily, mocse MeKTPOHHOTO ajjpeca TOYKY He
craear. ORCID npuBozstT B hopme ammekrpoHHOTO anapeca B ceti MuTepHeT. B xone ORCID Touky He cra-
BaT. HamMmenoBaHnne opranuzanun (yIpekXIeHUs), € aapec, aeKTpoHHbi aapec 1 ORCID aBropa oTaemsioT
IpyT OT ApyTa 3arsThIMH.

B ciydae, xoryia aBrop paboTtaeT (YUUTCs) B HECKOJIBKUX OpraHU3aIHsIX (YIPEKISHHIIX ), CBEICHUS O KaX-
JI0M MecTe paboThI (yueObl), YKa3bIBalOT IIOCJIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX M CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO0 HAJCTPOYHBIX TUPPOBBIX 0003HAYCHHIA.
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Ecnmu y craThbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HHUX MPHUBOIAT C YUYETOM HIIKECIIEAYIOIINX MPaBHUIL
Hmena aBTOPOB PUBOJIST B IPUHITONW UMH TIOCIIEI0BATEIIBHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM U30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH TPOTPAMM-
HBIM O0ecIieueHrEeM ITyONUKAMK U3AaHHsL.

Bo3MoxHO nprBeieHNE IIEKTPOHHOTO aJpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICIbHOE yKa3aHUe aBTopa JIJIsl KOPPECIOHACHIINH IO opMe: « ABTOp, OTBETCTBEHHBIH 3a Mepermc-
ky:» («Corresponding author:y).

JlommoTHUTETFHBIE CBEIEHUS 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUeCTBa U pamunuy, snekTpornbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MEepBOil MOJI0CEe CTAThH;

— YYCHBIC 3BaHMS;

— Y4YCHBIC CTCIICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH(OUKAIIMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTope (aBTOpax) MPHUBOAT C MpeaNIecTByOmnUMHU cioBamu «Hpopmanmst 06 aBTope (aBTo-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThu ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekrpornbie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX U(POBLIX 0003HaYeHNH H-
nekc YJIK pacriomaraeTcst B IeBOM BepXHEM YIITy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIIONAraeTCsl HA3BAaHHUE CTAThU — 3aNIaBHBIMU OyKBaMU, OTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE T10 LICHTPY.

damuusi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, IO IIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTY>KUP-
HBIM IIpHdTOM.

Annoranuio Gopmupytor mo F'OCT P 7.0.99. O6bem anHoTanmu He npesbimiaet 250 cios. [lepen anHoTa-
[UeH TIPUBOIAT CIIOBO « AHHOTAITH) («Abstract).

KiroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 00001IeHHbIe 1 MHOTO3HAUHBIE CJI0BA, & TAKIKE CIIOBOCOYETA-
HUS, COAEPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITFOUEBBIX CJIOB (CIIOBOCOYETAHU ) HE JJOJDKHO OBITH MEHbIIE 3 U 0oJibine 15 ciioB (ci10Boco-
yetaHuit). VIx mpuBoaaT, peasapsis cioBamu «Kirouessie cioBa:» («Keywords:»), U OTAEISIOT APYT OT IpY-
ra 3ansThIMH. [1oce KITF0YeBbIX CIIOB TOUKY HE CTaBST.

[Mocne KITIOUEBBIX CIJIOB TPUBOAAT CJIOBA OJaroIapHOCTH OPraHU3alUsIM (YUPEkKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEISIM U IPYTHM JIUIAM, OKa3aBIIIKM TIOMOIIb B MOJITOTOBKE CTAThU, CBEJICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MyONMKAIK CTAaThU, IPOEKTaX, HAy4HO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaX MM 110 pe-
3yJBTaTaM KOTOPBIX OIyOJIIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJISIT C NPEAIISCTBYIONIMM clIoBoM «biaronapHoctu:». Ha aHmmiickoM si3bIKe clioBa
OIarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHDIMKUCKOM SI3bIKE C MPEIIICCTBYIOIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKa3aHUs HAa3BaHHS pasiena), MaTepHajbl 1 METOABI, pe-
3yJIBTaThl UCCIE0BAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyro 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchutkn Ha MCTOYHUKH JIAIOTCSA TI0 TEKCTY QPO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crMCKe UTEpaTyphl xKelnarebHO Hanndue kKak MuUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

Tabmuubl 10KHBI OBITH BITONHEHB! B Microsoft Word u conepxarh craTucTHuecKn 00paboTaHHBIN Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHH 3ar0JIOBOK M CCBHUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH u (poTtorpaduu HeoOXOAUMO MPENOCTABIATH B popmMare jpeg, tif mim gif
(c paspemenunem He MeHee 300 TOYCK) C COOTBETCTBYIOIIUMH TTOITUCSIMA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusl TEePMUHOB, OTIIUYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJNBKO MOCIE YIOMIHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxknyHapoanoi cucremoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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