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U3YUYEHUE AKTOINPOTEKTOPHBIX CBOMCTB ITPEITAPATA
PYTAIIUPUH HA TABOPATOPHBIX 7KUBOTHbBIX
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AHHoTanus. B craThe mpuBeneHB! Pe3yabTaThl 110 OLEHKE aKTOMPOTEKTOPHBIX CBOMCTB Mpenapara pyTalupUH
Ha J1ab0PaTOPHBIX KHUBOTHBIX. [IJIsl SKCIIEPUMEHTA M3 MOJIOBO3PEIIbIX HEIMHEHHBIX CaMIIOB KPBIC COPMHUPOBAIIN
2 rpynnsl (ONBITHYIO M KOHTPOJIbHYI0) 10 10 rpbI3yHOB B Kax10i. KpeicaM ombITHOI rpynmsl TeueHue 7 qHen
(1 pa3 B cyTKM) BHYTPHIKEIYJOUHO BBOJAWIIM TIpenapar pyTaluupuH u3 pacdera 1,2 I/Kr mMacchbl Tena B Gopme
30%-Hoii cycnieH3uu. B KOHTPOIBLHOM rpyIITie Y)KUBOTHBIE MOJTy4ali IKBUOOBEMHOE KOJIMYECTBO IUCTHILITUPOBAH-
HOU BoibL. Uepes HeJlelTto 0T Haualia BBEJICHUS Iperapara ornpeaessuii o0yo pu3n4ecKy o BHIHOCIUBOCTD IPbI-
3yHOB C TMOMOIIBIO TECTa «BBIHYKICHHOE TUIaBaHHUE ¢ Tpy30M». Cpasy mocie TEeCTUPOBAHUS y 5 JKUBOTHBIX U3
Ka)KJJOM I'pYIITbI OTOMPAIN KPOBb JUIs 1Ta0OPAaTOPHBIX MCCieI0BaHmii. B pesynbrare ycTraHOBIIEHO, 4TO Y Jabopa-
TOPHBIX KPBIC ONBITHOM I'PYIIIBI IPOAOIKUTENBHOCTD IJIaBAaHUS C TPY30M IPH JOMOTHUTENBHON THIepTepMuye-
CKOU Harpy3ke Obliia 0OJIbllie KOHTPOJIbHBIX 3HaucHUU Ha 19,78 % (p < 0,05). buoxuMuveckue UccieI0BaHUS
KPOBH KpBIC MOATBEPAMUIIM aJalTUBHOE JIeHiCTBHE MpemnapaTa, YTo MPOSIBIIOCH YIy4IlIeHHeM MapKepoB dHepre-
TUYECKOT0 0OMEHa, COCTOSTHUS ITEUEHHU U OKUCIUTENBHOTO CTpecca.

KuioueBble ciioBa: npernapar pyTauyuprH; JOKIMHHUECKHE UCCIIEI0BAHMS; aKTOIIPOTEKTOPHbIE CBOWCTBA; J1a00-

paTopHbIE KPBICHI; OMOXUMHUYECKHUE MOKa3aTeIN KPOBU

YeuieHHast aHTPOIIOreHHask aKTUBHOCTh, HaOJIo1a-
IOLIAsACs B [TOCIEIHUE ACCATUIETHS, HEIOCPEICTBEH-
HO CKa3bIBacTCsl Ha (PYHKIMOHUPOBAHUH PA3THMUHBIX
sKocucTeM. B 3ToM acrniekTe puiObI, 0COOEHHO B aK-
BaKyJbType, BCE Hallle MOJBEPratoTCsl BO3AEHCTBUIO
MHOYKECTBEHHBIX CTPECCOPOB, KaK OMOTHYECKOTO, TaK
1 aOMOTHIECKOTO XapakTepa. Ha pe10 oka3piBaeT Hera-
THUBHOE BO3/ICHCTBHE N3MEHEHUS TEMIIEPaTyPhl OKPY-
KaoLeH cpelbl, 4acTO BCTpEYaeMble yCIIOBUS KHC-
JIOPOAHOTO TOJIOAAHUA, HATUYUE PA3TUYHBIX KCEHO-
OMOTHKOB B BOJIE, HEYJOBJICTBOPUTEIBHOE Ka4eCTBO
KOPMOB U Jip. MaHUMYISALUU B PHIOOBOIHBIX XO35H-
CTBaX OMNPEJIEISAIOT TEXHOTEHHBIN CTpeccC, CBI3aHHBIN
C IUIOTHOCTBIO ITOCAIKH, IPOBEICHHEM OOHUTHPOBOY-
HBIX PadOT, TPAaHCIIOPTHPOBKOM, IIyMOM M BHOpauu-
et u mp. [1—4].

[Ipu uem pr16a yacTo MOABEPTaeTCs BO3AEHCTBUIO
HECKOJIBKUX CTPECCOPOB OTHOBPEMEHHO, YTO TPHUBO-
IUT K Pa3IuYHbIM THIIAM B3aUMOJCHCTBUS MEXIY
cTpeccopamu. Hampumep, noBbllieHHe TeMIepary-

PBI MOXKET YCHIIMTH HETaTHBHOE BO3JICHCTBHE 3arps3-
HSIIOIINX BEIIECTB, MOCKOIBKY CIIOCOOHO YBEITUYHUTh
CKOPOCTb METa0O0IM3Ma M YCBOCHUE KCEHOOMOTHKOB
B opranusMme pbi0. Kpome Toro, TeminoBoii crpecc Mo-
JKeT HapyIIUTb CITIOCOOHOCTH PBIO BhIpadaThIBaTh ajie-
KBaTHYIO PEAKIINIO Ha CTPECC, TEM CaMbIM YXY/IIas UX
BO3MO)KHOCTB OTpaHIYMBATH HETATHBHOE BO3ICHCTBHE
TOKCHKAHTOB. 11 HA000pOT, MeTaboInYecKue 3aTpaThl
Ha BO3/IIICTBHE 3arpA3HAIOLINX BEIIECTB MOTYT Hapy-
HIMTH MOJICKYJISIPHBIE U (PU3UOIOTUUECKUE TTPOLIECCHI,
YYacTBYIOIIIME B TEIUIOBOM aKKJIMMaTu3auuu. B atux
CITyJastx MOXKHO OXKHJIaTh CHHEPTU3Ma MEXKIY CTpec-
copamu. Kak ciiefctBre, mpu MHOXKECTBEHHBIX CTPEC-
COTEHHBIX YCJIOBHUSX 110 CPABHEHHUIO C BO3EHCTBHEM
OZIMHOYHBIX CTpecCc-(PaKTOPOB B OpraHU3Me MOTYT pas-
BUBaThCsl 00Jice cephe3HbIie HeraTuBHbIC A((HEKThI Ha
KJICTOYHOM U CHCTEMHOM YPOBHSIX [5—7].

B nocneaname roap 3SHAUNTENTHHBIN MHTEPEC BBI3BI-
BaeT OTHOCUTEIHHO HOBBIH (PapMaKOIIOTHUECKHUIH KITace
COCIMHEHHH, U3BECTHBIA KaK aKTOMPOTEKTOPHI (JIaT.
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actus — NIBWKEHHUE, protectlo — TIPUKPBITHE), KOTO-
pBI€ TOBBIMIAIOT U COXPAHSIOT (U3NYECKYIO paboTo-
CIOCOOHOCTB OPraHU3Ma B HEOIarONpUATHBIX YCIOBH-
AX. AKTOIIPOTEKTOPHBIE BELIECTBA 00JIaJat0T YHHKAIb-
HBIMH CBOMCTBaMH 1 B COOTBETCTBHH C COBPEMEHHBIMH
MPEICTABICHHUSIMU JIJIsl HUX XapaKTepHa CIIOCOOHOCTh
K TIOBBIIIIEHUIO TIEPEHOCUMOCTH HAarpy30K U yBeIN4e-
HUIO PE3UCTEHTHOCTHU OPTaHNU3Ma B XOIe TIPUCTIOCO0IIe-
HUS K HEOJIaronpusTHBIM (pakTopaM — Kape, X0JIOy,
JKaKze, ToJIoy, MHPEeKIHsIM U T. . Hanpumep B ru-
NEePTEePMUUYECCKIX YCIOBHSX BIHSHUE aKTOMPOTEKTO-
POB Ha OPraHU3M MPOSIBIISIETCS] B HOPMAITU3AIINHU SHEP-
TeTUYEeCKOro 0OMeHa, CTabMITM3alii OKHCIUTEITHHOTO
(dochonrpoBaHUs, TOPMOKESHUN TIEPEKUCHOTO U MU-
KPOCOMAJIBHOTO OKUCJICHHSI, 3aIIUTEe OMOIOTHYECKUX
MeMOpaH kierok [§—10].

OTH PapMakoIOTHIecKHe CBOWCTBA JICTAl0T aKTO-
MIPOTEKTOPHI IEPCTICKTHBHBIM HAIPABICHUEM B BETE-
pUHApHOI (apMaKOIOTHH, T1Ie OHU MOTYT dPPEKTHB-
HO UCIIONIL30BaThCs JIJIs1 YAYUIeHUs (DYHKIIMOHATBHBIX
BO3MOXKHOCTEH OpraHm3Ma >KUBOTHBIX, B TOM YHCIIE
B YCJIOBHUSIX BO3JCHCTBUSI HEONAroNMpUsTHBIX (haKTo-
POB OKpY>Karolen cpebl.

B moxnmHMYECKHX MCCIETOBAaHUSIX aKTOTPOTEK-
TOpPHBIE CBOWCTBA MPENapaToB HanOoOJee YacTo olle-
HUBAIOTCSI C TOMOIIBIO TTOBEJEHYECKOTO TECTA «BbI-
HYKJIEHHOE TJIaBaHHE» BIIEPBBIC MPEIJIOKEHHOTO
P. IToncontom B 1977 romy.

CyTh MeTO/Ia 3aKIFOYACTCsl B TOM, UTO )KHBOTHBIE
TTOMEIIAIOTCS B 3aMKHYTOE IPOCTPAHCTBO — MTPO3pad-
HYIO €MKOCTb C BOJIOH, U3 KOTOPOW OHU HE MOTYT BBI-
Opartbcst. st u3ydeHust BBIHOCIMBOCTH Jlaboparop-
HBIX JKHBOTHBIX MPUMEHSETCSI BapHalysl IIOBEICHYe-
CKOT'O TECTa — «BBIHYKJICHHOE TUIABAaHHUE C TPY30M»,
YTO SIBISIETCS OOJiee KECTKUM KOMOMHUPOBAHHBIM
crpeccom [11, 12].

B pamkax cosnmanms mpemapara sl MOBBIIIE-
HUS YCTOMYHMBOCTH OpPraHU3Ma PhIO B aKBaKYJbTY-
pe MpH TEIIOBOM cTpecce B oTzeie (papMaKoIOoTHH
KpacHonapckoro HayuyHO-HCCIIE0BATEIHCKOTO Be-
TePUHAPHOTO WHCTHTYTAa — 000COOJICHHOTO CTPYK-
typHoro noapazaeienuss ®I'bHY KHII3B nposene-
Ha (hapmareBTHYECKas pa3padoTKa JEKapCTBEHHOTO
mperapara JJisi BETEPHHAPHOTO TPUMEHEHHSI — PYy-
TalpUHA.

JlelicTByo1111€ BEIlIeCTBa, BXOAIIME B COCTAB Ipe-
rapara pyTaIipyH MPeCTaBIeHbl AMIHOKHUCIIOTAMH,
(aBoHOMIAMU ¥ aHTHOKCHAaHTamu. [Ipemapar Haxo-
JIUTCS B CTaMU JOKIMHUYECKUX UCCIIETOBAHHM.

Ienbro HacTosICH pabOTHI SBUIIOCH OIpE/eie-
HHE aKTOMPOTEKTOPHBIX CBOMCTB Mpenapara pyTaiu-
PHH Ha J1a00paTOPHBIX )KUBOTHBIX.

MATEPUAJIBI U METO/bI
UCCJIEJOBAHUM

OKcTepuMeHT TpoBecH Ha 20 HEMWHEHHBIX T10-
JIOBO3PEIBIX KphIcax (camiiax) ¢ Maccoi tena ot 280
110 300 T, KOTOPBIX pacTpeeTHiTy Ha 2 TPYIIHI (OTIBIT-
Hasl ¥ KOHTpoJbHAas) — 10 10 TPBI3yHOB B KaXk/IOM.

HWccnenoBanus npoBeieHbI B COOTBETCTBUU C TPe-
OOBaHUSMHU, yCTaHOBJIEHHBIMU EBpoTeiicKoif KOHBEH-
LIMEH T10 3aIUTE TTO3BOHOYHBIX YKUBOTHBIX, UCTIONb3Ye-
MBIX B DKCIIEPUMEHTAJIbHBIX U Hay4uHbIX Lessix (ETS
Ne 123, CrpacOypr, 18.03.1986), a Takske ObLTH coTya-
COBaHbI M OJJOOPEHBI KOMUCCHEH 110 BOIpocaM OHo-
strKH DeaepanbHOro rocyJapCTBEHHOTO OIOIKETHO-
ro Hay4HOTo yupexaeHus «KpacHompapckuii HayuHbINH
LIEHTP 10 300TEXHUU U BETEPHUHAPUI.

Kpricam omeITHO# rpymiel Teuenne 7 auei (1 pas
B CYTKH) BHYTPHXKEIYJOYHO BBOAWJIM Ipenapar py-
TaupuH U3 pacdera 1,2 r/Kr maccel Tena B opme
30%-Holi cycrien3un. B KoHTpoIbHOMU rpy1rne )KuBOT-
HBI€ MTOJTyYalli SKBUOOBEMHOE KOJTMYECTBO JUCTUIIIH-
pOBaHHOM BOJIBI.

Uepes 7 cyTOK OT Hauajla BBEJICHUS [Ipenapara py-
TALUPHH ONPEACIUTH 00LIYI0 GU3HUECKYIO BBIHOCIIH-
BOCTb I'PBI3YHOB C [TOMOIIBIO TECTA — «BBIHY/IEHHOE
IJIaBaHuE C Tpy3oM». B pamkax HacTosIero uccie-
JIOBaHMS HCITIONB30BaHA METOJMKA OLEHKH (pu3mde-
CKOH BBIHOCIIMBOCTH MEJIKUX JJa0OPaTOPHBIX KUBOT-
HBIX B Moan¢ukarmu B. H. Kapkumienko ¢ coasr. [13].

JIOTIOJIHUTEIBHBIM CTPECCUPYIOIIUM BO3ACH-
CTBHEM Ha KpbIC NPU U3yUYEHUH aKTONPOTEKTOPHBIX
CBOIICTB Ipenapara pyTallMpyUH CTAJI0 MOBBIIIEHUE
TEMIIEPaTypsl BOJBI 32 TPAHULIBI ONTUMAIFHOTO JHa-
[1a30HA, KOTOPBII [UIs 3TOTO BUIA )KUBOTHBIX COCTaB-
qsiet 22—27 °C. C y4eToM 3TOro co3AaBaiu yCI0BUs
THIIEPTEPMHH, KOTZa TeMIeparypa BoJsl Obljia B Ana-
nasone 36—38 °C.

Kpsicam nepen TecTupoBaHueM K KOPHIO XBOCTa
MIPHUKPEIUTSIIH TPY3, TPOTIOPINOHATIHHBIN BECY KHBOT-
Horo — 10 % ot maccer Tena. Kpbicy akkypaTHO 110-
Ipyajii B BOAY M IPHU HayaJie IUIABaTeIbHBIX JIBU-
YKEHMH HaYMHAJIM OTCUET BPEMEHH, PETUCTPUPYEMBIM
MapaMeTpoM SBJISUIOCH BpeMs IJIaBaHMsI B CEKyH/Iax.
OxoHYaHHeM TeCTa CYUTAIN OTKa3 Y)KUBOTHOTO OT IIa-
BaHMsI — €TI0 IOJIHOE IIOTPY>KEHHE 110]] BOAHOE 3epKa-
1o 6accetina Ha 10 cexynz. [locie gero xpeicy ObICTpO
W3BJIEKAJIM U3 BOJBI U 0OCYLIMBAIM CyXUM IMOJIOTEH-
LeM, Jajiee y 5 5KMBOTHBIX U3 KaXK10H IpyMIibl IPOBO-
T B3SITHE KPOBU Ui TaOOPaTOPHBIX HMcCie0Ba-
HUH — IyTeM CepeuHON MyHKIUH (TIPUKU3HEHHO).

buoxumuueckue UCClIeAOBaHUS KPOBHU C OLIEH-
KO KOHLICHTpaLny 0011ero Oenka, IoKo3bl, TPUIIIU-
LepuaoB U anannHamMuHoTpanchepassl (AnAT) mpo-

BerepunapHsrii hapmakomornaeckuii BeCTHHK « Ne 4 (33) « 2025 9



C. A. Ilapxomenxo, E. B. Kyzvmunoea, M. I1. Cemenenxo, U. /I. Ky3omunos

BOJIMJIM TIPU MIOMOIIM aBTOMaTHU3UPOBAaHHOTO aHAJH-
3aropa Vitalab Flexor. B kpoBu onpenemnsiiim Mmapkep
OKCHJIATHBHOTO CTPECcCa — MaJIOHOBBIN THAITBICTH/T
(MIA) B COOTBETCTBHH C METOAMYECKIMHU PEKOMEH/Ia-
nusmu BHUBUII®OuT (2010) Ha ciekrpodoTomeTpe
Ecovien. [Tonyuennsie nngpoBbie faHHbIE ObUTH 00pa-
0OTaHbI METOIAMH BAPUALTMOHHOM CTATHCTHKH C OTIpe-
JIEJIEHUEM JIOCTOBEPHOCTH 3HAYEHHH 10 t-KPUTEPHIO
CThIOZIEHTa ¥ CYUTAIIN UX TOCTOBEPHBIMH IIPH YPOB-
He 3HayuMocTH p < 0,05.

PE3YJbTATHI UCCJIEJOBAHUM
B pe3synbrare npoBeeHHBIX UCCIIEJOBAHUM yCTa-
HOBJICHO, YTO y JIAOOPATOPHBIX KPbIC, MOIyUYaBIINX

160
140
120
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0

146,5

CexyHJIBI

OnbITHAS

B TCUCHHE HEJICIIH NIPernapaT pyTalupHH B 103e 1,2 r/kr
Macchl TeJa MPOIOKUTEIHHOCTD IIABAHMS C TPY30M
IpU JOMOJHUTEIBHON ITMIEPTEPMUUECKON Harpyske
coctaBuna 146,5 + 3,17 cexyun npotus 122,3 + 2,48
CEKyHJl B KOHTpOJIE.

Hoctosepnas pazuuna (p < 0,05) mexxay rpymnma-
MU coctaBisgeT 19,78 %. Pesynbrarel 3THX Hccieno-
BaHUI OTpa)kKE€HbI HA PUCYHKE 1.

IIpoBeneHHBIME TA00PATOPHBIMH HCCIICIOBAHUS-
MU KPOBH (pe3yJIbTaThl IPECTABICHBI HA PUCYHKE 2)
YCTaHOBJICHO, YTO Y KPBIC MIOCTIEC BBIHYKICHHOTO I1J1a-
BaHHS KPBIC ¢ TPY30M Ha (JOHE BHEIIHEW TumepTep-
MUH 3apETUCTPUPOBAHA CIEAYIOMIas Pa3HUIA MEXKITY
TpyTIIaMH B 3HAYEHUSIX OMOXUMHYECKUX ITOKa3aTelNei.

KounTposnbHas
I'pynnbl

Puc. 1. BnusiHue npenapara pyTauypiH Ha BpeMsl BEIHYKIEHHOTO TIJIaBaHUs KpbIc ¢ rpy3oM (7 = 10)
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1,42 1,38

b

AnAT, En/a
MMOJIB/JI

B KoHTposnbHas

Puc. 2. Brusinue npenapara pyTauupiH Ha OMOXUMHUYCCKUE TIOKA3aTeIH KPOBH KPBIC IMOCIIC TECTa «BBIHYK/ICH-
HOE IUTaBaHUE C TPy30M» (1 = 5)
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B rpynne ¢ mpumeHeHueM mpemnapara pyTa-
IUPUH OBIIN BBINIE KOHIICHTPAIHUU 00Iero 6ei-
ka — Ha 5,51 % u nmoko3bl — Ha 9,98 % (p < 0,05).
AKTHBHOCTb renaTonHANKaTOpHOTO (hepMeHTa ANAT,
Hao0opoT, ObLTa HIKE Ha 3,87 %. Conepxanue Tpu-
IIULEPHUIOB, KaK MOKa3aTelsl JIMIMHUIHOTO OOMeHa,
B CHIBOPOTKE KPOBHU KPBIC OTIBITHOM TPYTITBI OBLIO CO-
IIOCTaBUMO C KOHTPOJIbHBIMY 3HAUCHHUSAMHU.

Hapsiny ¢ 3TUM ycTaHOBIIEHO, YTO IPEBEHTUBHOE
BBE/ICHHE IIpenapara pyTauupyuH cTaOUIN3UPYET UH-
TEHCHUBHOCTB NPOLECCOB NEPEKUCHOIO OKUCIEHUS
JUMHUI0B, HHAYKIHUS KOTOPBIX OTMEYaeTcs NMPHU BbI-
PaXEeHHBIX CTPECCOTEHHBIX ycioBusAx. Kak BuaHO 13
JaHHBIX, IPUBEACHHBIX HA PUCYHKE 3, Y >KHBOTHBIX
OTIBITHOW T'PYyMITEI OTHOCUTEIBHO KOHTPOJIBHBIX aHa-
JIOTOB 3aperuCTPUPOBAHO CTAaTUCTHUYECKH 3HAYMMOE

3,5
3
25 2,34
2
1,5

MKMOJIb/JI

—

OmnbITHAS

(» £0,05) cHmkeHne ypoOBHSI MAJOHOBOTO IHAJBIC-
ruga — Ha 18,18 %.

3AKJIIOYEHHUE

TakuM 00pa3om, MOTyUEeHHBIE PE3YJIbTAThI HCCIIe-
JIOBaHUH CBUJIETETLCTBYIOT O TOM, YTO IIPEBEHTHUBHOE
MIpUMEHEeHNE B TeUSHNE HeJIeNTN Ipernapara pyTaudpuH
B o3¢ 1,2 I/KT Macchl Teja J1abopaTopHBIM KphIicam
YBEIMYUBACT NPOJIOJKUTEIHHOCT IIJIaBAHUS )KHBOT-
HBIX C TPy30M Ha (poHE AOTIOJIHUTEIBHOHN THIIepTEp-
MHYECKOM Harpy3ku. buoxumuueckue Uccie0BaHus
KpPOBH KpBIC MOJITBEPAMIIN aIallTUBHOE IEHCTBHE ITpe-
rapara, 9To IpOsSBUIIOCH YIyUIIEHHEM MapKepPOB YHEP-
TeTUYeCKOro OOMEHa, COCTOSIHUS TI€YE€HU M OKHCIIH-
TenpHOTrO cTpecca. CienoBaresibHO, pyTauupuH 00-
JIa/1aeT BBIPAKEHHBIM aKTOIPOTEKTOPHBIM JIEHCTBUEM.

2,86

KonTponbHas
['pynmbr

Puc. 3. Bnusinue npenaparta pyTanupuH Ha KOHIEHTpauio M/IA B KpoBU KpbIC TIOCIIE TECTa «BBIHYKICHHOE
MJIaBaHue ¢ rpy3om» (n =15)
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STUDY OF THE ACTOPROTECTIVE PROPERTIES OF
THE DRUG RUTACIRIN ON LABORATORY ANIMALS
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Abstract. The article presents the results of assessing the actoprotective properties of rutacirin on laboratory an-
imals. For the experiment, sexually mature nonlinear male rats were divided into two groups (experimental and
control), each consisting of 10 rodents. The rats in the experimental group were administered rutacirin intragas-
trically for 7 days (once daily) at a dose of 1.2 g/kg of body weight in the form of a 30 % suspension. The ani-
mals in the control group received an equal volume of distilled water. One week after the start of drug adminis-
tration, the general physical endurance of the rodents was determined using the forced swim test with a load.
Blood was collected from 5 animals from each group for laboratory studies immediately after the test. It was found
that the duration of swimming with a load under additional hyperthermic load in the laboratory rats of the exper-
imental group was by 19.78 % longer than the control values (p < 0.05). Biochemical blood studies of rats con-
firmed the drug adaptive effect, as evidenced by improved markers of energy metabolism, liver function and ox-

idative stress.

Keywords: rutacirin, preclinical studies, actoprotective properties, laboratory rats, blood biochemistry

Increased anthropogenic activity observed in re-
cent decades has a direct effect on the functioning of
various ecosystems. In this regard, fish, particularly
in aquaculture, are increasingly exposed to multiple
stressors, both biotic and abiotic. Fish are negatively
affected by changes in ambient temperature, frequently
occurring conditions of oxygen starvation, the presence
of various xenobiotics in the water, poor feed quality
and other factors. Manipulations on fish farms deter-
mine technogenic stress associated with stocking den-
sity, grading, transportation, noise and vibration, and
other factors [1—4].

Fish are often exposed to multiple stressors simul-
taneously, leading to various types of interactions be-
tween stressors. For example, rising temperatures can
increase the negative effect of pollutants, as they can
increase the metabolic rate and absorption of xenobi-
otics in fish. Furthermore, heat stress can impair the
ability of fish to develop an adequate stress response,
thereby reducing their ability to limit the negative ef-
fect of toxicants. Conversely, the metabolic costs of
exposure to pollutants can disrupt the molecular and
physiological processes involved in heat acclimation.

In these cases, synergism between stressors can be ex-
pected. Consequently, multiple stressors can lead to
more severe negative effects at the cellular and sys-
temic levels than single stressors [5—7].

In recent years, a relatively new pharmacological
class of compounds known as actoprotectors (Latin ac-
tus — movement, protectlo — protection) has attracted
considerable interest. These compounds enhance and
maintain physical performance under adverse condi-
tions. Actoprotectors possess unique properties and ac-
cording to modern concepts are characterized by the
ability to increase exercise tolerance and enhance the
body’s resistance during adaptation to adverse factors
such as heat, cold, thirst, hunger, infections, etc. For
example, under hyperthermic conditions, the effect of
actoprotectors on the body is manifested in the nor-
malization of energy metabolism, stabilization of oxi-
dative phosphorylation, inhibition of peroxidation and
microsomal oxidation, and protection of biological cell
membranes [8—10].

These pharmacological properties make actopro-
tectors a promising area of veterinary pharmacology,
where they can be effectively used to improve the func-
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tional capacity of animals, including under the effect
of adverse environmental factors.

In preclinical studies, the actoprotective properties
of drugs are most often assessed using the forced swim
test, first proposed by R. Porsolt in 1977. The method
involves placing animals in a confined space (a trans-
parent container of water), from which they cannot
escape. To study the endurance of laboratory animals,
a variation of the behavioral test (forced swim with a
load) is used, which represents a more severe com-
bined stress [11, 12].

As part of the drug design to improve the resistance
of aquaculture fish to heat stress, the Pharmacology
Department of Krasnodar Veterinary Research
Institute — a separate structural division of Krasnodar
Research Center for Zootechnics and Veterinary
Medicine, conducted the pharmaceutical design of the
veterinary drug rutacirin. The active ingredients in ruta-
cirin include amino acids, flavonoids and antioxidants.
The drug is currently in preclinical trials.

The research objective was to determine the acto-
protective properties of rutacirin on laboratory animals.

MATERIAL AND METHODS

The experiment was conducted on 20 nonlinear,
sexually mature male rats weighing between 280 and
300 grams. The rats were divided into two groups (ex-
perimental and control) of 10 rodents each.

The studies were conducted in accordance with
the requirements of the European Convention for the
Protection of Vertebrate Animals used for Experimental
and Scientific Purposes (ETS No. 123, Strasbourg,
March 18, 1986) and were also agreed upon and ap-
proved by the Bioethics Committee of Krasnodar
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Research Center for Zootechnics and Veterinary
Medicine. The rats in the experimental group were ad-
ministered rutacirin intragastrically for 7 days (once
daily) at a dose of 1.2 g/kg of body weight as a 30 %
suspension. The animals in the control group received
an equal volume of distilled water.

Seven days after the start of rutacirin administra-
tion, the rodents’ overall physical endurance was de-
termined using the forced swim test with a load. This
study utilized a method for assessing the physical
endurance of small laboratory animals modified by
V. N. Karkishchenko et al. [13].

An additional stressor applied to the rats during the
study of rutacirin actoprotective properties was an in-
crease in water temperature beyond the optimal range,
which for this species is 22—27 °C. Considering this,
hyperthermia conditions were created, with the water
temperature in the range of 36—38 °C.

Before testing, a weight proportional to the ani-
mal’s body weight (10 % of a body weight) was at-
tached to the base of the rat’s tail. The rat was gen-
tly immersed into the water, and a time marking was
started as soon as it began swimming, recording the
swimming time in seconds. The test was completed
when the animal stopped swimming, i. e., complete-
ly immersed into the water for 10 seconds. Afterward,
the rat was quickly removed from the water and dried
with a dry towel. Blood samples were collected from
five animals from each group for laboratory testing via
cardiac puncture (in vivo).

The biochemistry blood tests, including assessment
of total protein, glucose, triglyceride and alanine ami-
notransferase (ALT) concentrations, were performed
using a Vitalab Flexor automated analyzer.

122.3

Control

Groups

Fig. 1. Effect of the drug rutacirin on the time of the forced swim test with a load (n = 10)
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Malondialdehyde (MDA), a marker of oxidative
stress, was measured in the blood using an Ecovien
spectrophotometer in accordance with the guidelines
of ARVRIPP&T (2010).

The resulting digital data were processed using
variation statistics, with the significance of the val-
ues determined using the Student’s t-test. The data
were considered significant at a significance level of
p <0.05.

STUDY RESULTS
These studies revealed that laboratory rats given
rutacirin at a dose of 1.2 g/kg of body weight for a week
had a swimming time of 146.5 + 3.17 seconds under
additional hyperthermic load, compared to 122.3 + 2.48
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seconds in the control group. The significant difference
(p £0.05) between the groups was 19.78 %. The results
of these studies are shown in Fig. 1.

Laboratory blood tests (the results are presented in
Fig. 2) showed that after forced swimming with a load
against the background of external hyperthermia, the
following difference between the groups in the values
of biochemical indicators was recorded in rats.

In the rutacirin group, total protein concentra-
tions were higher by 5.51 % and glucose — by 9.98 %
(» £0.05). Conversely, the ALT (a hepatic indica-
tor enzyme) activity was lower by 3.87 %. Serum tri-
glyceride levels, as an indicator of lipid metabolism,
were comparable to control values in the experimen-
tal group.

90.24
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1.42 138
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mmol/L

B Experimental ® Control

Fig. 2. Effect of the drug rutacirin on the biochemical blood indicators of rats after the forced swim test with a
load (n =15)
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Fig. 3. Effect of the drug rutacirin on the blood concentration of MDA in rats after the forced swim test with a
load (n=15)
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Furthermore, preventive administration of rutacirin
was found to stabilize the intensity of lipid peroxida-
tion processes, which are induced under severe stress
conditions. As shown in Fig. 3, the animals of the ex-
perimental group, relative to their control analogues,
showed a statistically significant (p < 0.05) reduction
in malondialdehyde levels by 18.18 %.

CONCLUSION

Thus, the obtained study results indicate that pre-
ventive weekly administration of rutacirin at a dose
of 1.2 g/kg of body weight to laboratory rats increas-
es the duration of swimming with a load against the
background of additional hyperthermic load. The bio-
chemical blood studies of the rats confirmed the adap-
tive effect of the drug, as evidenced by improved mark-
ers of energy metabolism, liver function and oxidative
stress. Consequently, rutacirin has a pronounced acto-
protective effect.
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AnHoTanust. L{esp10 HacTOAIIEr0 NCCIIEI0BAHNUS SBUIIACH OLIEHKA (PapMaKOKHHETHUECKOTO POMIIS Ipernapara
TEMOBHUT-IUTIOC, TPEACTABIISIONIET0 COO0H KOMITJIEKC OPraHN4YECKOT0 COSANHEHHUS IIPOU3BOAHOTO 3THIICHJMAMHH-
TUSTHTAPHOH KUCIIOTHI ¢ OMOJIOTHYECKU aKTUBHBIMU MuKpodnemeHTamu (Fe, Mn, Cu, Zn, Co, Se, I). [l sxcme-
puMeHTa OBUTO 0TOOpaHO 13 TPYI KPBIC 1O 3 KUBOTHBIX B KaX10# (12 OMBITHRIX M OHA KOHTpoIbHas ). KpbI-
caM OIIBITHBIX TPYTIII IIPenapar TeMOBUT-TUIIOC BBOAMIM BHYTPHIKEITYIOYHO B 103¢ 13 Mr/ 1 Kr Macchl Tena xu-
BoTHOTO. [lanee yepe3 Kakaple [Ba yaca B TEUCHHE CYTOK HPOBOIMIN T'YMaHHYIO SBTAHA3UIO TPHI3YHOB IS
OTCJIEKUBAHUS JUHAMUKU U3MEHEHNUS COJEPKAHUSI MUKPOAIIEMEHTOB B OPraHaX U TKAHSIX UX OPraHu3Ma. Y KpbIC
JUISL ICCIIEIOBAHMSI Opasii KPOBb, CepIle, JIETKKE, IeUCHb, IIOYKH, CKEJICTHYIO0 MYCKYJIaTypy, TOJICTBI U TOHKHH
OT/IEJIbI KMIIIEYHUKA. Pe3ynbTaTsl SKCIIepUMEeHTa IMTOKa3aiIH, YTO BXOASIINE B TEMOBUT-TUTIOC MUKPO3JIEMEHTHI Xa-
PaKTEpU3YyIOTCS BBICOKOI CTENEHBIO OMOIOCTYITHOCTH, IOCTUrasi MAKCUMAJIbHBIX 3HaUCHUH K 6—8 dacy mocie
BBE/ICHHS, YTO JIOKA3bIBACT BBICOKNI yPOBEHb YCBOCHUS XEIAaTHONW ()OPMBI TIpenapara.

Ki1io4eBble c/10Ba: reMOBUT-IUIIOC, MUKPOJIEMEHTBHI, (papMaKOKHHETHKA, JJAOOPaTOPHbIE KPBICHI, OPTaHbl M TKa-

HHU, KPOBb

JKuBoit opranusm — clioxHasi JMHAMUYecKas CH-
creMa, Ui PYyHKIMOHUPOBAHMS KOTOPOH HEOOX0TH-
MO TIOJIep KaHe MHOKECTBA OOMEHHBIX TIPOIIECCOB,
NPEACTABISIONINX CO00H CIOKHBIE OHOXUMHYECKHE
peaxuu Bcex OMOJIOrMYeCKH aKTHBHBIX U MUTATEIIb-
HBIX BemiecTB. OIHAKO 370POBbE U MPOILYKTUBHOCTH
JKUBOTHBIX 3aBHUCST HE TOJIBKO OT KOPMIICHHUS IO pa-
IIUOHAM C JIOCTaTOYHBIM KOJITYECTBOM MPOTEHMHA, JKUpa
Y YIJIEBOJIOB, HO M OT 00ECIIEYeHHOCTH UX MHUHEPAIIb-
HBIMHU BEILECTBAMU, 3HAUEHUE KOTOPBIX [Tl OPTaHu3-
Ma orpomHo [1, 2].

DYHKINN MUHEPATBHBIX DJIEMEHTOB B OpraHU3Me
Ype3BBIYAITHO MHOTOOOPA3HBI M HEPA3PHIBHO CBSI3aHBI
¢ ux ¢popmoii u coctostHreM [3]. OHU BXOJIAT B COCTaB
’KU3HEHHO BaYKHBIX COCIMHEHUMN, y4acTBYIOT B IPO-
1eccax CHHTE3a M pacraza, BCachblBaHUS U BBIBE/IE-
HUS BEIECTB, OKAa3bIBAIOT HEMOCPEICTBEHHOE BIIHA-
HUE HA aKTUBHOCTH ()epMEHTOB, TOPMOHOB 1 BUTAMH-
HOB, TIOJIZICPKUBAIOT OMPEICIICHHOE OCMOTHYECKOE

TaBJIEHHE B KUJIKOCTAX oprann3ma. Hemocrarok nmm
M30BITOK MHKPO- M MAaKPOIJIEMEHTOB MOXKET HE TOJIb-
KO BJIMSITH Ha MPOXYKTUBHOCTB )KUBOTHBIX, HO U BBI-
3bIBaTh psifl 3a00J€BaHUM aJMMEHTAPHOTO XapaKkTepa
[4—7]. Tatosnoruu, 00ycI0BICHHBIC 1e(QUIIUTOM 3C-
CCHIIMAIBHBIX MUKPOXJIEMEHTOB, & TaKXkKe JucOanaH-
COM MaKpoO- ¥ MUKPODJIEMEHTOB, MOIYYHIH 00BbEIH-
HSIOIIee Ha3BaHUE — MHUKPOAIEMEHTO3BL.

[Touck 3¢ PeKTUBHBIX, MPOPUITAKTHPYIOLIIUX MH-
KPODJIEMEHTHYIO HEZIOCTaTOYHOCTb CPEJICTB, MPOAOI-
xaetcst MocTossHHO. Oco0bIil HHTEpEC BBI3BIBAIOT KOM-
IUICKCHBIE COCIMHEHHS MOHOB METAJUIOB C pa3iind-
HBIMH OPTraHUYECKHMH BEIIECTBAMH, COJCPKAIIMU
[UKJINYHBIE TPYNIUPOBKU OPTaHUYECKUX MOJICKYI,
TaK Ha3bIBACMBIC XEJIATHBIC WM OHMOKOOPAWHALIMOH-
HbIe coennHeHus. [IpuMeHeHne XenaTHbIX COeHHe-
HUI MHKpPO3JIEMEHTOB 00CCIIeUMBaET JIYUIyI0 acCH-
MIJIIIUIO METaJlla, YeM IPY BBEICHUH HX B PalliOH
B HEOpraHuueckoi popme. Takne coeTMHEHHUS MOTYT
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MIPUMEHATLCS BHYTPb WU [AapEHTEPAIBHO, OHH CIIO-
COOHBI TIPEOI0JIeBATh TUTAIICHTAPHBIN Oaphep W OKa-
3BIBaTh IMOJIOKUTEIIHOE BIMSHUE Ha TUIOM, TPOIIeC-
CBI KPOBETBOPEHHS, HOPMATH3AIHIO OOMEHHBIX MPO-
meccoB [8—11].

OnHako MHOTHE BOIIPOCHI ICUCTBUSI XEIATHBIX CO-
e)Z[I/IHeHI/Iﬁ Ha OpraHn3M XMBOTHOI'O, €I'0 OpraHbl U CH-
CTeMBI N3yYeHBI HEJJOCTATOYHO U TPeOyIOT NadbHEN-
KX KuccheaoBaHui. [Ipu 3TOM BaKHBIM ATAroM Mpu
WX pa3pabOTKe SBISAETCS N3yYeHUE OCHOBHBIX MyTel
MeTabo0JIM3Ma BXOJSIINX B COCTAB XeJIaTOB OMOMeTal-
JIOB M UX MOCJICAYIONIYI0 OHOTpaHC(hOpMAIIHIO.

MATEPHUAJIBI U METO/bI
NCCJIEJOBAHUSA

OOBEKTOM UCCIIEOBAHUS SIBUIICS TIPETapar reMo-
BUT-ILTIOC — KOMIUIEKC OPraHUYEeCKOrO COCIUHEHUS
MIPOU3BOIHOTO ATHWICHINAMUHIUSHTAPHON KHUCIOTHI
(BAAAK) ¢ Onomornyeck akKTUBHBIMH MHUKPODIIe-
mentamu (Fe, Mn, Cu, Zn, Co, Se, I).

Ornenka GpapMaKOKHHETHIECKOTO MPOdUIIst TeMOo-
BUTA-TUTIOC TPOBOAMIIACH Ha OCITBIX JIAOOPATOPHBIX IT0-
JIOBO3PEJIBIX KPBICAX B YCJIOBUSX BUBApHUs Kadeapsl
«OCHOBBI BETEpUHAPUH, AKYIIEPCTBA U 300TUTHECHBD)
OI'BOY BO «Tsepckast rocymapcTBEHHAS CEITBCKOXO0-
3STICTBEHHAS aKaIeMUsD).

Jist sxcniepruMenTa 0b110 0ToOpaHo 13 TpymiT Kpbic
10 3 >KMBOTHBIX B Kax0¥ (12 OMBITHBIX M OJTHA KOH-
TposbHast). KpplcaM ONBITHBIX Py IpenapaT reMo-
BUT-ILTFOC BBOJTUIICS BHY TPHIKEITYIOYHO B J103¢€ 13 Mr/
1 KT Macchl Temna JKUBOTHOTO.

Jamee uepe3 Kakiple /IBa yaca B TEUEHUE CYTOK
CPBI3YHOB MOCJIEOBATEIBHO MOABEPrail 3BTaHAZUU
JUTSL OTCJICKUBAHUS JUHAMUKA U3MEHEHUS COJEpIKa-
HUS MEKPOSJIEMEHTOB (5KeIe30, MapraHell, o, IINHK,
K0OaJIbT, ME/lb, CEJICH) B OpraHax M TKaHSIX OpraHU3-
Ma. KpbIC KOHTPOIBHO TPYIIIBI YMEPIIBIISIIA BMECTE
¢ 12 onbITHOM rpymnmoii.

V B3STBIX B 9KCIIEPUMEHT KUBOTHBIX JIJIs1 UCCIIEA0-
BaHUs OTOMPAITH CJICTYFOIINE OPTaHbl U TKAHU: KPOBb,
[€4YE€Hb, IOYKH, CEPJILIE, IETKUE, TOJIICTHIIA U TOHKUM OT-
JIeITbI KAIIEYHHUKA, CKEJICTHYIO MyCKymaTypy. M3ydenne
BCEX OMOJIOTHIECKUX P00 MPOBOIIIA Ha aTOMHO-20-
COpOIMOHHOM CIEKTpOooTOMETpE (3KEIIe30, MapraHetl,
LIMHK, KOOANBT, MEllb) U BOJIETAMIIEPOMETPUICCKOM
aHanm3arope (celieH, Hox — MeTooM «KkoTecT-BAY).

Heo0xoauMo OTMETHTB, YTO JIMTAHJ] Mperapa-
Ta TEMOBHT-IUTIOC COCTOUT U3 JABYX COCTABIISIOIIHX:
ATUIICHANAMUHTETPAYKCYCHOM KHUCIIOTHI U acrapari-
HOBOH KHCTOTBI. DTUICHIUNAMHUHTETPAYKCYCHAS KUC-
70Ta, Takke HasbiBaemas kuciotoil I TA mo Hazpa-
HUIO COOCTBEHHON aO0pEeBHATYPBI, MPEJICTABIISICT CO-

00ii aMHHOTIOIMKaPOOHOBYIO KUCIOTY ¢ (OpMYIon
[CH,N(CH,CO,H),],. 910 Genoe, HepacTBOpUMOE
B BOJIC TBEPJIO€ BEILECTBO, LIMPOKO HUCIOIb3YEMOE
IUIS CBsI3bIBaHUA HOHOB Xkenesa (Fe*/Fe’”) u xampims
(Ca?"), obOpasyroliee pacCTBOPHMBIC B BOJIE KOMILICK-
Chl JlaXKe Npu HeHUTpaibHOM pH.

Bropoii cocrasnsromeil auranja sBiaseTcs ac-
MaparuHoBas aMUHOKHUCIIOTA WM aMHHOSHTapHas
KHCIIOTa — anudarnyeckas 3aMeHUMasi aMUHOKHC-
nota, ogHa U3 20 MPOTEMHOICHHBIX aMUHOKHUCIIOT
opranusma. Berpedaercs Bo Bcex opraHu3max B CBO-
0OHOM BHJIE U B COCTaBe OEJKOB, BBIMIOJIHSIET POJIb
HEHpOMEUaTopa B LEHTPAIbHOW HEPBHOM CHUCTEME.
AcnaparuHoBast KMCJI0Ta BO BpeMsi CHUHTE3a JIMIaHa
NPEBPALIAETCs] B SHTAPHYIO KUCIIOTY, KOTOpasi sIBIIsi-
€TCsI MPOMEKYTOUYHBIM MIPOIYKTOM OOMEHA BEILIECTB,
00pazyoMMcs B IPOLecce OKUCICHHSI K B3auMOoIpe-
BpalleHHst OeJIKOB, )KHPOB U YITIEBO/IOB B KHBOH KJIET-
ke. B kierkax sHTapHas KHCIOTa UTPAET POJIb dHEP-
TETHYECKOTO CyOCTpaTa, y4acTBYS B Pa3IMIHBIX OMO-
XUMUYECKUX peakuusx [12, 13—15].

[ToaToMy mpu IpoBEEHNH JAaHHOTO YKCIIEPUMEH-
Ta HaM OBUIO Ba)KHO BBISICHUTH BO3MOYKHOE BIIMSHUE
OJSK (cnoxHBIN TUTaHa, 00pa30BaHHBINA COSTUHE-
HUEM STHWICHIUAMUHTETPAYKCYCHON U SIHTAPHOM KHUC-
JIOTaMH) Ha CTEIIEHb YCBOECHUSI MUKPORJIEMEHTOB B Op-
raHn3Me KUBOTHBIX.

PE3YJIBTATHI UCCJEJOBAHUM

B pesynsrare npoBeeHHOTO HCCIIEA0BAHUS YCPEa-
HEHHBIA (hapMaKOKHHETUUECKUH TMPOPHUIL KPUBBIX
Ka)X/IOTO U3 MHKPORJIEMEHTOB, BXOJIAIIHNX B TIperapar
TEMOBHT-TLTIOC TIOCIIE €r0 OTHOKPATHOTO BHY TPHIKEITY-
JIOYHOTO BBEJICHUS KPbICaM B J103¢ 13 MI/KT, mpeicTas-
JICHHBII Ha pUCyHKax 1—7, oTpakaeT CMOAETUPOBaH-
HbIC KPUBBIC «KOHLICHTPALUA — BPCM».

AHanuzupys oJIy4eHHbIH MaTeprall, MOKHO OT-
METHTH CIIETYFOIIYI0 TUHAMUKY N3MEHEHUH: comepka-
HUE MUKPOAJIEMEHTOB B HCCIICAYEMBbIX OpraHax 1 TKa-
HSX KPBIC YK€ uepe3 2 yaca Mocjie BBEACHUS Mpermna-
para reMOBUT-IUIIOC YBCIIMUMBAJIOCh B KPOBHU, IICYCHU
W TOHKOM OTZCJIC KHIICYHHUKA, 1O0CTUTasA MaKCUMaJIb-
HBIX 3HAUEHUH K 6—8 "gacy, mociie 4ero cTadmILHO BhI-
COKO JIepKaJIoCh Ha OJHOM ypoBHE 710 12 gacoB mo-
clie BBEACHUS. DTOT MEPUOJ MOKHO 0003HAYHUTH KaK
(ha3y MOBBIIICHHON KOHIIEHTPALUH JIEKAPCTBEHHOTO
Beulectna. [Ipu 3ToM MeauaHbl BpEMEHU J10CTHXKE-
HUSl MaKCHMaJIbHON KOHIIEHTPAIIUU JJIST BCEX HCCIIe-
JTyeMbIX MHKPORJIEMEHTOB MPAKTUIECKH COBIAIANIH.
Hckrouenne cocTaBuil TOHKHAN OT/IEN KHIIEYHHUKA, TIIE
UX COZIEp)KaHUE CHIDKAIIOCH YXKe uepe3 6 4acoB OT Ha-
YaJia BBE/IEHUSI TEMOBUTA-TLIIOC.
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Janee cienoBana (asza moxaepxanus KOHIIEHTPaA-
MM MUHEPAJIbHOW COCTAaBIIAIOIICH IMpermapara, 00-
yCIIaBIUBAOLIasi OTHOCUTEIBHYIO CTEIIEHb BCACHIBA-
HUS MUKPO3JIEMEHTOB B ITOJABIISIOIIEM KOJIUYECTBE
OpraHoB, KPOME TOYEK, B KOTOPHIX CIyCTs 12 yacoB
MIPOUCXOAMIIO UX yBennderue. [Ipu aTom Mmakcumaib-
HBbIE 3HAUCHUSI BCEX MUHEPAJIOB COXPAHSUIICH B IIEPUOJ
¢ 12 1o 16 yacoB, mociie 4ero ux KOHIEHTPAIHS, [TPO-
JIOJKas TOJIEP’KUBATHCS B 3HAYMMO BBICOKHX T'PaHU-
Lax, MEIJIEHHO IMHAMUYHO CHUXKAJIACh.

HckiioueHne cocTaBuiao U3MEHEHHE TaKUX MH-
KpO3JIEMEHTOB, KaK CeJIeH M HOj, comep:kaHnue KOTo-
PBIX B IIOYKAaX OCTABAIOCh CTAOMIIBHO BBICOKUM JJa’Ke
K 3aBEPIICHUIO 3KCIICPUMEHTA.

Hannas ¢a3a 3akoHIHIach NPUMEPHO K 20 yacam
[10CJI€ BBEJIEHUSI TEMOBUTA-TIIIOC, TIOCIIE YEro HacTy-
nana ¢aza CHWKEHUS] KOHIICHTPALUH, P KOTOPOii
coJiepKaHre MHUKPOIJIEMEHTOB B OpraHaxX W TKaHIX
OTIBITHBIX KPBIC NMPAKTHUYECKHU TOCTUIAJIO MCXOAHO-
I'0 YPOBHSL.

3AKJIIIOUEHUE
Ha ocHoBanuu IMOJIYYCHHBIX JaHHBIX MOXHO KOH-
CTaTUpOBATh, YTO BXOJAIIMWEC B Ipc€rnapaT reMOBHUT-
ILTIOC MHKPOXJIEMEHTBI 00J1aal0T CXOICTBOM (hap-
MaKOKHHETHYECKHUX MapaMeTpoOB. YCPeTHEHHBIC MPO-
¢bunu ux PpapMaKOKMHETUYECKUX KPHUBBIX UMEIOT

coBmajarone (Gpopmel, XapakTepu3ysach OITU3KUMU
3HaYEHUSIMUA OTHOCHUTEIHLHOW OMOMOCTYITHOCTH, 4TO,
B CBOI O4Yepeilb, MOATBEPKIACT BHICOKUN YPOBEHBb
OMOSKBHUBAJICHTHOCTH U YCBOSIEMOCTH XenaTHOU (hop-
MBI IIpemapara.

IIpu 2TOM CIIOKHEIN TUTaHA, 00pa30BaHHBIN CO-
eIMHEeHNEM JSTHIICHANAMUHTETPAYKCyCHON U SHTap-
HOW KHCJIOTaMU, BXOJSIINI B COCTAB Ipernapara re-
MOBUT-TUTFOC, HE OKa3blBaeT HETaTUBHOTO BIUSHUS
Ha CTCIICHb YCBOCHHA MHUKPOIJIEMCHTOB B OpraHu3-
M€ KHNBOTHBIX.
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Abstract. The research objective was to assess the pharmacokinetic profile of the drug hemovit-plus, a complex
of an organic compound derived from ethylenediaminedisuccinic acid with biologically active microelements (Fe,
Mn, Cu, Zn, Co, Se, I). Thirteen groups of rats, 3 animals each (12 experimental and 1 control), were selected for
the experiment. The rats in the experimental groups were administered hemovit-plus intragastrically at a dose of
13 mg/L per kg of body weight. Then, every two hours for 24 hours, the rodents were humanely euthanized to
monitor the dynamics of changes in the content of microelements in their organs and tissues. Blood, heart, lungs,
liver, kidneys, skeletal muscles, and large and small intestines were collected from the rats for the study. The ex-
perimental results have shown that the microelements contained in hemovit-plus are highly bioavailable, reach-
ing peak values 6—=8 hours after administration, demonstrating the high level of absorption of the chelated form

of the drug.

Keywords: hemovit-plus, microelements, pharmacokinetics, laboratory rats, organs and tissues, blood

A living organism is a complex dynamic system,
whose functioning requires the maintenance of numer-
ous metabolic processes, which represent complex bio-
chemical reactions of all biologically active substanc-
es and nutrients. However, the health and productiv-
ity of animals depend not only on feeding the rations
with sufficient protein, fat and carbohydrates, but also
on their supply of minerals, the importance of which
for the body is enormous [1, 2].

The functions of mineral elements in the body are
extremely diverse and inextricably linked to their form
and state [3]. They are part of vital compounds, par-
ticipate in the processes of synthesis and breakdown,
absorption and excretion of substances, directly af-
fect the activity of enzymes, hormones and vitamins,
and maintain a certain osmotic pressure in body fluids.
A deficiency or excess of micro- and macroelements
can not only affect animal productivity but also cause
a number of nutritional diseases [4—7].

Pathologies caused by a deficiency of essential mi-
croelements, as well as an imbalance of macro- and

microelements, are collectively known as microele-
mentoses.

The search for effective preventive measures
against microelement deficiencies is ongoing. Of par-
ticular interest are complex compounds of metal ions
with various organic substances containing cyclic
groups of organic molecules, so-called chelate or bio-
coordination compounds. The use of chelated micro-
element compounds ensures better metal assimilation
than when they are introduced into the diet in inorganic
form. Such compounds can be administered orally or
parenterally. They are able to cross the placental barri-
er and have a positive effect on the fetus, hematopoie-
sis and normalization of metabolic processes [§—11].

However, many aspects of the effects of chelat-
ed compounds on the animal body, its organs and sys-
tems have been insufficiently studied and require fur-
ther research. An important step in their design is the
study of the primary metabolic pathways of the bio-
metals included in the chelates and their subsequent
biotransformation.
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Dynamics of changes in the content of microelements of the drug hemovit-plus in organs and tissues of laboratory rats

MATERIAL AND METHODS

The study object was hemovit-plus, a complex of
an organic compound derived from ethylenediamine-
disuccinic acid (EDDS) with biologically active mi-
croelements (Fe, Mn, Cu, Zn, Co, Se, I).

The pharmacokinetic profile of hemovit-plus was
assessed using adult white laboratory rats in the vivar-
ium of the Department of Fundamentals of Veterinary
Medicine, Obstetrics and Zoohygiene at FSBEI HE
“Tver State Agricultural Academy”.

Thirteen groups of rats, three animals each (12 ex-
perimental and one control), were selected for the ex-
periment. The rats in the experimental groups were ad-
ministered hemovit-plus intragastrically at a dose of
13 mg/kg of body weight. The rodents were then se-
quentially euthanized every two hours for 24 hours to
monitor changes in microelement content (iron, man-
ganese, iodine, zinc, cobalt, copper and selenium) in
their organs and tissues. The rats in the control group
were devitalized along with the 12 experimental group.

The following organs and tissues were collected
from the experimental animals: blood, liver, kidneys,
heart, lungs, large and small intestines, and skeletal
muscles. All biological samples were studied using
an atomic absorption spectrophotometer (iron, manga-
nese, zinc, cobalt, copper) and a voltammetric analyz-
er (selenium, iodine — using the Ecotest-VA method).

It should be noted that the ligand of the drug
hemovit-plus consists of two components: eth-
ylenediaminetetraacetic acid and aspartic acid.
Ethylenediaminetetraacetic acid, also known as EDTA
by its acronym, is an aminopolycarboxylic acid with the
formula [CH,N(CH,CO,H),],. It is a white, water-insol-
uble solid widely used to bind iron (Fe**/Fe**) and calci-
um (Ca*") ions, forming water-soluble complexes even
at neutral pH. The second component of the ligand is
aspartic amino acid or aminosuccinic acid, an aliphatic,
nonessential amino acid and one of the 20 proteinogen-
ic amino acids in the body. It is found in all organisms
in free form and as part of proteins, and functions as a
neurotransmitter in the central nervous system. During
ligand synthesis, aspartic acid is converted to succinic
acid, which is an intermediate metabolic product formed
during the oxidation and interconversion of proteins,
fats, and carbohydrates in living cells. In cells, succin-
ic acid acts as an energy substrate, participating in var-
ious biochemical reactions [12, 13—15]. Therefore, in
conducting this experiment, it was important for us to
determine the possible effect of EDDS (a complex li-
gand formed by combining ethylenediaminetetraacetic
and succinic acids) on the absorption of microelements
in the animals’ bodies.
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STUDY RESULTS

As a result of the study, the average pharmacoki-
netic profile curves for each of the microelements in-
cluded in the drug hemovit-plus after a single intra-
gastric administration to rats at a dose of 13 mg/kg,
presented in Fig. 1—7, reflect the simulated concen-
tration-time curves.

Analyzing the data obtained, the following dy-
namics of changes can be noted. Microelement con-
tent in the rats’ studied organs and tissues increased
in 2 hours after administration of hemovit-plus in the
blood, liver and small intestine, reaching maximum
values by 6—S8 hours, after which they remained con-
sistently high for up to 12 hours after administration.
This period can be defined as the phase of increased
drug concentration. The median times to reach maxi-
mum concentration for all studied microelements were
virtually identical. The exception was the small intes-
tine, where their content decreased within 6 hours from
the administration of hemovit-plus.

This was followed by a phase of maintaining the
concentration of the mineral component of the drug,
which determined the relative degree of absorption
of microelements in the vast majority of organs, with
the exception of the kidneys, where they increased in
12 hours.

Moreover, the maximum values for all minerals
were maintained between 12 and 16 hours, after which
their concentrations, while still significantly high,
slowly and dynamically declined. The exception was
changes in the microelements such as selenium and
iodine, the content of which in the kidneys remained
consistently high even at the end of the experiment.

This phase ended approximately 20 hours after
hemovit-plus administration, followed by a phase of
concentration decline, during which microelement con-
tent in the organs and tissues of the experimental rats
almost reached the baseline level.

CONCLUSION

Based on the data obtained, it can be conclud-
ed that the microelements contained in hemovit-plus
have similar pharmacokinetic parameters. The average
pharmacokinetic curve profiles have similar shapes,
characterized by similar relative bioavailability val-
ues, which, in turn, confirms the high level of bio-
equivalence and digestibility of the chelated form of
the drug. Furthermore, the complex ligand formed by
a compound of ethylenediaminetetraacetic and succin-
ic acids, which is part of the drug hemovit-plus, does
not negatively affect the absorption of microelements
in the animals.
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Fig. 1. Iron content in organs and tissues of rats within 24 hours after administration of the drug hemovit-plus,
ngv
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Fig. 2. Manganese content in organs and tissues of rats within 24 hours after administration of the drug hemov-
it-plus, pug%
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Fig. 3. Zinc content in organs and tissues of rats within 24 hours after administration of the drug hemovit-plus,
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Fig. 4. Copper content in organs and tissues of rats within 24 hours after administration of the drug hemovit-plus,
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Fig. 5. Cobalt content in organs and tissues of rats within 24 hours after administration of the drug hemovit-plus,
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Fig. 6. Selenium content in organs and tissues of rats within 24 hours after administration of the drug hemovit-plus,
ug%
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ITo pesynsraTam aramm3a mpod opranos u Tkaneit KPC u cBuneit Ha octatognoe conepykanue AYK n JIMATTI®D
YCTaHOBIICHO, YTO JJISI TTOJTyIEeHHUsI O€30TIaCHBIX MPOyKTOB nuTanus yooit KPC u cBuHeH ciaemayeT ocymecTBIATh
yepe3 | CyTKH 1mocie KypcoBOTro BHYTPHUMBIIIETHOTO TpuMeneHus npemnapara KAHAHIMH® 10 % pactsop s
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Ipemapar «KAHAHIMH® 10 % pacTtBop I HHB-
EKIUiT» B Ka4eCTBe JICHCTBYIOIIETO BEIIECTBA COACP-
JKUT TIIOKaMHHOIIpOTTHITKapOoakpumaon — 100 mr/mit.
I'mroxamMuHOTIpOTIHITKAPOAKPHIOH SIBIISIETCS HU3KOMO-
JEKYJISIPHBIM WHAYKTOPOM MTPOTHBOBOCIAIATEIBHBIX
UTOKWHOB M 9HJJOT€HHBIX HHTEP(EPOHOB, KOTOPBIE HA
BHYTPHKIIETOYHOM YPOBHE MOABIISIFOT PETIPOLYKITHIO
BHPYCOB, MPEMATCTBYS Pa3BUTHIO MH(EKIIMOHHBIX
nporeccoB. [Ipemapar obmamaer mpoTHBOBOCTIANIN-
TETHHBIM U IMMYHOMOTYJIUPYIOIIUM JeHCTBHEM, T10-
BhIIIast QyHKIIMOHAIEHYIO aKTHBHOCTh T-1M(pOInuTOB
1 Makpo(aroB, aKTUBU3UPYET (arouTo3, 4To B Mep-
BYIO Odepe/lb HEOOXOAUMO ISl JICYCHUS] BUPYCHBIX
UH(EKITUI 1 OCIIOKHEHHWH TTOC)Ie TIEPEHECEHHBIX 3a-

OoJieBaHMH 3a CUET YCUIICHUS] UMMYHHOM 3aIlUThI O-
ragusMma [1].

['mrokaMUHONPOITMIIKAPOAKPUIOH SIBIISIETCSI KOM-
MJIEKCHBIM COCAMHEHHUEM, COCTOSILIUM H3 2 KOM-
MoHeHTOB: N-akpuIoHykcycHo# kucioTsl (AYK)
n 3-O(N, N-gumerunamMuHo-H-iponui)-1,2:5,6-1u-
O-n3onponmnuaeH-oD-rmokopypaHo3sl (IuMe-
TUJIaMUHOTIpoHATIIIOKOpypanossr, JJMATTID).
CrpykrypHble (HOpPMYJIbl KOMIIOHEHTOB IpECTaBIIe-
HBI Ha puc. 1.

AHAHJIMH® oTHOCHTCS K HanboJIee MepCIeKTHB-
HBIM 1 0€30MaCHBIM HU3KOMOJICKYJISIPHBIM HMMYHOMO-
JyJIATOpaM, Tak KaKk OHH, KaK IIPABUJIO, HE BBI3BIBAIOT
aJuiepruueckux mobodnsIx peakiuid. OH oOmanaer

© Komapos A. A., Tonuaposa E. H., Earames C. B., Enramesa E. C., 2025
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HAaMpaBJICHHBIM MPOTUBOBUPYCHBIM, HMMYHOMOY-
JUPYIOMIMM U TIPOTHBOBOCTIAJIUTEIHHBIM IEHCTBUEM,
Onaronapsi CTUMYJISIIIAA BIPAOOTKH OPTaHU3MOM >KH-
BOTHOTO SHJOTEHHBIX MHTEP(HEPOHOB, MTPOTUBOBOC-
MaJUTEIbHBIX [IMTOKMHOB, akTHBanuu T u B mumdo-
uuToB, Makpodaros, NK-xierok [2]. B HayuHO# 11~
Teparype coobmaercs o Brustann AHAHTTHA® Ha
HEKOTOpBIE MOKA3aTeNH, XapaKTepPHU3yIOIIie KIeTod-
HBIE U TYMOpaJIbHBIE (haKTOPBI BPOXKIEHHOTO U aJIarl-
THBHOTO MMMYHHUTETA Y CBHHOMATOK B pa3lIU4YHbIC
MEePUOJBI CYNOPOCHOCTH U JakTauuu [3]. bouio BbI-
SIBJICHO €T0 TIO3UTHBHOE BIUSHHUE Ha KIICTOUHbIE (haK-
TOPBI BPOXKJIEHHOTO (aKTHUBHOCTH KHCIOPOJI3aBUCH-
MBIX U KHCJIIOPOIHE3aBHCUMBIX OAKTEPHUIUIHBIX CH-
CTeM HEUTPOQHIIOB B TM30COMAITLHO-KaTHOHHOM TECTE
U TECTE€ BOCCTAHOBJIICHHSI HUTPOCHUHETO TETPA30IHsl)
Y aJIalTHBHOTO UMMYHHTETA (TIPOMYKIUS TUMPOKH-
HOB B peaKIIM{ TOPMOXKEHUSI MUTPALIUHU JIEUKOIIUTOB)
tenst [4]. [pumenenne AHAHIMHA® nopocsitam
CIOCOOCTBOBANIO YITYYIIEHHIO Y HUX MOp(oIorHyIe-
CKUX ¥ OMOXMMHUYECKHX MTOKa3aTeseil KpOBU: KOJTUIe-
CTBO SPHUTPOIUTOB, JeiKkoruToB, COD, reMoriodnHa,
oOmero Oenka, OunmupyOnHa u HaTpus [S] U mokasza-
TelNel, XapakTepu3yIOINX KIIETOYHbIe (PaKkTOpbI ajarl-
THBHOTO U BPOXKJIECHHOTO MMMYyHHUTEeTa [6]. JlokazaHa
BBICOKas er0 d(h(HEKTUBHOCTH MPH MPOPUITAKTHKE pe-
CIUPATOPHBIX 1 KEMyT0YHO-KHUIIEYHBIX 3a001€BaHAN
TEJISIT U IIOPOCST B KPUTHYECKHE TTIEPHOJIBI )KU3HH, KO-
IJa CYIIECTBYET yrpo3a BCHbIKKA HHpekuuu [7, 8].
[Moka3zano, uto npumeHenne AHAHAMHA® tenstam
repes NEpBUYHON MM ITOBTOPHOM BaKIIMHALIMEH IpHU-
BOJIMJIO K MTOBBIIIIEHUIO Ka9€CTBA BaKIIUHAIINN, CTUMY-
JISIUN IMMYHHOTO OTBETa U BBIPa0OTKE OoJiee BHICO-

O
OH

O

A

KX TUTPOB aHTUTEI K BUPycaM UH(EKIIMOHHOTO pH-
HOTpaxeuTa, BUPYCHOW TUaper M Taparpurima Jaxe
y ociabiieHHBIX )XUBOTHBIX [9]. B HacTosmiee BpeMs
B MEUIIMHE TIPUMEHSIOTCS WHIYKTOPBI SHIOTCHHBIX
MHTEP(EPOHOB, COACPIKAIINE B KAYeCTBE ACUCTBYIO-
IIMX BEIIECTB pa3JINYHbIE COJU aKPHUJIOHYKCYCHOMN
KHCI0TEI Takue, Kak: HEOBUP®, [TUKJIO®EPOH®.
Onnako yaukansHocts AHAHIIMHA® 3axmouaeTcst
B TOM, 4TO Oyarofgaps BXOJSIINM B €0 COCTaB COJIU
AKpUJOHYKCYCHOH KHCIIOTBI C MOHO3aMEIICHHBIMU
spupamMu MOHOCAXapHUIIOB YAAJIOCh AOOUTHCS BBICO-
KOW CTaOMIIBHOCTH, YHUKaJIbHOH CIOCOOHOCTH pac-
TBOPSThCA KaK B TUAPO(GUIBHBIX, TaK ¥ TUAPOHOO-
HBIX Cpelax M BEICOKOH 6nomocTymHocTu. Comu akpu-
JIOHYKCYCHBIX KHCIIOT C MOHO3aMeIIeHHBIMU d(prpaMu
MOHOCAaXapHUJIOB SBISIOTCS COJMISIMU, 00pa30BaHHBIMU
c11a0bIMHU KHCJIOTAMH U CJIA0BIMH OCHOBAaHHSIMH, OYCHb
MaJio AMCCONMMUPOBAHHBIME B BOAHBIX PACTBOPAx v 00-
pasylomMUMH yCTOMYNBBIE MOHHBIE Maphl B CIIHPTaX
Y MAJIOTIOJISIPHBIX PACTBOPHUTENAX. MeX Iy KaTHOHOM
¥ aHUOHOM TTPOMCXOJTUT JIOTIOJTHHUTEIbHOE 00pa3oBa-
HHE BOJOPOJHBIX CBA3EH, YTO CTAOMIN3UPYET MOJIEKY-
JIy COEIMHEHMs], a ANEKTPOCTATUUYECKHE 3aps/Ibl JaH-
HBIX BEILIECTB B 3HAUNTEJILHOM CTENEHH SKPaHUPOBA-
HBI THpOo(oOHBIME rpymmamu [10].

Hecmotpst Ha MHOTOUYHCTICHHBIE NCCIIETOBAHUS TE-
paneprrueckoii apdexrusroct AHAHIAVMHA®, MbI
HE HaIlUIK B IOCTYITHOM JINTepaType HHPOPMAIIHHU 110
U3y4YeHHIO (PapMAaKOKMHETHKH M CPOKOB BBIBEIICHHS
M3 OpPraHu3Ma CeJIbCKOXO3SHCTBEHHBIX >KMBOTHBIX
N-akpHUI0HYKCYCHOM KHCIIOTBI U JUMETHUIAMUHOIIPO-
MUITTIOKO(YPaHO3bl, BXOASIIMX B COCTAaB Tpemnapa-
Ta, 9YTO HECOMHEHHO SIBIISIETCS aKTyalIbHOW 3a7ja4ueil.

b

Puc. 1. CtpykTypa MOIEKYIB aKpUAOHYKCYCHON KUCIOTHI (4) M TUMETHIaMHUHOIIPOTIHITITIOKO(pypaHo3sl (H) [1]
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MATEPHUAJIBI U METO/ bI

JKuseommvie. B nccnenoBaHUN NCTIONB30BANH 6 Te-
JIAT 2—3 MECSTYHOT0 BO3pacTa X0JIMOTOPCKOM OPOJIbI
Mmaccoit 70—90 kr uist u3ydeHust papMaKOKHHETHKU
1 10 TensIT — AMHAMUKY BBIBEJICHUS OCTATOYHBIX KO-
JUYECTB ICUCTBYIOIINX BEIIECTB IIpemapara u3 opra-
HOB ¥ TKaHEH >KUBOTHBIX. J[J151 KopMieHus (yTpoM U Be-
YepoM) IPUMEHSIIN PALlHOH, COCTABIEHHBIN C yIeTOM
BO3pacTa M BKIIOYAIOIINN: CEHO pa3HOTPaBHOE — I10
1,0 kr, koMOuKOpM — 110 0,2 KT, 3aMEHUTEIb eITHHO-
ro MoJjioka — 110 3,0 1.

Hoctyn k Bose He orpanuuuBainu. Temieparypa
B IIOMEIICHUH HAXOMIACh B TpoMexyTke 16—27 °C,
OTHOCHTENIbHAS BIAKHOCTh BO3/TyXa COCTaBsia 45—
70 %. dnst u3ydeHust papMakOKHUHETHKH Yy CBUHEH HC-
OJIL30BANIU 6 TOPOCAT 2—3 MECSYHOTO BO3pacTa Mac-
coit 22—35 xr nmopoas! Janapac/mopok u 10 mopo-
CSAT — NUHAMHKY BBHIBEJCHHS OCTATOUYHBIX KOJTHYECTB
JIEHCTBYIOIIMX BEIECTB Mperapara u3 OpraHoB U TKa-
HEW KUBOTHBIX.

Ji1s KopMITeHUS IPUMEHSIITH PAIlUOH, COCTABIICH-
HBIW C YY4ETOM BO3pPacTa M BKJIFOYAIOIIUNH KOMOHKOPM
i ceunert CIIK-5. B moMerieHun MCoib30BaI0Ch
HCKYCCTBEHHOE OCBelleHue. Jloctyn k Bojie He orpa-
HUYUBaIH. Temreparypa B IOMEIICHUN HaXOIUIACh
B IpoMexyTke 16—27 °C, 0OTHOCUTEIIbHAS BIAKHOCTh
Bo3nyxa — 45—70 %.

Huzaiin uccnedoganus. J1jis nsyueHus papMakoKu-
Hetuku y KPC u cBuHel BBOIWIIM Tpenapar OMHOKPAT-
HO BHYTPHUMBIIIICYHO B 103€ 2 MT TJTFOKAMHHOIPOITHJI-
KapOakpHuIOHa Ha KT MacChl )KUBOTHOTO. TOYKH 0TOO-
pa KpOBH Y JKUBOTHBIX OBLITH /IO BBEJICHHSI ITperapara
u uepes 15; 30; 45 mun; 1; 1,5; 2; 35 4; 6; 8; 10; 12;
24; 48; 72 u nocne BBeAeHus. M3 0ToOpaHHON KpOBU
MOJyYalld TUIa3My.

st mccnenoBaHusl TUHAMUKY BBIBEICHUS OCTa-
TOYHBIX KOJIMYECTB NeHcTByroIero BemecTBa y KPC
Y CBHHEH Nperapar BBOAWIHA KypCOBO: IBYKPaTHO BHY-
TPUMBIILIEYHO C UHTEPBaJIoM 48 4 B J103€ 2 MT INIIOKa-
MUHOTIPOTIIKApOAKPHUJIOHA HA KI' MAacChl TeJa JKH-
BOTHOT0. OTOMpAJIM MBIIICYHYIO U KUPOBYIO TKaHb,
MIEYCHb W TTOYKH JI0 BBEACHUS IIpermapara u depe3 12
U 24 4 nocsue nocjaeAHEro BBEICHHUS.

OToOpaHHbIe 00pa3Ibl TOMOT€HU3UPOBAIH, 3aMO-
paxuBanu npu —20°C n XpaHWIN B 3aMOPOKEHHOM
BHJIE J0 MIPOBEICHUS aHATN3A.

Cmanoapmmuovie obpazywl. J1s uccieaoBaHus uc-
MOJIb30BAJIM CTaHAAPTHBIE 00Pa3Ibl TUMETHIAMHUHO-
MIPOTTMIITITIOKO(YPaHO3BI C COAEPKAHHEM OCHOBHOTO
Beriecta 99,6 % (CKTb Texnomnor, Poccust) u 9-ok-
co-10(9H)-akpuaoHyKCyCHOH KHCIOTBI C COAepIKa-
HHEM OCHOBHOTO BemiecTBa He MeHee 98 % (TRC,

Kanazma). CranmapTHble 00pa3ibl pacTBOPSUIH B Me-
TaHOJIE 10 KOHIIEHTpauu | Mr/miL.

Memoouxa onpedenenus. B uccienoBaHuu uc-
MOJIb30BAIM MAaTPUYHBIC TPAJTyHPOBOUHBIE 00Pa3IIbI
IJ1a3Mbl KPOBH, TIEUCHH, TTOYCK, JKUPOBOU U MBIIIICY-
Holi TkaHel cBuHed n KPC. JluanazoH JUHEHHOCTH
onpenenenust AYK B miasme kpoBU cOCTaBUII OT 5 10
500 mr/mn, a st JIMAIIT'® — ot 5 mo 200 Hr/mi,
B OpraHax M TKaHIX Uil 000X aHAIMTOB JIUAIa30H
nrHeHHocTH coctaBui ot 10 1o 500 Hr/r.

ITpu onpeneneHn aHAINTOB B TUIa3Me KPOBH KH-
BOTHBIX TIPOBOAMITN SKCTPAKIIHIO OXJIAXKIEHHBIM arle-
TOHUTUPIOM (4. 1. a.), TIOCITYYCHHBIH 3KCTPaKT pa3-
6aBmsum 0,5 % MypaBbHHOW KUCIOTOH (4. 11. a.) B BOAE
Y IIPOBOJIMIIM OYUCTKY C IIOMOIIBIO KAPTPHUIKEN C COp-
oentom C18 (200 mr, Biocomma, Kurait), mpeasapu-
TenpHO ToATroToBIcHHBIe MeTanonmoM (HPLC grade)
n 0,5 % mypaspuHOl KucioTOH. Ilocime HaneceHns
9KCTpakTa KapTpuaxel npomeiBanu 0,5 % MypaBbH-
HOI KHCIOTOH B BoJE U AtoupoBaiu aHanutel 0,5 %
MypaBbUHOMN KUCIOTOH B MeTaHouie. C MOMOIIBIO yTIa-
PHUBaHHS INMFOAT KOHLIEHTHPPOBAIN U (UIBTpOBAIH
B Buary uepe3 memOpanusii PTFE dumbTp.

[Ipu onpenenenun AYK B opranax u TKaHsX KH-
BOTHBIX SKCTPAKIUIO NPOBOAUIN 6M CONSIHOM KUCIIO-
ToH (X. 4.) Ha BOJsHOH O6aHe npu 95 ° B Teuenue 1,5 .
[TomydeHHBINH 3KCTPAKT YUCTHIM I'eKacaHoM (X. d.).
[Tocne 3TOTO MPOBOAMIH KUIKOCTH-KHIKOCTHYIO
JIBOWHYIO IKCTPAKIIMIO METHJITPETOYTHIOBBIM d(hH-
POM (X. 4.), MOIMYYEHHBIE SKCTPAKThI YIAPUBAIIHA JIOCY-
Xa, a MOJIy4YeHHBIN 0CTafoK nepepacTBopsui B 0,1M
COJISIHOM KHCJIOTE.

Jlaree MOBTOPHO YHMCTHIIN 3KCTPAKT T€KCAHOM.
[Tony4eHHBIN 3KCTPAKT MCIOIb30BAIN ISl TBEPO-
(azuoii sxcTpakiuu (TOD) Ha KapTpumKax ¢ COpOCH-
toM MCX (60 mr, Biocomma, Kurait), npeapapuresns-
HO KOHJAULIMOHUPOBAHHBIX MeTaHoj10M U 0,1 M pacTBo-
POM COJIIHOW KUCJOTHI.

ITocne HaHeceHHs IKCTpaKTa KapTPUK IPOMBIBA-
mu 0,1 M CONSTHOM KUCIIOTOH M SIIONPOBAIIA aHATUTHI
0,5 % amMmMuakoMm (4. 1. a.) B METaHOJIe. DJI0aT CyIIIH-
JI B TOKE a30Ta J0CyXa, IepepacTBOPSIIN B JCHOHU-
30BaHHOM BOJIe ¥ (DMIIBTPOBAIM B BHAITy Y€pPE3 MEM-
OpaHHBIN IWITPULICBON QHIIBTP.

IIpu onpenenenun IMAIII'® B opraHax u Tka-
HSIX TTPOBOJIMIIHA ACKTPAKIIAIO AllETOHUTPUIIOM, ITOCITe
4ero oTOMpay aJuKBOTY SKCTPAKTa, pa30aBisiid BO-
JIOH ¥ UCIIOJIb30BAJHU AJI1 OUUCTKHU C OMOIIbl0 TDD
Ha KapTpumkax ¢ copbenrom C18 (200 mr), npensa-
PHUTENBHO KOHAUITMOHMPOBAHHBIX METAHOJIOM U BOJOHA.
[Tocnie HaHEeceHMs IKCTpaKTa KapTPHUIKH TPOMBIBAIIN
BOJI0# 1 AmtonpoBaiy aHaut 0,5 % MypaBbHHOM KHC-
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JIOTOH B MeTaHoJe. JmoaT (UIBTPOBaIH B BHAIY Ye-
pe3 MmpuIeBor MeMOpaHHBIN QUIBTP.

[lonydyeHHBIE PKCTPAKTHl aHAIU3UPOBAIHU
¢ momotmpio BOXKXKX—MC/MC (Shimadzu LC—
MS8050, Anonus). Temneparypa KoJIOHKH Oblia
30°C, ckopocTh moTOKa coctasisiia 0,25 mir/MuH.
XpomaTtorpaduueckoe OnpepesicHue MPOBOIIIH
¢ ucnois3zoBanneM kojouku ZORBAX Eclipse Plus
2x100 MM, 5 MM (Agilent, CIIIA). B xagectBe mmo-
JBWKHBIX (a3 Obutn BeIOpansl 0,5 % MypaBbHHASI KHC-
Jota B Bozie ¥ B Metanosnie. MRM npexons! 1151 AYK:
195> 100, a g JIMAIITI ®: 346 > 288.

AHanuTUYeCcKas METOJHMKa Oblja BallUIUpPOBa-
Ha B COOTBETCTBHH C MEXTyHAPOIHBIMU HOPMAaTHBA-
mu [11].

PE3VYJIIBTATHI U OBCYXJIEHUE

Dapmaroxunemuxka. 11o pesynprataM uccieaoBa-
HUS 6BIJIO BBISIBJICHO, YTO ITOCJIC BHYTPHUMBIIICYHOI'O
BBEJIEHUS JIeKapCTBeHHOTO npenapara « AHAHJIH®
10 % pactBop must mabekuiny KPC u cBuabiM AYK
OBICTPO TOTTAaeT B CUCTEMHBIN KPOBOTOK, BPEMSI JI0-
CTYDKEHUS] MAKCUMAIIBHOUM KOHIIEHTpaluu — 15 MuH,
MaKCHUMaJlbHAsl KOHIEHTPAIUsI COCTaBUJA, B CPEMI-
HeMm, 876 =235 ur/mn y KPC u 1347 + 380 ur/mn —
y CBHHEH. YcpemHeHHbIC Tpaduky (papMaKoKHHETHIC-
CKHMX KPHUBBIX IIpelcTaBieHbl Ha puc. 2. Ilocie BHy-

1400
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400 P

200

TPUMBIIIICYHOTO BBEACHUS JICKAPCTBEHHOTO TIperapara
«AHAHJIMH® 10 % pactBop must mabekiminy KPC
u cBuHBIM JIMAIIT' ® memennee, uem AYK nmonana-
€T B CUCTEMHBIH KPOBOTOK, BPEMs OCTUKESHUS MaK-
CUMalbHON KOHIEeHTpanuu — 15—30 MuH, a Mak-
cUMaJibHasl KOHICHTPAIUs COCTAaBUJIA, B CPEIHEM,
381 £ 85 ur/mn y KPC u 448 + 94 ur/mn — y cBu-
Heil. PapMaKOKMHETUYECKHUE MapaMeTphbl MpeCTaB-
JIeHsl B Ta0imIe 1.

Hns ouenku papmakokunetuku AYK y KPC
Y CBUHEW NPU BHYTPUMBIIIICYHOM BBEICHUH MTPHME-
HUJU 2-KOMITAPTMEHTHYH (apMaKOKHHETHYECKYIO
MOJIETTh. YCIIEITHOE IPUMECHEHHE 2-KOMIApTMEHTHOM
monemu st AYK MoxeT ObITh 0OBSICHEHO BBICOKOU
TUTNO(UIHFHOCTHIO ATOTO BEIIECTBA, YTO OOYCIIaBIIH-
BaeT ero OBICTPOE MOCTYIUICHHE KaK B OPTaHBI C BbI-
COKHUM YPOBHEM KPOBOCHAOXKEHUSI, TAK U B KUPOBYIO
Y MBIIICYHYIO TKaHH.

st onenku papmakoknHetuku JJMATIT® y KPC
Y CBUHEH NMPH BHYTPUMBIIIIETHOM BBEICHUHU UCTIONb-
30Bajy |-KOMIApPTMEHTHYIO (papMaKOKHHETHIECKYIO
MOJIETb.

VYeneurHoe npuMeHeHne 1-KoMnapTMEHTHOM Mo-
nemu st JIMATIT® moxeT ObITh OOBSICHEHO TEM, YTO
9TO BEIIECTBO UMEET YIIICBOAHYIO OCHOBY, MCHEE JTH-
MO(IIFHO U MEHEe MHTEHCUBHO MMPOHUKAET B )KHUPO-
BYIO W MBIIIIEYHYIO TKaHH.

—0— AYKy KPC

—0— IMAIII'® y KPC
AVYK 'y cBuHel
JAMAIII'® y cBunen

/™ m— N

6 8 10

t,u

Puc. 2. ®apmakoxkunetnueckue kpussle AYK u JIMAIII'® y KPC nocne 0gHOKpPAaTHOrO BHYTPHUMBIILIEUHOTO
BBesieHus npenapara «kKAHAH/IMH® 10 % pacTBop 1t HHBEKIUIT» B 103€ 2 MI' INIIOKAMUHOIIPOIMIIKApOaKpH-
JIOHA Ha KI' MacChl 5KUBOTHOTO
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Taoéauna 1

@apmaroxunemuueckue napamempovl AYK u JIMAIIT'® y KPC u céuneii nocie 6HympumbliueyHo20
00HOKpamno2o seedenust npenapama «AHAH/TMH® 10 % pacmeop 0nst unvexyuily
6 003e 2 M2 2NOKAMUHONPONUIKAPOAKPUOOHA HA K2 MACCHL HCUBOMHOZO.

ITapametp En.mzm. m\;ﬁ}l}g @ AYKyKPC I}[}\g]igl;g AVYK 'y cBunei
s q 0,61 0,28 0,32 0,20
C.. HI/MIT 381,4 876,3 448,1 1347,2
AUC,, HI/MIT T 1099 1217 758 1085
AUCO_ HI/MIT g 1119 1223 780 1106
AUC,, /AUC — 0,98 1,00 0,97 0,98
AUMC, HI/MIT 9 2845 1797 1201 958
g q 1,6 1,3 1,0 0,7
MRT, q 2,5 1,5 1,5 0,9

CpenHee 3HaueHue nepuoa noiysbiBeneHuss AYK
y KPC cocrasuno 1,3 £+ 0,5 4, a cpegHee BpeMs yuep-
sxanust (MRT) — 1,5 + 0,3 4. Cpeanee 3HaueHue me-
puona momyseiBeneHus JIMAIIT® — 1,6 +0,2 4,
a MRT — 2,5+ 0,3 v y KPC. Takum oGpa3zom, st
AYK u IMAIIT'® xapakTtepHa KpaTKOBpEeMEHHas
mupkyisanus B opranusMe KPC. Cpennee 3HaueHne
nepuona nonyBeiBeAeHuss AYK y cBuHell cocraBu-
10 0,7 £ 0,3 4, a cpeqaee MRT — 0,9 & 0,3 u. Takum
oOpa3omM, y CBHHEH OoTMeueHa Oojiee ObICTpas Mo
cpasuenuto ¢ KPC abcop6Orms u snmumuHarms AVK.
CpenHee 3HaYeHHWE NEPUO/A TTOYBBIBEICHHUS y CBH-
e IMAIITI'® cocrasuio 1,0 £+ 0,2 4, a cpennee Bpe-
mst yaepxxanus — 1,5 + 0,2 u. g JMAIIT'® Tax xe,
kak 1 11 AYK xapaktepHa KpaTkoBpeMeHHast IUPKY-
JAIAS B OpTaHu3Me. Y CBUHEH oTMeueHa Ooiee Obl-
ctpas o cpaBHeHUIo ¢ KPC amuvmaanms JIMATITO.

Buiseoenue ocmamounwvix konuuecms. MY neii-
cTBytomiero Bemecta npenapara «AHAHJIMH®
10 % pacTBOp 1 MHBEKIHH» — IIIIOKAMHHOIPO-
nuiIKapOakpuioHa, Kak U ero KoMmnoHeHToB (AYK
u JIMAIII'®) He ycranoBneHsl B [ocynapcTBEeHHBIX
HOpMaTHUBHBIX akTax Poccuiickoit @eneparmu [12],
TeXHUYECKHUX perjaMeHTaX W HOPMATHBHBIX aKTax
TamoxenHoro coto3a [13—15]. [TosToMy B kauecTBe
CpOKa OKUAAHMS TS [TOTy4eHHUs O€301acHBIX IPOAYK-
TOB TMUTAHUS CJIEIYeT paccMaTpuBaTh MEepPHOJ, 3a KO-
topeiit AYK u IMAIII'® momHOCTBIO BEIBOISATCS U3
OpTraHoB M TKaHEH KNBOTHBIX.

Amnanu3 Tkaneid KPC nokasain, yto AYK ne coxpa-
Hsercs B TkaHsax KPC cnyers 12 u 24 4 nocne kyp-

ca Begenus. JIMAIII'® Bersisiiu uepes 12 4 mocne
Kypca Bo Bcex npobax nouek KPC u B 3 npo0Oax me-
4eHu (Tabu. 2). OqHako yxe uepes 24 4 nocje BBeje-
HUS TIperapara aHajIuT Ha OOHapy)KMBAJICS BO BCEX
0TOOpaHHBIX 00pa3max.

Amnanu3 TkaHel cBuHel nokasai, yto AYK coxpa-
HsieTcs B edyeHu U noukax ceuHeid KPC cnycers 12 4
ocJie Kypca BBE/ICHUSI.

B npo6ax npyrux Tkaneii cirycts 12 4 mocie kypca
AYK ne BeisiBiszin. [IMAIITI® Opl1a BEISIBICHA TOTb-
KO B MIOYKaxX CBUHEW uepe3 12 4 mociie BBeJeHU Ipe-
napara (Taom. 2).

W3 nony4eHHBIX JaHHBIX BUJIHO, YTO BBIBE/ICHUE
AYK u IMAIIT' ® u3 opranuzma KPC u cBuneii mpo-
WCXOJIWT B Te4eHHe | CyTOK M OCHOBHOM Iy Th BHIBEIE-
HUS — TIOYeYHas ¥ IeYeHOYHas dKCKpenus. JlanHsre
COIVIACYIOTCSI C pe3ynbTaTaMH HCcileioBaHus (dapma-
KOKWHETHKH, T7I€ TIOKa3aHa ObICTpast SMTUMUHALIUS KOM-
[TOHEHTOB JIEHCTBYIOLIETO BELIECTBA U3 CUCTEMHOIO
KpPOBOTOKA )KMBOTHBIX.

3AKJIIOYEHUE

KoMIoHeHTBI AeHiCTBYIOLIETO BELIECTRA IpenapaTa
«AHAHJIVH® 10 % pacTBop [Tt HHBEKIHID aKTHB-
HO nonajaioT B cucteMHblid kpoBoToK KPC u cBuHel
[IPY BHYTPUMBIILICYHOM BBEJCHUH B TEPANICBTUUECKOM
no3e 0,02 mur/kr Macchl Tena. s 000MX KOMIIOHEH-
TOB OTMEYEHa ObIcTpasi abCOPOIUS U3 MECTa UHBEK-
MY, PaBHO KaK ¥ HEMPOJOHKUTEIbHAS ITUPKYIISIITHS
B OopraHusme, Kortopas He npesbimana 12 4 y KPC
1 6 4y CBUHEH.
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Tao6anma 2

Konyeumpayua AYK u JIMAIIT' @ 6 neuenu u nouxax KPC u ceuneti yepesz 12 u 24 u nocne nocieonezo
esedenus npenapama « AHAHAUH® 10 % pacmeop ons unvexyuily 6 0ose 0,02 ma/ke

C IMAIIT' ®
C AYK y cBUHEH, MKT/KT y CBHHEH, ¢ A}/Ifi{r/};q{(PC C IMAIII'® y KPC, MKr/KT
Cpok y60s MKT/KT
Ileuenn TTouxn TTouxn Teaen, Ileuenn TTouxkn
[IOYKHU
KouTposb < HITKO < HITKO < HITKO < HITKO < HITKO < HITKO
< HIIKO < HIIKO 11,4 18,6 57,9
13,0 18,8 10,8 < HIIKO 22,1
12 9 (4 )xuBOT- < HITKO
HEIX) < HIIKO 12,3 19,7 12,9 47,0
10,5 18,3 < HITKO 13,5 38,0
24 il’)‘:)“BOT' < HITKO < HITKO < HITKO < HITKO < HITKO < HITKO

JUis mosrydeHust 0e30MacHbIX MPOAYKTOB IHTA-
Hus yoorr KPC u cBuHel cnenyer oCyIiecTBIsATh He
paHblle, 4em depe3 1 cyTKu mocie MocieAHEro BBe-
nenust npernapara «KAHAHJIUH® 10 % pactBop st
HHBEKIMID.
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PHARMACOKINETICS OF THE IMMUNOMODULATOR
ANANDIN® 10 % FOR PRESERVING THE HEALTH
OF FARM ANIMALS AND OBTAINING SAFE PRODUCTS
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Abstract. The active ingredient of ANANDIN® 10 % injection solution is glucaminopropylcarbacridone, a com-
plex compound consisting of N-acridoneacetic acid (AUC) and dimethylaminopropylglucofuranose (DMAPGF).
Both components were determined in a pharmacokinetic study. The experimental results have shown that AUC
and DMAPGF actively penetrate the systemic circulation of cattle and pigs after intramuscular administration at
a therapeutic dose of 0.02 ml/kg of body weight, distributing throughout the body. Both components were rapid-
ly absorbed from the injection site and circulated in the body of pigs for 6 hours and 12 hours in cattle. The pro-
posed dosage and intramuscular route of administration of ANANDIN® 10 % injection solution ensure good ab-
sorption and distribution of the active ingredient components in the body of cattle and pigs.

Based on the results of the analysis of samples of organs and tissues of cattle and pigs for residual content of AUC
and DMAPGTF, it has been established that in order to obtain safe food products, slaughter of cattle and pigs should
be carried out 1 day after a course of intramuscular administration of the drug ANANDIN® 10 % injection solu-

tion.
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ANANDIN® 10 % injection solution

The drug ANANDIN® 10 % injection solution con-
tains glucaminopropylcarbacridone as the active ingre-
dient — 100 mg/ml. Glucaminopropylcarbacridone is
a low-molecular-weight inducer of anti-inflammatory
cytokines and endogenous interferons, which suppress
viral reproduction at the intracellular level, preventing
the infectious processes development. The drug has
anti-inflammatory and immunomodulatory effects, in-
creasing the functional activity of T-lymphocytes and
macrophages and activating phagocytosis, which is pri-
marily necessary for the treatment of viral infections
and complications after illnesses by strengthening the
body’s immune defenses [1].

Glucaminopropylcarbacridone is a complex com-
pound consisting of two components: N-acridoneacetic
acid (AUC) and 3-O(N, N-dimethylamino-n-propyl)-
1,2:5,6-di-O-isopropylidene-aD-glucofuranose (dime-
thylaminopropylglucofuranose, DMAPGF).

The structural formulas of the components are
shown in Fig. 1.

The drug ANANDIN® is one of the most promis-
ing and safe low-molecular immunomodulators, as it
generally does not cause allergic side effects. It exhibits
targeted antiviral, immunomodulatory and anti-inflam-
matory effects by stimulating the production of endog-
enous interferons and anti-inflammatory cytokines, as
well as activating T and B lymphocytes, macrophages
and NK cells [2]. The research literature reports the ef-
fect of the drug ANANDIN® on some indicators char-
acterizing cellular and humoral factors of innate and
adaptive immunity in sows during various periods of
gestation and lactation [3]. Its positive effect on cel-
lular factors of innate (activity of oxygen-dependent
and oxygen-independent bactericidal systems of neu-
trophils in the lysosomal cation test and the nitroblue
tetrazolium reduction test) and adaptive immunity (pro-

© Komarov A. A., Goncharova E. N., Engashev S. V., Engasheva E. S., 2025

38

Bulletin of Veterinary Pharmacology « No. 4 (33) « 2025

Pharmacokinetics of the immunomodulator ANANDIN® 10 % for preserving the health of farm animals...

duction of lymphokines in the leukocyte migration in-
hibition reaction) of calves was revealed [4]. The use of
ANANDIN® in piglets contributed to the improvement
of their morphological and biochemical blood indica-
tors: the erythrocyte (RBC) count, leukocyte (WBC)
count, ESR, hemoglobin, total protein, bilirubin and
sodium, [5] and indicators characterizing cellular fac-
tors of adaptive and innate immunity [6]. Its high effi-
cacy in the prevention of respiratory and gastrointes-
tinal diseases in calves and piglets during critical pe-
riods of life when there is a risk of infection outbreak
has been proven [7, 8]. It has been shown that the use
of the drug ANANDIN® in calves before primary vac-
cination or revaccination led to an improvement in the
quality of vaccination, stimulation of the immune re-
sponse and the production of higher titers of antibodies
to the viruses of infectious rhinotracheitis, viral diar-
rhea and parainfluenza, even in weakened animals [9].
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Currently, endogenous interferon inducers con-
taining various salts of acridonacetic acid as active in-
gredients, such as NEOVIR® and CYCLOFERON®,
are used in medicine. However, the uniqueness of
ANANDIN® lies in the fact that, thanks to the salts
of acridonacetic acid with monosubstituted esters of
monosaccharides included in its composition, it was
possible to achieve high stability, a unique ability to
dissolve in both hydrophilic and hydrophobic environ-
ments, and high bioavailability. Salts of acridonacetic
acids with monosubstituted esters of monosaccharides
are salts formed by weak acids and weak bases, very
little dissociated in aqueous solutions and forming
stable ion pairs in alcohols and low-polarity solvents.
Additional hydrogen bonds are formed between the
cation and anion, which stabilizes the compound mol-
ecule, and the electrostatic charges of these substanc-
es are largely shielded by hydrophobic groups [10].

Fig. 1. Molecular structure of acridonacetic acid (4) and dimethylaminopropylglucofuranose (B) [1]

Despite numerous studies of the therapeutic effi-
cacy of the drug ANANDIN®, we have found no in-
formation in the available literature on the pharmaco-
kinetics and elimination times of N-acridonacetic acid
and dimethylaminopropylglucofuranose, which are
part of the drug, in farm animals, which is undoubt-
edly a pressing issue.

MATERIAL AND METHODS
Animals. The study included six 2—3-month-
old Kholmogory calves weighing 70—90 kg to study
pharmacokinetics, and ten calves to study the dynam-
ics of excretion/elimination of residual active ingredi-
ents from the animals’ organs and tissues. The animals
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were fed (morning and evening) on an age-appropri-
ate diet consisting of 1.0 kg of mixed grass hay, 0.2 kg
of compound feed and 3.0 L of whole milk replacer.
The access to water was unrestricted. The room tem-
perature was 16—27 °C and the relative humidity was
45—70 %. To study the pharmacokinetics in pigs, six
Landrace/Duroc piglets aged 2—3 months weighing
22—35 kg and ten piglets were used to study the dy-
namics of the elimination of residual amounts of the
active ingredients of the drug from the organs and tis-
sues of the animals. The animals were fed a diet ap-
propriate for their age and including compound feed
for SPK-5 pigs. The artificial lighting was used in the
room. The access to water was unrestricted. The room
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temperature was between 16—27 °C, and the relative
humidity was 45—70 %.

Study design. To study the pharmacokinetics in
cattle and pigs, the drug was administered intramus-
cularly once at a dose of 2 mg of glucaminopropyl-
carbacridone per kg of animal weight. Blood samples
were taken from the animals before drug administra-
tion and in 15, 30,45 min; 1, 1.5, 2, 3,4, 6, 8, 10, 12,
24,48, 72 h after administration. Plasma was obtained
from the collected blood.

To study the elimination dynamics of residual ac-
tive substance in cattle and pigs, the drug was admin-
istered twice intramuscularly, with the interval of 48
hours, at a dose of 2 mg of glucaminopropylcarbacri-
done per kg of body weight. Muscle and adipose tis-
sue, liver and kidney samples were collected before
the administration and 12 and 24 h after the final ad-
ministration.

The samples were homogenized, frozen at —20 °C
and stored frozen until analysis.

Standard samples. Standard samples of dimethyl-
aminopropyl glucofuranose with a 99.6 % assay con-
tent (SKTB Technolog, Russia) and 9-oxo-10(9H)-acri-
doneacetic acid with a minimum assay content of 98 %
(TRC, Canada) were used for the study. Standard sam-
ples were dissolved in methanol to a concentration of
1 mg/ml.

Determination methodology. Matrix calibration
samples of blood plasma, liver, kidneys, adipose tis-
sue and muscle tissue from pigs and cattle were used in
the study. The linearity range for the AUC determina-
tion in blood plasma was 5 to 500 ng/mL, and for the
DMAPGF — 5 to 200 ng/ml. For organs and tissues,
the linearity range for both analytes was 10 to 500 ng/g.

To determine the analytes in animal blood plasma,
extraction was performed with chilled acetonitrile (an-
alytical grade). The resulting extract was diluted with
0.5 % formic acid (analytical grade) in water and puri-
fied using C18 sorbent cartridges (200 mg, Biocomma,
China), pre-treated with methanol (HPLC grade) and
0.5 % formic acid.

After applying the extract, the cartridges were
rinsed with 0.5 % formic acid in water, and the an-
alytes were eluted with 0.5 % formic acid in metha-
nol. The eluate was concentrated by evaporation and
filtered into a vial through a PTFE membrane filter.

When determining AUC in animal organs and tis-
sues, extraction was performed with 6 M hydrochloric
acid (r. g.) in a water bath at 95 °C for 1.5 h. The re-
sulting extract was purified with hexane (r. g.).

This was followed by dual liquid-liquid extraction
with methyl tert-butyl ether (1. g.), the resulting extracts
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were evaporated to dryness, and the resulting residue
was redissolved in 0.1 M hydrochloric acid.

The extract was then purified again with hexane.
The resulting extract was used for solid-phase ex-
traction (SPE) on cartridges with MCX sorbent (60 mg,
Biocomma, China), pre-conditioned with methanol and
0.1 M hydrochloric acid solution.

After applying the extract, the cartridge was
washed with 0.1 M hydrochloric acid, and the an-
alytes were eluted with 0.5 % ammonia (analytical
grade) in methanol.

The eluate was dried to dryness under a stream of
nitrogen, redissolved in deionized water and filtered
into a vial through a membrane syringe filter.

To determine DMAPGF in organs and tissues, ex-
traction was performed with acetonitrile. An aliquot of
the extract was then collected, diluted with water, and
used for SPE purification using C18 sorbent cartridg-
es (200 mg), pre-conditioned with methanol and water.
After applying the extract, the cartridges were rinsed
with water, and the analyte was eluted with 0.5 % for-
mic acid in methanol. The eluate was filtered into a vial
through a syringe membrane filter.

The resulting extracts were analyzed by HPLC—
MS/MS (Shimadzu LC—MS8050, Japan). The col-
umn temperature was 30 °C, and the flow rate was
0.25 ml/min. Chromatographic determination was per-
formed using a ZORBAX Eclipse Plus 2x100 mm,
5 wm column (Agilent, USA). 0.5 % formic acid in
water and methanol were chosen as mobile phases.
MRM transitions for AUC — 195 > 100, and for
DMAPGF — 346 > 288.

The analytical method was validated in accordance
with international standards [11].

STUDY RESULTS AND DISCUSSION

Pharmacokinetics. The study revealed that after
intramuscular administration of the drug ANANDIN®
10 % injection solution to cattle and pigs, AUC rap-
idly enters the systemic circulation. The time to reach
maximum concentration was 15 minutes. The maxi-
mum concentration averaged 8§76 = 235 ng/ml in cat-
tle and 1347 + 380 ng/ml in pigs.

The average pharmacokinetic curves are presented
in Fig. 2. Following intramuscular administration of
the drug ANANDIN® 10 % injection solution to cat-
tle and pigs, DMAPGEF enters the systemic circulation
more slowly than AUC, with the time to reach max-
imum concentration being 15—30 min. The average
maximum concentration was 381 + 85 ng/ml in cattle
and 448 + 94 ng/ml in pigs. Pharmacokinetic param-
eters are presented in Table 1.
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Fig. 2. AUC and DMAPGF pharmacokinetic curves in cattle after a single intramuscular administration of the
drug ANANDIN® 10 % injection solution at a dose of 2 mg of glucaminopropylcarbacridone/kg of animal body
weight

Table 1

AUC and DMAPGF pharmacokinetic parameters in cattle and pigs after a single intramuscular administration of the
drug ANANDIN® 10 % injection solution at a dose of 2 mg of glucaminopropylcarbacridone/kg of animal body weight

Parameter U of m. DM(il:ﬂiF in AUC in cattle | DMAPGEF in pigs AUC in pigs
. h 0.61 0.28 0.32 0.20
C... ng/ml 381.4 876.3 448.1 1347.2
AUC, ng/ml’h 1099 1217 758 1085
AUCO_ ng/ml*h 1119 1223 780 1106
AUC,, /AUC — 0.98 1.00 0.97 0.98
AUMCO_ ng/ml’h? 2845 1797 1201 958
g h 1.6 13 1.0 0.7
MRT h 2.5 1.5 1.5 0.9

A two-compartment pharmacokinetic model was
used to assess the pharmacokinetics of AUC in cattle
and pigs following intramuscular administration. The
successful application of the two-compartment mod-
el for AUC can be explained by the high lipophilici-
ty of this substance, which results in its rapid uptake
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into both highly perfused organs and adipose and mus-
cle tissue.

A single-compartment pharmacokinetic model was
used to assess the pharmacokinetics of DMAPGF in
cattle and pigs following intramuscular administra-
tion. The successful application of the single-com-
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partment model for DMAPGF can be explained by
the fact that this substance has a carbohydrate base, is
less lipophilic, and penetrates adipose and muscle tis-
sue less intensively.

The mean AUC half-life in cattle was 1.3 + 0.5
h, and the mean residence time (MRT) was 1.5 + 0.3
h. The mean DMAPGF half-life was 1.6 = 0.2 h, and
the MRT was 2.5+ 0.3 h in cattle. Thus, AUC and
DMAPGEF are characterized by short-term circulation
in the body of cattle.

The mean AUC half-life in pigs was 0.7 + 0.3 h,
and the mean MRT was 0.9 £+ 0.3 h. Thus, pigs showed
faster absorption and elimination of AUC, compared
to cattle.

The mean half-life of DMAPGF in pigs was
1.0 = 0.2 h, and the mean residence time was 1.5 + 0.2
h. DMAPGEF, like AUC, is characterized by short-term
circulation in the body. Pigs have been shown to elim-
inate DMAPGF more rapidly than cattle.

Excretion/elimination of residue quantities. MRLs
for the active ingredient of the drug ANANDIN®

10 % Injection Solution, glucaminopropylcarbacrid-
one, as well as its components (AUC and DMAPGF),
are not established in state regulations of the Russian
Federation [12], technical regulations or regulations of
the Customs Union [13—15]. Therefore, the waiting
period for obtaining safe food products should be con-
sidered the period during which AUC and DMAPGF
are completely eliminated from animal organs and tis-
sues.

The analysis of cattle tissues showed that AUC was
not retained in cattle tissues 12 and 24 h after adminis-
tration. DMAPGF was detected 12 h after administra-
tion in all cattle kidney samples and in three liver sam-
ples (Table 2). However, 24 h after administration, the
analyte was no longer detectable in any of the samples.

The analysis of pig tissues showed that AUC was
retained in the liver and kidneys of cattle and pigs 12
h after administration. No AUC was detected in oth-
er tissue samples 12 h after administration. DMAPGF
was detected only in pig kidneys 12 h after adminis-
tration (Table 2).

Table 2

Concentration of AUC and DMAPGF in the liver and kidneys of cattle and pigs 12 and 24 h after the
last administration of the drug ANANDIN® 10 % injection solution at a dose of 0.02 ml/kg

. DMAPGF in | AUC in cattle, .
Slau ght er AUC in pigs, ug/kg pigs. ng/ke ne/ke DMAPGEF in cattle, pg/kg
period
Liver Kidneys Kidneys Liver, kidneys Liver Kidneys
Control <LLQ <LLQ <LLQ <LLQ <LLQ <LLQ
<LLQ <LLQ 11.4 18.6 57.9
12h 13.0 18.8 10.8 <LLQ 22.1
) <LLQ
(4 animals) <LLQ 12.3 19.7 12.9 47.0
10.5 18.3 <LLQ 13.5 38.0
24 h
(4 animals) <LLQ <LLQ <LLQ <LLQ <LLQ <LLQ

The data obtained demonstrate that AUC and
DMAPGEF are eliminated from cattle and pigs within
24 hours, with renal and hepatic excretion being the
primary routes of elimination. These data are consis-
tent with the results of a pharmacokinetic study, which
demonstrated rapid elimination of the active substance
components from the animals’ systemic circulation.

CONCLUSION

The active substance components of the drug
ANANDIN® 10 % injection solution readily enter
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the systemic circulation of cattle and pigs when ad-
ministered intramuscularly at a therapeutic dose of
0.02 ml/kg of body weight.

Both components were rapidly absorbed from
the injection site, as well as had short circulation
in the body, not exceeding 12 h in cattle and 6 h
in pigs.

To obtain safe food products, slaughter of cattle
and pigs should be carried out no earlier than 1 day
after the last administration of the drug ANANDIN®
10 % injection solution.
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eab uccienoBaHuii: U3y4YUTh BO3MOXKHOCTH
MIPOSIBIICHUS aJlIepru3upyroliero dhdekra mpu mpu-
MEHECHHUH JIUTIOCOMAaTbHOM ()OPMBI TeHTAMHIIMHA CYJIh-
(bata Ha J1a0OPATOPHBIX KUBOTHBIX.

AKTyaJIbHBIM HaITPaBJICHUEM B (DapMaKOJIOTHH 5B-
JISIETCS TIOMCK CPEICTB M METOJIOB TAPTETHOM TOCTAaB-
KU JIeKapcTB. B HacTosliliee BpemMsi OJIHUM U3 CaMbIX
MEPCIEKTUBHBIX MPUEMOB SIBISICTCSl UCIIONb30BAHUE
aurocom [1].

Hanonocutenu Bnepsble onucansl B 1960-x ro-
nax beHraMoM u pecTaBIsioT COOO0M JINMHUTHEIC Be-
3UKYJIBI, COCTOSIIIINE M3 OTHOTO FJIM HECKOJIBKHUX OH-
CJIOEB, 00PA3YIOIINXCS B PE3YIIbTaTe IMYIBIHPOBAHUS
NPUPOAHBIX UM CUHTETUYECKUX JIUIKUIOB B BOIHOU
cpene [2]. CTpyKTypHas YHUBEPCATbHOCTh, KOJUIOUI-
Hasi CTAOMIILHOCTE JTUITOCOM JIEJIAeT HX MAKCUMAILHO
TTOIXO/ISIIIIUMHA TTEPEHOCUNKAMH VIS IEKApCTB U OHO-

aKTUBHBIX Mosekyln [3]. HanouacTuibl MoryT u3om-
paresbHO JOCTaBIATH HEOOXOIMMBIE BELIECTBA B IO~
PakEHHBIN y4aCTOK C TOMOIIIBIO TACCUBHOTIO MJIH aK-
THUBHOTO TPAHCIIOPTA, TEM CaMbIM CHHMYKasi CHCTEMHbBIE
mo0o4YHbIe APQEKTH, TOBbIMAsS MAKCUMAIBHO TIepe-
HOCHUMYIO JT03Yy W YITydIIas TepaneBTHIecKuii 3pdexT
[4]. O6pazys pesepByap, OHU 00ECIIEUNBAIOT MTPOJIOH-
TUPOBaHHOE BHICBOOOXKICHHE JICKAPCTBEHHOTO Cpei-
CTBa 10 MEPE €CTECTBEHHOTO pa3pyIeHHs MEMOPaHEbI
BE3UKYJBI-TIepeHOCcUnKa [5]. HeocmopumbiM mpenmy-
IIECTBOM JIMIIOCOM SIBJISIETCS] IMMYHOJIOTUECKasi Hel-
TPaIbHOCTBH, YTO TTO3BOJISIECT MTOBBICHTH MTPOQIITH O€3-
OMacHOCTH TaKuX mpemnaparoB [2]. JIunmocomanbHbie
JIEKapCTBEHHBIE CPE/ICTBA T0BOJIBHO YCIIEHIHO IIPUMe-
HSIOTCS B KIIMHUYECKOM MPaKTHUKE JJIs JIeYeHUS 11eJI0-
TO psiaa 3a00JIeBaHMI, KaK B TYMAHHON MEIHUITIHE, TAK
1 B BeTepuHapuu [6].
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JItoOBIe BHOBE pa3paboTaHHBIC TIPETIapaThl HyK/1a-
IOTCS B MAaKCHMAJIBHO TTOJTHOM OIIEHKE He TOJBKO MX
s dexTUBHOCTH, HO U Oe3omacHOCTH. M3yueHue ai-
JIEPTU3HPYIOIIETO ACHCTBHUS SIBISIETCS 00513aTEIbHBIM
3TaroM JOKJIMHUYECKOTO MCCIIEOBAHUS U TO3BOJIS-
IOT TIPEENbHO CHU3UTH YHCIIO OCIOKHEHHU JIeKap-
CTBEHHOH ATHOJIOTHH NP KIMHAYECKOM HUCTIOIH30Ba-
Huu. [loy ajurepreHHOCTRIO0 MOHUMAOT CITOCOOHOCTh
BEILIECTB BBI3BIBATH COCTOSHHE MOBBIIIEHHON UyB-
CTBUTENIBHOCTH, B OCHOBE KOTOPOTO JIeKaT UMMYHO-
MATOJIOTUYECKUE MEXaHU3MBbI Pa3JIMYHOTO THIIA: aHa-
(hnmakTHYECKNH, MIUTOTOKCHYECKNH; alllIepruiecKre
peaKIuu, CBs3aHHbIe C 00pa3oBaHMEM MMMYHHBIX
KOMILJIEKCOB M aKTHBAaIllMel KOMIUJIEMEHTA; KJIeTOY-
HBIA THI (peaKkUusl CeHCHOMIM3UPOBAHHBIX JTUM(DO-
LIUTOB). AJUIepruyecKkue peakluy, pa3BUBaroIInecs,
KaK 10 «HEMEJICHHOMY», TaK U 10 «3aMeIJICHHOMY»
THUITY, ¥ SBISIOTCS OTATOMIAIOMNM (hAaKTOPOM JIeKap-
CTBEHHOH Teparuy, HETaTUBHO CKA3bIBAIOTCS Ha 3]10-
poBbe namueHTa [7, 8].

MATEPHUAJIBI U METO/IbI
HNCCJIEJOBAHUM

HccnenoBarenbckas paboTa OblTa BRITIOTHEHA
B ycnoBusix BuBapus ®I'BHY «BHUBUII®uT» Ha
MOPCKUX CBHHKaX M KOHBEHLIMOHAJbHBIX HEIMHEH-
HBIX OCINBIX JJa0OPaTOPHBIX MBIIIAX, COACPIKABIIMX-
Ci B CTaHJApTHBIX YCJIOBHUSAX BUBAapUs B COOTBET-
CTBUM C TPaBWIAMH JaOOpaTOPHON MPAKTUKH, MPH-
MEHsieMbIMHU Ha Tepputopuu Poccuiickoit denepanin
(ETS123, Strasbourg, 1986; Iupexrusa 2010/63/EU
0122.09.20101; 'OCT 33216—2014,T'OCT 33215—
2014). Opranu3zanus SKCIIepUMEHTaIbLHOM PadOTHI CO-
orBercTBOBaNa TpedoBanusM Aupektrsbl 2010/63/EU
EBponeiickoro Ilapmamenta u Coera EBpomeiickoro
Coro3a ot 22 cenrsops 2010 roga mo oxpaHe KHBOT-
HBIX, UCTIOJIb3yEMbIX B HAYYHBIX IIEJISIX U ObLIa 0/100-
peHa OMO3THYECKON KOMUCCHEH MHCTHUTYTA.

W3yueHne BO3MOKHOTO aJUIepTU3UPYIOLIETO Jei-
CTBHs IIPOBEJICHO B Tpu 3Tamna. IlepBslii 3Tan BKItO-
yaJ u3ydeHne auIepru3upyOIIero AeCcTBAS mpena-
para Ha KOHPIOHKTHBY (KOHBIOHKTHBAJIBbHAS TP00a —
KII). B xauecTBe )KUBOTHBIX-MOJCIICH UCITOIb30BaIN
9 Mopckux cBUHOK (1 = 3) maccoit 600—800 1, koTo-
PBIX CEHCHOMITU3UPOBAITY BBEACHUEM JIUITOCOMATEHON
(bopMBbI TeHTaMUIIMHA CYITb(aTa: 1-i JeHb MTOJKOXKHO, 2
¥ 3-ii — BHyTpuMBIIIedHo B 1o3e 1/10 JII (712,7 mr/
xr) u 1/100 JIZL (71,3 mr/kr) onbrtHbvM rpymmam 1 u 2,
COOTBETCTBEHHO. [ pymma KOHTpOJIs Ipenapar He Io-
nyyvasna. JIjist KoHTposist peakuuu npu noctaHoBke KIT
yepes 20 qHel rocie nociegHed HHbEKIMU JIUI0CO-
MaJbHOH (POPMBI TeHTaMHIIMHA CyJb(ara Mmoj BepX-

Hee BEKO JIEBOTO0 IJ1a3a BBOAWIIM | Karutio rpernapara,
a mpaBoro ra3a — | Karuto BoAbl. DPQEeKT yuInuThI-
Bayy uepe3 15 muHyT (ObICTpas peakuus) u yepes 24
n 48 yacoB (TMIEpPUyBCTBUTEIBLHOCTD 3aMEJICHHOTO
THUIA), IPU ATOM OLICHUBAJIN KPOBCHAIIOJIHEHNE KOHB-
IOHKTHUBBI, HAJTUYWE BBIACIICHHU, COCTOSIHUE POTOBH-
IIBI ¥ BeK B Oaymax [9, 10].

Bropoii aTan BKiItO4Ya MOCTAHOBKY peaKUU aK-
TUBHOH KokHOH aHadumakcuu (AKA) ¢ moncuerom
503MHO(UIIOB B LIETHLHOH KPOBH HAa 9 MOPCKHUX CBHH-
kax (n = 3) maccoit 700—900 1, ceHCHOMIHU3AIUIO
YKHUBOTHBIX MMPOBOJWIIA aHAJIOTUYHO C TIEPBBIM 3Ta-
oM nccrenoBanus [ 10, 11]. [{ng yaéra peakunn AKA
B KQUECTBE TECT-KOHLCHTPALUH JINIIOCOMAIIBHOU (hop-
Mbl T€HTaMHUIIMHA Cylb(daTa BIOpaH HATUBHBIN Ipe-
napar, Tak Kak ero NpuMEHEHUE He BbI3bIBAIO Hera-
TUBHOM OTBETHOW peakiuy NpHU MpeIBapUTEIHLHOM
n3ydyenuu. Ha 21-i1 neHp y )KMBOTHBIX M3 MOJIOCTEN
cep/ra oToupany mpoOsl KPOBU B MPOOHPKH C Tema-
puaom (IMPROVACUTER®, Kurait), mis mogcuera
3031HO(UIOB. Ma30K KPOBH FOTOBHJIM 110 CTaHAAPT-
HOW METOIUKE, UCIOJIb3Ys KPAaCUTEINb a3yp-303HH 110
Pomanosckomy — I'mmse. [Ipouenypy nuddepenun-
POBKH JICHKOIIUTOB OCYIIECTBISUIN B BEIOOPKE U3 100
KJIETOK C TIOMOIIbI0 Mukpockorna (Mukpomen 3U3,
Kwurait) ¢ xkamepoii (Toupcam U3ISPM, Kuraii) u pe-
TECTPUPOBAIACH CUETUNKOM JISHKOITUTapHOU (hopmy-
ael [12]. B nocnenyromeM OpoBOAMIA BHYTPUKOXK-
HBbIC MHBEKIMHU TIpenapara (mpabiid 60k) mo 0,05 M.
JleBblit 00K (KOHTPOJIb PEAKTUBHOCTH KOXKH) — BHY-
TpUKOKHO 110 0,05 MJT CTepHIIBHOTO N30TOHMYECKOTO
pactBopa Harpus xjopuna. Yepe3 20 MUHYT mocie
BHYTPHKOXXHOI HHBEKLIUY MOPCKHM CBUHKaM BBOJH-
JIM BHYTPUOPIOLIMHHO 1O | MJI CBEXKENPUTOTOBIEHHO-
ro 1 % pactBopa cunero OBanca [13]. Pazpematomue
WHBEKLIUY NIperapara 1 pacTBopa DBaHCca IPUMEHSITH
Y JKMBOTHBIM KOHTPOJBbHOM rpynmsl. Croycts 30 mu-
HYT MOPCKHMX CBUHOK BBIBOAMJIM U3 OIIBITA, HCIIOJb3YSI
CO,-kamepy, OTAEIAIH JIOCKYT KOXKH ISl U3MEPEHUSI
JMaMeTpa OKpallCHHbIX o0JacTeil B IBYX MepreHu-
KYJSIpHBIX HalpaBJICHHUSX.

Tperuii 3Tan BKIIOYa OCTAHOBKY PEAKIUU I'U-
MepYyBCTBUTENBHOCTH 3aMme uienHoro tuna (I'37T) Ha
18 OenbIX KOHBEHIIMOHAILHBIX HEIMHEWHBIX OEJIbIX
JTabopaTOPHBIX MBIIIAX 00oero moja (n = 6) 24—26 1.
Bcex MbIiiel 0JHOKpaTHO IMMYHU3UPOBAIN BHY TPH-
OPIOIIMHHBIM BBEJCHUEM 2 % CYCIIEH3UH SPUTPOLH-
ToB Oapana (OB) Ha QHU3HOTOrHUECKOM PacTBOpE IO
0,5 mi1. Cpa3zy mociie 3Toro MblitamM 1 TpyIis! IpoBo-
JIJIH BHY TPUMBILIEYHbIE HHBEKIIUN N3y4aeMOro Ipe-
napara B nose 1/10 or JII, (712,7 mr/kr), a 2 tpymn-
ne— B nose 1/100 ot JIZI,, (71,3 mr/kr). Mbiuu 3 rpyn-
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bl CITY)KHITM KOHTPOJIEM, U TperapaT He MOTyvaliu.
Uepes 96 4 mocie ceHCHOMIN3AIUH, B MOTYIICUKY
MIpaBOM 3aJHEH JIaITbI (ITOJT ITOIOIIBEHHBIH allOHEBPO3)
BBOJWIN pa3pellarlyo 103y anturena — 0,05 miu
4 % cycnensuu Ob. B KoHTpobHYIO JIEBYIO JaITy —
¢dusnonornyeckuii pacTBop. @opMUpOBaHKE PEAKIHH
I'3T onenuBanu uepes3 24 yaca mocsue pasperaronieit
WHBEKINH TI0 CTETIEHN N3MEHEHHS MacCHI JIambl (1pa-
BOH) TI0 CPaBHEHUIO C TTO3UTHBHO-KOHTPOIBHOU (JIe-
BOH) 3aJIHEH JIAIlO# TOTO K€ YKHMBOTHOTO. JKUBOTHBIX
BBIBOAWIN M3 onbita B CO,-KaMepe, OTAENISIN JIarbl
BBIIIE MSTOYHOTO CYCTaBa M B3BELIMBAIN HA MUKPO-
aHanmuTryeckux Becax (Acculab ALC-210d4, CILIA).
Wupexc peakiyy nocHMTHIBAIY B TIPOLIEHTAX IPHPO-
CTa Macchl JIallbl, B KOTOPYIO BBOAMIIHN Iipemnapart (Mo),
10 OTHOIICHHUIO K Macce KOHTPOIbHOH Jamnsl (MK) 1o
dhopmyie [(Mo — Mk) / Mk]*100 [9, 10].
Craructuueckyro o0paboTKy MOJTYYECHHBIX JaH-
HBIX TIPOBOJIMIIN C TIOMOIIBI0 KOMITBIOTEPHOTO MaKeTa
nporpamm Statistica, Bepcus v10. PaccunteiBamm cpen-

HIOI0 apudMeTndeckyro (M) U cTaHIapTHOE OTKIIOHE-
Hue (SD), 10CTOBEPHOCTH paziiyms MEX Ty BRIOOpKa-
MH (p) OIICHUBAJIH C TOMOIIIEIO0 t-KpuTeprst CTHIOICHTA.

PE3YJIBTATHI UCCJIEJOBAHUM
N OBCYXKIAEHUSA

JlaHHbIE BU3yaIbHOM OLIEHKU BO3MOXHOTO aJuiep-
TU3HPYIOMIETO NCHCTBHUS JIUITOCOMATEHOM POPMBI TCH-
TaMuIHa cynbdara npu nocranoBke KI1 Ha Mopckux
CBUHKAX MPHUBEJICHBI B TA0HIIE 1. YCTaHOBICHO OTCYT-
CTBUE HEraTUBHBIX 3()P()EKTOB Ha KOHBIOHKTHBY IJIa3
JKUBOTHBIX. M3ydeHue aHaduiakToreHHOro sQQex-
Ta uccieayemMoro cpeacrsa B peakunu AKA Ha mMop-
CKHAX CBMHKAaX HE YKa3bIBAaeT Ha Pa3BUTHE aJJICPTHH,
YTO TIOATBEPKIACTCS OTCYTCTBHEM CTATUCTHYECKH
3HAYMMBIX OTIUYHHA, KaK MEX]Ty TPYIIIaMH, TaK ¥ Me-
Ky TUaMETpaMu MSITEH Y dKUBOTHBIX OJHOMN TPYMIIbI
NIPY BHYTPUKOKHON MHBEKIMH JTUITOCOMAIILHOH (op-
MBI T€HTaMUIIMHA CYNTb(aTa U CTEePHIILHOIO H30TOHU-
YeCKOTO pacTBOpa HATPHs Xjopuaa (Tad. 2).

Taoauna 1

Brusnue nunocomanbrotl popmul cenmamuyuna cyio@ama Ha KOHbIOHKIMUGY
2na3 MopcKux cunox npu nocmarnoexe KI1, 6aun
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MOBBIIICHHE Y03MHO(MIIOB B CPABHEHHHU C KOHTPOJIEM
(p <0,004), HEcMOTpsT HA OTCYTCTBHUE TPOSBICHUI
B peakuun AKA B ganHo# rpymre [12]. Pe3ymbsrarst u3-
yueHus ajuieprusupytouiero agpdekra B peakunu I'3T
Ha MBIIAX YKa3blBAIOT Ha OTCYTCTBHE HETaTUBHOIO
NPOSIBJICHHUS] IPU UCTIOJIb30BAHUH M3Y4aeMOro Bellle-
crBa B no3e 1/100 JIJI, , Tak KaKk pa3HuIa MHIEKCOB pe-
akiun (VP) Mexay OnbITHON M KOHTPOJIEHON TPYTITION
cocraBuia 4,0+ 1,4 u 3,2+ 0,4 %, COOTBETCTBEHHO
(ta6m. 3). [Ipu aTom NP y ®UBOTHBIX, KOTOPHIM IIPUME-
HSUTH JIMTIOCOMAIbHYIO (POpMY TeHTaMHILIMHA Cy/bpaTa

22

B f103¢ 1/10 JIJI Bbiute ¢ joctoBepHOCThIO p < 0,0001
u cocrasisgeT 7,3 £ 1,5 %. Takoii moka3areiab MOXKET
CBUJIETEJILCTBOBATH O BOBMOKHOCTH BO3HUKHOBEHMS
aJNIEPrUYECKON peakluy Ipyu UCHOIb30BaHUU BBICO-
KHX J03 [Ipenapara 1 BO3SMO>XHOCTU Pa3BUTHUS TUIIEP-
qyBCTBUTEIBHOCTH [V THIA, 4TO HEOOXOIMMO y4H-
THIBATh B KJIMHUYECKOW mpakTuke. [Ipeasiaymiue rc-
CIIeZI0BAHMS AJNIEPTU3UPYIOIIMX CBOMCTB ITPEenaparos,
B COCTaB KOTOPBIX BXOIUT F'eHTaMUIIMHA CYITb(art, Moa-
TBEPXKJIAIOT MOyYeHHBIC JaHHbIE, 0COOCHHO TIPH Te-
CTUPOBAHUM BBICOKUX 103 [14, 15].

T

20

18

16

DozHodmnnel, %
o

o Mean

1 2

] +SE
3 T 1SD

Cpennuii 6ayut BBIpaXKEHHOCTH M3MEHEHUH KOHBIOHKTHBBI M POTOBHIIBI
HaumenoBanue rpynmnsl

Uepes 15 mun Uepes 24 4 Uepes 48 u

I'pynmna 1 0 0 0

I'pynna 2 0 0 0

I'pynna 3 0 0 0

Tabauna 2
Ilpossnenue arnepeuueckou peakyuu npu nocmanoske AKA na mopckux ceunxax
JuameTp nATeH NpU HAJIMYUU PEaKLUuu, CM
HaumenoBanue rpynimst

W3zyuaemsliil npenapar 0,9 % pacrBop NaCl

I'pynmna 1 1,0£1,0 1,33+ 0,58

I'pynmna 2 1,0+£0,0 1,33 +0,58

I'pynna 3 1,0+£0,71 1,33+0,5

[Ipu ananu3ze MOPQOIOrnIECKUX JAHHBIX HE BBISIB-
JIEHO CTaTUCTUYECKU JOCTOBEPHOIO U3MEHEHHUS I10KA-
3aTesiell KOJIMYECTBEHHOTO COJIep KaHMsI S03MHO(UIIOB
B KPOBHU Y KUBOTHBIX KOHTPOJBHOMN I'PYMIIBI U TPyTI-

MBI 2, TAHHBIC YKIIAJBIBAIOTCS B (PH3MOTIOTHYECKUE
HOPMBI JUIsi MOPCKUX CBHHOK' (puc. 1). Y mogonbIT-
HBIX JKHBOTHBIX, MIOTYYaBIIHUX CAMyI0 BBICOKYIO J103Y
nperapara, YCTaHOBJIEHO CTaTHUCTHYECKH 3HAYMMOE

! CripaBounnk. ®u3nonornyeckne, OHOXMMHUYCCKAE W OHOMETPHUECKHE TTOKA3aTed HOPMBI SKCIIEPUMEHTATBHBIX
*uBOTHBIX / [Tox pemaxmmeii: Makaposa B. I, Makaposoit M. H. CIIb.: U3x-Bo «JIEMA», 2013. — 116 c.
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Mpynnil ¥MBOTHBIX, N2

Puc. 1. KonrdecTBo 203MHO(MUIOB B KPOBU MOPCKHMX CBHHOK TIOCIIE CEHCHOMTM3AIIUY JINTTOCOMaIbHOU (hopMOit

TeHTaMHIIKHA Cyib(ara

Tadauma 3

Macca nan u unoexc peaxyuu I'3T y mvliiell npu 88edeHuy 1UNOCOMATbHOU hopMbl 2eHmamuyura cyivpama

HaumenoBanue rpynmsl

Macca jieBoi Jamsl, T

Macca npaBo# narsl, T

Wnnexc peakunu, %

pymmna 1 0,1562 +0,0133 0,1675+ 0,014 73+15

Tpyrma 2 0,1613 + 0,0044 0,1677 + 0,0058 40+ 1,4

Tpyrma 3 0,1511 £0,0123 0,1561 +0,0127 32404
* p<0,0001
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3AKJIIOUEHHUE

I/ICXOJISI 13 MOJTYYCHHBIX JaHHBIX, MOXXHO 3aKJII0-
YHUTb, 9TO JIUITOCOMAITbHAS )OPMBI TeHTAMHIINHA CYJIh-
(haTa B HU3KHX J03axX He 00NIaaeT BRIPAYKSHHBIMH aJl-
JIEPTU3UPYIOMUMH CBOMCTBAMHU TIPHU OJHOKPATHOM
1 MHOTOKpPaTHOM IpuMeHeHuu. IIpu 3Tom BbICOKHE
JI03bl M3y4aeMOro Ipernapara MOT'yT OKa3bIBaTh CCH-
cuommm3upyonui 3G GeKT 1 TPUBOAUTH K PA3BUTHIO
aJJIepPruyecKor peakiuu.
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Abstract. This article presents the results of a study of allergenic properties of the liposomal formulation of gen-
tamicin sulfate in laboratory animals. Guinea pigs were used as test models for the conjunctival allergen provo-
cation test and active cutaneous anaphylaxis reaction, and white mice were used for the delayed-type hypersen-
sitivity reaction. No adverse effects on the conjunctiva of the animals’ eyes were observed with the native formu-
lation. No anaphylactogenic effect was observed with low doses (71.3 mg/kg). Allergenic properties were observed
at a dose of 712.7 mg/kg, as indicated by a statistically significant increase in blood eosinophils in the animals in
the experimental group, compared to the control group (19.0 2.0 vs. 5.0 = 1.0 at p < 0.004), as well as a differ-
ence in the reaction index when administering HRT (7.3 £ 1.5 % vs. 3.2 + 0.4 % at p < 0.0001). These values may
indicate the potential for an allergic reaction with high doses of the drug and the development of type IV hyper-
sensitivity, which should be considered in clinical practice.

Keywords: liposomes, gentamicin, allergenic effect, laboratory mice, guinea pigs.
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Research objective was to study the potential for
an allergic reaction with liposomal gentamicin sulfate
on laboratory animals.

A current trend in pharmacology is the search for
targeted drug delivery methods. Currently, one of the
most promising approaches is the use of liposomes [1].

Nanocarriers have been first described by Benham
in the 1960s, and they are lipid vesicles consisting of
one or more bilayers formed by emulsification of nat-
ural or synthetic lipids in an aqueous medium [2]. The
structural versatility and colloidal stability of lipo-
somes make them ideal carriers for drugs and bioac-
tive molecules [3]. Nanoparticles can selectively de-
liver the necessary substances to the affected area via
passive or active transport, thereby reducing systemic
side effects, increasing the maximum tolerable dose,
and improving the therapeutic effect [4]. By forming
areservoir, they provide prolonged release of the drug
as the carrier vesicle membrane naturally degrades [5].
An undeniable advantage of liposomes is their immu-

nological neutrality, which helps improve the safety
profile of such drugs [2]. Liposomal drugs are success-
fully used in clinical practice to treat a wide range of
diseases, both in human and veterinary medicine [6].

All newly designed drugs require the most com-
prehensive assessment possible, not only of their ef-
ficacy but also of their safety. Studying the allergenic
effect is a mandatory step in preclinical research and
helps minimize the incidence of drug-related compli-
cations during clinical use. Allergenicity is defined as
the ability of substances to induce a hypersensitivi-
ty state, which is based on various types of immuno-
pathological mechanisms: anaphylactic and cytotox-
ic; allergic reactions associated with the formation of
immune complexes and complement activation; and
cellular reactions (the reaction of sensibilized lym-
phocytes). Allergic reactions, developing in both im-
mediate and delayed types, are an aggravating fac-
tor in drug therapy and negatively affect the patient’s
health [7, 8].
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MATERIAL AND METHODS

The study was conducted at the vivarium of the
FSBSI “ARVRIPP&T” using guinea pigs and con-
ventional nonlinear white laboratory mice kept un-
der standard vivarium conditions in accordance with
the rules of laboratory practice applied in the territory
of the Russian Federation (ETS123, Strasbourg, 1986;
Directive 2010/63/EU dtd. September 22, 2010; GOST
33216—2014, GOST 33215—2014). The experimen-
tal design complied with the Directive 2010/63/EU
of the European Parliament and of the Council of the
European Union dtd. September 22, 2010, on the pro-
tection of animals used for scientific purposes and was
approved by the Bioethics Committee of the Institute.

The study of a possible allergenic effect was con-
ducted in three stages. The first stage included a study
of the allergenic effect of the drug on the conjunctiva
(conjunctival allergen provocation test— CAPT). Nine
guinea pigs (n = 3) weighing 600—800 g were used as
animal models. They were sensibilized by the adminis-
tration of a liposomal form of gentamicin sulfate: sub-
cutaneously on day 1, intramuscularly on days 2 and 3
at a dose of 1/10 LD, (712.7 mg/kg) and 1/100 LD,
(71.3 mg/kg) to experimental groups 1 and 2, respec-
tively. The control group did not receive the drug. To
monitor the reaction when setting the CAPT, 20 days
after the last injection of the liposomal form of genta-
micin sulfate, 1 drop of the drug was administered un-
der the upper eyelid of the left eye, and 1 drop of water
in the right eye. The effect was assessed in 15 minutes
(rapid reaction) and in 24 and 48 hours (delayed hy-
persensitivity), with conjunctival perfusion, discharge,
and corneal and eyelid condition assessed using a scor-
ing system [9, 10].

The second stage involved conducting an active
cutaneous anaphylaxis (ACA) test with whole blood
eosinophil counts in nine guinea pigs (n = 3) weigh-
ing 700—900 g. The animals were sensibilized in the
same manner as in the first stage of the study [10, 11].
To assess the ACA reaction, the native liposomal gen-
tamicin sulfate formulation was selected as the test con-
centration, as its use did not cause an adverse reaction
in a preliminary study. On day 21, blood samples were
collected from the animals” hearts into heparin-contain-
ing tubes IMPROVACUTER®, China) to count eosin-
ophils. A blood smear was prepared according to the
standard method using the azure-eosin dye according to
Romanowsky — Giemsa. The leukocyte differentiation
procedure was performed in a sample of 100 cells using
a microscope (Micromed 3U3, China) with a camera
(Toupcam U3ISPM, China) and recorded with a leuko-
cyte differential counter [12]. Subsequently, intrader-
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mal injections of the drug (right side) of 0.05 ml were
performed. The left side (skin reactivity control) — in-
tradermally 0.05 ml of sterile isotonic sodium chloride
solution. Twenty (20) minutes after the intradermal in-
jection, guinea pigs were injected intraperitoneally with
1 ml of freshly prepared 1 % Evans blue solution [13].
Permissive injections of the drug and Evans solution
were also used in the animals of the control group. In
30 minutes, the guinea pigs were removed from the ex-
periment using a CO, chamber, and a skin flap was re-
moved to measure the diameter of the stained areas in
two perpendicular directions.

The third stage included the development of a de-
layed-type hypersensitivity (DTH) reaction in 18 white
conventional nonlinear white laboratory mice of both
sexes (n = 6) aged 24—26 g. All mice were immunized
once by intraperitoneal administration of a 2 % suspen-
sion of sheep erythrocytes (SE) in physiological saline
at 0.5 ml. Immediately after this, the mice of group 1
were given intramuscular injections of the study drug
at a dose of 1/10 of LD, (712.7 mg/kg), and those of
group 2 — at a dose of 1/100 of LD, (71.3 mg/kg).
The mice of group 3 served as a control and did not re-
ceive the drug. Ninety-six (96) hours after sensibiliza-
tion, a resolving dose of the antigen (0.05 ml of4 % SE
suspension) was administered into the pad of the right
hind paw (under the plantar aponeurosis). The control
left paw was injected with saline. The development
of the DTH response was assessed 24 hours after the
challenge injection based on the change in (right) paw
weight, compared to the positive control (left) hind paw
of the same animal. The animals were removed from
the experiment in a CO, chamber, their paws were re-
moved above the heel joint and weighed on a microan-
alytical balance (Acculab ALC-210d4, USA). The re-
sponse index was calculated as a percentage increase
in the weight of the paw injected with the drug (Wex)
relative to the weight of the control paw (Wc) using the
formula [(Wex — Wc¢) / Wc] * 100 [9, 10].

Statistical processing of the obtained data was per-
formed using the Statistica software package, version
v10. The arithmetic mean (M) and standard devia-
tion (SD) were calculated, and the significance of dif-
ferences between samples (p) was assessed using the
Student’s t-test.

STUDY RESULTS AND DISCUSSION
Visual assessment of the data on the potential aller-
genic effect of the liposomal formulation of gentamicin
sulfate administered to guinea pigs during the CAPT
administration are presented in Table 1. No adverse ef-
fects on the conjunctiva of the animals’ eyes were found.
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Table 1

Effect of the liposomal formulation of gentamycin sulfate on the conjunctiva
of guinea pigs during the CAPT administration, points

Average severity score of changes in the conjunctiva and cornea
Group name
In 15 min In24h In48 h
Group 1 0 0 0
Group 2 0 0 0
Group 3 0 0 0

The study of the anaphylactogenic effect of the
test drug in the ACA test in guinea pigs did not indi-
cate the development of an allergic reaction, as ev-
idenced by the absence of statistically significant
differences between groups or between spot diam-
eters in the animals within the same group after in-
tradermal injection of liposomal gentamicin sul-

22

fate and sterile isotonic sodium chloride solution
(Table 2).

The analysis of morphological data has revealed
no statistically significant changes in the quantitative
content of eosinophils in the blood of the animals in the
control group and group 2, the data are within physio-
logical norms for guinea pigs' (Fig. 1).
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Fig. 1. Number of eosinophils in the blood of guinea pigs after sensibilization with the liposomal formulation of
gentamicin sulfate

! Handbook. Physiological, biochemical and biometric indicators of the norm in experimental animals / Edited by
Makarov V. G., Makarova M. N. St. Petersburg: LEMA Publishing House, 2013. — 116 p.

Bulletin of Veterinary Pharmacology « No. 4 (33) « 2025

51



N. A. Grigoryeva, N. A. Khokhlova, A. A. Korchagina, Yu. A. Chaplygina, A. V. Nekrasov, T. I. Ermakova, G. N. Bliznetsova

Table 2
Allergic reaction during the ACA test in guinea pigs
Diameter of spots in the presence of a reaction, cm
Group name
The study drug 0.9 % NaCl solution
Group 1 1.0+ 1.0 1.33+0.58
Group 2 1.0+0.0 1.33+0.58
Group 3 1.0£0.71 1.33+0.5
Table 3
Paw weight and the DTH response index in the mice administered the liposomal formulation of gentamicin sulfate
Group name Weight of the left paw, g Weight of the right paw, g Reaction index, %
Group 1 0.1562 £0.0133 0.1675+0.014 73+1.5"
Group 2 0.1613 +0.0044 0.1677 +£ 0.0058 40+14
Group 3 0.1511+£0.0123 0.1561 £0.0127 32+04
* p<0.0001
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AHHOTAIUsI. AJTbIOBAHTBI SIBJISIOTCS KDUTUYECKUM KOMIIOHEHTOM OOJIBIIMHCTBA BETEPUHAPHBIX BAaKILUH, 00ec-
reyrBasi yCUJICHHE UIMMYHHOT'O OTBETa OpraHM3Ma Ha BaKIMHHBIN aHTHreH. [IpuomusurensHo 87 % kommepue-
CKMX WHAKTUBHPOBAHHBIX BAKIIMH JIJIs )KUBOTHBIX COJIEpIKaT B CBOEM COCTaBE OJIMH THII a/IbIOBaHTa, Hanboee
pacnpocTpaHEHHBIMH U3 KOTOPBIX SBIAIOTCS MUHEpaIbHbIE COMU aTtoMUHUS (48 %), MacisaHble sMmynbcuu (20 %)
U canloHHHBL. B Hacrosieit paboTe cucTeMarn3upoBaH COBPEMEHHBIN ONBIT MPUMEHEHHS MIITH OCHOBHBIX KJlac-
COB aJIbIOBAHTOB: HEOPIraHUYECKUX MUHEPAILHBIX COSIIMHEHHH, OPraHUUECKUX MACJISTHBIX KOMITO3HLIUH, pacTH-
TEJIHBIX CallOHMHOB, OaKTEePUANIbHBIX TPOM3BOJHBIX U HAHOCTPYKTYPUPOBAaHHBIX MarepraiioB. Kaxaplii kiace
obnanaer criennpUUeCKMMU MEXaHU3MaMU JICHCTBHS, BIUSIOIUMU Ha (OpMHUPOBaHUE ITyMOPAJILHOTO U KJIETOU-
HOTO UIMMYHUTETA Y PAa3JIMYHBIX BUJIOB CEJIbCKOXO3SHCTBEHHBIX )KUBOTHBIX. OJJHAKO MPUMEHEHHE a/IbIOBAHTOB
TpedyeT cobiroaeH!s OajlaHca MeXAy UMMYHOTEHHOCTBIO i pEaKTOT€HHOCThIO. TpaIMIIMOHHbIE a/TbIOBAHThI MO-
I'YT BBI3bIBATh JIOKAJIbHBIE peakny (IpaHy1éMbI, a0CIIeCChl) U CUCTEMHBIE (P PEKThI (JINXOPALKY, CHUKEHUE TIPO-
JYKTHBHOCTH) OCOOCHHO Yy YyBCTBUTEJIBHBIX BUIOB. [lepcrieKTHBHBIE HAIIPABIICHHs BKIIIOUAIOT pa3paboTKy Ouo-
pasilaraeMbIX HaHOCHUCTEM, CHHTETHUECKUX aHAJIOTOB PACTUTEJIBHBIX CAIIOHWHOB M KOMOMHHMPOBAHHBIX aJIbIO-
BaHTHBIX CHCTEM, 00ECIIEUHBAIOIIMX ITOBBIILIEHHYIO CIIEHU(PUYHOCTD K Pa3JInuHbIM BUAAaM KUBOTHBIX. bynymime
aJIbIOBAHTBHI JIOJDKHBI 00€CIIeYBaTh 1eJICHANPABICHHYI0 aKTHBALIUIO TPEOYeMbIX KOMIIOHEHTOB UMMYHHUTETA IIPH
MUHHAMH3aLUH TO00YHBIX () (PEKTOB, YTO OTKPOET HOBBIE BOBMOKHOCTH JUIsl TPO(HUITAKTHUKY 1 SPAINKAIIMH Oac-
HBIX MH(EKIMOHHBIX 3a00IeBaHNl B )KHBOTHOBOJICTBE M CHIDKEHHUIO PHCKA IIEPe/iadyl 300HO30B YEJIOBEKY.
KioueBble ciioBa: abl0BaHThI, BAaKIIMHBI, CEJIbCKOXO3SICTBEHHBIE )KUBOTHBIE, IMMYHHTET, HAHOYACTHUIbI, 0€3-
OTIaCHOCTb.

BbaaromapuocTn: padora BeinosiHeHa pu puHaHCOBOU noazepkke Poccuiickoro HayyHoro ¢onzaa (rpant Ne 25-
16-20088) u IIpaButenscTBa HoBocnOupckoit odnactu. ABropsl Onarogapst Munucrepcrso Hayku n Beiciiero
O6pazoBanust Poccuiickoit @enepanun

Nndexnuonnsie 3a001eBaHus )KUBOTHBIX MO-
TyT HAHOCHUTH OOJIBIITON SKOHOMHUYIECKUN yIepo mpo-
MBILIJICHHOMY XMBOTHOBOJCTBY U IITULIEBOJACTBY [1].
[IpomeinieHHOE pa3BeJeHNE CETbCKOXO3SHCTBEHHBIX
KUBOTHBIX, 00ecIieqyuBalomiee rmodaibHyIO MPOao-
BOJILCTBEHHYIO 0€301acHOCTh, HEPA3pPhIBHO CBA3AHO
C BBICOKMMH PUCKaMH BO3HUKHOBEHMS 1 PACIpOCTpa-
HEHMS 3MM300THH, CHOCOOHBIX HAHECTH KOJIOCCAllb-
HBIA SKOHOMHYECKHUH ymepO U 1ecTabuian3upoBaTh
MIPOIOBOJILCTBEHHBIC PHIHKK. BakunHauus sBiseTcs
OIHUM U3 Hanbosnee 3PPEKTHUBHBIX METOJOB MPOPH-
JIAKTUKH MH(EKIMOHHBIX 3a00JICBaHUH B JKUBOTHOBO/I-
CTBE, NIPEJOTBpAIlas MACCOBbIE BCIBIIIKNA U CHUXKAsS

MTOTEHITNATBHBIN YKOHOMIYECKHH yiiepO. [Ipsvbre 3a-
TPAThI HA BAKIIUHAIIHIO, BKJTFOUAKOIIFE CTOUMOCTH ITpe-
rapara U TpyH03aTpaThl, TOJKHBI OKYTIaThCS MPEIOT-
BpallleHUEeM 3HAUYUTEIBHBIX MOTEPh OT Oosie3Hei. Kak
CIJIE/ICTBHE, CO CTOPOHBI TPOU3BOAUTEINICH CYIIECTBY-
€T IIOCTOSIHHBIM 3aIPOC Ha CO3/aHNE BaKI[UH, KOTOPbIC
OBUTH OBI HE TONBKO () (HEKTUBHBIMH, HO W YKOHOMHU-
YECKU BBITOJHBIMH. [TOMHUMO MPSIMOTO 3KOHOMHYE-
cKoro 3 deKTa, BaKIIMHAILNS BHOCUT CyIIIECTBEHHBIN
BKJI4]] B PEIICHUE II00AIBHBIX MPOOJIeM 3IpaBooOXpa-
HeHust. KOHTPOIIb 300HO3HBIX 3a00JIEBaHUH Y )KUBOT-
HBIX, TAKUX KakK Opylieiies, JINTOCIHPO3 Win Oe-
HICHCTBO, HAMPSIMYIO CHU)KAET PUCK MX MEPeavu ue-
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nmoBeKy. Kpome Toro, mmpokoe MpUMEHEHUE BAKITUH
MO3BOJISIET COKPATUTh MCIOIH30BAHNE AaHTHMHKPOO-
HBIX MPENapaToB JJIs JISYCHUS U MPO(PUIaKTHKY Oak-
TepUaIbHBIX UH(PEKINHI B BETCPUHAPUH, YTO SBIISICTCS
KpaeyrojibHbIM KaMHEM B IIOOAJIbHON CTPAaTEruu 1o
60prOe ¢ aHTUMUKPOOHON PE3UCTEHTHOCTHIO. Takum
00pa3om, SKOHOMHUYECKast ¥ SITUIEMUOIOTHIeCKasl Tie-
71eco00Pa3HOCTh BaKIIMHAIINH SBIISIETCS] MOIITHBIM CTH-
MYJIOM JUISL Pa3BUTHsI HOBBIX 3((EKTUBHBIX BaKIIHH,
B II€JIOM, U UX KOMITOHCHTOB, B 4aCTHOCTH [1].
OnHuMH U3 caMbIX 3QQEKTUBHBIX BaKIMH SBIISI-
FOTCS BAKITMHBI HA OCHOBE JKUBOTO aTTEHYHPOBAHHOTO
BO30YyIUTENS, KOTOPBIE CITOCOOHBI BBI3BIBATH KaK 00-
pa3oBaHNEe HEHTPATU3YIOIINX AaHTUTEI, TAK U KJIETOY-
HbIM UMMYHHBIN OTBET [2]. CyllleCTBEHHBIM HEJOCTAT-
KOM TaKWX BaKIIMH SIBJISICTCS BO3MOXKHOCTh PEBEPTH-
pOBaHMSI BAKITTHHOTO IITAMMA K TUKOMY ITATOTCHHOMY
tuiry. bonee Ge30macHBIMH, HO MEHEE HMMYHOTEH-
HBIMH SIBJISIFOTCS CyObeTMHINYHBIE 1 MHAKTHBHPOBAH-
HBbIC BaKIIMHBL. TakuM 00pa3oM BO3HHKAET 3aja4ya 1o
MOBBIIICHUIO UMMYHOT€HHOCTH MHAKTUBHUPOBAHHBIX
BaKIMH. ATBIOBAaHTHl — OIHHU U3 BAKHEUIITUX KOM-
IMIOHEHTOB OOJILIIMHCTBA BAKIMH IS CEJILCKOXO03SIH-
CTBEHHBIX KHUBOTHBIX, HTPAIOT KIFOYEBYIO POIb B Pe-
IIEHUN ATOH 3a1a49H, TOCKOJIbKY TIO3BOJISIFOT CHU3UTH
ce0eCTOMMOCTh BaKIMHBI 32 CYET YMEHBIICHUS He-
00XOIMMO¥ 03Bl aHTUTCHA M COKPATUThH OIEpPaIlU-
OHHBIC PacXo/Ibl OJIaroiapsi yMEHbIICHUIO KPAaTHOCTH
BBeneHU [3]. AIBIOBAHTHI MO3BOJISIIOT YMEHBIITUTH
JI03y aHTHTEeHA WM KPaTHOCTh MMMYHH3AIINH, a TaK-
JKe 00ecTIednTh OoJiee TUTEIbHYI0 U HAPSKEHHYIO
UMMYHHYIO 3aIIUTy. B BakIMHaxX ¢ WHAKTHBUPOBAH-
HBIMU BHPYCaMHU JIS )KUBOTHBIX a]TbFOBAHTHI UCIIOJIb-
3YIOTCSI YPE3BBIYANHO MHUPOKO: ~87 % KOMMEPUIECKUX
BaKIIMH JJIsI )KHBOTHBIX COJAEPIKAT OAWH abIOBAHT,
a ocrasmmecs 13 % — KOMOWHAIMIO abIOBAHTOB.
Hauboree pacnipocTpaHeHbl MUHEPATBHBIE COJIN AJTFO-
MuHHSA (B ~48 % BeTepuHAPHBIX BaKLMH), MaCIIsIHbIC
amynbscuu (~20 %). TpeTbuMu 1o pacupocTpaHeHHO-
CTH SIBIITFOTCS a/bFOBAHTHI HA OCHOBE CAllIOHUHOB [2].
Pons apI0BaHTOB TECHO CBA3aHA C 0COOEHHOCTS-
MU UMMYHHOW CHCTEMBI Pa3IUYHBIX BHUJIOB JKUBOT-
HBIX. VI3BECTHBI Cily4yau BHUJIOBOW UyBCTBUTEIHHO-
CTH K OTACIBHBIM a/bI0BaHTaM: HaIIpUMeEp, abIOBaH-
Tl HA OCHOBE aJIFOMHHUS SIBISIOTCS 2P PEeKTUBHBIMU
1 6e30MmacHbIMHU [T KpyTmiHOTO poraroro ckota (KPC)
Y CBHHEW, HO XpOHHYECKOE BBEJCHHE ATFOMOCOEP-
JKAIIAX BaKI[MH KOIIKAM W OBI[AM, YaCTO acCOITUHPO-
BaHO C PHCKOM Pa3BHUTHUS CAPKOM B MECTE MHBEKIIUU
win OonpmxX rpanyneM [4]. HampoTtus, MmuHepaib-
HbIC MAaCJSHBIC aIBIOBAHTHI, TOMYCTUMBIC B BETECPU-
HaPHH, CITUIIKOM PEAKTOTEHHBI ISl IPUMEHEHUS Y ue-

noseka [2]. bonee Toro, cymecTByIOT BUOBBIE pa3iu-
Y1l B CHCTEME BPOXKIEHHOTO MUMMYHHUTETA (Harpumep,
B perenitopax TLR), 13-3a KOTOpbIX axbroBaHT, 3 dek-
TUBHBIN y OHOTO BH/IA, MOXKET HE paboTaTh y Ipyroro
[3]. [ToaTOMy TIpH pa3paboOTKe BAaKIIMH IS CEITBCKOXO-
3AHCTBEHHBIX )KUBOTHBIX Ba’KHO YUUTHIBATh CrieLU(U-
Ky IMMYHHOH CHCTEMBI Ka)KJIOTO BHJA.

Knaccnpuxanusa axbroBaHTOB,
NpUMeHsieMbIX B BAKIIHHAX
JJIS1 CeJIbCKOXO03SHCTBEHHBIX sKMBOTHBIX

AITBIOBAHTHI, HCTIOJIb3yEeMble B BETEPUHAPHBIX
BaKIMHAX, MPEACTABISIOT COOOW I'pyTNITy BELIECTB,
KOTOpBIE MOKHO KJIaCCH(PHULIUPOBATH IO UX XUMHUYeE-
ckoit mpupose. Mctopuueckn pa3BuTHE aJbIOBAaHTOB
MIPOIIIJIO TYyTh OT CIyYalHBIX HAOIIOACHUH IO Iele-
HaIpaBJICHHOTO KOHCTPYHUPOBAHUS MOJIEKYII C 3aJ1aH-
HBIMH UMMYHOCTUMYJIUPYIOUIUMU CcBoiicTBamu [1].
CoBpemeHHast TeH/IEHIMA NCCIIeI0OBAaHUH 3aKITFOUaeTCs
B CO3/IaHUU KOMOMHUPOBAHHBIX a/TbIOBAHTHBIX CHCTEM,
COYETAIONIUX CBOMCTBA HECKOIBKUX KIIACCOB IS JI0-
CTIDKEHUS cuHepreTrdeckoro 3ddexra [S]. Hampumep,
KOMOWHAIINS aTbIOBAHTa-HOCUTEIIS (CO3/IAFOIIETO ICTOo
1 00eCneynBaOLIEero J0CTaBKy) C HUMMYHOCTUMYJIS-
TOPOM (aKTHBHPYIOIIUM cHenr(UIeCKre perenTOphI
BPOXK/IEHHOTO UMMYHHUTETA) ITO3BOJISIET OITYYHUTh 60-
Jiee MOIIIHBIN 1 cOaJTaHCHPOBAHHBI MMMYHHBIN OTBET,
YeM KaXKIBIH KOMITOHEHT IO OTJEIbHOCTH.

ATBIOBAHTHI TIO CBOEMY MPOUCXOKIEHUIO U Me-
XaHNU3MY JIEHCTBUS JIENATCA HAa HECKOJIBKO OCHOBHBIX
IpyMNIl: HEOPraHWUYECKHE MUHEpaIbHbIE COEIMHEHNUS
[6], opranmdecKre MaclIsTHbIE KOMIIO3UIUH [ 7], camo-
HUHBI PACTHTEIHHOTO MIPOUCXOKIeHH [8], OakTepH-
aJbHbIE IPOU3BOAHBIE [9] U HOBBIE HAHOCTPYKTYpPH-
pOBaHHBIE MarepHaibl. Kaknas u3 3TUX TPy uMe-
€T CBOM OCOOCHHOCTH, IPEUMYILECTBA U HEJOCTATKH
MIPUMEHEHNUS Y Pa3In4HbIX BUJIOB CEJIbCKOXO035HCTBEH-
HBIX )KUBOTHBIX, KOTOPBIE PACCMOTPEHBI HIXKE.

1. Munepanwvnuie advioeanmol
(coeounenusn anrOMunHus)

OcHOBHBIE NPeACTABUTEJNN U MCHOJb30BA-
Hue. K MuHepanbHBIM aIbIOBAaHTaM OTHOCSATCS IIpe-
K7€ BCETO COJTH ATFOMUHUS — THIPOKCH]T QTFOMIHUS
(AI(OH),), bocdar amromunus (Al(OH) (PO 4)y), aro-
MuHUH Kanuesble kBacubl — KAI(SO,), 12(H,0), us-
BECTHBIC TAK)KE IO OOIIMM Ha3BaHHEM «aIloM» [6].
AmoMocoaepKalinue aabloBaHThI SBISIOTCS OJHUMU
M3 CaMBIX XOPOIIIO N3yUYEHHBIX U PA3PEIICHBI K IPUMe-
HEHUIO KaK B BETEPHUHAPHBIX BAKIIMHAX, TAK M B BAKIIN-
Hax JUIs 4esioBeKa [6]. B BerepuHapun coTu aFOMUHUS
MIPUCYTCTBYIOT MPAKTUYECKH B TIOJIOBUHE KOMMeEpYe-
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CKHUX BakIUH [6], 4TO 00YCIOBICHO UX JICHICBU3HOM,
OTHOCHUTENHHON 3PPEKTHBHOCTHIO U XOPOIINM IPO-
(bmtem OesormacHocTH. Takue aabIOBAaHTHI XOPOIIO
a7IcOpOUPYIOT OEITKOBBIE U TIOJMCaXapyIHbIE aHTUTE-
HBI Ha CBOCH MOBEPXHOCTH, 00pazyst MEIKOIHUCIIEpC-
HBI 0CaJOK, KOTOPHI BBOAUTCS )KMBOTHOMY B BUJE
cycner3un. OHU BXOZST B COCTaB HHAKTUBUPOBAHHBIX
BaKIIMH IMPOTHUB HEKOTOPHIX BUPYCHBIX U OaKTepHab-
HbeIX nHQekmi y KPC, cBuHE#H 1 MeNKNX )KBaYHBIX.
Mexanu3m aeiicTBUsl. AIOMOCOAEpKaIIUe
aJbIOBAHTHI AEHCTBYIOT MPEUMYIECTBEHHO 3a CUET
(hOopMHPOBaHHUS «JIETI0» aHTUTEHA B MECTE MHBEKIHH
Y aKTHBALMU BPOKAEHHOTO UMMYHHUTETA Yepe3 BOC-
manutenbable myTH [10]. [Tociae BBeaeHUS YacTHIIBI
rugpokcuna uin ¢ocdara aTFOMUHHS OCAXKIAIOTCS
B TKaHsX, MEJICHHO BEICBOOOXK/Iast a/ICOPOUPOBAHHBIC
AHTUTEHBI, YTO 00ECIeYNBACT ATUTENbHOE (Ha IPOTSI-
JKEHMH JTHEW U HeJleNb) OCTYIJIEHNe aHTUTeHa K aH-
TUTEH-TIpe3eHTUpYyomuM Kietkam [6, 11]. Kpome
TOTO, YACTHIIHI COJIEH alfOMUHUS WHUIUUPYIOT JIO-
KaJIbHYI0 BOCTIAJINTENIEHYIO PEAKIUIO: TIOBPEKICHHE
KJIETOK B MECTE MHBEKIIMH IIPUBOAUT K BEICBOOOXK 1€~
HUIO BHYTPHUKJICTOYHBIX MOJICKYJ, KOTOPHIC BBI3bIBA-
10T (DAMPs) akTuBarnuio KOMIJIEMEHTa U TIPUBJIeYe-
HUIO (aromnToB, ¥ BOSHUKHOBEHUIO HENH()EKITMOHHO-
T'O BOCHAJINTENLHOTO 0TBeTa. [lokazaHo, 94TO 4acTHITHI
COJIeH aIFOMUHUS MOTYT aKTUBUPOBATh WH(IaMMaco-
My NLRP3 B anTUTreH-NIpe3eHTUPYIOIINX KJIETKaX, 4TO
BEJIET K MPOAYKIHHU TPOBOCHAIUTENBHBIX INTOKUHOB
(takux kak NJI-1PB) u ycunennro Th2 uMMyHHOTO OT-
Berta [6, 12]. B pe3ynbrarte BakiinHa Ha OCHOBE COJICH
AJTIOMUHUSA BBI3BIBAET MOMIHBIA T'yMOpaJbHBIH UM-
MYHHTET — BBIPA0OTKY HEUTPAIN3YIOMIUX aHTUTEIL.
IpenmymecTBa. MuHepaibHbIe a/bIOBAaHTHI UME-
0T JUIUTEIBHYIO HCTOPHIO 0€30MacHOr0 MPUMEHEHUSI
[10]. OHu Hemoporu B MPOU3BOACTBE, dIPPEKTUBHO
YCHIIMBAIOT 00pa30BaHNe HEUTPAIN3YIOMINX aHTUTEI
1 (hopMHUpPOBaHUE IMMYHOJIOTHYECKOM amsTa [6, 10].
AZIBIOBaHTHI HA OCHOBE aJIFOMUHUSI 0COOEHHO XOPOIIO
3apEeKOMEH/I0BaJN ce0sl IPOTUB BHEKIIETOYHBIX 11aTO-
TeHOB, TJI€ pelIarolee 3HaueHue IMEET I'yMOpabHbIN
nMMyHUTET. braromapst nemo-3¢gdexty mocrturaercs
MIPOJIOHTHUPOBAHHOE JIEUCTBUE BAaKIIMHBI U O0Jiee BbI-
COKHUH TUTP aHTUTEN Mocie uMmmMmyHnuzanuu [10].
Henocrarku. OCHOBHOI HETOCTATOK COJIEH anto-
MUHHS — UX OTPaHHYEHHAS CIIOCOOHOCTH HHAYIIMPO-
BaTh KJICTOUHBIN UMMYyHHUTET [10]. Takue aqproBaHTHI
MPaKTUIECKU He CTUMYIHPYIOT Th1 IMMyHHBIH OTBET
1 00pa3oBaHME MUTOTOKCHYECKUX T-THM(pOIUTOB, TI0-
ATOMY MaIOA((PEKTUBHEI B BAKITHHAX IIPOTUB BHYTPH-
KJIeTOuHbIX HHpekuii [6, 10, 11]. pyrum cymectBeH-
HBIM HEJIOCTATKOM SIBJISIETCS] HEOOXOANMOCTh PEBAKIIH-

HAIMH: JUTSI TIOJTHOIIEHHOW 3aIUThl 9acTo TpeOyroTcs
HECKOJIBKO /103 BAKIIWHBI HA AFOMUHUEBOM aIbIOBaH-
Te, TaK KaK aHTUTEIILHBIN OTBET (DOPMHUPYETCS MEJJICH-
HEe, YeM IPH UCIIOJIb30BaHUH 00JICe MOIIHBIX a/IbI0-
BaHTOB. HecMOTps Ha TO, UTO B I1EJIOM ahIOBAHTHI HA
OCHOBE aJIFOMHUHUS 0€30MacHBI, OHM MOTYT BBI3bIBATH
JIOKaIIbHBIE PEaKIui — OOJIE3HEHHOCTh, OTEK, 00pa-
30BaHHE TPaHYIEM B MECT€ UHBEKIUU. Y DPsa JKU-
BOTHBIX (HaIpUMep, KOIIEK) XPOHUYECKOE paspaxe-
HUE TKaHEW alFOMUHUEM B MECTE UHBHEKIIMH CBSI3aHO
C PUCKOM Pa3BUTHs TOCTHHBEKITMOHHBIX CapkoM [4].
Taxoke CyCIeH3WH C aJIOMHHHEM HEIb3sS 3aMOPaKH-
BaTh W JHOMUIM3UPOBATH — 3TO MPUBOIUT K ITOTE-
pe aabIOBaHTHOM akTUBHOCTHU [6, 11], uTo 3aTpynHs-
€T XpaHEHUE U TPAHCIIOPTUPOBKY.

2. Macnsanvie aovioganmuol (IMyabcun)

OcHoOBHBIE MPEACTABUTEH U UCTIOTb30BaHHUE.
MacnsHble abIOBAHTHI MTPECTABIISIOT COOOH dMYITh-
CHH BOJBI M Maclla, 4yacTo ¢ J00aBICHUEM dMYJbra-
TOpOB. MacisiHble dMYJIbCUN — €€ OJMH IIHUPOKO
pacripoCcTpaHEHHBIN B BeTepUHAPUHN KIIACcC aIbIOBaH-
TOB, IIEHUMBII 32 BBICOKYIO HIMMYHOT€HHOCTD M HH3-
KYI0 CTOMMOCTSH [7]. PaznuuaroT sMyabCuu THIA BO-
na-s-macie (W/O) u macno-B-Boze (O/W), a taxxke
JIBOMHBIC dMYJIbCUU BOJa-B-Macie-B-Boje (W/O/W).
KnaccuuecknM mpuMepom MaciisiHOTO aJbIOBaHTa B-
JIsI€TCsl HEMOJHBIA afbloBaHT PpeiiHia — 3MybCus
MHHEpaITHHOTO (TTapaduHOBOTO) Macyia ¢ BOAOH (Tuma
W/O), crabunusupoBaHHas dMYIBraTopoM (JIaHOJH-
HOM wiu MaHHUTONOM) [13]. Hemonueiii amxbroBaHT
DpeitHaa UCTOPUYECKU IIPUMEHSIICS ISl yCUIICHUS
MMMYHHOTO OTBETa Yy YXUBOTHBIX, OJIHAKO M3-3a BBI-
COKOM peakTOTeHHOCTH (BBIPAKEHHBIX BOCTIAINTENb-
HBIX peaKIliii, abcieccoB) OH ceifuac He NCTIONMb3YeTCs
B ITPOMBIIIJICHHBIX BETEPUHAPHBIX BaKIIMHAX, & OCTaJ-
Cs1 JIMIIB CPEACTBOM 3KCIIEPUMEHTAIbHON UMMYHOJIO-
ruu [14]. B koMmMepUyeckux BakIMHAX €My HA CMEHY
MPUIILTH OOJIee OUMIIICHHBIE MACIISIHBIC 8/TbIOBAHTHI —
HanpuMep, TrHelika Montanide ISA (pa3zpabotku dup-
MBI Seppic), MPECTaBISAONIAs PsII TOTOBBIX MACIISTHBIX
aJIbIOBAHTOB JJIsl BeTepHHApHH. [I[puMephl BKITFOUAIOT
Montanide ISA 25, ISA 50, ISA 206 u ap., KoTOpbIC
OTJIIMYAIOTCS COCTAaBOM Macia (MUHEpaJIbHOE WIN Me-
TabOIM3NpPyeMOe PaCTUTENIFHOE, HAITPUMED CKBAJICHO-
BO€) W TUIIOM SMyibcuu. Tak, Montanide ISA 206 —
pacupoctpaH€HHBIA anbioBaHT Tura W/O/W, naro-
UK TPOJIOHTUPOBAHHBIA 3((EKT U NPUMEHIEMBbIH
B BaknMHax npotuB surypa y KPC [15]. Macnsubie
aIbIOBAHTHI 0COOCHHO IIUPOKO UCIIONB3YIOTCS B WH-
AKTUBMPOBAHHBIX BaKIMHAX JJIS KPYITHOTO POTaToro
CKOTa M CBHHEH (HaIpuMep, MPOTHUB AIIypa, AydCKH,
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UPKOBHUPYCA U MP.), Te TpeOyeTcss MOIIHBIA 101-
TOBPEMEHHBIM UMMYHUTET [16]. Y mTuiy Macisnobie
aJbIOBAHTHI IPUMEHSIOTCS TJIABHBIM 00pa3oM B HH-
AKTHMBMPOBAHHBIX BaKLMHAX U MJIEMEHHOIO CTaaa
(manmpumep, npotuB Bupyca Hplokacna mnu rpunna
NTHIL), TIOCKOJIBKY JJ1s1 OpOIIepOB MHIMBULYaJIbHbIC
WHBEKIUH 3aTPYIHEHBI U SKOHOMHYECKH HEBBITOTHBI.

MexaHu3Mm jaeiicTBUsl. DOMYIbCUU (GOPMHUPYIOT
B MECTE HHBEKLIUY KaIICYJIbl U3 Kallellb Macja, BHYTPH
KOTOPBIX «KOHCEPBUPYETCs» aHTUreH. Kak u axbroBaH-
TBI HA OCHOBE COJICH aTFOMUHMSI, MACJISTHBIN aTbIOBAHT
CITY’KUT JIETIO /715l aHTUT'eHa, OHAKO ¢ O0Jiee INTeNb-
HBIM 3QQEKTOM: YaCTHIIBI THAKTUBUPOBAHHOTO aHTH-
TeHa BEICBOOOYK/TAI0TCS M3 MACIIHBIX KaIleslb MEJICH-
HO, BbI3bIBas NMPOAOJDKUTEIbHYIO CTUMYIISLUI0 UM-
MYHHOH CHCTEMBbI, YTO MPUBOIUT K (POPMHUPOBAHHIO
CHJIBHOTO M ITPOJIOJIKUTENBHOIO UMMYHHTETA [7, 14].
OnHOBpEMEHHO Macila MHAYIMPYIOT JOKaJIbHOE acerl-
THYECKOE BOCHAJICHHUE: THAPO(GOOHBIC MOJICKYJIbI 10-
BPEK/IAIOT KIIETOUHbIE MEMOPaHbI, aKTHBUPYIOT KOM-
IUIEMEHT U BBI3BIBAIOT BHIOPOC NMPOBOCTIATUTENIBHBIX
uToKnHOB (Harpumep, NJI-6, DHO-o)) makpodaramu
[17]. B pe3yabrare sMynbcus IPUBIEKAET UMMYHHBIE
KJIETKH (HEUTPO(DUIIbI, MOHOLIUTHI) K MECTY HHBEKIIUH.
MacnsHble aabIOBaHThI, KaK MPaBUIIO, CTUMYIHPYIOT
npenmyiiecTBeHHO Th2-Tunm MMMYyHHOTO OTBeTa —
MHTEHCHBHYIO BbIPAOOTKY aHTHUTEII, IOCKOJIbKY CIIO-
COOCTBYIOT NpE3CHTALUN aHTUreHa B-numdonuntam
u CD4+-xennepubiMm T-knetkam [17]. Knertounsriit
Thl-orser (mponykums MDH-y, akTHBaLus TUTOTOK-
CHUECKHX JIMM(OIIUTOB) BEIpaKEH ciiadee, OJJHaKO MO-
JKET YCUJIMBAThHCS IIPU 0OABJICHUH B SMYJIbCUIO UIMMY-
HOMOAYNATOPOB [ 1 8]. BaxHbIM CBOWICTBOM MaCIISIHBIX
aJBIOBAHTOB SIBJISIETCSI CIIOCOOHOCTh MHIYLHPOBAThH
JUTUTENbHBI UMMYHHUTET: 3a CU4€T Aeno-aQderra
U CUJIbHOW BOCHAJIMTEIBLHON CTUMYJISILIUY TUTPBI aH-
TUTEII COXPAHSIOTCS Ha BBICOKOM YPOBHE MHOTHE Me-
CSILIBI [TOCTIE BAaKIMHALMU. Taxke OTMEYEHO, YTO Mac-
JISIHbIE BAaKIIMHbBI MEHBILE [T0JIBEPKEHBI BO3JCHCTBHIO
MaTE€pUHCKHX AaHTUTEN Y HOBOPOXKAEHHBIX AKUBOTHBIX,
o0ecrieurBasi akTUBHBI UMMYHHTET J1aXKe B TIPUCYT-
cTBUM naccupHOTO [19].

IIpenmymecra. MacisiHble SMYyIbCUU CUUTAIOT-
Cs OMHMMH M3 HamOoJiee MOITHBIX aabioBaHTOB [1].
Omnu obecrneynBaroT BEICOKUN YPOBEHb aHTUTEN (B T. .
HEWTPaIN3YIOLINX ) U I0JATOCPOYHYIO 3aIHTY, TPEBOC-
x0/151 10 3(P(HEKTUBHOCTH ATFOMOCOIEPIKAIINE BAKI[H-
Hbl [ 7]. Hanpumep, nHaKTUBHPOBaHHBIE BAaKIIUHBI IIPO-
TUB SILyPa Ha MAaCJITHOM abIOBAHTE BbI3bIBAIOT O0JICE
OBICTPBIN 1 CUITEHBIN IMMYHHBIH OTBET, YeM TPaTUIIH-
OHHBIC BaKLIMHBI HA OCHOBE COJICH aJTFOMUHHUSI C Carlo-
HuHOM [20]. MacnsiHble BaKIIMHBI TAKKe JTy4IlIe mpe-

OZIOJICBAIOT BIIMSTHUE KOJIOCTPAIBHBIX AaHTUTE U MOTYT
o0ecrneunBaTh paHHIOIO 3aIIUTY )KUBOTHBIX B CITydae
snu3o00tuu [21]. CTOUMOCTh MacCIsIHBIX abIOBAHTOB
HEBBICOKA, PELIETITYPBI OTHOCUTENILHO IPOCTHI [ 7], OHU
YHUBEPCATBHBI JIJIS1 PA3IMYHBIX TUTIOB AHTUTCHOB (BU-
PYCHBIX, OaKTepHaTHHBIX ) ¥ TPUMEHUMBI Y Pa3HBIX BH-
JIOB MJICKOTIUTAFOTINX.

Henocrarku. [1aBHBIN HEQOCTATOK — BBICOKAS
PEaKTOreHHOCTh MACIAHBIX aJAblOBAaHTOB. B MecTe
WHBEKIUU YacTO Pa3BUBACTCS 0OOJIEC3HEHHOE BOCIA-
JIEHWE, BOBMO)KHO 00pa30BaHME TUIOTHBIX TPAHYIEM
WJIN KHCT, KOTOPBIE COXPAHSIOTCS JUTUTEITLHOE BPEMS
[7, 22]. Y KpymHOTO pOTraTroro CKOTa MacjsSHBIC Bak-
[IUHBI MOTYT IPUBOJIUTH K MIOBPEIKACHUIO TKaHEH (He-
Kpo3y) H pyOlleBaHHIO MIKYpP (YTO CHIXKACT UX TOBap-
HYIO IIEeHHOCTh) [16]. B skcrepumeHTax Ha CBUHBAX
CpaBHCHHUE HECKOJBKUX aJbIOBAHTOB IOKA3ajl0, YTO
MMEHHO MAacJISTHbIE BBI3BIBAJIM HAamOOJIee BBIPAKCH-
HBIE TKAaHEBBIE PEaKINH — OOIINPHBIE MTOTPAHYIEMBI
B MbInax [23]. Kpome Toro, cucreMHble OCTBAKLU-
HaJIBHBIE CUMIITOMBI (JINXOpaJiKa, ociiabieHue Habopa
Macchl) 0osiee XxapaKkTepHbI I MacyIsTHbIX BaKLIUH [24].
Hampumep, y 1OMHBIX KOPOB IIOCJIE BAKLIMHALMU UH-
AKTUBUPOBAHHOHN BAKITMHOW MPOTHB SITypa HAOIIOMa-
JIOCh MOBBIIIEHHE TemnepaTypsl Ha 1—1,5 °C B Teue-
Hue ~48 4acoB U BpEMEHHOE CHUKEHHE yA0sl Ha ~2 KT
B JieHb [24]. [TosTOMYy nprUMeHEHUE MACIIIHBIX BAKIIUH
MOXKET COMPOBOXKIATHCS KPATKOBPEMEHHBIM CHUKCHU-
€M IpOIyKTHBHOCTH. Emé oHa mpobiema — mpu ciry-
YaifHOM CaMOTIONaIaHAH MAcIITHOTO aTbIOBAHTA YeIlo-
BeKy (YKOJI BAKIIMHOM ) pa3BUBACTCS TSHKEOE JTOKAIb-
HOE BOCTaJICHUE, TSHKEIIO ToJIIaro1eecs JeueHuro [ 7].
ITo 9TOii MpUYKMHE MUHEPAIbHBIE MACJIA HE UCIIONIb3Y-
FOTCS B BaKIIMHAX IS JIFOJICH U B BETEPUHAPUU Tpe-
OYIOT OCTOPOKHOTO OOpaIeHusl (Ha 3TUKETKAaX TaKUX
BaKIIMH 0053aTEhbHO YKa3bIBAIOT MPEAYPEKIASHUS
0 PUCKE TIpY CAMOWMHBEKITNH BeTeprHapoM ). Hakonerr,
MUHEpaJbHBIC Macia OMOJOTHYECKH HE Pa3JiaratoTcs
U MOTYT COZAEP:KATh CIeNbl BPEIHBIX MpUMecei (Ha-
IpUMEpP, apOMATHUECKUX YTIEBOIAOPOIOB), XOTS CO-
BpPEMEHHBIE MPeTaparhl MPOXOIAT OYUCTKY. B mocen-
HUE TOJBI [T CHUYKEHUSI TOKCHYHOCTH HCCIEYIOTCS
JIETKO METa0OIH3UpyEeMbIe Maciia — HallpuMep, CKBa-
JieH (M3 MEYEHU aKyJbl) U PacTUTEIbHbIC CKBaJIaHBI,
ncnosib3yemsie B amyabcusix MF59, AS03 u np. [25].
Takwne maciia oTHOCTBIO PACCACHIBAIOTCS B OpraHU3-
Me ¥ HAMHOTO MEHEee PEeaKTOTeHHBI, XOTS M yCTYTaloT
10 MIMMYHOT€HHOCTH MUHEpaJIbHbIM aHajoram [26].

3. Canonunoevie aoviogarmaol
OcHoOBHbBIE TIPEACTABUTEIH U HCIOJIb30BAHUE,
CaHOHI/IHBI — 3TO HpI/IpOJIHBIe TJTIMKO3UbI, BBIACIISAC-
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Mble U3 pacTeHuil (pexe M3 MOPCKUX OPTaHU3MOB),
oOrayatoniue BHIPAKEHHBIMA UMMYHHOCTHMYIIHPY-
fomuMHu cBoicTBamu [27]. Kitaccnueckum mpumepom
CITy’)KUT CAallOHMHOBBIHN nipernapar Quil A, momydaembiii
u3 kopsl Aepea Quillaja saponaria (MBUTEHOE AEPEBO)
[19]. Quil A mpencrasisier coboii cMech U3 OoJiee YeM
20 TpUTEPIICHONUTHBIX CAIIOHUHOB M UCTOPUIECKH IIIH-
POKO IPUMEHSIETCSI KaK abIOBAHT B BeTepruHapuu [28].
B gactHOCTH, BaKIIMHBI POTHUB SIIITypa ISt KPYITHOTO
poraroro ckoTa ¢ 1970-x rooB cofepxkaiu KOMOuHa-
LU0 THPOKCH 1A aTIOMUHUS U carioHnHa Quil A—ota
(dopmyna OblIa CTAaHIAPTOM BO MHOTHX cTpaHax [19].
CarnoHHHBI BXOJIAT M B COCTaB HEKOTOPBIX COBPEMEH-
HBIX KOMMEPUECKHX aTbIOBAHTOB: TaK, BETEPUHAPHBIN
npenapar VetSap® npeacTaBisieT OYHIICHHbBINA KBUII-
naiickuii caroHuH, a Matrix-M™ — marpwuina Ha oc-
HOBE HAHOYACTHI U3 KBIJUIAHCKUX CallOHMHOB (pa3pa-
OoTaHa JyIs YeIOBEUECKUX BaKIMH, HATIPUMED, IPOTHB
mansipun 1 COVID-19) [29]. [dpyras BaxHas ¢pak-
musi — QS-21, oTAeNbHBIN CAIIOHNUH, BBIJCICHHBIN U3
Quil A; oH MeHee TOKCHYEH H TI0ATOMY HCIIONB3YeT-
Csl B KIIMHIMYECKHUX UCCIIEOBAHUSIX M HEKOTOPHIX BaK-
LIMHAX JUIs YeJioBeKa (BKIOUEH B aabioBaHThl ASO1,
AS02) [30]. B Berepunapun QS-21 moka He MOTydHi
IIMPOKOTO NMPUMEHEHUS M3-32 BBICOKOH CTOMMOCTH
ounctku [31], omHako u3ydaercs Kak d6oiee Oezomac-
Has 3ameHa Quil A [32]. CanloHHHOBBIC aTBIOBAHTHI
0co0eHHO 3(p(heKTUBHBI /1715 BAKIIUH IPOTHB BUPYCHBIX
HH(EKLH, TpeOYIOINX KaK T'yMOpPaIbHOT0, TaK 1 Kile-
TOYHOTO UMMYHHUTETA [ 8]. FIX MpUMEHSIOT, HanpuMep,
B MHAKTHBMPOBAHHBIX BAaKIIMHAX MIPOTHB SIIypa, BH-
pyca penpoayKTHBHO-PECITUPATOPHOTO CHHIPOMA CBH-
Helt (PPCC) u B akcTIepuMeHTaIBHBIX BAKIIMHAX TIPO-
TUB APYTHX BUPYCOB (B T. 4. B agbloBanTe ASO1 s
MaJISIpUH U OTIOSICBIBAIOIIETO JIKIIas y uenaoBeka) [33].

Mexauusm aeiicteusi. CarroHNHGBI 00J1aJaF0T KOM-
IJIEKCHBIM JIeHICTBHEM Ha UMMYHHYIO cuctemy. OHI
aM(pUPUITBHBL, TO €CTh MOTYT B3aUMOJICHCTBOBATH KaK
¢ MeMOpaHaMH KJIETOK, TaK U C PACTBOPUMBIMU MO-
nexymnamu [34]. Quil A ciocoben popmupoBarb oco-
Oble HAHOCTPYKTYPbl — HUMMYHHBIE CTUMYJISITOPHBIE
rxomriekcsl (ISCOMs) — mpu cMeImBaHuu ¢ XoJie-
crepuaoM u pocdomumuaamu [35]. ISCOMs pas-
MepoM ~40 HM 3(pPEeKTHBHO 3aXBaTHIBAIOTCS aHTH-
TeH-TIPE3CHTHPYIONUMH KIETKAMH U OJTHOBPEMEHHO
JOCTABJISIIOT CBSI3aHHBINA aHTUICH U CTUMYJIHPYIOT pe-
uenrtopsl (Hanpumep, NLRP3-undnammacomy u, Bo3-
MOXKHO, HeKoTopbie Toll-momo6nbIe perenTopsr) [36].
CanoHWHBI MHAYITUPYIOT KaK CHIIBHBIN aHTUTEIbHBIN
otBeT (Th2), Tak 1 BRIpaKEHHBIN KIETOYHBIN UMMY-
uHuteT (Thl) [34]. OHM yHUKANBHEI CBOEH CIIOCOOHO-
CTBIO YCHJTBATh IUTOTOKCHUECKHiA 0TBeT: Quil A 1 ero

¢bpakunu (Hanpumep, QS-21) cTUMyIUpPYIOT 00paso-
BaHUE IUTOTOKCHMYECKUX T-TMM(OLMTOB, BEPOATHO, 32
CYET aKTHBALMU KPOCC-TIPE3EHTAIIY aHTUT€HA Yepe3
MHC I myTb B neHApUTHBIX KiIeTKax [36]. Kpome Toro,
CaNlOHUHBI YCHJIMBAIOT BBIPA0OTKY IMTOKMHOB: OTMeE-
YEeHO MOBBIIIEHUE YpOBHEW mHTepneiiknHoB (MJI-2,
NJI-12) u marepdeponos (MDH-y), uro cmemaet oT-
BeT B ctopoHy Thl u akTUBHPYET KIETOYHBIH UMMY-
Hutet [32]. Takum 00pa3oM, aJIbIOBaHTHI HA OCHOBE
CaIlOHMHOB CIIOCOOHBI BHI3BIBATH COAIaHCHPOBAHHBIH
MMMYHHBI OTBET, COYETAIOLIUN HEUTpanu3yromne
AQHTUTEJIA U KJIETOYHYIO IPOTUBOBUPYCHYIO 3aILUTY.
IpeumymecrBa. CartoHUHOBEIE aBIOBAHTHI 00-
JafaT BHICOKOH 3ddexTuBHOCTRI0. OHU 3aMETHO
YCHJIMBAIOT UMMYHOT'€HHOCTb BakIHMH, O3BOJISIS JI0-
OUTHCA Kak TYMOPAJIBHOTO, TaK U KJIETOYHOTO UMMY-
Hutera [36]. B skcniepumenrtax gobaeinenue Quil A
K BaKIIMHAaM I0Ka3bIBajo pocT TUTPoB aHTUTEN IgG,
B T. 4. kjacca [g(G2, a Takke yBeTuUeHHUE MOMYISIUN
NDH-y-nponyuupytomux T-mumdonuros [8]. Taxk,
BkitoueHne Quil A B BaKUMHY MPOTHUB SIIIypa CyIle-
CTBEHHO MOBBIIIAIO0 UMMYHHBIH OTBET Yy KPYIHOIO
poraroro ckota [19]. B ombiTax Ha mopocsTax caro-
HuH Quil A, 1oOaBICHHBIN K )KHBOW BaKITUHE IIPOTHB
PPCC, ycunmuBait reHHYI0 SKCIIPECCHIO HHTEP(HEPOHOB
[ Il TMTIOB ¥ IPOBOCTIANUTENBHBIX IUTOKUHOB, YITyd-
11as 3alUTy OT TeTepOIOrMYHOro mTamMmma Bupyca [3].
To ecTh CallOHWHBI MOTYT MOBBIIATH 3()(HEKTHBHOCTD
Jlake )KMBBIX BakIyH [8]. K mpenmymiectBam OTHOCHT-
Cs1 ¥ TO, YTO MHOTHE CallOHMHBI PACTUTEIILHOTO IPOUC-
XOKACHUS TOCTYIHBI U3 IPUPOAHOTO CHIPHSI UM OHO-
TEXHOJOTUYECKH (HapuMep, 3a CYET BHIPALIMBAHUS
Quillaja Ha utanTanusx) [37]. B Berepunapuu Quil A
YCTEITHO MPUMEHSETCS y’Ke HECKOIBKO ECATHIICTHIA.
Hepocrarku. I'maBHbIN HENOCTATOK — MOTEHIIH-
abHasi TOKCUYHOCTH carloHUHOB. OHU 00/1a/1a10T Te-
MOJIUTHUYECKOH aKTUBHOCTBIO (pa3pyILatoT SpUTPOLIU-
TBI TIPH KOHTAKTE), TIOATOMY JOJIKHBI PUMEHSITHCS
B OIpaHUYCHHBIX J103ax [31]. Quil A u mogo0HbIC eMy
CBIPHbEBBIC DKCTPAKTHI MOTYT BBI3BIBATH Y )KUBOTHBIX
MECTHOE pa3apakeHue, 00Ib MPU UHBEKIIUN U Gop-
MupoBanue rpanyiaém [38]. Taxxe onucaHbl ciryyau
HEKPO30B B MECTE BBEJCHHS TP BBICOKHX 103X [8].
B uncrom Buze Quil A cnUImKoM TOKCHYEH AJISl TIpH-
MEHEHUS y Jro/iel (TOMHMO MECTHBIX PEaKIHii, MOXKET
BBI3BIBATH JIMXOPAJKY U cucTeMHbIe 2P dexTsl) [32]. [o
9TOM MPUYMHE TSI MEAULMHBI BBIICJININ MEHEE TOK-
cuunble ¢ppakmn (QS-21 u ap.) WK UCTIONB3YIOT HH-
KarcyJIMpoBaHHbIE (HOPMBI CATOHUHOB — HAPUMED,
ISCOM-matpuiipl, Ti€ CamOHUH BCTPOEH B JUMHUI-
HYI0 HAaHOYACTHILY, YTO CHIKAET €ro MPSAMOil KOHTaKT
¢ KJIeTKaMd U 00JIe3HEHHOCTh BBenmeHus [39]. B Be-
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tepuHapuu Quil A cunTaeTcsi MpUEMIIEMBIM, OTHAKO
TpeOyITCS MEphI MPEOCTOPOIKHOCTU: CTPOTHI KOH-
TPOJIb JI03bI, ITyTH BBEICHUS (TOJIBKO BHYTPUMBIIIICU-
HO, TaK KakK IMOKOKHO PHCK PEaKIiil BBIIIE), U COYe-
TaHWe C APYTUMH aIBIOBAaHTAMH JUISl CHHYKEHUS TOK-
cuy”octd [40]. Emeé ogHuM orpaHudYeHUEM SIBISIETCS
HU3Kas CTa0OWILHOCTh CAalIOHUHOB B BOJHBIX PaCTBO-
pax u npu xpaHeHuu [31]: BakIMHBI C HUMU TpyJIHEE
CTa0MIM3UPOBATH TIPH IJIUTEIIHPHOM XPAaHCHHUU, XOTS
COBpeMeHHBIC (OpMYIBI (HapuMep, CyXrue HaHOMa-
TPHIIBI C CATTOHUHOM ) YACTUYHO PEIAOT ATy MTPoOIeMy
[39]. Ho6aBum, uTO 3(HEKTUBHOCTH CATTOHMHOB MO-
JKET CHJIbHO BaphUPOBATh MEXKIY BUJAMHU: Y HE MJIe-
KOTIUTAIOUIHNX (IITHLL, pbI0) CATTOHMHOBBIE a/TbIOBAHTHI
OKa3aJINCh 3HAYUTEILHO MEHEE JNCHCTBEHHBIMH, YEM
Yy MIIEKOITUTAIONINX, BEPOIATHO HM3-32 OTIMYUN B MM-
MyHHOH cucteme [41]. [ToaTomy Ut NTHIEI U PBIO
Quil A mpumeHsieTcst peKo Wi B KOMOWHAITUH C IPY-
TMMH THIIAMU aJIbIOBaHTOB [42].

4. Bakmepuanvhvie npou3eooHbvle
(runononucaxapuovt,
CpG-onuzonykneomuowt u op.)

OcHoOBHBIE NPEACTABATEN U HCIOIb30BaHUE.
K 9370i1 rpymne oTHOCSTCS KOMIIOHEHTBI OaKTepralib-
HBIX KJIETOK UJIM UX CHHTETUYECKHE aHAJIOTH, KOTOpPhIE
PacCIIO3HAIOTCS PEIEITOPAMHU BPOKAEHHOTO IMMYHH-
TE€Ta U TEM CaMbIM YCUJIMBAIOT UMMYHHBIHN OTBET [43,
44]. K x1accuyeckuM UMMYHOCTHMYJIITOpaM Takoro
pona otHocutcs nunononucaxapup (JIIIC) rpamot-
pHIATENBHBIX OaKTepHii — MOIIHBIA aKTHBATOP HM-
MYHHBIX KJIeTok uepes Toll-momoOuerii penenrrop 4
(TLR4) [45]. U3-3a BBICOKOW TOKCHYHOCTH ITOJTHO-
teHHbId JIIIC (3HIO0TOKCHH) HE MOXKET MIPUMEHSATHCS
HanpsIMy0, HO CO3/JaH €r0 aTTeHYHPOBaHHBIA BapH-
anT — MoHodochopummnug A (MPLA), npencras-
nstronuid unuaseiid pparment JITIC ¢ moHvmkeHHON
ToKCHYHOCTHIO [9]. MPLA BKITIO4EH B COCTaB HEKO-
TOPBIX aIBIOBAHTOB, HampuMep, AS04 (cmecb MPLA
C THJIPOKCHIIOM aJIFOMUHUSI) — 3TOT aJbIOBAHT HC-
MOJIb3YETCs B psiie BaKIMH (IIPOTHB BUpYca MaNuiI-
JIOMBI y yenoBeka u nip.) [46]. B Berepunapun MPLA
MOKa TIPUMEHSETCSl PellKo, TIIaBHBIM 00pa3oM B HC-
CJIeZIOBAaTENbCKUX BakiWHaX. Jpyrum Tumom Oaxre-
pPHANBHBIX aIbIOBAHTOB SBISIOTCS UMMYHHOCTHMY-
nupytromue JJHK-nocnenosarensHocTy, npexae Bee-
ro CpG-onuroae3okcunykiieotru sl (CpG-OJ[H). Do
KOpoTKHe cuHTeTnueckue gparmentsl JJHK, obora-
mEHHBIE HEMETHIINPOBaHHBIMU MoTuBamMu CpG, Ko-
TOpBIE XapaKTEpHBI I OaKTepHaJIbHOTO TeHOMa
[43]. CpG-OH pacnoznatorcst TLRY, skcnpeccupo-
BaHHBIM B B-KkieTkax u mia3MOUUTOUIHBIX ACHAPUT-

HBIX KJIETKaX MJIEKOITUTAIOIINX, BHI3BIBAS MX aKTHBA-
o [44]. CpG-aaproBaHTHI HCCIICAOBAHEI HA PA3JIHY-
HBIX KUBOTHBIX — OT MbIer 10 KPC — u nokaszanu
CHOCOOHOCTh CABUIaTh UMMYHHBIH OTBET B CTOPOHY
Thl (ycunenue Boipabotku UdDH-a, UDH-y) [47].
Hexotoprie cuatetndeckue CpG (mampumep, CpG
1018) y»e MpuUMEHSIOTCSI B KOMMEPYECKUX BaKITMHAX
IS YeToBeKa (BaKI[MHA IPOTHB TeraTuTa B, omoopeH-
nas FDA HEPLISAV-B®), a B BeTepHHApHH JTaHHBIC
COCTMHEHMS TT0Ka HAXOAATCS HA CTAJINU MCIIBITAHHH.
Kpowme JITIC u CpG, x GaxTepraabHBIM UMMYHOMO-
JyAATOpaM MOKHO OTHECTH TOKCOMJIbI (MHAKTHUBHU-
pOBaHHbIE OaKTepUANBHBIE YK30TOKCHUHBI, KOTOPHIE
caMu 00NagaroT aJabIOBAaHTHONW aKTHBHOCTHIO), KOM-
MTOHEHTHI KJIETOYHOI CTEeHKN MUKOOAKTepHii (CHITbHBIE
Th1-cTUMYNATOPBI, UCTIONB30BAHCH B IIOJTHOM abI0-
Bante Opeitnna), ¢pnaremnun (ctumynsarop TLRS)
u 1p. [48]. Oxnako Haubomnee NepCeKTUBHBIME 1 U3~
yueraHsiMu octatotes MPLA u CpG [5].

Mexanusm aelicTBus. bakrepuanbHble aablOBaH-
ThI 3aITyCKaIOT KacKaJ BPOXKIEHHOTO NMMYHHTETA Ye-
PE3 aKTHBAIIUIO TATTEPH-PACIIO3HAIOIINX PELEITOPOB.
Jlumun A (xomnonent JIIIC) cesaspiBaercs ¢ TLR4
B KOMIUIEKce ¢ perentopoM MD-2 Ha KieTkax UMMYH-
HOW CUCTEMBI, YTO IPUBOANT K CEKPELIH TIPOBOCTIAIIH-
TenbHBIX ITuTOKuHOB (PHO, NJI-1, NJI-6) u cuinpHO-
My CO3PEBAHUIO ACHAPUTHBIX KIETOK [45]. BakuuHbl
¢ MPLA BbI3bIBatoT BelpaskeHHbIH Thl-oTBeT U ycu-
JUBAIOT mpoaykuuto auturen IgG2 3a cuér aToi Boc-
najurensHoi axtuBauu [9]. CpG-OH umutupy-
foT 6akrepuansuyio JJHK u pacrmosnatorcs BHyTpH-
KieTouHbIM penentopoM TLRY y mitekonuTaromumx
u TLR21 y ntun [49]. CpG-OJH B3auMonencTBytoT
¢ TLR9 B 3H10COMaX M1a3MOIUTOUAHBIX AEHAPUTHBIX
KJICTOK U B-JIMM(OLIUTOB, 4TO CTUMYIIUPYET BBIPAOOT-
ky UDOH-o u npyrux nmutoknHos BKiroyas MJI-12, uto
nenaetr CpG-O/IH oganmu u3 cambIx 3 (HEKTHBHBIX
nHaykTopoB Thl-oTBera, a Takke MPsIMO aKTHBHUPY-
eT B-kneTku k nmponudepanuu 1 mpoayKIIuu aHTUTEI
[50]. UTor — MomHas MHIYKIHS KJIETOYHOTO UMMY-
Hurteta (yBenuyenue yncnennoctu Thl-knetok, NK-
KJICTOK, ITUTOTOKCHYECKUX JTUM(POITUTOB) U OTHOBpE-
MEHHas abIOBAaHTHOCTH IS TYMOPAJIBHOTO OTBETA
[47]. OTH OJUTOHYKJIECOTUIbl AKTUBHO HCCIEIYIOT-
Csl B KQUECTBE aJbIOBAHTOB ISl BETEPUHAPHBIX BaK-
LUH, IJie TpeOyeTCs CUIbHBINA KIIETOYHBI IMMYHUTET
[51]. Hanpumep, no6asinenre CpG B BaKIUHBI Y KPYTI-
HOTO POTaTOr0 CKOTa MOKA3aJI0 YCHIIEHUE BRIPaOOTKU
N ®H-y 1 noBBIIIEHNS TUTPOB 3aIUTHBIX aHTUTEN OJ1-
HOBpeMeHHO [52]. bakTepuanbHble albIOBAHTHI TaK-
ke 3(pPeKTUBHBI MPH MYKO3aJbHOH MMMYHHU3ALNH:
n JIIIC, u CpG MoryT ycuiamBaTh CEKPETOPHBIA HM-

BerepunapHsrii hapmakomornaeckuii BeCTHHK « Ne 4 (33) « 2025 59



O. I1. Xpunxo, /. U. Konosanos, A. B. [mywenxo, A. IO. Anexcees, M. A. [llecmonanos

MYHHTET TP HAHECEHHUHU Ha CIM3UCTBIE (MX BKIJIIOYa-
10T B DKCIIEPUMEHTaJbHbIE Ha3aJbHBIE U OpajbHbIC
BaknuHbI) [52]. CriexyeT oTMeTuTh, uTo MEHOTHE TLR-
JIMraHbl AEHCTBYIOT BUIOCTICHU(DUIHO — HAIIPUMED,
pasHble BUBI KUBOTHBIX UMeIOT TLRO ¢ pa3Hoii uyB-
CTBUTEIBHOCTHIO K nanHoMmy CpG-motuBy. HoBwie
cunrernueckue CpG craparorcs Jenarb «IaHcIe-
HUGUUHBIMI», AKTUBHBIMY JIJIs IIUPOKOTO KPyra Bu-
noB. Tak, onux n3 BapuanToB CpG (Ha3siBaeMbrit CpG
55.2) okazascst akTHBEH KaK y MBIIIEH, TaKk U Y XOMsI-
KOB, XOPbKOB, IPUMATOB U PAJa CEIbCKOXO3HCTBEH-
HBIX )KUBOTHBIX [53]. B 11es10M OakTepuaibHbIe MoJie-
KYJIbI 3aIlyCKatOT BPOXKIEHHBI UMMYHUTET, KOTOPbII
«HACTPauBaCT» MOCIEAYIOILYIO alallTHBHYIO PEAKIIHIO
OpraHu3Ma Ha BaKLUHHBIH aHTUTEH.

IIpenmymecTBa. bakrepuanbHble MPOU3BOJI-
Hbl€ — OJIHM U3 CaMbIX MOIIHBIX UMMYHHBIX aKTH-
BaTopoB. OHU OCOOGEHHO IIEHHBI IS YCUJIEHUS Kile-
TOYHOTO UMMYHHUTETA, KOTOPOTO HEIOCTAET JPyTUM
anproBanTaM [54]. Jlo6asnenne CpG, Hampumep, Mo-
KET NMPEeBPaTUTh MPEUMYIIECTBEHHO AHTUTEIbHYIO
BaKLUHY B KOMOMHUPOBAHHYIO, BBI3BIBAIOIYIO TAKKE
T-xnerounslii orBeT [47]. B akciepumenTax Ha KpyTi-
HOM pOTaToM CKOTe KOMOWHAIIWSI HHAKTHBHPOBAHHOM
BakmHbl ¢ CpG-OJ1H nprBoauia k CyIecTBEeHHOMY
pocty koHueHTpauuu MTH®-y B CBIBOPOTKE U aKTHUBA-
LUH KJIETOK KJIETOUHOTO HMMYHHUTETA 110 CPABHEHHIO
C BakIMHOU Oe3 aaproBaHTa [52]. bakTepuaibHbie
a/IbIOBAHTBI TAKXKE YacTO 3PPEKTUBHBI IPU BBEICHUH
HU3KHX J03, YTO MTO3BOJIIET CHU3UTh CTOMMOCTS [55].
Wx cunretndeckne Bepcnu (Hampumep, CpG) xumu-
YEeCKH CTaOMIIbHBI, HE TPEOYIOT YCIOBHH XOJIOJOBOM
LETIU U IpOCThl B npousBoactee [56]. Kpome toro,
KOMOMHAIMS TAKUX aABIOBAHTOB C IPYTHUMU JIAET BbI-
paXeHHBINH cuHepru3Mm [57].

Henocrarku. [IpoGiaemoli ucIoib30BaHus Oak-
TEpHUAJIbHBIX NMPOU3BOJIHBIX SBISETCS BBICOKAs pe-
AKTOT€HHOCTH aAbIOBAaHTOB U MX BHUAOCHEHHPUY-
HOCTb. MOIIHBIN BOCHAIUTEIbHBIA OTBET, BbI3bIBac-
Mmbiid JITIC wnu ero ananoramu, 4peBar MOOOYHBIMH
peaKIusIMU — JINXOPAKOHN, CHIP)KEHHEM aKTUBHOCTH
YKUBOTHOTO, WHOT/IA aJJIEPTONOA00HBIMHU SBJICHUAMHU
(Hanpumep, apTPUT U YBEUT, OTMEUEHHBIE AJISI HEKO-
TOPBIX OaKTepUANBHBIX aabioBaHTOB) [58]. [ToaTomy
B BakIMHaX npumeHsioT He nonublit JIIIC, a ocnad-
nenHslit MPLA B orpanndenssix konnuectsax. CpG-
OJIMTOHYKJIEOTH/IBI B BBICOKHX J103aX CIIOCOOHBI MHTY-
LMPOBAaTh CHHAPOM BbICBOOOKICHHS IUTOKUHOB («LHU-
TOKHHOBBIA IITOPMY), UTO Takke omacHo [59]. Emé
OJIHA CJIO)KHOCTb — CIEHU(PUIHOCTh K BUILY: aJIblO-
BaHT, pa3paboTaHHBIN Ha MBIIITHONW MOJICITH, MOXKET HE
paboTarh y KpyITHOTO poraToro cKoTa u3-3a pa3indaui

B penentopax. Hanpumep, HexoTopeie CpG, ¢ dek-
TUBHBIC Y TPBI3YHOB, OKA3aJIMCh HU3KO 3P PEKTUBHBI-
MU y KpyIHBIX IpUMaToB U cBuHeil [49]. Takue agbro-
BaHTHI TPEOYIOT MOA0O0P MOCIEAOBATEILHOCTH C yué-
TOM BHIa BAKIIMHUPYEMOTO KUBOTHOTO. TeM He MeHee
CO3JaHNE «YHMBEPCAJIbHBIX)» MOJIEKYJl, aKTUBHBIX Ha
MHOTHX KHBOTHBIX (Kak ymmoMmstHyThIi CpG 55.2), Bce-
nseT onTuMuU3M. Taxke ciaeayeT yuuThIBaTh BOIPOCHI
HOPMAaTHUBHOTO PETYIHPOBAHUS: HOBBIE CHHTETHYE-
CKHE aJIbIOBaHTHI TPEOYIOT THIATENILHON OLCHKH 0e3-
OTIACHOCTH TIEpe]] JINIIEH3UPOBAHUEM, UTO YUIUHSIET
UX IMYTh 10 KOMMEPUYECKOTO IPUMEHEHUSI.

5. Hanomamepuansl u KOMnO3umHbsle
cucmemul (HAHOUACMU DL,
AUnOCoMul U 0p.)

OcHoBHBIE NMPEACTABUTEN U UCTIOIb30BaHHUE.
CoBpeMeHHOE HampaBlieHHe pa3pabOTKH aIbIOBAH-
TOB CBSI3aHO C HAHOTEXHOJOTUsMH. HaHomarepuass
NPEACTABISIOT cO00i OMH U3 HanOoJIee MePCIIeKTUB-
HBIX KJIACCOB a/1bIOBAHTOB, IIOCKOJIBKY OHH COYETAIOT
B ceOe (PyHKIIMH KaK CHCTEMBI JOCTaBKH, TAK U UMMY-
HOCTHMYJISITOpA. MIX pazmep, cOocTaBuM ¢ pa3MepoM
BrpycoB (00sr4HO 20—200 HM), U CITOCOOCTBYET MX
3¢ GeKTUBHOMY MOTJIONICHNIO aHTUTCHITPE3EHTHPYIO-
mMe KieTkamu. K TakuMm aJibroBaHTaM OTHOCSITCS:
Ouonerpaapyemble MoIMMEepHbIE MUKPOYACTHIIBI (Ha-
IpUMep, U3 MONIMIaKTHAa-Ko-TKomaa, PLGA) [60],
TUTIOCOMEI [61], HaHoTemu [62], BupycommomoOHbIe va-
CTHIIBI [63], SMyJIBCHH HOBOTO TOKOJICHHS (Ha OCHO-
Be MeTa0OIM3UpYEMBbIX Macen) [64], a Takke UMMYH-
Hble cTuMynupytomue kommiekcsl (ISCOM) u3 ca-
noHUHOB [65]. [Tonumepubie MukpouacTuilsl (PLGA,
TTOJTUKAIPOJIAKTOH H JIP.) MCIIONB3YIOTCS IS Karcy-
JUPOBAaHUS aHTUTEHOB: aHTUTEH BHYTPH TaKWX Ya-
CTHII 3alIUIIEH OT Pa3pyIICHUS U BBIACISAETCS MOCTE-
MIEHHO, 00ecIeunBasi €ro KOHTPOIUPYEMOE, TPOJIOH-
TMPOBAHHOE BBHICBOOOKACHUE, UMUTUPYS TEM CaMbIM
XPOHMYECKYIO aHTUTeHHYIO CTUMYJISIuUIo [66]. B Be-
TEPUHAPHON BaKIIMHOJIOTUN WCCIEAYIOTCS BaKI[MHBI
Ha ocHOBe PLGA-HaHOYacTUIl IPOTUB Mapa3uTap-
HBIX 3a00JIeBaHUH, HAHOYACTHIIBI [Tl TIEPOPATEHBIX
BaKIIMH, JTUTIOCOMAJIbHBIC BAKI[MHBI IPOTUB BUPYCOB
u T. 1. [60]. Jlunocompr — cepudeckre BE3UKYJIbI
13 GochonuIuIHOro OUCI0s — CIIOCOOHBI BKIIFOYATh
B ceOsT aHTUTEHHI (KaK pacTBOPUMBIC, TaK 1 MeMOpaH-
HBIC) U JOCTABIISITh UX K aHTUTE€H-TIPE3EHTUPYIOIINAM
kieTkam [67]. JIumocomabHbIe aIbIOBAHTHI (HAIIPH-
Mmep, CAFO1 — kaTuoHHas JIMIIOCOMA C TPErano3o-
JMaMHUKOJIATOM) MOKa3bIBAIOT MOIIHYIO aKTHUBAIUIO
KaK TYMOPaJbHOTO, TaK M KIETOYHOTO NMMMYHHUTETA,
MCCIIEYIOTCS B MOJIENSIX MHKOOAKTEpHUATbHBIX HH-
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(exmii 1 y >KBaYHBIX KHUBOTHBIX [68]. B menom, Ha-
HOCTPYKTYpHUPOBaHHBIE a/IbIOBAHTHI ITOKA €IIE HE T10-
JIy4HIJIA MAaCCOBOTO BHEJIPEHHS B KOMMEPUYECKHE BETe-
PUHapHbIE BAaKLIMHBI, HO CUUTAIOTCS IEPCIICKTUBHBIMU.

Mexanusm aericrBusi. Hanovactuipsl coyera-
IOT MEXaHU3MBI «JET0» U TAPreTUPOBAaHHON JOCTaB-
k1 antureHa. [locne nHbeKuMM OUMOAETPaAUPyEMbIC
yacTuip! (Hampumep, PLGA) o6pasyroT B Mbled-
HOW TKaHU MUKPOpE3epByaphbl, IOCTEIEHHO Pa3py-
MIAIOLIMECS U BHICBOOOKAAOLINE aHTUIEH, YTO MPH-
BOJIUT K MPOJIOHTHPOBAHHON CTUMYNSLUN HUMMYH-
HOM CHCTEMBI, aHAJOTUYHO MacisHoMmy paemo [11].
OMHOBPEMEHHO pa3Mep U COCTAaB HAHOYACTHUIL ITOIOU-
paroT TaK, 4To0bI OHU APPEKTHBHO (HAroIUTHPOBAIHCH
JEHIPUTHBIMU KJIETKaMH U MakpodaramMu — TO ecTb
MPOMCXOAMT MPULIENIbHAsS JOCTaBKa aHTUT€HA IPSMO
B aHTUTEH-NIPE3EHTUPYIOIINE KIeTKU. HekoTopble Ha-
HOMarepuaibl 00/1a1al0T BHYTPEHHEH aIblOBaHTHOM
AKTUBHOCTBIO: TaK, YACTHUI[bl U3 JIUIIOTOJIUCAXAPHU-
na (HampuMep, TUnuAHbIe HaHoaucku ¢ MPLA) wn
U3 NIOJIMCAXAPHUI0B OAKTEPHUAIEHOTO IPOUCXOKICHHS
MOT'YT CaMH aKTHBHPOBAThb PELIENTOPHI BPOXKIEHHO-
ro ummynureta [69]. [Ipumep — agwroBant Advax
Ha OCHOBE YacTHI d-uHynuHa. UHYIUH — 3TO monu-
caxapuj U3 pacTeHHi, ero Kpucraminueckas Gpopma
YCHJIMBAeT 3aXBaT aHTUTEHA NEHAPUTHBIMHU KJIETKa-
mu uepe3 peuentop DC-SIGN u akTuBUpyET cucteMy
koMruiemeHTa [ 11, 69]. Advax He Tpebyer agcopOumn
aHTUTeHA (aHTUTeH CMEIIMBACTCS C YacTULAMU), pe-
KPYTHPYET HeHTpodmiibl 1 Makpodaru K MECTy HHb-
eKILIMU ¥ CTUMYJIHPYET OJHOBPEMEHHO T'yMOPAIbHBIN
1 KJICTOYHBIN OTBET 0€3 3HAYMMOT0 BOCTIaIeHU [69].
JIunmocomasibHbIE 4aCTHULbI, OCOOCHHO KaTHOHHBIE,
TOXE MOTYT CaMHU IO ceOe BBICTYNaTh UMMYHHBIM
aJbIOBAaHTOM: OHU B3aMMOJIEHCTBYIOT ¢ MeMOpaHaMH
KJIETOK, MOT'YT TIEpEHOCHUTh COITyTCTBYIOIIHE «OIac-
HBIE» CUTHAJIBI (Hanpumep, OaKTepUaTbHBIC JTHITHIBI )
1 00JIer4aroT 10CTaBKy aHTUI'€HA B IIUTO30J1b, YTO BaXK-
HOo 11t nipe3enTtaunud no MHC I u aktuBanuum uuro-
Tokcuueckux umdouutos [11]. Takum oOpazom, Ha-
HOMAaTepHaJIbl YaCTO COBMEIAIOT CBOWCTBA HOCUTEI,
JIETI0 ¥ IMMYHOIIOTEHIIHATOPA.

ITpeumymecrBa. HanouacTuiibl ¥ TUIIOCOMBI OT-
JMYAIOTCs THOKOCTBIO B JU3aiiHE U, KaK OXKHMJaeTcs,
OoJsiee HU3KOM peakToreHHocThlo. KoHTponupyemoe
BBICBOOOXK/ICHHE aHTUTEHA ITO3BOJISICT CO3/1aTh BaKLU-
HBI OJTHOKPATHOTO BBeZeHUs (single-shot), uro kpaii-
HE aKTyaJIbHO B BETEPHHAPHUH JJIsi CHIKEHHS CTpec-
COB U 3aTpar Ha IIOBTOPHYO BakMHauu0. Kpome Toro,
MHOTHE HaHOpa3MepHbIe HOCUTEIN OuopasiaraeMsl
1 HeToKcH4HbIl: monumepsl PLGA, nnynuH, XuTo3an
MIOJTHOCTBIO META0OIM3UPYIOTCSl B OPraHnu3Me J10 eCTe-

CTBEHHBIX COCAMHCHNN (MOJIOYHASI KUCIIOTA, (PPYKTO3a
1 1p.). DTO 03HAYAET OTCYTCTBHE JUTUTEIHHO COXpa-
HSIFOIIUXCS BEIIECTB M, COOTBETCTBEHHO, MHHUMAJTh-
HBbIC MECTHBIC peakiuu. Hanmpumep, 1o 1aHHBIM UCTIbI-
TaHuH, abloBaHT Advax He BbI3bIBACT OOJIC3HEHHOTO
BOCHAJICHUS WIIN TIOBPSK/ICHHS TKAaHEH Y )KUBOTHBIX,
JTaXke TIpH OOJBITNX 1103aX, M HE MPUBOIUT K 00pa3o-
BaHUIO rpaHyinéM uiu s13B [69]. HanouacTuibl Takxke
MO3BOJISIOT BKIIFOYATH B BAKIIUHY OBICTPO JIeTpaupy-
IOIUX B OPraHU3ME KOMIIOHCHTHI TaKue Kak, HaIllpH-
mep, JHK, MPHK wnn mentunasie anturens [70].
JlunocomasbHbIe CUCTEMBI MOTYT OBITH HCIIOIL30BA-
HBI IJISI MyKO3aJTbHOM BaKIIMHAITH (HA3aIbHOH, Opalib-
HO), 3alUINAst aHTUTEH OT Pa3pyIICHUS U IOCTABIISS
€ro Yepe3 CIU3UCTYIO0 000JI0YKY K UMMYHHBIM KJIET-
kaM [71]. K ToMy >xe HAaHOUACTHIIBI JIETKO KOMOUHHPO-
BaTh C JPyTUMHU UIMMYHOMOYJISITOPAMU: B HUX MOYKHO
WHKAIICYIUPOBaTh TOT ke canoHuH wiu CpG, co3maB
MHOTOKOMIIOHEHTHBIH aJbIOBAaHT, YTO MHOTOKPATHO
ycmimBaeT 3(pPeKTHBHOCT, UMMYHHU3AIIUU TI0 CPaB-
HEHUIO C IPOCTHIM CMEIIMBAHUEM KOMIIOHEHTOB [72].
Bce 31 kauecTBa Jienar0T HAHOMATEPUAIIbl OUEHb ITPH-
BJICKATEILHBIMH JIJIS Pa3paOOTKH «CIIETYIOIIETO MTOKO-
JISHWs» BETEPUHAPHBIX BAKIMH.

Henocratku. K HacTosmemy BpeMeHH, aTbIOBaH-
ThI HA OCHOBE HAHOUYACTHII HEJIOCTATOYHO XOPOIIIO H3-
YYEHBI U CTaHJapTHU30BaHbL. X BocmpousBoauMoe
[IPOMBIIIICHHOE TIPOU3BOJICTBO — TEXHOJIOTHUCCKUN
BBI30B, TPEOYIOIINI KOHTPOJIS pa3Mepa, TUCIePCHO-
CTH, TIOBEPXHOCTHOTO 3apsjia U APYTUX MapaMeTpoB
yactull. Manenime n3MeHeH!s B CII0CO0e MOTyYeHHUs
MOTYT MOBIUSATh HA UMMYHOTEHHOCTb, [T03TOMY HE00-
XOJIUMBI JICTAJIbHBIC PETJIAMEHTBI, YTO YCIIOKHSIET Pe-
TUCTPAIMIO TaKUX aJIbIOBAaHTOB. Takke CyIIECTBYIOT
PO0OJIEMbI CTAOMILHOCTHU TP MX XPAHCHHUH: HAIIPH-
Mep, JIMTIOCOMBI MOTYT CO BPEMEHEM CIINBAThCS WIIN
OKHUCIIATHCS, TTOTUMEPHBIC YACTHIIBI — arJIOMEPHPO-
BaThCsl, YTO YXyAIIACT UX 3P(PEKTUBHOCTD, B PE3YJib-
TaTe 4ero HeOOXOAUMO OTPEACISATh U 00eCIeYUBATh
ONTUMAJIbHBIC YCIOBHS MX XpaHEHUs (B 3aMOPOKEH-
HOM WiH cyxoM Buze) [73]. CTOUMOCTb HEKOTOPBIX
HaHOPa3MePHBIX NPETapaToB ITOKA BBIIIE TPAIUIINOH-
HBIX a/ILIOBAHTOB, YTO BaYKHO IS BETEPUHAPHBIX BaK-
uuH. 1 HakoHel, TpeOyeTcs TIIATeIEHOE HCCIeI0Ba-
Hue 0€30MacCHOCTH: XOTh MHOTHUE HAHOMATEPUAJIBI 10
OTJCJIbHOCTH OMOCOBMECTHUMBI, UX B3aUMOJICHCTBUE
¢ IMMYHHOH CHCTEMOI MOKET UMETh HEOKHIaHHbIE
a¢dexTs (HarpuMep, U30BITOYHAS CTUMYIISIIUS OTIpe-
JIEJIEHHBIX ITATOKUHOB UJIM 2y TOMMMYHHBIE PEaKIINH ).
TeM He MeHee, TeKyIIUE HCCIIEA0BaHUS IEMOHCTPUPY-
0T, YTO MPH MPABUIBHOM ITOIXO0JIE K MOJYUYCHHUIO Ha-
HOpa3MEPHBIC aJbIOBAHTHI MOT'YT 00ECIICYUTh BBICO-
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Ky HMMYHOTE€HHOCTb ITPU MUHUMAJIbHBIX TTIOOOYHBIX
peakmusx. OXKHUIASTCs, 9TO 110 Mepe Pa3BUTHS TEXHO-
JIOTHH TH HEIMOCTATKU OYIyT IMPEOTOICHBI.

3AKJIIOYEHHUE

AJTBIOBaHTBI UIPAIOT KPUTHYECKU Ba)KHYIO POJIb
B 3QQEKTUBHOCTH BaKIMH IS CEIbCKOXO3SHCTBEH-
HBIX XKHUBOTHBbIX. OHM NO3BOJIAIOT MHAKTUBHUPOBAH-
HBIM U CyObEIUHUYHBIM BaKLMHAM BBI3bIBAThH I10JI-
HOLCHHBI UIMMYHHBIH OTBET — COIOCTABUMBINA WU
JlaKe IPEBOCXOAAIIUI TAKOBOU IIPU HATYPaJIbHOU UH-
¢exuuu. C MpUMEHEHUEM aJbIOBAHTOB CTAJI0 BO3-
MOYXHBIM KOHTPOJIMPOBATh MHOTHE OIIACHBIC OONIE3HH
(stmyp, OEIIeHCTBO, JENTOCIUPO3, KOKIIUINO03 U JIp.)
0e3 NCTIOoNIb30BaHMsI XKHUBbIX BO30yauTeneil. OCHOBHbIE
THUIIBl aJIbIOBAHTOB — MUHEPAJIbHBIE COJIM AJIIOMH-
HUSI, MacJIsIHbIe SMYJIbCHH, CATIOHUHBI, OaKTepHalb-
HbI€ KOMIIOHEHTBI, HAHOYACTHIII — Pa3IN4aioTCs M0
MeXaHHU3MaM JIEHCTBUS, YTO OTPAKAETCs Ha XapaKTe-
pe hopMupyemoro uMmyHHuTeTa. MHUHEpabHbIE a b0~
BaHTHI 2(p(PEeKTUBHBI JIs YCHUIICHHSI TyMOPaJILHOTO (2H-
TUTEJIBHOT0) OTBETA, MACIISIHbIE — CO3/1aI0T CUIIbHBIN
1 IIPOJOJIKATEIbHBIA UMMYHUTET, CanloHUHbI U TLR-
JIUTaHJIbl — CTUMYJIUPYIOT KJIETOYHBIH UMMYHHUTET
(Th1, CTL). KomOuHupyst nx, MOXXHO JOOHUTHCS OII-
TUMaJIBHOM NMMYHOT€HHOCTH. OJTHAKO IPUMEHEHHE
aJbIOBAHTOB TpeOyeT coOmroneHus mep Oe30macHo-
cti. CIUIIKOM CUJIbHBIE aJ/bIOBAaHTBl MOT'YT BBI3BI-
BaTh JIOKaJbHbIC MOBpPEXIeHHs (abcuecchl, rpanyé-
MBI), CHCTEMHBIEC peakiuu (JIMXOPaaKy, BOCTIAJIICHUE),
YTO CHOCOOCTBYET CHIDKEHUIO IPOAYKTUBHOCTH JKU-
BOTHBIX M KadecTBa npoaykuuu. IlosroMy Ha npaxTu-
Ke 1oA0UPaloT Takue 1035l U POPMBI BBEJCHHUS, KOTO-
pBI€ JAIOT MAaKCUMYM TOJIb3bl TP MUHUMYME Bpeaa.
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Abstract. Adjuvants are a critical component of most veterinary vaccines, enhancing the body’s immune response
to the vaccine antigen. Approximately 87 % of commercial inactivated animal vaccines contain one type of ad-
juvant, the most common of which are mineral aluminum salts (48 %), oil emulsions (20 %), and saponins. This
paper systematizes current experience with the use of five main classes of adjuvants: inorganic mineral com-
pounds, organic oil compositions, plant saponins, bacterial derivatives and nanostructured materials. Each class
has specific mechanisms of action that affect the development of humoral and cellular immunity in various spe-
cies of farm animals. However, the use of adjuvants requires maintaining a balance between immunogenicity and
reactogenicity. Traditional adjuvants can cause local reactions (granulomas, abscesses) and systemic effects (fe-
ver, decreased productivity), especially in sensitive species. Promising areas include the design of biodegradable
nanosystems, synthetic analogs of plant saponins and combined adjuvant systems that provide increased spe-
cies-specificity. Future adjuvants should ensure targeted activation of desired immune components while mini-
mizing side effects, opening up new opportunities for the prevention and eradication of dangerous infectious dis-
eases in cattle breeding and reducing the risk of zoonotic disease transmission to humans.
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Infectious animal diseases can cause significant
economic losses to industrial livestock and poultry
farming [1]. Industrial cattle breeding, which ensures
global food security, is inextricably linked to the high
risk of the emergence and spread of epizootics, which
can cause colossal economic losses and destabilize
food markets. Vaccination is one of the most effective
methods of preventing infectious diseases in livestock
farming, preventing mass outbreaks and reducing po-
tential economic losses. Direct vaccination costs, in-
cluding the cost of the vaccine and labor, must be oft-
set by the prevention of significant losses from dis-
ease. Consequently, there is a constant demand from
producers for vaccines that are not only effective but
also cost-effective. In addition to the direct economic
impact, vaccination makes a significant contribution
to solving global health problems.

Controlling zoonotic diseases in animals, such as
brucellosis, leptospirosis, and rabies, directly reduces

the risk of their transmission to humans. Furthermore,
the widespread use of vaccines reduces the reliance
on antimicrobials for the treatment and prevention of
bacterial infections in veterinary medicine, which is a
cornerstone of the global strategy to combat antimi-
crobial resistance. Thus, the economic and epidemio-
logical feasibility of vaccination is a powerful incen-
tive for the design of new effective vaccines in gener-
al and their components in particular [1].

Some of the most effective vaccines are those based
on live attenuated pathogens, which are capable of in-
ducing both neutralizing antibodies and a cellular im-
mune response [2]. A significant drawback of such
vaccines is the possibility of reversion of the vaccine
strain to the wild-type pathogen. Subunit and inactivat-
ed vaccines are safer but less immunogenic. Therefore,
the challenge arises of increasing the immunogenicity
of inactivated vaccines. Adjuvants are among the most
important components of most vaccines for farm an-
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imals and play a key role in solving this problem, as
they allow for a reduction in the cost of the vaccine by
decreasing the required antigen dose and cutting oper-
ating costs by reducing the frequency of administra-
tions [3]. Adjuvants allow for a reduction in the anti-
gen dose or the frequency of immunization, as well as
for providing longer-lasting and more intense immune
protection. Adjuvants are used extremely widely in
vaccines with inactivated viruses for animals: ~87 %
of commercial animal vaccines contain a single adju-
vant, and the remaining 13 % contain a combination
of adjuvants. The most common are aluminum miner-
al salts (in ~48 % of veterinary vaccines), followed by
oil emulsions (~20 %). The third most common adju-
vants are saponin-based adjuvants [2].

The role of adjuvants is closely linked to the char-
acteristics of the immune system of different animal
species. Species-specific sensitivity to individual ad-
juvants is known. For example, aluminum-based ad-
juvants are effective and safe for cattle and pigs, but
chronic administration of aluminum-containing vac-
cines to cats and sheep is often associated with the risk
of developing sarcomas at the injection site or large
granulomas [4]. Conversely, mineral oil adjuvants,
while acceptable in veterinary medicine, are too reac-
togenic for use in humans [2]. Moreover, there are spe-
cies-specific differences in the innate immune system
(e. g., in TLR receptors), which means that an adju-
vant effective in one species may not work in another
[3]. Therefore, when designing vaccines for farm an-
imals, it is important to consider the specific immune
system of each species.

Classification of Adjuvants Used
in Vaccines for Farm Animals

Adjuvants used in veterinary vaccines are a group
of substances that can be classified by their chemi-
cal nature. Historically, the design of adjuvants has
evolved from chance observations to the targeted de-
sign of molecules with specific immunostimulatory
properties [1]. The current research trend is toward
designing combined adjuvant systems that combine
the properties of several classes to achieve a syner-
gistic effect [5]. For example, combining an adjuvant
carrier (designing a depot and ensuring delivery) with
an immunostimulant (activating specific receptors of
the innate immune system) produces a more power-
ful and balanced immune response than either com-
ponent alone.

Adjuvants are divided into several main groups
based on their origin and mechanism of action: inor-
ganic mineral compounds [6], organic oil composi-
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tions [7], plant-based saponins [8], bacterial deriva-
tives [9] and new nanostructured materials. Each of
these groups has its own characteristics, advantages
and disadvantages for use in different types of farm
animals, which are discussed below.

1. Mineral adjuvants
(aluminum compounds)

Main representatives and use. Mineral adjuvants
primarily include aluminum salts: aluminum hydroxide
(Al(OH),), aluminum phosphate (Al(OH) (PO 4)y) and
aluminum potassium alum (KAI(SO,),-12(H,0)), also
known under the common name alum [6]. Aluminum-
containing adjuvants are among the most well-studied
and are approved for use in both veterinary and human
vaccines [6]. In veterinary medicine, aluminum salts
are present in almost half of commercial vaccines [6],
due to their low cost, relative efficacy and good safe-
ty profile. These adjuvants readily adsorb protein and
polysaccharide antigens onto their surface, forming a
finely dispersed precipitate that is administered to the
animal as a suspension. They are included in inacti-
vated vaccines against certain viral and bacterial in-
fections in cattle, pigs and small ruminants.

Mechanism of action. Aluminum-containing adju-
vants act primarily by forming an antigen depot at the
injection site and activating innate immunity through
inflammatory pathways [10]. After administration, alu-
minum hydroxide or phosphate particles are deposited
in tissues, slowly releasing adsorbed antigens, which
ensures prolonged (over days and weeks) delivery of
antigen to antigen-presenting cells [6, 11]. In addition,
aluminum salt particles initiate a local inflammatory
response: cell damage at the injection site leads to the
release of intracellular molecules (DAMPs) that cause
complement activation and phagocyte attraction, and
the emergence of a non-infectious inflammatory re-
sponse. It has been shown that aluminum salt parti-
cles can activate the NLRP3 inflammasome in anti-
gen-presenting cells, which leads to the production
of proinflammatory cytokines (such as IL-1p) and an
enhancement of the Th2 immune response [6, 12]. As
a result, the aluminum-based vaccine induces power-
ful humoral immunity — the production of neutraliz-
ing antibodies.

Advantages. Mineral adjuvants have a long history
of safe use [10]. They are inexpensive to produce and
effectively enhance the production of neutralizing an-
tibodies and the development of immunological mem-
ory [6, 10]. Aluminum-based adjuvants have proven
particularly effective against extracellular pathogens,
where humoral immunity is crucial. The depot effect
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results in prolonged vaccine action and higher anti-
body titers after immunization [10].

Disadvantages. The main disadvantage of alumi-
num salts is their limited ability to induce cellular im-
munity [10]. Such adjuvants practically do not stim-
ulate the Thl immune response and the formation of
cytotoxic T lymphocytes, therefore they are ineffective
in vaccines against intracellular infections [6, 10, 11].
Another significant disadvantage is the need for revac-
cination: several doses of an aluminum adjuvant vac-
cine are often required for full protection, since the an-
tibody response develops more slowly than with more
potent adjuvants. Although aluminum-based adjuvants
are generally safe, they can cause local reactions such
as pain, swelling and granuloma formation at the in-
jection site. In some animals (e. g., cats), chronic tis-
sue irritation by aluminum at the injection site is as-
sociated with the risk of post-injection sarcomas de-
velopment [4]. Aluminum-containing suspensions also
cannot be frozen or lyophilized, as this leads to a loss
of adjuvant activity [6, 11], complicating storage and
transportation.

2. Oil Adjuvants (Emulsions)

Main Types and Use. Oil adjuvants are emulsions
of water and oil, often with the addition of emulsifiers.
Oil emulsions are another widely used class of adju-
vants in veterinary medicine, valued for their high im-
munogenicity and low cost [7]. A distinction is made
between water-in-oil (W/O) and oil-in-water (O/W)
emulsions, as well as water-in-oil-in-water (W/O/W)
double emulsions. A classic example of an oil adjuvant
is Freund’s incomplete adjuvant — an emulsion of
mineral (paraffin) oil with water (W/O type), stabilized
by an emulsifier (Ianolin or mannitol) [13]. Freund’s
incomplete adjuvant has historically been used to en-
hance the immune response in animals. However, due
to its high reactogenicity (pronounced inflammatory
reactions, abscesses), it is no longer used in industrial
veterinary vaccines, and remains only a tool in exper-
imental immunology [14]. In commercial vaccines, it
has been replaced by more purified oil adjuvants —
for example, the Montanide ISA line (designed by
Seppic), which represents a range of ready-made oil
adjuvants for veterinary medicine. Examples include
Montanide ISA 25, ISA 50, ISA 206, etc., which dif-
fer in the oil composition (mineral or metabolizable
vegetable, such as squalene) and the type of emul-
sion. For example, Montanide ISA 206 is a common
W/O/W adjuvant that provides a prolonged effect and
is used in vaccines against foot-and-mouth disease
in cattle [15]. Oil adjuvants are particularly widely
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used in inactivated vaccines for cattle and pigs (e. g.,
against foot-and-mouth disease, Aujeszky’s disease,
circovirus, etc.), where strong long-term immunity is
required [16]. In poultry, oil adjuvants are used main-
ly in inactivated vaccines for breeding stock (e. g.,
against Newcastle virus or avian influenza), since in-
dividual injections for broilers are difficult and eco-
nomically unviable.

Mechanism of action. Emulsions form capsules
of oil droplets at the injection site, preserving the anti-
gen within them. Like aluminum salt-based adjuvants,
the oil adjuvant serves as a depot for the antigen, but
with a more prolonged effect: inactivated antigen par-
ticles are released from the oil droplets slowly, causing
prolonged stimulation of the immune system, which
leads to the development of strong and long-lasting
immunity [7, 14]. At the same time, the oils induce lo-
cal aseptic inflammation: hydrophobic molecules dam-
age cell membranes, activate complement and cause
the release of proinflammatory cytokines (e. g., IL-6,
TNF-a) by macrophages [17]. As a result, the emulsion
attracts immune cells (neutrophils, monocytes) to the
injection site. Oil adjuvants typically stimulate a pre-
dominantly Th2 immune response (intense antibody
production) by promoting antigen presentation to B
lymphocytes and CD4+ helper T cells [17]. The Thl
cellular response (IFN-y production, cytotoxic lym-
phocyte activation) is weaker but can be enhanced by
adding immunomodulators to the emulsion [18]. An
important property of oil adjuvants is their ability to
induce long-lasting immunity: due to the depot effect
and strong inflammatory stimulation, antibody titers
remain high for many months after vaccination. It has
also been noted that oil-based vaccines are less sus-
ceptible to the effects of maternal antibodies in new-
born animals, providing active immunity even in the
presence of passive immunity [19].

Advantages. Oil emulsions are considered among
the most potent adjuvants [1]. They provide high lev-
els of antibodies (including neutralizing ones) and
long-term protection, surpassing aluminum-contain-
ing vaccines in efficacy [7]. For example, inactivated
foot-and-mouth disease vaccines with oil adjuvants in-
duce a faster and stronger immune response than tra-
ditional vaccines based on aluminum salts with sapo-
nin [20]. Oil vaccines also better overcome the effect
of colostral antibodies and can provide early protec-
tion for animals in case of an epizooty [21]. The cost
of oil adjuvants is low, the formulations are relative-
ly simple [7], they are universal for various types of
antigens (viral, bacterial) and are applicable to differ-
ent mammalian species.
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Disadvantages. The main disadvantage is the high
reactogenicity of oil adjuvants. Painful inflammation
often develops at the injection site, and dense granulo-
mas or cysts, which persist for a long time, may form
[7, 22]. In cattle, oil-based vaccines can cause tissue
damage (necrosis) and scarring of the skin (which re-
duces their commercial value) [16]. In experiments on
pigs, a comparison of several adjuvants showed that
oil-based adjuvants caused the most pronounced tis-
sue reactions — extensive pyogranulomas in the mus-
cles [23]. In addition, systemic post-vaccination symp-
toms (fever, decreased weight gain) are more char-
acteristic of oil-based vaccines [24]. For example, in
dairy cows, after vaccination with an inactivated foot-
and-mouth disease vaccine, an increase in temperature
of 1—1.5 °C was observed for ~48 hours and a tem-
porary decrease in milk yield of ~2 kg per day [24].
Therefore, the use of oil-based vaccines may be ac-
companied by a short-term decrease in productivity.
Another problem is that accidental self-injection of
an oil adjuvant into a human (vaccine injection) can
cause severe local inflammation, which is difficult to
treat [7]. For this reason, mineral oils are not used in
human vaccines and require careful handling in vet-
erinary medicine (labels for such vaccines always in-
clude warnings about the risk of self-injection by a
veterinarian). Finally, mineral oils are not biodegrad-
able and may contain traces of harmful impurities (for
example, aromatic hydrocarbons), although modern
preparations are purified. In recent years, easily me-
tabolized oils have been studied to reduce toxicity. For
example, squalene (from shark liver) and plant squal-
anes used in emulsions MF59, AS03, etc. [25]. Such
oils are completely absorbed in the body and are much
less reactogenic, although they are inferior in immu-
nogenicity to mineral analogues [26].

3. Saponin Adjuvants

Main Representatives and Use. Saponins are nat-
ural glycosides isolated from plants (less commonly
from marine organisms) that possess pronounced im-
munostimulatory properties [27]. A classic example
is the saponin preparation Quil A, obtained from the
bark of the Quillaja saponaria (soapberry) tree [19].
Quil A is a mixture of more than 20 triterpenoid sapo-
nins and has historically been widely used as an adju-
vant in veterinary medicine [28]. In particular, foot-
and-mouth disease vaccines for cattle since the 1970s
have contained a combination of aluminum hydrox-
ide and Quil A saponin. This formula was the standard
in many countries [19]. Saponins are also included in
some modern commercial adjuvants. For example, the

Bulletin of Veterinary Pharmacology « No. 4 (33) « 2025

veterinary drug VetSap® is a purified Quillaja saponin,
and Matrix-M™ is a nanoparticle matrix of Quillaja
saponins (designed for human vaccines, for example,
against malaria and COVID-19) [29]. Another import-
ant fraction is QS-21, a single saponin isolated from
Quil A. It is less toxic and is therefore used in clini-
cal trials and some human vaccines (included in adju-
vants ASO1, AS02) [30]. In veterinary medicine, QS-21
has not yet found wide use due to the high cost of pu-
rification [31], but is being studied as a safer replace-
ment for Quil A [32]. Saponin adjuvants are particu-
larly effective for vaccines against viral infections that
require both humoral and cellular immunity [8]. They
are used, for example, in inactivated vaccines against
foot-and-mouth disease, porcine reproductive and re-
spiratory syndrome virus (PRRS), and in experimental
vaccines against other viruses (including the AS0O1 ad-
juvant for malaria and herpes zoster in humans) [33].
Mechanism of action. Saponins have a complex
effect on the immune system. They are amphiphilic,
meaning they can interact with both cell membranes
and soluble molecules [34]. Quil A is capable of form-
ing special nanostructures (immune stimulatory com-
plexes (ISCOMs)) when mixed with cholesterol and
phospholipids [35]. ISCOMs, ~40 nm in size, are effi-
ciently captured by antigen-presenting cells and simul-
taneously deliver bound antigen and stimulate recep-
tors (e. g., NLRP3 inflammasome and possibly some
Toll-like receptors) [36]. Saponins induce both a strong
antibody response (Th2) and pronounced cellular im-
munity (Thl) [34]. They are unique in their ability to
enhance the cytotoxic response: Quil A and its fractions
(e. g., QS-21) stimulate the formation of cytotoxic T
lymphocytes, likely by activating antigen cross-presen-
tation via the MHC I pathway in dendritic cells [36].
Furthermore, saponins enhance cytokine production:
increased levels of interleukins (IL-2, I[L-12) and in-
terferons (IFN-y) have been observed, shifting the re-
sponse toward Thl and activating cellular immuni-
ty [32]. Thus, saponin-based adjuvants are capable of
eliciting a balanced immune response combining neu-
tralizing antibodies and cellular antiviral protection.
Advantages. Saponin adjuvants are highly effec-
tive. They significantly enhance the immunogenicity
of vaccines, enabling both humoral and cellular immu-
nity to be achieved [36]. In experiments, the addition
of Quil A to vaccines showed an increase in IgG anti-
body titers, including IgG2, and an increase in the pop-
ulation of [FN-y-producing T lymphocytes [8]. Thus,
the inclusion of Quil A in the foot-and-mouth disease
vaccine significantly increased the immune response
in cattle [19]. In experiments on piglets, Quil A sapo-
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nin added to a live PRRS vaccine increased the gene
expression of type I and II interferons and proinflam-
matory cytokines, improving protection against a het-
erologous virus strain [3]. So, saponins can increase
the efficacy of even live vaccines [8]. Another advan-
tage is that many plant-based saponins are available
from natural sources or biotechnologically (for exam-
ple, by growing Quillaja on plantations) [37]. Quil A
has been successfully used in veterinary medicine for
several decades.

Disadvantages. The main disadvantage is the po-
tential toxicity of saponins. They have hemolytic activ-
ity (destroy red blood cells in case of contact), so they
should be used in limited doses [31]. Quil A and simi-
lar raw extracts can cause local irritation, pain during
injection and granuloma formation in animals [38].
Cases of necrosis at the injection site have also been
described at high doses [8]. In its pure form, Quil A is
too toxic for use in humans (in addition to local reac-
tions, it can cause fever and systemic effects) [32]. For
this reason, less toxic fractions (QS-21 and others) have
been isolated for medical use, or encapsulated forms
of saponins are used, for example, ISCOM matrices,
where saponin is embedded in a lipid nanoparticle,
which reduces its direct contact with cells and the pain
of administration [39]. In veterinary medicine, Quil A
is considered acceptable. However, precautions are re-
quired: strict control of the dose, route of administra-
tion (only intramuscularly, since the risk of reactions
is higher subcutaneously), and combination with oth-
er adjuvants to reduce toxicity [40]. Another limitation
is the low stability of saponins in aqueous solutions
and during storage [31]. Vaccines containing them are
more difficult to stabilize during long-term storage, al-
though modern formulas (e. g., dry nanomatrices with
saponin) partially solve this problem [39]. We should
add that the efficacy of saponins can vary greatly be-
tween species: in non-mammals (birds, fish), saponin
adjuvants turned out to be significantly less effective
than in mammals, probably due to differences in the
immune system [41]. Therefore, Quil A is rarely used
for poultry and fish or in combination with other types
of adjuvants [42].

4. Bacterial derivatives
(lipopolysaccharides, CpG
oligonucleotides, etc.)

Main representatives and use. This group in-
cludes bacterial cell components or their synthetic an-
alogues that are recognized by innate immune recep-
tors, thereby enhancing the immune response [43, 44].
Classic immunostimulants of this type include lipo-
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polysaccharide (LPS) from gram-negative bacteria, a
potent activator of immune cells via Toll-like receptor 4
(TLR4) [45]. Due to its high toxicity, full-fledged LPS
(endotoxin) cannot be used directly, but an attenuated
version, monophosphoryl lipid A (MPLA), has been
designed, representing a lipid fragment of LPS with re-
duced toxicity [9]. MPLA is included in the composi-
tion of some adjuvants, for example, AS04 (a mixture
of MPLA with aluminum hydroxide). This adjuvant is
used in a number of vaccines (against human papillo-
mavirus, etc.) [46]. In veterinary medicine, MPLA is
still rarely used, mainly in study vaccines. Another type
of bacterial adjuvants are immunostimulatory DNA se-
quences, primarily CpG oligodeoxynucleotides (CpG
ODN). These are short synthetic DNA fragments en-
riched in unmethylated CpG motifs, which are charac-
teristic of the bacterial genome [43]. CpG ODN are rec-
ognized by TLR9 expressed in B cells and mammalian
plasmacytoid dendritic cells, causing their activation
[44]. CpG adjuvants have been studied in various an-
imals, from mice to cattle, and have shown the ability
to shift the immune response towards Th1 (increased
production of IFN-a, IFN-y) [47]. Some synthetic CpG
(for example, CpG 1018) are already used in commer-
cial vaccines for humans (the FDA-approved hepatitis
B vaccine HEPLISAV-B®), while in veterinary medi-
cine, these compounds are still in the testing stage. In
addition to LPS and CpG, bacterial immunomodula-
tors include toxoids (inactivated bacterial exotoxins
that themselves have adjuvant activity), components
of'the mycobacterial cell wall (strong Th1 stimulators,
used in Freund’s complete adjuvant), flagellin (a TLRS
stimulator), etc. [48]. However, MPLA and CpG re-
main the most promising and studied [5].
Mechanism of action. Bacterial adjuvants trigger
the innate immune cascade through activation of pat-
tern recognition receptors. Lipid A (a component of
LPS) binds to TLR4 in complex with the MD-2 recep-
tor on immune cells, leading to the secretion of proin-
flammatory cytokines (TNF, IL-1, IL-6) and strong
maturation of dendritic cells [45]. Vaccines contain-
ing MPLA induce a pronounced Th1 response and en-
hance IgG2 antibody production due to this inflamma-
tory activation [9]. CpG ODN mimic bacterial DNA
and are recognized by the intracellular receptor TLR9
in mammals and TLR21 in birds [49]. CpG ODNs in-
teract with TLR9 in the endosomes of plasmacytoid
dendritic cells and B lymphocytes, which stimulates
the production of IFN-a and other cytokines, includ-
ing IL-12, making CpG ODN one of the most effective
inducers of the Thl response and directly activating
B cells to proliferation and antibody production [50].
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The result is a powerful induction of cellular immu-
nity (an increase in the number of Thl cells, NK cells
and cytotoxic lymphocytes) and simultaneous adju-
vant action for the humoral response [47]. These oli-
gonucleotides are being actively studied as adjuvants
for veterinary vaccines where strong cellular immuni-
ty is required [51]. For example, the addition of CpG
to vaccines in cattle has shown an increase in IFN-y
production and an increase in protective antibody ti-
ters simultaneously [52]. Bacterial adjuvants are also
effective in mucosal immunization: both LPS and CpG
can enhance secretory immunity when applied to mu-
cosal surfaces (they are included in experimental na-
sal and oral vaccines) [52]. It should be noted that
many TLR ligands act species-specifically. For exam-
ple, different animal species have TLR9 with varying
sensitivity to a given CpG motif. New synthetic CpGs
are being designed to be panspecific, active across a
wide range of species. Thus, one CpG variant (called
CpG 55.2) was found to be active in mice, hamsters,
ferrets, primates and a number of farm animals [53].
Overall, bacterial molecules trigger innate immunity,
which tunes the body’s subsequent adaptive response
to the vaccine antigen.

Advantages. Bacterial derivatives are among the
most potent immune activators. They are particularly
valuable for enhancing cellular immunity, which is lack
in other adjuvants [54]. The addition of CpG, for exam-
ple, can transform a predominantly antibody vaccine
into a combination vaccine that also induces a T-cell re-
sponse [47]. In experiments on cattle, the combination
of an inactivated vaccine with CpG ODN resulted in a
significant increase in serum IFN-y concentrations and
activation of cellular immune cells, compared to the
vaccine without adjuvant [52]. Bacterial adjuvants are
also often effective at low doses, which reduces costs
[55]. Their synthetic versions (e. g., CpG) are chemi-
cally stable, do not require cold chain conditions, and
are easy to manufacture [56]. Furthermore, the com-
bination of such adjuvants with others provides pro-
nounced synergism [57].

Disadvantages. The problem with using bacteri-
al derivatives is the high reactogenicity of adjuvants
and their species specificity. A strong inflammatory
response induced by LPS or its analogues is fraught
with adverse reactions, such as fever, decreased ac-
tivity of the animal, sometimes allergic-like phenom-
ena (for example, arthritis and uveitis, noted for some
bacterial adjuvants) [58]. Therefore, not full LPS, but
attenuated MPLA in limited quantities is used in vac-
cines. CpG oligonucleotides in high doses can induce
cytokine release syndrome (cytokine storm), which is
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also dangerous [59]. Another difficulty is species spec-
ificity: an adjuvant designed for a mouse model may
not work in cattle due to differences in receptors. For
example, some CpGs, effective in rodents, turned out
to be low in efficacy in large primates and pigs [49].
Such adjuvants require sequence selection tailored to
the animal species being vaccinated. However, the de-
sign of universal molecules active in many animals
(such as the aforementioned CpG 55.2) is encourag-
ing. Regulatory issues should also be considered: new
synthetic adjuvants require thorough safety assess-
ments before licensing, which prolongs their path to
commercialization.

5. Nanomaterials and Composite Systems
(Nanoparticles, Liposomes, etc.)

Main Representatives and Use. The current
trend in adjuvant design is related to nanotechnolo-
gy. Nanomaterials represent one of the most prom-
ising classes of adjuvants, as they combine the func-
tions of both a delivery system and an immunostimu-
lant. Their size, comparable to that of viruses (usually
20—200 nm), facilitates their efficient uptake by an-
tigen-presenting cells. Such adjuvants include bio-
degradable polymer microparticles (e. g., polylac-
tide-co-glycolide, PLGA) [60], liposomes [61], nano-
gels [62], virus-like particles [63], new generation
emulsions (based on metabolizable oils) [64], and im-
mune stimulating complexes (ISCOMs) made from
saponins [65]. Polymer microparticles (PLGA, poly-
caprolactone, etc.) are used to encapsulate antigens:
the antigen inside such particles is protected from de-
struction and is released gradually, ensuring its con-
trolled, prolonged release, thereby simulating chronic
antigenic stimulation [66]. In veterinary vaccinology,
vaccines based on PLGA nanoparticles against para-
sitic diseases, nanoparticles for oral vaccines, liposo-
mal vaccines against viruses, etc. are being studied
[60]. Liposomes (spherical vesicles made of a phos-
pholipid bilayer) are capable of incorporating antigens
(both soluble and membrane-bound) and delivering
them to antigen-presenting cells [67]. Liposomal ad-
juvants (e. g., CAF01, a cationic liposome with treha-
lose dimycolate) exhibit potent activation of both hu-
moral and cellular immunity and are being studied in
models of mycobacterial infections and in ruminants
[68]. In general, nanostructured adjuvants have not yet
been widely implemented in commercial veterinary
vaccines, but are considered promising.

Mechanism of action. Nanoparticles combine the
mechanisms of depot and targeted antigen delivery.
After injection, biodegradable particles (e. g., PLGA)
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form microreservoirs in muscle tissue that gradual-
ly degrade and release the antigen, resulting in pro-
longed stimulation of the immune system, similar
to an oil depot [11]. At the same time, the size and
composition of the nanoparticles are selected so that
they are effectively phagocytized by dendritic cells
and macrophages. So, targeted delivery of the anti-
gen directly to antigen-presenting cells occurs. Some
nanomaterials have intrinsic adjuvant activity. For ex-
ample, particles made of lipopolysaccharide (e. g.,
lipid nanodiscs with MPLA) or polysaccharides of
bacterial origin can activate innate immune recep-
tors [69]. An example is the Advax adjuvant based
on d-inulin particles. Inulin is a plant polysaccharide.
Its crystalline form enhances antigen uptake by den-
dritic cells via the DC-SIGN receptor and activates
the complement system [11, 69]. Advax does not re-
quire antigen adsorption (the antigen is mixed with
the particles), recruits neutrophils and macrophages
to the injection site, and stimulates both humoral
and cellular responses without significant inflamma-
tion [69]. Liposomal particles, particularly cation-
ic ones, can also act as immune adjuvants. They in-
teract with cell membranes, can transport associated
dangerous signals (e. g., bacterial lipids), and facil-
itate antigen delivery into the cytosol, which is im-
portant for MHC class presentation and activation
of cytotoxic lymphocytes [11]. Thus, nanomaterials
often combine the properties of a carrier, depot and
immunopotentiator.

Advantages. Nanoparticles and liposomes offer
design flexibility and are expected to have lower re-
actogenicity. Controlled release of antigen allows the
design of single-shot vaccines, which is extremely
important in veterinary medicine to reduce the stress
and costs of revaccination. In addition, many nano-
sized carriers are biodegradable and non-toxic: PLGA
polymers, inulin and chitosan are completely metab-
olized in the body to natural compounds (lactic acid,
fructose, etc.). This means the absence of long-last-
ing substances and, accordingly, minimal local reac-
tions. For example, according to test data, the Advax
adjuvant does not cause painful inflammation or tis-
sue damage in animals, even at high doses, and does
not lead to the formation of granulomas or ulcers [69].
Nanoparticles also make it possible to include such
vaccine components that are rapidly degraded, such
as DNA, mRNA or peptide antigens [70]. Liposomal
systems can be used for mucosal vaccination (nasal,
oral), protecting the antigen from destruction and de-
livering it through the mucous membrane to immune
cells [71]. Furthermore, nanoparticles can be easily
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combined with other immunomodulators. They can
encapsulate the same saponin or CpG, designing a
multicomponent adjuvant, which greatly enhances the
efficacy of immunization, compared to simply mixing
the components [72]. All these qualities make nano-
materials very attractive for the design of the next gen-
eration of veterinary vaccines.

Disadvantages. To date, nanoparticle-based adju-
vants have not been sufficiently studied or standard-
ized. Their reproducible industrial production is a
technological challenge, requiring control of particle
size, dispersion, surface charge and other parameters.
Even the slightest changes in the production method
can affect immunogenicity, requiring detailed regula-
tions, which complicates the registration of such adju-
vants. There are also problems with their storage sta-
bility. For example, liposomes can fuse or oxidize over
time, while polymer particles can agglomerate, which
reduces their efficacy. Therefore, it is necessary to de-
termine and ensure optimal storage conditions (fro-
zen or dry) [73]. The cost of some nanosized prepara-
tions is still higher than traditional adjuvants, which
is important for veterinary vaccines. Finally, careful
safety studies are required. Although many nanoma-
terials are individually biocompatible, their interac-
tion with the immune system may have unexpected
effects (e. g., overstimulation of certain cytokines or
autoimmune reactions). However, current research
demonstrates that, with the right approach to produc-
tion, nanoscale adjuvants can provide high immuno-
genicity with minimal adverse reactions. It is expect-
ed that these shortcomings will be overcome as tech-
nology advances.

CONCLUSION

Adjuvants play a critical role in the efficacy of vac-
cines for farm animals. They enable inactivated and
subunit vaccines to elicit a robust immune response,
comparable to or even superior to that elicited by natu-
ral infection. The use of adjuvants has made it possible
to control many dangerous diseases (foot-and-mouth
disease, rabies, leptospirosis, coccidiosis, etc.) with-
out the use of live pathogens. The main types of ad-
juvants (mineral aluminum salts, oil emulsions, sapo-
nins, bacterial components and nanoparticles) differ in
their mechanisms of action, which affects the nature of
the immunity they generate. Mineral adjuvants are ef-
fective in enhancing the humoral (antibody) response,
oil adjuvants create strong and long-lasting immuni-
ty, and saponins and TLR ligands stimulate cellular
immunity (Th1, CTL). Combining these adjuvants
can achieve optimal immunogenicity. However, the
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use of adjuvants requires safety precautions. Overly
strong adjuvants can cause localized damage (abscess-
es, granulomas) and systemic reactions (fever, inflam-
mation), which can reduce animal productivity and
product quality. Therefore, in practice, doses and ad-
ministration methods are selected that provide maxi-
mum benefit with minimal harm.
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AHHoOTauus. B cTaThe MpUBEICHBI Pe3yIbTaThl IO OLeHKE 3((EKTHBHOCTH CPEACTBa DKOBET-A B IPOPIIIAKTH-
K€ MacTUTa Y KOPOB. DKOBET-A MPECTaBISAET COOOM MEKTPOXUMHUECKH aKTHBUPOBAHHBINA PAaCTBOP XJIOPKUCIIO-
POIHBIX U THAPONEPOKCUIHBIX coeanHeHni. [l uccnenoBanuil chopMUpoOBaIN TPH TPYIIIBI (JIBE OMBITHBIC
¥ OIHY KOHTPOJIbHYIO) YCIOBHO 30POBBIX JTAKUPYIONTHX KOpoB 1m0 20 T0JI0B B KaXKA0i. B cxemy 00paboTKu BBI-
MEHHU KOPOB TI€PEe JOSHUEM BKIIIOUAIIH: B | ONBITHOM IPyIIIE CPeCTBO DKOBET-A; BO 2 OMBITHOMN IPyTIIe — CPea-
CTBO 7151 00paOOTKM BEIMEHH HA OCHOBE MOJIOUHOM KUCIIOTHI. Jle3nH(pUIMpYIOmye CpeicTBa TPUMEHSIIN B TeUe-
HHUE MeCsIla METOJIOM OKYHAaHHUSI COCKOB B HEBO3BpATHBII cTakaHIMK Ha 30 ceKyHH, B KOHTPOJIBHOHN TPyTIe Hc-
MOJIB30BAJIM BOJY. B pesynbraTe MpOBEJEHHBIX HCCIEAOBAHWN YCTAHOBJIEHO, UYTO 32 MECSUHBIA TEPUON
MIPUMEHEHHS Ae3NHPUIMPYIOMNX CPENICTB B MPEIONIBHON 00pab0TKe KOPOB B OMBITHBIX IPYMITaX KOJINIECTBO
TPEIINH COCKOB BBIMEHH U CIy4aeB MaCTUTA OTHOCHTENILHO KOHTPOIBHOTO MTOT0JIOBbs cHU3MIIoCch Ha 10—30 %,
C HAaWITyUIINM pe3ylIbTaToM B | ombITHOM Tpymme. [Ipu mpruMeHeHnn cpecTBa DKOBET-A OTHOCHUTEIHHO KOHTPO-
JI51 B MOJIOKE KOPOB 3apETUCTPHPOBAHO CHIYKEHIE KOITMIECTBA COMAaTHIECKUX KieTok — B 1,8 pa3 u KMADAHM —
B 1,5 paza. Takum o6pa3om, 1y TPOPHUIAKTUKA MACTHTA Y KOPOB CPEACTBO DKOBET-A MOXKET A3(PPEKTUBHO HC-
TTOJTE30BATHCS B cXeMe 00pabOTKY BBIMEHH TIEPE JOCHUEM.

Ki1ro4eBble c10Ba: cpeacTBO DKOBET-A ; 3IEKTPOXUMHYECKH AKTHBUPOBAHHBIE PACTBOPBI; KOPOBBI; MACTHT; IIPO-

(mmakTHKa

Bocmnanenne Mono4HO# kee3bl (MacCTUT) OTHO-
CUTCS K HanOojiee aKTyaJIbHBIM MpoOIeMaM MOJIoY-
HOTO CKOTOBOJICTBAa BO BCEM MHpPE, OKA3bIBAsI 3HAYU-
TEJIbHOE HEraTUBHOE BIMSIHUE Ha SKOHOMUKY KUBOT-
HOBOJUYECKHUX XO03AKUCTB. [0 JaHHBIM HCCIIEI0BaHUI
B Poccun mactut BeisiBisieTcst y 5—36 % kopoB npu
pa3oBoM 00CIIEIOBaHNY CTAJIa, @ PACTIPOCTPAHEHHOCTD
CYOKJIMTHIYECKOTO MacTHUTa B HEKOTOPHIX XO3SHCTBAX
npocruraet 60 %. IIpu 3ToM npocnekuBaeTcs 3aKOHO-
MEPHOCTb My KOHLIEHTpaLHel KOPOB B XO3scTBaxX
U CTETEHbIO pacrpocTpaneHus Mactuta. Haumensliee
KOJIMYECTBO KOPOB, OOJILHBIX MAaCTUTOM, 3apETUCTPH-
pPOBaHO B MHAMBUIAYAIBHBIX KPECThIHCKUX XO3SM-
cTBax. B KpynHBIX X035HCTBaX € MOrOJOBLEM CBBIIIE

500 KOpOB CYOKIIMHUYECKHI MAaCTUT PETUCTPHUPYETCS
6omee wem y 30 % moitnoro crana [1—4].
Bocmnanenne MOIOYHOI jkerne3bl MPUBOAUT K 3HA-
YUTEJIILHOMY CHMKEHHUIO NMPOTYKTUBHOCTH, COKpa-
LICHUIO MPOAOIDKUTENFHOCTH HCIOJIB30BAHUSI KOPOB
Y 3HAYUTENBHBIM (DMHAHCOBBIM 3aTparaM Ha BEeTepH-
HapHBIC MEPOTPUSTHS. B MoIydeHHOM OT OOJBHBIX
MAaCTHTOM JKHBOTHBIX MOJIOKE PETUCTPUPYETCS yXya-
IIeHNe OHOJIOTMYECKUX U (PU3MKO-XMMHYECKUX XapaK-
TepucTHK. BBezieHne Takoro MoJIoKa B palvoH TeJsT
YBEIMYUBACT PUCK Pa3BUTHUS Y HUX MAaTOJIOTHYECKUX
COCTOSIHHI ¥ MOXKET OBITh TPUYMNHOM THOEITN MOJIO/THSI-
Ka B paHHEM ITOCTHaTaIbHOM neproze. Coneprkarmmecs
B MOJIOKE OOJIBHBIX MAaCTUTOM KOPOB MHKPOOPTaHM3-
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MBI SABJIAOTCA UCTOYHHKOM ITHMIICBBLIX I/IHTOKCI/IKaHI/Iﬁ
y qroneit [5—7].

MacTuT SIBISETCSA CIOXHBIM TOTUITHOIOTHYE-
CKUM 3a00JIeBaHHEM, KOTOPOE UMEET pa3jInyHbIe
Ipeapacroaraomye 3K0J0rnIeckiue 1 MUKpOOHbIE
npuuuHbl. K Beaymum dakTopam, CriocoOCTBYIOIIIM
BO3HUKHOBCHUIO 1 pa3BUTHIO MACTUTA, OTHOCAT HaApPy-
[ICHUS MTPABUII U TEXHOJIOTHH JOCHHUS (3aBbIIIEHHBIN
BaKyyM HJTH €ro KoJieOaHWs, BRICOKAs YacTOTa IMTyib-
CaIliH, HCITOJIb30BaHIE HECTaHJAPTHOW COCKOBOH pe-
3HMHBI, HEYIOBJIETBOPUTEIIbHAS IPEIAONIIbHAS TOATO-
TOBKa BbIMEeHH). K mpuynHaMm, Taxke crocoOCTBYIO-
UM BO3HHUKHOBCHHIO I[aHHOﬁ IMaToOJIOTuH, OTHOCAT
HapyIlIeHHe TEMIIEPATyPHOTO PeXHMa TPHU CoepKa-
HUW KUBOTHBIX. [locie oTena MacTHT 3a4acTyro pas-
BHBAETCS BCJIEICTBHE MHTOKCHKALMM OPraHu3Ma Ha
(hoHE OTEKOB BBIMEHH H IPYTUX MOCIEPOIOBBIX 3a00-
nepanuii [4, 8, 9].

MUKpOOpraHu3Mbl, TOBCEMECTHO PACTIPOCTPAaHEH-
HBbIE B OKpYXKaloIIel cpejie, BHICTYIIAIOT B Ka4eCcTBe
KITFOYEBBIX MTATOT€HOB, MHUIIMUPYIOIINX PA3BUTHE Ma-
ctuta. B 0cHOBHOM, pa3BUTHE BOCTIAIIUTEIBHOTO MIPO-
necca B BBIMCHU HAYMHACTCH IIPU ITOITalaHHUU 11aTore-
Ha M3 OKpY Karollel cpelibl B OpPraHn3M >KHBOTHOTO Ye-
pe3 COCKOBBIN KaHall. Bo3OynuTensiMu MacTUTOB MOTYT
OBITE cBBITIE 140 BUIOB OaKkTepuii, BKIIIOYas KOHTAru-
03HbIE, HOPMOMIIOPY OpraHU3Ma KUBOTHBIX U MUKPO-
0O0B BHEIIHEH Cpebl, KOTOPBIC BBI3BIBAIOT BOCIIAJICHUE
110 OTAEIBHOCTU WIN B aCCOLUALUAX APYT C APYTOM.
Haubonee pacipocTpaHeHHBIMU [IATOTCHAMH SIBJISTFOT-
Cs1 CTA(IITOKOKKH, KATIIEYHAS 1TaJI09Ka, CTPENTOKOKKH
U SHTEPOKOKKH [ 10—12].

[To3TOMY HCTIOJIB30BaHUE METOAOB, KOTOPBIE CHH-
XKaroT OakTepHaJbHOE 3arpsi3HEHHE BHIMEHH, SBIISI-
€TCsI OCHOBOIIOJIATAIONIMM aCHeKTOM OOphOBI ¢ Ma-
cTUTOM. PaznudHblie uccienoBaHms MOKa3ajil, 4TO Ha
OakTepualTbHYyI0 00CEMEHEHHOCTh TIOBEPXHOCTH MO-
JIOYHOH KeJIe3bl MOJKET BIIMATH MPEIIOMIbHAS TIOA-
TOTOBKA BHIMEHHU.

B sTom acnekte Ae3uMH(EKLIUS COCKOB SIBISCTCS
pacnpoCTpaHeHHOH MPAKTUKOH MPOPUIAKTUKA Ma-
CTHTa, KOTOpasi MOXET CIYKUTh 3P(PEKTUBHBIM HH-
CTpyMEHTOM B 60pb0e ¢ JaHHOM marosorueii. B nuea-
JIe cpencTBa st 00pabOTKH BEIMEHH J0 JTIOSHHS JI0JI-
XKHBI 00J1a1aTh HE TONBKO N1E3MHPULIHPYIOMUMH
CBOﬁCTBaMH, HO W HE BBI3BIBATH IIATOJIOI'MYCCKUX U3-
MEHEHUH B COCTOSAHUM KOKU M OKa3bIBaTh MOIOIIUI
addexr [13—16].

B nacrosee BpeMs 0oJbIne MEPCIeKTUBBI IMe-
€T MPUMEHEHHE IMEKTPOXUMUIECKH aKTUBUPOBAHHBIX
pacTBOpPOB, K KOTOPBIM OTHOCHUTCS CPEIICTBO DKOBET-A,
siBIIsifonIeecs: aHoimuToM. OH HETOKCHYEH, 00JajaeT

BBICOKO# 00€33apa)kHBaroIIell akTHBHOCTBHIO, MOFOIITH-
MU U IPOTUBOBOCTIATIUTEIbHBIMU CBOMcTBaMH [ 17, 18].

Lenbto HacTosIIEH paOOTHI IBUIIOCH OLIEHKA 3(-
(EKTHBHOCTH CpeICTBa DKOBET-A B NPOQHIAKTHKE
MacTHTa y KOPOB.

MATEPHUAJIBI U METO/IbI
HCCJIEJOBAHUM

CpencTBo DkoBeT-A mpencTaBiseT co0oil pac-
TBOP, MOJYYCHHBIN Ty TEM IEKTPOXUMUYECKOI 00pa-
00TKHM XJIOpHIa HATPHsI B TUThEBOH Bozie. Ero cocras
MIPECTABIIECH XJIOPKUCIOPOAHBIMI F THAPOTIEPOKCHI-
HBIMU COSTMHEHUSIMU: XJIOPHOBATHUCTas KUCoTa (50—
95 %); nuokcun xyopa (1—7 %); mepokcu BOgopo-
na (3—8 %); npyrue nepoKCHIHBIC U CYIIEPOKCHIHBIC
coequHenus (1—5 %). Konuentpanust OKCHIaHTOB
B MiepecyeTe Ha aKTHBHBIN Xyop coctasinseT 0,5 /1.

UccnenoBaHus MPOBEAEHBI B yCIOBHIX
000 «MT® «Paccer» (r. I'po3usiii, YeueHckas
Pecny6nuka) Ha KOpoBax roJIMITHHO-PPU3CKON OPO-
Ibl. B X034iicTBe Mcmonb3yeTcs OecpuBsI3HBIN CIIO-
co0 cojiep KaHusl KUBOTHBIX, JOCHHE KOPOB Tpexpa-
30BO€ — B MOJIOKOTIPOBO/I.

J71 omibITa IO METOAY TPYII-aHAJIOTOB C YI€TOM
Macchl Teja, BO3pacTa U (PU3MOJOTHYECKOro cTaryca
c(hopMHPOBAIH TPH TPYMIILl (ABE OMBITHBIE M OIHY
KOHTPOJIbHYIO) YCJIOBHO 370pPOBBIX KOpoB 1o 20 ro-
JIOB B Ka)KJIOM.

B skcnepumeHTanbHbIN EpUO OMIBITHBIE U KOH-
TPOJIbHBIE KOPOBHI HAXOAWINCH HA OJHOTHUITHOM pa-
LIMOHE, B PABHBIX YCJIOBHAX COIACPKAHUS M JOCHHUS.
[MpennonnpHas 006pabOTKa COCKOB OMBITHBIX KOPOB
MPOXO/INJIa C MCIIONB30BaHUEM B | OINBITHOH Tpyn-
me cpeacTBa DKOBeT-A, a BO 2 ONBITHOW Tpymie —
cpencTBa it 00pabOTKH BBIMEHH 1O JTOSHHUS Ha OC-
HoBe Mono4yHOU KuciaoTel «KANKAR BEFORE OXY
FOAM» (koTOpO€ HCIIOJIB3YETCSl B JJAHHOM XO3si-
CTBe). YKa3aHHBIE CPECTBA IPUMEHSITH B TEUEHUE Me-
csilla — METOJIOM OKYHaHHUSI COCKOB B HEBO3BPATHBIN
CTaKaHYUK MPOIOIKUTEIBHOCTRIO 30 CEKyH/I, B KOH-
TPOJBHHOH TPYIITIE HCITOIB30BAIN BOTY.

Ha nmpotsbkenuun Bcero mepuona Mccie0BaHUN
HaAOII01aIN 32 COCTOSIHUEM BBIMEHU KOPOB OIIBIT-
HOHM M KOHTPOJIBHOM I'pyII — BU3YaJbHO U C IIOMO-
HIBIO MaJblIanyy. B Havane 1 KOHIIE OIbITa POBOAN-
JU KOHTPOJIBHBIC YTPEHHHUE TOWKH ¢ OTOOpPOM Ipod
MOJIOKa OT KaXKJIOH KOPOBBI, KOTOPBIE OTIPABIISLIN
B I'BY «Pecnybnukanckas BeTepuHapHas J1abopaTo-
pusi». OT60p poO, MOATOTOBKY MOJIOKA K MCCIIeI0Ba-
HUSM ¥ OPTaHOJIENTUYECKYIO OLIEHKY OCYIECTBISUIN
o 'OCT P UCO 22935—2—2011 «Momnoko u mMo-
JIOYHBIE POAYKTHI. OpPraHOJENTUYECKUIN aHATTN3.
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JIJi1 CKpUHUHTOBOW JIMAaTHOCTUKU MacTUTa y KO-
POB HcroIbp30BaNu Mpenapar Kenorect (mpou3Boau-
tenb Cid Lines, benbrus). KommuectBenHoe onpenerne-
HHE€ COMaTHYECKUX KIETOK B MOJIOKE IIPOBO/IUIIOCH Ha
npudope Ha «Comaroc-MuHMY, a Ka4eCTBEHHBIE T10-
Ka3aTelid MOJIOKa — MacCOBYIO Joir0 skupa (MK),
oenka (M/IB) u cyxoro 00e3:KUPEHHOTO MOJIOYHOI'O
octarka (COMO) ompenensii ¢ TOMOIIBIO TpUdopa
«Jlakran 1—4 My. KommaecTBo Me30(hMITBHBIX a9p00-
HBIX ¥ (PaKyJIbTaTUBHO aHA’POOHBIX MHUKPOOPTaHM3-
MoB (KMA®AHM) B MOJNIOKE OMpPEAEISIA METOIOM
OJICYETa KOJIOHUH Ha TUIOTHBIX TTUTATESIILHBIX CPElax.

[TonmyyenHbie U poBbIC JaHHBIC 00pPaOOTAHBI ME-
TOAaMU BapHaHHOHHOﬁ CTaTUCTUKHU C OIIPECACIICHUCM
JIOCTOBEPHOCTH 3HaUEHUH 110 t-kputeprto CThIOIEeHTa
W CYUTAIU WX JIOCTOBEPHBIMH NIPU YPOBHE 3HAYNMO-
ctu p < 0,05.

14
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PE3YJIBTATHI UCCJEIOBAHUN

B pe3synbprare nmpoBe1eHHbIX UCCIIEI0BAaHUH yCTa-
HOBIICHO, YTO 32 MECSIYHBIN MTIEPHO MPUMEHEHHS J1€3-
MHQUIAPYIOMIUX CPEJICTB B IPEIOMITFHON 00padboTKe
MOJIOYHOH JK€Je3bl KOPOB B OIBITHBIX TPyIIax CHU-
3UJI0CHh KOJIMYECTBO TPEIIHUH COCKOB BBIMEHU OTHOCH-
TeIbHO KOHTPOJIs (puc. 1). B Hauase ompITa TPEIIHMHBI
COCKOB BBIMEHH 3aperUCTPUpPOBaHbl y 50 % OMBITHBIX
KOpoB U Y 55 % koHTponbHBIX. K KOHITYy 2KCcTiepH-
MEHTAJIBHOTO MEPHO/ia Y KOHTPOJIBHBIX KOPOB MOKa-
3arenp yBenuuwicsa 10 65 %, a B 1 onbITHON rpym-
ne cHu3mics A0 35 %, BO 2 OMBITHOM Tpynmne — JI0
45 %. CriefoBaTeIbHO IPUMEHEHHE AC3UHPUIIUPYIO-
IIETO CPeACTBA DKOBET-A B MPEANOMIBHON 00padboT-
K€ BBIMEHHU KOPOB CHMYKAET KOJIMYECTBO TPEIIHH COC-
KOB OTHOCHUTENIbHO KOHTpouist Ha 30 %, a OTHOCUTEIb-
HO cpejicTBa cpaBHeHHs — Ha 10 %.

I3
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Puc. 1. KommaecTBO KOpOB ¢ TpeIIMHAMA COCKOB BBIMEHH TPH W3yUEHHUH MPOPHUIAKTHICCKON dPPEKTUBHOCTH
cpencrea JkoBeT-A (n =20)

[Ipumenenune ne3MHUIMPYIOINX CPENICTB B CXE-
M€ MPeaIOMIbHON 00pabOTKH BEIMEHH KOPOB IOJIO-
JKUTEIILHO OTPA3UIIOCh Ha 3a00JIeBAEMOCTH JKUBOTHBIX
MacTuTOM. Ha Hauaio ombita B TPyNIBI OTOMPATUCH
KOPOBBI 0€3 KIIMHUUYECKHUX IIPU3HAKOB BOCHAJICHUS MO-
JIOYHOM eJe3bl 1 HOpMaJbHBIM YPOBHEM COMaTHye-
CKHUX KJIETOK. Jlaee B Te4eHHnE MECSYHOTO OIBITHOTO
nepuoaa B KOHTPOJILHOW TPYIIE KOPOB TUATHOCTH-
poBano 3 (15 %) ciy4as KIMHUYECKOTO MacTUTa U 5
(25 %) — cybxumandeckoro. O0rIee YuciIo 60IBHBIX
MacTUTOM KOPOB B KOHTPOJIbHOW TPYyIHIIE€ COCTaBHJIO
40 %. B 1 onbITHOM rpynme Npu NpUMEHEHUH Ae3UH-

¢unmpyromnero cpeacTsa JKOBeT-A KIMHHYECKOTO Ma-
CTHTa Yy KOPOB HE YCTAaHOBJICHO, a CYOKIIMHHUYECKHUH
MacTuT BbIsiBIeH Y 2 (10 %) sxuBoTHBIX. BO 2 ombIT-
HOH rpymie npu npuMeHeHUH cpeactBa «ANKAR
BEFORE OXY FOAM) kKIMHAYECKUNA MAaCTUT IUa-
THOCTHPOBAH y OIHOW KOpoBHI (5 %), a cyOKnnHu4e-
ckuii —y 3 (15 %) *KUBOTHBIX.

OO61mee 4nciao OOJNBHBIX MAaCTUTOM KOPOB 3a Iie-
PHOJI KCTIEpUMEHTA B | OTBITHOM TPYIITIE COCTABUIIO
10 %, Bo 2 onpiTHOM Tpymiiie — 20 %. CriemoBarenbHO
HCIO0JIB30BaHNE AC3UHPUIUPYIOMIET0 CPEACTBa
DKoBeT-A B IpeIIOMIIEHOIM 00padoTKe BHIMEHH KOPOB
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CHIDKAET BOCIaJIEHHE MOJIOYHOM sxese3bl Ha 30 % ot-
HOCHTEIHHO KOHTPOJIs ¥ Ha 10 % OTHOCHTENBHO Cpe-
CTBa CPABHCHMS.

B xonunuecTse coMaTu4eCcKuX KJIETOK B MOJIOKE KO-
OB Ha KOHETI OITBITA BBISIBJICHA pa3HUIA MEKIY TPYTI-
aMM — 3TH JaHHBIE IIPEICTaBICHbI B Tabnuue 1.

Taoauna 1

Bruanue oesunguyupyroweco cpeocmea Ixosem-A na konuvecmso
comamuueckux knemox u KMA®AuM e monoxe kopos (n = 20)

Tpyrmsr Konuecto C(;Mla”zll/\I;eCKI/IX KJIETOK, KMA®AHM, KOE / e’
1 onbITHAA 3,5-10°+0,15" 3,1-10°+£ 0,04"
2 OnbITHAS 4,6:10°+0,19" 3,910+ 0,11
3 KOHTpOJbHAS 6,210+ 0,22 4,7-10°+ 0,07
Hopwmarus juis copra mostoka o 'OCT 52054—2023, ue 6oiee
Beicmiero 2,5:10° 1,0-10°
IepBoro 4,0-10° 3,0-10°
Broporo 7,5:10° 5,0-10°
* p <0,05 OTHOCHUTEIBLHO KOHTPOJIS
CITMCOK UCTOYHUKOB

B 1 onbiTHO# rpymnmne npu NpUMEHEHUH JI€3UH-
(unmpyromiero cpeactsa JKOBET-A B MPEAIOUIIb-
HOH 00pabOTKe BBIMEHH KOPOB OTHOCHTEIIBHO KOH-
Tpoasi noctoBepHo (p < 0,05) B 1,8 pa3 Obu10 CHH-
KEHO KOJIMYECTBO COMATHMUYECKHX KJIETOK B MOJIOKE
u KMA®AHEM — B 1,5 pa3. Bo 2 onbITHO#M rpymme
nipu ipumenennu cperictBa KANKAR BEFORE OXY
FOAM» pazuutia ¢ 3 KOHTPOJIBLHOM TPYIIION cOoCTa-
BHJIA 110 KOJTMYECTBY COMaTHYECKUX KIIETOK — 34,8 %
(» <0,05) u no KMA®AEM — 17,1 %.

[Ipu oLieHKE B KOHIIE OIBITAa KAYECTBEHHBIX MIOKa-
3aresel MoJIoKa JOCTOBEPHON pa3HUIbI MEXKIY IpyTI-
[IaMU BBISIBJICHO HE ObLIO, OJTHAKO MPUCYTCTBYET TEH-
JCHLYS B OBBILIEHUH MacCOBOM J10J1U O€JIKa B MOJIOKE
KOpOB | OTBITHOHM TPyMIIBI — C pa3HUIICH B a0COTIOT-
HbIX nponeHTax 0,3 %.

BoiBonbl. TakuMm 00pa3oM, TPUBEIEHHBIMHU HCCIIC-
JTIOBaHUSIMH YCTaHOBJIEHO, UTO 00pab0TKa BHIMEHHU KO-
POB JIe3UH(DULIUPYIOIIUM CPEICTBOM DKOBET-A mepen
noeHueM B teueHue 30 nHell oOecriednBaeT CHUKeE-
HHUE B MOJIOKE KOJIMYECTBA COMAaTHUYECKUX KIETOK —
B 1,8 pa3 u KMA®AHM — B 1,5 pa3a. Ucnionb3oBanue
Je3UH(DUIUPYIONINX CPEICTB B IPEAOUIBHON 00pa-
0O0TKE KOPOB YMEHBINAET KOJIMYECTBO TPEHIMH COC-
KOB BBIMEHH U CIy4aeB MacTUTa OTHOCHUTEIHHO KOH-
TposibHOTO 1norosiosbs Ha 10—30 %, ¢ HanIy4IIMM
pe3ynbraTtoM B 1 ONBITHOM Ipymie npu NpUMEHEHUH
cpencTaa DKOBET-A.
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Abstract. The article presents the results of assessing the efficacy of Ecovet-A in the prevention of bovine mas-
titis. Ecovet-A is an electrochemically activated solution of chlorine-oxygen and hydroperoxide compounds. For
the study, three groups (two experimental and one control) of conditionally healthy lactating cows were formed,
with 20 animals in each one. The scheme for treating the cows’ udders before milking included: in the first exper-
imental group — Ecovet-A; in the second experimental group — an udder treatment agent based on lactic acid.
Disinfectants were applied for a month by dipping the teats into a non-returnable cup for udder treatment for 30
seconds, while water was used in the control group. The conducted studies have established that over the month-
ly period of using disinfectants in the pre-milking treatment of cows in the experimental groups, the number of
teat cracks and cases of mastitis decreased by 10—30 %, compared to the control herd, with the best result in the
first experimental group. When using Ecovet-A, a 1.8-fold reduction in somatic cell count and a 1.5-fold reduc-
tion in QMAFAnM were recorded in cows’ milk, relative to the control. Therefore, Ecovet-A can be effectively
used as part of a pre-milking udder treatment regimen for the prevention of bovine mastitis.
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Inflammation of the mammary gland (mastitis)
is one of the most pressing problems in dairy farm-
ing worldwide, significantly affecting the economics
of livestock farms. According to research in Russia,
mastitis is detected in 5—36 % of cows during a sin-
gle herd examination, and the incidence of subclinical
mastitis on some farms reaches 60 %. A correlation is
observed between the concentration of cows on farms
and the incidence of mastitis. The lowest number of
cows with mastitis is recorded on individual farms. On
large farms with over 500 cows, subclinical mastitis is
recorded in more than 30 % of the dairy herd [1—4].

Inflammation of the mammary gland leads to a
significant reduction in productivity, a shortened lifes-
pan of cows and significant financial costs for veter-
inary care. Milk from animals with mastitis exhib-
its deterioration in the biological and physicochemi-
cal properties. Introducing such milk into the calf diet
increases the risk of pathological conditions develop-

ment and can cause death in the early postnatal pe-
riod. Microorganisms contained in the milk of cows
with mastitis are a source of food poisoning in hu-
mans [5—7].

Mastitis is a complex, multifactorial disease with
various environmental and microbial causes. Leading
factors contributing to the onset and development of
mastitis include improper milking practices and tech-
niques (excessive or fluctuating vacuum, high pulsa-
tion frequency, use of substandard milking liner, and
inadequate pre-milking udder preparation). Other fac-
tors contributing to the development of this pathology
include inadequate temperature control during animal
keeping. After calving, mastitis often develops as a re-
sult of intoxication, resulting from udder edema and
other postpartum diseases [4, 8, 9].

Microorganisms ubiquitous in the environment
act as key pathogens initiating the mastitis develop-
ment. Inflammatory processes in the udder generally
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begin when a pathogen from the environment enters
the animal’s body through the teat canal. Mastitis can
be caused by over 140 species of bacteria, including
contagious bacteria, normal animal flora and environ-
mental microbes that cause inflammation individual-
ly or in combination. The most common pathogens
are staphylococci, E. coli, streptococci and entero-
cocci [10—12].

Therefore, the use of methods that reduce bacteri-
al contamination of the udder is a fundamental aspect
of mastitis control. Various studies have shown that
pre-milking udder preparation can affect bacterial con-
tamination of the mammary gland surface. In this re-
gard, teat disinfection is a common practice for masti-
tis prevention and can serve as an effective tool in the
fight against this pathology. Ideally, pre-milking ud-
der treatment products should not only have disinfec-
tant properties but also be non-pathogenic and have a
cleansing effect [13—16].

Currently, the use of electrochemically activated
solutions, such as Ecovet-A, an anolyte, shows great
promise. It is non-toxic, has high disinfectant activi-
ty, cleaning and anti-inflammatory properties [17, 18].

The research objective was to assess the effica-
cy of Ecovet-A in the prevention of bovine mastitis.

MATERIAL AND METHODS

Ecovet-A is a solution obtained by electrochemi-
cal treatment of sodium chloride in drinking water. Its
composition includes oxychloride and hydroperoxide
compounds: hypochlorous acid (50—95 %), chlorine
dioxide (1—7 %), hydrogen peroxide (3—8 %) and
other peroxide and superoxide compounds (1—5 %).
The concentration of oxidants, calculated as active
chlorine, is 0.5 g/L.

The study was conducted at CDF Rassvet LLC
(Groznyy, Chechen Republic) on Holstein-Friesian
cows. The farm uses loose keeping, and the cows are
milked three times a day through a milk pipeline.

For the study, three groups (two experimental and
one control) of apparently healthy cows, 20 animals
in each one, were formed using the analogous group
method based on body weight, age and physiologi-
cal status.

During the experimental period, the experimen-
tal and control cows were fed the same diet and were
kept under the same keeping and milking conditions.
Pre-milking teat treatment was performed on the ex-
perimental cows in Group 1 using Ecovet-A, while
pre-milking teat treatment with the lactic acid-based
ANKAR BEFORE OXY FOAM (which is used on
this farm) udder treatment was used in Group 2. The

Bulletin of Veterinary Pharmacology « No. 4 (33) « 2025

indicated means were used for a month by dipping the
teats into a non-returnable cup for udder treatment for
30 seconds; water was used in the control group.

Throughout the study period, the udder condi-
tion of cows in the experimental and control groups
was monitored visually and by palpation. At the be-
ginning and end of the study, morning milking oper-
ations were performed, with milk samples collected
from each cow and sent to the Republican Veterinary
Laboratory. Sampling, milk preparation for testing and
organoleptic assessment were carried out in accordance
with GOST R ISO 22935—2—2011 Milk and Dairy
Products. Organoleptic Analysis.

For screening diagnostics of bovine mastitis,
Kenotest (manufactured by Cid Lines, Belgium) was
used. Quantitative determination of somatic cells in
milk was performed using a Somatos-Mini device, and
milk quality indicators (mass fraction of fat (MFF),
mass fraction of protein (MFP) and nonfat milk solids
(NFMS)) were determined using a Laktan 1—4 M de-
vice. The quantity of mesophilic aerobic and faculta-
tive anaerobic microorganisms (QMAFAnM) in milk
was determined by counting colonies on solid nutri-
ent media.

The obtained digital data were processed using
variation statistics, with the Student’s t-test used to
determine the reliability of the values. A significance
level of p < 0.05 was considered significant.

STUDY RESULTS

The study revealed that over a month-long period
of using disinfectants in pre-milking treatment of the
mammary glands of cows, the incidence of teat cracks
in the udders of the experimental groups decreased, rel-
ative to the control group (Fig. 1). At the beginning of
the experiment, teat cracks were recorded in 50 % of
the experimental cows and 55 % of the control cows.
By the end of the experimental period, the incidence
increased up to 65 % in the control cows, decreased to
35 % in the first experimental group, and decreased to
45 % in the second experimental group. Consequently,
the use of Ecovet-A disinfectant in pre-milking treat-
ment of the udders of cows reduced the incidence of
teat cracks by 30 %, relative to the control group, and
by 10 %, relative to the comparison product.

The use of disinfectants in the pre-milking udder
treatment regimen had a positive effect on the incidence
of bovine mastitis. At the beginning of the experiment
(experiment onset), the cows without clinical signs of
mammary gland inflammation and with a normal so-
matic cell count were selected for each group. During
the month-long experimental period, 3 (15 %) cases
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of clinical mastitis and 5 (25 %) cases of subclinical
mastitis were diagnosed in the control group of cows.
The total number of cows with mastitis in the control
group was 40 %. In the first experimental group, when
using the disinfectant Ecovet-A, clinical mastitis was
not detected in cows, and subclinical mastitis was de-
tected in 2 (10 %) animals.

In the second experimental group, when using
the product ANKAR BEFORE OXY FOAM, clinical
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mastitis was diagnosed in one cow (5 %), and subclin-
ical mastitis was diagnosed in 3 (15 %) animals. The
overall incidence of bovine mastitis during the exper-
imental period was 10 % in the experimental group 1
and 20 % in the experimental group 2. Consequently,
the use of Ecovet-A disinfectant in pre-milking udder
treatment reduced mammary gland inflammation by
30 %, relative to the control, and by 10 %, relative to
the comparison product.
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Fig. 1. Number of cows with cracked teats in the study of the preventive efficacy of Ecovet-A (n = 20)

A difference in the somatic cell count in the cows’
milk at the end of the experiment (experiment termi-

nation) was revealed between the groups. These data
are presented in Table 1.

Table 1

Effect of the disinfectant Ecovet-A on the somatic cell count and QMAFAnM in cows’ milk (n = 20)

Groups Somatic cell count, in 1 cm®

QMAFAnM, CFU/cm?

Experimental 1

3.5-105+£0.15°

3.1-105+ 0.04

Experimental 2

4.6'10°+0.19

3.9-105+0.11

Experimental 3

6.2:10°+£0.22

4.7-10°+0.07

Standard for milk grade according to GOST 52054—2023, no more than

Highest 2.5:10° 1.0-10°
First 4.0-10° 3.0-10°
Second 7.5:-10° 5.0-10°

* p <0.05, relative to the control
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In the first experimental group, the use of Ecovet-A
disinfectant for pre-milking udder treatment of cows
significantly (p < 0.05) reduced the somatic cell count
in milk by 1.8 times and the QMAFAnM — by 1.5
times, compared to the control group. In the second ex-
perimental group, the use of ANKAR BEFORE OXY
FOAM resulted in a 34.8 % (p < 0.05) difference in
the somatic cell count and a 17.1 % difference in the
QMAFAnM, compared to the third control group.

When assessing milk quality indicators at the end
of the experiment, no significant differences were
found between the groups.

However, there was a trend toward an increase in
the mass fraction of protein in the milk of cows in the
first experimental group, with an absolute percentage
difference of 0.3 %.

CONCLUSION

Thus, the presented research has established that
pre-milking treatment of cows’ udders with Ecovet-A
disinfectant for 30 days reduces somatic cell count in
milk by 1.8 times and QMAFAnM — by 1.5 times.
The use of disinfectants in pre-milking treatment of
cows reduces the incidence of teat cracks and masti-
tis by 10—30 %, relative to the control cattle stock,
with the best results in the first experimental group us-
ing Ecovet-A.
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AHHOTanusl. B Hacrosmee Bpemst HaydHbIC NCCIIEA0BAHUS, CBSI3aHHBIC C Pa3padOTKOH TOJTMKOMIIOHEHTHBIX IIPO-
OMOTHKOB, COCTaB KOTOPBIX JAOMOIHEH (PUTOOMOTHIECKUMH MIIM MHUHEPAILHBIMH BEIIECTBAMH, OTHOCST K aKTy-
QJIBHBIM HaIpasieHsM (apmakosroriny. KopmoBast 1006aBKka CHONAKT MPECTaBIseT COO0H KOMIUIEKC JIaKTO- 1 Ou-
¢unodaxrepuii ¢ MPUPOAHBIM ATFOMOCHIMKATHBIM MUHepasioM. Llenb paboTsl cocTosia B OIIEHKE BIMSHUS CHO-
JIaKTa Ha IPOAYKTHUBHOCTh M OMOXMMUYECKHUE ITOKA3aTe N KPOBH LLIILIAT-OpoiiiepoB. MccnenoBanms IpoBeIeHbI
Ha 60 mpIusiTax-Opoinepax kpocca Arbor Acres, U3 KOTOPBIX M0 NPUHIUITY TTap-aHAJIOroB ObUTO chopMUpPOBa-
HO aBe Tpynisl 1o 30 ocoOel (OIBITHAS W KOHTPOJIbHAS) B KaKIOH. LIpITUIsATa M3 OMBITHOM TPYHITEI ¢ 5 110 42 THA
JKM3HU TIOJTydalii KopMoBY1o 100aBKy cromnakt (0,1 % ot maccel komOukopma). KoHTponbHas rpynna Haxoquiach
Ha OCHOBHOM paloHe. B pe3ynbrare npoBeIeHHBIX HCCIICOBAHII YCTaHOBIICHO, YTO CHOJIAKT OKA3bIBACT ITOJIO-
JKUTEIIFHOE BIMSHUE HAa METa00IN3M MITHIIB, IPOSBIIIONIEECS YITydIlIeHHEM IToKa3aTeseii OeIKOBOro U YIIIeBOA-
HOTO 0OMEHOB, a TaKKe MapKepOB COCTOSIHUSI IIeYeHH. BBe/ieHne B paIlMoOH BT KOPMOBOH JI00aBKH CIIOCO0-
CTBYET YBEIIMUCHHUIO IPHPOCTOB MACCHI TEJIa MTHIIBI IPH pa3HHuIle ¢ KoHTpoieM B 4,57 % (p < 0,05) k 42 nHio xu3-
HH, a TaK)Ke MOBBIIIAET COXPAaHHOCTh MTOT0N0Bbs Ha 6,7 %.

KuioueBble cii0Ba: KopMoBasi 100aBKa CHOJIAKT, TPOOMOTHKH, AJIFOMOCHIIMKATHI, IIBITLIATa-Opoiiephl, Macca Tela;

KPOBb, OHMOXHMMHYECKHE [T0Ka3aTeIIN

[ItuneBoacTBO npecTaBisgeT co00i OHY U3 HaH-
00Jiee UHTCHCUBHBIX M JMHAMUYHO Pa3BHBAIOIIUXCS
oTpacieil arpormpOMBIIIIIEHHOTO KOMILJICKCA CTPaHEI,
UTPAIONIYI0 KITIOYEBYIO POJIb B OOCCIICUCHUN Hace-
JICHUSI BBICOKOKAUECTBEHHBIMU MPOAYKTAMH MHTa-
Husa. Yka3 IIpesunenta Poccuiickoit @enepauuu ot
28.02.2024 roga Ne 145 «O Crparerun Hay4HO-TEX-
HOJIOTMYeCKoro pa3Butus Poccuiickoilt @eaepaniny
OTIpeIeIISICT HAYYHO-TEXHOJIOTHICCKUE TIPUOPHUTETHI,
KOTOpBIC HAIEJIEHBI, B TOM YHUCIIE, M Ha 0OecTedeHre
MIPOAOBOIBCTBEHHON He3aBUCUMOCTH Poccun. B aTom
HAaIpaBJIeHUU 0CO00e BHUMAaHUE YIeJIsIeTCsl HHHOBAIH-
SIM B KOPMOITPOU3BOJICTBE, CEJIEKIINU U TCHETUKE KU~
BOTHBIX, BETEPUHAPHON MEJUIIMHE, a TaKKe B 00a-
CTH TIepepabOTKU U XPaHECHUS CEITLCKOX03IHCTBEHHOMN
npoaykiuu. [loatomy paspaboTka u BHenApeHUe cOa-

JIAHCHPOBAHHBIX PAIIHOHOB KOPMJICHHS M OMOJIOTHYE-
CKH aKTHUBHBIX JI00ABOK, a TAK)KE COBPEMEHHBIX (hap-
MaKOJIOIMYECKUX CPEIICTB IS TPOGUITAKTUKHY U JIeUe-
HUs 3a005I€BaHUI CETbCKOX03A1CTBEHHON JKHBOTHBIX
OTHOCHTCS K IPUOPHUTETHBIM HAIPABICHHUSIM Hay YHBIX
uccienoBanuit [ 1—3].

B KxoHTekcTe HaHHOW MPOOJIEMbI NEPCIEKTHBBI
MMEET IPUMEHEHHE B )KUBOTHOBOJICTBE TPOOUOTHKOB
(oT Tped. pro — «uisy, bios — «KU3HBY ), COCTOSITNX
13 MUKPOOPTaHU3MOB, KOTOPBIE OKA3bIBAIOT MTOJIOXKH-
TeJbHBIN 3(h(heKT Ha 310pOBBE OpraHN3Ma-X03s1HA.

[IpoBoguMBbIC UCCIEIOBAHUS CBUACTEIBCTBYIOT
0 TOM, 4TO MPUMEHEHHE MPOOMOTHKOB TIO3BOJISIET CHU-
3UTHh YPOBEHB 3a007I€BAEMOCTH ITOTOJIOBBSI HA MITUIIC-
(habpuKax 3a cueT MOBBIICHUS PE3UCTCHTHOCTH Opra-
HU3Ma IITHII K TAaTOTeHHBIM MUKpoopranu3mMaM. Kpome
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TOTO, MPOOMOTHKHU CIIOCOOCTBYIOT HOPMAJM3AINHU KH-
MIEYHOU MUKPO(IIOPHI ¥ YIYUIICHUIO THIICBAPHTEIb-
HBIX TIPOIIECCOB, YTO MMPUBOIUT K Oos1ee 3P HEKTHBHO-
MY UCIIOJIb30BaHUIO KOPMOB U, KaK CIECTBHIO, K CHH-
KEHHUI0 ce0eCTOMMOCTH MPOU3BoACTBa. B mpouecce
BBIpAIIMBAHUSI MOJIOJHIKA NTHIBI TPOOUOTHUKH Jie-
MOHCTPHUPYIOT CBOIO 3(P(PEKTUBHOCTh B YBEINYCHUH
MIPUPOCTOB MACCHI TEJIa, UTO OOYCIOBICHO HX CITOCO0-
HOCTBIO CTUMYJUPOBATh META0OIMYECKHE ITPOIIECCHI,
HampaBJICHHbIC Ha CHHTE3 OCJIKOB U POCT MBIIIIEYHON
TKaHu. Takum 006pazom, IpUMEHEHUE TPOOHOTUKOB SIB-
JISIeTCsl BAYKHBIM HHCTPYMEHTOM B COBPEMEHHBIX TEX-
HOJIOTHSIX MHTCHCUBHOTO MTHUIICBOJICTBA, HAIIPABJICH-
HBIM Ha TIOBBIIIIEHNE TIPOYKTUBHOCTH W YKOHOMHUYe-
ckoit 2 PeKTHBHOCTH Mpon3BoACTBa [4—S].

K addexktuBHBIM CpeacTBam, IUPOKO IPUMEHSIE-
MBIM B )KHBOTHOBOJZICTBE, OTHOCSIT aJIFOMOCHIIMKATHBIC
MUHEpalbl. DTOT KJIacC MPUPOIHBIX COCTMHEHHI 00-
JaIaeT YHUKAIBHBIM KOMIUIEKCOM (DPU3HMKO-XHMUYe-
CKHX XapaKTEePUCTHUK, BKIFOYAIONIUX BBICOKYIO aJl-
COpPOIIMOHHYIO U KaTATUTUYECKYI0 aKTHBHOCTD, CIIO-
COOHOCTh K MIOHHOMY OOMEHY U JIp.

A Hanuuue B cOCTaBe OMOJIOTUYECKH aKTHBHBIX
BEIIECTB C Pa3HOCTOPOHHEH (hapMaKoJIOTHUECKOH aK-
THUBHOCTBIO OKa3bIBACT 3HAYNUTEIIHHOE MOJIOKHUTEITLHOE
BIIHSTHHE Ha (DU3HOIOTUYECKHE ITPOIIECCHI OpTaHU3Ma.
[IupoTa GMOIOTHIECKUX CBOHCTB aTFOMOCHINKATHBIX
MUHepasioB o0yciaBnuBaet ux 3¢dekTuBHOE npume-
HEHHE B BETEPUHAPHON MEIUIMHE, CEIbCKOM XO35H-
CTBE U MUIIEBON MPOMBITIIICHHOCTH [9—11].

[Ipu sTOM OHMOIOTHYECKOE JEHCTBHE AIFOMOCH-
JIUKATHBIX MHHEPAIOB MOXKHO 3HAYUTEIBHO YCHITUTh,
co3/1aBasi Ha UX OCHOBE JICYeOHO-TTPOPUITAKTUYECKIE
CpezcTBa, 00aaloe aHTATOKCUYECKUMU, TeraTo-
MIPOTEKTUBHBIMU, aHTHOKCUIAHTHBIMU, HMMYHOMOJTY-
JUPYIOUIMMHU ¥ JPYTUMH CBOHCTBaMH, CIOCOOHBIMU
MTOTCHITMPOBATH TePANICBTHUCCKUI 2P PEKT TIpH JIeue-
HUU Pa3INYHBIX [TATOJIOTUYECKUX COCTOSIHUN 1 Hapy-
meHuit oomena BeriecTs [12, 13].

B nmocnennee BpeMst BeayTcs aKTHBHbBIC HAayUHBIE
HCCIIeIOBaHUs, HAallpaBJICHHBIE Ha Pa3paboTKy TOJIH-
KOMIIOHEHTHBIX MPOOUOTHUKOB, COCTAB KOTOPBIX JIO-
oJTHeH (PUTOOMOTHYECKUMU WM MIUHEPAITbHBIMH Be-
mectBamu [ 14—16].

C yuderom BeIIen3noxeHHoro B Kpacnonapckom
HAy4YHO-HCCIIE0BATEIILCKOM BETEPUHAPHOM HHCTH-
TyTe — 000COOJICHHOM CTPYKTYPHOM TOJApasiesne-
anu GI'BHY KHII3B pa3paborana npoduoTudeckas
KOpMOBas J0OaBKa CHOJNAKT, B COCTaB KOTOPOH BXO-
JUT KOMILUIEKC JaKTo- U OudumodakTepuii, mpupoa-
HBII aJTFOMOCHJIMKATHBIA MUHEPAJI U TIOJIMCAXapUJI pa-
CTHTEJILHOTO MPOUCXOKICHUSI.

Lenpro HacTOsMIIEH paOOTHI IBUIIOCH OTICHKA BITHSA-
HUSI KOPMOBOI JOOABKH CHOJIAKT Ha IPOAYKTUBHOCTD
1 OMOXMMHUYECKHE MOKa3aTeIl KPOBH LIBIILIAT-OpOii-
JIEpPOB.

MATEPHUAJIBI U METO/IbI
HUCCJIEJOBAHUM

WccnenoBanus mpoBeieHbl B YCIOBUSX BUBapUs
®I'BHY KHII3B Ha usimisrax-opoiiiepax kpocca
Arbor Acres. B sxcniepuMeHTe OBUIO 33/1€HCTBOBAHO
60 roJTOB NTHIIBL, N3 KOTOPBIX 110 MPHHITUITY TTap-aHajio-
ToB chopMHUpOBaHO J1BE TPYIITHI 110 30 0coOeH (OTIBIT-
Hasi 1 KOHTPOJIbHAS) B KAXKIOHW. YCIOBUS COOEPIKAHUS
JUISL BCEX LBIIIST ObUTN UACHTUYHBIMU — IPYTIIIOBBIM
METOJIOM B KIIeTKax. B repBbie Tpu AHs ®KU3HH (ypaB-
HUTEJBHBIN EPUO) MITHIIA OTyYaia IpaHyIHpOBaH-
HBIN TpecTapTepHbii kKomoukopm. C 5 mo 14 qam —
koMOuKopM «CTapt», ¢ 15 qast — «PocT», a ¢ 28 g
110 yoosi B 42 musi — «Dunumy. Bee kopma Obutn cOa-
JIAHCUPOBAHBI 110 MTUTATECIHHBIM BEILICCTBAM, BUTAMU-
HaM, aMHHOKHCIIOTaM U MHKpodieMeHTaM. L{pimisita
OTIBITHOM TPYMIIBI € 5 710 42 JIHS )KU3HU TTOTyYali KOp-
MOBYI0 00aBKy cronakT (0,1 % oT Macchl KOMOMKOP-
Ma), TOT/Ia KaK KOHTPOJIbHAsI IPYIIa HaX0IUIach TOJIb-
KO Ha OCHOBHOM paluoHe.

WHTEeHCUBHOCTH pocTa LBIILIAT-OpOiepoB ore-
HMBAJIach 110 U3BMEHEHMIO MX MacChl Tejia Ha 5, 14, 28
u 42 cytku xu3HH. KnnHn4yeckoe cocTosHUE U CO-
XPaHHOCTH HOTOJIOBbS KOHTPOJIMPOBAIOCH €KEIAHEB-
Ho. J{is mabGoparopHbIX uccinenoBannii y 10 ronos u3
Ka)KJJOH IPpyMITbl B KOHIIE SKCTIEpUMEHTa Obl1a 0ToOpa-
Ha KpOBb, B KOTOPOH ompenensyics psij OHoXuMuue-
CKHUX ITOKa3aTeseil Mpu MOMOIIY aBTOMAaTHU3HPOBAHHO-
ro ananuzaropa Vitalab Flexor.

Craructrdeckas 00paboTKa pe3yabTaToB HUCCIIe-
JOBAaHHSI TPOBOAMIIACH ITyTEM BBIUYMCIICHHUS CPEAHETO
apudmernyeckoro 3HaueHus (M), ommOKU CpeaHero
apru(MEeTHYecKOro 3Ha4eHHst (m), U MpeaCcTaBIsIIach
B BUJIe M + m. Pa3nuuust Mex/1y ONBITHBIMU IPyTITia-
MH ¥ KOHTPOJIEM OLICHUBAJINCH C IIOMOLIbIO KPUTE-
pust CTerofeHTa.

PE3YJIBTATHI UCCJEJOBAHUM

B pe3synbrare npoBeIeHHBIX UCCIIEJ0BAHUM yCTa-
HOBJIEHO, YTO BBE/ICHHUE B PAIIMOH LBIIIJIAT-0pOoiliepoB
KOPMOBO# T0OOABKH CHOJIAKT CTIOCOOCTBOBAJIO YBEIH-
YEHHIO MPUPOCTOB MACCHI Tella MTUIIEI (puc. 1).

B nayane onbiTa nTHIIa KaK OMBITHOM, TaK U KOH-
TPOJILHOM TPYIII XapaKTepHu30BajJach MPAKTUUECKU
UJICHTUYHOU (DOHOBOW Maccou Teja. Y ONBITHBIX
IBITIJISAT CPEIHSS Macca Tejla Mo TPYIIe COCTaBHia
156,4 £ 1,26 1, a y KOHTpoibHbIX — 1559+ 1,14 1.
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K koH1ty sxcniepumenTa (Ha 42 CyTKH) ONBITHAS TPYII-
ma IpPOJeMOHCTPUPOBAJia 3HAYUTEIHHO 0O0JIee BBI-
COKHE pe3ylbTaThl 10 MPUPOCTAM MAacChl Tela, JO0-
CTUTHYB 3HaueHuit 2459,3 +£ 20,61 1, B TO BpeMsl Kak
B KOHTPOJBHOHN TPYIIE CPETHUN TIOKa3aTelbh COCTa-
Bua 2351,6 £ 18,43 r. AHann3 QUHAMUKU II0Ka3are-
Jel Macchl Tea UBIUIST BBISBWI Pa3IdUuUs MEXITY
TPYIIIaMu Ha BCEX KOHTPOIBHBIX TOYKAX T'paBUME-
TPUUIECKUX HCCICIOBAHUN -— B TOJB3Y OpOMIIepOB,

3000
2500
2000

1500

nojryyaBmIMX cuonakt. [Ipu atom, Ha 14 cyTku sKcme-
pUMEHTa MEKIPYIIIOBbIC pa3indus ObLIM HE3HAUH-
TeIbHBIMH, cocTaBisas 1,16 %, Ha 28 cyTku pa3poiB
yBenuumiics 1o 4,25 %, a Ha 42 cytku — 10 4,57 %
(p £0,05), 9TO CBUIIETEIHCTBYET O HAKOIUTEILHOM 3(h-
(exTe B HaYaJIbHOM NEPHOJIE TPUMEHEHHS TPOONOTH-
YeCKOT0 KOMILIEKCa U O IajlbHEeHIIeM cTaOUIIbHOM T10-
JIOXKUATEILHOM 3P eKTe CHOTAaKTa Ha TPUPOCTHI LIbIII-
TAT-OpOiIIepoB.

14127 [ B3

28

Bozpacr, cyTkH

B OnerrHas

® KoHTponbHag

Puc. 1. Biausinue KopMOBO# 100aBKU CHOJIAKT HA AMHAMHKY MacChl TeJia IBILIAT-0poiliepoB

[Ipu oueHKe COXPAaHHOCTH NTHLBI YCTAHOBJIEHO,
YTO B ONBITHOW IpyMIE MMOKa3aTelb BBIKUBAEMOCTH
OTHUIBI 32 Tiepuof onbita coctaBui 100 %, 4to cBu-
JIETENLCTBYET O BHICOKOW yCTOMYMBOCTH OpoiliepoB
K CTpeccoBbIM (pakTopam n nHpeKnusaM. B KoHTpoIrb-
HOW rpynme ObUT 3aUKCHPOBaH MaeX IBYX Opoii-
JIEPOB, YTO COCTABUIIO 6,7 % OT MOTOJIOBbsI IPYTIIIHI.

B koHIIe sKCIEpUMEHTAIBHOTO TIEPUOA B ChIBO-
POTKE KPOBH LIBILISAT-OPOHAIEPOB OBUIH OIPE/ICIICHBI
OMOXMMHUUECKHE TIOKA3aTelH, XapaKkTepusyromme dap-
MAaKOJIOTMYECKOE BIIMSIHUS KOPMOBOH JJOOABKH CHOJIAKT
Ha OCHOBHBIE BUIbI 0OOMeHa BeriecTB. Ha pucynke 2
IPEACTaBICHBI ONPECIIeMbIe IOKa3aTeNn YIIeBO-
HO-0eKOBOT0 00MEHa B CBHIBOPOTKE KPOBHU IIBITUIST-
Opoiinepos.

AHanu3 NOTy4YeHHBIX JaHHBIX MTOKa3al, YToO ypo-
BEHb 00I1IET0 OeJIKa B CHIBOPOTKE KPOBH LIBIIIJIST OIIBIT-
HOH rpymmsl 0611 HA 9,68 % (p < 0,05) BbILE 3HAYE-
HUI KOHTPOJIbHOW nTuibl. PazHuna mexnay rpynmna-

MU B KOHLIGHTpPALlUU KpeaTuHUHa cocTaBuia 8,28 %o,
r1roKo3bl — 12,6 % (p <0,01) B monb3y ONMBITHBIX
Opoiiiepos.

B coxmepkaHuun XonectepuHa M TPUTIHIIEPHU-
OB B CHIBOPOTKE LBIMJIAT CYIIECTBEHHBIX pa3-
JUYUA MEXAy IpylnnaMy BBISIBJICHO He ObLIO.
B onbITHOI Tpyne KOHIEHTpalHs XolecTepruHa co-
craBuna 2,38 £ 0,14 MMoJb/1, TPUIIULEPUAOB —
0,26 = 0,05 MMOJIB/JI, @ B KOHTPOJILHOW — COOTBET-
ctBeHHO 2,35 + 0,11 mmonb/mu 0,28 + 0,03 MMOJIB/I1.

OCHOBHBIMY I'€HaTOMHANKAaTOPHBIMH (DepMEHTaMHU
SBIISIIOTCSL ajaHnHaMuHOTpaHchepasa (AnAT) u ac-
napraramuHoTpancdepasa (AcAT).

Pe3ynbrars! uccnenoBaHuii JaHHBIX SH3UMOB B ChI-
BOPOTKE KPOBH IBITUIST-OpOMIEpOB OTpakeHbI HA PH-
CyHKe 3.

[IpoBeneHHBIMU HCCIIEJOBAaHUSMU YCTaHOBIIC-
HO, YTO B TPYyMIIE LBIUIAT-OpOiIepOB, MOIyYaBIINX
B YCJIOBHSIX OIBITa CHOJAKT, OTMEUYEHO JOCTOBEp-
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A. P. Pamnuxos, M. I1. Cemenenxo, E. B. Kyzvmunosa

HOE CHIKeHHe akTuBHOCTH ANAT, yka3pIBaromiee Ha
YIYUIIEHNE COCTOSHIS T€MaTOIIUTOB y OTBITHOMN NTH-
L(bl — pa3HHULIA MEXIY Ipynnamu coctasuia 12,83 %

45 41,9+1,85
40

T Tad
S LA

Koxnenrpanus
2 B

- 38,2+1,46
19,6+0,84
I I 9,8£027 | 8,7+0,34

(» <0,01). B aktuBHocT ACAT M3MeHeHuUs ObLIH HE-
3HAYUTEIBHBIMH, cocTaBisst 3,51 % B MONB3y OMBIT-
HOM IITULIBI.

0 ~18.,1+0,73
15
10
2
0
O6wmuii Genok, r/n KpearnniH, MEMOIIB/ I Iioxo3a, MMOJIB/L
® OneiTHag ™ KoHTponsHAd

Puc. 2. Biinsinue KopMOBO# 100aBKH CHOJIAKT Ha ITOKA3aTeH YINICBOJHO-OSIKOBOro 0OMEHa B CBIBOPOTKE KPOBU
LBIUIAT-0poiinepoB (M = m; n = 10)

120

=
2 80
w
g_ 60
g
',;2 40
20
0
ATAT
B OneITHAS

08,312 58 101,943,14
100 %25
37,4£1,23
32,6£0,95 i

AcAT

= KoHTpOJIbHAs

Puc. 3. Biiusinue KOpMOBOU J100aBKH CHOJIAKT HAa aKTUBHOCTH aMHHOTPaHC(epa3 CHIBOPOTKUA KPOBH IIBITLISIT-
opoiinepos (M + m; n = 10)
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BeiBoabl. Takum 00pa3oM, MPOBEACHHBIMU HC-
CJICMOBAaHUSMHU yCTAHOBJICHO, YTO BBEICHHE B paIlu-
OH IIBIIIIAT-OPOIIIEPOB KOPMOBOH JTOOABKH CHOJAKT
OKa3bIBaCT MOJIOKHUTEITHHOE BIIMSHIE Ha META00IIH3M,
MIPOSIBIISIONIEECS YITydIIICHUEM ITOKa3aTesell OeIKoBO-
'O ¥ YIJICBOJIHOTO OOMEHOB, 2 TAKKE MapKEPOB COCTOSI-
HUs TieueHn. PapMaKoIOTHIECKOe ICHCTBUE CHOTAK-
Ta MPUBOJNUT K YBEIMUEHUIO COXPAHHOCTH U MPHUPO-
CTOB MacChI TeJla ITHIIBI.
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Abstract. Currently, the research related to the design of multicomponent probiotics, the composition of which
is supplemented with phytobiotic or mineral substances, is considered a relevant area of pharmacology. The feed
additive Siolact is a complex of lacto- and bifidobacteria with a natural aluminosilicate mineral. The research ob-
jective was to assess the effect of Siolact on the productivity and biochemical blood indicators of broiler chick-
ens. The study was conducted on 60 broiler chickens of Arbor Acres cross, out of which two groups of 30 indi-
viduals (experimental and control) were formed using the pair-analog principle. The chickens from the experi-
mental group received the feed additive Siolact (0.1 % of the feed weight) from days 5 to 42 of age. The control
group was fed the basal diet. The studies have revealed that Siolact has a positive effect on poultry metabolism,
resulting in improved protein and carbohydrate metabolism, as well as liver health markers. Introducing the feed
additive to the chicken diet increased body weight gain by 42 days of age, with a 4.57 % difference, compared to
the control (p < 0.05), and also increased broiler stock livability by 6.7 %.

Keywords: Siolact feed additive, probiotics, aluminosilicates, broiler chickens, body weight, blood, biochemical

indicators

Poultry farming is one of the most intensive and
dynamically developing sectors of the country’s
agroindustrial complex, playing a key role in provid-
ing the population with high-quality food products.
The Decree of the President of the Russian Federation
No. 145 dtd. February 28, 2024 On the Strategy for
Scientific and Technological Development of the
Russian Federation defines scientific and technolog-
ical priorities aimed, among other things, at ensuring
Russia’s food independence. In this area, special at-
tention is paid to innovations in feed production, an-
imal breeding and genetics, veterinary medicine, and
the processing and storage of agricultural products.
Therefore, the development and implementation of bal-
anced diets and dietary supplements, as well as modern
pharmacological agents for the prevention and treat-
ment of diseases in farm animals, are priority areas of
research [1—3].

In the context of this problem, the use of probiot-
ics (Greek pro — for and bios — life) in animal hus-
bandry, consisting of microorganisms that have a pos-
itive effect on the health of the host organism, holds
promise. The research indicates that the use of probi-
otics can reduce the incidence of diseases at poultry
farms by increasing the poultry resistance to patho-
genic microorganisms. Furthermore, probiotics help
normalize intestinal microflora and improve diges-
tive processes, which leads to more efficient use of
feed and, consequently, to a reduction in production
costs. During the rearing of young poultry, probiotics
demonstrate their efficacy in increasing body weight
gain, which is due to their ability to stimulate meta-
bolic processes aimed at protein synthesis and mus-
cle growth. Thus, the use of probiotics is an important
tool in modern intensive poultry farming technologies
aimed at increasing the productivity and economic ef-
ficacy of production [4—S8].
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Aluminosilicate minerals are considered effective
agents widely used in animal husbandry. This class of
natural compounds possesses a unique set of physico-
chemical properties, including high adsorption and cat-
alytic activity, ion exchange capacity and others. The
presence of biologically active substances with diverse
pharmacological activity has a significant positive ef-
fect on the body’s physiological processes. The wide
range of biological properties of aluminosilicate min-
erals determines their effective use in veterinary med-
icine, agriculture and the food industry [9—11].

Furthermore, the biological effects of aluminos-
ilicate minerals can be significantly enhanced by de-
signing therapeutic and prophylactic agents based on
them that possess antitoxic, hepatoprotective, antiox-
idant, immunomodulatory and other properties capa-
ble of potentiating the therapeutic effect in the treat-
ment of various pathological conditions and metabol-
ic disorders [12, 13].

Recently, active research has been conducted
aimed at designing multicomponent probiotics sup-
plemented with phytobiotic or mineral substances
[14—16].

In light of the above, Krasnodar Veterinary
Research Institute, a separate structural division of the
FSBSI KRCZ&VM, has designed the probiotic feed
additive Siolact, which contains a complex of lacto-
and bifidobacteria, a natural aluminosilicate mineral
and a plant-based polysaccharide.

The research objective was to assess the effect of
the feed additive Siolact on the productivity and bio-
chemical blood indicators of broiler chickens.

MATERIAL AND METHODS

The study was conducted at the vivarium of the
FSBSI KRCZ&VM using Arbor Acres broiler chick-
ens. Sixty poultry were used in the experiment, divided
into two groups of 30 poultry (experimental and con-
trol) each, using the pair-analog principle. All chick-
ens were kept in identical groups in cages. During the
first three days of life (the equalization period), the
poultry received pelleted prestarter feed. From days
5 to 14, they received the compound feed Start, from
day 15 — Rost, and from day 28 until slaughter at 42
days — Finish. All compound feeds were balanced in
nutrients, vitamins, amino acids and microelements.
The experimental group of chickens received the feed
additive Siolact (0.1 % of the feed weight) from 5 to
42 days of age, while the control group received only
the basal diet.

The growth rate of broiler chickens was assessed
based on changes in body weight on the 5%, 14", 28®
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and 42" days of age. Clinical condition and livability
were monitored daily. Blood samples were collected
from 10 poultry from each group at the end of the ex-
periment for laboratory testing. A number of biochem-
ical indicators were determined using a Vitalab Flexor
automated analyzer.

The statistical analysis of the study results was
performed by calculating the arithmetic mean (M) and
the standard error of the arithmetic mean (m), and pre-
sented as M + m. The differences between the exper-
imental and control groups were assessed using the
Student’s t-test.

STUDY RESULTS

The studies revealed that adding the feed additive
Siolact to the diet of broiler chickens resulted in an in-
creased body weight gain (Fig. 1).

At the beginning of the experiment, the poultry in
both the experimental and control groups were char-
acterized by practically identical background body
weight. In the experimental chickens, the average body
weight in the group was 156.4 £ 1.26 g, while in the
control group it was 1559+ 1.14 g.

By the end of the experiment (on day 42), the ex-
perimental group demonstrated significantly high-
er results in body weight gain, reaching values of
2459.3 +£20.61 g, while in the control group the mean
value was 2351.6 + 18.43 g.

The analysis of the dynamics of body weight in-
dicators of chickens revealed differences between the
groups at all control points of the gravimetric stud-
ies — in favor of broilers receiving siolact. Moreover,
on day 14 of the experiment, intergroup differences
were insignificant, amounting to 1.16 %. On day 28,
the gap increased to 4.25 %, and on day 42, to 4.57 %
(» <£0.05). This indicates a cumulative effect during
the initial period of probiotic complex administration
and a subsequent stable positive effect of siolact on
broiler chicken growth.

When assessing poultry survivability, it was found
that the experimental group had a 100 % survival rate
over the entire experiment, demonstrating the broil-
ers’ high resilience to stress factors and infections.
In the control group, two broilers died, representing
6.7 % of the total.

At the end of the experimental period, biochemi-
cal indicators characterizing the pharmacological ef-
fect of the feed additive Siolact on the main metabolic
processes were determined in the blood serum of broil-
er chickens. Fig. 2 shows the determined indicators of
carbohydrate and protein metabolism in the blood se-
rum of broiler chickens.
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Fig. 1. Effect of the feed additive Siolact on body weight dynamics in broiler chickens
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Fig. 2. Effect of the feed additive Siolact on the carbohydrate-protein metabolism indicators in the blood serum
of broiler chickens (M + m; n = 10)

The analysis of the obtained data revealed that the
total protein level in the blood serum of the chickens
in the experimental group was by 9.68 % (p < 0.05)
higher than that of the control poultry. The differ-
ence between the groups in creatinine concentration
was 8.28 %, and in glucose concentration — 12.6 %
(p £0.01), favoring the experimental broilers.
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No significant differences were found in the serum
cholesterol and triglyceride levels of the chickens be-
tween the groups. In the experimental group, cholesterol
concentrations were 2.38 + 0.14 mmol/L and triglycer-
ide concentrations were 0.26 = 0.05 mmol/L, while in
the control group, these values were 2.35 = 0.11 mmol/L
and 0.28 + 0.03 mmol/L, respectively.
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The main hepatic indicator enzymes are alanine
aminotransferase (ALT) and aspartate aminotransfer-
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ase (AST). The results of studies of these enzymes in
the blood serum of broiler chickens are shown in Fig. 3.
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Fig. 3. Effect of the feed additive Siolact on the activity of aminotransferases in the blood serum of broiler chick-
ens M +m; n=10)

The conducted studies revealed that in the group of
broiler chickens fed Siolact under experimental con-
ditions, a significant decrease in the ALT activity was
observed, indicating improved hepatocyte health in the
experimental poultry.

The difference between the groups was 12.83 %
(» <0.01). The changes in the AST activity were in-
significant, amounting to 3.51 % in favor of the ex-
perimental poultry.

CONCLUSION

Thus, the conducted studies have established that
the administration of the feed additive Siolact into the
diet of broiler chickens has a positive effect on metab-
olism, manifested by improved protein and carbohy-
drate metabolism, as well as liver health markers. The
pharmacological action of Siolact leads to increased
livability and weight gain in poultry.
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BJIUAHUE MEJIATOHHUHA HA POCT
OOJIVIMKYJIOB U CTEPOUJOI'EHE3 B AUYHUKAX
Y KPYITHOI'O POT'ATOI'O CKOTA
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AHHoTauus. B craThe mpencTaBieHBI Pe3yabTaThl CPaBHUTEIFHONOIICHKHA W3MEHEHHUHPa3MepoB (HOJUTHKYIOB
B SIMYHUKAX, BBITIOJIHEHHOH C TIOMOIIBIO KIIMHIHYECKO-3X0TpaIeCKOr0 HCCIEAOBAHMS, YPOBHS CEKPEIMN ICTpa-
muona 17-B, onpenensemoro Metonom MDA B CEIBOPOTKE KPOBH, a TAKXKE YIBTPACOHOTPA(GUIECKOTO KOHTPOIISA
BPEMEHH OBYJISIINH TOCIIE ICHCTBHS IIPOT€CTEPOHCOIEPIKAIINX BHY TPUBIIATAUITHBIX HMIUIAHTOB C 100aBJICHN-
€Mpa3HbIX I03MPOBOK MENATOHMHA, IPUMEHAEMbIX B COCTABE CXEMbl CHHXPOHHU3AINH TTOJIOBOH OXOTHI y MOJIOU-
HBIX KOpOB. B rpynmnax, rjae npuMeHsuInch UMILUIAHTHI C METATOHUHOM B Jo3upoBkax 500 u 700 mr, pa3mep npen-
OBYIATOPHBIX (porumkyios Obu1 Ha 8,0 1 10,1 % GombIre Mo cpaBHEHUIO C KOHTposeM. Takxke, Onoigorndeckas
AKTHBHOCTh JAHHOTO IETITH/IA TTOBIHSIIA Ha (DYHKIHIO TPaHYNIE3HBIX KIETOK, HA YTO YKa3bIBAeT ITOBHIIICHNE Ce-
kpennu scrpaguona Ha 15,0 u 33,7 % OTHOCHTENBHO TPYyMIIBl KOHTPOJIS, B TOPMOHAIIBHO MHTYIIUPOBAHHYIO CTa-
JIUIO TIOJIOBOTO BO30YkAeHMsA. CiiecTBHEM 00pa3oBaHus 0ojee KPYITHBIX (DOJUTHKYIOB M ONTHMUA3ALNHN CTEPOH-
JIOTE€HEe3a B SIMYHUKAX CTAJ0 CBOEBPEMEHHOE HACTYIUICHHE OBYJISIIMY B OTBET HA MHBEKIINIO TOHAI0MNOEprHA.

Ki1ro4eBble €10Ba: BHYTPHUBIIATAIHIIHBIE UMIUTAHTHI, MOJIOYHbBIE KOPOBBI, SMYHUKH, (DOJUTHKYIOT€HE3, MENIaTo-

HUH, 5CTPaanoJI

OnHolt u3 cepbe3HbIX MpoliIeM B COBPEMEHHOM
CKOTOBOJICTBE SBJIIETCSI HU3Kasl PE3yIbTaTUBHOCTH
HCKYCCTBEHHOTO OCEMEHEHHS, UTO YBEJIUYHBAET I1e-
puoa Oecrutousl )KUBOTHBIX M 3HAUUTEIHHO CHUKa-
eT PKOHOMHYECKYyI0 3 (heKTUBHOCTH oTpaciu [1].
DopMHUpOBaHUE KPYIIHBIX CTaj BBICOKOIPOIYKTHB-
HBIX KHBOTHBIX COIPOBOXKAACTCSI CHIDKCHUEM HX pe-
MPOAYKTUBHOU criocoOHocTH [2]. U3BecTHO, uTO ma-
parunmyeckue (GhakTopel, CBS3aHHBIE CO CreU(UKON
Cofiep KaHMs U SKCIUTyaTallii KOPOB, MOTYT ITPHUBOINTH
K CTPecCy M HapyLICHHI0 METa0OINYECKUX MPOLEC-
coB. HampspkéHHOe TeueHne roMeocrasa OpraHusma
MOKET IPUBOANTH K YTHETCHUIO (YHKIMH TPaHye3-
HBIX KJIETOK (DOJTHKYJIOB SSIMUHUKA, yXyALIast THHAMH-
Ky QOJUTHKYIISIPHOTO POCTa M MPOAYKIIHIO ACTPAINOIA
[3]. CamxeHwme OII0JOTBOPSIEMOCTH 3a9aCTyIO CBSA3a-
HO C 3aMeJUIEHHEM pocTa (DOJUIMKYIIOB U 3aICPHKKOH
OBYJISILIMM UJU €€ OTCYTCTBUEM [4, 5]. MI3BecTHO, UTO
MO3IHUM BBIXOA SAWLEKIETKH MOXET PE3KO CHUXKATh
pe3yabTaTUBHOCTh OCEMEHEHMs, TaK KaK CpeHss
MIPOIOJKUTENBHOCTD KU3HU CIEpPMaTo30U/I0B B IIO-
JIOBOM TpakTe KOPOB, HAXOJSIINXCA B CTAJIUU TIOJIO-
BOH OXOTBI, cocTaBisieT 24 yaca [5]. B ¢BsI3u ¢ 3THM,
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BcE OombllIee BHUMaHUE yaemsieTcsl pa3padoTKe U Mpu-
MEHEHHIO YITy4IIAIOUIMX MeTa00JIM3M Ipernaparos,
Y TIPOBEPKE MX BIUSHUS HAa COCTOSHUE PETPOTYKTHB-
HOM CHCTEMBI ’KMBOTHBIX B POU3BOACTBEHHBIX yCIIO-
BUsiX [6]. [To MHEHUIO psijia aBTOPOB MPUMEHEHHE Me-
JIATOHWHA B BETEPUHAPHOHN aKyIIepCKO-THHEKOJIOTH-
YECKON MPAKTUKE UMEET ONpPENeNIEHHBINA MOTEHIHA
[3, 7]. JlaHHBIN TOPMOH CIIOCOOCH CHUKATh BIIMSIHUC
MOBPEXKAAIONMKX (DAKTOPOB HA PEMPOTYKTUBHYIO CH-
cTeMy, yaydmas yHKIIHOHATBHOE COCTOSHHUHN €r0 HaJ|
[8]. dns perenus nmpoOiieMbl HU3KOH OMOAOCTYITHO-
CTU TOPMOHA MIMIIKOBUIHON KeJe3bl MpU Mepopaib-
HOM U MHBEKIIMOHHOM BBeACHUHU [9] akTyanbHa pas3-
paboTka anbTepHATHBHBIX MYTEH TOCTaBKH JEHCTBY-
IOIUX BEIIECTB, B TOM YHCJIE BHYTPHBIATAIUIIHBIX
MMILTaHTOB, COIEPIKAIINX TIPOTECTEPOH U METATOHHH.
[IpuMeHeHre Takoro MoIX0/1a 00eCIIeYnBaCT CTAOHITh-
HO€ MOCTYIUIEHUE TOPMOHOB B OPTraHU3M JKUBOTHBIX
Ha MPOTSKEHUH BCETO BPEMEHU KOHTAKTa Ipernapara
CO CITU3UCTOM 00O0JIOUKOH.

B cBs3u ¢ 3THUM, 1IEIhI0 HACTOSIIETO HCCIIEe0Ba-
HUE SIBIISIETCS N3yUYCHUE BIMSHUE BHY TPHUBJIArJTUIIIHO-
T'O BBEJICHUSI Pa3HBIX I03UPOBOK MEIAaTOHIHA Ha INHA-
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MUKy pocTa (DOJUIMKYIIOB, BPEMS OBYJISILIMU U CEKpe-
LIMIO ACTPAJHNONIa B TOPMOHAIFHO WHAYIIUPOBAHHYIO
CTa/Int0 BO30YXKICHNUS MTOJIIOBOTO IUKJIA Y MOJOYHBIX
KOPOB.

MATEPUAJIBI U METO/bI
HUCCJIEJOBAHUM

OOBEKTOM HCCIeIOBAHNS CITY)KUIN KINHUYECKH
30POBBIE JTAKTUPYFOIIHE KOPOBHI KPACHO-TIECTPOA TO-
pombl 2—4 naKTaryu, CoepKaIInecs MpUBsS3HO, B Ye-
TBIPEXPSAHOM KOpOBHUKE. Ha MOMEHT MccieoBaHus
Cpe/iHsIsl MOJIOYHAs TPOAYKTUBHOCTE Obllia — 24 nu-
Tpa B JIeHb; KOJIMYECTBO JHEW B JJOGHWU COCTABIISIIO
B cpeareM 120—125. OcHOBY KOPMIICHHUS COCTAaBIIs-
JIU CEHO, CHUJIOC, a TaKKe KOHIEHTPHUPOBAHHBIE KOP-
Ma. B ombIT ObLTH BKITIOUEHBI KOPOBEI, HE OTLIOJOTBO-
PUBIIKECS IIPY IEPBUYHOM H BTOPHYHOM OCEMEHEHHUU
B TOPMOHAJIFHO MHAYIUPOBAHHYIO 0XOTY. JKUBOTHBIE
OBLTH pacrpe/esieHbl Ha 4 TPYIIIBI 10 IPUHIIHITY Tap
aHaJioroB 1o 8—9 roysoB B Kaxa0u. J[Ji1 CHHXpOHHU-
3aIliH TIOJIOBOW OXOTHI M OBYJISIIIH BCEM YKHBOTHBIM
npuMensiicst mporokod Ovsynch, BkiIrodarommii Ha-
3HAYCHUs TOHAI0MOeprHa (25 MKT allapesivH aleTa-
Ta) B Ha4aJe MporpaMMbl M TPUMEHEHHUS IPOCTarIaH-
nuna F, (500 MKT KI0POCTEHOA BHY TPUMBIILEYHO)
yepe3 7 JHEeH, a TakKe CTUMYJALMIO OBYJALIMHU I10-
CJIEIYIOIUM BBEJICHHEM anapennHa (depe3 56 4acoB
MOCJIe UHBEKINH TpOoCTariaHanHa). B kauecTBe To-
HajonubeprHa ucnoib3oBaics npenapar Cypdaron
(OO0 «HIIK Ackont+»), a npocrarianauna F, —
Ocrpodan (AO «buoset). JIOMONIHUTEIBHO K UHB-
EKIMSIM TOPMOHAJIBHBIX TIPENapaToB BCEM KHBOTHBIM
ANTUTHIIPOBAIIN CUJIMKOHOBBIE BHY TPHBIIATAIAIITHBIE
MMIUTaHTHI COOCTBEHHOU Pa3paObOTKH, IPU ATOM HKH-
BOTHBIM KOHTPOJIBHOW Tpymmbl (n = 9) Ha3HAYMIA
mpernapar, cojepkamuid Toiasko 1,75 . mporectepo-
Ha, a KOpOBaM TPEX OMBITHBIX I'PyMIL: niepBast (n = 8),
BTOpas (n = 8), U TpeThs (n = 9) ¢ mobaBIeHNEM pa3-
HbIX 703upoBOK MesiaroHuHa: 300 mr, 500 mr u 700 mMr
COOTBETCTBEHHO.

J1J1s MOHUTOpPHHT A TUHAMUKH U3MEHEHHI CTEPOH-
JIOTeHe3a B SITYHUKAX KPOBB MOTYYalH OT 3-X )KUBOT-
HBIX Ka)XI0U TPYIIIbI B IcHL BBeACHUS UMILTaHTOB (0
JIeHb) 1 janee B 1, 4 qHU 1ocie BBENCHUS, Ha 7 CyTKH
(crrycTst 8 4acoB mociie MX W3BJICUEHUS ), & TAKXKE TIe-
pea ucKyccTBEeHHBIM oceMeHeHueM Ha 10 nenb. B cbi-
BOPOTKE KPOBHU OMNPEAEIISIIN COIepKaHue ICTpaanoa
METOJIOM HIMMYHO(EPMEHTHOTO aHaJIH3a C TOMOIIBIO
Habopa rotoBsIx peakTuBoB «K208 MDA Dcrpannon»
MIPOU3BOACTBA PUPMBI «Xema-Mennka» Ha MUKPO-
wianmeTHoM Gporomerpe AMR-100T mpu aimune Boi-
HbI 450 HM.

W3meHeHns: pa3MepoB JIOMUHAHTHBIX (OJIIH-
KYJIOB B TOHAJax W KOHTPOJb BPEMEHH OBYIISIUU
perucTpupoBaIu ¢ MOMOIIbI0 ckaHepa Easi-Scan
(BCFTechnologies), ocHalleHHOTO JTUHEHHBIM WH-
TpapeKTajIbHBIM JaTYMKOM ¢ yactoToit 7,5 MI'n. Y3U
MIPOBOJTUITH, HAYMHAS C 6-TO JIHS TIOCJIC YCTAHOBKH UM-
IJIAHTOB, B TeUCHHUE 6 MHEH ¢ WHTepBasoM 12 gacoB
Y BCEX TOIONBITHBIX KOPOB.

W3mepenue auamerpa JOMUHAHTHBIX (DOJUTHKY-
JIOB OTIPEJICIISUIN TI0 MOJIYYeHHBIM C DKpaHa CKaHepa
M300paXeHUSIM ¢ pa3MepHOr ceTkoi. [loimyueHHbIe
JlaHHbIC OBUIM CTATHCTHYECKH 00pabOTaHbI C MOMO-
mpi0 KoMiteroTeproro 110 Microsoft Office (Microsoft
Excel) ¢ yaerom cpennux (M) U cTaHAapPTHBIX OIIH-
00K (m).

PE3YJBTATbHBI UCCIIEJOBAHU S
N NUX OBCYXKJAEHHUE

Pesynbprarer n3MeHeHNs pa3MepoB JJOMUHAHTHBIX
(OJUTHKYIIOB B TeUEHHE DKCIIEPHMEHTa Ipe/CTaBIIe-
HBI B Ta0muIe 1.

CornacHO JaHHBIM TaOIUIIBI, HCXOAHBIH pazmMep
(hONTHMKYIOB B IMUHUKAX KOPOB KOHTPOJIBLHOMU U OTIBIT-
HBIX TPYTIIT HE UMEJI 3HAYUTENbHBIX OTINYUI i COCTaB-
1 9,88 £ 0,52 m 10,13 £ 0,50 mm.

UYepes 12 u 24 yaca oT Hayana MOHUTOPUHTA UH-
TEHCHBHOW JAWHAMHKH (OJUTHKYJIOTeHE3a HEe HalIo-
JIaoCh.

ITocne u3BIeUEeHNST MIUTAHTOB M BBEACHHUS MPO-
crarianauHa F, pocT (GosnKyioB akTHBU3MPOBAIICS.
Tak, B KOHTPOJIBHOI U B IEPBOM ONBITHOM IpyIIax
KO JTHIO BBe/leHUS anapenuHa (72 Jac) ucciemyembie
CTPYKTYpH! yBesnuuiauck Ha 33,5 u 34,8 % orHOCH-
TEIHFHO MCXOJTHOTO pa3Mepa COOTBETCTBEHHO, a MX
nuametp coctaBui 13,19 + 0,46 u 13,56 + 0,42 mm.

Bo BTOpO#l M TpeThel ONBITHBIX I'PyIIAax IU-
HaMuKa (OJUTUKYISIPHOTO pocTa HOCUJa OoJiee MH-
TeHCUBHBIA xapakTep.Tak, k 60 gacy HaOmMIOmCHUS
BO BTOPO¥ TpymIe UcclenyeMble CTPYKTYPHI J10-
cruru 13,38 + 0,52 mm, yBenunuuBiuch Ha 33,0 %,
a B TpeTrbell npupoct coctaBuia 37,0 % u auamerp
—13,88 £ 0,54 MM (p <0,05), 94TO TOCTOBEpHO Ipe-
BOCXOJIWJIO 3HAUEHUS KOHTPOJIBHOU rpymmbiHa 12,5 %.

K 72 gacy, B rpymmax, rae MpuMEHSITICH NMITIaH-
ThI, cogepxarue 500 u 700 Mr MenaToHUHA TOMUHAHT-
Hble (DOIUTHKYIIBI TaKke OblIM Ooniee KpynmHbIMU. VX
pasmepsl coctaBmsuin — 14,44 + 0,49 mm (p < 0,05)
BO BTOpoii rpynme u 14,81 + 0,55 (p < 0,05) B TpeTbeit
Y Pa3HMIIA C TTOKA3aTeIeM IPYTIITbl KOHTPOJIS COCTABH-
ma 9,1 m 11,6 %, a yBenuueHue B IMaMeTpe C MOMECH-
Ta Hauana Y 3U MmonuTopuHra nocturiio 43,5 u 46,2 %
COOTBETCTBEHHO.
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Tadmuna 1
Brusnue pasnoix 003 meramonuna na pocm QoinuKyio8 y Kopoe
Bpewms ot nHavana Y3U KOHTPOIIS, 9acoB
=
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S 23 5 58
= B 2 8 =
et
;‘:f 10,06+ | 10,37+ 10,50+ | 11,38+ | 11,94+ | 12,63+ | 13,56 + | 14,50+ | 16,00 + | 17,06 +
Pl 0,64 0,63 0,50 0,62 0,56 0,47 0,42 0,54 0,48 0,56
[lepBas MM
=8 yBEIH-
qeHue 0 +3,08 | +437 | +13,12 | +18,69 | +25,55 | +34,79 | +44,13 | +59,04 | +69,58
%
5:: 10,06+ | 10,50+ | 10,72+ | 11,44+ | 12,19+ | 13,38+ | 14,44+ | 15,56+ | 16,94 = | 18,00 +
P, 0,52 0,50 0,54 0,58 0,60 0,52 0,49" 0,56 0,58" 0,66
Bropas MM
n=8 YBEIH-
YeHHE 0 +4,37 +6,56 | +13,72 | +21,17 | +33,00 | +43,54 | +54,67 | +68,39 | +78,93
%
S 110,13+ 10,56+ | 1089 | 11,61+ | 1244+ | 13,88+ | 14814 | 1594+ | 1728+ | 1838
P, 0,50 0,62 0,54 0,52 0,56 0,54 0,55 | 0,58 | 0,50™ 0,60
Tpetbs MM
n=9 YBEIH-
YeHHE 0 +4,24 +7,50 | +14,61 | +22,80 | +37,02 | +46,20 | +57,35 | +70,58 | +81,44
%
S 1088 % 10,13+ | 1038 | 11,12 | 11,56+ | 1225+ | 13,194 | 14,13+ | 15,56+ | 16,61 +
Ko P, 0,52 0,55 0,46 0,48 0,52 0,55 0,46 0,54 0,42 0,53
H- MM
TPOJIb
=9 | yBelHu-
YeHHE 0 +2,53 +5,06 | +12,55 | +17,00 | +23,99 | +33,50 | + 43,02 | +57,49 | +68,12
%
" p<0,05
" p<0,01

BBenenne nogonbITHBIM )KMBOTHBIM aJIapesiiHa B 9
JeHb, ctuMynuposadio Beaenenne OCI u JII' runodu-
30M, YTO YCKOPSIJIO JOCTH)KEHHE (POILTHKYIaMH TIpe-
OBYJSATOpHOM cTaguu. CpaBHUBAs U3MEHEHHUS pa3Me-
pa pommkynos, mpousomenmue k 104 gacy oT Hada-
J1a HaOMIoEeHNSI, OTMETHIIN MEHbIIYI0 HHTEHCUBHOCTD
pocTa B KOHTPOJILHOM U MEPBOM Ipymmax, TaKk pa3Me-

PBI JAHHBIX CTPYKTYp yBEIHUMWINACH HA 68,1 1 69,6 %
COOTBETCTBEHHO M UX IMaMETPBI IIEpE/T OBYJIALMEN CO-
craBmwu 16,61 +£ 0,53 u 17,06 £ 0,56 Mm.

Bo BTOpOii rpymme 661 3aperucTpupoBaH 60-
JIee MHTEHCUBHBIM POCT (DOJIIMKYJIOB, OHHM YBEJH-
qmiuchk Ha 54,7 % k 84 dacy, JOCTUTHYB JuameTpa
15,56 £ 0,56 mm (p <0,05) 1 Ha 68,4 % K 96 yacy,
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coctaBuB 16,94 £ 0,58 MM (p < 0,05), uTo HOCTOBEP-
HO OTJIMYAJIOCH OT 3HAUYEHUN KOHTPOJIbHOU I'pyNIbl—
14,13 £ 0,54 u 15,56 + 0,42 MM B TOT € HEPUO.
K 104 gacy pasMep npenoByIsSsTOPHBIX (OILTUKYIOB
B 3T0i rpymnme goctur 18,00 + 0,66 MM B 1uamerpe,
yto Ha 8,0 % (16,61 £ 0,53 MM) OGoJbliie 1O cpaBHE-
HUIO C KOHTPOJIBHOM TPyIIIOHN.

HauOonpbias akTHBHOCTh pOCTa CTPYKTYP IOCIIE
BBEZICHUS ajlapesiiHa YCTaHOBJICHA B TPEThEH rpymile,
rae GOoNIHKYIbI SMYHUKOB YBEJIMUMBAINUCH Ha 57,4 %

o 95
90
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15
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09 129 4 36w 48 %

AP-vowpon +  =ff s 30020

k 84 nHa 70,6 % k 96 yacy nabmonenus. K 104 gacy
JMaMEeTp UCCIEAYEMBIX CTPYKTYP B JaHHOH TpyIIIe JO-
ctur 18,38 + 0,60 mm (p < 0,05), m0cTOBEpHO IPEBHI-
11ast MoKasaTesb rpynmnsl kouTpoisiHa 10,1 %.

TakuMm 06pa3om, B IpyIne, riae NpUMEHSIINCh HM-
IJIAHTHI ¢ MEAaTOHUHOM B Jo3upoBkax 500 u 700 mr
HaOo/1a1ach Jydinas HHTEHCUBHOCTh (DOJUTHKYIISIP-
HOT'O pOCTa, MPUBOAALIAS K 00Pa30BaHUIO IPEIOBY-
JSITOPHBIX CTPYKTYp Oojiee KPYITHOTO pasmepa, uyem
B KOHTPOJIBHOM U mepBoii rpynmnax (puc. 1).

L ]
60 % 72w 80w By 96w 1049

Hirpexrmm Hewyeornemnoe  Bpeun, %
Cypdarcen OCEAMIEHIE

il M $00war +mmw

Puc. 1. /lunamuka pocra ¢osuinkynos (yBenuueHne% OTHOCUTEIBHO UCXOHOTO IMaMeTpa) B epuoj ¢ 6 no 10
JICHb TIPOrPaMMbl CHHXPOHHU3AIMHU TTOJIOBOM OXOThI

[Tpu n3yyeHnn BIUSTHAS MEJIATOHWHA Ha CEKPETOP-
HYI0 (DYHKIUIO SIMUHUKOB HAMH OTIPEJICIICH YPOBEHb
sctpanunoinal 7-B B kpoBu kopoB (Tab. 2).

AHanu3 U3MEHEHHUS KOHLEHTpPAIUU 3CTPaJNO-
na-17 B MO3BOJUI ONIPENETUTh, 9TO O0JIee BHICOKHE
JIO3UPOBKU MEJIATOHMHA, MOJOXKHUTEIBHO MOBIHSIN
HE TOJILKO Ha Ka4eCTBO (OJUIMKYJIOB, HO U Ha MeTa-
00JIM3M 3CTpaauona, BEIACISEMOro B TOHaAax B CTa-
JIUIO BO30YKICHUSI.

BBejienne IMIUTaHTOB TIPUBEITO K CHUYKEHHEO KOH-
LIEHTPAILNU 3CTPAANOIIA, YTO, TIO-BUANMOMY, CBSI3aHO
¢ mpekpaimenreM BoipaboTkn OCI' B rumortanamy-
ce u3-3a JISHCTBUS MPOTeCTepPOHa U, KaK CIIEICTBUE
OTCYTCTBHEM pocTa (POJUIMKYJIOB U CEKPEIHH HUMH
ropmoHa. Tak, B KOHTPOJIBHOM TI'pyIIIe CIYCTs CyT-
KM JISHCTBUSI UMIUIAHTOB KOHIICHTPAILIUSI CHU3HMIIACH
Ha 16,1 % (c 0,31 + 0,09 mo 0,26 + 0,08 aMoOIE/1),
B mepBoit ombITHOM — Ha 16,0 % (¢ 0,25 + 0,06
1o 0,21 +£0,10), Bo Bropoii onbeitHOi — Ha 20,0 %

(¢ 0,30+ 0,17 o 0,24 +0,01) u B TpeTheit — Ha
15,4 % (c 0,26 £ 0,07 no 0,22 = 0,08). K 4-my IO
JICHCTBHS MPEapaToB KOHIICHT ALKl 3CTPaInoIIa J10-
CTHUIJIa MUHHUMYyMa BO BCEX TPYyIIax, a 3aTeM IOBbI-
CUJIach K 7-My JHIO, KOIJla MMILIAHTBI U3BJICKAJINChH
U TyTEM BBEICHUS KIOTPOCTEHONA HHTYyIMPOBATIACH
cTaaus Bo30YXJICHUs, MTOCIIC YeT0 YPOBEHb rOPMOHA
BO3pacraj. B rpymnmnax, rjae npuMeHsUIMCh UMILIAHTHI
C MEJIAaTOHUHOM HaOJIro1aiach JIydliasi peakiys sud-
HUKOB Ha CTUMYJISALIMIO, YTO BHIPAXKAJIOCh B BHJIE I10-
BBITIICHUST KOHIICHTpAUK 3cTpanuona 17-f B opra-
HusMme. Tak, B MEpBOM IPyIe YPOBCHb CTEPOUHO-
ro ropmoHa ot 4-ro k 7-my AHio Bo3poc Ha 25,0 %
(c 0,20 £ 0,05 mo 0,25 &+ 0,03HMOTB/1T), BO BTOPOU —
Ha 47,4 % (c 0,19+ 0,09 mo 0,28 £0,01) u B TpeTh-
ett—mna 50,0 % (c 0,22 + 0,10 10 0,33 + 0,03EMOIB/1)
(p £0,05). CnenoBarenbHO, JUHAMHUKA TTOBHIIIE-
HUS MPOIYKIIUU ACTPAJNONIa B KOHTPOJIBHOU TPYII-
e B TOT YK€ MEPHUOJl HOCHIIA CaMbIi HU3KHI Xapak-
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Tep, rme HaOII0AaI0Ch MOBBIIICHNE KOHIICHTPAITUH
Ha 14,3 % (¢ 0,21 £ 0,07 mo 0,24 + 0,03 aMOIIB/IT).
OLeHKa TaHHOTO MOKAa3aTess B IEHb BBEJICHUS CIIep-
MBI, CBUJICTCJIBCTBOBAJIA O 0OJiee BHICOKOM YpPOBHE
MPOAYKIIMK TOPMOHA B TPYIIE KUBOTHBIX, TJIE MPH-
MEHSIINCh, UMIUIAHTEI ¢ mobOasiennem 700 Mr mena-
TOHWHA. B KOHTPOJIBLHOM U MEPBON OMBITHOM IpyIITIax
[TOJTyYeHHbIE 3HAYCHHS OBLTH TIPAKTUYECKH UICHTUY-
el 0,37 £ 0,14 10,38 £+ 0,13 HMOIBL/JI COOTBETCTBEH-
HO. Bo BTOpOI# Ipynne pa3HULA KOHLIEHTPALUU TOp-
MOHa ¢ MokazareyneMm KoHTpoJs Obuia 15,0 %, co-

craBisist 0,43 + 0,19amomw/71, a B TpeTheit — 33,7 %
(0,52 + 0,20aMomb/m). [To-BHIMMOMY, METATOHUH TIO-
JIOXKHUTEITBHO MTOBIUSUT HA (DYHKIUEO TPaHYIE3HBIX KIIe-
TOK B (hOJUTHMKYJIaX SUYHUKA, HA YTO YKA3bIBAIOT MOBbI-
IICHUE TUHAMUKA (DOJUTUKYIISIPHOTO POCTA U CEKPEIUU
ACTPAAHOIIA TIOCTIE U3BICUCHHSI UMIUIAHTOB Y KOPOB
BTOpOH W TpeThel Tpymm. TakuM oOpa3oM, UCTIONb-
30BaHue MenaToHuHa B fo3ax 500 u 700 mMr mo3BoJs-
€T ONTUMU3UPOBATh CTEPOUIOTCHE3 B SMYHUKAX B T1€-
PHOJ1 IPOXOKJICHHSI )KUBOTHBIMH TOPMOHAIBHOH TIPO-
rpaMMbl CHHXPOHHU3AIUN OXOThI U OBYJISIHH.

Taoauma 2

Brusinue npumernenus npocecmeporcooepl caumjux UMnIaHmo8 ¢ pasHou KOHYyeHmpayuei
MENAHUHA NPU 2OPMOHATILHOU CUHXPOHU3AYUL OXOMbL U 08VIAYUU U 8 OeHb UCKYCCBEHHOZ0
OCeMeHeHUsl Ha KOHYEeHmMpayur 6 kposu scmpaduona-17p (Hmonv/n)

JleHb B3ATHS KPOBHU B IIEPHOJl CHHXPOHU3AIINH ITOJIOBOI OXOTHI
Tpymna Jlo3a memaro- 0 7 0
HUHA, MT (anmumukanuys 4 (n3BNCUCHHUE
(HO)
MMIUIAHTOB) HUMITJIAHTOB)
H;EB;"I 300 025+0,06 | 021010 | 020£0,05 | 025003 | 038+0,13
B;O:p;"‘ 500 030+0,17 | 024=001 | 019+0,09 | 028001 | 043+0,19
B;O:p;"‘ 700 026+0,07 | 022+008 | 022+0,10 | 033+003 | 052+0.20
KOH;PL’J;"H” — 0,31 0,09 0,26 + 0,08 0,21 £0,07 0,24 + 0,03 0,37 0,14
" p<0,05

BaxHpIM 1oKa3aresieM aJIeKBaTHOI'O OTBETA THIT0-
¢u3za Ha ctumyssiuio Beiaenenus JII B oTBeT Ha MHB-
eKIIMI0 TOHAI0NMOeprHa, SBISETCS CBOEBPEMEHHOE
Hactymienue opyssiiuu [10]. Pesynsrars yasTpaco-
HOTpa(UIECKOr0 MOHUTOPHHTA, IIPOBEIEHHOTO C IIe-
JIBI0 KOHTPOJISI BPEMEHHU OBYJISIIIMOHHOTO OTBETA I10-
CIIe BBE/ICHUSI allapesiiHa MPeCTaBIICHbI B Ta0IHLE 3.

[TonydyeHHble naHHbIE CBUAETEIBCTBYIOT O TOM,
YTO cIycTsi 24 Yaca Tocie BBEACHUS TOHAI0Iu0epu-
Ha (8 9acOB ¢ MOMEHTA BBEACHHS CTICPMBI) OBYIISIIHS
peructpuposanach y 33,3 % KUBOTHBIX U3 KOHTPOJIb-
HOW, y 37,5 % nepBoii, BTopoit 'y 55,5 % Tperbeit
OIBITHBIX I'pymil. JlanpHENIINI KOHTPOIb 10 MpoLe-
cTBuM 36 yacoB OT BBeJeHU anapenuna (20 9acoB mo-
CJIe OCEMEHEHMSI ) [T0Ka3aJl, YTO B KOHTPOJIHHOM U Mep-
BOH OITBITHOM TPYTITIE, OBYJISIHSI IPOH30MIIa y 8 U3 9
KUBOTHBIX (88,9 %), u 7 u3 8 (87,5 %) KopoB cOOT-
BETCTBEHHO. B rpynmnax, rae npuMeHsIuch UMIUIAH-

TbI ¢ o3upoBkaMu 500 u 700 Mr MenaToHHWHA y BTO-
POl U TPEThEN KOHTPOJIUPYEMAs! CTaIUs B TOT XK€ I1e-
pYoI HACTyMIJIa y BCEX KMBOTHBIX. HamGonpmas
aKTUBHOCTH NPOAYKLHUH 3CTPaguona B (QOIIIHKyIax
SIMYHUKOB B I'PYIIE KUBOTHBIX, I7l€ MPUMEHSIIOCH
700 Mr menaToHWHA, MOIJIA MOBJIMATH HA UHTEHCUB-
HOCTb IIPENOBYIISILIMOHHOTO Beruiecka JII mocie BBe-
JICHHsI TOHAJIOTPOIIMHA, YTO OTPA3HUIIOCh Ha CBOEBpe-
MEHHOCTH OBYJISIIIOHHOTO OTBeTa. Tak, ciycTs 8 4a-
COB ITOCJIE BBEJICHNUS CTIEPMBI IaHHAS CTaIUsI B TPETHEN
OMBITHOM TPYIIIE HACTYNMJIA y 5 )KUBOTHBIX, B OTJIH-
yme oT 3-x B Apyrux rpynnax [10]. Takxke, koppek-
LMs CTEPOUIOreHe3a BO BTOPOM U TPEThEW IpyImax-
ob6ecrieurna 100 % 3aBepiiieHne CTaauu BO30YKICHHS
B BUJIC OBYJISIIIUH B MPOMEKYTKe 20 9acoB TOCIe Hc-
KyCCTBEHHOTO OCEMEHEHMSI, B OTINYNE OT KOHTPOJIb-
HOW 1 epBOH ONBITHOM ¢ pe3yabratamu 88,9 u 87,5 %
COOTBETCTBEHHO.
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Taonauna 3
Konmponws epemenu osynsyuu uepes 24 u 36 uacoe nocie sésedenus Cyppazona
Bpewmsi mociie BBeIeHHs allapesinHa arerara
24 4. 36 4.
I'pyrma Hosa menato- UTtoro %
HUHa, MI Kos-Bo KUBOTHBIX Kosn-Bo KMBOTHBIX
rOJIOB % Kon-Bo %
Hnelfg" 300 3 37,50 4 50,00 87,50
Bn“f’g" 500 3 37,50 5 62,50 100
T}f‘fg" 700 5 55,50 4 44,50 100
KOH;"S;"H” — 3 33,33 5 55,56 88,89
CTBHE PacCTpOHCTB MeTabosnmueckux npoueccon // Ipo-
SAKJIIOYEHHUE

Takum 00pa3om, JOMOTHUTEIBHOE BBEACHHE MeIa-
ToHUHA B jo3upoBKax 500 u 700 Mr B cocTas nporecre-
poHCOACPKAIINX UMINIAHTOB, IPUMEHACMBIX B IIPO-
rpaMMax CHHXpPOHU3allun TTOJIOBOM OXOTBI 1 OBYJIAIUH,
BBI3BIBAET 00pa3oBaHue Ooiee KPYMHBIX MPEIOBYIIs-
TOPHBIX (POJUTHKYIIOB B SMYHUKAX U 00CCIIEUUBACT IO~
JIOKUTENBHBIN OBYIISITOPHBIH OTBET y Bcex 0OpaboTaH-
HBbIX JKUBOTHBIX. TaK)KC, 6I/IOJ'IOI‘I/I‘-ICCK35[ AKTHUBHOCTbH
HeWpomenTHaa Mpu ero coaepxanuu B goze 700 mr
MOJIOKUTEIHLHO MOBIHsIIA HA DYHKIIUIO MPaHyIE3HBIX
KJICTOK, HA YTO YKa3bIBACT MOBBINICHUE CEKPEIMU ACT-
paauona 17-B B TOpMOHAIILHO WH/TyIIUPOBAHHYIO CTa-
JHIO TTOJIOBOTO BO3OYKICHUSI.
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Abstract. This article presents the results of a comparative assessment of changes in ovarian follicle size using
clinical and echographic examination, the level of 17p3-estradiol secretion determined by ELISA in serum, and ul-
trasonographic monitoring of ovulation time after the use of progesterone-containing intravaginal implants with
the addition of various doses of melatonin, used as part of a regimen for synchronizing estrus in dairy cows. In
the groups that were administered implants with melatonin at doses of 500 and 700 mg, the size of preovulatory
follicles was by 8.0 and 10.1 % larger, compared to the control. Furthermore, the biological activity of this pep-
tide affected the function of granulosa cells, as indicated by an increase in estradiol secretion by 15.0 and 33.7 %
relative to the control group during the hormonally induced stage of estrus (sexual heat). The formation of larger
follicles and optimization of ovarian steroidogenesis resulted in timely ovulation in response to a gonadotropin-re-

leasing hormone (GnRH) injection.

Keywords: intravaginal implants, dairy cows, ovaries, folliculogenesis, melatonin, estradiol

One of the serious problems in modern cattle
breeding is the low efficacy of artificial insemination,
which increases the period of animal infertility and sig-
nificantly reduces the economic efficacy of the indus-
try [1]. The formation of large herds of high yielding
animals is accompanied by a decrease in their repro-
ductive capacity [2]. It is known that paratypic factors
associated with the specifics of the keeping and use
of cows can lead to stress and disruption of metabolic
processes. Stressed homeostasis of the body can lead
to the suppression of the function of granulosa cells
of ovarian follicles, impairing the dynamics of follic-
ular growth and estradiol production [3]. A decrease in
fertility is often associated with a slowdown in follicle
growth and a delay in ovulation or its absence [4, 5]. It
is known that late egg release can dramatically reduce
the efficacy of insemination, since the average lifes-
pan of sperm in the reproductive tract of cows in the
estrus stage is 24 hours [5]. In this regard, increasing
attention is being paid to the design and use of drugs
that improve metabolism, and testing their effects on
the reproductive system of animals in production con-
ditions [6]. According to a number of authors, the use
of melatonin in veterinary obstetrics and gynecology
has a certain potential [3, 7]. This hormone is capable
of reducing the effect of damaging factors on the re-
productive system, improving its functional state [§].
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To solve the problem of low bioavailability of the pi-
neal gland hormone when administered orally and by
injection [9], the development of alternative routes
of delivery of active substances, including intravagi-
nal implants containing progesterone and melatonin,
is relevant. The use of this approach ensures a stable
supply of hormones to the animal’s body throughout
the entire period of contact of the drug with the mu-
cous membrane.

In this regard, the research objective is to investi-
gate the effect of intravaginal administration of various
doses of melatonin on the dynamics of follicle growth,
ovulation time and estradiol secretion in the hormon-
ally induced estrus in dairy cows.

MATERIAL AND METHODS

The study involved clinically healthy lactating
Red-Motley cows in their second to fourth lacta-
tions, kept tethered in a four-row barn. At the time of
the study, average milk production was 24 liters per
day. The average number of days in milk was 120—
125. The diet consisted of hay, silage and concentrat-
ed feed. The study included the cows that failed their
primary and secondary inseminations during hormon-
ally induced estrus. The animals were divided into four
groups of 8—9 animals each, based on the principle of
paired analogues. To synchronize estrus and ovulation,
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all animals were administered the Ovsynch protocol,
which included the administration of GnRH (25 pg of
alarellin acetate) at the beginning of the program and
prostaglandin F, (500 pg of cloprostenol intramuscu-
larly) 7 days later.

The ovulation was then stimulated by subsequent
administration of alarellin (56 hours after the prosta-
glandin injection). Surfagon (NPK Askont+ LLC) was
used as GnRH, and Estrofan (Biovet JSC) was used as
prostaglandin F .

In addition to hormonal injections, all animals
were administered proprietary silicone intravaginal im-
plants. The animals in the control group (n = 9) were
administered a progesterone-only implant, while the
cows in three experimental groups (n = 8), (n = 8) and
(n = 9) were administered various doses of melatonin:
300 mg, 500 mg and 700 mg, respectively.

To monitor the dynamics of ovarian steroidogen-
esis, blood was collected from three animals in each
group on the day of implant administration (day 0),
then on days 1 and 4 post-implantation, on day 7 (8
hours after implant removal), and before artificial in-
semination on day 10. The estradiol content in the
blood serum was determined by enzyme immunoassay
using the ready-made reagent kit K208 IFA Estradiol
manufactured by Hema-Medica on an AMR-100T mi-
croplate photometer at a wavelength of 450 nm.

The changes in the size of dominant gonadal folli-
cles and ovulation time were recorded using an Easi-
Scan scanner (BCF Technologies) equipped witha 7.5
MHZz linear intrarectal transducer.

The ultrasound examinations were performed start-
ing on day 6 after implant administration for six days
at 12-hour intervals in all experimental cows. The
dominant follicle diameter measurements were de-
termined from the images obtained from the scanner
screen with a size grid. The data obtained were statis-
tically processed using the Microsoft Office software
(Microsoft Excel), taking into account the mean (M)
and standard errors (m).

STUDY RESULTS AND DISCUSSION

According to the table data, the initial follicle size
in the ovaries of the cows in the control and experi-
mental groups did not differ significantly, amounting
up to 9.88 + 0.52 mm and 10.13 £ 0.50 mm. No sig-
nificant increase in folliculogenesis was observed 12
and 24 hours after the start of monitoring.

Follicle growth increased after implant remov-
al and prostaglandin F, administration. Thus, in the
control and experimental groups by the day of ala-
relin administration (72 hours), the studied struc-
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tures had increased by 33.5 and 34.8 % respectively,
relative to their initial size, and their diameters were
13.19 £ 0.46 mm and 13.56 + 0.42 mm.

In the second and third experimental groups, follic-
ular growth dynamics was more intense. By 60 hours
of observation, the follicular structures in the second
group reached 13.38 + 0.52 mm, increasing by 33.0 %.
In the third group, the increase was 37.0 %, with a di-
ameter of 13.88 +0.54 mm (p < 0.05), significantly
exceeding the control group by 12.5 %.

By 72 hours, dominant follicles were also larg-
er in the groups administered the implants contain-
ing 500 and 700 mg of melatonin. Their sizes were
14.44 + 0.49 mm (p < 0.05) in the second group, and
14.81 £ 0.55 (p <0.05) in the third one, and the dif-
ference with the control group indicator was 9.1 and
11.6 %, and the increase in diameter from the start of
ultrasound monitoring reached 43.5 and 46.2 %, re-
spectively.

The administration of alarelin to experimental an-
imals on day 9 stimulated the release of FSH and LH
by the pituitary gland, accelerating follicle growth to
the preovulatory stage.

Comparing follicle size changes by 104 hours af-
ter the start of observation, there was noted a lower
growth rate in the control and first groups. The size
of these structures increased by 68.1 and 69.6 % re-
spectively, and their diameters before ovulation were
16.61 £0.53 and 17.06 + 0.56 mm.

In the second group, more intensive growth of
follicles was recorded: they increased by 54.7 % by
84 hours, reaching a diameter of 15.56 + 0.56 mm
(p £0.05) and by 68.4 % by 96 hours, amounting up
to 16.94 £ 0.58 mm (p < 0.05), which was significant-
ly different from the values in the control group —
14.13 + 0.54 and 15.56 £ 0.42 mm in the same peri-
od. By 104 hours, the size of preovulatory follicles in
this group reached 18.00 & 0.66 mm in diameter, which
was by 8.0 % (16.61 = 0.53 mm) more, compared to
the control group.

The greatest growth activity after melatonin ad-
ministration was observed in the third group, where
ovarian follicles increased by 57.4 % by 84 hours and
by 70.6 % by 96 hours of observation. By 104 hours,
the diameter of the examined structures in this group
reached 18.38 = 0.60 mm (p < 0.05), significantly ex-
ceeding the control group by 10.1 %.

Thus, the group administered melatonin implants
at doses of 500 and 700 mg demonstrated greater fol-
licular growth intensity, leading to the formation of
larger preovulatory structures than in the control and
first groups (Fig. 1).
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Table 1
Effect of various doses of melatonin on follicle growth in cows
Time from the start of ultrasound monitoring, hours
<t o O
o (@\| ~ N
o
= @ .
3 = 5E+ s g
& | 8 = 8 |EEE| ¥ % e | &= 3 | & =
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: EE ] i s
=82 Sl 2
£8o =2 5
223 g g
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diame- | 10.06 £ | 10.37+ | 10.50+ | 11.38+ | 11.94+ | 12.63 £ | 13.56+ | 14.50£ | 16.00+ | 17.06 +
ter,mm | 064 | 063 | 050 | 062 | 056 | 047 | 042 | 054 | 048 | 0.56
First
n=38 in-
crease 0 +3.08 +4.37 | +13.12 | +18.69 | +25.55 | +34.79 | +44.13 | +59.04 | +69.58
%
diame- | 10.06 £ | 10.50+ | 10.72+ | 1144+ | 12,19+ | 13.38 £ | 1444+ | 1556+ | 16.94 + | 18.00 +
ter,mm | 052 | 050 | 054 | 058 | 060 | 052 | 049" | 0.56° | 058 | 0.66
Second
n=38 in-
crease 0 +4.37 +6.56 | +13.72 | +21.17 | +33.00 | +43.54 | +54.67 | +68.39 | +78.93
%
diame- | 10.13+ | 10.56+ | 10.89+ | 11.61 £ | 1244+ | 13.88+ | 14.81+ | 1594+ | 17.28 + | 18.38 +
ter,mm | 050 | 062 | 054 | 052 | 056 | 054" | 055 | 058" | 0.50" | 0.60°
Third
n=9 in-
crease 0 +4.24 +7.50 | +14.61 | +22.80 | +37.02 | +46.20 | +57.35 | +70.58 | +81.44
%
Mmf‘ 988+ | 1013+ | 1038+ | 1112+ | 11.56+ | 12.25+ | 13.19+ | 14.13 = | 1556+ | 16.61 +
> 1 052 | 055 | 046 | 048 | 052 | 055 | 046 | 054 | 042 | 053
Control MM
n= 9 in-
crease 0 +2.53 +5.06 | +12.55 | +17.00 | +23.99 | +33.50 | +43.02 | +57.49 | +68.12
%
"p<0.05
" p<0.01

While studying the effect of melatonin on ovarian
secretory function, we determined the level of 17(3-es-
tradiol in the blood of cows (Table 2).

The analysis of changes in 17f3-estradiol concen-
trations revealed that higher melatonin doses had a
positive effect not only on follicle quality but also on
the metabolism of estradiol secreted in the gonads
during estrus.

Implant administration has resulted in a decrease
in estradiol concentrations, which is likely due to the
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cessation of the FSH production in the hypothalamus
due to progesterone and, consequently, the cessation
of follicle growth and hormone secretion. Thus, in
the control group, after a day of implant action, the
concentration decreased by 16.1 % (from 0.31 £+ 0.09
to 0.26 £ 0.08 nmol/L), in the first experimental
group — by 16.0 % (from 0.25 £ 0.06 to 0.21 + 0.10),
in the second experimental group — by 20.0 % (from
0.30£0.17 to 0.24 +£ 0.01) and in the third — by
15.4 % (from 0.26 = 0.07 to 0.22 + 0.08). By day 4 of
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drug action, the concentration of estradiol reached a
minimum in all groups, and then increased by day 7,
when the implants were removed and the estrus stage
was induced by the introduction of cloprostenol, after
which the hormone level increased. In the groups us-
ing melatonin implants, a better ovarian response to
stimulation was observed, which was expressed as an
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increase in the concentration of 17p-estradiol in the
body. Thus, in the first group, the level of the steroid
hormone from day 4 to day 7 increased by 25.0 %
(from 0.20 = 0.05 to 0.25 &+ 0.03 nmol/L), in the sec-
ond — by 47.4 % (from 0.19 + 0.09 to 0.28 + 0.01)
and in the third — by 50.0 % (from 0.22 £0.10 to
0.33 £0.03 nmol/L) (p < 0.05).
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Fig. 1. Dynamics of follicle growth (% increase relative to the initial diameter) in the period from day 6 to day
10 of the estrus synchronization program

Table 2
Effect of using progesterone-containing implants with various melatonin concentrations
during hormonal synchronization of estrus and ovulation and on the day of artificial
insemination on the blood concentration of 17-estradiol (nmol/L)
Day of blood collection during the period of estrus synchronization
Group Melatonin 0 7
dose, mg (implant : 10
administra- ! 4 (implant (A
. removal)
tion)
First
b3 300 0.25+0.06 0.21£0.10 0.20 £ 0.05 0.25+£0.03 0.38+£0.13
Szczogd 500 0.30£0.17 | 024=0.01 | 0.19+009 | 028001 | 043+0.19
Third .
b3 700 0.26 £0.07 0.22 £0.08 0.22+0.10 0.33+£0.03 0.52+£0.20
C:‘f;l — 0314009 | 026+008 | 021+£0.07 | 024003 | 037+0.14
"p<0.05
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Consequently, the dynamics of increase in estra-
diol production in the control group during the same
period was the lowest, where an increase in concen-
tration by 14.3 % was observed (from 0.21 + 0.07 to
0.24 £+ 0.03 nmol/L).

The assessment of this indicator on the day of
sperm injection indicated a higher level of hormone
production in the group of animals that were admin-
istered implants with the addition of 700 mg of mel-
atonin. In the control and first experimental groups,
the obtained values were almost identical: 0.37 = 0.14
and 0.38 £ 0.13 nmol/L, respectively. In the sec-
ond group, the difference in hormone concentration
with the control indicator was 15.0 %, amounting
up to 0.43 +0.19 nmol/L, and in the third — 33.7 %

(0.52 + 0.20 nmol/L). Melatonin apparently had a pos-
itive effect on granulosa cell function in ovarian folli-
cles, as evidenced by increased follicular growth and
estradiol secretion after implant removal in the cows
from groups two and three. Thus, the use of mela-
tonin at doses of 500 and 700 mg optimizes ovarian
steroidogenesis during the hormonal synchronization
of estrus and ovulation.

An important indicator of an adequate pituitary
response to stimulation of the LH secretion follow-
ing a gonadotropin-releasing hormone injection is the
timely onset of ovulation [10]. The results of ultraso-
nographic monitoring conducted to monitor the time
of the ovulatory response after the administration of
alarelin are presented in Table 3.

Table 3
Monitoring the time of ovulation 24 and 36 hours after the administration of Surfagon
Time after administration of alarelin acetate
. 24 h 36 h
Group l\élelatonm Total %
0se, mg Number of animals Number of animals
animals animals %
515; 300 3 37.50 4 50.00 87.50
S}j‘fgd 500 3 3750 5 62.50 100
;l;}irg 700 5 55.50 4 44.50 100
C;rf;ﬂ — 3 3333 5 55.56 88.89

The data obtained indicate that 24 hours after the
administration of gonadotropin-releasing hormone
(8 hours from the moment of sperm injection), ovu-
lation was recorded in 33.3 % of animals in the con-
trol group, 37.5 % in the first and second experimen-
tal groups, and 55.5 % in the third experimental group.
Further monitoring 36 hours after the administration
of alarelin (20 hours after insemination) showed that
in the control and first experimental groups, ovulation
occurred in 8 out of 9 animals (88.9 %) and in 7 out of
8 (87.5 %) cows, respectively. In the groups that were
administered the implants with dosages of 500 and
700 mg of melatonin, the controlled stage occurred in
all animals in the second and third experimental groups
during the same period. The highest estradiol produc-
tion in ovarian follicles in the group of animals treat-
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ed with 700 mg of melatonin may have affected the
intensity of the pre-ovulatory LH surge after gonad-
otropin administration, which affected the timeliness
of the ovulatory response. Thus, 8 hours after sperm
injection, this stage occurred in 5 animals in the third
experimental group, compared to 3 in the other groups
[10]. Furthermore, correction of steroidogenesis in the
second and third groups ensured 100 % completion of
the excitation stage, manifested by ovulation, with-
in 20 hours after artificial insemination, compared to
88.9 and 87.5 % in the control and first experimental
groups, respectively.

CONCLUSION
Thus, the addition of melatonin at doses of 500 and
700 mg to progesterone-containing implants used in
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programs to synchronize estrus and ovulation induc-
es the formation of larger preovulatory follicles in the
ovaries and ensures a positive ovulatory response in
all treated animals. Furthermore, the biological activ-
ity of the neuropeptide at a dose of 700 mg positive-
ly affected granulosa cell function, as evidenced by an
increase in 17B-estradiol secretion during the hormon-
ally induced estrus.
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AHnHOTanms. J[aHHOE HCCIIeIOBaHKE TIOCBSIICHO aHAIN3Y MOTEHIMAIa a3UTPOMHUIIMHA — | 5-4JIeHHOTO Makpo-
nm1a, 00IaaaonIero IMUPOKUM CIIEKTPOM aHTUMUKPOOHBIX ¥ MMMYHOMOJYJIUPYIOIIUX CBOMCTB, — B JICUCHUN
LIMTO300HO3a y KOIIeK. B paboTe paccMOTpeHBI CTPYKTYpHBIE 0COOCHHOCTH MPENnapaTa, €ro MEXaHH3MbI JCHCTBUS
n (hapMaKkOKHHETHUECKHE NpenmyInecTBa. Oco0oe BHUMaHHE yAEIeHO BO3MOXXHOCTH UCTIONb30BaHUS a3UTPOMH-
LIMHA B BETEPUHAPHH, B YACTHOCTH, B KOMIUICKCHOW TepaIlMK Napa3suTapHbIX 3a00JICBaHUH, TAKMX KaK [IUTO300-
HO3, BbI3bIBaeMbIi napasuroM Cytauxzoon felis. [IpoaHami3upoBaHbl CyIIECTBYIOMINE CXEMBI JICUCHUS, HX (-
(DEeKTUBHOCTH U CPABHUTEIBHBIC ITOKA3aTEIN BBKMBAEMOCTH KUBOTHBIX. [10/TydeHHBIC TaHHBIC CBU/ICTEIIHCTBY-
IOT O BBICOKOH 3((EKTUBHOCTH KOMOMHAIMM a3UTPOMHUIIMHA C TPOTHBOMAISIPUUHBIMHU IIpeTapaTaMu, 4To
3HAUUTEJIFHO CHIKAET YPOBEHb cMepTHOCTH. MccienoBanue Noq4epKuBaeT akKTyalbHOCTh JAbHEHIINX KIMHH-
YECKHUX M AKCIIEPUMEHTAJIBHBIX paboT 110 BHEAPECHUIO a3UTPOMUIIMHA B BETEPUHAPHYIO MTPAKTHUKY JUIS MOBBIIIE-
HUSE 3P PEeKTHBHOCTH OOPHOBI C OITACHBIMH NMAPA3UTAPHBIMU HHPEKINAMH Y JOMAIITHUX KUBOTHBIX.

KaioueBble ciioBa: a3UTPOMHUIINH, INTO300HO3, TEPAITHS, aTOBAKBOH, KOIIKH

B Poccum nomamHue KUBOTHBIE €CTh y 63 %
HaceJeHMsl, IpudeM OoJiee MOJIOBUHBI BIIAJE/bLICB
(51,3 %) BoiOupatot komek. HecmoTps Ha Takyto mno-
MyJISIPHOCTB, B CPEJIE XO35I€B U JJAJKE CPEIN BETEPUHAP-
HBIX CIEIUAINCTOB COXpaHseTcs KpaiHe HHU3Kasi oc-
BEJIOMJIEHHOCTb O 1IUT0300HO3€. [{1T0300HO3 — 3TO
0CTpOE, CMEPTENIBHO ONACHOE IIPOTO30iHOE 3a001eBa-
HUE KOILIEK, BbI3bIBaeMoe napaszutom Cytauxzoon fe-
lis. OHo mepenaercs yepes yKyc MKCOIOBBIX KIICIeii-
MIEPEHOCYMKOB, IOPAXKAET UCKITIOYUTEIBHO KOLIAYbHX.
OnacHOCTh IMTO300HO3a 3aKII0YAETCS B €70 CTPEMHU-
TEJIbHOM Pa3BUTHH, TSHKEIECHIINX CUMIITOMAX U Kpaii-
He BBICOKOH JeTabHOCTH (90 %) [6, 9, 15, 25, 28, 37].

Oco0yro mpobieMy co3faeT OTCyTCTBHE O(H-
LUAIbHO 3apPETUCTPUPOBAHHBIX M JIETKOJOCTYIIHBIX
B Poccuiickot denepanuu npenaparos ¢ NpsAMOR
MIPOTHUBOIAPA3UTAPHON aKTUBHOCTHIO mpoTuB C. fe-
lis. Takum 06pas3oM, McciIeTOBaHNE, HAIPABICHHOE
Ha OIIEHKY 3(PPEKTUBHOCTH CYIIECTBYIOIINX U pa3pa-
OOTKY HOBBIX TEPAIIEBTUYECCKHUX CXEM, TAKHX KaK KOM-
IUIEKCHOE MPUMEHEHNE a3UTPOMHULIMHA U aHTHUIIPOTO-
30IHBIX TPENaparoB, SBISETCS KPUTHYECKH BayKHBIM
U aKTyaJIbHBIM JJISl YITyYIICHUS! BBKHBAEMOCTH KO-
IIEK M MOBBIIICHUS THPOPMUPOBAHHOCTH BETEpUHAP-
HOTO COOOILECTBA.

A3UTpOMULIUH — |5-4JIeHHBIM MaKpOJIu, OTHO-
CAIIMICS K MOKIIaccy a3anuaoB. OH ABISETCS POU3-
BOJIHBIM 3PUTPOMHUIIMHA — 14-4JIEHHOTO Makpoiuaa
C 3aMELICHHBIM METWIBHOMU IPYIIION a30TOM U BKIIIO-
YEHHBIM B JIAKTOHHOE KOJblI0. JlaHHas CTPyKTypHas
Moau(UKaIMS T03BOIMIIA YCHIINTD KUCIOTOYCTOMYH-
BOCTh aHTHOHMOTHKA, & TAaKXKe YIy4IlInia ero Crocoo-
HOCTb IPOHUKATh B KJIIETKHU U TKaHU opraHusMa [ 1, 4].

3a cueT cBOel IByXOCHOBHOM CTPYKTYpPBI a3UTPO-
MUIIMH aKTHBHO ITOIVIOIIASTCS M HAKAIIIMBAETCS KIIeT-
KaM{ UMMYHHOW CHCTEMBI: TPaHyJIOIUTaMHU, MAaKpO-
(aramu, MOHOLIUTAMH, a TAKXKE JJOJITO BBIBOOUTCS U3
OpraHu3Ma XUBOTHBIX. biarogapsi 3toit ocobeHHOCTH
JaHHBIA aHTHOMOTHK NPEISITCTBYET IPOHUKHOBEHHIO
npocTelmux B KJIeTku KpoBH. IToaTomy mpemnapar
YCHENIHO PUMEHSETCS] B BETEPUHAPUH B KOMITJIEKC-
HOM JICYeHUHU Nuporriazmo3a. Haubonbmas ¢ dek-
TUBHOCTb a3UTPOMHIIMHA ObljIa BBISIBIICHA B TEPATUH
uTO300HO03a Komiek [ 1, 12,16, 19,24, 27,28, 29, 31].

JKuznennsiii nukn npocreimmx Cytauxzoon felis
XapakTepu3yeTcsl MOCIeA0BaTeIbHOM CMEHON TKaHe-
BO# U apuTporurapHoi ¢a3. [locne nmonanaHust uH-
(GUIMPOBaHHON CITIOHBI KJENla B OPTraHU3M KOIIayb-
UX, CIIOPO30UTHI B TEYEHHE 36 4aCOB MUTPUPYIOT B MO-
HOHYKJIEapHBIE€ KIIETKH XO35IMHA, TA€ WHUIUHPYETCS
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Oecrionoe pa3sMHOXKeHHE myTeM Imn3orornu [11, 18].
[TaTorenes 3aboseBaHNs CBS3aH C pa3BUTHEM IITU30H-
TOB B MH(HIIMPOBAHHBIX KJIETKAX, YTO IIPUBOJIHT K 00-
CTPYKIHHU KPOBCHOCHLIX COCYAOB B [IAPCHXNMATO3HBIX
opraHax, TakKux Kak J'IPIM(baTPI‘-IeCKI/Ie Y3J1bl, TICYCHb,
JIETKHUE U cene3enka [9, 26]. lllupokoe pacmpocTpane-
HYE MIM30HTOB MPUBOJNUT K HAPYIIEHUIO KPOBOOOpa-
eHust, THQUIIMPOBAHUIO TKaHEH U TSHKEJION CUCTEM-
HOH BOCIHAIMTEIBHON PEaKIUU, KOTOPAst MOXKET MPH-
BECTH K HOHHOpFaHHOﬁ HEAOCTATOYHOCTU U CMEPTHU
B TeUEHUE 3 Hememb mocie 3apaxkenus [21, 33]. B mams-
HeHIeM, M30HTH TPAHC(HOPMUPYIOTCS B MEPO3OHTHI,
MMOKUAAroIIe Makpodaru 1t HHQUITMPOBAHUS dPH-
TpoumtoB [7, 15, 20, 21, 22, 23, 25, 26, 27].

Jleuenne maHHOTO 3a00JICBAHUS SIBIISICTCS KITFOUC-
BBIM B DHJIEMHUYECKHUX 30HaX. Kpome Toro, pocT reo-
rpaduueckoro pacrnpocTpaHeHus] HHPEKIUA U BO3-
MOKHOCTh OOHApyXKeHHUS MMapa3uTOB y XPOHUYECKU
WH(UITIPOBAHHBIX KOIIEK, KOTOpPBIE TOOBIBAIIH 32 Tpa-
HUIIEH, AeTa0T UCCIICAOBAHUE IIUTO300H03a BAYKHBIM
U B HEOHJEMHUYECKUX peruonax [27].

B xozme ananmu3za Hay4yHBIX pabOT MHOCTPAHHBIX
1 POCCHUHCKHX aBTOPOB OBLIO M3YYEHO MHOKECTBO
CXeM JIEYEHUS IIUTO300HO03a KOMIEK, BKIIOYAFOIINX
MIPUMEHEHHUE aHTUTIPOTO30MHBIX MPETIapaToB.

PE3YJBTATHBI UCCJIEAOBAHUS

[TapBakBHOH 1 OyTTApBAKBHOH, UCTIOIB3YEMBIC TSI
JIe4eHN Teilepro3a KPyImHOTo poraroro CKoTa, a Tak-
JKe TUMEeTHa3WHa alleTaT, IPUMEHSEMBIN JITS JISICHUS
TPUIAHOCOMO32 Y CENIbCKOXO3SUCTBECHHBIX )KUBOTHBIX,
OBLIH MCCJICIOBAHBI TIPY TEPAMTUU MTUPOTIA3MO3a KO-
mek. OgHaKo JaHHBIC MPEnapaThl MPOSBUIN HUZKYIO
3¢ GEKTUBHOCTH MPH JICYEHUN HKCTIEPIMEHTAIIEHO BbI-
3BaHHOTO IUTO300HO03a [10, 27].

HUccnenoBanue 3apy0eKHOI 1 0T€YE€CTBEHHOM JIH-
Teparypbl O3BOJIWIIO BBISIBUTH JIBE CaMbIe IEHCTBEH-
HBIC CXEMBI JICUCHHUS IUTO300H032a KOIIIEK:

1. IlepopanbHbIii MpUEM aHTUIIPOTO30MHOTO TIpe-
rmapara aTOBaKBOH U TIPOTHBOMHUKPOOHOTO TIpermapara
A3UTPOMUIIMH B COYETAHNN C WHIAMBUAYATLHON MO/~
JepkuBaronieit repanueit [12, 14, 16, 24, 28];

2. IlonkoXHO€ U BHYTPUMBIIICUHOE BBEACHUE
aTpOMKUHA U MPEnapaToB ¢ UMUAOKAPOOM TUTIPOIIHO-
HaTOM B KauecTBe JCHCTByromero Bemectna [14, 20,
24, 29].

B nepBoii cxeme neueHus ATOBAaKBOH BBOAWIHN
MEePOPaIbHO WU Yepe3 30H[ JJIsl SHTEPAJIBHOIO IMHU-
TaHus B 703€ 15 MI/KT Kaxkaple 8 yacoB B TeyeHue 10
JTHEH. ABUTPOMUIINH BBOAWIN MEPOPATHHO WIH Ue-
pe3 30H.1 /ISl SHTEPATBHOIO MUTaHusI B 03¢ 10 MI/kr
Kaxple 24 daca B Teuenne 10 mueit [16].

B pesynbrare 0bLJIO YCTAaHOBJICHO, YTO KOMOMHA-
LIUs Q3UTPOMUIIMHA U aTOBAKBOHA B J103¢ 15 MI/KT mpe-
BOCXONUT 10 3(h(heKTUBHOCTH MPUMEHEHNE AMMUHA3e-
Ha ¥ IMHAJI0KapOa: yke depe3 CyTKH MOocIie BBEICHHUS
MpernapaToB ObLTO OTMEYEHO YTyqIlIeHHE KITIMHUTIECKO-
TO COCTOSIHUS KUBOTHBIX [23, 24].

Y Gonblieil YacTH UCTBITYEMBIX KOLIEK C €CTe-
CTBEHHBIM 3apaKCHHUEM TPU MUKPOCKOTTHIECKOM HC-
CJIeIOBaHUH KPOBW MHUPOIUIa3MBbl HE OBLTH OOHApy-
JKEHbI yxe yepe3 1—8 Henenp nociue aedenus. [P
y KakJI0i KOIIKK ObLTa JHOO0 OTpUIIATENTFHOM, JINOO
rokasaja KpaiiHe HU3KOE€ KOJHMYECTBO MAPa3UTOB.
CHIKCHHE Mapa3uTeMUH OJaronpusTHO OTPa3UIOCh
Ha BBDKUBAEMOCTH KHBOTHBIX (60 %) [10, 12, 14,
16, 21].

ITo BTOpOIi cXxeMe KOIIKH MpeABAPUTEIHHO MOITY-
yanu arpornuH B o3¢ 0,05 Mr/Kr nmoakoxHo 3a 15 mu-
HYT JI0 BHYTPUMBIIIIEYHON HHBEKIIUU UMHJI0KapOa au-
npornuoHara B j103¢ 3,5 mr/kr. [loBTOpHast HHBEKIIUS
MperaparoB MPoOBOAMIACh Yepes 7 aHeit [24, 29, 34].

B pesynbrare npoBeieHHOM Tepanuy He yCTaHOB-
JICHO OCJIa0JICHHE IMapa3uTeMUH IO CPABHEHHIO C TIep-
BOM CXEMOM JIeYeHHUs, YTO OTPa3UIOCh B POCTE Jie-
TaIbHOCTU. B uTOre CMEPTHOCTH JKMBOTHBIX COCTa-
Buia 74 % ot 001ero KonuuecTna Komek [22, 24, 28,
29, 32, 36].

HccnenoBanue moka3aio, 9To y KOIIEK C OCTPBIM
[IUTO300HO30M, JUISI JICUEHUS KOTOPBIX MPUMEHSIIH
KOMOHWHAITMIO aTOBAKBOHA W a3UTPOMHIINHA, BBDKH-
BaeMOCTb ObLIa O0Jiee YeM B 2 pa3a BBIIIE 10 CPaBHE-
HUIO C aHAJIOTMYHOM TPYIIIOHN )KUBOTHBIX, IIPOXOAUB-
[IMX Tepanuio uMuaokapoom aumpornroHaroM: 60 %
u 26 % cootBercTtBeHHoO [9, 10, 12, 13, 14, 15, 16, 21,
24,27, 28, 29, 34, 36].

SAKJIIOYEHHUE

3a mpomeammMe roasl ObUIO MCCIEJO0BAaHO MHO-
’KECTBO AHTUIIPOTO30MHBIX MPENApaTOB IPU Tepa-
IIUM [IUTO300HO3a KOILIEK, U OBbIJIO OOHAPY’>KEHO, UTO
B OCHOBHOM OHHM MMEIOT HHU3KYIO 3({(EKTUBHOCTD.
IIpoBeneHHBIE UCCIENOBAHUS JEMOHCTPUPYIOT, 4TO
IIPY OTCYTCTBUH TEPANIEBTUYECKOIO BMEIIATEIbCTBA
JEeTaIbHOCTh NPHU JAHHOM 3a00JIEBAaHUU JOCTHTaeT
100 %.

OnHaKo COBpEMEHHBIE MPOTOKOJBI JIEUEHHS T10-
3BOJISIFOT YAYYLIUTh IIPOTHO3, CYLIECTBEHHO CHUXAas
[I0Ka3arenb cMepTHOCTH. Ha Tekyniuii MOMEHT peko-
MEHJIyeMBIM CITIOCOOOM JICUeHHS SIBIISICTCS TIEPOPaIIb-
HBIIl IpUeM NPOTHBOMAJISIPUMHOIO IIpenapara aroBa-
KBOH U IIPOTMBOMHUKPOOHOTO Ipernapara a3uTPOMHULIUH
B COYETAaHNU C UHANMBHIYaJIbHON MOAJEPKUBAIOIIEH
Tepanuen.

BerepunapHsrii hapmakomornaeckuii BeCTHHK « Ne 4 (33) « 2025 111



C. P. lluuanuna, IO. B. Koznos, U. A. Xymopnas

CIINCOK UCTOYHUKOB

1. Anopeesa Y. B. dddextuBHOCTb 16- 11 14—15-unen-
HBIX MaKPOJIHIOB MTPH JICYCHHN OAKTEPHATbHBIX HHPEKITHIA
neixarenbHbix nyteit / U. B. Auapeera // HUM antumu-
KpoOHoi#t xumuorepanuu. — Cmonenck: ' 5OY BI1O «Cwmo-
JIEHCKAas TOCYAapCTBCHHAS MEIUIIMHCKAs aKaIeMHs»,
2012. — C. 165—166.

2. Tonoman P. K., Craenuone @. Bzaumopeiicteue ma-
KpOJIUIOB ¢ OaKTEpHUsIMH U €ro OHojoruveckas ocHosa //
Curr Drug Targets Infect Disord. — 2004. — Ne 3. —
C. 241—260.

3. Kamane M. A., Canem X. M., Anoxoman P. A., Xy-
ceun 3. O. u Op. IzyueHne TMHAMUKHA YCTOMUNBOCTH K IIPO-
TUBOMHUKPOOHBIM npenaparam y Mycoplasma gallisepticum:
B3aUMOJIEIICTBIE C aHTHOMOTHKAMHU U JIE3UH(DUIIMPYIOILH-
mu cpeacrBamu // Vet Med Sci. — 2025. — Ne 1. —
C.1—18.

4. Koba U. C., Xaxoeg JI. A., llanmuviz A. X. JJoxnuau-
YECKHE UCCIEeI0BaHUS Ha Ta00PATOPHBIX JKHBOTHBIX HOBBIX
JIeKapCTBEHHBIX BemlecTB: yued. mocodue / U. C. Koba,
JI. A. Xaxos, A. X. Illantei3. — Kpacuopap: Kyol'AY,
2018. — 89 c.

5. Koznog FO. B., Jlomuose M. A. CoBpeMeHHOE TpH-
MCHEHHE U 3HAYCHHUE MAKPOJIHIOB B MeauiiHe // HayaHbrit
xypHai KyoI'AY. — 2022. — Ne 182. — C. 112—131.

6. Alho A. M., Silva J., Fonseca M. J., Santos F.,
Nunes C., de Carvalho L. M., Rodrigues M., Cardo-
so L. First report of Cytauxzoon sp. infection in a domestic
cat from Portugal // Parasit Vectors. — 2016. — Ne 1. —
P. 1—5.

7. Antognoni M. T., Rocconi F., Ravagnan S., Vascel-
lari M., Capelli G., Miglio A., Di Tommaso M. Cytauxzoon
sp. Infection and Coinfections in Three Domestic Cats in
Central Italy // Vet Sci. — 2022. — No 2. — P. 50—63.

8. Bakheit A. H. Azithromycin // Profiles Drug Subst
Excip Relat Methodol. — 2014. — Ne 39. — P. 1—40.

9. Carli E., Trotta M., Chinelli R., Drigo M., Sinigoi L.,
Tosolini P, Furlanello T, Millotti A., Caldin M., Sola-
no-Gallego L. Cytauxzoon sp. infection in the first endem-
ic focus described in domestic cats in Europe // Vet Parasi-
tol. — 2012. — Ne 183. — P. 343—352.

10. Carli E., Trotta M., Bianchi E., Furlanello T., Cal-
din M., Pietrobelli M., Solano-Gallego L. Cytauxzoon sp.
infection in two free-ranging young cats: clinicopathologi-
cal findings, therapy and follow-up // Turkiye Parazitol
Derg. —2014. — Ne 3. — P. 185—189.

11. Carney B., Jackson T., Fisher T. Fatal cytauxzoo-
nosis in a Kentucky cat (Felis domesticus) // Vet Parasi-
tol. — 2006. — Ne 139. — P. 192—195.

12. Cohn L. A., Birkenheuer A. J., Brunker J. D., Rat-
cliff E. R., Craig A. W. Efficacy of atovaquone and azithro-
mycin or imidocarb dipropionate in cats with acute cytaux-
zoonosis // J Vet Intern Med. — 2011. — Ne 1. — P. 55—
60.

13. Cohn L. A. Cytauxzoonosis // Vet Clin North Am
Small Anim Pract. — 2022. — Ne 6. — P. 1211—1224.

14. Greene C. E., Latimer K., Hopper E., Shoeffler G.,
Lower K., Cullens F. Administration of diminazene aceturate
or imidocarb dipropionate for treatment of cytauxzoonosis in
cats // J Am Vet Med Assoc. — 1999. — Ne 4. — P. 497—500.

15. Haber M. D., Tucker M. D., Marr H. S., Levy J. K.,
Burgess J., Lappin M. R., Birkenheuer A. J. The detection
of Cytauxzoon felis in apparently healthy free-roaming cats
in the USA // Vet Parasitol. —2007. — Ne 3—4. —P.316—
320.

16. Hartley A. N., Marr H. S., Birkenheuer A. J. Cy-
tauxzoon felis cytochrome b gene mutation associated with
atovaquone and azithromycin treatment // J Vet Intern
Med. — 2020. — Ne 6. — P. 2432—2437.

17. Heidary M., Ebrahimi Samangani A., Kargari A.,
Kiani Nejad A., Yashmi I., Motahar M., Taki E., Khosh-
nood S. Mechanism of action, resistance, synergism, and
clinical implications of azithromycin // J Clin Lab Anal. —
2022. — Ne 6.

18. Jacobs C. H. Prevalence of Cytauxzoon felis in fe-
ral cats in Russellville, Arkansas // J Arkansas Acad Sci. —
2018. — Ne 21.— P. 123—128.

19. Janas A., Przybylski P. 14- and 15-membered lac-
tone macrolides and their analogues and hybrids: structure,
molecular mechanism of action and biological activity //
Eur ] Med Chem. — 2019 Nov 15. — P. 2—69.

20. Legroux J. P, Halos L., René-Martellet M., Servon-
net M., Pingret J. L., Bourdoiseau G., Baneth G.,
Chabanne L. First clinical case report of Cytauxzoon sp. in-
fection in a domestic cat in France / BMC Vet Res. —
2017.— Ne 1. —P. 1—7.

21. Lloret A., Addie D. D., Boucraut-Baralon C., Eg-
berink H., Frymus T, Gruffydd-Jones T., Hartmann K., Hor-
zinek M. C., Hosie M. J., Lutz H., Marsilio F., Pennisi M. G.,
Radford A. D., Thiry E., Truyen U., Méstl K. European Ad-
visory Board on Cat Diseases. Cytauxzoonosis in cats:
ABCD guidelines on prevention and management // J Fe-
line Med Surg. — 2015. — Ne 7. — P. 637—641.

22. Nentwig A., Meli M. L., Schrack J., Reichler 1. M.,
Riond B., Gloor C., Howard J., Hofmann-Lehmann R., Wil-
li B. First report of Cytauxzoon sp. infection in domestic
cats in Switzerland: natural and transfusion-transmitted in-
fections // Parasit Vectors. — 2018. — Ne 1. — P. 1—13.

23. Panait L. C., Stock G., Globokar M., Balzer J.,
Groth B., Mihalca A. D., Pantchev N. First report of Cy-
tauxzoon sp. infection in Germany: organism description
and molecular confirmation in a domestic cat // Parasitol
Res. — 2020. — Ne 9. — P. 3005—3011.

24. Ratcliff E. R., Cohn L. A., Birkenheuer A. J., Brunk-
erJ. D., Craig A. W. Efficacy of atovaquone and azithromy-
cin or imidocarb dipropionate in cats with acute cytauxzoo-
nosis // J Vet Intern Med. — 2011. — Ne 1. — P. 55—60.

25. Reichard M. V., Cotey S. R., Dangoudoubiyam S.,
Weerarathne P, Tussey K., Wilkes R. P, Miller C. A., Meh-
ringer L., Burcham G. N. Cytauxzoonosis in Indiana, USA:
a case series of cats infected with Cytauxzoon felis (2018—
2022) // J Feline Med Surg. — 2024. — Ne 5. — P. 1—9.

112 BerepunapHsiii papmaxomoruaeckuii BeCTHUK o No 4 (33) « 2025

Homth;uaﬂ asumpomuyurna 6 KOMNJIEKCHOLL mepanuu yuno3ooHo3a y KOuekK

26. Reichard M. V., Sanders T. L., Weerarathne P,
Meinkoth J. H., Miller C. A., Scimeca R. C., Almazan C. Cy-
tauxzoonosis in North America // Pathogens. — 2021. —
Ne 9. — P. 289—291.

27.Rizzi T. E., Reichard M. V., Cohn L. A., Birken-
heuer A. J., Taylor J. D., Meinkoth J. H. Prevalence of Cy-
tauxzoon felis infection in healthy cats from enzootic areas
in Arkansas, Missouri, and Oklahoma // Parasit Vectors. —
2015.— Ne 13. — P. 1—6.

28. Schreeg M. E., Marr H. S., Tarigo J., Cohn L. A.,
Levy M. G., Birkenheuer A. J. Pharmacogenomics of Cytaux-
zoon felis cytochrome b: implications for atovaquone and
azithromycin therapy in domestic cats with cytauxzoonosis //
J Clin Microbiol. — 2013. — Ne 9. — P. 3066—30609.

29. Sherrill M. K., Cohn L. A. Cytauxzoonosis: Diag-
nosis and treatment of an emerging disease // J Feline Med
Surg. — 2015. — Ne 11. — P. 940—948.

30. Taguchi K., Chuang V. T. G., Ogino H., Hara R.,
Iketani O., Enoki Y., Kizu J., Hori S., Matsumoto K. Direct
comparison of anti-inflammatory effects of 14-, 15-, and
16-membered macrolide antibiotics in experimental inflam-
mation model induced by carrageenan in rats / Pharma-
zie. — 2024. — Ne 3. — P. 64—66.

31. Veronesi F,, Ravagnan S., Cerquetella M., Carli E.,
Olivieri E., Santoro A., Pesaro S., Berardi S., Rossi G., Rag-
ni B., Beraldo P, Capelli G. First detection of Cytauxzoon

spp. infection in European wildcats (Felis silvestris silves-
tris) of Italy // Ticks Tick Borne Dis. — 2016. — Ne 5. —
P. 853—858.

32. Wang J. L, Li T T, Liu G. H., Zhu X. Q., Yao C. Cy-
tauxzoon felis infections in domestic cats: Two tales // Clin
Microbiol Rev. — 2017. — Ne 4. — P. 861—3885.

33. Wikander Y. M., Anantatat T., Kang Q.,
Reif K. E. Prevalence of Cytauxzoon felis infection-carriers
in eastern Kansas domestic cats // Pathogens. — 2020. —
Ne 10. — P. 1—14.

34. Wikander Y. M., Reif K. E. Cytauxzoon felis: An
overview // Pathogens. — 2023. — Ne 1. — P. 1—19.

35. Wikander Y. M., Kang Q., Reif K. E. Acute Cytaux-
zoon felis cases in domestic cats from eastern Kansas: a ret-
rospective case-control study (2006—2019) // Vet Sci. —
2020. — Ne 4. — P. 1—14.

36. Willi B., Meli M. L., Cafarelli C., Gilli U. O., Ki-
par A., Hubbuch A., Riond B., Howard J., Schaarschmidt D.,
Regli W., Hofmann-Lehmann R. Cytauxzoon europaeus in-
fections in domestic cats in Switzerland and in European
wildcats in France: a tale that started more than two decades
ago // Parasit Vectors. — 2022. — Ne 1. —P. 1—17.

37.ZouF. C., Li Z, Yang J. F,, Chang J. Y, Liu G. H.,
Lv'Y, Zhu X. Q. Cytauxzoon felis infection in domestic cats,
Yunnan Province, China, 2016 // Emerg Infect Dis. —
2019. — Ne 2. — P. 353—354.

NHDOPMALIS Ob ABTOPAX
IO. B. Ko03.10B — KaHAMIaT BETEPHHAPHBIX HAyK, OLCHT;

C. P. llluyannHa — CTYJCHTKA,
N. A. XyTopHasi — CTyAeHTKa.

Crarps noctynuia B pegaxkmuio 11.08.2025.

BerepunapHsrii hapmakomornaeckuii BeCTHHK « Ne 4 (33) « 2025 113



Bulletin of veterinary pharmacology « 2025 « No. 4 (33)
L A A A A R A AT g

Review article
UDC 619:615.33

POTENTIAL OF AZITHROMYCIN IN THE COMPLEX
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Abstract. This study analyzes the potential of azithromycin, a 15-membered macrolide with a broad spectrum of
antimicrobial and immunomodulatory properties, for the treatment of feline cytauxzoonosis. The paper examines
the drug structural features, mechanisms of action and pharmacokinetic advantages. Particular attention is paid
to the potential use of azithromycin in veterinary medicine, particularly in the complex therapy of parasitic dis-
eases, such as cytauxzoonosis (cytozoonosis) caused by the parasite Cytauxzoon felis. Existing treatment regi-
mens, their efficacy and comparative animal survival rates are analyzed. The data obtained demonstrate the high
efficacy of combining azithromycin with antimalarial drugs, significantly reducing mortality. The study empha-
sizes the relevance of further clinical and experimental research on the introduction of azithromycin into veteri-
nary practice to improve the efficacy of the fight against dangerous parasitic infections in pets.

Keywords: azithromycin, cytauxzoonosis/cytozoonosis, therapy, atovaquone, cats

In Russia, 63 % of the population owns pets, with
more than half of owners (51.3 %) choosing cats.
Despite this popularity, awareness of cytauxzoonosis
remains extremely low among pet owners and even
among veterinary professionals. Cytauxzoonosis is an
acute, life-threatening protozoan disease in cats caused
by the parasite Cytauxzoon felis. Transmitted by the
bite of the tick, it exclusively affects cats. The danger
of cytauxzoonosis lies in its rapid progression, severe
symptoms and extremely high mortality rate (90 %)
[6,9, 15, 25, 28, 37].

A particular problem is the lack of officially regis-
tered and readily available drugs with direct antipara-
sitic activity against C. felis in the Russian Federation.
Therefore, research aimed at assessing the efficacy of
existing therapeutic regimens and the design of new
ones, such as the combination of azithromycin and an-
tiprotozoal drugs, is critically important and relevant
to improve feline survival and raise awareness in the
veterinary community.

Azithromycin is a 15-membered macrolide belong-
ing to the azalide subclass. It is a derivative of erythro-
mycin, a 14-membered macrolide with a methyl-substi-
tuted nitrogen atom incorporated into the lactone ring.
This structural modification enhances the acid resis-
tance of the antibiotic and improves its ability to pen-
etrate cells and tissues [1, 4].

Due to its dibasic structure, azithromycin is ac-
tively absorbed and accumulated by immune system
cells (granulocytes, macrophages and monocytes),
and is also slowly eliminated from the body. This fea-
ture prevents protozoa from penetrating blood cells.
Therefore, the drug is successfully used in veterinary
medicine as part of the complex treatment of piroplas-
mosis. Azithromycin has been shown to be particular-
ly effective in the treatment of feline cytauxzoonosis
[1,12, 16, 19, 24, 27, 28, 29, 31].

The life cycle of the protozoan Cytauxzoon fe-
lis is characterized by a sequential change of the tis-
sue and erythrocytic phases. After ingestion of infect-
ed tick saliva by cats, sporozoites migrate within 36
hours into the host’s mononuclear cells, where asexual
reproduction by schizogony is initiated [11, 18]. The
pathogenesis of the disease is associated with the de-
velopment of schizonts in infected cells, which leads
to obstruction of blood vessels in parenchymal organs
such as lymph nodes, liver, lungs and spleen [9, 26].
Widespread dissemination of schizonts leads to circu-
latory impairment, tissue infection and a severe sys-
temic inflammatory response, which can lead to mul-
tiple organ failure and death within 3 weeks of infec-
tion [21, 33]. Subsequently, schizonts transform into
merozoites, which exit macrophages to infect eryth-
rocytes [7, 15, 20, 21, 22, 23, 25, 26, 27].
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Treatment of this disease is crucial in endemic ar-
eas. Furthermore, the increasing geographic spread of
the infection and the possibility of detecting parasites
in chronically infected cats that have traveled abroad
make cytauxzoonosis research important in non-en-
demic regions as well [27].

Areview of research papers by foreign and Russian
authors examined numerous treatment regimens for
feline cytauxzoonosis, including the use of antipro-
tozoal drugs.

STUDY RESULTS

Parvakvion and buparvakvion, used to treat bo-
vine theileriosis, as well as dimethiazine acetate, used
to treat trypanosomiasis in farm animals, were stud-
ied for feline piroplasmosis.

However, these drugs demonstrated low efficacy
in the treatment of experimentally induced cytauxzoo-
nosis [10, 27].

A review of foreign and domestic literature re-
vealed two of the most effective treatment regimens
for feline cytauxzoonosis.

1. Peroral administration of the antiprotozoal drug
atovaquone and the antimicrobial drug azithromycin
in combination with individualized supportive thera-
py [12, 14, 16, 24, 28].

2. Subcutaneous and intramuscular administration
of atropine and drugs containing imidocarb dipropio-
nate as the active ingredient [14, 20, 24, 29].

In the first treatment regimen, atovaquone was
administered perorally or via an enteral feeding tube
at a dose of 15 mg/kg every 8 hours for 10 days.
Azithromycin was administered perorally or via an
enteral feeding tube at a dose of 10 mg/kg every 24
hours for 10 days [16].

The results showed that the combination of azith-
romycin and atovaquone at a dose of 15 mg/kg was su-
perior to diminazene and imidocarb: an improvement
in the animals’ clinical condition was noted within 24
hours of administration [23, 24].

In the majority of naturally infected cats, micro-
scopic blood examination revealed no evidence of piro-
plasms within 1—8 weeks after treatment. The PCR
testing in every cat was either negative or showed ex-
tremely low parasite counts. The reduction in parasite-
mia had a beneficial effect on animal survival (60 %)
[10, 12, 14, 16, 21].

In the second regimen, cats were pre-treated with
atropine at a dose of 0.05 mg/kg subcutaneously 15
minutes before an intramuscular injection of imidocarb
dipropionate at a dose of 3.5 mg/kg. A repeat injection
of the drugs was administered 7 days later [24, 29, 34].
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This therapy failed to reduce parasitemia, com-
pared to the first treatment regimen, resulting in an in-
creased mortality rate. Ultimately, mortality account-
ed for 74 % of all cats treated [22, 24, 28, 29, 32, 36].

The study showed that cats with acute feline cy-
tauxzoonosis treated with a combination of atovaquone
and azithromycin had a more than two-fold higher
survival rate, compared to a similar group of animals
treated with imidocarb dipropionate: 60 % and 26 %,
respectively [9, 10, 12, 13, 14, 15, 16, 21, 24, 27, 28,
29, 34, 36].

CONCLUSION

Over the years, numerous antiprotozoal drugs have
been studied for the treatment of feline cytauxzoono-
sis, and they have generally been found to be ineffec-
tive. The studies have demonstrated that, without ther-
apeutic intervention, the mortality rate for this disease
reaches 100 %. However, modern treatment protocols
can improve the prognosis, significantly reducing the
mortality rate. The current recommended treatment is
peroral administration of the antimalarial drug atova-
quone and the antimicrobial drug azithromycin, com-
bined with individualized supportive care.
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AHHOTanusA. 3aBOPOT OOJBIIOI 000JOYHON KHIIIKH Y JIOMIAICH SIBISCTCS OMHOM U3 CaMBIX OIACHBIX U TSKEIIBIX
(dopm 1 3a00JICBaHII JKEITYIOIHO-KAIIIEYHOTO TPAKTa. 3a00IeBaHIE Pa3BUBACTCS CTPEMUTEIBHO, TPEOyeT HeMe/I-
JICHHOH TOCTUTAJIM3AIHY B TPOPUIFHYIO KIMHUKY U OIIEPaTUBHOTO JedeHUs. CTONPOIICHTHAS JICTaIbHOCTD IIPH
OTCYTCTBHUH OIICPATHBHOTO JICYCHUS, a TAK)KE HEOOXOINMOCTh HadyaTh OIEPAII0 KaK MOKHO PaHBIIIE ICJIAI0T aK-
TyaJbHOH MPOOIeMy paHHEH TUarHOCTUKH 3a00JIeBaHUN OOJBIION 000JOYHON KUIIKH, TPEOYIOIINX XUPYpride-

CKOI'O BMCHIATCJIBCTBA.

3aqaCTy}0 HEBBIPAXKCHHBIC KIIMHUYCCKUEC IPU3HAKN B HAYAJIC PA3BUTUSL 6OJ'I63HI/I, OTCYTCTBHC ITOCTOAHHOI'O KOH-
TPOJId 3a )KUBOTHBIM H cnabast I/IH(i)OpMI/IPOBaHHOCTL 1o HaHHOﬁ np06neMe BJIAZICJIBLICB KUBOTHBIX MPUBOAAT
K (I)aTaHLHLIM IOCJICACTBUAM. PasBuBarorcs TsmKeIbIe BTOPHUYHBIC UBMCHCHUS B BUC OHAOTOKCEMMUS, CCIICUCA,
NEPUTOHUTA, I[BIX&TeHBHOﬁ n CepI[e‘iHO-COCyI[HCTOfI HCIOCTATOYHOCTH. Bcee BBIIICIICPECUNCIICHHOC 3HAYUTCIIBHO
3aTPYAHACT KaK IMPOBCACHUC camoii OIepanru, Tak U MOCTOIICPATUBHOC BEACHNUC MMAIUCHTOB U IIPUBOAUT K HE-
BO3MOKHOCTHU NPOBCACHUS KaKoro-iau0o JIeUYeHUs U KaK CJICACTBHC, rubeIy JKUBOTHOTO HJIU HeO6XO,Z[I/IMOCTI/I 9B-

TaHa3HH.

HGJ’ILIO Z[aHHOﬁ pa6OTBI SABJIAJIOCH U3YUCHHC ocobeHHOCTEH JAUArHOCTUKU OCTPBIX 3a00JI€BaHUI TOJICTOTO oTHaC-
JIa KMIICYHHUKa nomaz[eﬁ, CHOCO6CTByIOH.[I/IM HanOolee Bq)(bGKTHBHOMy JICHCHUIO U MUHUMM3AIIUU CITYyY1aeB Jic-

TaJIbHOT'O UCXOAa.

KiaroueBrble ciioBa: Jionrazid, KOJIMKH, 3aBOPOT 0OJIBIION 060,2[0‘1HOI>1 KUIIIKH, TUarHoCTHUKa

N3-3a BBICOKOTO TPOIIEHTAa CMEPTHOCTH TIPH 3a-
00JIeBaHUAX JKEIYIOYHO-KHIIIEYHOTO TPAKTa, COMPO-
BOXKJAKOUIET0Cs. CUHAPOMOM KOJIMK, Ka)KJIbI Takou
ClIyyail sBJIsIeTCs Upe3BhIUAHOM cCUTyalnen He TOJb-
KO J1J151 JIOILIA/IM ¥ €T0 BJIA/ICNbLA, HO U JJIsl BETepUHap-
HoTO Bpaya [1].

OCHOBHBIE METO/IbI, TPUMEHSIEMBIE B THATHOCTUKE
9TOH MATOJIOTHH, BKJIIOYAIOT JTaHHBIC aHaMHe3a, KITH-
HUYECKOT0, PEKTaJhHOTO, YIBTPa3BYKOBOTO U J1a00-
PATOPHBIX WCCIE0BaHUH, TaCTPOCKOIHIO M Ha30Ta-
CTpaJIbHOE 30HAUPOBaHUE. B HEKOTOPBIX cydasx 10-
CTaTOYHO OJTHOTO U3 BBIIIE TIEPEUNCICHHBIX METO/I0B
JTUArHOCTHKH, HO Yallle BCEro TpedyeTcs KOMITIeKC-
Hasi quarHoctrka [2]. Kak mpaBwmiio, 3TOT auarHo-
CTHYECKHI aITOPUTM TO3BOJISIET TIOCTATOYHO TOYHO
OIIPEIENUTh CTEIECHb TSHKECTH 3a00JIeBaHMs, €ro JIo-
KaJu3auuio (KeIyJO0K, TOHKUH, WIIN TOJICTHIA OT/EIIbI
KHIIEYHHUKA) U OTIPEJIINTHCS CO CTPaTeTHel JICUeHMs.

OiHaKo, 3aBOPOT OOJIBIIION 000T0YHON KUIIIKH Ha-
PAMY C HEKOTOPBIMHU IPYTUMH BUIaMH CTPAHTYIISIIHH

© TIloropenoB M. A., CtexonpHHIKOB A. A., 2025

KHIIEYHHKA JIOMaan Tpedyer Ooliee MPUCTATBHOTO
BHUMAaHUS CO CTOPOHBI KIIMHUIUCTOB. JlaHHas maTo-
JIOTHS XapaKTepU3yeTCsl Pa3BUTHEM CHIIBHOTO METEO-
pu3Ma CIenon KHUIITKY, HEKPO30M CTEHKHU KHIITKU U Ha-
PYUICHUEM IPOHUTIAEMOCTH KJICTOYHBIX MEMOpPaH, 4To
NPUBOJMT K YCUIIGHHOHN Pe30pOIiH KUIIEYHBIX SHI0-
TOKCHHOB, C BOBHUKHOBCHHEM YE€PE3 4—5 qacCoB, Ti-
Kenermel hopMBI SHIOTOKCHYECKOTO mokKa [3].

ITosTOMyY qMArHOCTHKA MPH MOJ0O3PSHUH HA JIaH-
Hoe 3a0oJeBaHus TpeOyeT OoJiee TIATEILHOTO U B3BE-
IMICHHOI'O Mmoaxoaa, JJisd CIIaCCHUA XWU3HHU ITallMCHTAa,
1100 CBOEBPEMEHHOTO TIPUHSITUSI PEeIICHHsI 00 IBTa-
Ha3UH, TIPU HEOJIATONPHUSTHBIX IPOTHO3aX.

MATEPUAJBI U METObI
HCCJIEJOBAHUM
CraTtucTu4yecKkue JaHHBIE COOpaHBI B BeTe-
puHapHOU kinuHUKEe «Dopcailg» pacroyoKeHHOU
B JIeHWHTpaaCcKOW 007aCTH, CIIEIHAIH3UPYIOMICHCS
Ha JICYEHHUE JIOIIAaIeH, B TOM YUCJE U ONEPaTUBHBIX

118 BerepunapHsiii papmaxomoruaeckuii BeCTHUK o No 4 (33) « 2025

Ocobennocmu OuazHOCMUKU 3a80poma 601buol 00000UHOU KUWKU Y Tomadel

BMEILATEIbCTBAX 110 HOBOAY 3a00JI€BaHUM JKeIyn0u-
HO-KHIIIEYHOTO TPAKTa JIOIIAEH.

b1 poBeieH peTpOCTIEKTUBHBIN aHATIN3 UCTOPUI
0ore3HH JBa/IaT! YKUBOTHBIX, TPOXOJUBIIHX THATHO-
CTHKY U TIOCIIETyIOIIIee JISUeHNE B KIIMHHUKE 10 TIOBOY
CHUMITTOMOKOMIIJIEKCA KOJIMK 1 TIOI03PEHIEM Ha HeTpo-
XOIUMOCTB TOJICTOTO OT[ENIa KAIIeYHHKa. J{MarHos3—
3aBOPOT OOJIBLION 000ZOUHON KUIIKH, TOATBEPKACH-
HBI MHTPAONIEPaLlMOHHO, OB TOCTABJICH JABECHA/IIA-
TH )KUBOTHBIM. [lepron B34ThIi [yIs aHAIM3a UCTOPUI
6one3nn oxBarmi 2021—2024 rr. [TomyueHnsle B Xoze
JUAarHOCTHKH JaHHbIE AHATTU3UPOBAINCE H CPaBHUBA-
JIUCH C TaHHBIMU, B3I TBIMHU U3 OT€UECTBEHHBIX U 3apy-
OEXHBIX JINTEPATYPHBIX HCTOYHUKOB.

PE3YJBTATHI UCCJEJOBAHUN

Jliis cOopa JaHHBIX OTOUPAIIMCh OOJIBHBIC JIOIIA-
IV C TIPU3HAKAMH HETIPOXOAUMOCTH TOJICTOTO OT/EINa
KHIIIEYHUKA, KOTOPBIE TIOCIIE TUarHOCTUKH TIPOXOIUITN
KOHCEPBAaTUBHOE, JIN0O ONIEPAaTUBHOE JICYCHHUE C aJIb-
HEWIINM HHTPAOTIEpalMOHHBIM NOITBEPKICHUEM ANa-
THO32 — 3aBOPOT OOJIBIION 000T0YHON KHIIKH.

Jleuenne 3aBopoTa OOJNBITON 0OOHOTHON KHIIIKH
JoMmaield CBA3aHO CO 3HAUYMTENBHBIMH HMHTpAoIepa-
ITUOHHBIMH U ITOCTOTIEPAIIMOHHBIMH PHCKaMU U TpeOy-
eT JUINTEeNbHON peadminTtannu. DTo BIEUET 3a cOO0i
KaK 3HauuTeJbHbIC (PUHAHCOBBIC 3aTparhl, 00YCIIOB-
JICHHBIE TOCIUTAIN3AIMel, TaK U HE PEIKO CMEpPTh
naruenTa. [4]. B cBSI3M ¢ 9TUM CTaHOBUTCS aKTyajlhb-
HBIM KaK MO)KHO OoJiee paHHSS ¥ TOYHAs TUArHOCTH-
Ka, KaK JKeTy0YHO-KUIIIEYHBIX 3a00JIeBaHUH JIOIIaAeH
B LIEJIOM, TaK ¥ 3aBOPOTa OOJNBLION 000Z0YHOMN KHILI-
KU, B Ya4CTHOCTH.

OOGmenpuHATHIH THATHOCTUYECKUN TPOTOKOI,
KOTOPBIA MPUMEHSJICS ISl TUATHOCTHKY TTAaleHTOB
C CHMITTOMOKOMITJIEKCOM KOJIHK, BKITFOYaeT B ce0st coop
aHamHe3a (BO3pacT, YCJIOBUS COICPKAHUS H KOpMIIe-
HUS, HATMYUE XPOHUUECKUX 3a00J1eBaHui, BpeMsl 11O~
SIBJICHUS IEPBBIX CHMIITOMOB, paHee MpUMeHsIeMOe Jie-
YEHHE U OTBET Ha HEro), KIMHUYECKOE HCCIIeI0BAHNE
(cTemeHp 00JEBOTO CHHIPOMA, YACTOTY CEPIACUHBIX
cokpamieanid (UCC), 4acTOTy HbIXaTeIbHBIX TBUKE-
nuit (Y1), TepmomeTpusi), 30HIUPOBAHUE KETYIIKA,
PEKTaJIbHOE U YABTPa3BYKOBOE HCCIIEIOBAHNS, HHOT/IA
00ImMi 1 OMOXUMHYECKHI aHATN3bl KPOBU H TacTpPO-
CKOITMYECKOe HccienoBanus [2].

JlanHple aHaMHE3a BaXKHBI IS IOCTAHOBKH JHa-
THO3a, TaK MO COOOIIEHUSIM MHOTHX aBTOPOB, YBEJIH-
YEeHUs CITyyaeB 3aBOPOTA OOJNBLION 000I0YHOMN KHILI-
KW OTMEUaeTcsl B XO3AHUCTBAX C OOJIBIINM MaTOYHBIM
norosioBseM. PazBuTue 3aBopoTa CBSI3aHO, 110 BCei BU-
JTUMOCTH, C TEM, YTO ITOCJI€ POJIOB UMEETCS JTOBOIHHO

OoIbIIIOE TTYCTOE MPOCTPAHCTBO B 00JACTH Ta30BOTO
n3ruba 6onbIIoi 000J0YHOM KUILKH, YTO B COBOKYTI-
HOCTH CO CBOOOJIHBIM €T0 PacrojoKeHHEeM B OpIoII-
HOM TIOJI0CTH, CITOCOOCTBYET 3aBOPOTY. Tak ke oTMe-
YJaeTcs Ce30HHBIN MOoIbeM 3a00JIeBaeMOCTH, CBS3aH-
HBII CO CMEHOM pallioHa ¥ IePeX0/I0M Ha KOpMIICHHE
3eneHol TpaBoii [4, 5]. ITo pe3ynbTaram, NoIy4eHHBIM
B XOJI¢ AMArHOCTHUKH, MPUHUMAETCSI pellieHHe O KOH-
CEpBaTHBHOM JICYCHUH, JINOO CPOYHOM OIEPATHBHOM
BMEIIATENbCTBE. YUHUTHIBAS TOT (aKT, YTO MPH 3aBO-
pote OobIol 000J0OYHON KUIIIKH Y JIOMIaJei HE Cy-
LIECTBYET KOHCEPBaTUBHOTO JICYCHUS K 00111 COCTOS-
HUE TalMEHTa CTPEMHUTEIBbHO YXYILAeTCs TOYHOCTD
MOCTaHOBKH JIMArHO3a H CKOPOCTh IIPHHSTHS PELICHUSI
0 TIPOBEJICHUU OIEPaIliy, UMEIOT peliaroliee 3Haue-
HUe I Ucxona jgedeHus [3, 6, 7.

Bo Bcex, 0e3 UCKIIIOUeHUs, CITy4asix, KOT/a Jaua-
T'HO3 3aBOPOT OOJBIION 000J0YHOM KHIIKH TTOITBEP-
KJIAJICS] THTPAOTIEPAIMOHHO JI0O0 MOCMEPTHO Y Tallu-
€HTOB C CHMITTOMOKOMILIEKCOM KOJIMK HAOIIOAaIINCh
3HAYNUTETbHBIE TIPEBHIIIEHUS HOPMBI TAKUX ITOKa3aTe-
Jiell KaK ypoBeHb JlakTara u rematokputa, YHCC u Y.
Hawmnoro cuspHee Obl1a BhIpaskeHa IEMOHCTpAIHs a0-
JOMHUHaIIbHOW 60711. Jloma iy mposiBIisuM cuitbHOE Oec-
MOKOWCTBO, JIOKUIIUCH WU TIaJalli, He pearupoBajiu
Ha JIIOJIeH ¥ OKPY’KaIoLLyto cpey. B psne ciyyaes Ta-
KHMM TIaIleHTaM He TPOBOMIIOCH PEKTAITBHOE HCCIIe-
JIOBaHWE BBUJY OYEBUIHOCTH HEOOXOIMMOCTH OTIe-
paTMBHOTO BMeENIAaTeNbCcTBA. BaxkHO oTMeTUTH (hakT
CTPEMHTEIBHOTO H HEYKIOHHOTO TIOBBILICHUS BBIILIE-
MEPEUNCIICHHBIX KITMHUYECKHUX TTOKa3aTeliei BO BpeMst
HaXOXKJICHUS TAKUX MAIMEHTOB B CTAl[OHApE, a TakK-
K€ cIa0bIi M HETPOMOJDKUTEIHHBIA OTBET Ha BBEIIC-
HUEe 00e300JIMBaIONINX MPENaparoB, JIHOO BOBCE €T0
orcyrcTBuUE [7].

HanpoTus, manueHTsl ¢ HEMOJIHBIM 3aBOPOTOM
OO0IBIION 000JOYHOM KHIIKH, CMEIICHHEM, 3aKyIOp-
KOW ee KOPMOBBIMH MaccaM, JTHOO0 METCOPH3MOM,
JIEMOHCTPUpPOBAIH Ooliee yMEpEeHHYIO OOJIEeBYIO pe-
aKIIMI0, OCHOBHBIE KIIMHUYECKHE MOKA3aTeNH XOTh
Y TIPEBBILIATH HOPMY, HO OCTaBaJICh Ha ONpe/IeIcH-
HOM YpOBHE, JIM0OO CHIKAJINCH TIOCJIEe Hayana Tepa-
MEBTUYECKOTO JICUCHHS. DTH MAIUEHTHI XOPOIIO OT-
BEYAJIM Ha BBOAMMBIC 00€300THBATOIITIE ITPEIapaTkl.

B tabnume oTpakeHb OCHOBHBIE TapameTphl
Y KJIMHHYECKHE CUMITTOMBI, UCIIOJIb3yeMbIe TIPH JHa-
THOCTHKE JIOIIA/IeH ¢ CUMIITOMOKOMIIIEKCOM KOJIHK.
[Nony4eHHble B X0/1€ TUATHOCTHKH JaHHBIE, TIO3BOJIS-
0T BBIOpATh TAKTUKY JICUCHUS, OTIEPATHBHOE BMEIIIa-
TEIHCTBO, TUOO KOHCEpBAaTHBHAS TEpaIns, a TaKkKe
CBOEBPEMEHHO pearnpoBaTh Ha Pa3BUTHs 3aBOPOTa
00mbILI0M 000I0YHOM KHIIKH B YCJIOBHUSIX CTaLlMOHApA.
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Taonnna
OcHosHvie KaunuuecKue nokazamenu iowadel, npumensemvie 01 OUASHOCTUKY
nayuenmos ¢ CUMRMOMOKOMNIEKCOM KONUK 8 KIuHuke « Dopcatioy
Bet L, .HaI(TaTU PexTah-
CIIN3H- BEHO3HOH Pe3yinb-
ITon UCC (yo/ (mpIX. I'emaro- HOE
Ne CTBIX / KpOBU Junarunos TaThl
U BO3pacT MUH) JBrK./ KpHT % HCCIIeNO-
CHK (M. MoJB/ JICUCHUS
MUH) BaHUE
(cexyHn) JIATP
1 2 3 4 5 6 7 8 9 10
ITepe-
Mepun Kpac- IIOJIH. Tummna- Koncep-
! 5. HbIC /3 33 22 48 23 razom | Hust BOK™ | BaruBHOe
BOK”
[epe-
) KoOwrma | brenxo- 33 18 37 1.5 TIOJTH. 3a1<yn0p*— Koncep-
8. po3. /2 xopmom | ka BOK"™ | BarmBHOE
BOK"
ITepe- [Tepe-
Mele MelleHne
nue BOK BOK
B IIOYey- | B IOYEU-
3 KoGeura brepgo- 36 20 34 1,7 HO-Celle- | HO-Cejie- Koncep-
11m. po3. /2 BaTMBHOE
3€HOYHOE | 3€HOYHOE
po- po-
CTpaH- CTpaH-
CTBO CTBO
[epe-
Mepun Kpac- IOJIH. Tumna- Komncep-
4 3n HBIE /2 53 25 45 26 ra3oMm umst BOK" | BaruBHOe
BOK"
ITepe-
Mepun Kpac- IOJIH. Tummna- Koncep-
> 20 1. HbIE /2 48 26 38 3,6 ra3om uust BOK™ | BaruBHOE
BOK”
[epe-
Kepe bnenno- TOJIH. 3axymop- | Koncep-
6 6err 9. pos. /2 36 16 33 1.2 kopmom | ka BOK™ | BatmBHOE
BOK"
ITepe-
KoGwuta | braemHo- TIOJTH. 3akynop- | Koncep-
7 22T po3. /2 4 20 48 2,7 kopmom | ka BOK® | BaruBHOE
BOK”
[epe-
3 Mepun Kpac- 47 17 46 2.5 IIOJIH. 3a1<yn0p*— Komncep-
770 HEBIC /2 kopmom | ka BOK"™ | BarmBHOE
BOK"
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OxoHyanue Ta0J1.

1 2 3 4 5 6 7 8 9 10
Ilepe-
MepuH, Temuo- TTOJTH. 3aBopot Omep.
9 10 m. KpacH./3 4 30 >9 3.2 rasom BOK” JICYECHUE
BOK*
Ilepe-
KoGrrma Kpac- TTOJTH. 3aBopoT Omep.
10 10 . HbIE /2 80 26 >3 4.5 rasom BOK” JICYCHUE
BOK*
He 3aBopor
1 Mepun bren- 56 35 56 7.8 HpOBOIH- BOK DBrana-
8 . HBIC/4 (TocmeprT- 3Hs
JI0Ch
HO)
KoGwma | bBuemHo- Eeﬁfl- Hacrus, On
12 | "¢ AHO 64 20 38 2.5 O sapopor °p-
15 . pos. /2 razom BOK* JIe4eHUe
BOK"
ITepe-
KoOsr1a Kpac- TOJIH. 3aBopoT Onmep.
13 13 1. HbIE /2 80 28 65 3 ra3om BOK" JICUCHUEC
BOK”
He Ymep Ha
Mepun bnen- 3aBopoT
14 11 Hbte/d 110 38 70 13.3 MIPOBOIN- BOK" onep.
JI0Ch cTole
Ilepe-
Mepun TemHo- TIOJIH. 3aBopoT Omep.
15 19 n. KpacH./4 85 30 65 4.7 rasom BOK* JIledyeHue
BOK*
Ilepe-
Kobpu1a TemHuo- TIOJTH. 3aBopoT Omep.
16 9. KpacH./3 84 2 61 3.8 ra3om BOK* JIeYeHue
BOK*
Kepe Cumntori- He 3aBopor | OBraHa-
17 oer 5 1. Hele/ 4 % 26 68 6.8 TpoBoIH- BOK”" 3Us
JI0Ch
[Tepe-
KoGrma | bBuemHo- TIOJTH. 3aBopor Omep.
18 12 . po3. /2 70 28 37 4.3 rasom BOK* TeucHue
BOK*
Mepun CuHroni- He 3aBopor | OBTaHa-
19 9 mie/ 4 90 33 65 7,3 MIPOBO/IU- BOK" s
JI0Ch
brnen- He
Mepun HbIC/4 3aBopoT Onep.
20 16 1. Temuo- 10 38 70 133 1pOBOIH- BOK” JIeYeHUe
J0Ch
KpacH./3

* onbIIas 000IOYHAS KUIIKA
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B rtabnuiie oTpakeHa CTaTUCTHUKA MAlUCHTOB
C CUMIITOMOKOMITJIEKCOM KOJIUK, TIPOTNArHOCTHPOBAH-
HBIX ¥ TIPOXOIUBIITHX JICUCHHUE B KITMHUKE «Dopcaitm»
B niepuof ¢ 2021 no 2024 roa. AHanu3 NpuBEICHHBIX
B TaOJIHIE MaHHBIX, [T03BOJSIET CHEIATh BBIBOJ, YTO
3aBOPOT OOJIBIIION O0OIOUHON KHUIIIKH B PAJIC CIIydacB
CXOXKUH IO KJIMHUYECKUM MPU3HAKAM C IPYTUMU T1a-
TOJIOTHSIMHM TOJICTOI'O OTJI€JIa KUIIEYHMKA, TAKUX KaK
METEOPHU3M U 3aKyTOpPKa KAJTOBBIMH MacCaMH, COTIPO-
BOXKJaeTCS 3HAYUTEIHHO Oosiee TITyOOKHMHU U3MEHe-
HUSMH KJIMHAYECKHUX ITOKa3aTeJIeH.

3AK/IIOYEHUE

B 27011 cTaThe OB MPOBEICH aHATN3 JTUTEPATYP-
HBIX JIaHHBIX 110 TTpoOnemMe qudepeHmanbpHoN qua-
THOCTHKH 3aBOPOTa OOJIBIION 0000YHON KUTIIKH Y JIO-
mazaei. Tak >ke mpUBeICHBI CTATUCTUYECKUE TaHHbBIC
MAlUEHTOB KIMHUKU «Dopcaiiy 32 MOCIEAHUE Ye-
ThIpe roja. Tak kak kiauHuKa «Dopcailay sBnsercs
PO MIBHBIM YUPESKICHUEM, B KOTOPOM ITPOBOIUTCS
ONEpPaTUBHOE JICYEHHUE JIOUIAJAEeH C TaHHBIM AUArHo-
30M, TO, 10 HAaIllEMy MHEHHUIO, IIPUBEICHHBIC B TA0H-
11€ CTAaTUCTUYECKUE TAHHBIC, SIBISIFOTCS aKTyaIbHBIMU
Juist JICHUHTpaCKO# 001acTy.

Ha ocHoBaHuMM COOCTBEHHBIX HCCIIEIOBAHUN
U JaHHBIX, B3STBIX U3 JINTEPATYPHBIX UCTOYHUKOB,
JMArHOCTHKA 3aBOPOTa OOJBIION 000 JOYHON KHIITKH
HE BBIXOAUT 332 PAMKHU CTAHJAPTHOIO JUATHOCTHYC-
CKOTro MpoTOoKoJia. OAHAKO OTCYTCTBUE KOHCEPBATHB-
HOTO JICUCHUS TIPH JaHHOM 3a00JICBaHUH, BPEMEHHOMN
(hakTOp M HEBO3MOKHOCTH MMPOBOIUTH KaY€CTBEHHOE
ONEpPaTUBHOE BMEILIATENIHCTBO BHE CIIEUATN3UPOBAH-
HOW KJIMHHKH JENAl0T TU(PPEpeHIIUANTBHYIO TUATHO-
CTHKY 3aBOPOTa OOJIBIION O0OOYHOM KHIIKH pelia-
FOIUM (PAKTOPOM JUIsl yCTIeXa JICUSHHUSI.

3a0oeBaHNs TOJICTOTO OT/IEIIA JKEITYT0OIHO-KHIIIET-
HOTO TpaKTa JIOMAJCH B IIEJIOM U 3aBOPOT OOJIBIIOH
000/104HOM KHUIIIKH B OCOOEHHOCTH, SIBJISIFOTCSI OHOM
U3 CaMbIX PaCIpOCTPAHEHHBIX MPUUYUH JIUTEIbHOU
TOCIHTAJIN3ALMH JIOIIAACH.

CrnoxHoe criennpruecKoe JISUSHUE HapsiLy ¢ OCTO-
POKHBIMH IPOTHO3aMH B BRICOKOW CMEPTHOCTBIO (TIpH

JINArHO3€ 3aBOPOT OOIBIIOI 000I0THON KUTITKH ), TPe-
OyIOT OT BeTepHHAPHBIX Bpavyeil HaIN4us crienupuye-
CKMX 3HaHMHU MO JaHHOW mpoObiemaTuke, 0ojiee ToY-
HOU M CBOEBpPEMEHHOH nudpepeHInanbHON JHarHo-
CTHKH C MTOCIIEAYIONIMM HalpaBJieHHeM B PO HIIbHEIE
YUPEKICHHUSL.
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FEATURES OF DIAGNOSIS OF EQUINE
LARGE INTESTINAL VOLVULUS

Maksim Aleksandrovich Pogorelov®, Anatoliy Aleksandrovich Stekolnikov

Saint Petersburg State University of Veterinary Medicine, Saint Petersburg, Russia, dnm_erfolg@mail.ru™

Abstract. Equine large intestinal volvulus is one of the most dangerous and severe forms of gastrointestinal dis-
ease. The disease progresses rapidly, requiring immediate hospitalization in a specialized clinic and surgical treat-
ment. The 100 % mortality rate without surgical treatment, as well as the need to begin surgery as early as possi-
ble, make the early diagnosis of large intestinal diseases requiring surgical intervention a pressing issue.

Often subtle clinical signs at the disease onset (lack of constant animal monitoring and poor owner awareness of
the problem lead to fatal consequences. Severe secondary complications, such as endotoxemia, sepsis, peritoni-
tis and respiratory and cardiovascular failure) develop. All of the above significantly complicates both the surgery
itself and postoperative management, leading to the impossibility of any treatment, resulting in the death of the

animal or the need for euthanasia.

The research objective was to study diagnostic features of acute equine intestinal diseases, facilitating more ef-

fective treatment and minimizing mortality.

Keywords: horses, colic, large intestinal volvulus, diagnosis

Due to the high mortality rate associated with gas-
trointestinal diseases associated with colic syndrome,
each such case is an emergency not only for the horse
and its owner, but also for the veterinarian [1].

The primary diagnostic methods used for this con-
dition include anamnesis, clinical, rectal, ultrasound
and laboratory examinations, gastroscopy and naso-
gastric intubation. In some cases, one of the above di-
agnostic methods is sufficient, but more often, a com-
prehensive diagnostic approach is required [2]. This
diagnostic algorithm typically allows for a fairly ac-
curate determination of the disease severity, its loca-
tion (stomach, small intestine or large intestine) and
the determination of a treatment strategy.

However, large intestinal volvulus, along with
some other types of equine intestinal strangulation,
requires closer attention from clinicians.

This pathology is characterized by the develop-
ment of severe cecal flatulence, intestinal wall necro-
sis and impaired cell membrane permeability, leading
to increased resorption of intestinal endotoxins, with
the development of a severe form of endotoxic shock
within 4—5 hours [3].

Therefore, diagnosis of suspected cases of this dis-
ease requires a more thorough and balanced approach
to save the patient’s life or promptly decide on eutha-
nasia if the prognosis is unfavorable.
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MATERIAL AND METHODS

The statistical data were collected at the veterinary
clinic Forside, located in Leningrad region, specializ-
ing in equine treatment, including surgical interven-
tions for equine gastrointestinal diseases.

A retrospective analysis of the medical records of
20 animals diagnosed and subsequently treated at the
clinic for a symptom complex of colic and suspected
large intestinal obstruction was conducted. Twelve an-
imals were diagnosed with large intestinal volvulus,
confirmed intraoperatively. The period covered by the
medical records spanned 2021—2024. The data ob-
tained during the diagnosis were analyzed and com-
pared with the data from domestic and international
literature sources.

STUDY RESULTS

For data collection, sick horses with signs of large
intestinal obstruction were used. They were diagnosed,
underwent either conservative or surgical treatment
with subsequent intraoperative confirmation of the di-
agnosis of large intestinal volvulus.

Treatment of equine large intestinal volvulus is as-
sociated with significant intraoperative and postopera-
tive risks and requires lengthy rehabilitation. This en-
tails significant financial costs due to hospitalization
and, not infrequently, death. [4] Therefore, the earli-
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est and most accurate diagnosis of equine gastrointes-
tinal diseases in general, and large intestinal volvulus
in particular, is essential.

The generally accepted diagnostic protocol used
to diagnose patients with colic includes a comprehen-
sive medical history (age, keeping and feeding condi-
tions, presence of chronic diseases, time of the symp-
tom onset, previous treatment and response to them),
a clinical examination (pain severity, heart rate (HR),
respiratory rate (RR), thermometry), gastric intuba-
tion, rectal and ultrasound examinations, and some-
times complete blood counts, biochemical blood tests
and a gastroscopic examination [2].

The medical history is important for diagnosis, as
many authors report an increased incidence of large in-
testinal volvulus on farms with large breeding herds.
The development of volvulus is likely related to the
presence of a fairly large empty space in the pelvic
flexure of the intestine after parturition, which, com-
bined with its free position in the abdominal cavity,
contributes to the volvulus development. A season-
al increase in the incidence of the disease is also not-
ed, associated with dietary changes and the transition
to green grass feeding [4, 5]. Based on the results ob-
tained during diagnosis, a decision is made on con-
servative treatment or urgent surgical intervention.
Given the fact that there is no conservative treatment
for equine large intestinal volvulus and the patient’s
general condition rapidly deteriorates, the accuracy

of the diagnosis and the speed of decision-making re-
garding surgery are crucial.

In all cases, without exception, where the diagno-
sis of large intestinal volvulus was confirmed intraop-
eratively or postmortem in patients with colic symp-
toms, significant elevations in lactate and hematocrit
levels, heart rate and respiratory rate were observed.
Abdominal pain was much more pronounced. Horses
displayed severe anxiety, laying down or falling and
were unresponsive to people and the environment. In
a number of cases, rectal examinations were not per-
formed in these patients due to the obvious need for
surgical intervention. It is important to note the rapid
and persistent increase in the above-mentioned clinical
indicators during the hospital stay of these patients, as
well as a weak and short-lived response to pain med-
ication or no response at all [7].

In contrast, patients with a partial large intesti-
nal volvulus, displacement, impaction by fecal matter
or flatulence demonstrated a more moderate pain re-
sponse. While the main clinical indicators were ele-
vated, they remained at a certain level or decreased af-
ter the therapeutic treatment onset. These patients re-
sponded well to the administered analgesics.

The Table displays the key indicators and clinical
signs used to diagnose horses with colic symptoms.
The data obtained during diagnosis help select a treat-
ment strategy, whether surgical intervention or conser-
vative therapy, and promptly respond to the develop-
ment of large intestinal volvulus in a hospital setting.

Table
Key clinical indicators used to diagnose equine patients with colic symptoms at the veterinary clinic Forside
Mucous
mem- RR, Venous Rectal
Gender brane Heart rate | (breathing | Hemato- blood . . .| Treatment
No. . examina- | Diagnosis
and age color / (bpm) move- crit % lactate tion results
CFR ment/min) (mmol/L)
(seconds)
1 2 3 4 5 6 7 8 9 10
Gelted .
1 | horse | Red/3 55 2 48 g5 | Casfilled ) LI Conserva-
LI tympany tive
Sy.o.
Mare Pale Food- LI Conserva-
2 8y.o. pink /2 38 18 37 1.5 filled LT* | impaction tive
LI LI
transfer transfer
3 Mare Pale 36 20 34 17 into the into the C0n§erva—
11y.o. pink /2 re- re- tive
nal-splen- | nal-splen-
ic space | ic space
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Table (continued)

1 2 3 4 5 6 7 8 9 10
Gelted .
4 | horse | Red/2 55 25 45 26 | Gasfilled ) LI Conserva-
LI tympany tive
3y.o0.
Gelted .
5 horse | Red/2 48 26 38 3.6 Gaﬁ}led . Hflan CO‘:isfgva'
20 y. o. ympany
Unaltered
male Pale Food- LI Conserva-
6 horse, pink /2 36 16 33 1.2 filled LI" | impaction tive
9y.o.
Mare, Pale Food- LI Conserva-
7 22y. 0. pink /2 44 20 48 2.7 filled LI" | impaction tive
Gelted .
8 | horse, | Red/2 47 17 46 25 Food- -} LI' ] Conserva-
filled LI" | impaction tive
7y.o.
Gelted . .
9 horse, Dark 94 30 59 52 Gas—ﬁ*lled LI Surgical
red /3 LI volvulus | treatment
10y. o.
Mare, Gas-filled LI Surgical
10 10y. o. Red /2 80 26 33 43 LI volvulus | treatment
LI"
Gelted
11 | horse, | Pale/4 56 35 56 78 | Wasnot | volvulus ) Euthana-
v o performed (post sia
Y- 0 mortem)
Mare, Pale Gas-filled | Partial LI" | Surgical
12 15y.o. pink /2 64 20 38 23 LI volvulus | treatment
Mare, Gas-filled LI" Surgical
13 13y.o. Red /2 80 28 63 33 LI" volvulus | treatment
Died on
Gelted .
14 | horse, | Pale/d 110 38 70 133 | Wasmot | LI the
performed | volvulus | operating
11y.o.
table.
Gelted . .
15 horse, Dark 25 30 65 47 Gas—ﬁ*lled LI Surgical
red/4 LI volvulus | treatment
19y. 0.
Mare, Dark Gas-filled LI Surgical
16 9y.o0. red/3 84 25 61 38 LI volvulus | treatment
Unaltered
17 | Ml g | o5 26 68 6g | Wasmot | LI Euthana-
horse, performed | volvulus sia
Sy.o.
Mare, Pale Gas-filled LI" Surgical
18 12y.o. pink /2 70 28 37 43 LI" volvulus | treatment
Gelted .
19 | horse, | Bluish/4 | 90 33 65 73 Was not L1 Euthana-
9y. 0 performed | volvulus sia
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Table (the end)
1 2 3 4 5 6 7 8 9 10
Gelted Pale/4 . .
20 | horse, | Dark 110 38 70 133 | Wasnot | LI Surgical
performed | volvulus | treatment
16y. o. red./3

* large intestine

The Table presents the statistics for patients with
colic symptoms diagnosed and treated at the veterinary
clinic Forside from 2021 to 2024. The analysis of the
data presented in the Table suggests that large intes-
tinal volvulus, while in some cases similar in clinical
signs to other intestinal pathologies such as flatulence
and fecal impaction, is accompanied by significantly
more profound changes in clinical indicators.

CONCLUSION

This article analyzes the literature on the differen-
tial diagnosis of equine large intestinal volvulus. The
statistical data for patients treated at the veterinary
clinic Forside over the past four years are also provid-
ed. Since the veterinary clinic Forside is a specialized
institution that performs surgical treatment of horses
with this diagnosis, we believe the statistical data pre-
sented in the Table are relevant for Leningrad region.

Based on our own research and data from litera-
ture, the diagnosis of large intestinal volvulus (LIV)
does not go beyond the standard diagnostic protocol.
However, the lack of conservative treatment for this
condition, the time factor, and the impossibility of per-
forming high-quality surgical intervention outside a
specialized clinic make differential diagnosis of LIV
a crucial factor for treatment success.

Diseases of the equine gastrointestinal tract in gen-
eral, and large intestinal volvulus (LIV) in particular,
are among the most common causes of prolonged hos-
pitalization in horses. Complex, specific treatment,
along with a cautious prognosis and high mortali-

ty (with a diagnosis of LIV), require veterinarians to
have specific knowledge of this issue, as well as more
accurate and timely differential diagnosis and subse-
quent referral to specialized institutions.
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PACITPOCTPAHEHUWE MACTHUTA Y KOPOB
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AHHOTanmsl. B cTathe npuBeeHbI MaTepHabl [0 PACTIPOCTPAHEHUIO MAaCTUTA Y KOPOB. YCTaHOBJIEHO, YTO CyO-
KJIMHUYECKast (hopMa MacTHUTa Y KOPOB SIBJISICTCSI HANOOJIee PacpoCTpaHSHHOM, KOTopasi tuarHoctuposana y 34,5 %
00CIIe/TOBAaHHBIX KOPOB TPH YacToTe nopaxeHus 12,6 % noneil. IHTEHCHMBHOCTH Opa)KeHHs JI0JIeH MOJIOYHOM
JKeJIe3bl CyOKIIMHMYECKUM MacTUTOM HE MMeJIa 3HAYUTEIIbHOM BapuaOeIbHOCTH B CBSI3U C BO3PACTOM KOPOB, Tie-
PHOJIOM JIaKTAIMH, HO ObliIa BRIpa)KeHa Ce30HHOCTb. [Ipu conmocTaBieHnn 4acToThl 3a00IeBaHUs IEPETHUX U 33]1-
HHUX uoneﬁ MOJIOYHOM KeJIE3hI KOpOB CY6KHI/IHI/I‘ICCKI/IM MAaCTHUTOM, YCTAHOBHUJIM HE3HAYUTCIIBHOC IMPECUMYIIC-
CTBEHHOE MOpaKCHUE 3aHUX Joiiei. Ha yacrory 3a0oeBaHMsi KOPOB CyOKIMHUYECKUM MAacTUTOM IPH MalllHH-
HOM JIOGHHH CYIIIECTBEHHOE BIMSHHUE OKa3bIBACT BEJIMYHMHA, ()OPMa U PACIIOIOKEHNUE COCKOB.

KuroueBble ciioBa: KOPOBBI, pacpoCTpaHEHHE, MACTUT, CYOKIMHUYECKUI MacTUT

MacTHT KOPOB SIBIISIETCS CEPbE3HBIM 3a00ICBaHH-
€M JIAKTUPYIOIIUX KOPOB, BO BPEMSI KOTOPOTO CHUKA-
€TCsl KOJIMYECTBO M KA4eCTBO MOJIOKA U SIBJIIETCS CY-
IIECTBEHHBIM TOPMO30M Pa3BUTHSI MOJIOYHOTO CKOTO-
BozcTBa. [lo 0OMIepOCCUICKON CTATUCTHKE Y KOPOB
B TIEPHOJ] BOCTIAIIUTEIHHOTO MPOIlecca B MOJIOYHON
JKese3e MPOUCXOUT CHHKEHHE TOJJOBOTO YIO0s Ha
10,0—15,0 %. OcHOBHBIEC IOTEPH MIPUXOATCS HA TIE-
puoz 00JIe3HH, JIEUSHHUS U IOCIIEAYIONIETO BBI30POB-
nenns. B redenue roga okomno 68,0 % KopoB cTaga Mo-
KeT 2 u Oojiee pa3 mepeboieBaTh 3TUM 3a00JIeBaHU-
€M, YTO IPUBOJUT K PA3BUTHIO XPOHUYECKOTO TCUCHUS
00JIe3HU U BIIOCIEACTBUU K aranakTtuu. Benencreue
3TUX TPHYUH MPUXOJUTCS BHIOPAKOBBIBATH KUBOT-
HBIX. BeiOpakoBka nocruraer 10 20,0 % KopoB B roj
oT noiHoTOo cTaxa [1—4].

OO6mIee TOTOJIOBBE KOPOB BO BCEX CTpaHAX MHUpPA
npocturaet 211 mumnoHoB, u3 Hux 6omaee 40,0 % xu-
BOTHBIX 3200JICBAIOT PAa3IUYHBIMU (DOPMaMH MACTHTA.
B xo3siicTBax Hallei cTpaHbl MaCTUTOM IepedosieBa-
ot ot 22,0 10 60,0 % xopoB. Hauboiee pactipoctpa-
HEHHOM SBISETCS CyOKIMHMYecKas dhopma, KoTopas
peructpupyercs B 2—4 pasza yaie, 4eM KIMHUYECKU
BBIpaKEHHAs [5].

YCTaHOBJICHO, YTO C YBEJIIMYEHUEM MOJIOYHOM IPO-
JIyKTUBHOCTH € 4—35 ThIC. KT 10 6 THIC. KT 3a00yieBae-
MOCTB yBeIMUUBaeTcs B 1,7 pasa, 1o 7 TeiC. KT — B 2,5
pasa u cBhIlIe 7 ThIC. KT — B 4 pa3a. Cpean BBICOKO-
MIPOIYKTHBHBIX MOJIOYHBIX KOPOB 3a IEPHOJ] IAKTAIIN
MactuToM nepeboieBaet 72,1 % xuBoTHBIX. M3 HuX
14,8 % nepeboneBaer jBa u Ooiee pasa [6].

MacTHT y KOPOB MOXKET MPOSBUTKLCS B PE3yJIbTa-
T€ BO3/ICHCTBUS MHOTHX (PAKTOPOB — 3THOJIOTHS €T0
BO3HHKHOBEHHUS MHOTOOOpa3Ha. MacTUT pa3BHUBacT-
cs B 000e Bpems Tofia U B JIIOOOM (PU3HOTIOTHYE-
CKOM COCTOSIHMH KUBOTHOTO. [l0 maHHBIM Hccieno-
BAHUI B HEKOTOPBIX MOJIOUHBIX XO3AWCTBaX CPEIHEN
nojiockl Poccun MacTUT B pa3inyHbIX GpopMax oOHa-
pyxuBaics 3a ron 'y 25,0—35,0 % xopoB ot o01uero
TTOTOJIOBBS TIPEATIPUSATHS.

KopoBbl 3a0011€BafOT MAaCTHTOM B JIFOO0H TIEpHO]T
JIAKTalliu, MIPU 3TOM 4aile 3a00JIeBaHKie MOopaxkaeT
BBICOKOIIPOJYKTHBHBIX JKUBOTHBIX. /|0 ueTBepTH me-
peOOoIIeBIINX KOPOB BIOCIICICTBUH BHIOPAKOBBIBAIOT-
cs B pe3ysibTaTe aTpo(un OHOM WU IBYX YE€TBEPTEH
BBIMEHH. Tak)Ke CTOUT OTMETHTB, YTO CKPBITHIM Ma-
CTUTOM B HEKOTOPBIX X0O3sIiicTBax OoJieeT Oosiee moso-
BHHBI KOPOB B CTaJIe, @ CHIDKEHUE YI0EB B PE3yJIbTaTe

© Ilaenenxo O. b., ®erny O. B., 3umuukos B. 1., Tropuna E. B., 2025
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repeOeTMBaHus MACTUTOM MOXKET JIOXOIUTH 110 12,0—
15,0 % ot romoBoro ymos [7].

MacTHuTbl KOpOB HAOIIONAIOTCS HE TOJIBKO B JIAK-
TallMOHHBIN, HO M B TIEPHOJBI 3aITyCKa U CYXOCTOSI.
B npoMbIIIeHHBIX KOMITIEKCAX MO MPOU3BOICTBY
MOJIOKa B pe3yjbTaTe MPOBENECHUS HCCIeA0BaHUN
JIMarHo3 MacTUT ObLT ycTaHOBNIEH y 39,0 % KopoB u3
1250 Toi1, B TOM YHCIIE U CKPBITHIX OPM ITPU COOTHO-
weHuu 1:4—35. B nepuozpl 3ammycka u cyXocTosi KOpoB
ObUTO ycTaHoBIIEHO, 4TO 23,0 % mpod Momnoka mosno-
JKHUTEJIBHO CPearupoBajIy Ha OBICTPBIN KanpOpHUK-
ckuif Tect [8].

B HEexoTophIX X034HCTBaX YIbSHOBCKON 001acTH
YpOBEHB MacTUTa cocTanisut ot 26,17 1o 31,03 %. [1pu
9TOM COOTHOIIICHNE KIIMHUIECKOTO MacTUTAa K CKPBITO-
My cocTapisieT npuonusuTensHo 1:2. Ha nam B3maz,
MIPUYUHOHN MOCTY K0 U3MEHEHHE YCIIOBUH cosiepka-
HUS, @ IMEHHO: OTKa3 pyKOBOJCTBA U BETEPUHAPHON
CITy’KOBI XO3SHCTBAa OT OPTaHU3AIH BBITYJIa KOPOB,
acThOBI B IeTHHH epuo [9]. Llennio Hammeit paboTsl
SIBUJIOCh U3yYEHHUE PACIIPOCTPAHEHHUS MACTHTA y KOPOB
B ycnoBusix [lonenkoit HaponHoti PecryOmnuku B pas-
AUYHbIe (PU3NOTOTHYECKUE IEPUObI, CE30HBI TO/a.

MATEPHUAJIBI U METO/IbI
UCCJIEJOBAHUSA

UccnenoBanus nposoaunu B ycinosusx OO0
«Arpodupma «l'opHsik» CrapobemieBcKoro paiiona
Honeuxoii HaponHoit Pecniyonuku. Marepuanom Juist
WCCIIEOBAHM CITYKHITH 3/10pOBBIE JTAKTHPYIOIIHNE KO-
POBBI 1 OOJIbHBIE CYOKIMHUYECKHMM MacTUTOM, B BO3-
pacre ot 1 1o 8 makTaIuii, a TakKe ObLT MPOBECH aHAa-
713 aMOyIaTOPHOTO JKypHalla U aKTOB 00CIIeJOBaHHS
[IOT0JI0Bbs Ha MacTUT B nepuox 2024—2025 rr. ns
JIMarHOCTHKHN MacTUTa IPOBEJIH HCCIIE0BaHNE T0HHO-
ro 1moroJoBbs B konmuectse 200 ronos. /lnarnoctuxy
CYOKJIMHMYECKOI0 MACTUTA MPOBOJUIIM B TAKOHU IIOCIIE-
JIOBaTEeNbHOCTH: 1) HAPYKHBII OCMOT; 2) TabIAIINS;
3) B3siTHE TIPOO MOJIOKA IS JTAOOPATOPHOTO UCCIIEO0-
BaHus. Ilpn ocMoTpe MOJIOUHOMN JKene3bl onpenes-
7w ee GOpMY M CTETICHb Pa3BUTHSI, & TAK)KE BEINUUHY

1 pacTojioxkeHue cockoB. Ocoboe BHIMaHKE 00para-
JIY Ha BEJIMYMHY U GOPMY CHMMETPHYHBIX JIOJIEH BbI-
MEHH U COCTOSIHHE KOXKHOTO IMTOKPOBA.

[Manpnanueit onpenensuin Hanu4Yue OOJIE3HEHHO-
CTH, MECTHYIO TEMIIEpPaTypy CUMMETPHUYHBIX JOJEH,
KOHCHCTEHITUIO TMTAPEHXUMBI MOJIOYHOM KeJe3bl 10
u niocie poeHus. [Ipu mpomrynbiBaHUM HaJABBIMEH-
HBIX TUM(PATHYECKUX y3JI0B YUUTHIBAINA MX BEIUYH-
HY, 00JIEBY10 YyBCTBUTEIBHOCTD, IIOJBMKHOCTD U KOH-
CUCTEHIIHUIO.

Jist mTaGopaTtopHOTO UCCIIEA0BaHMUS OPaTH MOJIOKO
B KOHIIE TOCHUS (TBBEOJSIPHOE ) U3 KAKIOU TOITH B OT-
nenbHOCTH. C HEeNbI0 UCKITFOYSHHS TMarHO CTHIECKIX
OIMMOOK MBI HE UCCIIEJOBAIHM MOJIOKO KOPOB B TEp-
Bble 20 THEH TakTanyy, B NEPUOJ] 3aITyCKa U CyXOCTOS.

Jlis BBISICHEHUSI B3aUMOCBSI3U MEXay (HOpMOH,
JUTMHHOM, TONIIUHON COCKa, (POPMO €ro BepXyIIKH
M 9acTOTOH 3a00JIeBaHMS JOJIEH MOJIOYHOW JKEJIe3bl
MIPOBEIH MOP(OIOTHYECKYFO OIIEHKY COCKOB C ITapa-
JIETTbHBIM HCCIIeI0OBAHUEM P00 MapeHXUMHOTO MOJIO-
Ka Ha HaJIW4MEe CYOKIMHHYEeCKOoro macTuta. OLeHKY
COCKOB MOJIOYHOH >K€JI€3bl KOPOB IMPOBOAMIIH TIE€peN
JIOGHHEM TIyTEeM OCMOTpa M U3MEPEHHS C TIOMOIIBIO
JIMHEWKU U MITaHTeHIUpPKyJsa. [Ipomepsl cockoB Jie-
JIAJIA C TIPaBO# CTOPOHEBI. J[MHHY mepeHuX U 33 THUX
COCKOB MOJIOUHOM KeJe3bl U3MEPSLIIN TMHEHKOM OT UX
OCHOBaHH JI0 BEPXYILKH, a TOJIIUHY — IITaHTeHIINP-
KYJIEM B BEpXHEU TPETU COCKOB.

Jlnarno3 cTaBmIIM Ha OCHOBAaHMH PEAKIIUU MOJIO-
Ka C DKCIPECC-TUarHOCTUKYMOM «Kenotesty, COTIacHO
METOAMYECKUX PEKOMEHIAINH, KIIMHUIECKOTO 0CMO-
Tpa, JaHHBIX aHamHe3a. CTaTHCTHYECKyI0 00paboT-
Ky JaHHBIX OCYIIECTBIISIIM C TIOMOIIBIO MTPHUKIIATHON
nporpammsl «Microsoft Excely.

PE3YJBbTATBI UCCJIEJOBAHUSA
B pe3synbrare nmpoBeEHHBIX HCCIIEIOBaHUI ObUTH
TMIOJTyUYEHBI CICAYIONINE JaHHbIE: CYOKITMHUYECKUI Ma-
CTHT JHarHocTupoBaiu y 34,5 % o0cie10BaHHBIX KO-
POB, HaCTOTA MOPAKEHUS 10JIEI MOJIOYHOM JKEJIe3bl CO-

craBuna 12,6 % (tadm. 1).

Taoauma 1
Pacnpocmpanenue cybrnunuuecko2o macmuma y Kopos
O06cnenoBano Ha CyOKITMHAYE-
N BonbHBIX CyOKITMHUYECKAM MAaCTHTOM
CKHM MACTUT
KOPOB noneu NHTencus-
KOpPOB Jionen HOCTb IOpa-
KOJI-BO KOJI-BO % JKEHUS JOIen
200 768 69 34,5 97 12,6 1,4
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WHTEeHCUBHOCTH TIOpaXXEHUs I0JIeH pH 00cIeo-
BaHHUU KOPOB, OOJBHBIX CYOKITMHMYECKIM MACTHUTOM,
cocraBuia 1,4 paza.

[To maHHBIM MHOTHX HCCIIEIOBATEINEH IPH U3y4de-
HUHU CTPYKTYPBl BOCIAJIUTEIBHBIX MPOLECCOB CYO-
KIMHUYECKYI0 (opmy MacTuTa oTMedaroT y 70,8—

120
100
B0
6
4
2

o o o

83,7 % KUBOTHBIX, KITMHIYECKYI0 —y 16,3—29,2 %
KopoB [9].

C 11eNbio BBISICHEHHUS paclIpOCTPAHCHHS MacTHTA
Y JIAKTHPYIOIIAX KOPOB B PA3IIMUHBIE CE30HBI TO/IA MTPO-
BeJICH aHAJIM3 aMOYJIaTOPHOTO JKypHaIa U aKTOB 00-
CJIETOBAHUS MOTOJIOBbSI HA MAacTUT B mepuop 2024—
2025 rr (puc.).

01.24-03.24 03.24-05.24 05240724 07.24-09.24 05.24-11.24 11.24-01.25

B CyGRIHHHYCCKHE MACTHT

] K IMHHHSCCKHE MACTHT

Puc. Ce30HHOCTB pacnpocTpaHEeHHs MAaCTUTa Y KOPOB

B pesynbrare npoBeieHHbIX HCCIEA0BaHUN OBIIIO
YCTaHOBJICHO, UTO C sHBaps 1o Mapt 2024 roga 6610
BBISIBIIEHO 175 ciaydaeB MacTUTa, YTO COCTaBIISET
22,1 % ot moitHOro MOT0NOBhsA. CyOKIMHUYECKYIO
dhopmy HaOmoganu B 105 ciaydasx, a KIIMHAYECKYIO
B — 70 ciyuasx.

Bropoii nuk 3a6oneBaeMOCTH HaOIIOOAIN C CCH-
Ts10pst o HOs0pE 2024 roxa, mpu 3TOM CyOKIMHUYE-
CKyt0 opMy MacTuTa HaOJona I y 84 TOJIOB, a KIIH-
HUYECKYIO y 41 KOpPOBEI.

TakuM 00pa3oM, OTMEUEHa BBIPAKEHHAs! CE30H-
HOCTB 3a00J1eBaeMOCTH KOpoB MacTuToM. HanbombIee
MOPaKEHNE MACTUTOM ITOTOJIOBBS HAOIOAIIH B IIEPHO-
bl C SIHBAPSI [0 Maid. ITO MOKET OBITH CBA3AHO C YXYII-
HIEHUEM KOPMOBOIi 0a3bl M HAPYIICHHEM MTapaMeTPOB
MUKPOKJIIMATa B )KHBOTHOBOYECKMX TTOMEIICHUSIX.

ITo marabM I. A. Jlapronoga (2015) cyOxmmHMIYE-
CKHIl MAaCTHUT y KOPOB B IEPUO/[I JIAKTALIMU YaLlIe pa3-

BHBaeTCsl B BECCHHEE U JICTHEE BPEMs U COCTABIISCT
16,0 1 32,0 % cootBercTBenHo [10].

Biusinue Bo3pacra Ha 4acToTy 3a00JieBaHMsI J0-
JIell MOJIOYHOM KeJe3bl CyOKITMHNYECKUM MacTHTOM
MBI TIPOCTICAVITN Ha 73 KopoBax xo3siicTBa. Cpemau 00-
CJIEZIOBaHHOTO ITOTOJIOBBSI KOPOB XO3SIHCTBA 1O BO3pa-
cTy 3200J1€Ba€MOCTbh pacIipeeriIach CIICIYFOIIUM 00-
pazom: 3 roma — 13,7 %, 4 roma — 9,6 %, 5 ner —
24,7 %, 6 metr— 6,8 %, 7 ner— 16,4 %. Haubonpuuit
IIPOIICHT 3a00JICBIINX CyOKIMHUIECKUM MaCTHTOM KO-
POB yCTaHOBJEH cpeau kKopoB 3-x jetHero (50,0 %)
u 7 — nerHero Bo3pacta (33,3 %).

Jlaniee Mbl IpOaHATU3UPOBAIH B3aMOCBS3bh Me-
K1y 3a00JeBaHUEM KOPOB CyOKJIMHHUUYECKUM MACTH-
TOM M TICPUOJIOM JIaKTaI|K. JIaKTaIlHuI0 YCIOBHO MO~
pa3Ieniii Ha YeThIpe Tieproaa: mepBeii — ¢ 21 mo
110 nenb, Bropoit — ¢ 111 mo 200, tpetuit — ¢ 201
o 290, uetBepThIit — Oonee 291 nus (Tadm. 2).

Tadauma 2
3abonesaemocmsv KOpo8 CYOKIUHUYECKUM MACMUMOM NO NEPUOOAM TAKMAYUU
BbIsiBII€HO KOPOB, OOJIBHBIX CYOKIIMHUYECKUM MacCTUTOM
Ilepuop nakranuu (IHN) O0cneIoBaHO KUBOTHBIX
roJ %
21—110 62 26 41,9
111—200 55 23 41,8
201—290 7 3 42,9
cBbiie 290 18 8 44 .4
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YcTaHOBIIEHO, YTO CYOKIMHUYECKUI MacTUT pe-
TUCTPUPYETCSI IOYTH C OAMHAKOBOM 4aCTOTOM Ha IIPO-
TSOKCHUH BCEH JakTanuu (KoJeOaHUs COCTaBIISIOT
41,8—44.,4 %).

Jlasiee comocTanisist 4acTOTy 3a00JICBaHUS TIEPE/I-
HUX ¥ 3aTHUAX J0JICH MOJIOUHOM sKeJe3bl CyOKITMHIYe-
CKUM MAaCTHTOM, YCTAHOBHIIM HE3HAUYUTEIHHOE TIpe-
MMYIIECTBEHHOE MTOPAKESHUE 3aTHUX JI0JIei (Tad. 3).

Taoauna 3

Yacmoma 3abonesanus 0onell 6bIMeHU Cy6KﬂuHu‘l€CKuM macmunom

O06cenoBaHo JuarnoctupoBaHo 3a0oieBaHne
Jlonu BEIMEHU
KOpOB JIoJIeH TOJIOB %
IIpaBas nepenuss 200 200 20 10,0
IIpaBas 3anuss 200 196 21 10,71
JleBas nepenHss 200 195 30 15,38
JleBas 3agusIst 200 188 34 18,08

Pasuuity mexy dactoTol 3a00JieBaHUS 3aHUX
U TIEPEIHUX JI0JICH MOJIOYHOM JKeJIe3bl MOKHO 00BSIC-
HUTH TE€M, YTO Y KOPOB 3aJHHE J0JIU Ooiee MPOayK-
tuBHbIE. [ A. JIJapMOHOB ¢ coaBTOpaMu BBISIBUJIHU, UTO
[IPH HAPYIICHUHX MTPABUII U TEXHOJIOTUHU JOSHHSI BOCTIa-
JINTENBHBIN ITPOLIECC B IIEPEAHEN IIPAaBOM U 3aIHEN Jie-
BOH yeTBepTsx cocTanisietT 44,0 %, B mepeaHeit 1eBoi
1 3a7Hei mpaBoi getBepTax — 29,0 % [10].

Ha wacTtoty 3a0osieBaHnsa KOpOB CyOKIMHWYE-
CKMM MaCTUTOM ITPH MAIIMHHOM JIO€HHUH CYIIECTBEH-
HOC BJIMSIHUE OKa3bIBaCT BEJIMYMHA, ()OPMA M PACIIO-
JIO’)KEHUE COCKOB. HopManbHBIM pacmooKEHHUEM COC-
KOB SIBJISICTCSI, TAKOE ITPH KOTOPOM PACCTOSTHHE MEIKIY
BEpXyIIKaMH TiepenHux cockoB 15,0—18,0 cm, 3am-
Hux — 6,0—10,0 cm, Mexny nepeIHUMH U 3a]IHU-
mu — 8,0—12,0 cm.

Hamu takke onpejiesnieH ypoBeHb 3a0071€BaeMOCTH
KOPOB MACTHTOM B 3aBUCUMOCTH OT )OPMbI COCKOB, X
pacmoniokeHus (Tadi. 4). YcTaHOBIEHO, 9TO U3 9 coc-

KOB LIMJIMHPUIECKOM (DOPMBI OKa3aJI0Ch TIOPAYKECHHBI-
MU CYyOKIMHUYIECKUM MacTuToM — 6 (67,3 %), u3 30
KoHuueckor Gopmel — 5 (16,6 %), u3 2 OyTbLibua-
toit — 2 (100,0 %). 3HaunTeaIpHO Yalle 3a00JeBaHNe
JIMaTHOCTHPOBAII Y KOPOB C BOPOHKOOOPa3HOH (op-
Moii Bepxy1ku cocka (13 u3 24), uem ¢ rockoii (4 u3
17) u xonycoob6paznoii (10 u3 33). Ilpu HOpMaTEHOM
pacIoIoKeHUH COCKOB 3200JIeBaHUE TUArHOCTHPOBA-
mu B 33,3 % ciryuaes, a mpu commkeHHOM — B 50,0 %.

Takum oOpa3oM, IMIMHApPUYECKas, OyThIIbYA-
Tas (hpopMa COCKOB, BOPOHKOOOpasHasi hopma ux Bep-
XYIIKH U COJIMIKEHHOE PACIIOJIOKEHUE COCKOB CITO-
COOCTBYIOT OoJiee YacTOMY 3a00JIEBAaHUIO CYOKITHHU-
YECKHUM MACTUTOM.

B3anMoCBsI3b MEKIY pasMepaMu COCKOB M YacTO-
TOM BOSHHUKHOBEHUS CyOKITMHHYECKOTO MACTUTA Y KO-
POB YCTaHOBUTH HE yAanock (Tabm. 5). Jluamerp cokoB
OobHBIX moeit Obut Ha 0,1—0,2 MM MeHbIIIe THame-
Tpa 37I0POBBIX.

Taoauua 4
Xapaxmepucmuka cockog 6biMeHtl Y KOPo8 U 4acmoma 3a6071e6aHUSKOPOS CYOKIUHULECKUM MACTIUMOM
dopma cocka dopma BepXyIIKH COCKa PacnionioskeHre COCKOB
ITokaza-
Tenu LIAJINH- KOHHYe- | OyThLIbua- ocKkas KOHYCO- BOPOHKO- | HOpMaib- | COJMXKEH-
JpUYecKast cKast Tas BUAHAS obpasuas HOE HOE
Oo6cneno-
BaHO 9 30 2 17 33 24 18 16
KOpOB
%‘gﬁ:ﬁiﬁ:’ 6 5 2 10 13 6 8
o 67,3 16,6 100,0 23,5 30,3 54,1 33,3 50,0
KOpoB, %
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Taomuna 5
Pasmepul cockoe monounotl sncenesvt u 3a001esaemocms Kopos cyoriunuieckum macmumom (M + m)
COCKHM MOJIOYHOH JKEJIE3bI TonmmHa COCKOB, MM JlmmHa cOCKOB, MM

3IIOPOBEIC 19,8 £ 0,4 79,0 +1,7

TIepeIHIe
TTOpa’keHHBIE 19,6 £ 0,7 79,0 £ 0,6
3[I0OPOBEIE 19,7+ 0,4 71,7+1,5

3aJHUC

MOopa’keHHBIE 19,6 £1,1 67,7+2,4

JnuHa mepegHuX COCKOB 3I0POBBIX U OONBHBIX
Jonelt y o0cie0BaHHBIX KOPOB ObLIa OIMHAKOBON
(79,0 mm). 3agHne cocku ObLTH KOpOYe MEPEeTHIX Ha
7,3 MM.

OO6pamaeTr Ha ceO1 BHUMaHHWE 3HAUYUTEJIHHOE
YMEHBILICHHUE JJTMHBI COCKOB 3aIHUX NOPAKEHHBIX J10-
neit (71,7 n 67,7 mm, p <0,02), B cpaBHEHUH C CUM-
METPUYHBIMH 3/I0POBBIMH JIOJISIMH.

YMeHbIIeHHEe TOJILIMHBL U JUIMHBI COCKOB IIOpa-
JKEHHBIX J0JIeHl MOJIOUHOH ’KeJIe3bl CBUIETENbCTBYIOT
0 HAJTMYHMH aTPO(PHUIECKUX IPOLIECCOB U PA3BUTHH CO-
€IMHUTENbHON TKaHH.

CrnenoBatenbHO, Ha 4acTOTy 3a00J1eBaHUs JOIeH
MOJIOYHOH KeJe3bl CYOKIMHUYECKUM MacTHTOM pa3-
MEpPBbI COCKOB HE OKa3bIBAIOT CYILIECTBEHHOTO BIMSHUSL.

3AKJIIOYEHHUE

Takum oOpazom, cyOknuHUUYecKas Gpopma MacTu-
Ta y KOpOB SIBISIETCSI HanboJiee pacpoCTpaHEHHOI.
MHTEeHCHBHOCTH MOPaXXEHUS 10JIEW MOJIOYHOM XKelle-
3bI CYOKJIMHUYECKUM MaCTUTOM HE UMEET 3HaUUTEIIb-
HOH BapraOeIbHOCTH B CBSI3H C BO3PAcTOM KOPOB, Iie-
PHOJIOM JIaKTaIMH, HO YCTaHOBJIEHA CE30HHOCTh JIaH-
HOW MaToJIOTUHU C TTUKOM, MPUXOAAIINM Ha TEPUOIbI
C sSIHBapsl 110 Mai.

[Ipu conocraBiieHnH YacTOThI 3a00JIEBaHUS IIEPEA-
HUX ¥ 33/THUX JI0JIEH MOJIOYHOM KeJIe3bl KOPOB CyOKIH-
HUYECKUM MacTUTOM, YCTaHOBHJIM HE3HAYMTEIBHOE
MIPEeUMYIIECTBEHHOE NOopakeHue 3aaHux noned. Ha
Y4acTOTy 3a00JIeBaHNsI KOPOB CyOKITMHIUYECKIUM MacTH-
TOM TIPU MAIIIMHHOM JIO€HHUH CYIIECTBEHHOE BIMSIHUE
OKa3bIBaeT BEJIMUMHA, (POPMa 1 PaCIOJIOKEHHE COCKOB.
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Abstract. This article presents the data on the distribution of bovine mastitis. Subclinical mastitis was found to
be the most common form, diagnosed in 34.5 % of cows examined, with an incidence of 12.6 % of the mamma-
ry gland lobes affected. The incidence of subclinical mastitis did not vary significantly with cow age or lactation
period, but did show a pronounced seasonality. A comparison of the incidence of subclinical mastitis in the front
and posterior (rear) mammary gland lobes revealed a slight predominance of the posterior lobes. The size, shape
and position of the teats significantly affect the incidence of subclinical mastitis in machine-milked cows.
Keywords: cows, distribution, mastitis, subclinical mastitis

Bovine mastitis is a serious disease of lactating
cows, reducing the quantity and quality of milk and
significantly hindering the development of dairy farm-
ing. According to nationwide statistics, the cows with
mammary gland inflammation experience a 10.0—
15.0 % reduction in annual milk yield. The main loss-
es occur during the illness, treatment and subsequent
recovery. Over the course of a year, approximately
68.0 % of cows in a herd may experience this disease
two or more times, leading to chronicity and eventu-
ally agalactia. As a result, animals are culled. Culling
rates reach up to 20.0 % of dairy cows per year [ 1—4].

The total cow population worldwide reaches 211
million, out of which more than 40.0 % develop vari-
ous forms of mastitis. On farms in our country, masti-
tis affects from 22.0 to 60.0 % of cows. The most com-
mon is the subclinical form, which is recorded by 2—4
times more often than the clinically expressed form [5].

It has been established that with an increase in
milk productivity (milk yield) from 4000—5000 kg
to 6000 kg, the incidence of mastitis increases by 1.7
times (up to 7000 kg), by 2.5 times (above 7000 kg) —
by 4 times. Among high-yielding dairy cows, 72.1 %
of animals experience mastitis during lactation. Out
of these 14.8 % experience the disease two or more
times [6].

Bovine mastitis can be caused by many factors.
Its etiology is diverse. Mastitis can develop at any
time of year and in any physiological state of the an-
imal. According to research on some dairy farms in
central Russia, mastitis in various forms was detect-
ed in 25.0—35.0 % of the total herd of cows per year.
Mastitis develops in cows at any stage of lactation,
although the disease most often affects high-yielding
animals. Up to a quarter of cows that have recovered
from the disease are subsequently culled due to atro-
phy of one or two quarters of the udder. It is also worth
noting that on some farms, more than half of the cows
in the herd suffer from latent mastitis, and the reduc-
tion in milk yield as a result of suffering from mastitis
can reach 12.0—15.0 % of the annual milk yield [7].

Bovine mastitis is observed not only during lacta-
tion but also during the cow drying off and dry peri-
ods. At industrial dairy complexes, the studies revealed
that mastitis was diagnosed in 39.0 % of 1250 cows,
including latent forms, at a ratio of 1:4—5. During the
cow drying off and dry periods, 23.0 % of milk sam-
ples were positive for the California Mastitis Test [8].

On some farms in Ulyanovsk region, mastitis rates
ranged from 26.17 % to 31.03 %. Moreover, the ratio
of clinical to latent mastitis was approximately 1:2. In
our opinion, this was due to changes in keeping condi-
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tions, namely, the refusal of farm management and vet-
erinary services to organize outdoor grazing of cows
during the summer [9]. The research objective was to
study the distribution of bovine mastitis in the Donetsk
People’s Republic during various physiological peri-
ods and seasons.

MATERIAL AND METHODS

The study was conducted at Gornyak Agricultural
Firm LLC, in Starobeshevskiy district of the Donetsk
People’s Republic. Healthy lactating cows and those
with subclinical mastitis, aged between one and eight
lactations, were used for the study.

Ambulatory records and herd mastitis examination
reports for the period of 2024—2025 were also ana-
lyzed. To diagnose mastitis, a dairy herd of 200 an-
imals was examined. Subclinical mastitis was diag-
nosed in the following sequence: 1) external exam-
ination; 2) palpation; 3) milk sampling for laboratory
testing. During examination, the mammary gland shape
and development were determined, as well as the size
and position of the teats. Particular attention was paid
to the size and shape of the symmetrical udder lobes
and the condition of the skin.

Palpation was used to determine the presence of
tenderness, local temperature of the symmetrical lobes
and the consistency of the mammary gland parenchy-
ma before and after milking. When palpating the supra-
mammary lymph nodes, their size, sensitivity to pain,
mobility and consistency were recorded.

Milk (alveolar milk) was collected from each in-
dividual lobe at the end of milking for laboratory test-
ing. To avoid diagnostic errors, we did not analyze milk
from cows during the first 20 days of lactation, during
the cow drying off period or during the dry period.

To determine the relationship between teat shape,
length, thickness and apex shape and the incidence of
mammary gland lobe disease, we conducted a mor-
phological assessment of the teats, along with a par-
allel analysis of parenchymal milk samples for sub-
clinical mastitis.

The cows” mammary gland teats were assessed
before milking by inspection and measurement with
a ruler and calipers. Teat measurements of teats were
taken on the right side.

The length of the front and posterior teats was mea-
sured with a ruler from their base to the apex, and the
thickness was measured with a caliper across the up-
per third of the teats.

The diagnosis was based on the milk reaction
with the Kenotest rapid diagnostic kit, according to
guidelines, clinical examination and medical histo-
ry. Statistical data processing was performed using
Microsoft Excel.

STUDY RESULTS
The following data were obtained as a result of the
study. Subclinical mastitis was diagnosed in 34.5 % of
the cows examined, and the incidence of mammary
gland lobular lesions was 12.6 % (Table 1).

Table 1
Distribution of bovine subclinical mastitis
Examined for. gubchmcal Cows with subclinical mastitis
mastitis
COws lobes Intensity of
COwS lobes lobular lesi
number number % obular fesions
200 768 69 34.5 97 12.6 1.4

The intensity of lobular lesions in cows with sub-
clinical mastitis was by 1.4 times higher than in cows
with subclinical mastitis.

According to many researchers studying the struc-
ture of inflammatory processes, subclinical mastitis
is observed in 70.8—83.7 % of animals, while clini-
cal mastitis is observed in 16.3—29.2 % of cows [9].

In order to determine the prevalence of mastitis in
lactating cows in different seasons of the year, an anal-
ysis of the ambulatory records and reports of herd ex-
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aminations for mastitis was conducted in the period of
2024—2025 (Fig.).

The study revealed that 175 cases of mastitis were
detected from January to March 2024, representing
22.1 % of the dairy herd. Subclinical mastitis was ob-
served in 105 cases, while clinical mastitis was ob-
served in 70 cases. A second peak in incidence was
observed from September to November 2024, with
subclinical mastitis observed in 84 cows and clinical
mastitis — in 41 cows.
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Fig. Seasonality of bovine mastitis distribution

Thus, a pronounced seasonal pattern in masti-
tis incidence was observed. The highest incidence of
mastitis among the herd was observed from January
to May. This may be due to deterioration in the feed
supply and disruption of the microclimate in the live-
stock buildings.

According to G. A. Larionov (2015), subclinical
mastitis in lactating cows most often develops in the
spring and summer, accounting for 16.0 and 32.0 %
respectively [10].

We examined the effect of age on the incidence of
subclinical mastitis in the mammary gland lobes in 73
cows on the farm.

Among the examined cattle stock, the incidence of
subclinical mastitis was distributed by age as follows:
3-year-olds — 13.7 %, 4-year-olds — 9.6 %, 5-year-
olds — 24.7 %, 6-year-olds — 6.8 %, and 7-year-
olds — 16.4 %. The highest percentage of cows with
subclinical mastitis was found among 3-year-old cows
(50.0 %) and 7-year-old cows (33.3 %).

We analyzed the relationship between subclinical
mastitis incidence and lactation period. Lactation was
divided into four periods: the first — from 21 to 110
days, the second — from 111 to 200 days, the third —
from 201 to 290 days, and the fourth — more than 291
days (Table 2).

Table 2
Incidence of subclinical mastitis in cows by lactation periods
Detected cows
Lactation period (days) Animals examined with subclinical mastitis
animals %
21—110 62 26 41.9
111—200 55 23 41.8
201—290 7 3 42.9
more than 290 18 8 44.4

It has been found that subclinical mastitis is record-
ed with almost the same frequency throughout lacta-
tion (ranging from 41.8 % to 44.4 %).

Further comparison of the incidence of subclinical
mastitis in the front and posterior lobes of the mamma-
ry gland revealed a slight predominance of the poste-
rior lobes (Table 3).

The difference between the incidence of posterior
and front mammary gland disease can be explained by
the fact that the posterior lobes are more productive in
cows. G. A. Larionov et al. has found that when milk-
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ing procedures and technology are not followed, the
incidence of inflammation in the right front and left
posterior quarters is 44.0 %, and in the left front and
right posterior quarters, it is 29.0 % [10].

The size, shape and position of the teats significant-
ly affect the incidence of subclinical mastitis in ma-
chine-milked cows. Normal teat positioning is defined
as a distance between the apexes of the front teats of
15.0—18.0 cm, the distance between the apexes of the
hind teats of 6.0—10.0 cm, and the distance between
the front and hind teats of 8.0—12.0 cm.
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Table 3
Incidence of subclinical mastitis in udder lobes
Examined The disease was diagnosed
Udder lobes

COWS lobes COWS %
Right front 200 200 20 10.0
Right posterior (rear) 200 196 21 10.71
Left front 200 30 15.38
Left posterior (rear) 200 188 34 18.08

We also determined the incidence of bovine mas-
titis based on teat shape and position (Table 4). It had
been found that 6 out of 9 cylindrical teats (67.3 %)
were affected with subclinical mastitis, 5 out of 30 con-
ical teats (16.6 %), and 2 out of 2 bottle-shaped teats
(100.0 %). The disease was diagnosed significantly
more often in cows with a funnel-shaped teat apex (13

out of 24) than in those with a flat (4 of 17) or conical
(10 of 33) teat apex. In cows with normal teat place-
ment, the disease was diagnosed in 33.3 % of cases,
and in cows with close teat placement, in 50.0 %.
Thus, cylindrical, bottle-shaped teats, fun-
nel-shaped apexes and close positioning of them con-
tribute to a higher incidence of subclinical mastitis.

Table 4
Characteristics of the udder teats in cows and the incidence of bovine subclinical mastitis
Teat shape Teat apex shape Teat positioning
Indicators
Lo . cone- fun-
cylindrical | conical bottle shaped | nel-shaped normal close
Cows 9 30 2 33 24 18 16
examined
Sézlt‘ez?e‘:’is 6 5 2 10 13 6 8
o 67.3 16.6 100.0 23.5 30.3 54.1 333 50.0
0

A correlation between teat size and the incidence
of subclinical mastitis in cows could not be established

(Table 5). The diameter of the affected teats was by
0.1—0.2 mm smaller than that of healthy teats.

Table 5
Mammary gland teat sizes and incidence of bovine subclinical mastitis (M + m)
Mammary gland teats Teat thickness, mm Teat length, mm
healthy 198+0.4 79.0+1.7
front
affected 19.6 £0.7 79.0 £ 0.6
healthy 19.7+0.4 71.7+£1.5
posterior
affected 19.6+1.1 67.7+2.4

The front teats of the healthy and affected lobes in
the examined cows were identical in length (79.0 mm).
The posterior teats were shorter than the front teats by
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7.3 mm. A significant reduction in teat length in the
affected posterior lobes is noteworthy (71.7 mm vs.
67.7 mm, p < 0.02), compared to symmetrical healthy
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lobes. The reduction in teat thickness and length in
the affected lobes indicates the presence of atrophic
processes and the connective tissue development.
Therefore, teat size does not significantly affect the in-
cidence of subclinical mastitis in the mammary gland.

CONCLUSION

Thus, subclinical mastitis is the most common form
in cows. The incidence of subclinical mastitis in the
mammary gland does not vary significantly depend-
ing on the cow’s age or lactation period, but a season-
al pattern has been established, with a peak between
January and May. A comparison of the incidence of
subclinical mastitis in the front and posterior lobes of
cows’ mammary glands revealed a slight predominance
of the posterior lobes. The size, shape and position of
the teats significantly affect the incidence of subclini-
cal mastitis in machine-milked cows.
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AHHoTanusl. B crarbe npeacTaBieHbl pe3ysbTaThl U3yUeHHs BIUSHUSL KOPMOBOH 100aBkH «JIozexopm» Ha Kie-
TOYHBIH UMMYHUTET Kyp-Hecymek. [lisi OHeHKN (YHKIIMOHAIBHOTO COCTOSIHHS KJIETOYHOTO 3B€Ha UMMYHHUTETA
MIpUMEHsIIach peakiys onacrrpanchopmanmu aumboruros (PBTII) ¢ pacuerom nHaeKca CTUMYISIK Tporde-
parmu (MCII). YcranosneHo, uto BBeaeHHE «JIo3ekopmM» B paIllioH Kyp-HECYIIeK CIOCOOCTBYET CTUMYIIHPOBA-
HUIO NpoH(epaTnBHON aKTHBHOCTH MOHOHYKJICAPHBIX KJIETOK epH(epruuecKoil KpOBH, UTO MOATBEPIK/IACT aK-
TUBU3AIUIO T-KJIETOYHOTO KMMYHHOTO OTBETa. [IOBBIIIICHHE UMMYHHOTO CTaTyca CBHACTEILCTBYET 00 3 dek-
TUBHOCTH IIPUMEHEHUS 100aBKH «JI03eKOpM» ISl KOPPEKIIMYA MMMYHOJIOTHUECKOH PEaKTHBHOCTH Y MITHIIBI.
KuioueBble ciioBa: Kypbl-HECYIIIKH, KOPMOBasi J0OaBKa «JI03eKopm», KIIETOYHbBIH HMMYHHTET, peakiust Onact-
tpancpopmannu aumpouuros (PBTIT), unaexc crumymsuun nponudeparun (VMCIT)

ONU300THYECKOE OIaroNnoTyYre NTHIIEBOTIECKUX
XO3SUCTB OMPENEISICTCS HE TOIBKO HHPEKITMOHHOM Ha-
CPY3KOH CO CTOPOHBI BHEILIHEN CPENlbl, HO U YPOBHEM
001I1ei Pe3UCTEeHTHOCTA M UMMYHOJIOTUIECKON peak-
TUBHOCTHU IITULE [1, 2].

B. Song B cBOEM HccnenoBaHUM POJEMOHCTPH-
pOBaJ HEOOXOAMMOCTD YKPETUICHNSI UMMYHHOH CHCTe-
MBI IBIIIISAT-OPOIIIEPOB C TOMOIIBIO MEP TIO YITydIIe-
HUIO TTUTaHus [3].

KitoueByto posib B ()OpMHUPOBaHUH aJIeKBATHO-
ro IMMYHHOTO OTBETa MrpaeT (yHKIHOHAILHOE CO-
CTOSTHHE KJIETOYHOTO 3B€HAa MMMYHHTETa, B YaCTHO-
ctu, nonyisinust T-mumornmtos [4]. B cBsizu ¢ 9THM,
MTOMCK CPENICTB, CITOCOOHBIX YCHJINBATh WMMYHHBIN
CTaTyC | MOBBIIIATh YCTOWYMBOCTH MITHUIIBI K 3a00I1e-

BaHUSM, OCTAETCS AKTyaIbHOU 3a/1aueii COBpPEMEHHO-
TO TIPOMBITIIIEHHOTO MTUIIEBO/ICTBA.

OmHMM W3 TIEPCIIEKTHBHBIX HAIPABICHHUN SIBIIS-
€TCs UCTIOJIb30BAHUE KOMIUIEKCHBIX KOPMOBBIX J100a-
BOK Ha OCHOBE TIPUPOJIHBIX OUOJIOTUYECKU aKTUBHBIX
coenmuaeHnid. K Takum cpescTBaM OTHOCHUTCS T00aB-
Ka «Jlozexkopm», cosiepxkanias XBOMHbBINA SKCTPAKT, sTH-
TapHYIO KHCJOTY, (pIaBOHOWIBl U MHKPOIIEMEHTHI.
W3BecTHO, YTO JaHHBIE KOMIIOHEHTHI 00J1a/1al0T BbI-
PaXEHHON aHTUOKCHJIAHTHOW M UMMYHOMOIYIHPY-
Iolel akTUBHOCTHIO [5, 6]. [lepBoHauanbHO 3aperu-
CTpUpOBaHHAA /U1 IPUMEHEHHS B ITUEI0BOICTBE [ 7, 8],
nmobaBka Mmokasana cBoto dPPEKTUBHOCTH U Oe301mac-
HOCTb B HccienoBanusax Ha nruue [9, 10]. Caenyer
OTMETUTD, YTO [ICHTPAJIbHOE 3B€HO UMMYHHOU CUCTe-
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MBI IITUII, B OTJIMYUE OT MIICKOTIUTAOIIHNX, OTACICHO
OT CHCTEMBI TeMOLIUTOII033a, TO €CTh NMPOH(eparys,
co3peBaHue U JUPPEPEeHIIUPOBKA TUMQPOIUTOB MPO-
MCXOJST B OTJCIIbHBIX CIICHHATM3UPOBAHHBIX OpraHax
(Tumyec, pabpurmesa cymka u ip.) [11]. [Tostomy, s
OLICHKH MOJYJIMPYIOIIETO BO3ICHCTBHS (hapMaKOIOTH-
YEeCKHX CPEACTB Ha KJICTOYHBII IMMYHHUTET OTHIM U3
HanOos1ee THPOPMATUBHBIX METOJIOB SIBIISIETCS OLICHKA
nponauQepaTuBHON aKTUBHOCTH T-1MM(OLUNTOB B pe-
akiuu Oonactrpancopmanuu (PBTJI) [12]. Jlanubrii
METO/] TIO3BOJISICT KOJTMUECTBEHHO OIICHUTH PYHKITHO-
HaJIbHBIA OTBET UMMYHOKOMITETCHTHBIX KJICTOK Ha CTH-
MYJISILIMEO U ITPOKO MIPUMEHSIETCS B SKCIICPHMEHTAITb-
HOI HMMYHOJIOTHH.

B cBs3u ¢ yeM, LesIbI0 HACTOSIILIETO HCCIIEI0Ba-
HUS SBHJIACH OIICHKA BIHMSHHS KOPMOBOH JOOABKH
«Jlozexopm» Ha KIIETOYHBI HUMMYHHTET Kyp-HECYIICK
1o posiepaTuBHON aKTUBHOCTH JTUMQOIIUTOB B pe-
aKmuy OyacTTpanchopMaIInH.

MATEPHUAJIBI U METO/bI
HNCCJIEJOBAHUSA

Kopmogas no6aBka «Jlozekopm» ABIsSETCS KOM-
TUIEKCHBIM COEIMHEHUEM, TIPECTaBIsIsI CO00M Mac-
JITHUCTYTO KUIKOCTH OT JKEJITOTO JI0 KEITO-KOpHUIHe-
BOTO I[BETA CO Crienn(pUIECKUM 3armaxoM. B kauecTse
JIEMCTBYIOUIMX BELIECTB COAEPIKUT XBOWHBINA IKC-
tpakT 0,9—1,5 % u surapuyto kucnory 1,0—1,2 %.
Hcrnonp3oBaHre XBOWHOTO SKCTPAKTA B COCTaBE KOP-
MOBOH J00aBKH MIPUBOIUT K CTUMYIISAIINHN 3aIIUTHBIX
CBOWCTB OpraHn3Ma NTHIIBI 32 CYET aJalTOTeHHBIX
3(UPHBIX COCAMHEHHH, a TAKXKE MOJIUIIPEHOJIOB, Ha-
XOASALIMXCA B €ro cocraBe. Hanuuue sHTapHOM KUCIO-
TBI CIIOCOOCTBYET aKTUBAIMY SHEPTO0OECIICUNBAIOITHX
dhepmenToB 1ukia Kpebea, ciecTBreM 4ero sBiseT-
s ycusieHre 0OMEHHBIX MTPOIECCOB U yydIeHune (Gpu-
3HOJIOTHYECKOTO COCTOSIHHS BCETO OpraHU3Ma MTHIIBL.

Wccnenosanus npoBesieHbl B YCIOBHUAX BUBapuUs
000 «OJI®APM» (r. Mocksa). B sxcriepuMeHT ObLH
BKITIOUCHBI KYPBI-HECYIIKH MOpobl Oenblii Jlerropa
10-MecsTaHOTO BO3pacTa, pas3acsicHHbIE HAa YETHIPE
TPyNIbl — TPU OMBITHBIE U KOHTponbHas (n = 10).
IItuna copepkanach B ABYXSIPYCHBIX KIETOYHBIX Oa-
Tapesix ¢ CeTYaThIM IOJIOM H JKeJIOOKOBBIMHU (HapyK-
HBIMH ) KOPMYIIKaMH [TPpY CBOOOTHOM JIOCTYTIC K BOJIC
1 KOHTPOJIMPYEMOM MUKPOKJIMMATE, TTOTydast 0a30BbIi
parioH B cooTBeTcTBUU ¢ HOpMamu BHUTUIT (2023).

OnBITHBIM TpyInIaMm Kyp Ha npoTsbkeHud 10 quei
HETOCPEACTBEHHO MOCIIE KOPMIIEHNSI MHANBUAYAIIBHO
3a1aBajIach KOpMoBasi 1oOaBKa «Jlo3ekopm» per os B 110-
3ax: 0,25, 0,5 u 0,75 mur/kr maccel Tena. KonTposbHas
NITHILIA COoZieprKalach Ha OCHOBHOM pallloHe.

Bnusnue «Jlo3exopm» Ha mokazaTenu KJIETOUHO-
ro HIMMYHHTETA OCYUIECTBIISAIOCH 110 YPOBHIO MOHO-
HYKJIeapHBIX KJIeTOK nepudepuueckoii kposu (MHK,
PBMC — peripheral blood mononuclear cells), Bxro-
qarornux JuMoruTs! (T-, B-, NK-kieTkn) u MoHO-
[UTHI, KOTOPBIE UTPAIOT KIIOYEBYIO POJIh B UMMYH-
HOM OTBETE, JJI1 YEero U3 MOJKPBUILLIOBOM BEHBI Kyp
Ha 10 CyTKHM dKCIIepUMEHTa B BaKyyMHBIE ITPOOUPKH
¢ OJITA-K2 orbupanocs 5 M1 KpOBH, KOTOPBIE Cpasy
K€ HECKOJTBKO pa3 rmepeBopadunBairch Ha 180° myst cMe-
LIMBaHUS KPOBH C AHTUKOArYISIHTOM [ 13]. Beiaenenue
MHK npoBoaunoce He nozaHee 2—4 4acoB MOCJE OT-
6opa kpoBu. Kposs ¢ PBS cmemmBanacs B cooTHO-
meHuu 1:1 u HacmauBangack MO YIJIOM IO KarjisiM Ha
rpaaueHt ¢ukosuia (ITanDxko, Poccus). [anee, kpoBb
otkpyumnBanack 30 mun (400g, 20 °C, 6e3 TopMorke-
HUS). 3aTeM MUMETKONW aKKypaTHO cOOMPanoch HHTEP-
(ha3HOE KOJIBLIO, KOTOPOE JIBa’KAbI OTMBIBAJIOCH YHCTON
cpenoit RPMI 1640 (300g, 10 mun). [1pu HeoOxoau-
MOCTH TPOBOJUJICS JTU3UC IPUTPOIUTOB IyTEM pe-
cycnienaupoBanus B 0,83 % NH4Cl (KHCOs 0,1 %,
EDTA0, 01 % (pH 7,4) 5 mun, 4 °C u nocnenyromien
ormbiBKOM B PBS [14].

Brinenenne PBMC y kyp TpeOyeT agantanuu Me-
TOJIOB U3-3a 0coOeHHOCTel ux KpoBH (y kyp 5—10 %
JMeUKOIHUTOB B KpoBHU (y demoBeka — 20—40 %)).
OnTuManbHBIA crocod — MeHTpUudyrupoBaHue
B Ficoll 1,077—1,080. Bce MaHWUTY/IS1IMW BBITIONHS-
JIUCHh B CTEPHUIIBLHBIX YCIIOBUSX.

Peakuus Onactrpanchopmanuu JUMQPOIUTOB
(PBTJI) — kitoueBOi METOI OLICHKH (PYHKIIMOHAIIb-
HOM akTUBHOCTU T- u B-KJeTOK B OTBET Ha MUTOTE-
HBI WJTH @aHTUTEHBI. Y Kyp 3TOT T€CT MPUMEHSIOT IS
M3y4eHUs IMMYHHOTO cTartyca, 3()(heKTHBHOCTH Bak-
LUUH U UMMyHOMOIYsTopoB. Brinenennsie MHITK
MOMEIIATUCH B 96-TyHOUHBIEC KyJIbTypalbHbIC MaHe-
nu ¢ koHueHTpareit 10° kierok B 100 MKII B JTyHKY.
AHTHUTEHBI-CTUMYISTOPBI A00aBmsuch mo 100 Mk
B JIYHKY K KJIETKaM JI0 KOHEYHbIX KOHIIeHTpanuii. B xa-
YECTBE TOJIOKUTEIBHOTO KOHTPOJIS CITYKHIIM MOHO-
LIUTHI, aKTUBUPOBAHHBIC MUTOI'€HOM KOHKOBaIMHOM
A (KonA, 5 mr, [1anDxo, Poccus). Kypunsie mumdo-
[IUTHI MEHEE UyBCTBUTEIHHBI K DUTOTeMAarTIIIOTHHUHY,
4yeM JesioBedeckre. B kauecTBe OTpHUIIaTeTbHBIX KOH-
TPOJIeH UCTIONB30BAITUCH: HECTUMYITUPOBAHHBIE MOHO-
IUTHI TOJIBKO CO CPEJIOif; KyJIbTYphI, CTUMYIHPOBAH-
Hble Hecrienupuyeckum antureHom (HA) — anturen
KKIJI (Konro-kpsIMckasi reMopparndeckasi JInxopas-
Ka, nnar. febris haemorrhagica crimiana), Takxe cTumy-
TS TIPOBOAMIIACH PAa3HBIMH aIbIOBAaHTaMH (aIbI0-
BaHT | — WMITOPTHBIA aJBIOBAHT 1O THUITYy «Macjo
B BOJIe» XKMBOTHOTO mpoucxokaeHus (AJ[1), agbro-
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BaHT 2 — OTEUECTBEHHBIN aJbIOBAHT 110 THITY «Mac-
JI0 B BOJZIE» JKUBOTHOTO TIporcxoxaeHus (A/12), anpro-
BAHT 3 — OTEUYECTBEHHBIN aJbIOBAHT IO TUILY «Mac-
JIO B BOJI®» PAaCTUTENHLHOTO mpoucxokaeHus (Al3)).
KieTkn KyJIbTHBHPOBAIIUCH B MTOTHOPOCTOBOW Cpejie
RPMI-1640, ¢ 20 % DTC, 2 MM rinyramuHa, 4,5 /1
[IF0KO3bI, 50 MKI/MJI reHTamuiiaa, 0,2 e1/mMir uHCy-
nuHa ipu 41 °C (Temmeparypa Tema Kyp) B atMmocde-
pe 5 % CO,.

[Iponmudeparnust oneHMBaIach B peakiuu O1acT-
Tparcopmanuu yepe3 72 4 ¢ TOMOIIBI0 HHBEPTHPO-
BaHHOTO MHUKpockomna (yBenudenue x400). Pesynsrars
PBTJI BeIpakanu B BUAE MHAEKCA CTUMYJIALIMHU MPO-
nmudeparun (MCIT) — oTHOIIIEHUE CPETHETO KOTUIe-
cTBa 0JaCTOB B MPUCYTCTBUHU CTUMYIISITOPOB K CpeEJI-
HEMY KOJMYECTBY OJIACTOB B OTCYTCTBHE CTHUMYIIS-
TOpOB. [10OKUTETLHBIM CUUTAIICS PE3YJIBTAT, SCIH
WCITI mpessimiaer 2.

Crartuctudeckas 00paboTka BBIMOIHATIACH C UC-
TTOJTE30BaHKEM TIPOTPAMMHOTO obectredueHus Microsoft
Excel n makera IBM SPSS Statistics 27.0 (IBM Corp.,

CIIIA). Pe3ynbraTsl MpecTaBICHBl B BUE CPEIHETO
apudmerndeckoro 3HadeHUs (M), CTaHIAPTHOTO OT-
kioHeHus (SD) u 95 % noBeputenbHOro MHTEpBaa
(95 % [). HopmanbHOCTD pacnpeneneHus Kojauye-
CTBEHHBIX MTPU3HAKOB MPOBEPSIACH C TOMOLIBIO KPH-
tepust lanupo — Yuiika. [lockonbKy pacnpenene-
HUE 3HAYCHUH HE OTIIMYAIOCh OT HOPMAIBHOTO, JJIS
OLICGHKH JOCTOBEPHOCTH Pa3IMUMi MEXIy rpyniiaMu
NPUMEHSIIMCH TTapaMeTpudecKre MeToabl. Pazmnuus
CUHUTAJINCh CTaTUCTUYECKH 3HAUUMBIMH IIPH YPOBHE
p <0,05.

PE3YJBTATHI UCCJEIOBAHUN
N OBCYXKIAEHUE

Ha npotskenun Bcero sKcnepuMeEHTa KIMHUYE-
CKOC COCTOSIHUE INTHUIIBI BO BCEX TPYyIIax COXpaHs-
JIOCh B Tipenenax (usuonornyeckoit Hopmbl. [lagex
OTCYTCTBOBAJL

Pe3ymnbraThl OTICHKH BIMSHUS KOPMOBOU JOOABKH
«Jlozexopm» Ha nponudepaTnBHYIO aKTUBHOCTD JIFM-
(OLIMTOB MPENICTABICHBI B TAOIUIIE.

Tadauna

Hsmenenue HUCII noo oeticmsuem ucciedyemvix CMUmMyIsamopos8 8 ONblMHbIX U KOHMPOIbHOU
epynnax, (M £ SD) ¢ yxazanuem 95 % 0osepumenvrozo unmepeand

I'pynmst
CT;IOI\;}:IM_ 1 (0,25 mur/kr) 2 (0,5 ma/kr) 3 (0,75 ma/kr) 4 (KOHTpOJIB)
M+ SD 95 % AN M+ SD 95 % A1 M+ SD 95 % A1 M=+ SD 95 % 1n
ALl 543+ -3,50— 12,47 + 7,21— 10,38 + 1,72— 9,75+ 0,99—
5,61 14,35 2,12 17,74 5,44 19,02 10,27 26,50
A2 5,38+ -1,94— 13,12+ 0,55— 8,39+ 3,19— 10,40 + 0,32—
4,60 12,70 5,06 25,69 3,27 13,59 8,12 20,48
INIE 7,39 + —4,59— 13,59 + 6,54— 9,81 + -1,39— 8,95+ -3,95—
7,53 19,37 2,84 20,64 7,04 21,01 14,42 13,30
HA 7,04 + —4,46— 11,28 + 7,18— 6,87 + 2,86— 6,14 + -0,35—
7,23 18,55 1,65 15,38 2,52 10,87 5,23 12,64
KotA 21,19+ —2,65— 20,80 £ 12,85— 21,28 + -3,42— 17,18 £ —0,63—
14,98 45,03 3,20 25,75 15,52 45,98 17,56 42,99

AHanu3 WHACKCA CTUMYISIHHN Mpoiaudepanmu
(MCII) mokazan, 4To BO BCEX DKCIEPHUMEHTAIBHBIX
1 KOHTpOJIbHOM rpynnax 3HadeHus MCII npu ucnons-
30BaHUM BCEX CTUMYJIATOPOB MIPEBBIIIAIN IOPOTOBOE
3HaYeHue 2, YTO CBUJICTEIHCTBYET O IMOJOKHUTENb-
HOU peakmuu OnacTTpaHCcPOopMaIuu JTUMQPOITUTOB.
CraTucTUYeCKUi aHalln3 HE BBISBHI JJOCTOBEPHBIX
MEKTPYNNOBbIX paznnunid B 3HaueHusx VCII me-

K1y KOHTPOJIBHOW M ONBITHBIMU I'PYIIIaMU IIPU HC-
MOJIb30BAaHUU JTFO00TO M3 cTUMYIsATOpPoB (p > 0,05).
KauecTBeHHBIH aHAMN3 NaHHBIX BBIIBUI ONpPENEIICH-
uele TenaeHmu B uameHennu VCII: [1pu ucnons3osa-
Huu ctumynsatopa AJ[1 nanGomnsiee 3nauenue UCII
OTMEUYEHO BO BTOPO#1 ombITHOM rpytme (12,47 £ 2,12),
uyTO Ha 27,9 % npeBsIano noka3areilb KOHTPOJIbHON
rpynmsl; Crumynarop AJl2 Bei3Ban Haubosee BbIpa-
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JKCHHYIO MIPOJIU(EepPaTUBHYIO0 aKTHBHOCTh BO BTOPOI
onbITHOH Tpymie (13,12 + 5,06), uto Ha 26,2 % BhIIIIe
KOHTPOJIbHBIX 3HAYCHUH.

Ilon nedictBuem crumynaropa AJl3 mMakcumab-
HBII OTBET 3apPErUCTPUPOBAH BO BTOPOU ONBITHOHU
rpymre (13,59 + 2,84), npeBbIaronifii KOHTPOJIb Ha
51,8 %; I1pu ucrionb3oBannu HA Bce omnbITHBIE TPYTI-
IIbl IOKA3aJI1 IIPEBBIICHUE Ha/l KOHTPOJIEM, Hanbosee
BBIpaKEHHOE BO BTopoii rpyne (83,7 %). Crtumyssiiust
KoHA BbI3BaNa MOBBIMIEHHBIH UMMYHHBIN OTBET BO
BCEX OMNBITHBIX IPYMIAaX ¢ MAKCUMAJIBLHBIM 3()(eKTOM
B TpeThelt rpymme (23,8 %).

Craructruyeckasi JOCTOBEPHOCTh CPEIHUX 3Ha-
yenuii MCII Obuta ycTaHOBIIEHA TOJIBKO BO BTOPOH
onbITHOH Tpytme (0,5 MII/KT) TPy CTUMYJISIIUH BCe-
MU UCTIOJIb30BaHHBIMU aibroBanTamu (AJl1, p = 0,02;
AL12, p=0,04; A13, p = 0,04; HA, p = 0,01). B npy-
THX OIBITHBIX TPYIINaxX ¥ KOHTPOJILHOM TpyTIIe J0CTO-
BEPHOCTb Pa3IM4YUi HE JOCTUIajIa YPOBHS CTaTHCTH-
yeckoit 3HaunmoctH (p > 0,05).

BeiBoanbl. [IpoBenenHoe uccuenoBanue mo3Bosu-
JI0 YCTaHOBHTH, YTO KOpMOBast 1o0aBka «JIozekopm»
ob6nagaeT UMMYHOMOAYJIHPYIOIIEH aKTUBHOCTBIO
M OKa3bIBAE€T CTUMYIHPYIOIIEE BIUAHME HA KIETOU-
HOE 3BEHO MIMMYHHUTETA Kyp-HECYILEK, YTO IOATBEP-
JKIAETCs MOBBIILICHUEM NPONU(EPaTUBHON aKTHB-
HOCTH MOHOHYKJICAPHBIX KIJIETOK HepudepryecKoi
KpPOBU B peakiuu OnmactrpaHchopmanuy JUMQOLu-
ToB. HanbGounpuras uMMyHocTHMYHpYtomas dhdex-
THBHOCTH YCTAaHOBJICHA IJIS 40361 100aBku 0,5 MiI/KT
KOpMa.

[Ipu nanHOM ypOBHE BBEIEHHsI OTMEUECHA BBIpa-
JKEHHAsl TEHACHLUS K MOBBIIIEHUIO MHJEKCA CTUMY-
JSIMU TIpoNTUQepanuy noj IeHCTBUEM BCEX U3YUeH-
HBIX MUTOT€HOB, IIPH 3TOM JJIsi CTUMYISITOpoB AJl1,
AJ12, A13 uw HA Obuti 3aperucTpupOBaHbI CTATHCTH-
yeckd 3HauuMble paznuans (p < 0,05) mo cpaBHEHHIO
C IpyTUMH TPYIIIaMU.

[Ipumenenne «Jlozexopm» B moze 0,25 mu/kr
HEe 0Ka3ajJo CTaTUCTMYECKH 3HAYUMOTO BIIUSHUS Ha
M3y4YEHHBIE MOKa3aTeIu KJIETOYHOTO0 MMMYHHTETA
(p > 0,05). YBemmuenwne n0351 100aBKH 110 0,75 Mi/KT
TaKXe He NPUBEJIO K YCHJICHHIO MPOIU(EepaTuBHOTO
OTBeTa IMMQOLHUTOB [0 CPABHEHUIO ¢ 10301 0,5 MIT/KT,
KOTOpasi B MCCJIEJOBAHMAX OKa3alach ONTHMaJbHOU
JUTSL IPUMEHEHUS.

Taxum 00pazom, pe3ymnbTaThl HCCIEIOBAHNUS CBH-
JIETEITBCTBYIOT O 10303aBUCUMOM 3(PdeKrTe KOpMOBOI
no0aBkH «JIo3ekopM» M MO3BOJISIIOT PEKOMEHI0BATh
ee npuMmeHeHue B 1o3e 0,5 MI/Kr Kopma AJisi CTUMY-
JISILMY KJIETOYHOTO MUMMYHHTETA Kyp-HeCylIeK Oe3 He-
TaTUBHOTO BIMSIHUS HA 00IIIEe COCTOSTHIE OpraHu3Ma.
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Abstract. The article presents the results of a study examining the effect of the feed additive Lozekorm on the
cellular immunity of laying hens. To assess the functional state of the cellular immune system, the lymphocyte
blast transformation reaction (LBTR) was used, along with calculation of the proliferation stimulation index (PSI).
It has been found that the introduction of Lozekorm into the laying hens’ diet stimulates the proliferative activi-
ty of peripheral blood mononuclear cells, confirming the activation of the T-cell immune response. The improved
immune status demonstrates the efficacy of Lozekorm in correcting the poultry’s immunological reactivity.

Keywords: laying hens, feed additive Lozekorm, cellular immunity, lymphocyte blast transformation reaction

(LBTR), proliferation stimulation index (PSI)

The epizootic well-being of poultry farms is de-
termined not only by the infectious load from the ex-
ternal environment, but also by the level of general re-
sistance and immunological reactivity of the poultry
[1, 2]. B. Song demonstrated in his research the need
to strengthen the immune system of broiler chickens
through nutritional measures [3]. The functional state
of the cellular component of the immune system, in
particular the T-lymphocyte population, plays a key
role in the formation of an adequate immune response
[4]. Therefore, the search for agents capable of enhanc-
ing the immune status and increasing the resistance of
poultry to diseases remains a pressing issue in modern
industrial poultry farming.

One promising area is the use of complex feed ad-
ditives based on natural biologically active compounds.
Such agents include the feed additive Lozekorm, which

contains pine extract, succinic acid, flavonoids and mi-
croelements. These components are known to exhib-
it significant antioxidant and immunomodulatory ac-
tivity [5, 6]. Initially registered for use in beekeeping
[7, 8], the additive has demonstrated its efficacy and
safety in studies on poultry [9, 10]. It should be not-
ed that the central link of the immune system of poul-
try, unlike that of mammals, is separated from the
hemopoiesis system, i. e., proliferation, maturation,
and differentiation of lymphocytes occur in separate
specialized organs (thymus, bursa of Fabricius, etc.)
[11]. Therefore, one of the most informative methods
for assessing the modulating effect of pharmacologi-
cal agents on cellular immunity is the assessment of
the proliferative activity of T-lymphocytes in the blast
transformation reaction (RBTL) [12]. This method al-
lows for a quantitative assessment of the functional re-
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sponse of immunocompetent cells to stimulation and
is widely used in experimental immunology.
Therefore, the research objective was to assess the
effect of the feed additive Lozekorm on the cellular im-
munity of laying hens based on the proliferative activi-
ty of lymphocytes in the blast transformation reaction.

MATERIAL AND METHODS

The feed additive Lozekorm is a complex com-
pound, an oily liquid ranging from yellow to yel-
low-brown in color with a specific odor. Its active in-
gredients include 0.9—1.5 % pine extract and 1.0—
1.2 % succinic acid. The use of pine extract in the feed
additive stimulates the poultry’s immune system due to
its adaptogenic essential compounds and polyprenols.
The presence of succinic acid promotes the activation
of energy-producing enzymes of the Krebs cycle, re-
sulting in enhanced metabolic processes and improved
physiological well-being of the poultry.

The study was conducted at the vivarium of
OLPHARM LLC (Moscow). Ten-month-old White
Leghorn laying hens were included in the experiment,
divided into four groups: three experimental and one
control (n = 10). The poultry were kept in two-tiered
battery cages with mesh floors and trough (external)
feeders with free access to water and a controlled mi-
croclimate. They were fed a basal diet in accordance
with ARRVIPF (VNITIP) standards (2023).

The experimental groups were individually given
the feed additive Lozekorm for 10 days immediately
after feeding at doses of 0.25, 0.5, and 0.75 ml/kg of
body weight. The control poultry were kept on the bas-
al diet. The effect of Lozekorm on cellular immunity
indicators was assessed by measuring the level of pe-
ripheral blood mononuclear cells (PBMC), including
lymphocytes (T, B, NK cells) and monocytes, which
play a key role in the immune response. For this pur-
pose, 5 ml of blood was collected from the axillary vein
of chickens on day 10 of the experiment into vacuum
tubes with EDTA-K2, which were immediately turned
180° several times to mix the blood with the anticoagu-
lant[13]. PBMC were isolated no later than 2—4 hours
after blood collection. Blood was mixed with PBS in a
1:1 ratio and layered at an angle, drop by drop, onto a
Ficoll gradient (PanEco, Russia). Next, the blood was
spun for 30 min (400g, 20 °C, without braking). The
interphase ring was then carefully collected with a pi-
pette and washed twice with pure RPMI 1640 medium
(300g, 10 min). If necessary, erythrocytes were lysed
by resuspension in 0.83 % NH.Cl (KHCOs 0.1 %,
EDTA 0.01 % (pH 7.4)) for 5 min, 4 °C, and subse-
quent washing in PBS [14].
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Isolation of PBMC from chickens requires adapta-
tion of methods due to the characteristics of their blood
(chickens have 5—10 % leukocytes in their blood
(in humans, 20—40 %)). The optimal method is cen-
trifugation in Ficoll 1.077—1.080. All manipulations
were performed under sterile conditions.

The lymphocyte blast transformation reaction
(LBTR) is a key method for assessing the functional
activity of T and B cells in response to mitogens or anti-
gens. In chickens, this test is used to study the immune
status and the efficacy of vaccines and immunomodu-
lators. Isolated PBMCs were placed in 96-well culture
panels at a concentration of 10° cells in 100 pul per well.
Stimulant antigens were added to the cells at 100 pl
per well to reach the final concentrations. Monocytes
activated with the mitogen concovalin A (ConA, 5 mg,
PanEco, Russia) served as a positive control. Chicken
lymphocytes are less sensitive to phytohemagglutinin
than human ones. The following were used as negative
controls: unstimulated monocytes with medium only;
cultures stimulated by a non-specific antigen (NA) —
the CCHF antigen (Crimean-Congo hemorrhagic fe-
ver, lat. febris haemorrhagica crimiana), stimulation
was also carried out with different adjuvants (adjuvant
1 — imported adjuvant of the oil in water type of ani-
mal origin (AD,), adjuvant 2 — domestic adjuvant of
the oil in water type of animal origin (AD,), adjuvant
3 — domestic adjuvant of the oil in water type of plant
origin (AD,)). Cells were cultured in complete growth
RPMI-1640 medium supplemented with 20 % FBS,
2 mM glutamine, 4.5 g/L glucose, 50 pg/mL gentami-
cin, and 0.2 U/mL insulin at 41 °C (chicken body tem-
perature) in 5 % CO, atmosphere.

Proliferation was assessed in a blast transforma-
tion reaction in 72 hours using an inverted microscope
(400x magnification). The LBTR results were ex-
pressed as the proliferation stimulation index (PSI) —
the ratio of the average blast count in the presence of
stimulants to the average blast count in the absence of
stimulants. A PSI greater than 2 was considered pos-
itive.

The statistical analysis was performed using
Microsoft Excel and IBM SPSS Statistics 27.0 (IBM
Corp., USA). The results are presented as mean (M),
standard deviation (SD), and 95 % confidence interval
(95 % CI). The normality of the distribution of quanti-
tative variables was tested using the Shapiro — Wilk
test. Since the distribution of values was not signifi-
cantly different from normal, parametric methods were
used to assess the significance of differences between
groups. The differences were considered statistically
significant at p < 0.05.
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STUDY RESULTS AND DISCUSSION

Throughout the experiment, the clinical condition
of the poultry in all groups remained within physio-
logical norms. There were no mortalities.

The results of assessing the effect of the feed ad-
ditive Lozekorm on lymphocyte proliferative activity
are presented in the Table.

Table

Changes in PSI under the effect of the studied stimulants in the experimental
and control groups (M = SD) with 95 % confidence interval

Groups
Stimulants 1 (0.25 ml/kg) 2 (0.5 ml/kg) 3 (0.75 ml/kg) 4 (control)

M= SD 95 % CI M=+ SD 95 % CI M + SD 95 % CI M £ SD 95 % CI

ADI 543+ —3.50— 12.47 £ 7.21— 10,38 + 1.72— 9.75 + 0.99—
5.61 14.35 2.12 17.74 5,44 19.02 10.27 26.50

AD2 538+ -1.94— 13.12 + 0.55— 8,39 + 3.19— 10.40 + 0.32—
4.60 12.70 5.06 25.69 3,27 13.59 8.12 20.48

AD3 7.39 + —4.59— 13.59+ 6.54— 9,81 & -1.39— 895+ -3.95—
7.53 19.37 2.84 20.64 7,04 21.01 14.42 13.30

NA 7.04 £ —4.46— 11.28 + 7.18— 6,87 2.86— 6.14 + -0.35—
7.23 18.55 1.65 15.38 2,52 10.87 5.23 12.64

ConA 21.19+ -2.65— 20.80 £ 12.85— 21,28 + —3.42— 17.18 £ —0.63—
© 14.98 45.03 3.20 25.75 15,52 45.98 17.56 42.99

The analysis of the proliferation stimulation in-
dex (PSI) showed that in all experimental and control
groups the PSI values, when using all the stimulants,
exceeded the threshold value of 2, which indicated a
positive reaction of lymphocyte blast transformation.
The statistical analysis did not reveal reliable inter-
group differences in the PSI values between the control
and experimental groups when using any of the stimu-
lants (p > 0.05). The qualitative data analysis revealed
certain trends in the PSI changes. When using the AD,
stimulant, the highest PSI value was noted in the sec-
ond experimental group (12.47 + 2.12), which was by
27.9 % higher than the control group value. Stimulant
AD, caused the most pronounced proliferative activ-
ity in the second experimental group (13.12 + 5.06),
which was by 26.2 % higher than the control values.
Under the effect of the AD, stimulant, the maximum re-
sponse was recorded in the second experimental group
(13.59 £ 2.84), exceeding the control by 51.8 %. When
using NA, all experimental groups showed an excess
over the control, which was most pronounced in the
second group (83.7 %). The stimulation with ConA
induced an increased immune response in all experi-
mental groups, with the maximum effect in the third
group (23.8 %).
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Statistical significance of the mean PSI values was
established only in the second experimental group
(0.5 ml/kg) when stimulated with all the adjuvants
used (AD,, p=0.02; AD,, p =0.04; AD,, p = 0.04;
NA, p =0.01). In the other experimental groups and
the control group, the reliability of differences did not
reach the level of statistical significance (p > 0.05).

CONCLUSION

The study showed that the feed additive Lozekorm
has immunomodulatory activity and stimulates the cel-
lular immunity of laying hens, as evidenced by an in-
crease in the proliferative activity of peripheral blood
mononuclear cells in the lymphocyte blast transforma-
tion reaction. The highest immunostimulating efficacy
was demonstrated at a dose of 0.5 ml/kg of feed. At this
level of administration, a significant tendency toward
an increase in the proliferation stimulation index was
observed under the effect of all the studied mitogens,
with statistically significant differences (p < 0.05) re-
corded for the AD , AD,, AD, and NA stimulants, com-
pared to the other groups. The use of Lozekorm at a
dose of 0.25 ml/kg did not have a statistically signifi-
cant effect on the studied indicators of cellular immu-
nity (p > 0.05). Increasing the supplement dosage to
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0.75 ml/kg also did not result in an increased lympho-
cyte proliferative response, compared to the 0.5 ml/kg
dose, which was found to be optimal in studies.

Thus, the study results demonstrate a dose-depen-
dent effect of the feed addative Lozekorm and allow
to recommend its use at a dosage of 0.5 ml/kg of feed
to stimulate cellular immunity in laying hens without
adversely affecting their overall health.
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N3MEHEHHUA MOP®OJIOT'HYECKOI'O COCTABA KPOBH
Y KPYIHHOI'O POI'ATOI'O CKOTA ITPHU TATOJIOI'UAX IEYEHHA

EBrenusi OranecoBna Ky3nenona, Anexcanap UBanosuu beioycos,
Ouasbra IOpseBHa Onapuna, Anexcanap Cepreesnuy KpacHonepos,
Anrton Esrensesuy UepHuukmii™

Ypansckuil ghedepanvuwiii acpapmwiil HayuHo-ucciedosamensbCeKuil yeHmp Ypanockoeo omoenetus
Poccuiickoii akademuu nayx, Examepunbype, Poccus, cherae@mail ru®™

AnHoTanust. [1aToyorun neyeHu y KpymHoro poraroro CKoTa CorpoBOXKAAIOTCS METa00INY€CKUMH 1 UMMYHHBI-
MU HapyLICHUSIMH, OTPAXKAIOIIMMHECS Ha cocTaBe KpoBH. Llesbio paboThl ObUIO OLEHNUTH H3MEHEHUsI MOP(hOJI0TH-
YeCKHMX I0KazaTeseil KpOBH U MHTETPAIbHBIX JISHKOIIMTAPHBIX HHJIEKCOB Y KOPOB IIPH TAaTOJIOTHsX nedeHu. Mc-
ciienoBanue rpoBoawin Ha 100 kopoBax. broxuMuueckue mokasaresi B CBIBOPOTKE KPOBU M3MEPSUIU € OMO-
b0 aBToMaTudeckoro anammszaropa «Chem Well-2910 Combi» (Awareness Technology, CIIA).
PerpocniektnBHO chopmupoBany nsth rpymi 1o 10 royios B kaxoi: 1 — 310poBble (0€3 naroJoruii neveHn);
2 — nerkasi CTeneHb IUTONIN3a; 3 — CPEIHSIsl CTENeHb [IUTONIN3a; 4 — JIeTKasl CTeNeHb X0JecTasa; 5 — CpeaHsis
CTEIEeHb XoNecTasa. [ eMaroornyeckre rmoxkas3aresu H3MepsuIi ¢ OMOIIBI0 aBTOMAaTHYECKOT0 aHanu3aropa «Aba-
cus Junior Vet» (Diatron, ABctpust). Ha ocHoBe neiikorurapHoi hopMysIbl pacCYUTHIBAIIM HHTET PAJIbHBIE JIEHKO-
LUTapHbIE MHAEKCHI: MHTOKCcHKaluu (B Monudukanusx JIMU Peiica), capura neiikountoB kposu (MCJIK), aum-
(douurtapuo-rpanynouutapasiit (MJII), cooTHomeHust HelTpodmios u MonorutoB (MCHM), cooTHOMICHUS M-
¢douutoB u moHouuToB (MCJIM) u Kpedea (MK). YeraHOBICHO, UTO COMCPKAHUE SIPUTPOIIUTOB, TPOMOOIIUTOB
Y JICWKOIIUTOB B KPOBHU OOJIBHBIX U 3[J0POBBIX KOPOB CTATUCTHYECKH 3HAYMMO HE paznndaiuch (p > 0,05). VY xu-
BOTHBIX C JIETKOH CTEMEHBIO IIUTOIN3a BBISIBUIIU CHUYKEHHE OTHOCUTENIBHOTO COJIEPIKaHusi MOHOITUTOB Ha 23,3 %
(p <0,05), co cpenHeit — yBeqMYCHUE YPOBHS CETMEHTOsICPHBIX HeiiTpoduiios Ha 37,5 % (p < 0,05), cooTBeT-
CTBEHHO 110 CPAaBHEHHMIO CO 3710pPOBBIMHU 0c00siMU. [Ipu mporpeccupoBaHuy LUTONH3a Y KOPOB OTMEUaIIU TEH/CH-
uuto Kk ymensinenuto UM u yeenmuuenuto MK, NCJIK, UCJIM, UCHM u JIMU Peiica. Y KUBOTHBIX C JIETKOH
U Cpe/IHEell CTeNeHbBI0 XoJiecTa3a HaOJIoalu TOBBIIICHHE YPOBHS CErMEHTOSAEPHBIX HelTpodmioB Ha 15,6
u 21,9 % (p <0,05) npu oTCyTCTBUM M3MEHEHHI U CHIKEHHHU coziepxkanust muMdonntoB Ha 20,2 % (p < 0,05),
COOTBETCTBEHHO, 10 CPABHEHUIO CO 3/10POBBIMHU 0CO0siMH. V3MeHeHus B JieiikonnTapHoil (hopMyIie Takux KOpoB
conpoBoxaanuck ymenbinennem UJIT Ha 19,9 u 39,0 % (p < 0,05) u noseiuennem MCHM na 13,2 u 17,6 %
(» <0,05), UK —na 19,3 u 57,5 % (p < 0,05), UCJIK — na 20,5 u 63,4 % (p < 0,05), JIUU Peiica — na 27,2
1 25,9 % (p <0,05), coorBercrBenno, ICJIM mipu JieTKol CTENEeHU X0lecTa3a 0cTaBajcs 6e3 CylecTBeHHbIX U3-
MEHEHUH, a Mpu cpefHet — noBeimaics Ha 23,7 % (p < 0,05) o cpaBHEHHIO CO 370POBBIMU. Pe3ynbrarsl uccie-
JIOBaHMS MIOJITBEPIKIAIOT BOBMOXKHOCTh MCIIOJIb30BAHUS HHTETPAIbHBIX JIEUKOIUTAPHBIX MHAEKCOB IS 1udde-
PEHIMAIBHON IMarHOCTHKH, OLIGHKHU TSHKECTH M IPOTHO3UPOBAHKS TEUCHHsI 3a00JICBaHUI IIEYEHHU y KOPOB.
KoaroueBble ciioBa: KpynHBIH pOraThblii CKOT, TenaToOuinapHas cucTeMa, JelkorurapHas Gopmysia, HHTerpalib-
HbIE JICUKOIIUTAPHBIE MH/IEKCHI, ATOJIOTHH TIEY€HH, IIUTOIUTHYECKUI CHHIPOM, XOJIECTaTUYECKUH CHHIPOM

[TaTomorun nedeHu y KpymHOTO pOraroro cKora
(KPC) ocTaroTcst 01HOM U3 aKTyalIbHBIX TPOOJIEM Be-
TepuHapHON MeaunuHEI [1, 2].

bonee yem y 40 % xopoB B Poccun nuarnoctu-
PYIOT HapyIeHus: B padoTe renaroOuInapHoi cucre-
MHI [3].

Ha ceropusiiiHuii IeHb HET eIMHON Kaccuduka-
IIAY TI0 cCHHApoMaM ropaxkeHus nedenn y KPC [4, 5].

Cpenu Hanbosee pacpoCTPAHEHHBIX CHHIPOMOB BEI-
NETISAIOT XOJECTAaTHICCKUN W IUTONMUTHICCKuil [3].
[IepBblil XapakTepu3yeTcsl HapyIIEeHUEM CUHTE3a, Ce-
KPEIHMU U OTTOKA JKEITIH, YTO IPUBOTUT K HAKOTIJICHUTO
TOKCHYHBIX )KEITYHBIX KHCJIOT U OWITUpYyOrHA B KPOBH,
MPOBOLUPYST HMHTOKCUKAIIMIO, BOCTIAJTUTEIbHBIC U all-
Jieprudeckue peakuu. Bropoii nmpencrasnser cobon
HapylieHne MPOHUIIAEMOCTH KJIETOYHBIX MeMOpaH
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U pa3pyuieHue renaTonrToB, COMPOBOXKIAIOIIHECS BbI-
XOJIOM BHYTPHUKJIETOUYHBIX (DEPMEHTOB B KPOBb.

Jl1s1 CBOEBpEMEHHOT'O BBISIBIICHHUS TATOJIOT I Tede-
HU Ba)KHA paHHss AuarHoctuka [4]. OCHOBHBIMU NpU-
KU3HEHHBIMH METOJAMH SIBIISIIOTCS: cOOp aHaMHe3a;
KIIMHUKO-MHCTPYMEHTAJIbHAsI TUarHOCTHKA, Ky/Ia BXO-
JSIT KCCIIEZIOBAHMS alllIeTUTa U MUIIEBOH MOTHBAIINH,
COCTOSIHHS KOJKU U CIIM3UCTBIX 000JI0UEK, TEMITEpaTy-
PHBI TeTa, OTpeeNieHrue TPaHHUIl IIeYeHH, O0JIeBOH pe-
aKIUU TIPU MaJbIAIMHA U TIEPKYCCHUU; JTadopaTopHas
JMarHOCTHKA, BKIIIOYAIONIAsl HCCIIe0BaHUS TIOIIOTH-
TEJILHO-BBIJCTUTENbHON QyHKINHU (OpoMcynbhanen-
HOBasi U Bo(aBepAMHOBAsI POOBI), MUTMEHTHOTO 00-
MeHa (KOHIICHTPAIIUH B KPOBU OOIIEro, CBOOOTHOTO
W CBA3aHHOTO OWnmpyOwHa, KodpHUIeHTa KOHbBO-
raiuy, CouepXaHus MpsMoro OMIMpyonuHa u ypoou-
JMHOMJIOB B MOYE U CTEPKOOMIIMHA B Kaje), MeTabo-
nmueckoro npoduist (mokaszareneil 6eIKoBOro, yrie-
BOJTHOTO, JIUTTHTHOTO, MUHEPAJILHOTO U BUTAMUHHOTO
0OMEHOB, aKTHBHOCTH aclapTaTaMHHOTPaHC(EPa3bl
(AcAT), ananmaamuHoTpancdepassl (AnAT), ramma-
rytamuntpancdepassl (ITT), menounas Gpocdarazsl
(ILI®), mryramaraeruaporunassl (I /1l0), kpeatungoc-
¢arkunazsl (KOK) u npyrux dhepmentos). Kak npasu-
JI0, KITMHUYECKUE METOBI HCCIICIOBAHUS TTO3BOJISIOT
BBISIBIIATH MTATOJIOTUH TIEUEHH TOJIBKO Ha ITO3/THUX CTa-
IUSIX, TIPU TSDKETIBIX OPa)KeHUsIX opraHa [3].

Ha »Tux cragusx 4acTo 0TMEUaroT Cepbe3HbIE CH-
CTEMHBIE U3MEHEHUS], HETaTUBHO CKa3bIBAIOIIMECS Ha
00IIIeM COCTOSIHUY OpPTaHu3Ma KUBOTHBIX [6]. B kin-
HUYECKOU TPAKTUKE IMHUPOKO HCTIOIB3YETCS OOITHi
aHamm3 kpoBH (OAK).

Omuaxo oguoro auiib OAK HegocTaTodHO 115 e
TaJILHOTO MOHUMAaHHMS XapaKTepa U IMHAMHUKH ITPOoLiec-
COB IIPH NATOJOTUSX TIedeHU. Baxknyro nudopmarmio
JUISL OIICHKU COCTOSIHUSI OOJIBHOTO JKUBOTHOTO MOTYT
MIPE0CTaBUTH JIEHKOIUTapHAs (POPMYIIa K HHTETPaIh-
HBIE JICHKOIMTAPHBIE MHJIEKCHI, KOTOPBIE OTPAXKAIOT CO-
OTHOLICHHE PA3TMYHBIX MOMYJISLHN TEHKOLUTOB B I1e-
pudepuyeckoii kposu [7, 8, 9].

JleiikorurapHas popmylia U €€ MPOU3BOIHBIC SIB-
JISTFOTCS BYKHBIMU WHJIUKATOPAMU COCTOSTHHSI HIMMYH-
Ho¥ cuctemsr [10, 11].

B MenunuHcKkoi mpakTuKe UHTErpaibHbIE JIEUKO-
LUTapHbIE HHACKCHI MIMPOKO MPUMEHSIOTCS ISl ANa-
THOCTHKH BOCHAIUTEIbHBIX, THPEKIMOHHBIX 1 METa-
00JIMYeCKUX HAPYIICHHH, TO3BOJISIIOT OIICHUBATH Ti-
JKECTh MAaTOJIOTHIECKOTO TpoIiecca, IPOTHO3UPOBATh
TeueHHe 3a001eBaHus U 3 (HEKTHBHOCTH Teparuu [ 7].
Bo3MoXXHOCTH NCTIONB30BaHUS MHTETPATBHBIX JIEHKO-
LUTapHBIX HHIEKCOB B BETEPUHAPHOMN IeNaToI0r M U3-
y4eHbl HepocTaTtouHo [9, 12, 13].

Leap padoThl — OLIEHUTH U3MEHEHHSI MOP(OIIO-
THYECKHX [T0Ka3aTesIeii KpOBU M HHTEIPAJIbHBIX JICHKO-
LIUTAPHBIX NH/IEKCOB Y KOPOB MPH MATOJIOTUSIX MEYESHH.

MATEPUAJIBI U METO/bI
NCCJIEJOBAHUM

HccnenoBanue mposeneno Ha 06aze ®I'BHY
Yp®AHUL] YpO PAH B paMkax rocymapcTBEHHO-
ro 3amanust Ne 0532—2021—0009 B cooTBETCTBHU
¢ [Iporpammoii pyHIaMeHTAIBHBIX HAYYHBIX UCCIIE0-
BaHUI rOCyAAPCTBEHHBIX aKaIEMUI HAYK I10 HalpaBJie-
o 4.2.1.5 «Pa3paboTka TeXHOIOTHH MPIKU3HEHHO-
TO YIIPaBJIEHUS Ka9€CTBOM KHBOTHOBOTYECKOTO CHIPhS
JUTSL TIOJTyYEeHHU S BHICOKOKAQUECTBEHHBIX M O€30TIaCHBIX
MIPOTYKTOB MUTAHUS.

O6wexToM nccienobanus ciayxuin 100 BbICOKO-
MPOAYKTHUBHBIX KOPOB TOJNIITHHCKOW MOPOIBI 2—3
naktanuu depe3 91 nenn nmocne orena. Bee kuBoT-
HBIE COJIEPIKAIIICh B OIMHAKOBBIX YCIOBHUSX, B CEIb-
CKOXO35CTBEHHON OpraHu3alid Ha TEpPUTOPUU
CBep10BCKO# 001acTH.

[Ipu kmuHIYEecKOM 00CIeI0BaHUH YKUBOTHBIX OLe-
HUBAJU 00IIIee COCTOSHNSA, aKTUBHOCTb, YITUTAHHOCTb,
amTeTuT, )KBa4Ky U MOTOPHKY MTPEHKEITYIKOB, COCTOS-
HHUE KOKHBIX MOKPOBOB M BUJUMBIX CIHM3UCTBIX 000-
JI0YEK, TEMIIEpaTypy Tella, YaCTOTy AbIXaHUS U cep-
JeYHbIX cokpareHuit [13]. [Ins nuarHoCTUKA maTo-
JIOTHH TIEYeHN MTPOBOIMIIN MAJBIIAINIO U TTEPKYCCHIO
o0macTu opraHa ¢ OIeHKOW OoneBoi peakruu [13].
J1oTIOTHUTENEHO HCCIIEIOBAITN COCTOSTHHE MTO/IB3/IO0III-
HBIX JTUM(pATHYECKUX Y3JI0B, OLECHHUBAs HX Pa3Mep,
KOHCHCTEHIIMIO, IOJBUKHOCTh M OOJIE3HEHHOCTb.

OT160p 1po0 KPOBU BBINOJHSJIHN M3 XBOCTO-
BOIl BEHBI B /IBE€ BaKyyMHBIE CTEPHIIbHBIE TTPOOUPKU
¢ OJTA u akTUBaTOpOM CBEpPTHIBAHUS VISl TaJIbHEH-
IIMX TeMATOJIOTHYECKUX U OMOXUMHUECKHIX HCCIIE0-
BaHMI, COOTBETCTBEHHO. J{J1s1 OlleHKH QYHKIMOHAIb-
HOT'O COCTOSTHHS T'eTaTOOMIMApHONW CUCTEMBI Ha aB-
TOMAaTHYECKOM OHOXMMHYECKOM aHanu3zarope Chem
Well-2910 Combi (Awaveness Technology, CIIIA)
B CBIBOPOTKE KPOBH JKHBOTHBIX HCCIIEIOBAII aKTHB-
HoCcTh ACAT, I'T'T, I'n/I[, KOK, 111D, conepxanue 00-
niero ounupyOrHa U xosnecrepuHa. /s ananuza uc-
MOJIb30BAJIA TOTOBBIC OMOXMMUYECKUE HAOOPHI MPO-
uzBojctBa Vital Diagnostics Spb (Poccust), DIALAB
GmbH (Asctpus) u Human (I'epmanmst).

PerpocniekTUBHO Ha OCHOBAaHUH KPHUTEPHUEB
(tabn. 1), npeanoxenusix Y. A. HUKyIMHBIM 1 COABT.
[5] (mepseiii 5Tam) u A. U. benoycoBbiM u coasr. [3]
(BTOpOI1 ATaM), BCE KOPOBBI OBIIN pa3/iesieHbl Ha 3710~
POBBIX (6€3 TATONIOTH TICUEHH ), C XOJIECTATHICCKUM
Y MUTOIUTUYECKUM CHHIIPOMOM, U Jajiee Ha TPYIIIBI
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T0 cTeTneH: nopakeHus nedent [3]. JKuBotHsie, He cO-
OTBETCTBYIOIIHE KPUTEPHSIM 0TOOpa, OBLITH HCKITIOUe-
HBI U3 HccrieioBanys. B pesynsrare, n3 100 KHBOTHBIX
0b110 copmupoBano 5 rpym o 10 TooB B KayKa0H

(tabm. 1): 1 — 3mopoBblie (0€3 MaToNOrHii MMEYCHN);
2 — JerKasi CTENeHb IUTOIN3a; 3 — CPEHsIS CTETICHB
[IATOJNN3a; 4 — JIETKasl CTETICHb XOJIeCTasa; 5 — Cpell-
HsIsI CTENIEHD XOJIecTasa.

Taonnna 1
buoxumuueckue kpumepuu 0Jis OYyeHKU CIeneHy NOPAdICeHUs. NedeHl Y KOPOs
be3 maronoruun CHHIIpOM ITUTONIN3A Cunapom xoJecTasza
nevyeHu (Hopma)
IToxasarens [3, 5] Jlerkas crenens | Cpenuss crenenb | Jlerkas crenens | CpenHss cTeneHb
1-g rpymnna 2-s Tpynna 3-1 rpynmna 4-g rpynna 5-1 rpynna
AcAT, En/n 43—103 103—150 150—180 43—103 43—103
In AL, En/n 11,5—46,4 46,4—S80 80—100 11,5—46,4 11,5—46,4
K@K, En/n 84,3—296,8 84,3—296,8 84,3—296,8 84,3—296,8 84,3—296,8
I, En/n 39,0—100 39,0—100 10,9—27,5 > 100 > 100
ITT, En/n 10,9—27.5 10,9—27,5 10,9—27,5 27,5—35 35—60

Mopdonornueckuii cocTaB KpoBH, BKJIIOYAs CO-
JeprKaHKe 3PUTPOLIUTOB, TPOMOOIIMTOB M JICHKOLUTOB,
OIIEHMBAJIH C TTIOMOIII0 aBTOMATHYECKOT0 reMarosio-
TUYecKoro aHaim3aropa «Abacus Junior Vety (Diatron,
ABCTpHS) C IpUMEHEHHEM HAaOOPOB PEaKTHBOB TOTO
JKe TIpou3BoanTeNs. Ma3Ku KPOBH OKpAITUBAIH TI0
merony PomanoBckoro — I'mm3bl, auddepennuanb-
HBIM MTOJICYET JIEMKOLIMTOB BBINOJHSJIA HA MUKPOCKO-
ne Olympus BX 43 (Olympus, SInonusi). Ha ocHoBe
JeHKOUTapHON (POPMYITBI PACCUNTHIBATN HHTETPATb-
HBIE JICHKOIIUTApHBIE HHJEKCHI: MTHTOKCHKAITUH (B MO-
mudukarmsx JIMU Peiica), cipura IeHKOIUTOB KPOBU
(UCJIK), numdpounTapHO-Tpanynouurapusiii (MJII),
cooTHouIeHus: HelHTpoduinoB u moHowTos (MCHM),
cooTHOMeHns TuMporuToB U MoHOIUTOB (MCJIM)
u Kpebca (UK) [14]:

JINU Peiica = (rton+nsiH+csH) / (303+ MOH+IUM])

HCIJIK = (503 + 6a3+ ror+msa+csan)) / (muMd +MoH);
WIIT" = (mumd *10) / (rort+mistH+CcstH303+0a3);
NCHM = (ton-+nsia+csiH) / (MOH);

NCJIM = num / MoH;

UK = (ror+msatcsn) / mumd,

IJIe 1OH — FOHbIE HEHTPOHMIIbI, %0, MSTH — MaJI04KO-
s/IepHbIe HeUTPOMIIBI, %; CSIH — CEerMEHTOsACpHBIC
HerTpodmbl, %; 703 — 303HHO(HUITEI, %0; MOH — MO-
HOLUTHIL, %; 06a3 — 6azodumsl, %; mMumdp — TuUMdo-
IHTHI, %.

[Tpu 06paboTKe IKCIIEPUMEHTAIBHBIX JAHHBIX HC-
nonb3oBany nporpamMmel IBM SPSS Statistics 20.0
(IBM Corp., CIIA) u MS Excel 2016 (Microsoft,
CHIA). JlanHBIC TIPEACTABISAIN B BHUIEC MCIUAHBI
u kBapruneit (Q1-Q3). CpaBHeHHE HE3aBUCUMBIX BbI-
0OpOK MPOBOAMIM C HCMoJb30BaHUEeM U-Kkputepus
Manna — YutHH.

PE3YJBbTATBI UCCJIEJOBAHU S
N UX OBCYKJIEHHUE

VY Bcex 00ci1e10BaHHbBIX KOPOB C CHHAPOMAaMHU 1IH-
TOJIM3a U X0JIecTa3a B KCIIEPUMEHTE OTCYTCTBOBAIN
KJIMHUYECKHe MPU3HAKHU MOpaKeHUIN opraHa, Takue
KaKk M3MEeHeHHe rabuTyca, BeTa BUIUMBIX CIIN3H-
CTBIX 000JI04EK, YBEIMUCHUE IPAHUL] IEUCHH, AUAPESL.

I'emaTonOrnYecKye moKaszaTesin U JaHHbIE JICHKO-
LIUTapHOH (GOPMYIIBI 3A0POBBIX KUBOTHBIX (1-51 rpyII-
1a), C CHHAPOMOM LUTONN3A (2-51 1 3-5 TPYIIBI) U XO-
necrtasa (4-s1 1 5-s1 TpyNIIbl) IPeACTaBICHBI B TA0JIH-
max 2—4.

BoNbIIMHCTBO MCCIEIOBAHHBIX I'€MAaTOJIOTHYE-
CKHMX IOKa3aTelel y 30pOBBIX U OOJBHBIX KOPOB
HaXOJMJINCh B Ipeaenax (GU3UONIOTHIECKUX T'PaHHIl
Buja [15].

AmHanu3 remorpaMmsl (puc. 1) mokasai, 4To u npu
LIUTOJIN3E, U IIPHU XOJIECTa3€e y 00CIeJOBAHHBIX KOPOB
HaOJII01aeTCsl CHUYKEHHE OTHOCUTEIIBHOTO COZIeprKa-
HUSA TUMGOLUTOB U YBEIWYCHHE YUCIIA CETMEHTO-
SAIEPHBIX HEUTPO(UIOB B nepudepruyeckoil KpoBH,
KOpPPEIUPYIOLIEEe CO CTEIEHBIO TSKECTH.
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Tabauna 2
Temamonozuyeckue noxazamenu y 300p06biX U GONLHBIX KOPOE
Bes naTtonoruy CHUHIpOM IUTONIN3A CunIpoM XoJiecTasa
(Eﬁ;f;aﬁgi) IICICHH Jlerkas crenens | Cpennss crenens | Jlerkas crenens | CpeqHss CTENEHb
-1 rpynna 2-g Tpymnmna 3-s1 Tpynmna 4-s rpymnma 5-4 rpynna

9?“}537;“1’ 6,89 6,91 6,51 6,92 6,79

(5.010) (6,33—7,82) (6,41—7,53) (6,17—7,16) (6,33—7,0) (6,51—7,23)
TpombGoIUTHI,

10°/n 268.,0 280,0 328.5 214,0 262,5
(100—800) (181,5—407,0) | (182,3—321,8) | (90,5—-594,3) | (108,5—375,0) | (179,8—303,0)

He“f(‘)’j/‘f“"’ 8,32 8,83 9,66 9,10 8,88

(4012) (7,97—9,51) (7,77—10,6) (8,04—15,3) (7,48—11,6) (7,59—10,6)

JlaHHBIE TIPEACTABIEHB! B BUIE Meauanb! (kBapTwii Q -Q,). Pasnmnmamns oTHOCHTENBHO 1-1 TPYNIIIBI CTATHCTHIECKH
JIOCTOBEPHBI:

‘p <0,05
" p<0,01
“ 5 <0,001.
Taoauna 3
Jletikoyumapnas popmyna Kposu y 300p06bIX U OOIbHBIX KOPOE
Bes naTtonoruy CuHApoM IHTOIHN3A CunapoM xoriecTasa
Howasaren, HCICHH Jlerkas crenenp | Cpennsis crenenb | Jlerkas crenens | CpenHss cTeneHb
(aopma [15])
-1 Tpymma 2-g Tpymma 3-s Tpynma 4-s Tpymma 5-1 Tpynma
0,
TOH, % 0 (0—0) 0 (0—0) 0 (0—0) 0 (0—0) 0 (0—0,75)
(0—1,0)

II5H, % 3,0 2,0 5,0 2,0 4,0
(2,0—5,0) (2,0—4,25) (2,0—2,0) (3,0—7,0) (2,0—4,0) (2,0—6,0)
CsH, % 32,0 35,0 44,0 37,0 39,0
(13,0—35,0) (29,5—34,3) 30,5—41,8) (34,0—49,0) (33,0—46,0) (39,0—42,0)

Do3unopmIEL, % 4.5 5,5 3,5 3,0 5,0
(3,0—11,0) (1,75—6,5) (3,25—17,75) (1,25—7,25) (2,0—6,0) (4,0—7,0)
bazodwiel, % 0 0 0,5 1,0 1,0
(0,0—2,0) (0—1,25) (0—1,0) (0—1,75) (0,0—1,0) (0—3,0)
MonoruTsl, % 4,5 3,0° 6,0 5,0 5,0
(2,0—7,0) (4,0—6,5) (1,5—5,75) (4,5—6,0) (3,0—6,25) (3,5—5,25)
Jumdonuter, % 54,5 51,5 46,5 50,0 43,5
(40—75) (51,5—58,8) (49,3—57,8) (37,8—613) (44,0—56,0) (39,8—46,3)

FOH — ronsle Heitrpoduisl, %; [TSIH — nanouxosaepusie HelTpodmisl, %; CSIH — cermenTosiiepHble HeWTpodu-
761, %0. JlaHHBIE TIPENICTABIEHEI B BHJIe: Meuana (ksapTiim Q, -Q,) Pasnuyuus oTHOCHTENBHO 1-i rpymNIbl CTATHCTHYECKH
JOCTOBEPHBI:
" p<0,05
" p<0,01
" p<0,001
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Spurpountsl, 10%/n

JinmdponmTsr, % *10

%

TpomGountet, 10"

MoroumTH, % ; 4L JlefworaTer, 10%m
¥ v
o
Basogms, % ) TTAH, %
DozuHOfHETE, Yo CHH, % *10
(n3. HopMa Hr «m3. HOpMa Br - 3n0poBEIe
——— Jlerxas crenens —— CpemHss cTeneHb

DpurpounTsl, 101

Jhamdporutsi, % *10

TpomGornTer, 10"/n

Mononuts, % - NMefiwomarst, 10%n
Basodmum, % IIAH, %
DosuaOpHNEL, Y0 C5H, % *10
OH3. HOpMA HT OH3. HOpMa B - JnopoBeie
——— Jlerxas crenens —— CpeaHAs cTeness

Puc. 1. 'emorpammel y o0ciieryeMbIX KOPOB:

A — mipu cuHApoMe LuTonu3a; 5 — npu cunapome xonecrasa. [I4H — nanouxosiiepHbie HeiTpodunsl, %; CAH — cer-
MEHTOSIICPHBIC HEUTPOPHIIBI, %o

Tak, npu cpelHEel CTEeNeHU LUTOJIU3a OTHOCH-
TEJILHOE COZIEPYKaHNWE CErMEHTOsIIEPHBIX HelTpodu-
JIOB Y KUBOTHBIX HPECBLIIIATI0 MCAUAHHBIC 3HAUYCHUA
y KIIMHUYECKHU 37I0POBBIX 0codeit Ha 37,5 % (p < 0,05).

IIpu nerkoii cTeneHn HUTONIN3a IPOUCXOANIIO CHU-
JKEHHE COJlepyKaHNsl MOHOIIMTOB B KpoBH Ha 23,3 %
(» <0,05).

AHanorn4Hasi JTMHaMHKa BbISBIICHA IPU CUHIPOME
X0JIecTa3a: OTHOCUTEIBHOE COAEPKaHNe B KPOBU y 00-
CJIEJOBaHHBIX KOPOB CErMEHTOSACPHBIX HEUTpO(hu-
JIOB Y 0CO0€H ¢ JICTKOM CTETICHBIO BO3pociio Ha 15,6 %
(» <0,05), a co cpenneit — Ha 21,9 % (p <0,01).
Kpome Toro, y KUBOTHBIX CO CpPEAHEH CTEHEHBIO XO-
necra3za HaOmonanu ymenbiienue Ha 20,2 % (p < 0,05)
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OTHOCHUTEJIBHOTO COJIEPKaHUsSI TUM(OILUTOB, COOT-
BETCTBEHHO, 110 CPABHEHUIO CO 30POBBIMH OCOOSIMH.

Heo6x0a1MMo 0TMETUTB TaKkKe, YTO IIPU LIUTOJIN3E
1 XOJIECTAa3€ CpeIHEN CTENIEHH Y KOPOB OTHOCHTENIbHOE
COZIep’KaHHE CETMEHTOSIIEPHBIX HEUTPO(DUIIOB B KPO-
B MIPEBBIIANTO (PU3MOIOTHYECKUE TPAHUIIBI BUIA Ha
37,5 u 21,9 % cootBerctBerHo (Tabm. 3). Torma kak
IIPY JIETKOM CTEIIEHH IOBBIILICHNE JAHHOTO II0Ka3aTeLs
Berpedann y 40 % ocobeil B kaxxao# rpymme. B To xe
BpeMs TUMQOTICHUIO y 00CIIeI0BaHHBIX KOPOB peru-
CTPUPOBAJIM NIPU CpeaHen crenenu uutonuszay 10 %,
a ipu xonectase y 50 % KMBOTHBIX.

CHHAPOM LHTO/IH A

14 ;
1.3
1.2
1.1
1
0.9
0.8
0.7
0.6
05
04
03
0.2
u"é D524 10503 0, 746 T{0,B02 D21 lJ,'I-lI ol
HCIIK Henexc Kpebea
t-l-ﬂrpjmna o 2-grpymma © 3-% rpynma
CHHapoM WHTOMN3A
22
20
18
16
14
12 |
10
£ I
6 =1 .
4
2 L
0 L4 | 113 ose 788 | T4 | 783 g | ns 775
Hir HCHM HCIIM

11-a rpymma O l-grpymma 3-8 rpymma

J17151 KOMIUIEKCHOM OLIEHKH COCTOSIHUSI NMMYHHOM
CHUCTEMBbI )KMBOTHBIX paccMaTpuUBaid WHTErpajbHbIE
TEHKOIUTapHBIe UHACKCH (pHC. 2).

C HapacTaHHeM LUUTOIUTUYECKOTO CHHIPOMA Y KO-
poB HaOIOAANM TEHICHUUIO K yBeauueHuto JIMU
Peiica MUCJIK n UK u ymensimenuto WIII. Ilpu un-
TOJIU3€E CPEJIHEN CTENEHM TaK)Ke OTMEYalu CHUNKE-
aue MCJIM Ha 34,3 % (p < 0,05). CoBOKymHOCTH
ATUX M3MEHEHUH OTpakaeT (opMHpOBaHUE BOCIIA-
JUTENbHO-UHTOKCUKAIIMOHHOTO CUHAPOMA C aKTHUBa-
LUEN BPOXKJIEHHOIO U YTHETEHUEM aJallTUBHOIO MM-
MYHHOI'O OTBETA.

CHupoM XonecTasa
14
13
1.2
L1
1
0.9 | ]
0.5 [ I
0,7 ! ;
0.6 [ [ :
0.5 [
0.4
0.3 |
0,2 Er T ke * ww
U.{!} 0,667 0,824 0,667)0,804 105 54| 078 103
JIMH Pefica HCIIK Haunexe Kpelca
O l-srpynma O 4-g rpynma 5= rpyTma
CuuapoM xonecTasza
22
20
18
16
i
12 i
10 - - |
8 ' =1
6 o s |
4
4 o L =
0 SRELN » e 20 RIS 7
Hir HCHM HCIIM
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Puc. 2. MnTerpanbHble JIEUKOLUTAPHBIE HHACKCHI IPU NATOJIOTUSIX IIEUEHU:

JINU Peiica — nnrokcukanum; UCJIK — cipura netixoruros kposu; U — muMdormrapao-rpanynonuTtapusiii;, ICHM —
cootHomeHus HelTpodminos u morormToB; UCJIM — cootHomenus muMdonntoB 1 MoHouuToB U UK — Kpebca. [lanHbie
TIpe/ICTaBICHBI B BHJIC: MenuaHa (kBapTumi Q -Q,) Pa3mudus OTHOCHTENBHO 1-if PPyIITIB! CTATHCTHYECKH TOCTOBEPHBL: p < 0,05;
- ok Ak
»<0,01; ""p<0,001

AHaNoOruuHbIe U3MEHEHUS, HO C Pa3JIUYHON CTe-
[IEHBIO BBIPAXKEHHOCTHU, HAOIIONAINCH TP CHUHAPO-
M€ XO0JIECTa3a: y »KHBOTHBIX BBISBIICHO JOCTOBEP-
Hoe (p < 0,05) moBeimenue JIMU Peiica (Ha 27,2 %
B 4-ti m 25,9 % B 5-i1 rpynne), UCJIK (na 20,5 %

B 4-i1 u 63,4 % B 5-if rpynne), UCHM (na 13,2 %
B 4-it u 17,6 % B 5-i1 rpynmne), MK (na 19,3 % B 4-it
u 57,5 % B 5-it rpynme) u camkerne UIT (1a 19,9 %
B 4-it m 39,0 % B 5-if rpymme) u UCJIM (na 23,7 %
B 5-1 TPYIITIE) ITO CPABHEHHIO CO 3/IOPOBBIMH OCOOSIMH.
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Hamm pesynbTaTsl TOATBEPKIAIOT JTaHHBIE Tpe-
JBIIYIIUX HCCIEJOBAHUN, COITIACHO KOTOPBIM HeE-
MH()EKIIMOHHBIE TIATOJIOTHH TEYeHN y KPYITHOTO PO-
raToro CKOTa 4acTO MPOTEKAaT 0e3 BBIPAKESHHOU
KIIMHUYECKOW CUMITOMATHKH, HO C U3MEHEHUSIMU OHO-
XUMHYECKOTO TPO(UIIst U TEeMaTOJIOTUIECKOTO CTaTy-
cal[2,5,6,16].

VY Bcex 00cnenoBaHHBIX )KHBOTHBIX COEp KaHNe
TPOMOOITUTOB U DPUTPOIIUTOB COXPAHSIIOCH B TIpEie-
nax (PU3NONOrMIECKUX IPAHUL] BU/A, YTO YKa3bIBAaCT Ha
coxpaHeHue (pyHKIMOHATIbHOW aKTUBHOCTH MX KOCT-
HOro Mo3ra. Takum 006pa3zoM, pe3yibTaThl MOATBEPIK/Ia-
0T KOPPEKTHOCTH pa3zieNieH s )KUBOTHBIX Ha IPYTIIbI:
y KOpPOB 2—4-i1 TpynI OTCYTCTBOBAJIHU TSKEBIE CTa-
JIMU MaTOJIOTUYEeCKOro nmpouecca. Hanpumep, no nax-
HeIM Manthorpe E. M. u coaBT. Ipu TSKEJIbIX HEWH-
(heKIMOHHBIX MTOPAKEHUSIX IEUCHU BBIPAsKCHHASI TPOM-
OonuroneHus peructpupyercs B 86,0 % ciygaes [17].

Y xopoB 3-i4, 4-if 1 5-# TPYTII BBISIBIICH CABUT JICH-
KOIIUTapHON (POPMYJITBI BIIEBO, YTO MOXKET OBITH CIIE-
CTBUEM HapyIICHUH MPOLECCOB IETOKCUKAIIMU B Te-
YEHU MPU XOJIECTATUYECKOM CHHIPOME U TIOBBIIIEHUS
KOHIIEHTpAIUU TOKCHUYECKUX MPOTYKTOB B CHCTEM-
HOM KpoBoToke [18]. Ilpu HapymeHun sKcKperuu
MIPOAYKTHI KIIETOYHOTO METa00IM3Ma HaKaIUTHBAIOTCS
B KPOBH, aKTUBUPYS HEUTporTel U Makpodaru [11].
[TomyueHHbIE JaHHBIE CBUIETENBCTBYIOT O CYIIPECCHU
nMMyHuTeTa. [IpaBUIbHOCTD HAIIMX CBEJIEHUH CoTia-
CyI0oTCA ¢ IpyruMHu aBTopamu [19].

Heo6xoamMo OTMETHTH, UTO MPH JICTKOW CTAIIH
IIATOJIM3a CIBUTOB B JICHKOIUTapHOH (hopmyre HeT. Ho
Yy KOPOB 3TOM IpyMIIbl CONEPKAHUE MOHOLIUTOB B KPO-
BU JJOCTOBEPHO CHHKAJIOCh, TOTAA, KaKk B 3-i Ipym-
1€ OHO OCTaBaJIOCh HAa YPOBHE 3/10POBBIX KUBOTHBIX.
Takue u3MEHEHUs 00BSICHSIFOTCS (PU3UOJIOTHEH MOHO-
IIUTOB. DTH KJIETKH, C OTHOM CTOPOHBI, YCTPAHSIOT IMa-
TOTEeHBI yTeM (aromnTo3a, ¢ APyroi — UrparoT KITFo-
YEBYIO POJIb B pEaKIUIX pereHepauuu oprasa [9]. Ha
PaHHUX CTAAMSIX pa3pylIeHUE KIETOK IEYEHU BbI3bI-
BAeT JIOKAJIbHYIO BOCTIAIUTENBLHYIO PEAKIIHIO, UTO CITO-
COOCTBYET MHUTPAllM KJIETOK B MOPa)KCHHBIC TKAHH
[20]. ITpu GompIioM YmMciIe Pa3pyIICHHBIX TEITATOIH-
TOB WHAYIIUPYETCS BHIPAOOTKA MPOBOCHAINTEIBHBIX
LIUTOKUHOB, KOTOPBIE, B CBOIO OYEPE/b, CTUMYIUPYIOT
UG hepeHIupPOBKY MOHOIIUTOB [21].

[Topaxkenne meyeHu COMPOBOXKIACTCS BOCHAIN-
TEJBHOM peakluyen pa3auyHONi HHTEHCUBHOCTH.

IIpu nerkoit m cpemHelt cTeneHn XoecTasa y 00-
CJIeIOBaHHBIX YKUBOTHBIX HAOIOAETCS HHTOKCUKAIIHS,
0 yeM cBuzetenscTBytoT nossimenue JIMKU u NCJIK.
C yBennueHUeM CTENEHHU X0JIeCTa3a y KOPOB MBI Ha-
omronanu cumkenne UJIT, orpakaroriee ciBUr MIMMYH-

HOTO OajlaHCa B CTOPOHY aKTHUBAIlUHM T'PaHYJIOIUTOB.
B o6enx rpynmax oOHapyKe€HO 3aMETHOE ITOBBIIICHHE
NCHM, uTo yKa3bIBaeT Ha aKTUBAILIMIO BPOXKICHHOTO
UMMYHHOTO oTBeTa. [Ipu cpenHeil cremnenn xoaecTa-
3a o0Hapy)eHO qocToBepHOE cHIkeHne MCJIM, yka-
3bIBAIOILIEE HA HAPACTAHHUE TSHKECTH NMATOJIOIMYECKO-
O MPOLIECCca U YTHETEHUE aJallTUBHOIO UIMMYHUTETA,
npexne Beero [6].

Hame nccnenoBanue mokasano, 4TO YBETUUCHHE
WK npu yBenn4yeHUM CTENEHU XOJECTa3a MOXKET MI-
paTthe poiib Mapkepa octporo crpecca. Kpome Toro,
POCT OTHOCHUTEJIBHOTO COJEPkKAHUS CErMEHTOsIAEp-
HBIX HEUTpo(uIOB B nepudepudeckoil KpoBU H T0-
BoiieHue MK KOCBEHHO XapakKTepu3yloT yCUICHHE
(aronuTapHON aKTHBHOCTH, HEOOXOAMMOM ISl AU~
MHHAI[UA TOKCUYHBIX MeTa0ouTOB [16]. AHamus3 ou-
TEepaTypHBIX U SKCIIEPUMEHTAIbHBIX AAHHBIX M103BO-
JISIFOT CUUTATh 3TU NOKA3aTeNId Ha/1eKHBIM UHIUKATO-
POM BOCIAJICHHUS ¥ OOITUPHOTO TIOBPEIKICHHS TKAHEH
neuenu [7, 9, 12, 22].

[Ipy1 TUTONMUTUICCKOM CHHIPOME Y >KUBOTHBIX
B 00eux rpymnmnax Habmoganu mono0HbIe, HO Me-
HEE BBIPAKCHHBIC N3MEHEHMSI YKAa3aHHBIX MHJICKCOB.
BeposiTHO, 3T0 CBsI3aHO ¢ pa3InyUsIMU B TEHE3€ XOJIe-
CTAaTUYECKOr0 U LIUTOJIUTUYECKOro cUHAPOMOB [18].
ITpu cungpome nuronusa cHukenue WJIIN mo cpas-
HEHUIO CO 3JI0POBBIMU OCOOSIMH HE JIOCTHUTAJIO YPOB-
HS CTaTUCTHYICCKOW 3HAUNMOCTH, OJTHAKO HaMedaaach
TEHJCHLIMS K HAPYLLIEHUIO PABHOBECHS MEKIY KJIETOU-
HBIM ¥ TYMOpPaJbHbIM UMMYHHBIM OTBETOM [6].

BeposTHO, B yCIOBHUSIX OCTPOTO MOPAKEHUS Tie-
YEeHU UMMYHHAasl CUCTEMa OTAAeT MPUOPHUTET Oojee
OBICTPBIM MEXaHHU3MaM BPOXKICHHOM 3allUThl, aKTH-
BHPYEMBIM B OTBET Ha OOIIMPHOE MOBPEKICHUE TKa-
Hel. [Ipyu HapacTaHuM HUTONU3a Y KOPOB aKTUBUPY-
€TCsl BPOXKJICHHBI UMMYHHBIM OTBET, UTO MOIATBEP-
JKJJAETCS CTATUCTUYECKU JOCTOBEPHBIM CHUKCHUEM
NCJIM B 3-ii rpymmie 2, 6].

3AKJIIOUEHHUE

WnTerpanbhbie neikonurapHbie uHaekcs (JIMU,
WJIT, UCJIK, UCHM, 1CJIM, 1K) moka3aym BbICO-
Ky HH(OPMATUBHOCTD JIJIsl OLIEHKN COCTOSIHUS TTe4e-
HU y KopoB. [1pu iiutonuse cpeaneii creneHu Hadrona-
€TCsl YMEPECHHOE ITOBBIIICHUE CETMEHTOSICPHBIX HEi-
Tpodunos u camxkerune MCJIM, Toraa kak ocTanbHBIC
WHIEKCHI OCTAIOTCS 0€3 CYIECTBEHHBIX N3MEHEHHI.

[Ipu xonecrasze yxe MpH JIETKOM CTENEHU MOpa-
YKEHUS TICUCHU OTMEUAETCS TOCTOBEPHOE MOBBILIICHUE
JINU, NCJIK, UCHM u UK, camxenue WIT u UCJIM,
a TakKe POCT CETMEHTOSACPHBIX HEUTPO(DIIIOB 1 CHU-
xerne TuMGoruToB. [lomydeHHbIe HAMU pe3yabTaThI
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HCCTIENOBAHNN TMOATBEPAIIA BO3MOXHOCTH UCIOJb-
30BaHUSI MHTETPATBHBIX JICHKOMUTAPHBIX WHICKCOB
B KaueCTBE JIOTIOTHATEIHFHOTO MHCTPYMEHTA JIJIS pac-
IIMPEHHON TMAarHOCTHKYU 3a00JI€BaHUI ITIEYSHH Y KO-
POB IIPU OTCYTCTBUM KIIMHUYECKON CUMITOMATHUKH.
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Abstract. Bovine liver pathologies are accompanied by metabolic and immune disorders reflected in the blood
composition. The research objective was to assess the changes in blood morphological indicators and integral leu-
kocyte indices in cows with liver pathologies. The study was conducted on 100 cows. Biochemical indicators in
blood serum were measured using the Chem Well-2910 Combi automatic analyzer (Awareness Technology, USA).
Five groups of 10 animals each were retrospectively formed: 1 — healthy (no liver pathologies); 2 — mild cy-
tolysis; 3 — moderate cytolysis; 4 — mild cholestasis; 5 — moderate cholestasis. Hematological indicators were
measured using an Abacus Junior Vet automatic analyzer (Diatron, Austria). Based on the leukocyte formula, the
following integral leukocyte indices were calculated: the intoxication (as modified by the Reis LII), blood leuko-
cyte shift (BLS), lymphocyte-granulocyte ratio (LGR), neutrophil-monocyte ratio (NMR), lymphocyte-monocyte
ratio (LMR) and Krebs index (KI). It had been found that the content of erythrocytes, platelets and leukocytes in
the blood of sick and healthy cows did not differ statistically significantly (p > 0.05). In the animals with a mild
degree of cytolysis, a decrease in the relative content of monocytes by 23.3 % (p < 0.05) was revealed (p < 0.05),
with a moderate degree of cytolysis, there was an increase in the level of segmented neutrophils by 37.5 %
(p <0.05), respectively, compared to healthy individuals. With the progression of cytolysis in cows, a tendency
towards a decrease in the LGR and an increase in the KI, BLS, LMR, NMR and the Reis LII was noted. In the
animals with a mild and moderate cholestasis, an increase in the level of segmented neutrophils by 15.6 and 21.9 %
(p <0.05) was observed with no changes and a decrease in the lymphocyte content by 20.2 % (p < 0.05), respec-
tively, compared to healthy individuals. The changes in the leukocyte count of such cows were accompanied by
a decrease in the LGR by 19.9 and 39.0 % (p < 0.05), and an increase in the NMR by 13.2 and 17.6 % (p < 0.05),
the KI — by 19.3 and 57.5 % (p < 0.05), the BLS — by 20.5 and 63.4 % (p < 0.05), the Reis LIl — by 27.2 and
25.9 % (p < 0.05), respectively. The LMR in case of a mild cholestasis remained without significant changes, and
in case of a moderate cholestasis it increased by 23.7 % (p < 0.05), compared to healthy cows. The results of the
study confirm the possibility of using integral leukocyte indices for differential diagnosis, severity assessment and
prognosis of liver diseases in cows.

Keywords: cattle, hepatobiliary system, leukocyte formula, integral leukocyte indices, liver pathologies, cytolyt-
ic syndrome, cholestatic syndrome

Liver pathologies in cattle remain a pressing issue
in veterinary medicine [1, 2]. More than 40 % of cows
in Russia are diagnosed with hepatobiliary disorders
[3]. To date, there is no unified classification of liver
injury syndromes in cattle [4, 5].

The most common syndromes include cholestat-
ic and cytolytic ones [3]. The first is characterized by
impaired synthesis, secretion and outflow of bile, lead-
ing to the accumulation of toxic bile acids and biliru-
bin in the blood, causing intoxication, inflammato-
ry and allergic reactions. The second is a disruption
of cell membrane permeability and destruction of he-

patocytes, accompanied by the release of intracellular
enzymes into the blood.

Early diagnosis is important for the timely detec-
tion of liver pathologies [4]. The main intravital meth-
ods are collecting anamnesis, clinical and instrumental
diagnosis, which includes studies of appetite and food
motivation, the condition of the skin and mucous mem-
branes, body temperature, determination of the liver
boundaries, pain response to palpation and percussion;
laboratory diagnosis, including studies of the absorp-
tion-excretion function (bromsulphalein and vofaver-
din tests), pigment metabolism (concentrations of to-
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tal, free and conjugated bilirubin in the blood, conju-
gation coefficient, the content of direct bilirubin and
urobilinoids in the urine and stercobilin in the feces),
metabolic profile (indicators of protein, carbohydrate,
lipid, mineral and vitamin metabolism, the activity of
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), gamma-glutamyl transferase (GGT), al-
kaline phosphatase (ALP), glutamate dehydrogenase
(GDH), creatine phosphate kinase (CPK) and other en-
zymes). As a rule, clinical research methods allow to
identify liver pathologies only at late stages, with se-
vere organ damage [3]. At these stages, serious sys-
temic changes are often observed that negatively affect
the general condition of the animal’s body [6]. In clin-
ical practice, a complete blood count (CBC) is wide-
ly used. However, a CBC alone is not enough to pro-
vide a detailed understanding of the nature and dynam-
ics of processes in case of liver pathologies. Important
information for assessing the condition of a sick ani-
mal can be provided by the leukocyte formula and in-
tegral leukocyte indices, which reflect the ratio of dif-
ferent leukocyte populations in the peripheral blood
[7, 8, 9]. The leukocyte formula and its derivatives are
important indicators of the immune system condition
[10, 11]. In medical practice, integral leukocyte indi-
ces are widely used to diagnose inflammatory, infec-
tious and metabolic disorders, allow to assess the se-
verity of the pathological process, predict the disease
course and the efficacy of therapy [7]. The possibilities
of using integral leukocyte indices in veterinary hepa-
tology have not been sufficiently studied [9, 12, 13].

The research objective was to assess the changes
in the blood morphological indicators and integral leu-
kocyte indices in cows with liver pathologies.

MATERIAL AND METHODS
The study was conducted at the FSBSI “UFARC
of the UB of the RAS” under the state assign-
ment No. 0532-2021-0009 in accordance with the
Fundamental Scientific Research Program of the State
Academies of Sciences in area 4.2.1.5 Development of

Technologies for in vivo Quality Control of Livestock
Raw Materials to Produce High Quality and Safe Food
Products.

The study involved 100 high yielding Holstein
cows in their second and third lactations, 91 days af-
ter calving. All animals were kept under identical con-
ditions at an agricultural facility in Sverdlovsk region.

During the clinical examination of animals, their
general condition, activity, nutritional status, appe-
tite, rumination, forestomach motility, skin and visi-
ble mucous membrane condition, body temperature,
respiratory rate and heart rate were assessed [13]. To
diagnose liver pathologies, palpation and percussion
of the organ area were performed, with pain response
assessed [13]. The condition of the iliac lymph nodes
was additionally examined, assessing their size, con-
sistency, mobility and tenderness.

Blood samples were collected from the tail vein
into two vacuum-sealed sterile tubes containing EDTA
and a clot activator for further hematological and bio-
chemical analysis, respectively. To assess the func-
tional state of the hepatobiliary system, the animals’
serum was analyzed for AST, GGT, GDH, CPK, ALP
activity, total bilirubin and cholesterol levels using the
Chem Well-2910 Combi automated biochemical an-
alyzer (Awaveness Technology, USA). Ready-to-use
biochemical kits from Vital Diagnostics Spb (Russia),
DIALAB GmbH (Austria) and Human (Germany)
were used for the analysis.

Retrospectively, based on the criteria (Table 1)
proposed by L. A. Nikulin et al. [5] (first stage) and
A. L. Belousov et al. [3] (second stage), all cows were
divided into healthy (without liver pathologies), with
cholestatic and cytolytic syndrome, and then into
groups according to the degree of liver damage [3]. The
animals that did not meet the selection criteria were ex-
cluded from the study. As a result, 5 groups of 10 an-
imals each were formed from 100 animals (Table 1):
1 — healthy (without liver pathologies); 2 — mild cy-
tolysis; 3 — moderate cytolysis; 4 — mild cholesta-
sis; 5 — moderate cholestasis.

Biochemical criteria for assessing the degree of liver damage in cows e
No liver patholo- Cytolysis syndrome Cholestasis syndrome
Indicator gy (norm) 3, 5] Mild degree Moderate degree Mild degree Moderate degree
Group 1 Group 2 Group 3 Group 4 Group 5
1 2 3 4 5 6
AST, U/L 43—103 103—150 150—180 43—103 43—103
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Table 1 (the end)

1 2 3 4 5 6
GDH, U/L 11.5—46.4 46.4—80 80—100 11.5—46.4 11.5—46.4
CPK, U/L 84.3—296.8 84.3—296.8 84.3—296.8 84.3—296.8 84.3—296.8
ALP, U/L 39.0—100 39.0—100 10.9—27.5 > 100 > 100
GGT, U/L 10.9—27.5 10.9—27.5 10.9—27.5 27.5—35 35—60

The blood morphological composition, including
the content of erythrocytes, platelets and leukocytes,
was assessed using an automatic hematology analyz-
er Abacus Junior Vet (Diatron, Austria) using reagent
kits from the same manufacturer. Blood smears were
stained using the Romanowsky — Giemsa method,
and a differential leukocyte count was performed on
an Olympus BX 43 microscope (Olympus, Japan).
Based on the leukocyte formula, the integral leuko-
cyte indices were calculated: the intoxication (in the
modifications of the Reis LII), blood leukocyte shift
(BLS), lymphocyte-granulocyte ratio (LGR), neutro-
phil-monocyte ratio (NMR), lymphocyte-monocyte
ratio (LMR) and Krebs index (KI) [14]:

Reis LII = (imm+stab+seg) / (eos + mon + lymph)
BLS = (eos + bas + imm + stab + seg)) / (lymph + mon);
LGR = (lymph*10) / (imm-+stab+seg+eos+bas);
NMR = (imm-+stab+seg) / (mon);

ISLM = lymph/mon;

where imm — immature neutrophils, %; stab — stab
neutrophils, %; seg — segmented neutrophils, %;
eos — eosinophils, %; mon — monocytes, %; bas —
basophils, %; lymph — lymphocytes, %.

The IBM SPSS Statistics 20.0 (IBM Corp., USA)
and MS Excel 2016 (Microsoft, USA) were used to
process the experimental data. The data were present-
ed as medians and quartiles (Q-Q,). The compari-
son of independent samples was performed using the
Mann — Whitney U test.

STUDY RESULTS AND DISCUSSION

All cows with cytolysis and cholestasis syndromes
examined in the experiment showed no clinical signs
of organ damage, such as changes in habitus, color of
visible mucous membranes, enlarged liver margins or
diarrhea.

Hematological indicators and leukocyte counts of
healthy animals (Group 1), those with cytolysis syn-
drome (Groups 2 and 3) and those with cholestasis

Changes in the morphological composition of the blood in cattle with liver pathologies

Most of the hematological indicators studied in
healthy and sick cows were within the physiological
limits of the species [15].

The analysis of the hemogram (Fig. 1) showed that
in case of both cytolysis and cholestasis, the exam-
ined Thus, in case of a moderate cytolysis, the relative
content of segmented neutrophils in animals exceed-
ed the median values in clinically healthy individuals
by 37.5 % (p < 0.05). In case of a mild cytolysis, the
monocyte content in the blood decreased by 23.3 %
(» <0.05).

Cows showed a decrease in the relative content
of lymphocytes and an increase in the number of seg-
mented neutrophils in the peripheral blood, correlat-
ing with the degree of severity.

Similar dynamics was observed in case of cholesta-
sis syndrome: the relative content of segmented neutro-
phils in the blood of the cows examined increased by
15.6 % (p < 0.05) in the individuals with a mild cytol-
ysis, and by 21.9 % (p < 0.01) in those with a moderate
cholestasis. Furthermore, in the animals with a moder-
ate cholestasis, there was observed a 20.2 % (p < 0.05)

decrease in the relative lymphocyte content, respec-
tively, compared to healthy individuals.

It should also be noted that in the cows with a mod-
erate cytolysis and cholestasis, the relative content of
segmented neutrophils in the blood exceeded the phys-
iological limits for the species by 37.5 and 21.9 % re-
spectively (Table 3). In contrast, in mild cases, an in-
crease in this indicator was observed in 40 % of an-
imals in each group. Meanwhile, lymphopenia was
recorded in 10 % of cows with a moderate cytolysis
and in 50 % of animals with cholestasis. To comprehen-
sively assess the state of the animals’ immune systems,
integrated leukocyte indices were examined (Fig. 2).

As cytolytic syndrome progressed in cows, there
was observed a trend toward an increase in the Reis
LII, BLS and K1, and a decrease in the LGR. In case
of a moderate cytolysis, a decrease in the LMR by
34.3 % (p < 0.05) was also observed. These changes,
taken together, reflect the development of an inflam-
matory-intoxication syndrome with activation of the
innate immune response and suppression of the adap-
tive immune response.

Table 3

Leukocyte count in healthy and sick cows

IR = (imm+stab+seg) / lymph,

(Groups 4 and 5) are presented in Tables 2—4.

Table 2
Hematological indicators in healthy and sick cows
No liver patholo- Cytolysis syndrome Cholestasis syndrome
Indlca[ltlosr])(norm gy Mild degree Moderate degree Mild degree Moderate degree
Group 1 Group 2 Group 3 Group 4 Group 5
Erythrocytes, 6.89 6.91 6.51 6.92 6.79
10'?/L (5.0—10) (6.33—7.82) (6.41—7.53) (6.17—7.16) (6.33—7.0) (6.51—7.23)
Platelets, 10°/L 268.0 280.0 328.5 214.0 262.5
(100—800) (181.5—407.0) (182.3—321.8) (90.5—594.3) (108.5—375.0) (179.8—303.0)
Leukocytes, 8.32 8.83 9.66 9.10 8.88
10°/L (4.0—12) (7.97—9.51) (7.77—10.6) (8.04—15.3) (7.48—11.6) (7.59—10.6)

The data are presented as median (quartiles Q -Q,). Differences relative to Group 1 are statistically significant:

“p<0.05
" p<0.01
“* < 0.001
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No liver patholo- Cytolysis syndrome Cholestasis syndrome
Indicator . .
gy
(norm [15]) Mild degree Moderate degree Mild degree Moderate degree
Group 1 Group 2 Group 3 Group 4 Group 5
0,
Imm, % 0 (0—0) 0 (0—0) 0 (0—0) 0 (0—0) 0 (0—0.75)
(0—1.0)
Stab, % 3.0 2.0 5.0 2.0 4.0
(2.0—5.0) (2.0—4.25) (2.0—2.0) (3.0—7.0) (2.0—4.0) (2.0—6.0)
Seg, % 32.0 35.0 44.0° 37.0° 39.0"
(13.0—35.0) (29.5—34.3) (30.5—41.8) (34.0—49.0) (33.0—46.0) (39.0—42.0)
Eosinophils, % 4.5 5,5 3.5 3.0 5.0
(3.0—11.0) (1.75—6.5) (3.25—7.75) (1.25—7.25) (2.0—6.0) (4.0—7.0)
Basophils, % 0 0 0.5 1.0 1.0
(0.0—2.0) (0—1.25) (0—1.0) (0—1.75) (0.0—1.0) (0—3.0)
Monocytes, % 4.5 3.0 6.0 5.0 5.0
(2.0—7.0) (4.0—6.5) (1.5—5.75) (4.5—6.0) (3.0—6.25) (3.5—5.25)
Lymphocytes, % 54.5 51.5 46.5 50.0 43.5™
(40—75) (51.5—58.8) (49.3—57.8) (37.8—61.3) (44.0—56.0) (39.8—46.3)

Imm — immature neutrophils, %; stab — stab neutrophils, %; seg — segmented neutrophils, %. The data are present-
ed as: median (quartiles Q,-Q,). Differences relative to Group 1 are statistically significant:

" p<0.05
“p<0.01
“ 5 <0.001
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Fig. 1. Hemograms of the examined cows:

A — in case of cytolysis syndrome; B — in case of cholestasis syndrome. stab — stab neutrophils, %; seg — segmented
neutrophils, %

Similar changes, but with varying degrees of se-
verity, were observed in case of cholestasis syn-
drome: the animals showed a reliable (p < 0.05) in-
crease in the Reis LII (by 27.2 % in Group 4, and by
25.9 % in Group 5), BLS (by 20.5 % in Group 4, and
63.4 % in Group 5), NMR (by 13.2 % in Group 4,
and by 17.6 % in Group 5), KI (by 19.3 % in Group
4, and 57.5 % in Group 5) and a decrease in the LGR

160

(by 19.9 % in Group 4, and 39.0 % in Group 5) and
the LMR (by 23.7 % in Group 5), compared to healthy
individuals.

Our results confirm previous studies indicating
that non-infectious liver diseases in cattle often oc-
cur without significant clinical symptoms, but with
changes in the biochemical profile and hematological
status [2, 5, 6, 16].
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Fig. 2. Integrated leukocyte indices in case of liver pathologies:

Reis LII — intoxication; BLS — blood leukocyte shift; LGR — lymphocyte-granulocyte ratio, NMR — neutrophil-monocyte
ratio; LMR — lymphocyte-monocyte ratio and KI — Krebs index. The data are presented as: median (quartiles Q,-Q,). Dif-
ferences relative to Group 1 are statistically significant: *p < 0.05; “p < 0.01; ™"p < 0.001

In all animals examined, platelet and erythrocyte
counts remained within the physiological limits of the
species, indicating the preservation of functional bone
marrow activity. Thus, the results confirm the appro-
priateness of the animal grouping: the cows in Groups
2—4 did not exhibit severe stages of the pathological
process. For example, according to Manthorpe E. M.
et al., severe thrombocytopenia is recorded in 86.0 %
of cases of severe non-infectious liver disease [17].

In the cows in Groups 3, 4, and 5, there was ob-
served a leftward shift in the leukocyte count, which
may be due to impaired liver detoxification process-
es associated with cholestatic syndrome and increased
concentrations of toxic products in the systemic circu-
lation [18]. When excretion is impaired, cellular met-
abolic products accumulate in the blood, activating
neutrophils and macrophages [11]. These data indi-
cate immune suppression. Our findings are consistent
with those of other authors [19].
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It should be noted that there are no changes in the
leukocyte count in case of a mild stage of cytolysis.
However, in the cows in this group, the monocyte count
in the blood significantly decreased, while in Group
3 it remained at the level of healthy animals. These
changes are explained by the physiology of mono-
cytes. These cells, on the one hand, eliminate patho-
gens through phagocytosis, and on the other, play a key
role in organ regeneration reactions [9]. In the early
stages, liver cell destruction causes a local inflamma-
tory response, which promotes cell migration into the
affected tissue [20]. With a large number of destroyed
hepatocytes, the production of proinflammatory cyto-
kines is induced, which, in turn, stimulate the differ-
entiation of monocytes [21].

Liver damage is accompanied by an inflammato-
ry response of varying intensity.

In the animals with a mild and moderate cholesta-
sis, intoxication is observed, as evidenced by an in-
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crease in the LIl and BLS. As the severity of cholesta-
sis in cows increased, we observed a decrease in the
LGR, reflecting a shift in the immune balance toward
granulocyte activation. A significant increase in the
NMR was found in both groups, indicating activation
of the innate immune response. In case of a moder-
ate cholestasis, a significant decrease in the LMR was
found, indicating increasing severity of the patholog-
ical process and suppression of adaptive immunity,
primarily [6]. Our study has demonstrated that an in-
crease in the KI with increasing severity of cholesta-
sis can act as a marker of acute stress. Furthermore,
an increase in the relative content of segmented neu-
trophils in the peripheral blood and an increase in the
KI indirectly characterize increased phagocytic activ-
ity necessary for the elimination of toxic metabolites
[16]. The analysis of literary and experimental data al-
lows to consider these indicators as a reliable indica-
tor of inflammation and extensive damage to liver tis-
sue [7,9, 12, 22].

Similar, but less pronounced, changes in these in-
dices were observed in the animals with cytolytic syn-
drome in both groups. This is likely due to the differ-
ences in the genesis of cholestatic and cytolytic syn-
dromes [18].

In case of cytolytic syndrome, the decrease in the
LGR, compared to healthy individuals, did not reach
statistical significance; however, a tendency toward an
imbalance between the cellular and humoral immune
responses was observed [6]. It is likely that, under con-
ditions of acute liver damage, the immune system pri-
oritizes more rapid innate defense mechanisms acti-
vated in response to extensive tissue damage. As cy-
tolysis increases in cows, the innate immune response
is activated, as confirmed by a statistically significant
decrease in the LMR in Group 3 [2, 6].

CONCLUSION

Integral leukocyte indices (LII, LGR, BLS, NMR,
LMR, KI) have demonstrated high informativeness for
assessing liver condition in cows. In case of a moder-
ate cytolysis, a moderate increase in segmented neu-
trophils and a decrease in the LMR are observed, while
other indices remain unchanged. In case of cholestasis,
even with a mild liver damage, a significant increase in
the LII, BLS, NMR and KI is observed, along with a
decrease in the LGR and LMR, as well as an increase
in segmented neutrophils and a decrease in lympho-
cytes. Our research results confirmed the potential of
using integrated leukocyte indices as an additional tool
for the advanced diagnosis of liver disease in cows in
the absence of clinical symptoms.
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Wzydenune cnepmarorenesa y pa3inndHbIX JKUBOT-
HBIX Ha CBETOBOM H AIIEKTPOHHO-MUKPOCKOITHYECKOM
YPOBHSIX MO3BOJISIET BBISICHUTH CJIOKHBIE TPOLECCHI
T depeHIUPOBKU CIIEPMAaTOTEHHBIX KIIETOK, a TaK
e 0COOEHHOCTH (DYHKIIMOHUPOBAaHUS KiIeTOK Jleiura
u kietok CepTomm.

B nacrosimee Bpemsi B CEeMEHHHUKE B3POCIIOTO JKH-
BOTHOTO MOXXHO BBIACITUTH OKOJIO 30 pa3iuyHbIX TH-
OB CIIEPMATOr€HHBIX KJIETOK, OJTHAKO B OTHOM y4acT-
KE Ha MOMEpPeyHOM Cpe3e M3BUTOrO CEMEHHOro Ka-
HaJIbI[a MOYKHO BHJIETh HE 00JIee TISITH TUIIOB KIIETOK.
KonmdecTBo KIIETOUYHBIX acCOMMAIINI U3 TISITH KIETOK
Y Pa3HBIX BUJIOB )KHBOTHBIX MOXET OBITh Pa3HBIM, HO
COCTaB KaX10H KJIETOYHOW acCOLMALNH IS TaHHOTO
BHJA )KUBOTHOTO BCETa MOCTOSIHHBIH.

CrnepMaToreHHbIe KJIETKH B KaXXJOM y4YacTKe
M3BUTOTO KaHAJbIA [TOCTOSIHHO MEHSIOTCS M OJHA
rpynmna CuepMaTOTeHHBIX KJIETOK 3aMellaeTcs Apy-

roil. KonnyecTBo BCTpeUaromMXcs COYETaHUM Kiie-
TOK B CEMEHHUKE >KMBOTHOT'O JAHHOTO BHJIa OIPaHU-
YEHHO U MOCTOsIHHO. O/IHA TPYINa CepMaTOreHHBIX
KJIETOK COOTBETCTBYET OJTHOM CTAIUU ITHKJIa CTIepMa-
TOTEHHOTO JITUTENHS, a IMOJHBIA Ha0Op ONpeaeiieH-
HBIX COYETaHWH KJIETOK MPEACTABIISICT UK CTIepMa-
TOIME€HHOTO JIUTEIIHSL.

[TomHast cepust MOPHOTOTHYECKUX U3MEHEHUH, KO-
TOPbIE MOXKHO HAOJFOIATh B OJTHOM Y4aCTKEe CEMEHHOTO
KaHaJIbI1a MEXTy TTOSIBIICHUEM OTMHAKOBBIX COUETAHUI
KJICTOK CTIEpMAaTOTEHHOTO SITUTEIHNS, COCTABIISCT ITUKJIT
criepmaroreHHoro snutenus [ 1—4]. CymiectBoBaHue
OTIpE/ICTICHHBIX COYETaHWH CIIEPMAaTOTCHHBIX KIETOK
B M3BUTBHIX CEMCHHBIX KaHAJIbI[aX CEMEHHUKA M CMe-
Ha OJTHOTO COYETaHMs APYTUM ObLITH 0OHAPY KEHBI e1Ie
B xoH1le XIX cronerus. OgHako onycaHue oJHOU ce-
pHHU BCEX KJIETOUHBIX COUETAaHUN U TOYHOM MOCIEN0-
BaTEeILHOCTH TPHU CMEHE UX JIPYT JAPYTOM OBLIO OCY-
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mecTBiaeHo B 50-e ronbl XX cronetus. B 1952 romy
Jlebmon u Knepmon [1—4] BriepBbIe ommcamy MUAKI
CIIEPMATOTEHHOTO SIUTENUS JIUIS Psijia TPHI3YHOB, HO
HauboJIee MOAPOOHO UK CIIEPMATOTCHHOTO AIUTE-
7St ObLT U3YYEH Y KPBIC.

Hcnons3oBanne MeTofa, mpeaoxkeHnoro Jlebmo-
HOM 1 KitepMOHOM 17151 M3ydeH sl IWKJIa CTIepMaToreH-
HOTO SITUTEIHSL, 1aJI0 BO3BMOXKHOCTB OITUCATh CIIEPMHUO-
TeHe3 y MHOTMX MJICKOIMUTAIOIIMX: MBIIIH [5, 6], XOMsI-
Ka [7], Mopckoii cBuHKH [8], 00e3bsiHbI PapioAnubis
[9], ceBeproro onens [10], omoccyma [11], BepOito-
na [12], peanoro 606pa [13,14], kanana [15], HOpKH
[16], Opixa [17].

HuddepennupoBka MOp(HOIOTHISCKAX CTATUN
CIIEPMATOTEHHOTO JMUTENHS HeoOXoaumMa i Oosiee
TyOOKOTO aHalln3a TUCTOTEHETHUYECKUX MPOLECCOB,
MIPOMCXOMSIINX B CEMCHHOM KaHAJIbIIE, ISl BEISICHCHUS
KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEH CIIepMaTOTeHHO-
TO TIpoIiecca, a TakXkKe JJIs CTaHJapTH3aIuN MaTepHa-
JIa TIPY SKCTIEPUMEHTAIIbHBIX BO3/ICHCTBUSX U ITPH T1a-
TOJIOTUYECKUX U3MCHCHHUSX.

Wzyuenune ciepMarorenesa y MiIEKOIUTAIONINX He-
00XOZIMIMO TIPOBOJUTH C YYETOM CTaJHi IUKJIA CIep-
MatorerHoro smutenus (L[CH).

K coxaneHnto, B OTE€UeCTBEHHOU IUTEpaType
JUIIb HEKOTOPHIE aBTOPHI U3yYalOT CIIEpPMATOreHE3
¢ ucrnonb3oBanueM craauii LICO [13—17].

Lenpro HaCTOSAIIErO COOOIIEHNUS SIBIISETCS U3yde-
HHUE Pa3TUYHBIX STATIOB CIIEPMUOTEHE3a y TIOJIOBO3PE-
JBIX OapaHOB.

Ha ocHOBaHuM aHanmm3a akpOCOMHYECKON CTPYK-
TYpBI HAMU OTIPEJICIICHBI 17 3TanoB pa3BUTHS cCIiepMa-
THUJI, IepBbIE 12 U3 KOTOPBIX UCTIOB30BAHbI JIS HJICH-
tudukanum 12 craguit uKIa CiepMaToreHHOTO dIT1-
Tenusl y OapaHoB.

MATEPHAJI U METO/bI
HNCCIUIEJOBAHUSA

Ucnonw3oBan marepuain ot 30 6GapaHOB pyccKon
JUTMHHOIIEPCTHON MOPOJBI B Bo3pacTte 2—3 rona.
®parMeHThl CEMEHHUKOB (DUKCHUPOBATIU B >KHIKO-
ctu llltuse. IlapaduHoBble cpe3bl OKpalMBaIl re-
MaTOKCUJIMH-03UHOM, a3aHoM mno [eiineHraiiny.
[pumensanu IIuk-peakiuio U OKpacky TPUXPOM-
HIKK.

J1 5IIeKTPOHHOM MUKPOCKOTIH 00pa3Ibl SMYEK
(hukcupoBanm B 2,5%-HOM TIIFOTApOBOM allbJIETHIIC
u B 1%-HOM ocMueBoM ¢ukcarope. [0ToBHIN Cpe3bl
Ha ynsrpamukpoTomax bC-490 u JIKB-4800. Cpe3ssl
KOHTPAaCTHPOBAJIM ypaHUJIALIETaTOM U IIUTPATOM CBUH-
I[a U W3y4alu B 3JEKTPOHHOM MHKpockore «Tecna
BC-500».

PE3YJBTATHI UCCJIEJOBAHUM

B pesynbrare npoBeEHHBIX HCCIEN0BAHUN B Ce-
MEHHHUKe 0apaHOB BBISBICHBI CTBOJIOBBIE CIIEpMAaTo-
ronuu Tuna A, 1up epeHIupyrOIKeECs CIEpMaToro-
o A, A, A,, A CIEPMATOTOHUHU IPOMEIKY TOYHOTO
THIA, CIIEpMATOroHUH Tumna b, nmepBuuHbIe criepma-
TOLMTHI HA Pa3InYHbIX (pazax MeHoTHYecKoro Jere-
HUS (TIPEEeNTOTEHBI, JIETTOTEHBI, 3UTOTeHBI, ITAXUTe-
HBI, IUIUIOTEHBI, JUAKUHE3a); BTOPUUHBIE CIIEPMATO-
LUTHI U CIIEPMATHIBI.

Ha 6a3anpHoii MeMOpaHe CEMEHHOTO KaHalbla
pacnonaratorcst kietku Cepronu (CyCTEeHTOLHUTHI),
7 TUNOB CIIEPMATOTOHMM, IIEPBUYHBIE CIIEPMATOLU-
ThI B CTQJIUU NIPEJICITOTEHBI, JIEHTOTEHBI ¥ 3UTOTEHBI.
B sT0i1 pabote MbI He OyemM XapaKkTepru30BaTh criepMa-
TOTOHHH, UICHTU()ULUPOBATH KOTOPbIE KpPalHE CI0XK-
HO J1a)e ¢ IPUMEHEHUEM JIEKTPOHHON MUKPOCKOTINN
Y COBPEMEHHBIX MapKEPOB, CIIEIM(DUIHOCTH KOTOPBIX
elIe OKOHYATeILHO HE M3YyUeHa.

B »TOM coobmeHne 0CHOBHOE BHUMaHHE OymeT
00palleHO Ha IEPBUYHbIC U BTOPUUHBIC CIIEPMATOLH-
THI ¥ CLIEPMATH/IBI HAa PA3IMYHBIX 3TaNax CliepMHore-
He3a. [lepBuuHbIe criepMaTOIMTEI B CTA MU ITPEIETO-
TEHBI UMEIOT MEHBIIINE pa3MePBbI, YeM CIIEPMaTOrOHUU
tuna b. XpomaTuH B siipe CriepMaToLMTOB Ha CTAIUN
IIPEJIENITOTEHBI C1a00 BBIPAXKEH.

CriepMaTonMTHI Ha CTaIUH JIETOTEHBI XapaKTepH-
3yIOTCSl HAIMYUEM TOHKHX HUTEH XpOMOCOM, pacIo-
JIOKEHHBIX B LIEHTpe a1pa. B cnepmaronurax Ha 3u-
TOTEHHOH CTaJMH XPOMOCOMBI PACIIONaratoTCs II0T-
HO. OHU CTaHOBSATCS 00Jiee TOJICTHIMU U OTIUYAIOTCS
HeOOoNbIION MTMHONW. CTIIepMaTOIUThI B CTAIUH 3UTO-
TEHBI XapaKTEPU3YIOTCSl HATMYNEM SIPKO BBIPAKEHHOMN
¢burypsl XpoMaTHHOBOTO «OyKeTa». OHa OKa3bIBaCT-
Csl IPUXKATOM K AZIepHOM 0005104Ke, B pe3ysbTaTe 4ero
OKpallleHHasl 4acTh spa npuodperaer GopMmy moIry-
Mecs1a, OCTaJIbHAasl )K€ YacTh SIpa OCTAeTCsl Kak Obl
MycTod. B 3UroTeHHpIX criepMaronnTax KOHbIOTALMS
TOMOJIOTHYHBIX XPOMOCOM IPHBOJIUT K 0OPa30BaHHIO
OMBAJICHTOB, KOJIMYECTBO KOTOPBIX PABHO TaINIOUIHO-
MY YHCITy XpOMOCOM. bUBasIEHTHI 110 TOJIIIMHE ITPEBOC-
XOJIAT JIEITOTEHHBIE XPOMOCOMBI.

CriepMaToIUTHI B KOHIIE 3UTOTEHHOU (ha3bl TOCTe-
MIEHHO CMEILAIOTCS BO BTOPOH Psii CEMEHHOTO IIHTe-
TSI ¥ IPEBPAILAIOTCS B TAXUTEHHBIE CIIEPMaTOLUTHI.
CnepMaTOLUTHI HA CTAJIUU MAXUTEHbl OTIUYAIOTCS
HauOONBIIUMHU SIPAMHU.

[Ipodasza meiio3a 3aBepiiaeTcss TUILIOTCHHOMN
CTaguel, KOTopasi NePeXoAnuT B CTAIUIO JAWAKUHE3a.
Ob6omnouka siapa ncue3aeT U HACTyMaeT NepBoe Melo-
THUYECKOE JIeJICHHUE, B PE3yJIbTaTe KOTOPOro 00pasyroT-
Csl BTOPUYHBIE CTIEPMATOLIUTHI.
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[ocne kopoTkoii nHTEpdA3bl B pe3ysbTaTe BTOPO-
r'0 MEHOTHYECKOTO JICJICHHUS] BTOPUYHBIX CIIEPMATOIIHU-
TOB 00pa3yI0TCs CIIEPMATH/IbI, KOTOPBIE JIajiee peTep-
MEBAIOT CIICPMUOTCHE3.

Cnepmuorenes y 0apaHoB BKIIIOYAET YeThIpe (a3bl:
1 — a3y lonbmxu; 2 — a3y xonmauka; 3 — dazy
akpocombl; 4 — (azy co3peBaHHsI.

Ilepsvie mpu smana cnepmuocenesa (1—3) co-
cmagnsiom nepeylo gasy cnepmuozenesa- Gasy
Tonvoocu. B Teuenne daswl [ompmxu (puc. 1, 2) ot-
MeuaeTcs runepTpodust komruiekca [onbmxu, hopmu-
pOBaHKE MPOAKPOCOMAILHOTO My3bIPbKa U HAKOILIE-
Hue HINK-nonoxurenbHOro MarepualiaB BUJe KpyI-
HOM aKpOCOMAaJIbHOU IpaHyJIbl.

Cnedyrowue wemvipe smana cnepmuozenesa (4—
7) cocmasnsaiom ¢azy kornauka. Ha wemeepmom
mane aKpOCOMHUYECKHH IMy3BIPEK pacioyaraercs
Ha TIOBEPXHOCTU OOOJIOUKH sijipa B BUAE KOJIAYKa.
AKpocoMasbHasl TpaHylia yBEIMYNBACTCS B 00beMe
W pacrojaraetcs Ha BHYTPCHHEH MOBEPXHOCTH IMy-
3BIPbKA, MIPUJICTAIOIIEH K A7epHOI 000I0UKe.

Ha namom smane ciepMruoresesa akpocomMalbHast
rpaHyiia yTpaduBaeT OKPYIIyIo OpMy U pacIiiacThbl-
BaeTCs Ha MOBEPXHOCTH S/Ipa.

Ha wecmom smane (puc. 1, 3, 4) cnepmuorene-
3a aKpOCOMMUECKas CTPYKTypa MOKPbIBAET OoJiee o1-
HOU TPETH MOBEPXHOCTH sijipa. B ieHTpe akpocoMalib-
HOU CTpYKTYpbI pacnionaraercs [IIMK-nonoxurenpHas
rpaHyna.

Ha ceovmom smane akpocoMalibHas CTPYKTYpa I10-
KPBIBACT IOJIOBHHY TIOBEPXHOCTH sijipa. S ipo npnoo-
peTaeT oBaJbHYIO (hOPMY U BMECTE C aKPOCOMAIHHO
CTPYKTYpOH CMEIIAETCs K epeTHEMY MOIIOCY KIETKH.
[epenHsisi HOBEPXHOCTH KOJIIIa4Ka cOMMKaeTcs ¢ 000-
JIOUKOM KJIETKHU.

Tocnedyowue uwemvipe smana cnepmuozenesa
(8—11) cocmasasiom ¢hasy axpocomsi. Ha eocemom
omane CUEPMHUOTEHE3a aKPOCOMANIbHASI CTPYKTYpa,
KOHTaKTHPYsl ¢ 00OJIOUKOH KIIETKH, (OpPMHUPYET Iie-
penHMiA KOHTYD CIIepMaTHIbI.

Ha oessamom smane criepMuorenesa siipo crep-
MaTHbl YMEHBIIAETCSI U TIPUOOPETACT YUIMHEHHYTO
(hopmy. AkpocoManbHasi CTPYKTypa MOKPHIBAET TIO-
YTHU JIBE TPETH MOBEPXHOCTH S7Pa.

Ha odecsimom smane (puc. 1,5,6) cnepmuoreHe-
3a SIPO criepMaruabl eme OoJee YIUIMHSIETC s, [IUTO-
IUTa3Ma BBITSATHBACTCS B KayldaJbHOM HAaIlpaBICHUU.
AxpocomalbHasi CTPYKTYpa TAKKe YUTUHSIETCS | ITPH-
oOperaet ¢popmy KOHYcCa.

Ha oounnadyamom 3tare ciepMHOTeHe3a aKpoco-
MaJIbHAs CTPYKTYpa YIUTHHSACTCS U (DOPMUPYETCS aKPO-
COMHMUECKHUI KOHYC C OCTPhIM KOHIIOM. CriepMaTHIbI

rpyIIaMHy pacHojiaraloTcsi B LUTOMIIa3Me KIETOK
Cepronu 1 anMKaJIbHON YacThI0 OOPAIIEHBl B CTOPO-
Hy 0a3aJbHOI MeMOpaHbl KaHAIBIIEB.

C 0senaoyamozo smana chepmuozene3a Ha4uHa-
emcs ghaza co3pesaniis, KOTOpast BKIIIOYAET MOCIIETHAE
6 stanoB criepmuorenesa (12—17). Ha 12-m smane
cnepmuorenese (puc. 1, 7, 8) orMeuaeTcst yMeHbIIIe-
HUE A/1pa CIepMaTH/Ibl U yBEIMYEHNE AKPOCOMUYECKON
yacTu. ['onoBka npuodperaet GopMy yIITHHEHHOTO KO-
Hyca, OOJIBIIYIO YaCTh KOTOPOTO 3aHUMAET aKpOCOMa.

Ha mpunadyamom smane CIEpPMUOI€HE3a aKpo-
COMaTHYECKUE CTPYKTYPBI CIEPMATH] IPOJBUTAIOTCS
K siapam kietok Ceprounu.

Ha yemwvipnaoyamom smane cnepMuoreHesa Bbl-
SIBJISIETCS YIUIMHEHHBIN aKPOCOMUYECKUM OTPOCTOK,
KOTOPBI Ha KOHIIE HECKOJIBKO YTOJIIIIEH U MaKCHMAaJlb-
HO MpHUOMIKeH K apy kineTkn CepTony.

Ha namnadyamom smane NpoOUCXOIUT UHBOJIIOLMS
AKPOCOMMYCKOTO BBIPOCTa M KOHYca. CriepMaTubl ie-
peMeraoTcs ONMKe K HEHTPY KaHaJbIIEB.

Ha wecmnaoyamom stane (puc. 1, 9, 10) ymeHsb-
I1aeTCs TOJI0BKA CIIEpMAaTH I, XOPOIIO BRIpaXkeHa XBO-
CTOBasl 4acTh.

Ha cemnaoyamom smane ciepMaTo30uibl pac-
MOJIaratoTCsl Ha MOBEPXHOCTH CIIEPMATOr€HHOIO IIa-
CTa KJIETOK M MepeMEeIlatoTcsl B KaHaJl MpHUAaTKa ce-
MEHHHKA.

© © 6

@aza lonsmxu (Jrane: 1—3)

4 56?

®aza Koanauxa (Dranei: 4—7)

9//10/11
-

. !
/

®asa Axpocomst (Jransr: 8—11)
12 13 14 15 16 17

raze cozpesannn (Srane; 12—17)

Puc. 1. Cxema ciepmuoresesa y 6apaHoB
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Puc. 2. ®parMeHT CeMEHHOTO KaHamblia. XOpoLIO BeIpaXkeHa Oa3anbHas MeMOpaHa CBETIIO
PO30BOTrO IBETA, BO BTOPOM PSI/Iy PACTIOIOKEHBI IEPBUYHbIE TAXUTCHHBIC CIIEPMATOIIUTHI
(kpacHble cTpesku). Biimke K HEHTPY KaHablla BHIHBI MOJIOJBIC CIIEPMATHJIBI IEPBOTO

JTarma crepMuorenesa (ronyosie crpenku). Okpacka TpuxpoM-1INK. dukcarus: KuIKoCTh
IITuse. V8. 06. 60, ok. 10

. iV

Puc. 3. ®parmMeHT ceMeHHOTO KaHalbIa. BBepXy pacnonokeHa Oa3aibHas MeMOpaHa, Ha
KOTOPOH BHIIHBI 3UTOTCHHBIC MTEPBUYHBIC CIICPMATONHUTHI (KpacHBIE CTPEIKH). Bo BTOpoM
PAAY BBIABICHBI KPYITHBIC TAXUTEHHBIC CTIEPMATONUTHI (TOTYyOBIC CTpeNkh). bimke Kk eHTpy
KaHaJIbIa BUIHBI CIIEpPMATUABI 6-TO 3Tala CIepMHOTreHe3a (depHble cTpeiku). OKpacka:
IHNK-peakuus, rokpacka rematokcmwinHoM. Oukcarust: xunkocts Ll tuse. YB. 06. 60, ok. 10
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Puc. 4. DnexTpoHHasi MUKPOCKOIIUS, CIIEpMaTUAbl 6-ro sTana cruepMuoreHesa. B neHTpe

PACIIONOKEHO SIPO, C IPABOM CTOPOHBI K SAPY IPUIIEracT aKpOCOMHYECKAst CTPYKTYpPa B BUJIC

KOJIITa4Ka (KpacHas cTpeinka). LleHTpanbHast 9acTh akpOCOMUYECKOM CTPYKTYPHI YTOJIICHA,

COJICPKHUT aKPOCOMHUYECKYIO TpaHyTy. B UTOIIIa3Me BUIHBI AJICKTPOHHO-TIOTHBIC OBAJIb-

HBIE MUTOXOHAPHH (4epHbIe cTpesikn). YB. 8000. MacmtaOHBII 0Tpe3ok (BHU3Y clipaBa) —
1 MM

« B

Puc. 5. ®parmMeHT ceMeHHOTO0 KaHajblla. BBepxy ciieBa BunHa 6a3anpHas MeMOpana. B mep-
BOM psIly PaclojOKeHbI 3UTOTEHHBIH (KpacHasl CTPEJKa) U JIENTOTEHHBIH CHepMaToOIUT
(romy6ast ctpenka). bianke K IEHTPY CEMEHHOTO KaHaJIblla BBISBICHBI YIIMHEHHBIE CIIEpMa-
THUJIBI (UEPHBIC CTPEIIKN) JIECSATOrO dTamna crepmuorenesa. OMHU KIETKH 0OpalieHbl akpo-
COMHMYECKOW CTPYKTYpOii K 6a3aibpHON MeMOpaHe, Ipyrue — K HeHTpy KaHaibia. Okpacka:
INK-peaxuus, Tokpacka reMatokciinHoM. Oukcarust: xuakocTs L tuse. YB. 06. 60, ok. 10
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Puc. 6. DnexTponHas Mukpockonus cnepMatuabl 10-ro sTana cnepmuorenesa. Sapa cra-
HOBSITCS YIJTMHEHHBIMU. AKPOCOMHYECKAsi CTPYKTypa IOKPHIBAET OOJIBIIIE TOJIOBUHEI TOBEPX-
HocTH siapa. OTMaeTcs yIuloTHeHHe (KOHAeHcanus) XpoMarnHa siapa. L{uromnasma cron-
3aeT B KayJaJbHYI0 yacTh KieTku YB. 10 000. MaciitaOHbIii 0Tpe3ok (BHU3Y cripaBa) — 1 MKM

Puc. 7. ®parmMeHT cemMeHHOro KaHajblla. BBepXy cnpaBa pacrioioxkeHa Oa3aiibHas MeM-

OpaHa, Ha KOTOPOH BU/IHBI 3UTOTEHHBIE IEPBUYHBIC CIEPMATOLUTHI (KpPacHbIE CTpenkn). Bo

BTOPOM DSIJIy PACIIOJIOKEHBI IEPBUYHBIEC ITAXUTCHHBIE CIIEPMATOLHTHI (T0IyObIe CTPEIIKN).

bamke k HeHTpy KaHaNbLA BbIBIECHBI YUIMHEHHbIE CIEPMATU bl ABEHAALATOIO ATala Crep-

MHUOTeHe3a (YepHble cTpenkn). Bee criepmaTnipl akpocoOMHYECKON CTPYKTYpOi 0OpalieHsl

k 6azanpHOI MemOpane. Oxpacka: IIIMK-peakiust, Tokpacka reMaToKCHiInHOM. DUKcarus:
skuakocts Ltuee. VB. 00.60, ok. 10
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Puc. 8. DiiekTpoHHAs MUKPOCKOIIHSI, CliepMaTHIbl 12-T0 3Tamna criepmuoreHesa (¢hasa cospe-
BaHus). SIApo TeMHOe, yIIIMHEHHOE. AKPOCOMHUYECKasl CTPYKTYpa pacIiojiaracTcsi BIiepean
aapa (kpacHast ctpenka). OTMedaeTcs BRIpaKeHHasi KOHACHCAIU XpoMaTHHa siipa. B cBs-
3YIOIIEM OT/IeJIe BUITHBI MUTOXOHIpUH (TonryObie cTpenku). YB. 10 000. MacmitabHelii oTpe-
30K (BHM3Y crpaBa) — | MKM

#
|

. -

Puc. 9. ®parmeHT ceMeHHOTO KaHaNbIAa. BBEepXy cmpaBa pacrioiiokeHa 0Oa3aibHas MeM-

OpaHa, Ha KOTOPOW BUIHBI 3UTOTEHHBIE (KPaCHBIC CTPEIIKN ) TICPBUYHBIC CTIEPMAaTOINTEL. Bo

BTOPOM PSIy PACIOJIOKEHBI KPYITHBIC KJICTKH TCPBUYHBIC MMaXUTCHHBIC CTICPMATOIHTHI

(romy0bIe cTpenku). biamke K IEHTpY KaHaJIbIIa BEISIBICHBI CIIEPMATHIIBI IIIECTHAAIIATOTO

JTarma crepMuoreHesa (depusie crpenkn). Oxpacka: IIINMK-peakmws, tokpacka reMaToKCH-
nuHoM. @ukcanus: kuakocts [tuse. V8. 00. 60, ok. 10
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Puc. 10. DnexTpoHHAsT MUKPOCKOTIINS, CIIepMaTHBI |1 6-r0 Tamna criepMuoresesa (gasa cospe-
BaHUA). SIIpo TeMHOE, YUTMHEHHOE. AKpOCOMa (KpacHBIE CTPEITKH ) PACIIONIAraeTcsl BIEPEIH
sanapa. YB. 10 000. MacmrtaOHBIN 0Tpe30K (BHH3Y clieBa) — | MKM

SAKJIIOYEHUE
Cniepmuoreses y 6apaHoB XapaKTepu3yeTcsl pa3Bu-
THEM XOPOLIO BBIPAKEHHOU aKPOCOMHUUYECKON CTPYK-
TYpBI, OpMa KOTOPOM SIBJISIETCSI KPUTEPUEM ONpe/ie-
JICHHS 3TAINoB criepMHuoreHesa. Konuuectso sTamnos
CHEPMHOICHE3a CBSI3aHO C OCOOCHHOCTSIMHU LIMKJIA
CIEPMAaTOT€HHOTO UTENHS.
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Abstract. Spermiogenesis in rams includes four phases: 1 — Golgi phase; 2 — cap phase; 3 — acrosome phase;
4 — maturation phase. The Golgi phase includes the first three stages of spermiogenesis (1—3). In the cytoplasm
of young spermatids, with the help of the Golgi complex, a proacrosomal vesicle is formed, in which PAS-posi-
tive material accumulates in the form of a large acrosomal granule. The next four stages of spermiogenesis (4—
7) make up the cap phase. The acrosomal vesicle is located on the surface of the nuclear membrane in the form
of a cap, covering its one-third. By the end of the cap phase, the acrosomal structure covers half of the nuclear
surface. The nucleus acquires an oval shape and shifts to the anterior pole of the cell. During the acrosome phase
(stages 8—11 of spermiogenesis), the acrosomal structure elongates, and an acrosomal cone with a sharp end is
formed. During the final phase of maturation (stages 12—17), spermatids with an elongated acrosome approach
the nucleus of Sertoli cells. Sertoli cells hypertrophy themselves, become perpendicular to the basement mem-
brane and migrate toward the center of the seminiferous tubule. By the end of the maturation phase, the acroso-
mal cone disappears, and the spermatids transform into spermatozoa, which migrate into the epididymis.
Keywords: stages of spermiogenesis, phases: Golgi, cap, acrosomes, maturation

Studying spermatogenesis in various animals us-
ing light and electron microscopy allows to elucidate
the complex processes of spermatogenic cell differ-
entiation, as well as the functional characteristics of
Leydig and Sertoli cells.

Currently, approximately 30 different types of sper-
matogenic cells can be identified in the testis of an adult
animal, but no more than five cell types can be seen in
a single cross-section of the convoluted seminiferous
tubule. The number of cell associations of five cells
may vary among different animal species, but the com-
position of each cell association is always constant for
a given animal species.

Spermatogenic cells in each section of the convo-
luted tubule are constantly replacing one group of sper-
matogenic cells with another. The number of cell com-
binations found in the testis of a given animal species is
limited and constant. One group of spermatogenic cells
corresponds to one stage of the spermatogenic epithe-
lial cycle, and the complete set of specific cell combi-
nations represents the spermatogenic epithelial cycle.

The complete series of morphological changes
that can be observed in one section of the seminifer-

ous tubule between the appearance of identical com-
binations of spermatogenic epithelial cells constitutes
the spermatogenic epithelial cycle [1—4]. The exis-
tence of specific combinations of spermatogenic cells
in the convoluted seminiferous tubules of the testis and
the replacement of one combination with another were
discovered as early as the late 19" century. However, a
complete description of all cell combinations and the
precise sequence of their replacement was not com-
pleted until the 1950s. In 1952, Leblond and Clermont
[1—4] first described the spermatogenic epithelial cy-
cle for a number of rodents, but the spermatogenic ep-
ithelial cycle has been studied in most detail in rats.

The use of the method proposed by Leblond and
Clermont for studying the spermatogenic epithelial
cycle made it possible to describe spermiogenesis in
many mammals: mice [5, 6], hamsters [ 7], guinea pigs
[8], Papio Anubis monkeys [9], reindeer [10], opos-
sums [11], camels [12], European beavers [13,14], sea
otters [15], minks [16] and bulls [17].

Differentiation of the morphological stages of the
spermatogenic epithelium is necessary for a more in-
depth analysis of the histogenetic processes occurring
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in the seminiferous tubule, for elucidating the quantita-
tive patterns of the spermatogenic process, and for stan-
dardizing material under experimental conditions and
in the presence of pathological changes. The study of
spermatogenesis in mammals must be conducted tak-
ing into account the stages of the spermatogenic epi-
thelial cycle (SEC). Unfortunately, in the domestic lit-
erature only a few authors study spermatogenesis us-
ing the SEC stages [13—17].

This report objective is to study the various stag-
es of spermiogenesis in mature rams.

Based on analysis of acrosomal structure, we iden-
tified 17 stages of spermatid development, the first 12
of which were used to identify 12 stages of the sper-
matogenic epithelial cycle in rams.

MATERIAL AND METHODS

The samples from 30 Russian Longwool rams aged
2—73 years were used. Testicular fragments were fixed
in Stieve’s solution. Paraffin sections were stained with
hematoxylin and eosin and Heidenhain’s azan. The
Schick test and Trichrome-PAS staining were used.

For electron microscopy, testicular specimens were
fixed in a 2.5 % glutaraldehyde and a 1 % osmium
fixative. The sections were prepared on BS-490 and
LKB-4800 ultramicrotomes. The sections were con-
trasted with uranyl acetate and lead citrate and exam-
ined under a Tesla BS-500 electron microscope.

STUDY RESULTS

As a result of the conducted studies, the follow-
ing were identified in the ram testis: type A stem
spermatogonia, differentiating spermatogonia A, A,
A, and A; intermediate spermatogonia, type B sper-
matogonia, primary spermatocytes at various stages
of meiotic division (preleptotene, leptotene, zygotene,
pachytene, diplotene, diakinesis); secondary spermato-
cytes and spermatids.

Sertoli cells (sustentocytes), 7 types of spermatogo-
nia, and primary spermatocytes at the preleptotene, lep-
totene and zygotene stages are located on the basement
membrane of the seminiferous tubule. In this work,
we will not characterize spermatogonia, which are ex-
tremely difficult to identify even with the use of elec-
tron microscopy and modern markers, the specificity
of which has not yet been fully studied.

This paper will focus on primary and secondary
spermatocytes and spermatids at various stages of
spermiogenesis. Primary spermatocytes at the prelep-
totene stage are smaller than type B spermatogo-
nia. Chromatin in the nucleus of spermatocytes at the
preleptotene stage is poorly defined.
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Leptotene spermatocytes are characterized by the
presence of thin chromosomal strands located in the
center of the nucleus. In zygotene spermatocytes, chro-
mosomes are densely packed.

They become thicker and are distinguished by
their short length. Zygotene spermatocytes are char-
acterized by the presence of a distinct chromatin “bou-
quet” figure.

This figure is pressed against the nuclear mem-
brane, resulting in the stained portion of the nucleus
taking on a crescent shape, while the rest of the nu-
cleus remains empty. In zygotene spermatocytes, con-
jugation of homologous chromosomes results in the
formation of bivalents, the number of which is equal
to the haploid number of chromosomes. Bivalents are
thicker than leptotene chromosomes.

At the end of the zygotene phase, spermatocytes
gradually migrate to the second row of the seminif-
erous epithelium and become pachytene spermato-
cytes. Spermatocytes at the pachytene stage have the
largest nuclei.

Meiotic prophase ends with the diplotene stage,
which transitions into diakinesis. The nuclear mem-
brane disappears, and the first meiotic division occurs,
resulting in the formation of secondary spermatocytes.

After a short interphase, the second meiotic divi-
sion of secondary spermatocytes produces spermatids,
which then undergo spermiogenesis.

Spermiogenesis in rams consists of four phases:
1 — Golgi phase; 2 — cap phase; 3 — acrosome phase;
4 — maturation phase.

The first three stages of spermiogenesis (1—3)
comprise the first phase of spermiogenesis — the Golgi
phase. During the Golgi phase (Fig. 1, 2), hypertrophy
of the Golgi complex, formation of the proacrosomal
vesicle and accumulation of PAS-positive material in
the form of a large acrosomal granule are observed.

The next four stages of spermiogenesis (4—7) com-
prise the cap phase. At the fourth stage, the acroso-
mal vesicle is positioned on the surface of the nuclear
membrane as a cap. The acrosomal granule increases
in volume and is positioned on the inner surface of the
vesicle, adjacent to the nuclear membrane.

At the fifth stage of spermiogenesis, the acrosomal
granule loses its rounded shape and flattens out on the
surface of the nucleus.

At the sixth stage (Fig. 1, 3, 4) of spermiogenesis,
the acrosomal structure covers more than one-third of
the nuclear surface. A PAS-positive granule is located
in the center of the acrosomal structure.

At the seventh stage, the acrosomal structure covers
half the surface of the nucleus. The nucleus takes on
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an oval shape and, together with the acrosomal struc-
ture, shifts toward the anterior pole of the cell. The
anterior surface of the cap approaches the cell mem-
brane.

The subsequent four stages of spermiogenesis (8—
11) comprise the acrosomal phase. At the eighth stage
of spermiogenesis, the acrosomal structure, in contact
with the cell membrane, forms the anterior contour of
the spermatid.

At the ninth stage of spermiogenesis, the sperma-
tid nucleus shrinks and becomes elongated. The ac-
rosomal structure covers almost two-thirds of the nu-
clear surface.

At the tenth stage (Fig. 1, 5, 6) of spermiogenesis,
the spermatid nucleus elongates further, and the cyto-
plasm extends caudally. The acrosomal structure also
elongates and becomes cone-shaped.

At the eleventh stage of spermiogenesis, the acro-
somal structure elongates, forming an acrosomal cone
with a pointed end. Spermatids are arranged in groups
in the cytoplasm of Sertoli cells, with their apical por-
tion facing the tubular basement membrane.

From the twelfth stage of spermiogenesis, the mat-
uration phase begins, which includes the last six stag-
es of spermiogenesis (12—17). At the twelfth stage
of spermiogenesis (Fig. 1, 7, 8), the spermatid nucle-
us shrinks and the acrosomal portion enlarges. The
head takes on the shape of an elongated cone, most of
which is occupied by the acrosome.

At the thirteenth stage of spermiogenesis, the ac-
rosomatic structures of the spermatids move toward
the Sertoli cell nuclei.

At the fourteenth stage of spermiogenesis, an elon-
gated acrosomal process is revealed, somewhat thick-
ened at the end and positioned as close as possible to
the Sertoli cell nucleus.

At the fifteenth stage, the acrosomal process and
conus involution occur. The spermatids move closer
to the center of the tubules.

At the sixteenth stage (Fig. 1, 9, 10), the spermatid
head decreases in size, and the tail is clearly defined.

At the seventeenth stage, spermatozoa are located
on the surface of the spermatogenic layer of cells and
migrate into the epididymal canal.

Fig. 2. Fragment of a seminiferous tubule. The light pink basement membrane is clearly visible; prima-

ry pachytene spermatocytes (red arrows) are located in the second row. Young spermatids of the first

stage of spermiogenesis are visible closer to the center of the tubule (blue arrows). Stained with Tri-
chrome-PAS. Fixation: Stieve’s solution. Mag. 60x, ap. 10
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Fig. 3. Fragment of a seminiferous tubule. The basement membrane is located at the top, on which

zygotene primary spermatocytes are visible (red arrows). Large pachytene spermatocytes (blue arrows)

are revealed in the second row. Spermatids of the sixth stage of spermiogenesis are visible closer to the

center of the tubule (black arrows). Staining: PAS reaction, counterstaining with hematoxylin. Fixation:
Stieve’s solution. Mag. 60x, ap. 10

Fig. 4. Electron microscopy of spermatids at stage 6 of spermiogenesis. The nucleus is located in the

center, and an acrosomal cap-shaped structure (red arrow) is adjacent to the nucleus on the right side.

The central part of the acrosomal structure is thickened and contains an acrosomal granule. Electron-dense

oval mitochondria (black arrows) are visible in the cytoplasm. Mag. 8000. Scale bar (bottom right) is
I pm
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Fig. 5. Fragment of a seminiferous tubule. The basement membrane is visible at the top left. The first

row contains a zygotene (red arrow) and leptotene spermatocyte (blue arrow). Closer to the center of

the seminiferous tubule, elongated spermatids (black arrows) of the tenth stage of spermiogenesis are

revealed. Some cells face the acrosomal structure toward the basement membrane, others — toward the

center of the tubule. Staining: PAS reaction, counterstaining with hematoxylin. Fixation: Stieve’s solu-
tion. Mag. 60, ap. 10

Fig. 6. Electron microscopy of a spermatid at stage 10 of spermiogenesis. The nuclei become elongated.

The acrosomal structure covers more than half of the nuclear surface. Condensation of the nuclear

chromatin is visible. The cytoplasm shifts toward the caudal part of the cell. Mag. 10 000. Scale bar
(bottom right) is 1 um
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s
Fig. 7. Fragment of a seminiferous tubule. At the top right is the basement membrane, on which zygo-
tene primary spermatocytes are visible (red arrows). In the second row are primary pachytene spermato-
cytes (blue arrows). Closer to the center of the tubule, elongated spermatids of the twelfth stage of
spermiogenesis are revealed (black arrows). All spermatids with their acrosomal structure face the
basement membrane. Staining: PAS reaction, counterstaining with hematoxylin. Fixation: Stieve’s
solution. Mag. 60, ap. 10
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Fig. 8. Electron microscopy of spermatids at stage 12 of spermiogenesis (maturation phase). The nu-

cleus is dark and elongated. The acrosomal structure is located anterior to the nucleus (red arrow).

Marked chromatin condensation is noted in the nucleus. Mitochondria are visible in the connecting
region (blue arrows). Mag. 10 000. Scale bar (bottom right) is | pm

Bulletin of Veterinary Pharmacology « No. 4 (33) « 2025

Electron microscopic and microscopic studies of spermatids at various stages of spermiogenesis

Fig. 9. Fragment of a seminiferous tubule. At the top right is the basement membrane, on which zygo-

tene primary spermatocytes (red arrows) are visible. In the second row are large cells, primary pachytene

spermatocytes (blue arrows). Closer to the center of the tubule are spermatids of the sixteenth stage of

spermiogenesis (black arrows). Staining: PAS reaction, counterstaining with hematoxylin. Fixation:
Stieve’s solution. Mag. 60, ap. 10

Fig. 10. Electron microscopy of spermatids at stage 16 of spermiogenesis (maturation phase). The nu-
cleus is dark and elongated. The acrosome (red arrows) is located in front of the nucleus. Mag. 10 000.
Scale bar (bottom left) is 1 pm
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CONCLUSION
Spermiogenesis in rams is characterized by the de-
velopment of a well-defined acrosomal structure, the
shape of which determines the stages of spermiogen-
esis. The number of stages of spermiogenesis is relat-
ed to the characteristics of the spermatogenic epithe-
lium cycle.
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Fig. 1. Scheme of spermiogenesis in rams
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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. HampaBnieHne oT yupexaeHus, B KOTOPOM BBITIOJHEHA paboTa 1o (opme:

B penaxuuto xxypHaina
«BeTrepuHApHEIH (hapMaKOIOTHIECKIH BECTHUK

[pomry (mpocum) omyOIUKOBATh B OTKPBITOM ITEYaTH MO0 (HAIITy ) CTAaThIO «

».

Marepualibl CTaThbi YaCTUYHO MJIH TIOJHOCTBIO HE ObLIM paHee OMyOIMKOBaHbI .

ABTOPBI IOATBEPKIAIOT JOCTOBEPHOCTh  OPUTHHATIHFHOCTH MAaTePUAIOB, U3JIOKEHHBIX B CTAThE; JAOT
coryacue Ha cOop, 00padOTKy 1 pacIpOCTpaHEeHHE CBOMX ITEPCOHANBHBIX TaHHBIX B COOTBETCTBUU C TPeOO-
BanusiMu denepanbHoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHaNbHBIX TaHHBIX»; FapaHTU-
PYIOT, UTO HE HAPYIIAlOT HUYbUX aBTOPCKUX IMPaB; HE BKIIFOYAOT MaTepUAIIbI, HE MOJyIeXkaIue K myOuKa-
LMY B OTKPBITOM N€YaTh B COOTBETCTBUHU C JIEUCTBYIOIIMM 3aKOHOAATEIbCTBOM Pocculickoit @eaepanuu.

BwmecTte co cTaTheit aBTop nepemaeT penakiiuy Ha HeOTpaHUICHHBINA CPOK CIICAYIONINE TIpaBa; MpaBo Ha
pa3MeleHne, BOCIPOU3BEICHNE U PACIIPOCTPAHEHUE CTATHH JIFOOBIM CITOCOO0OM; TIPaBO HA IepepadboTKy cTa-
ThU ¥ BHECEHNE U3MEHEHHI B CTAaThIO; IIPABO Ha IMyOIMYHOE UCTIOIH30BAHNE MaTEPHAJIOB CTAThH U JIEMOH-
CTpPaIUIO UX B MHPOPMAIIMOHHBIX, PEKIIAMHBIX M ITPOYUX IIETIAX.

Takoxe aBTOpPBI TOATBEPKIAIOT, YTO COIVIACHBI C MPABUJIAMU PEAAKIIMU M0 MOATOTOBKE PYKOMHUCH K U3-
nanvro. [locne myOnuKauu ee MUTUPOBAHUE BO3MOXKHO TOJIBKO CO CCBUIKOM Ha KypHal «BeTepuHapHbIii
(hapMaKoJIOTrHUeCKHU BECTHUK.

NOANHUCH (MOAMUCH) aBTOopa (aBTOPOB) (bamMuIHs, UM, OTYECTBO

[oamucs (moamnwcn) 3aBEPSIIO.

noanuck 1 ®PUO nuua, 3aBepuBILIEro NOAIUCH
M.II. opranuzanuu
« » I.

* Eciu ObL1d OHy6J’II/IKOBaHH YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1dHMs, 'Ol BbIITYCKa, HOMCP, CTPAHULIBI.

Jiis yckopeHus Iy OIMKAIIMK CTaThH B PEIAKIINE0 HEOOXOIMMO IIPEI0OCTABUT PEIIEH3UI0 JOKTOPa HayK, 3a-
BEPEHHYIO B OT/IEJIE KaPOB 110 MECTY paboThI.

MPABUJIA O®OPMJIEHUA CTATEN

TekcT crateut 00beMOM 70 15 cTpanwuI npexocTassercs B mporpamme Microsoft Word: mpudt — Times
New Roman, kersib — 14 1T, MeXXCTpOUHBIH HHTEpBaT — 1,5, a03amHslii orctynm — 1,25, 6e3 nepeHocos. Dop-
Mar CTpaHuIbl — A4; ToJsi: ieBoe — 3 cM, BEpXHee, IPaBoe M HUKHEE — 2 CM.

DJIeMEeHTaMU U3/1aTelIbCKOr0 0O(hOPMIICHHS CTAaTe! SIBIISIFOTCSL:

— cBejieHus 00 U3/1aHUH, B KOTOPOM OIyOJMKOBaHA CTAThs;

— Ha3BaHWE PYOPUKH WM pa3jiesia U3IaHus;

— THII CTaThy (Hay4yHast CTaThs, 0030pHAs CTaThH, PEJAKIIOHHAS CTAThs, JUCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUH, PEIAaKTOPCKAs 3aMETKa, PEIICH3HsI Ha KHUTY, PEIIEH3Us Ha CTaTbI0, CIIEKTAKJIb | T. I1., KPaTKOE COOOIIIEHHE);

— WHJEKC YHUBepCcalIbHOU necaTnyHol kiaccudpukammu (YK);

— 1mdposoii naenTudurarop oodbekra (Digital Object Identifier — DOI); ero npusoast mo FOCT P UCO
26324 u pacnonararot nocie uaaekca YK ornenpHON cTpokoit cieBa. B konre DOI Touky He cTaBsT;

— 3arvyiaBWe CTaTbhH;

— TIOJ[3aTOJIOBOYHBIE JIAHHBIE CTAThHH;

— cBezieHus 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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Ecnu y craTtbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HUX MPHUBOIAT C YUETOM HIDKECIICAYIOIIMX MPABHUIL
Vmena aBTOpOB MPUBOST B IPUHIATONW UMH MOCIEI0BATEIbHOCTH.

ABTOp, OTBETCTBEHHBIH 32 IIEPENUCKY, U €T0 AIEKTPOHHBIN apec MOTYT ObITh 0003HaYEHBI YCIOBHBIM HU30-
OpaskeHHEeM KOHBEPTA, B IEKTPOHHBIX U3JIAaHUSX — TAKKE U IPYTUMH CPEACTBAMH, PEATN3yEMBIMH ITPOT PaMM-
HBIM 00CCIICUeHUEM ITyOITMKAIIUN U3TaHS.

Bo3MoxHO IIpHBeeHNE MEKTPOHHOTO aJIpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIJIAHUPYETCS! IIePEeIuc-
Ka, UM OTAEJIBbHOE yKa3aHUe aBTOpa AJIsl KOPPECHOHACHINH 1O popMe: «ABTOp, OTBETCTBEHHBIH 3a MEpemuc-
Ky:» («Corresponding author:»).

JononauTenbHble cBeleHusT 00 aBTOpe (aBTOpax) MOTYT COJACPKATh:

— TIOJIHBIC MMEHa, OTYecTBa U pamuiny, snekrponHsbie ajapeca u ORCID aBTopoB, eciii OHU HE YKa3aHBbI
Ha MepBOM MOJI0CE CTaThH;

— YUCHBIC 3BaHMUS;

— YYCHBIE CTEIICHH;

— npyrue, kpome ORCID, mexnyHaponHble HACHTU(PHUKAIUOHHBIE HOMEPA aBTOPOB. J{OMONHUTENbHBIC
cBeneHus 00 aBTope (aBTOpax) MPHUBOMAAT C MpeIIeCTByOmUME cinoBamu «MHpopmanus 06 aBTope (aBTO-
pax)» («Information about the author (authors)») 1 yka3sIBaroT B KOHIIE cTaThi mociie « CIUCKa HCTOYHUKOBY.

Ceenenus o MmecTe padoThl (yueOnr), anekrporHsie anpeca, ORCID aBTopoB yka3pIBarOT MOCIE UMEH aB-
TOPOB Ha Pa3HbIX CTPOKAX U CBSI3BIBAIOT C MMEHAMHU C TIOMOILBIO HAJACTPOUYHbIX U(POBEIX 0003HaueHnit 1H-
nexc Y/IK pacrnonaraercst B 1eBOM BEpXHEM yniIy 0e3 a03allHOTO OTCTYTIA.

Hanee 6e3 ab3aiHOTO OTCTYIIA PACIoiaraeTcsl Ha3BaHWE CTaThU — 3arIaBHBIMU OyKBaMu, MOITYKUPHBIM
mpudTOM, BEIpAaBHUBAHUE 10 LEHTPY.

damuius, UMs1, 0TIECTBO aBTOpa — 0€3 a03aIHOTO OTCTYIIA, 110 LIEHTPY, CTPOUYHBIMU OyKBaMH, MOITYKHUP-
HBIM TIPUADTOM.

Amnnoranuio popmupyrot o OCT P 7.0.99. O6bem annOoTanmu He npebiaet 250 cios. [lepen annoTa-
[Mel MPUBOJIAT CI0BO « AHHOTAIU («Abstract»).

KitoueBsle cioBa (c1oBocoveTaHus) TOKHBI COOTBETCTBOBATh TEME CTAThU M OTPaXKaTh €€ MPEIMETHYIO,
TEPMHUHOJIOTHYECKYI0 00nacTb. He mcnonb3ytoT 000011eHHbIe 1 MHOTO3HAYHBIE CIIOBA, 8 TAKXKE CIIOBOCOYETA-
HUS, ColleprKallie IpUYacTHbIE 000POTEHI.

KonmaecTBo KITFOUEBHIX CIIOB (CIIOBOCOUCTAHUI) HE JOKHO OBITH MeHBIIE 3 1 Oobie 15 ¢ioB (c10BOCO-
yeranui). Ix npusonst, npeasapsist cnoBamu «KimoueBbie cinoBa:» («Keywords:»), 1 oTAeISIOT APYT OT ApY-
ra 3ansaTeIMH. [lociie KITI04eBbIX CJIOB TOUKY HE CTaBsT.

[Tocne KIIIOYEBBIX CJIOB NPUBOAST CJIOBA OJIarofapHOCTH OPraHU3alusaM (YUpekKICHHUSIM), HAyYHBIM PYKO-
BOJIMTEINISIM M APYTHM JIMI[AM, OKa3aBIIAM ITOMOILb B TOATOTOBKE CTAaThH, CBEICHHSI O TPaHTax, (PMHAHCHPOBA-
HUH TTOJITOTOBKH M ITyOJIMKAIIMN CTaThH, TPOCKTaX, HAyYHO-HCCIIEI0BATEIbCKAX paboTax, B paMKax WIIH 110 pe-
3yJbTaTaM KOTOPBIX OIyOJIMKOBaHA CTAThsl.

OTH CBeleHHs IPUBOIAT C MPEALIECTBYIOMIMM clIoBoM «bnarogapHoctu:». Ha anmmiickoMm si3bIKe cioBa
051aroapHOCTH MPUBOIAT MOCIE KJIIOYEBBIX CJIOB HAa aHIIMKMCKOM $I3bIKE C MPEILICCTBYIOIIUM CJIOBOM
«Acknowledgments:».

TekcT cTarbu MOJDKEH BKIIIOUATh BBEJACHUE (0€3 yKa3aHUs Ha3BaHUS pasfieiia), MaTepualibl B METOIBI, Pe-
3yIIBTaThl UCCIICIOBAHU, 0OCYKICHHUE U BEIBOJIBI (3aKITIOUCHNE).

bubmmorpaduueckyto 3anuch Uil pucTareitHoro onbmuorpaduyeckoro crmcka cocrapistor no 'OCT
7.80,TOCT P 7.0.100.. Ccpliky Ha MCTOYHUKHU JAIOTCS IO TEKCTY HU(PON B KBaJpaTHBIX CKOOKAX U yKa3blBa-
I0TCS B TIOPSIIKE UTUPOBaHUs. B cricke IuTepaTyphl KenarenbHo Haduyue Kak MUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHHUKOB U BKJIIOYEHHUE B CITMCOK COBPEMEHHBIX aBTOPOB.

TaOunuisl 1O/HKHBI OBITH BBITOJHEHBI B Microsoft Word u conepikaTh cTaTuCTHYECKH 00pabOTaHHbIH Ma-
tepuait. Kaxxnas Tabnuna nosKkHa IMETh HOMEp, TEMAaTUIECKHUI 3ar0JI0BOK U CCBUIKY B TEKCTE.

I'pacpuxn, muarpammel, pucyHku u QoTorpaduu HEOOXOAUMO MPEAOCTABIATE B popmare jpeg, tif mmm gif
(c pazpemiennem He MeHee 300 ToUeK) C COOTBETCTBYIOIIMMHE MOAMUCSIMH U IPOHYMEPOBAHHBIMH.

CokpartieHusi TepMUHOB, OTIIMYHBIC OT HOPMUPOBAHHBIX, TOJKHBI TPUBOJUTHCS TOJIBKO MOCIIE YIOMHHA-
HUSI B TEKCTE UX MTOJTHOTO 3HAYCHHSI.

Enunuier u3mepennii narorces B COOTBETCTBUU ¢ MexayHnapoaaon cucremMoit CU mo 'OCT 8.417—2002
«EauHunp! Benuuun».
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AJIA 3AMETOK




