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IKCIIEPUMEHTAJIBHA A ®APMAKOJIOI'USA

Hayunas cratbs
YK 579.62

JTU3AH PEKOMBEUHAHTHOI'O
HOJIUIIIUTONNHOI'O BEJIKA-AHTUT'EHA
BBIYbEI'O KOPOHABUPYCA U POTABUPYCA

SIua BaagumuposHa Ierpyma®, Makcum Hocudosuu [MotanoBuy
9 9

Baagumup Anronosud IlpokysieBny

Benopycckuii 2ocyoapcmeennbiii ynueepcumem, Munck, Benapyce, yana.petrusha@gmail.com™

Annoranus. [Tyrem OGnonndopmarndeckoro anainsa, paspadoTaH rUOpUAHBIN OCIOK-aHTHICH, BKIFOYAIOIINI
SIHTONBI OBIYBMX KOPOHABUPYCOB M pOTaBUPYCcOB. CpaBHEHUE (PH3MKO-XUMHYECKUX CBOMCTB C y4acTHEM CIIe-
[AJIN3UPOBAHHBIX IPOrPaMM IIOKA3aJI0, YTO THOPUIHBINA OETIOK CTaOWIIeH in Vivo, HeTOKCHYEH, He o0aiaeT ro-
MOJIOTHEH ¢ ObIYBMMU OelIKaMu, pacTBOPUM B Bojie. Torosiorus O10Kka 3MUTONoB Jist T-KHIIepOB CIIoCOOCTBYET
MIPOLIECCHHTY BHIOPAHHBIX MENTHIOB IPU COXPAHEHUU CTPYKTYpBI B-3ITUTONOB JUIsi B3aUMOJICHCTBHSI C aHTUTE-
JIaMH TIPOTUB POTABHPYCOB M KOPOHABHPYCOB. [ToryueHHbIe pe3yabTaThl yKa3bIBAlOT HA MMMYHOTEHHOCTH pa3pa-
60TaHHOTO OeJIKa ¥ BOZMOXKHOCTh €ro IPUMEHEHUS ISl KOHCTPYUPOBaHHs CyObeIMHUYHBIX BaKIMH, TPUMEHsIC-

MBIX B IPOUIIAKTUYECKUX U JICYEOHBIX LIENSX.

KuaroueBble ciioBa. Bovine coronavirus, Bovine rotavirus, moJU3MHUTONHBINA OEJIOK, pEKOMOMHAHTHBIH O€10K, Bos

taurus, oOpaTHasi BAKIIHHOJIOTUsI.

Baarogapuocru: Kynemosoii FOnun Muxaiinosue nu Pomanosckoii TaThsiHe BnagumMupoBHe 3a COBETHI TI0 HC-
nosb3oBanuio Two State Melting Folding module DINAMelt

BBEJIEHUE

PazButne OnonHhopmMaTrku, Mo3BoJISET HOITYYUTh
KaueCTBEHHO HOBBIC Ipenaparsl sl MPOQUIAKTHKH
1 JIeueHHUs] NHPEKIIMOHHBIX 3a00IeBaHUH Pa3IMIHON
stronoruu. CyObeqUHUYHBIC BaKIMHBI UMEIOT Psij
[IPEUMYIIECTB Iepe]] TPaIUIMOHHBIMH B IIEPBYIO OUe-
pelib, o TAKUM IapaMeTpaM Kak 6€30IacHOCTh B 9KO-
HOMHUYHOCTB. [IepBBIM 3TAroM Ha IMyTH WX CO3/IaHUsI
SIBIISIETCS TIOUCK MUIIEHEH, CIIOCOOHBIX HHYIIUPO-
BaTh 3aLIUTHBIA UMMYHHBIH OTBET IPOTUB IATOT€HA.
Merozp! 00paTHON BAaKLIMHOJIOTHH yKE Ha HAYaJIbHOM
JTare Co3AaHusl MpernapaToB HOBOTO MOKOJICHHUS TO-
3BOJISIIOT CKOHCTPYHPOBATh «MUCKYCCTBEHHBIE» OCIKH
U COOTBETCTBYIOIIUE MM JKCIPECCHpyeMble B OakTe-
pHUSX TEHETUYECKUE CTPYKTYPHI, CITIOCOOHBIE 00ecTe-
YUTh HOJIy4YEHHE aKTUBHBIX (hapMcyOCTaHLUI B 1IpO-
MBILIICHHBIX 00BEMaX.

B npenpinyniem uccenosannu [ 1] npoBeneH Ouo-
HHPOPMATHUECKHI aHai3 OSTKOB OBIYBHX POTABHPY-
COB C HCTIOJIb30BaHUEM 29 KOMITBIOTEPHBIX ITPOrpaMM
1 HECKOJIbKUX 0a3 JaHHBIX C LEJIBIO BBISBICHUS HauU-
Oosnee NepCreKTUBHBIX KaHIUATOB [UIs BaKIMH. B pe-
3yJbTaTe aHajlu3a onpeaeseHo 15 anuTonos — Hau-

0osiee MEepCHEeKTUBHBIX KaHAMJIATOB JUIA MOJYy4EHUs
CcyOCTaHIIMM TPOTUB OBIYBEro poTaBupyca. OmgHaKo
B KOPOBBUX CTaJaX 4acTO BCTPEYAIOTCSl CMEILAHHbIE
WH(EKIINH, BEI3BAHHBIE OBIYBMM poTaBUpycoM (Bovine
rotavirus, BRV) u OprasumM xoponasupycom (Bovine
coronavirus, BCoV). B uccrnenoBanusx, npoBeieH-
HBIX B CKOTOBOJYECKHUX XO03silicTBax EBpomnelickoro
Coroza, BCoV nerextuposainu B ~80 % mpoBepeHHbIX
cran [2]. Yame Bcero, cMenranHo#i HHpEKIue 3a60-
JIEBAIOT TEJIATA BO3pacToM 110 14 cyTok. B cpennem,
10 BCEM BO3pacTHHIM rpynmnaM B Mupe, BRV BcTpe-
gaetcs y 20—30 %, a BCoV — y 10—15 % Temr,
IpU 3TOM NOKa3aHO, YTO CTeleHb MH(QUIIMPOBAHHO-
CTH CUJIPHO BapbUPYET B 3aBUCUMOCTH OT perrioHa [3].

Crosmrasi mepes; CKOTOBOJICTBOM ITpo0iieMa mac-
COBOro MH(PULUUPOBaHUS TpeOyeT pa3padOTKH HOBBIX
MIPOTUBOBUPYCHBIX CPEJICTB C HCIONB30BAHUEM CO-
OpanHO HH(POPMALIUK O CTPYKTYPHBIX OCOOEHHOCTSIX
BCoV. I'maBHBIE aHTUTE€HBI KOPOHABUPYCOB — CTPYK-
typubie 6enku S, HE, N, M u E. OcHOBHOW MUTIIEHBIO
JUIsl HEUTPAIM3YIOIUX aHTUTEN SIBIIETCS OEJIOK Iell-
JoMepa S, y4acTBYIOIIUI BO B3aUMOAEHCTBUN C KIIET-
kol [4, 5]. Ha ocHOBe onucaHHBIX aHTUTEHOB MOXKHO

© Ierpyma . B., [Toranosna M. 1., IIpokynesuu B. A., 2025
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CO3/1aTh PEKOMOMHAHTHBIH MOJIMAIUTOITHBIN OEJIOK, KO-
TOPHEIi OyIeT BRI3BIBATH y OPTaHW3Ma HAIPABICHHYTO
Ha BUPYCHBIC (PparMeHTHI IMMYHHYIO peakmuo. M3-3a
4acTO MPOUCXOJAIINX Y TEIAT KO-HHPEKINH KopoHa-
BHPYCOM H POTaBHPYCOM, IIEI€CO00pa3HO TaKKe CO-
3/1aTh OCJIOK, KOTOPBIM OyJeT BKJIFOYATh B ceOs Ier-
TUABI cpaszy u3 oboux BupycoB — BCoV u BRV ms
CHIKCHHS 3aTpaT B TIPOU3BOICTRBE.

Taxum oOpa3oM, medb HacTosIei padoThl 3a-
KITFOYaJiach B pa3paboTKe 000TaleHHOTO MUTOIIaMU
BCoV nonmsnuronHoro 6enka U 0eiika, COCTOSIIETO
n3 snutonoB BRV u BCoV.

MATEPHUAJIBI U METO/bI
NCCIEJOBAHUSA

[Ip1 KOHCTPYMPOBAHUU TOJMAIMUTOIHOIO OenKa
MPOTHB OBIYHETO KOPOHABHPYCA MPOBOAMIHN TOUCK
(hopM peeBaHTHBIX OEITKOB-MMMYHOTEHOB S (Opaiu
TOJIBKO BeTpeyatomiuecs B EBporte BapuanTsl), HE, M,
N, E B 0a3ax manubsix NCBI u UniProt, 3aTeM ucoss-
30BaJIH MOJYYEHHBIE KOHCEHCYCHI JUIS MPEICKa3aHus
anutonos Juia T-kierok npu nomomy NetMHClIIpan
[6] u NetMHCpan [7], napaieinbHO coOupamu dKc-
MepUMEHTAIbHO BBIBICHHBIE TUHEHHbIe B-amuTomns!
rpymisl BUpycoB Betacoronavirus 1 u3 IEDB (https://
www.iedb.org/). PoTaBupycHbIE STIUTOBI MOTyYEHBI
Y OTIMCaHBI B TIpebIayIIei padore [1].

Jiist Bcex coOpaHHBIX AMUTONOB OMPEACISITH CTe-
[€Hb KOHCEPBAaTUBHOCTH, aHTUT€HHOCTb, TOMOJIOTHIO
¢ OBIYBUM MPOTEOMOM, OJIM30CTH PACTIONIOKEHHS OT-
HOCHTEIHHO U3BECTHBIX MTOCTTPAHCISIIMOHHBIX MOJTH-
(bukarmii B ienom Oenke. J{ist T-KIITepHBIX STIUTOTIOB
OTAEIFHO OLIEHUBAIA UMMYHOTEHHOCTh C TIOMOIIBIO
Class I Immunogenicity (IEDB) [8] u mpoBoaumu 10-
kuHT cornacHo nporokony FlexPepDock-abinitio [9]
JUTSL OLIEHKH BO3MOXXHOCTH OOpa30BaHHUS TENTHOM
PEATUCTUIHBIX KOH(popMaIuii (OJM3KUX K CTPYKTY-
pam 3pwu [10] n 2xfx [11]) ¢ penenropom BoLA-I
(Bovine Leukocyte Antigen, Obunii JIeWKOIUTAp-
HBII aHTUTeH); T-XenmepHble SMUTOMBI MPOBEPSITH
M0 WX CIIOCOOHOCTH CTHMYJIMPOBATh CHHTE3 MHTEp-
JIEWKWHOB, TIO OJMU30CTH PACTIOJOXKEHUS K U3BECT-
HbIM B-anutonam. T-kjaeTOYHBIE 3MUTOMNBI MEPENPO-
Bepsun 1ipu oMot nporpamm MixMHCpred [12],
MHCFlurry [13] (BoLA-I) u MixMHCllIpred [14]
(BoLA-II). B-kyerounble 3MUTONBI OLIEHUBAIU 110
JUIMHE, BTOPUYHOM CTPYKTYpE, CYIIeCTBOBAHUIO B3aH-
MOJICHCTBYIOIINX C HUIMHA MOHOKJIOHAJIbHBIX aHTUTEIL.

[TommanuTOHEIH 610K KOHCTPYHPOBAIH U3 OTO-
OpaHHBIX SMUTOIOB, pacroyaras MeKay HUMH ITOJIU-
muakepsl KK u AAY. IloaTBepxnanyu Hanu4uue pese-
BaHTHBIX JIJIsl SKCIIPECCUH U TPUMEHEHUS B KaueCTBE

MMMYHOT€HA CBOWCTB (aHTUT€HHOCTh, TOKCHYHOCTbD,
pPacTBOPHMOCTH, MOJICKYIISIPHAs Macca | JIp. ), OCyIIe-
CTBILSTH MoxenupoBanue mpu momontud AlphaFold2
[15], BBISBISATM BO3MOXHBIE NHCYIb(UIHBIC CBS-
3M B CTPYKTypax npu momoiuu cepsepa Disulfide
by Design [16]. [lonydenHble OeIKU KOHBEPTUPO-
BaiH B TeHbl ¢ nomolnbio GeneOptimizer (Thermo
Fisher Scientific) ¢ onTuMmu3armeii KOHIIEBBIX yJacT-
KOB JISI TIOI00pa ONTHMAJIBHBIX JJIsl TeHa TpaliMepoB
(PrimerBLAST [17]) u MPHK (o6pa3oBanuem mmm-
nex nposepsiu npu nomomy DINAMelt [18]).

PE3YJbTATHI U OBCYXIEHUE

KnaccudumupoBanm 21 cTpyKTypy-KOMILIEKC
KOPOHABUPYCHBIX NENTUAOB U OBIYBHUX PELENTOPOB
BoLA-I ¢ HanMeHbIIEH Ha3HAYEHHON MPOTOKOIOM
FlexPepDock-abinitio sHeprueii B3auMonencTBUs.
B kadecTBe KpUTEpUEB HCIIOIb30BAIN: YHCIO B3au-
MOJICHCTBYIOIMX C SMHUTOIIOM OCTaTKOB perenTopa
(B TOM YHCITe, YUCIIO KOHCEPBATHBHBIX OCTATKOB Y 84,
Y99, S/T143,K146,Y159, Y171); uncio oOpazyeMbix
MEKIY JIMTaHI0M U PELEITOPOM BOJOPOIHBIX CBSI3CH;
apUHHOCTH JHUraHa, PACCUUTAHHYIO C MTOMOILBIO
NetMHCpan u MHCFlurry. [Tomumo Bcero aToro, Tak-
e TIPOBEPSUTH KOMIUIEKCHI HA HAJTMYKE CBSI3eH C KOH-
LaMy Hentuaa. Beraeaunu Tpu rpynmbl KOMIUIEKCOB:
rpymmna Hanbonee cTaOMIbHBIX ¥ OJIM3KHUX K SKCIIEPH-
MEHTaJIbHBIM CTPYKTypam (puc. la—~0) KOMIUIEKCOB
(1:02301—SQLVEYGSF, puc. 1B); rpynmna KoMIieK-
COB, KOTOpPBIE MOTYT TEOPETUYECCKH 00Pa30BBIBATHCS
(1:00901—SAAAGVPFY, 1:01901—IEDYHTLTYV,
1:02301—SRRAITTGY, 1:03101—SRRAITTGY,
3:03701—SAAAGVPFY) u rpynna KOMIIJIEKCOB,
B KOTOPBIX HaOMNIOAAIOTCS NeCTaOMIN3UPYIOIIUe Ha-
pyuenus (15 KoMIIeKkcoB).

Cpenu Bcex IPOBEPEHHBIX MENTHAOB-HOHAMEPOB
[IOKa3aJIi NMPEAPacloOKEHHOCTh K 00pa30BaHUIO
cTaOMIbHBIX KoMIutiekcoB ¢ BoLA-I: SQLVEYGSF,
SRRAITTGY, SAAAGVPFY, IEDYHTLTV. Dto
B3aMMOJICHCTBHE — MEPBBIH LIar K MPe3eHTalWH TeTl-
tua0B T-kusepam, 06s3aTeNbHBIN 715 Pa3BUTHS M-
MYHOJIOTHYECKOTO OTBETa Ha HCKOMbIE aHTUTEHBI, T10-
9TOMY JaHHbIC HENTHUIbl BHIOpAIN Ul BKIIOUCHUS
B IoauanuTonHbIE 6enku. CyMMapHO, Bce ITaIlb IIPo-
Bepku mponnio 10 mentumoB (tabm. 1), U3 KOTOPBIX
OOJIBIITMHCTBO CBsI3aHO ¢ OesikoM S. Bosbiioii pa3mep
(1363 a. k. mpotuB 424 a. k. HE, 230 a. k. M, 448 a. k.
N u 84 a. k. E 6enkoB), BepOATHO, SBISICTCS TTPUIH-
HOM, 110 KOTOPOH OOJIEITHHCTBO MPOIIEAIINX TPOBEP-
Ky MENTHOB U3BJICUCHO U3 IAHHOTO OeJIKa, 0 MpUyu-
HE yBEJIUYCHHS YHCIIa BOSMOXKHBIX 9-MepoB u 15-me-
POB IIPH €r0 pa3pe3aHuu.
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Puc. 1. Mopenu 3KCIiepuMEHTAIFHO MTOTYYCHHBIX KOMIUIEKCOB IENTHAOB U perentopoB BoLA-I: 2xfx (a), 3pwu
(6). Monens Hanbomnee peanuctuanoro komruiekca rentuga SQLVEYGSF BCoV u BoLA-1:02301, moxy4eHnHas
FlexPepDock-abinitio (8)

Taoauna 1
Henmuovl B. coronavirus ons KOHCMPYUposanus NOIUINUMONHO20 OelKa
Knerka-muiireHp Bbenok TTocnenoBareabHOCTD HENTHIA Hauago, a. k. Ccruika

S LGNLGYLQSFNYRID 407 —

S NGNHIISLVQNAPYG 1139 —
T-xennep

S FIHFSYVPTKYVTAK 1156 —

M DTSGFAVYVKSKVGN 195 —

S SRRAITTGY 766 —

S SQLVEYGSF 839 —
T-xunnep

S SAAAGVPFY 985 —

M IEDYHTLTV 139 —

S SLCVGSGSGIDA 494 [19, c. 5—6]
B-knerka

S CNRVSSRSAIEDLLFSKVKLAD 907 [20]

[MonmusnuTomHBIA OEIOK, COASPIKAIIII TTUTOIBI
kopoHaBupyca, HazBaau BCoV PolyE. On obmamaer
ONTUMAIILHBIMU CBOWCTBAMU JJIs1 DKCTIPECCHH B E. coli
(Tabn. 2): pazmepamu B npenenax 15—20 x/la, cra-
OWIBLHOCTBIO i1 Vivo B KJIETKaxX OAKTEPHUIl W JKUBOT-
HBIX, THAPO(QUIBHOCTHIO.

Panee ncmonb30BaHHBIM MOAXOAOM [5] mpeacka-
3aJIM, 4TO O€JIOK aHTUT€HEH, HETOKCUYEH, PACTBOPUM
B BOJZIE, HE COAEPIKUT CKPBITHIX CUT'HAJIBbHBIX U TUAPO-
($oOHBIX TpaHCMEMOpPAaHHBIX y4acTKOB. l'omonorus

¢ nporeomom 0bikOB y BCoV_PolyE orcyrcrByer,
YTO MOTJIO OBI OTPUIATEIHHO TTOBIHATE HA €TO UMMY-
HOTE€HHOCTb.

[HockonbKy mponeccuHr (pa3pe3anue BHYTPUKIIe-
TOYHBIX OEJIKOB Ha MENTHABI TPOTEacOMaMH) SBIISIET-
Cs KJIFOUCBBIM 3TAllOM Ha ITYTU pa3BUTUA HIUTOTOKCU-
YeCKOH peakIny OpraHu3Ma, OLIEHWIN pacIipe/ieNieHIe
caiiros pa3pesanusi B BCoV_PolyE. Bee T-xwmrepHsie
SIUTOMNBI BBEIPE3AFOTCS MEITUKOM (pHC. 2), 9TO YBEIH-
YMBaeT LIAHC UX B3aUMOJeHCTBUs ¢ T-Kuisepamu.
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Tabauna 2
Ipeockasannvle ceoticmea norusnumonuoeo oenka BCoV PolyE
Pa3mep, a. k. 159
MonexynspHas macca, k/la 17 447.02
pl 9.75
€ (k03 GUIHMEHT MOJSAPHO# SKCTHHKINK), M "em™! 22475
E. coli > 10
T, , (Bpems nomypacnana Oenka), 4
PETUKYIOLUTHI 30
Hunekc HECTAOMIBHOCTH 34.05
Ammdarrnaecknit HHIEKC 78.62
GRAVY Grand average of hydropathicity (cpenuss ruaponaTHIHOCTB) —0.205

MKKDTSGFAV, Y,V K, SKV, GNK, KLGNLGY ; LOSF | NY ;R | T ;DK,K /NGNHIISL VONAPYGK,K,F,I HF,SY ,VETKY ,V,TA K K AA ¥ SR, RAITTCY

JAAY | SQLVEY | GSF | AAY | SAAAGVPF Y A A Y | IEDYHTL | TV AAY | K K, SL,CV | GSGSGIDAK | K| CNR,V | SSRSAIEDLLF | SK,V KL A,D

Puc. 2. Kapra nporeccunra 6eika BCoV_PolyE in vivo. CuruM TekcToM 0003HaueHbI T-XennepHbIe, 3eICHBIM —
T-kusuiepHbie, GHOIETOBBIM — B-KkieToutsie smuTomnsl. CTpeakaMu 0003HaYEHbI CAUTHI pa3pe3aHus MpoTeaco-
MaMHu

HNucrtanpueiii or C-xonna B-smutom BCoV
PolyE neynopsiodeH, B To Bpems Kak MPOKCHMAab-
HBIU SMHATON MpPUHUMaeT (popMy OKPYKEHHOH I10-
BOpPOTaMU O-Clupaiu. bojee MOJTOBUHBI aMUHO-
KUCIIOT B-2IUTONOB OTKPBHITO JJs PACTBOPUTEIS,

YTO CBHJIETEIHCTBYET O TOM, YTO O€JoK oOiamaer
ONMaronpuATHON CTPYKTYPOH IS MHIYKIHH T'yMO-
palbHOTO MMMYHHTETa (aHTHTEJIa B3aMMOACH-
CTBYIOT TOJILKO C OTKPBITBIMH ydacTKaMH Oelka)

(puc. 3).

¥ ¥

SEREEESEE . ERNBEERESE B RELEDEESSELELER
BRERERE ERLERARA EhE
SEREREREN SESESCEERE

L 3313333
BERERE
SEREREESE

BEEEEEEEE
BRERERRERL
SERE-TRER

ERERER

Aneda cnupans/Alpha helix {Hh)

Bera-uens/Beta-Strand (8a)

Noeopor/Random coil {Ce)

YoopamoueHHsst ocraTtox/Ordered residue (o)

Heynopagodennssi ocraTox/Disordered residue (D)

OTEPWTHA A4 PACTBOPHMTENA OoCTAaToOk/Solvent exposed residue (&)

CEpHTHA OT pacTeOpHTenAa ocraTok/residue hidden from solwvent (=)

Puc. 3. [IpoctpancrBennas xapakrepuctiuka BCoV PolyE. Cunum okpaiiens snurors it T-xenmnepos, 3eie-
HBIM — JuIa T-KWIIJIepoB, OKpAIIeHHbIE B MOPSAJIKE IIBETOB paayru — B-kieTounsle snurTomnsl. CieBa Ha3BaHUA
UCIIONIb30BaHHBIX MTporpamm. PacimdpoBka 0003Ha4€HHI BTOPUYHOM CTPYKTYPbI CHU3Y

[TockonbKy BO B3aMMOJICHCTBHY C aHTUTENaMU Oy- kU Ha ()OpPMY, KOTOPYIO OHH MJIM X OJIM3KHE TOMOJIOTH

JIET y4aCTBOBATH IEIIBIN MOJUATTUTOITHBINA OCIIOK, BaXK-
HO, 9T00BI (hopMupyembie B-ammTonamu mokansHbIe
CTPYKTYPBI B €r0 COCTaBe ObUIM MAaKCHMAIBHO MOXO0-

IPUHUMAIOT B cocTaBe BUpycoB. Ha pucynke 4 Mox-
HO YBUZETh, 4TO BTOPUYHAsI CTPYKTypa B-anuromna u3
BCoV 6nm3ka K TOMOJIOTHYHOMY YYaCTKY, BKJIOYaIO-
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meMy (QbIOKH-TICTITHI POJACTBEHHOTO YEeIOBEUECKO-
ro kopoHasupyca Human coronavirus (HCoV) OC43
(menTuabl uaeHTHIHB! HA 77,27 %). JIUCTaIBHBIN OT
C-xoHna 6enka B-anuton S Oenka B coctaBe TpuMe-
pa S OC43 He umeeT cTaOMIBHONH CTPYKTYpHI [19,
c. 6, puc. 4f], u ero cocras Ha 50 % uJEeHTHYEH METI-
tuay BCoV.

HucTtenns! C-KOHIIEBOTO pernoHa He MOTYT y4a-
CTBOBAaTh B 00pa3OBaHUM TUCYITb(DUIHBIX CBS3EH
(Tabmn. 3, 6mok B-snuTonoB HaumHaeTcs ¢ 124 a. k.),
YTO MOIJIO ObI IPUBECTH K YCIOKHECHUIO JOCTYIIa aH-
TUTEN K B-sniuronam.

Besok koHBEepTHPOBAJIH B T'eH € TIOAOOPOM OITH-
MaJIbHBIX MpaiMepoB (Tadi. 4), 3aTeM KJIOHHPOBa-
mu in silico B pET24b (puc. 5a). CormacHo pacyeram
DINAMelt, nokazaHo, 4To mepBbIe OT CTAPT-KOJOHA
20 a. k. MPHK rena cBoOOnHBI B Hauasne TpaHCKPHII-
uuu (puc. 50), obecneurBas 3pPEeKTUBHYIO TOCAIKY
pubocomsl pu 37 °C.

[TockonbKy OBIUMI KOPOHABHPYC YACTO HH(PHUITH-
PYeT KUBOTHBIX COBMECTHO C OBIYbHM POTABHPYCOM
[3], BO3HUKAET HEOOXOUMOCTh OCYIIECTBISThH TPO-
(bMITaKTHUKY WK JICYUCHUE UH(EKINI, BEI3BAHHBIX OJI-
HOBPEMEHHO JIByMsI pa3HbIMU Bupycami. [lonyduenue
JIBYX Pa3HBIX PEKOMOWHAHTHBIX OEIIKOB SBISIETCS 3a-
TPaTHOM IPOU3BOACTBEHHOM [TPOLIETY PO, TIOCKOJIBKY

HGO6XOI[I/IMO HE3aBUCUMO ONTUMH3HUPOBATH YCIIOBUA
OKCIIPECCUH, BBIACICHUSA U OYUCTKHU IJIA KaXX10r0 I10-
JIUSIHATOIMHOTO Oenka. UToOkl YACHICBUTL IPOU3BOA-
CTBO, MOKHO BKJTFOUUTD MTPCACKA3aHHBIC SITUTOIIBI ABYX

BUPYCOB B OZIHY CTPYKTYDY.

Puc. 4. T'omonor snutona BCoV B cocrase S HCoV
0OC43 (6nzk [21]). Douron OKpalleH KaKk Ha pH-
CyHKe 3

Taoauna 3

Hosuyuu BCoV_PolyE, mestcdy Komopuimu 803MONHCHO 00pazosatie Oucyib@uoHbix
ceazell npu 3ameujeHuy COoOmeemcmsyIouwux aMUHOKUCIOM HA YUCTEeUHb

Bepomg(fg i(;r:;iomeﬂne X;-yrod, ° DHeprus cBs3u, KKajl/MOJIb
Y11—Q28 88,89 4,39
G17—K20 99,66 5,95
N40—Y60 102,30 3,61
Q47—K54 123,40 7,16

OnTHMaIbHbIE Y-YIIIBI IS 00pa30BaHUs CBA3CH MMEIOT 3HAUCHHSI OKOJIO —87° witn +97°. DHeprus CBsI3U HE JOIDKHA
OBITh MeHbIIE 2,2 KKaJh/MoNb. [lomy:KUPpHBIM HIPUGTOM BBIACTICHBI COOTBETCTBYIONIHE STUM TPEOOBAHISIM CBSI3U

Tabauna 4
Ipaiimepor ona eena BCoV_PolyE u ux ceoticmea
OpueHratus F1 R1 F2 R2
1 2 3 4 5 6
KoopimHats, Start 1 480 1 480
. H. Stop 21 457 23 456
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Oxonuanmue Ta0.J1. 4

1 2 3 4 5 6
Tm", °C 55,2 53,5 56,6 53.8
GC™, % 47,6 37,5 43,5 36
t°max mrmsek, °C 23,5 24,6 30,3 24,6
AGmin™ T'omo- -7,82 -8,51 —7,82 8,51
mMepa,
KKaJl/MOJIb TI'erepo- 7,06 ~7,06
Pasmep rena, n. H. 480

* Tm — TeMmeparypa IUIaBJIeHUs
" GC — coneprkaHue T'yaHHHA M [IUTO3MHA
AGmin — u3MeHeHne cBoOoHOM 3Hepruu [ nbdca. AGmin He 10/vKHA ObITh HIbKe —9,00 KKa1/MOIb

:
2
i
'
§
1
’

sokok

[ SRR

a

BeHig Xhal {155}
Matl (186}

HindlIT [175)
R BC

PET-24b_BCoV_FPolyE
4740 bp

Puc. 5. Bexrop pET24b ¢ renom 6enka BCoV_PolyE (a), 1 cootBetcTBytomas emy ctpykrypa MPHK (6). ®uo-
JIETOBBIM TEKCTOM yKa3aHbI IIPaiiMephl ¥ UX MO3UIIMH OTKUTa

I'mOpuanelid Genok moxyuna HazBanue Hybrid
PolyE: B ero cocraB Bomum kaxk Bce, NMpeJCTaBICH-
HEIE B TaHHOH cTarhe anuTonsl 3 BCoV PolyE, Tak
n BRV_PolyE [1]. CBotictBa Hybrid PolyE, Bxiroua-
forero 25 snmuTonoB npuBeneHsl B Tadn. 5. [lo nan-
HBIM OMOMH(OPMALIMOHHOTO aHaJI3a THOPUIHBIHN pe-
KOMOWHAHTHBIA O€T0OK HETOKCHYEH, HErOMOJIOTHYEH
OBIYBMM OeJIKaM, He COJICPIKUT CKPBITHIX CUTHAIBHBIX
1 TpaHCMEMOpaHHBIX YYaCTKOB, 001a1aeT aHTUTEHHO-
CTBIO U PACTBOPUMOCTHIO. DBIOYKUH T€H MOYKHO JKC-
MIPECCUPOBATH B OAKTEPHSIX.

Pesynprarel aHasM3a MOKA3bIBAIOT, YTO SMUTOIBI
BeIpesatorcst u3 Hybrid PolyE takum sxe oOpazom,
KaK U B pa3padOTaHHBIX MOHOCTPYKTYPHBIX IOCIIE-
JIOBaTEIbHOCTSIX IPOTUB KOPOHABHUPYCOB M POTaBHUPY-
coB (puc. 6). [Ipn u3MeHEeHNH JTIOKaJIBHOTO OKPY KEHHS
y nsaTH 3nuTornoB B-kiaerounoro 6noka BCoV_PolyE
u BRV_PolyE coxpansiercst TpernyHasi 1 BTOpud-
Has cTpykrypa B coctaBe Hybrid PolyE (puc. 7) [1].
MO>HO 3aKJTIOUNTE, YTO BEIpAOOTAHHEIC K JAHHOU KOH-
CTPYKLMHU aHTHUTeNIAa OyoyT KpOCCc-pearupoBaTh C BU-
puonamu BRV u BCoV.
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Hucreunns! snuronos B Hybrid PolyE nexar no- JlucynbduaHbie cBA31 MKy B-anuronaMu Mox-
CTaTOYHO JAJIeKO JPYT OT JApyra, YTo0bI GOpMHUPOBA-  TyT CO37aBaTh NPEMATCTBHE B3aMMOJCHCTBUIO AHTH-
HHE MEXy HUIMH JUCYIb()UIHBIX CBA3EH ObUIO HEBO3- TN C COOTBETCTBYIOIIMMH BHPYCHBIMH (pparMeHTa-
MOXHBIM (Tab1. 6, B Hybrid PolyE 610k B-snutonoB  mMu 3a cuer ux cOMMKEHHS M CTaOMIM3alMU AaHHO-

HaunHaetcs ¢ 285 a. K.). T0 COCTOSIHHUSL.
Tadnunua 5
Ilpeockaszannuvie ceoticmea nonrusnumontoeo denxka Hybrid PolyE
Pa3mep, a. k. 397
MonexynspHas Macca, k/{a 44 584.79

pl 9.78
€ (ko3 HUIMEHT MOJIAPHON SKCTHHKIMK), M~ "cm™! 60 755

E. coli > 10

T, , (Bpems nonypacnaza 6enka), 4
PEeTUKYIOLUTHI 30

WHaeke HecTaOMIBHOCTH 26.12

Anndarnueckuii HHIEKC 72.85
GRAVY Grand average of hydropathicity (cpenHsisi THAPONIATHIHOCTH ) —0.444

MEEDTSGEAV Y |V K| 5KV GHE | KLGHLGY | LOSF WY R I | DE K NGHNHIISL | VONARYGK | K| F | I | HF ) 8Y  VPTEY |V | TA K | KGTRISNLY | GL | PARN
FE.EK,FTDF |VEL | HEL R F R F|R | EEAGRFSLI | EL |V PENDDEEIIDF | KTL K HNLNDNY | CK | KL | DANY | VETAR |NTIDY K K RPFHEM | TPAV | A | A
LyFFPNE K AR Y TTY  VTPISY (AR Y VOY  NEDIVI (AR, Y Y ET  AGRF | 5L ARY | NEL | SANI AL | ARY | R | QRTGFTF JHA LR Y SR RAT | TTGY | AR
¥ 50LVEY | GEF (RAY | SARAGVEF Y | A A Y  TEDYHTL TV R R Y K KPANY | QY | TY | TR | DGEEVTA | K | K | AHNY | Q¥ | TY | M, RDGVEV |V A K K A
ANY | QY | NY | M| RDGEEVTA K K | TGGIGHLPIRNW |HF | DFGK K S8L, OV | GEGEGIDAK | K | CHR | V| SEREAIEDLLF 5K .V K L A D

Puc. 6. Kapra nporeccunra 6enka Hybrid PolyE in vivo. Obo3HaueHus Takue e Kak Ha pUCYHKe 2

EESEEERSS | BSSREEEE: ... SEIEE ]

EIESI] sisdand LR i=e
ERLARLE BRELEES  ENIR xr
FEREREEEES - SEREELEAR
T T T A T

Anuda crmupans/Alpha helix {Bh)

BaTa-uenk/Bata-Strand {ga)

Nopepor/Randos eail {ce)

¥nopagodenmat ccraTor/Ordered residue [aj

Heynoproodennait octaTok/Disordered residue (1]

OTEpRTHR ORNA pACTBORMTENA coraTor/Solvent exposed reslidue [a]
CrpuTai 0T pacTaopurend octaTor/residue hidden from solvent [=}

Puc. 7. I[IpoctpanctBennas xapakrepuctuka Hybrid PolyE. O6o3Hauenms kak Ha pucyHKe 3
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Taoauna 6

Hosuyuu Hybrid PolyE, mescoy komopwsimu 603MONCHO 00pazoeanue Oucyib@uonblx
cés3ell npu 3amMeueHUU COOMEEMCmeyioWux AMUHOKUCIOM HA YUCTEUHbL

BepOﬂT}slcig aCCBI;II(;fIO)KeHHe X;-yrou, ° DOHeprus cBs3u, KKaJl/MOJIb
G39—S59 107,38 1,90
A49—K54 -115,02 4,64
G52—P115 91,79 2,64
174—L77 106,59 1,70

A173—A197 —-88,97 0,47
1218—A234 120,71 5,87
A258—P266 -106,49 1,11

OnTHMaIbHbIE }-YIIIBI IS 00pa30BaHuUs CBA3eH MMEIOT 3HAUCHHSI OKOJIO —87° min +97°. DHeprus CBsI3U HE JOIDKHA
OBbITh MeHbIlle 2,2 KKaJb/MOJb. [10Jy:KHPHBIM MIPUQTOM BbIJICICHBI COOTBETCTBYOIIME 3TUM TPEOOBAHUSIM CBSI3H

Ontumuzanuio reHa Hybrid PolyE mpousso-
UM TaKuM 00pa3oM, 4YTO IMEpBble U MOCIeaHue 25
. H. MJICHTHUYHBI HaYaly M KOHIy reHa KOpOHaBH-
pycHoro monudnutonHoro 6enka BCoV_PolyE, no-
3TOMY JUIsl €r0 aMIUTU(UKAIUN TOJIMMEPa3HON IIeT-
HOM peakimedl MOXKHO HCIIOJIb30BaTh paHee pas-

GxHis|

paboraHHbBIe TIpaiiMepsl (Tadm. 4), U OCyIIeCTBUTH
kioHupoBanue B pET24b mo tem e calitam pe-
crpukiuu — Nde 1 u Eco Rl (puc. 8). Panee cue-
JIaHHBIE BRIBOJBI 1O moBoxy 5'-konna MPHK BCoV
PolyE Taxxe npumennmbl 1 k MPHK Hybrid PolyE
(puc. 50).

Xhol (158)

MotI (166)

pET-24b+Hybrid_PolyE
Ba62

bp

HindIII (173)

_——R1_BCoV_PolyE/Hybrid_PolyE
~ ——— R2_BCoV_PolyE/Hybrid_PolyE

{191 .. 221)
(191 .. 222)

EcoRI (192)

Ndel (1390)

-Fi&_BCoW_PolyEfHybrid_PolyE
=— F1_BCoV_PolyE/Hybrid_PolyE

(1369 .. 1394)
(1371 .. 1394)

Puc. 8. Bexrop pET24b c renom 6esika Hybrid PolyE. ®uoneroBbiM TeKCTOM yKa3aHbl IpaiiMephl ¥ UX TIO3ULIAN
OT)XKHTa
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3AKJIIOYEHUE

Pazpaboran mu3aiiH mociienoBaTeILHOCTEH T1O-
JIMAIUTONHBIX OEJIKOB OBIYBUX POTA- U KOPOHABUPY-
COB, KOTOpBIE TEOPETUYECKH MOTYT OBITH HCIIOJIB30-
BaHBI 7151 NPO(UIAKTUKY U JICUCHHS BHI3BAaHHBIX JaH-
HBIMH BUPYCaMH 3a00JIEBaHUN y KPYITHOTO POTraToro
CKOTa, Onarojaps HaIUYHIO YYaCTKOB JUIS aKTHBA-
U1 000UX KOMIIOHEHTOB aJIallTUBHOI'O HMMYHHTETA.
[IpucyrcTBue cnennuieckux pora- 1 KOpOHaBUPYC-
HBIX (pparMeHTOB OOycioBnHBaeT Oosee 3pdexTus-
HYIO CTHMYJISALIUIO CIIEIM(DUIECKOT0 aHTUBHPYCHOTO
nMmyHHTeTa O6eakom-rudpugom Hybrid PolyE. B To
e BpeMsi, C TOMOIIBIO OJJTHOTO OMOUH(pOPMAITHOHHO-
r'0 IOAXO0Ja HEBO3MOKHO IPECKa3aTh KaKOW U3 pas-
paboTaHHBIX KOHCTPYKTOB OyzeT Oojee 3peKTHBeH
U151 00pBOBI C OBIYBUM POTaA- U/ KOPOHABHPYCOM.
OTBeThI Ha JaHHBIE BOMIPOCHI OYIyT MOTYYEHBI TIOCIE
CO3JJaHUsI PEaJIbHBIX TCHETHYECKUX CTPYKTYp U MPO-
BeJICHUSI SKCTIEPUMEHTAIILHOM BaJTMIAIINN CO3aHHBIX
TTOJIMAITATOITHBIX OCTTKOB B YCIIOBUSX in VIVO U in Vitro.
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Abstract. Using bioinformatics analysis, a hybrid protein-antigen was designed that included epitopes of bovine
coronaviruses and rotaviruses. Comparison of physicochemical properties using specialized programs has shown
that the hybrid protein is stable in vivo, non-toxic, has no homology with bovine proteins, and is soluble in water.
The topology of the epitope block for T-killers promotes the processing of the selected peptides while maintain-
ing the structure of B-epitopes for interaction with antibodies against rotaviruses and coronaviruses. The results
obtained indicate the immunogenicity of the designed protein and the possibility of its use in the construction of
subunit vaccines used for prophylactic and therapeutic purposes.
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INTRODUCTION

The bioinformatics development allows to ob-
tain qualitatively new drugs for the prevention and
treatment of infectious diseases of various etiologies.
Subunit vaccines have a number of advantages over
traditional ones, primarily in such parameters as safe-
ty and cost-effectiveness. The first step in their design
is to search for targets capable of inducing a protec-
tive immune response against the pathogen. Reverse
vaccinology methods already at the initial stage of de-
signing new-generation drugs make it possible to con-
struct “artificial” proteins and corresponding genetic
structures expressed in bacteria, capable of ensuring
the production of active pharmaceutical substances in
industrial quantities.

In the previous study [1], a bioinformatic analysis
of bovine rotavirus proteins was carried out using 29
computer programs and several databases in order to
identify the most promising candidates for vaccines.
As a result of the analysis, 15 epitopes were identi-
fied — the most promising candidates for obtaining a
substance against bovine rotavirus. However, mixed
infections caused by bovine rotavirus (BRV) and bo-
vine coronavirus (BCoV) are common in cow herds.
In studies conducted in cattle breeding farms in the

European Union, BCoV was detected in ~80 % of
the tested herds [2]. Most often, calves under 14 days
of age are affected by mixed infections. On average,
across all age groups worldwide, BRV is found in 20—
30 % of calves, and BCoV in 10—15 % of calves,
while the infection rate has been shown to vary great-
ly depending on the region [3].

The problem of mass infection facing cattle breed-
ing requires the design of new antiviral agents using
the collected information on the structural features
of BCoV. The main antigens of coronaviruses are the
structural proteins S, HE, N, M and E. The main tar-
get for neutralizing antibodies is the peplomer S pro-
tein, which is involved in interaction with the cell
[4, 5]. Based on the described antigens, it is possible
to design a recombinant polyepitope protein that will
cause an immune response in the body directed at vi-
ral fragments.

Due to the frequent co-infections of calves with
coronavirus and rotavirus, it is also advisable to design
a protein that will include peptides from both viruses
at once (BCoV and BRV) to reduce production costs.

Thus, the objective of this work was to design a
polyepitope protein enriched with BCoV epitopes and
a protein consisting of BRV and BCoV epitopes.

© Petrusha Ya. V., Potapovich M. ., Prokulevich V. A., 2025
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Design of recombinant polyepitope protein-antigen of bovine coronavirus and rotavirus

MATERIAL AND METHODS

When constructing a polyepitope protein against
bovine coronavirus, we searched for forms of relevant
immunogen proteins S (only variants found in Europe
were taken), HE, M, N, E in the NCBI and UniProt
databases, then used the obtained consensuses to pre-
dict epitopes for T cells using NetMHCllIpan [6] and
NetMHCpan [7], in parallel, we collected experimen-
tally identified linear B-epitopes of the Betacoronavirus
1 group of viruses from the IEDB (https://www.iedb.
org/). Rotavirus epitopes were obtained and described
in a previous work [1].

For all collected epitopes, the degree of conserva-
tism, antigenicity, homology with the bovine proteome,
and proximity to known post-translational modifica-
tions in the whole protein were determined. For T-killer
epitopes, immunogenicity was assessed separately us-
ing Class I Immunogenicity Database (IEDB) [8] and
docking was performed according to the FlexPepDock-
abinitio protocol [9] to assess the possibility of the pep-
tide forming realistic conformations (close to the 3pwu
[10] and 2xfx [11] structures) with the BoLA-I (Bovine
Leukocyte Antigen) receptor; T-helper epitopes were
tested for their ability to stimulate interleukin synthe-
sis and for their proximity to known B-epitopes. T-cell
epitopes were rechecked using the MixMHCpred [12],
MHCFlurry [13] (BoLA-I) and MixMHClIpred [14]
(BoLA-II) programs. B-cell epitopes were assessed for
their length, secondary structure and the existence of
monoclonal antibodies interacting with them.

The polyepitope protein was constructed from the
selected epitopes, placing KK and AAY polylinkers be-
tween them. The presence of properties relevant for ex-
pression and use as an immunogen (antigenicity, toxic-
ity, solubility, molecular weight, etc.) was confirmed,
modeling was performed using AlphaFold2 [15], and
possible disulfide bonds in the structures were iden-
tified using the Disulfide by Design server [16]. The
obtained proteins were converted into genes using the
GeneOptimizer (Thermo Fisher Scientific) with opti-
mization of the terminal regions to select primers op-
timal for the gene (PrimerBLAST [17]) and mRNA
(hairpin formation was checked using DINAMelt [18]).

STUDY RESULTS AND DISCUSSION

Twenty-one (21) structures-complexes of coronavi-
rus peptides and bovine BoL.A-I receptors with the low-
est interaction energy assigned by the FlexPepDock-
abinitio protocol were classified. The following criteria
were used: the number of receptor residues interacting
with the epitope (including the number of conserved
residues Y84, Y99, S/T143, K146, Y159, Y171); the
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number of hydrogen bonds formed between the li-
gand and the receptor; ligand affinity calculated using
NetMHCpan and MHCFlurry. In addition, the com-
plexes were also tested for bonds with the ends of the
peptide. Three groups of complexes were identified: the
group of the most stable complexes and those closest
to the experimental structures (Fig. 1a—b) (1:02301—
SQLVEYGSEF, Fig. lc); a group of complexes that
can theoretically form (1:00901—SAAAGVPFY,
1:01901—IEDYHTLTYV, 1:02301—SRRAITTGY,
1:03101—SRRAITTGY, 3:03701—SAAAGVPFY)
and a group of complexes in which destabilizing dis-
turbances are observed (15 complexes).

Among all the tested nonamer peptides, the fol-
lowing showed a predisposition to form stable com-
plexes with BoLA-I: SQLVEYGSF, SRRAITTGY,
SAAAGVPFY, IEDYHTLTV. This interaction is the
first step in the presentation of peptides to T-killers,
which is necessary for the development of an immu-
nological response to the desired antigens, so these
peptides were chosen for inclusion in polyepitope pro-
teins. In total, 10 peptides have passed all stages of
testing (Table 1), most of which are associated with
the S protein. The large size (1363 aa versus 424 aa
of HE, 230 aa of M, 448 aa of N and 84 aa of E pro-
teins) is probably the reason why most of the tested
peptides were extracted from this protein, due to an in-
crease in the number of possible 9-mers and 15-mers
when cutting it.

The polyepitope protein containing coronavirus
epitopes was named BCoV_PolyE. It has optimal prop-
erties for expression in E. coli (Table 2): size within
15—20 kDa, stability in vivo in bacterial and animal
cells, hydrophilicity. The previously used approach [5]
predicted that the protein is antigenic, non-toxic, solu-
ble in water, does not contain hidden signaling and hy-
drophobic transmembrane regions. BCoV_PolyE has
no homology with the bovine proteome, which could
negatively affect its immunogenicity.

Since processing (cutting intracellular proteins into
peptides by proteasomes) is a key step in the devel-
opment of the body’s cytotoxic response, we assessed
the distribution of cutting sites in BCoV_PolyE. All
T-killer epitopes are cut out entirely (Fig. 2), which in-
creases the chance of their interaction with T-killers.

The C-distal B-epitope of BCoV_PolyE is disor-
dered, while the proximal epitope takes the form of an
a-helix surrounded by turns. More than half of the ami-
no acids of the B-epitopes are exposed to the solvent,
indicating that the protein has a favorable structure for
the induction of humoral immunity (antibodies inter-
act only with exposed regions of the protein) (Fig. 3).
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Fig. 1. Models of experimentally obtained complexes of peptides and BoLA-I receptors: 2xfx (a), 3pwu (b).
Model of the most realistic complex of the SQLVEYGSF BCoV peptide and BoLA-1:02301 obtained by Flex-
PepDock-abinitio (¢)

Table 1
B. coronavirus peptides for polyepitope protein construction
Target cell Protein Peptide sequence The beag;nnmg, Reference

S LGNLGYLQSFNYRID 407 —

S NGNHIISLVQNAPYG 1139 —
T-helper

S FIHFSYVPTKYVTAK 1156 —

M DTSGFAVYVKSKVGN 195 —

S SRRAITTGY 766 —

S SQLVEYGSF 839 —
T-killer

S SAAAGVPFY 985 —

M IEDYHTLTV 139 —

S SLCVGSGSGIDA 494 [19, c. 5—6]

B-cell
S CNRVSSRSAIEDLLFSKVKLAD 907 [20]

Since the entire polyepitope protein will be in-
volved in the interaction with antibodies, it is import-
ant that the local structures formed by the B-epitopes
in its composition are as similar as possible to the form
that they or their close homologues take in viruses. In
Fig. 4, it can be seen that the secondary structure of the
B-epitope from BCoV is close to the homologous re-
gion including the fusion peptide of the related human
coronavirus (HCoV) OC43 (the peptides are 77.27 %

20

identical). The B-epitope of the S protein distal from
the C-terminus in the S OC43 trimer does not have a
stable structure [19, p. 6, Fig. 4f], and its composition
is 50 % identical to the BCoV peptide.

Cysteines of the C-terminal region cannot par-
ticipate in the formation of disulfide bonds (Table 3,
the B-epitope block starts with 124 aa), which could
lead to complications in the access of antibodies to
B-epitopes.
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Table 2
Predicted properties of the polyepitope protein BCoV _PolyE
Size, aa 159
Molecular weight, kDa 17 447.02
pl 9.75
¢ (molar extinction coefficient), M ""cm™! 22 475
E. coli > 10
T, , (protein half-life), h
reticulocytes 30
Instability Index 34.05
Aliphatic index 78.62
GRAVY Grand average of hydropathicity (medium hydropathicity) —0.205

MKKDTSGFAV Y| V| K| SKV|GNK | KLGNLGY | LQSF |NY R I|DK K NGNHIISL | VQNAPYGK K ,F,I HF|SY | VPTKY,V|TA K K/ AA Y SR|RAITTGY
JAAY | SQLVEY | GSF | AAY | SAAAGVPF Y A A Y IEDYHTL | TV AAY K ,K,SL,CV | GSGSGIDAK K| CNR,V,SSRSAIEDLLF SK,V KL, A,D

Fig. 2. Map of BCoV_PolyE protein processing in vivo. Blue text indicates T-helper, green text indicates T-killer,
and purple text indicates B-cell epitopes. Arrows indicate proteasome cleavage sites

L 3313333 ¥
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SEREEESEE . ERNBEERESE B RELEDEESSELELER
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BEEEEEEEE
EREEEREERL
SERE-TRER

BRERERR
SEREREREN

Aneda cnupansSAlpha helix {Hh)

Bera-uens/Beta-Strand (8a)

Noeopor/Random coil {Ce)

YoopamoueHHsst ocraTtox/Ordered residue (o)

Heynopagodennssi ocraTox/Disordered residue (D)

OTEPWTHA A4 PACTBOPHMTENA OoCTAaToOk/Solvent exposed residue (&)

CEpHTHA OT pacTeOpHTenAa ocraTok/residue hidden from solwvent (=)

Fig. 3. Spatial characteristics of BCoV_PolyE. Epitopes for T-helpers are colored in blue, for T-killers — in green,
and B-cell epitopes are colored in the order of the colors of the rainbow. The names of the programs used are on
the left. Decoding the secondary structure notations is below

The protein was converted into a gene with the
selection of optimal primers (Table 4), then cloned in
silico into pET24b (Fig. 5a). According to DINAMelt
calculations, it was shown that the first 20 aa from the
start codon of the gene mRNA are free at the begin-
ning of transcription (Fig. 5b), ensuring efficient ribo-
some landing at 37 °C.

Since bovine coronavirus often infects animals to-
gether with bovine rotavirus [3], there is a need to pre-
vent or treat infections caused by two different virus-
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es simultaneously. Obtaining two different recombi-
nant proteins is a costly production procedure, since
it is necessary to independently optimize the expres-
sion, isolation and purification conditions for each
polyepitope protein. To reduce the cost of production,
the predicted epitopes of two viruses can be included
in one structure.

The fusion protein was named Hybrid PolyE: it in-
cluded all the epitopes from BCoV_PolyE and BRV _
PolyE [1] presented in this article. The properties of
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Hybrid PolyE, which includes 25 epitopes, are shown
in Table 5. According to bioinformatics analysis, the
hybrid recombinant protein is non-toxic, non-homol-
ogous to bovine proteins, does not contain hidden sig-
naling and transmembrane regions, and is antigenic and
soluble. The fusion gene can be expressed in bacteria.

The results of the analysis show that the epitopes
are excised from Hybrid PolyE in the same manner
as in the designed monostructural sequences against
coronaviruses and rotaviruses (Fig. 6).

When the local environment changes, the tertiary
and secondary structure of the five B-cell block epi-
topes BCoV_PolyE and BRV_PolyE is preserved in
Hybrid PolyE (Fig. 7) [1]. It can be concluded that the
antibodies produced to this structure will cross-react
with BRV and BCoV virions.

The cysteines of the epitopes in Hybrid PolyE are
located far enough from each other that the formation
of disulfide bonds between them is impossible (Table 6,
in Hybrid PolyE, the block of B-epitopes starts with
285 aa). Disulfide bonds between B-epitopes can cre-
ate an obstacle to the interaction of antibodies with the

corresponding viral fragments due to their convergence
and stabilization of this state.

Fig. 4. Homologue of BCoV epitope in S HCoV
0C43 (6nzk [21]). The epitope is colored as in
Fig. 3

Table 3

Positions of BCoV_PolyE between which disulfide bonds can be formed when
the corresponding amino acids are replaced with cysteines

Probable location of S—S bond x,-angle, ° Bond energy, kcal/mol
Y11—Q28 88.89 4.39
G17—K20 99.66 5.95
N40—Y60 102.30 3.61
Q47—K54 123.40 7.16

Optimal y-angles for bond formation have values of about —87° or +97°. The bond energy should not be less than
2.2 kcal/mol. Bonds that meet these requirements are highlighted in bold.

Table 4
Primers for the BCoV_PolyE gene and their properties

Orientation Fl1 R1 F2 R2

1 2 3 4 5 6

Start 1 480 1 480

Coordinates, bp

Stop 21 457 23 456
Tm", °C 55.2 53.5 56.6 53.8

GC™, % 47.6 37.5 43.5 36
t°max hairpins, °C 23.5 24.6 30.3 24.6
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Table 4 (the end)

1 2 3 4 5 6
AGmin™" dimer, Homo- ~7.82 -8.51 ~7.82 8.51
kcal/mol Hetero- 706 706
Gene size, bp 480

* Tm — melting point
** GC — guanine and cytosine content
*** AGmin — change in Gibbs free energy. AGmin should not be lower than —9.00 kcal/mol

Gt ®henl (158)
Mol {165
HIndIID {173}
RI_BCoW PolyEfHybrd_PolyE (101 . 221)
t3_BCow_PoiyE/Hybrd_PolyE  [191 . 233)

EcoRT (192)

" Mdel (675]
= e .ﬁ-* 4 - F2BCoV._PoiyEt £ 58
Aaasansaasiin ﬂ“mmm;‘ g F1_BCOV_PoiyE) HE (68

: Ja{/ﬂ 1'.‘-Tl.‘r-5w ﬁ'%" |ﬂm 1y
P g ; oo )
Lopiegeed i %;% s
L i y
i " .-'l |"I %".
! | Y II
i et 1
! PET-24b_BCoV_PolyE E |
i S48 oo |
] y
: &
i A
£ F

. V £
§
;

a b

Fig. 5. Vector pET24b with the gene of the BCoV_PolyE protein (), and the corresponding mRNA structure (b).
The purple text indicates the primers and their annealing positions

Predicted properties of the polyepitope protein Hybrid PolyE fables
Size, aa 397
Molecular weight, kDa 44 584.79
pl 9.78
¢ (molar extinction coefficient), M "cm! 60 755
E. coli > 10
T, , (protein half-life), h
reticulocytes 30
Instability Index 26.12
Aliphatic index 72.85
GRAVY Grand average of hydropathicity (medium hydropathicity) —0.444
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MEEDTSGEAV Y |V K| 5KV GHE | KLGHLGY | LOSF WY R I | DE K NGHNHIISL | VONARYGK | K| F | I | HF ) 8Y  VPTEY |V | TA K | KGTRISNLY | GL | PARN
FE.K.F|TDF V5L HEL R F R F|R|ENAGRFSLI ;5L |V  PENDDERIIDF | KTL | K NLNDNY | GK | KL | DANY | VETAR |NTIDY | KK RFFHM | TFAV A | A
LyFFPNE K AR Y TTY  VTPISY (AR Y VOY  NEDIVI (AR, Y Y ET  AGRF | 5L ARY | NEL | SANI AL | ARY | R | QRTGFTF JHA LR Y SR RAT | TTGY | AR
¥ 50LVEY | GEF (RAY | SARAGVEF Y | A A Y  TEDYHTL TV R R Y K KPANY | QY | TY | TR | DGEEVTA | K | K | AHNY | Q¥ | TY | M, RDGVEV |V A K K A
ANY | QY | NY | M| RDGEEVTA K K | TGGIGHLPIRNW |HF | DFGK K S8L, OV | GEGEGIDAK | K | CHR | V| SEREAIEDLLF 5K .V K L A D

Fig. 6. Map of Hybrid PolyE protein processing in vivo. The designations are the same as in Fig. 2

Anwda cnmpans/Alpha helix (Hh)

Bara-uens/Beta-Strand (8a)

Mosopor/Random coil {Ce)

¥YnopAgoweHHui ocraTor/Ordered residue (o)

HeynopagodeHHult ocrarok/Discordered residue (D)

OTKpHTHII ONA PAcCTBODMTENA ocTaTok/Soclvent exposed residue (&)
CKpMTHE OT PACTBOPMTENA ocTarTok/residue hidden from solwent (=)

Fig. 7. Spatial characteristics of Hybrid PolyE. The designations are the same as in Fig. 3

Table 6
Hybrid_PolyE positions between which the formation of disulfide bonds is possible
when the corresponding amino acids are replaced by cysteines

Probable location of S—S bond x,-angle, © Bond energy, kcal/mol
G39—S59 107.38 1.90
A49—K54 -115.02 4.64
G52—P115 91.79 2.64
174—L77 106.59 1.70

Al173—A197 —88.97 0.47
1218—A234 120.71 5.87
A258—P266 -106.49 1.11

Optimal y-angles for bond formation have values of about —87° or +97°. The bond energy should not be less than
2.2 kecal/mol. The bonds that meet these requirements are highlighted in bold.
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The Hybrid PolyE gene was optimized in such a
way that the first and last 25 bp are identical to the be-
ginning and end of the BCoV_PolyE coronavirus poly-
epitope protein gene, so previously designed primers
can be used for its amplification by polymerase chain

BxHis

reaction (Table 4), and cloning can be performed in
pET24b using the same restriction sites — Nde I and
Eco RI (Fig. 8). Previously made conclusions regard-
ing the 5'-end of BCoV_PolyE mRNA are also appli-
cable to Hybrid PolyE mRNA (Fig. 5b).

Xhoel (158)

Notl (166)

pET-24b+Hybrid_PolyE

64652 bp

HindIIT (173

-R1_BCoV_ PolyEfHybrid_PolyE ({191 .. 221)
— R2_BCoV_PolyEfHybrid_PolyE {191 .. 222)

EcoRI (192)

Mdel (1390}

-F2_BCoV_PolyE/Hybrid_PolyE
— F1_BCoW_PolyE/Hybrid_PolyE

(1369 .. 1394)
(1371 .. 1394)

Fig. 8. Vector pET24b with the gene of the protein Hybrid PolyE. The purple text indicates the primers and their
annealing positions

CONCLUSION

A design of polyepitope protein sequences of bo-
vine rota- and coronaviruses has been developed,
which theoretically can be used for the prevention and
treatment of diseases caused by these viruses in cattle,
due to the presence of sites for activation of both com-
ponents of adaptive immunity. The presence of spe-
cific rota- and coronavirus fragments causes more ef-
fective stimulation of specific antiviral immunity by
the Hybrid PolyE hybrid protein. At the same time,
using a single bioinformatics approach, it is impossi-
ble to predict which of the designed constructs will be
more effective in combating bovine rota- and/or coro-
navirus. Answers to these questions will be obtained
after the design of real genetic structures and experi-
mental validation of the designed polyepitope proteins
in vivo and in vitro.
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BUONMH®OPMAIIMOHHBINA TU3AMH UMMYHOI'EHHOI'O
BEJIKA, COAEP/KALIEI'O SIIUTOIIBI BBIYBEI'O POTABUPYCA

Slua Baragumuposua Ierpyma®™, Maxcum Hocudosuy [MoranoBud,
Baagumup Antonosu4 IlpokyeBuy

Benopycckuii zocyoapcmeennwiii ynueepcumem, Munck, Benapyce, yana.petrusha@gmail.com®™

AnHotanmsi. PazpaboTaH NOJMAIUTONHBIN OEIOK-aHTUTeH Ha OCHOBAHUH BBISBICHHBIX i1 Silico KOHCEpBaTHB-
HBIX AMUTOIOB OekoB VP4 1 VPG ObI9bHX poTaBUpYCOB. Pe3ynnbTaThl KOMITBIOTEPHOTO aHAN3a YKa3bIBAIOT Ha
3P PEKTHBHOCTH U 0€30MMaCHOCTh MPIUMEHEHHSI PEKOMOMHAHTHOTO OeKa-aHTHTeHa: OCIOK He TOKCHYCH; o0maa-
€T ONTHUMAaJIbHBIMU (PU3UKO-XMMHUECKUMHU CBOWCTBAMHM JUIS KPYITHOMACIITaOHOH HapaOOTKH B OaKTepHabHOM
CHCTEME SKCIIPECCHH, HE COAEPKUT YUacTKOB, TOMOJIOTHYHBIX ObIYbEMy IpOTeOMy. Bxossmiie B coctaB Oeka
SMUTONBI sl T-KUIIEPOB, TEOPETHUECKH CIIOCOOHBI IIPOLIECCHPOBATHCS ITPOTEACOMAMH, A AIUTOIIbI JUI aHTH-
TEJI COXPAHSIOT OJIN3KYI0 K OPUTHHAIIBHOM BTOPUYHYIO CTPYKTYPY, OJlarofapst 4eMy TeOpeTHIECKH BO3MOKHO O1-
HOBPEMEHHO MHJIyLIMPOBATh 00pa3oBaHNE aKTHBHOTO MIMMYHHOTO KJI€TOUHOro U rymopaisHoro (T u B) orBera.
KuaroueBble ciioBa: Bovine rotavirus, NOIMSUTONHBIH OeJIOK, peKOMOMHAHTHBINA OeloK, Bos taurus, oOpaTHas
BaKI[MHOJIOTUSI.

Baaropapuoctu: Onbre MuxaitioBue KoHeBoil 3a mpesocTaBiIeHHYIO 110CIIE]0BaTeILHOCT BekTopa pET24b
C KJIOHHUPOBAHHBIM I'€HOM, KOAMPYIOIIUM 0-D-ranakrozamuH-ragakrozamuauiasy. Kynemosoit FOnuu Muxaii-
noBHe 1 PomanoBckoli TaresiHe BriagmmupoBHe 3a coBeTHI 110 uctionb3oBannio Two State Melting Folding mod-

ule DINAMelt

BBEJEHUE

B kopoBbHX CTagax 4acTo BCTpedaroTcsi MH(pEK-
LMY, BEI3BaHHBIE OBIYBUM POTaBUPYCOM (Bovine rota-
virus, BRV). B benapycu anturesna k poTaBupycy Bbl-
SIBJISLTA B ~72—92 mpoaHaIH3uPOBAHHBIX TIPOO OoIte-
FOIAX TTHEBMOYHTEPUTAMH TEJIIT [ 1].

['maBHBIM cTIOCOOOM OOPHOBI TPOTHB POTABUPYCOB
SIBISIETCS NPOQUIIAaKTUYIECKas WK JieueOHast BAKLIMHA-
LS KUBOTHBIX, YTO TpeOyeT co3naHus creunduye-
CKUX BaKIMH. BaKIIMHbI B Ka4eCTBE aHTUTEHOB MOTYT
COJIepKaTh JKMBBIE BUPYCHI, BBI3bIBAas OTBET MEPBO-
IO THIIA, 3aBUCUMBIN OT IIUTOTOKCHYECKHUX T-KIIETOK.
YOuTsle BUPYCHI U OYUIICHHBIE aHTUTEHHI (CyObeIH-
HUYHBIC BAaKIUHBI) OOBIYHO CTUMYIHPYIOT PEAKLHIO,
B KOTOPOHM JNOMHHHUPYIOT aHTHTENa, BbI3bIBAsl peakx-
LIMIO BTOPOTO THIIA.

AHTHTEHHasI CTPYKTypa BUpyca OIpenenseTcs
Tpems cepaieBuHAEBIMU Oenkamu (VP1, VP2 u VP3),
CPEeIMHHBINA Karcua copepxkut oemox VP6, Hapyx-
HBIU Karcua noctpoet u3 6enxos VP7 u VP4. benku
Hapy>KHOTO KaIlCH/ia BUpyca UTpaloT OCHOBHYIO POJIb
B BO3HUKHOBEHUH MH(EKIIMOHHOTO Mpoliecca U pas-
BUTUU WMMyHHTeTa. OHM OTBETCTBEHHBI 3a OCYIIe-
CTBJICHHE PAaHHUX 3TAIIOB B3aUMOJCHCTBHSI BAPHOHOB

C YYBCTBUTENbHBIMH KJIETKAMU — aJICOPOIINIO U ITPO-
HUKHOBEHHE, C HUIMU CBS3BIBAIOT BUPYJIEHTHOCTD PO-
taBupycoB. benku VP7, VP6 u VP4 Be3biBator 00-
paszoBaHue crienu(PUIeCKUX BUPYCHEUTPATH3YIOINX
antuten [2, 3]. UMeHHO OHU OTBETCTBEHHEI 32 UMMY-
HOTE€HHOCTBH POTaBHPYCOB.

[IpuMeHSIOT ps BaKIMH, CO3JJAHHBIX Ha OCHOBE
Obrubero porasupyca [4, 5], HO TeM He MEHee 10 CHX
MOp CYIIECTBYET HEOOXOAMMOCTh B pa3pabOTKe HOBBIX
CpeCTB NPOQUIAKTUKH U JIeUeHUsI 3a00JIeBaHU, BbI-
3BIBAEMBIX poTaBUpycamu. [Iporpecc B obmactn 6mo-
WH(POPMAIIMOHHOTO aHAJIM3a ¥ HAKOTIJICHHE OOJIBIIIOTO
00beMa JTaHHBIX MO3BOJISIOT padorath in silico ¢ BU-
PYCHBIMH TOCIIEAOBATEIbHOCTAMH C OecrpereeHT-
HOW CKOPOCTBIO M TOYHOCTHIO. biarogaps stomy, cy-
IIECTBYET BO3MOJKHOCTD B CXKaThle CPOKH pa3padboTarh
PEKOMOMHAHTHBIA TOJTUATHUTOMHBIN OEOK-aHTUTEH
JUTSL ONITUMH3AIH aHTUPOTABUPYCHOM 3aIIUTHI KPYTI-
HOT'O pOraroro CKoTa, B TOM YHCJE, TOCTHATAIBHBIX
TEJIAAT, YTO U SIBJSUIOCH LeJIBI0 HACTOSIEH padoThl.
[TpoBenens! OMoNHGOPMAIIOHHBIE pAaCYEThl U MPE/-
JIOKEHA MOJTUAITUTOIHAS CTPYKTYpa OeITKOBOH MOJIEKY-
JIBI, BKITFOUMBIIIEH ATIUTOITHBIE DJIEMEHTHI JIBYX OCHOB-
HBIX aHTUI'€HHBIX OenkoB poraBupycos KPC.

© Ierpyma . B., [Toranosna M. 1., IIpokynesnu B. A., 2025

Berepunaphsrii papmakomorudaeckuii BeCTHUK « N 2 (31) « 2025 27



A. B. Ilempywa, M. H. [Tomanoeuuy, B. A. Ilpoxynesuu

MATEPUAJIBI U METO/bI
NCCIEJOBAHUSA

[lepBuunyro crpykrypy 6enxoB VP4, VP6, VP7,
NpEeTeHJEeHTOB Ha poiib aHTureHoB BRV, ompe-
nenstav Ha ocHoBe 0a3 manHbelXx NCBI u UniProt.
BripaBauBanue nposojauwin anroputmom MUSCLE
(MEGAX). VP4 u VP7 xnaccupuumpoBaiu 1o re-
HOTHIAM Tpu TtoMotTH tblastn. KoHCeHCYCHI OSITKOB
(ycpemHeHHBIE IO BCEM COOpaHHBIM BapHaHTaM TIO-
CJIEJIOBAaTENILHOCTH) TTOJTydajH Ipu oMoy Jalview
W HCIIOJIB30BAJI ISl TIpelcKa3aHusl T-KIeTOYHBIX
SMUTOIOB.

B-KkiieTouHbIe AMUTONBI MCKAIH, AaHATTU3UPYS JIH-
TepaTypHble NUCTOYHUKH, CBA3AHHBIE C DKCIIEPUMEH-
TaJHHO TTOATBEPKICHHBIMH JTHHEWHBIMA ITATOTIAMHA
n3 OenkoB mipeacrapureneit Buna Rotavirus A (IEDB,
https://www.iedb.org/), romonoru u3 Bos taurus noj-
oupamu ipu nomomu Epitope Conservancy Analysis
(IEDB).

Ommromns st T-xenmmepos (15 a. x.) u T-kmepos
(9 a. x.) mpeackazpiBany mpu oMoty NetMHClIIpan
4.3 [6]u NetMHClpan 4.1 [7], ucnionbe3ys pacnpoctpa-
HEHHBIC y TOJIBIITUHCKONW MOPOJIBI aJJIeNId perernTo-
poB BoLA-1 (Bovine Leukocyte Antigen, Obramii eid-
xoruTapublil antured): *009:01, *019:01, *023:01,
*031:01; BoLA-2: *008:01, *012:01, *016:01,
*018:01, *018:02, *025:01, *026:01, *026:03;
BoLA-3: *002:01, *017:01, *027:02, *036:01,
*037:01; BoLA-4: *024:01; BoLA-6: *014:02,
*040:01; BoLA-II: *001:01, *007:01, *009:01,
*009:02, *010:01, *011:01, *012:01, *014:01,
*015:01, *016:01, *018:01, *018:02, *020:01:01,
*020:01:02, *020:02, *020:03, *022:01, *022:02,
*023:01, *027:01, *027:02, *027:03. Hus BoLA-II
YUHUTHIBAIM BOBMOKHOCTb CBSI3BIBAHUS TTENTH/IOB B 00-
paTHOW OpUEHTALMU U CBOMCTBA aMUHOKHUCIIOT, OKPY-
YKAFOIINX YYaCTOK.

Bce menTuel olleHUBAIH 110 YUCITy B3aUMOJCH-
CTBYIOIIMX ¢ HUMU ajuieneit BoLA, o crenenu koH-
cepBaruBHocTH (Epitope Conservancy Analysis,
IEDB), nanuuuto anturennoctu (Vaxijen 2.0 [8]),
tokcuaHoctr (Toxinpred 3.0 [9]), cTenenu romoro-
THH ¢ TIporeoMoM Bos taurus (pBLAST), Hammauro
B MENTHUE WIN B OMIDKAUIINX PETHOHAX MOCTTPaHC-
JISIIUOHHBIX MOAU(DUKAIINH.

Jns B-anutonos nposepsuid AJIMHY, BTOPUYHYHO
CTPYKTYpYy B cOocCTaBe OelKa, CyLIECTBOBAHHE KC-
MEPUMEHTAJIbHO BBHIPAOOTaHHBIX MOHOKJIOHAJIHHBIX
AQHTHUTEJNl aHAJM30M JIMTEPATYPHBIX JaHHBIX. BoLA-
[I-nmuranapl MpoOBEPSATN HA CIOCOOHOCTh K CTHMY-
nsaun cuHTe3a uHTepdepona-y (IFN-epitope [10]),
untepneiikuna-4 (IL4pred [11]), uaTepneiiknna-10

(IL10pred [12]), uckirodanu MEeNTHABI, JeXKallue
ommke yeM Ha 15 a. K. K W3BECTHRIM B-amuTomam.
Jluranae! nst BoLA-I npoBepsiiin HA IMMYHOT€HHOCTh
(Class I Immunogenicity (IEDB) [13]).

JononautensHo, T-3MUTOMNBI TPOBEPSUIIN Ha B3aH-
MozieiicTBue ¢ penenTopaMu ¢ momornsto MixMHCpred
[14], MHCFlurry [15] (BoLA-I), MixMHClIpred [16]
(BoLA-II). Ilenrtr mpuHUMAIIH, €CJTH OH B3aUMOICH-
CTBOBAJI XOTs OBI C OJTHUM aJljIelleM 0 KOHCEHCYCY
BCEX MTPOrpamM.

JIns onTUManbHBIX MeNTUAOB-IUran 0B BoLA-I
npoBoAUIH JOKUHT mpoTokonom FlexPepDock-
abinitio, KOTOpBI# oOecneunBaeT MOOHIBHOCTH
OOKOBBIX TPYII aMHHOKHCIOT perenrtopa [17].
CreHepupOBaHHBIE CTPYKTYPBI KJIACTEPUZHPOBAIN
(paccrosiHue Mexay knactepamu — 2,0 A) npu 1o-
moum Energy Based Cluster [18, Bcn. mat. c. 2—4].
CTpyKTyphl ¢ MUHUMAJILHON SHEPTHEH CpaBHUBAIH
C IKCTIIEPUMEHTAIILHO TIOJYYCHHBIMH KOMILJICKCAMH
(3pwu [19] u 2xfx [20]), orieHUBas YHCIIO BOAOPOI-
HBIX CBSI3€H M B3aUMOJICHCTBYIOIIMX aMHUHOKHCIIOT-
HBIX O0CTaTKOB, ucronb3ys ChimeraX [21].

[MonusnuronHeIi Oeslok moyiydaiu oObeauHe-
HUEM SMUTONOB B Onoku nuHkepamu KK m AAY.
Bce mentuapr pacnonaranm, coOmronas uxX MOPSIIOK
B M3HAYaJIbHOM Oenke. benok mpoBepsiiivi Ha aHTH-
reHHocTh (VaxiJen 2.0 [8]), ompenensimm XxumMude-
ckre, (hM3MYecKrue CBOICTBA, YCTOHYMUBOCTH in Vivo
(ProtParam), nmpoueccunr T-KHJIIEpHBIX 3MHUTOIOB
(pepsickle [22]), Tokenunocts (ToxinPred 2.0 [23]),
HaJIMYME CUTHAIBHBIX ¥ TPAHCMEMOPaHHBIX JJOMEHOB
(DeepTMHMM [24]), roMoJI0THIO C TIPOTEOMOM Bos
taurus (PSY-BLAST), pactBopumocts (NetSolP [25],
Protein-Sol [26]). PaccuuTbiBanu BTOpUUHYIO CTPYK-
Typy B-knerounoro pernona (PSIPRED [27], SOPMA
[28], SSpro8& [29]), mocTym pacTBOPUTENS K AMUHOKHUC-
smoram B-snutonoB (ACCpro [29]), HeynopsoueH-
uele pernossl (fldpnn2 [30]). TpexmepHyIO CTPYKTY-
py mpenckasbiBaiy ¢ yaactuem AlphaFold2 [31], ka-
YeCTBO MO/IEIICH OTIeHUBaITH TIpH oMoty SwissModel
Structure Assessment [32], 06paOOTKy OCYILECTBISITN
B GalaxyRefine2 [33].

['eH onITUMHU3UPOBAIN C UCKITIOUCHUEM CAlTOB pe-
crpuknun i Nde I, Eco Rl, Hind 111, Not 1, Xho 1
n nob6asnenneM TAA Ha 3'-xoner (GeneOptimizer
(Thermo Fisher Scientific)). Ilpaiimeps! nogOupanu
¢ ucnonbs3oBanueMm PrimerBLAST [34], a ux cBoii-
ctBa npoBepst B OligoAnalyzer™ Tool (IDTDNA).
I'en xonwuposanu in silico B pET24b Mexny caiita-
mu Nde 11 Eco RI (SnapGene, ApE [35]). MPHK mpo-
Bepsui Ha oOpaszoBanue mmiek (Two State Melting
Folding: DINAMelt [36]; RNA 4,0; 37 °C).
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PE3YJBbBTATbI UCCJIEAOBAHUSA
N UX OBCYKJIEHUE

Bcero crenepupoBanu 31 KOMIUIEKC MENTHI-
BoLA-I, c ucnons3oBannem nporoxkodia FlexPepDock-
abinitio n 00beAMHMIM MX B TpH rpymbl: 1) Komrekcsl,
KOTOpBIE MAaKCUMAaJIbHO OJIM3KHM K TIOJTyYeHHBIM PEHTTe-
HOCTPYKTYPHBIM aHAJIM30M CTPYKTypaM (puc. 1la—>~0).
CuitbHOE CPOICTBO NENTH/IA K PELIEHITOPY IIPEACKA3aHO
mporpammamu NetMHCpan 1 MHCFlurry (4 komriex-
ca, puc. 1B—e). Ob11ee 4nciIo B3auMOJACHCTBYIOIINX
OCTaTKOB PELeNTOpa C NENTUAOM > 9: cpelii HUX eCThb
KaKk MUHUMYM TPH KOHCEPBATHUBHBIX U3 KOHTPOJILHBIX
crpykryp (Y84,Y99, S/T143,K146,Y159,Y171). Ob6a
KOHIIa TIENTHIa B3aNMOACUCTBYIOT C PEIIENTOPOM; 2)
Kommiekcebl, KOTOpble MOTYT CyIIECTBOBATh B TEOPUH.
Oo11ee YncIiIo CBSI3BIBAIOIIUXCS C IENTHIOM OCTaTKOB
6—9 (KaK MHHUMYM, | OCTaToK COOTBETCTBYET KOH-
Tpoisim). O6a KOHIa TeNTHAA B3aUMOJIEHCTBYIOT C pe-
nenropoM (8 xomrmutekcoB: 1:00901—TTY VTPISY,
1:02301—RQRTGFTFH, 1:03101—YEIAGRFSL,

nBe koHpopmarun 2:01201—TTY VTPISY, 4:02401—
TTYVTPISY, 6:01402—NELSANIAL, 6:01402—
YEIAGRFSL); 3) buonoruueckn HEBO3MOKHBIE KOM-
TUIEKCBI: OJJMH KOHEI| TENTHIa HEe B3aMMOJCHCTBYET
C peLenTopoM, WM olIIee YUCIo B3aUMOACHCTBYIO-
IIKUX C IENTUAO0M OCTATKOB MEHBbIIe 6, UM HUA OJUH
13 BEIOPAHHBIX KOHCEPBATUBHBIX OCTATKOB HE CBSI3BI-
BaeTCs C MENTHIOM, WM TENTH]] paclojiaraeTrcs 3a
npejeiaMy KapMaHa cB3bIBaHuUs (19 KOMIUIEKCOB).

CrabuipHble KOMIUIEKCH 00pa30Bajy MENTH-
nel NELSANIAL, TTYVTPISY, VQYNRDIVI,
YEIAGRFSL, RQRTGFTFH, uto KOCBEHHO yKa3bI-
BaeT Ha BO3MO)KHOCTh UX MPE3EHTAINH T-KHiuIepaM.
T-xennepuele snuTonsl u3 VP7 He npouuin Bce 3Ta-
nbl Basmaanun. [lockonbky 6e3 HuX He OyneT pa3Bu-
BaTbCsl HE3aBUCHMAsi UMMYHHAsI pEaKkys ero CTPyK-
TypHBIE KOMITOHEHTHI HE BKJIIOYAJIH B COCAB TTOJIMAIIN-
TomHOTO Oenka. Beero BeiOpanu 15 mentumoB pasHoi
JUTHHBI TSI BKIIOYSHHS] B COCTaB TOJIMAIIUTOITHOTO
oermka BRV_PolyE (ta6m. 1).

Puc. 1. Mogenu peanbHbiX CTpYKTYp 2xfX (a), 3pwu (6) 1 Hanbosee pearTCTHYHBIX KOMIUIEKCOB rentua-BoLA-1,
noyuennbie FlexPepDock-abinitio: 1:01901—YEIAGRFSL (s), 1:01901—NELSANIAL (2), 2:02601—VQYN-
RDIVI (0), 2:02603—VQYNRDIVI (e)
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Taoamnna 1
Ienmuowl B. rotavirus 0151 KOHCMPYUPOBAHUsL NOIUINUIMONHO20 OENKA
Krnerka-mumens | benok m renorun IlocnnenoBarenbHOCTE NENTHIA Haugano, a. k. Ccpuika
VP4 P[1] FTDFVSLNSLRFRFR 415 —
VP4 P[5] GTRISNLYGLPAANP 440 —
VP4 P[11] AGRFSLISLVPSNDD 464 —
T-xennep
VP4 P[1], P[5] IIDFKTLKNLNDNYG 721 —
VP6 LDANYVETARNTIDY 73 —
VP6 RPPNMTPAVAALFPN 296 —
VP4 P[11] TTYVTPISY 231 —
VP4 P[11] VQYNRDIVI 264 —
T-xumep VP4 P[1] YEIAGRFSL 462 —
VP4 P[11] NELSANIAL 505 —
VP6 RQRTGFTFH 145 —
VP4 P[1] KPANYQYTYTRDGEEVTA 297 [37]
VP4 P[5] KAANYQYNYMRDGEEVTA 297 [37]
B-knerka
VP4 P[11] KANNYQYTYMRDGVEVVA 296 [37]
VP6 TGGIGNLPIRNWNFDFG 48 [38]

ITomusruTonHbIi 010K 00J1a1a€T O TUMAILHBIMHU
(hM3UKO-XMMHYECKUMH CBOMCTBAMM JIJIST SKCIIPECCUN
B E. coli (Tabn. 2). Pacuersl, BeImoHEHHBIE Vaxijen
2.0, ToxinPred 2.0, NetSolP u ProteinSol, yka3siBator
Ha 1o, yTo BRV_PolyE anturenen, nerokcuuen, pac-
TBOPUM B BOJie. AHAIN3 MOCIEAOBATEILHOCTH Oell-
ka DeepTMHMM noka3ai, 4TO OH HE COAEPIKUAT CUT-
HaJIBHBIX U TPAHCMEMOPAHHBIX Y4aCTKOB, BIUSIOIINX
Ha LIEJIOCTHOCTH OellKa M €ro JIOKaJU3aluio B KIeT-
ke. [lonck romonoros PSI-BLAST ne nan pesynbra-

TOB, YTO CHHIKACT BEPOSTHOCTH IOSIBICHUSI ayTOUM-
MYHHOU peakIiuu y kpymHoro poraroro ckota (KPC)
n3-3a OerKa.

JlJ1s OlIEeHKH UMMYHOTEHHOCTH Ba)KHO 3HATh, Oy-
IyT JIM TIPOLIECCUPOBATHLCSI BXOJSIIUE B COCTAB OemKa
npezckazanuble 3nuTomnsl st T-kuepos. CornacHo
nporpamme pepsickle, 6ombIIMHCTBO TENTHIOB (KPO-
Me RQRTGFTFH, puc. 2) ans BoLA-I tiexikom BEI-
pes3aroTcs MpOTeacoMaMM, YTO YBEJINYHUBACT MIAHCHI
MOJYYUTh UIMMYHHYIO PEAKIIHIO.

Taoauma 2
Ilpedckaszannvie ce0UCMBEaA NOTUINUMONHBIX OETKO8
Pasmep, a. k. 244
1 2 3
MonexynspHas macca, kJ{a 27 848.65
pl 9.79
€ (k03 PUIIMEHT MOIAPHOHN SKCTHHKINH), M "em! 39770
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Oxonuyanue Ta0.J1. 2

1 2 3
E. coli >10
T, , (Bpems nomypacnaza Oenka), 4
PETUKYJIOLUTHI 30
Unnexc HecTaOMIBHOCTH 20.85
AnngarnuecKuii HHIEKC 68.11
GRAVY Grand average of hydropathicity (cpeaHsisi rTHAPONIaTHYHOCTB) —-0.603

HEKGTRISHLY | GL, PAANPE K, F | TDF | VEL HSL R, F R, F, R KEAGRFSLI | 5L,V PENDDEKIIDF  KETL K HNLHDNY ; GK | KL | DARY ; VETAR | NTIDY
(KK RPPHM TPAV A AL FENEK K AR Y | TTY VIPISY (AR VOY  WEDIVI AR ¥ ¥ EI  AGRF | 5L ARY | NEL | SANI | AL | ARY ; R QRTGFTF  H
AR Y  KEPANY | QY TY | TR | DGEEVTA K | K | ANNY | 0¥ TY |M | RDGVEV |V A K, K AANY | QY | NY | M, RDGEEVTA K K | TGGIGHLPIRNW  NF DF G

Puc. 2. Kapra nporeccunra 6esika BRV_PolyE. CuanM Texctom 0603HaueHb! T-xenmnepHsie, 3eeHbiM — T-Kuii-
JepHbIe, GruoaeToBbIM — B-kiteTounbIe SnuTonbl. CTpeikaMu 0003HAYCHBI CANThI pa3pe3aHus IPOTeacoMaMH in
VIivo

CrpykTypa OonbInHCTBa B-antuTomnoB ycroitunBa
(puc. 3) u 6nm3Ka K nentuxam-romosoram u3 VP4 pon-
cTBeHHoro Bupyca Rhesus rotavirus (RRV) (puc. 4),
YTO yBEIMYMBACT IIAHCHI HAa BBIPAOOTKY KpOcc-peakx-
THBHBIX aHTUTEI K BUPYCY PH UMMYyHU3anuu. [lentu
u3 VP6 omnuaeTcs 1o CTpyKType OT CBOEro TOMOJIO-
ra B LeJIOM OeJike, IPU 3TOM, OH CIIOCcOOeH MHIyLH-
poOBaTh MPOTUBOBUPYCHBIC aHTUTENAa BMeCTe ¢ Oell-

Heynopaooyeriws ocrtartox/Discrdered
OTKpNTHA A8 pacTeopHMTens ocTartokx/Solvent exposed

koM-HocuteneM [37, ¢. 910]. Dmuromner VP4 (puc. 4a)
u VP6 (puc. 46) unentuunsl nentugam BRV_PolyE na
72,22 % (VP4 P8), 83,33 % (VP4 P7), 100 % (VP4 P6)
u 100 % (VP6).

J171s1 BOBMOYKHOCTH TIO00pa ONTUMATBHBIX ITpaii-
MEpOB BPYYHYIO ONTHMHU3WPOBAIN NEPBHIE U TO-
cienHue 25 a. K. reHa ¢ 3aMEHOU KOHIEBBIX KOJIOHOB
(Tabm. 3, puc. 5).

 FEEEEEIEETF I
AEREERALERERERELE } LEEEEERR FERERRRKE
ERSRSRST AR
BEEE EISELELEEL ELLELE ELLEKER MEEHKERRH
MM
EEEEEEEEERN -~~~ NEN

o - OEEGR EOERN
BEBEELE BREREF BEABIENEEEN JE EEEEEH ERERKKERN L]
EESESE" T NN ER3X £ 1]
BLEE ™

s AOOGOGOGONNNNNNNULR N £

HE HEEEEEEEEEEEKEEEKERH 5

BEEEFREEEEEFERE  FEEEFES RERESEEERW
RSN SEESEN - ENEEERN 3585 AEES
SEEREL EEEEED

EEEFER  REFEEEFERR EE
EERERS SRR SEEEAENER EARREREN
L322

Aneda crupaneS Alpha helix {Hh)
Bara-uens/Beta-Strand =1

Nosopot/Random coil {Ca)

YonopagoueHnssit ocratoxk/Ordered residue {1
residue =

residue (&)

solvent {=1

CEpHTHA OT pacTBOpMTend ocraTok/residue hidden from

Puc. 3. [IpoctpanctBennas xapakrepuctuka BRV PolyE. CuanM okparmieHs! S1uTons! i T-Xenmepos, 3eme-
HBIM — JUIs1 T-KNI1epoB, OKpaIIeHHbIE B TOPSIIKE IBETOB payrd — B-kieTounsle snuromnsl. CiieBa OT ONMMCcaHus
BTOPHYHOHN CTPYKTYPHI Ha3BaHHUS MCIIONB30BAaHHBIX MporpaMM. PacmmppoBka 0003HAYCHNI BTOPUIHOM CTPYK-

TYpbI CHHU3Y
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Puc. 4. l'omonoru snurorioB VP4 (a), VP6 (6) RRV (6wxe [39]). Dnuronsl oKpamieHbl Kak Ha pUCYHKE 3

Taoauna 3

Hosuyuu BCoV_PolyE, mescdy Komopulmu 803MOHCHO 00pa308aHue Oucyib@uoHbIxX céasell
npu 3ameweHur cOOMeemcmayuux aMUHOKUCION HA YUCTHEUHb

Bepoxn;cig a(t:;r:;iomeﬂne X;-yrod, ° DHeprusi CBs3H, KKaJI/MOJIb
Y11—Q28 88,89 4,39
G17—K20 99,66 5,95
N40—Y60 102,30 3,61
Q47—K54 123,40 7,16

IIpuMeyanue: ONTHMAaIbHBIE Y-yTIBI [T 00pa30BaHUS CBA3EH MMEIOT 3HAYCHUS OKOJI0 —87° mim +97°. DHeprus cBs-
34 He J0JDKHA ObITh MeHbIIIe 2,2 KKaJib/MOIib. [10JIy:KHpHBIM IIPU(TOM BbI/IE/ICHBI COOTBETCTBYIOIIHNE ITUM TPEOOBAHH-

SIM CBSI3H.

KitormpoBanHbI#i in silico B 9KCTIPECCUOHHBIN BEK-
top pET24b KOHCTPYKT cOmep >kUT COOCTBEHHBIE Caii-
Thl TepMUHALUU Oe3 BKIMoueHus: 6xHis, mockombky
npeanonaraercs B OyIylieM OCYLIeCTBIATh KPYITHO-
MacIITabHy0 HapaOOTKy OCJIKOB O€3 UCTIONIB30BaHUS
JOPOTUX HAOOPOB IS HIFOLINH.

Jlns1 cuaTe3a 6enmka BaykKHO, YTOOBI prOOCOMa CBSI-
3bIBatiack ¢ 5'-koHuom MPHK, ueMy crepuuecku npe-
ISITCTBYIOT INHJIBKU. B MPOTHBOMNOIOKHOCTH BEKTO-
py Oe3 rena (puc. 6a), y kogupyomeii BRV_PolyE
MPHK nepssie 20 nexamux Hke AUG HYKJIEOTHIIOB
cB00O/HBI B Havasie cunTe3a rpu 37 °C (puc. 60), 94to
crocoOcTByeT mocaake pudocoMbl. CailT 1Tt CBSI3BI-
BaHust pudocomel AAGGAG pacrionaraercs B cocra-
B€ IIMHJIbKH, OJIHAKO, HA PUCYHKE OB BUAHO, YTO aHa-

JornyHas curyanus xapakrepsa u juist MPHK ¢ akcrne-
PUMEHTAIILHO JKCIIpeccupyeMbiM B BekTope pET24b
O0enkoM o-D-ramakTo3aMUH-ralaKTO3aMUHH1A301
(gal) [40], 9T0 CBUAETENBCTBYET O TOM, YTO JaHHAS
HIMUIIbKA HE MENIaeT IKCIPECCUH TEeHOB.

3AKJIIOYUEHHUE

Pa3zpaborana cTpyKTypa HOJIM3MUTONHOTO Oel-
Ka, BKIIFOYAIOIIET0 YYaCTKU JIBYX PealbHBIX aHTH-
reroB (VP4 u VP6) Obrubero poraBupyca B cOCTaBe
OJTHOH MOJIEKYIIbI, KOTOpasi aJianTHpPOBaHa JJisi HKC-
Tpeccuu B KiIeTkax E. coli. Paccantanusie in silico
CBOIicTBa Oeka 00ecCIeYynBalOT aHTUT€HHOCTD, BbI-
COKYIO PaCTBOPUMOCTb M CTaOMIIBHOCTB TOJIUAIIUTOI-
HOW CTPYKTYpBHI.
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‘BxHis| Xhol (158)
_NotI [166)
__HindIII (173)

__~RI1_BRV_PolyE (191 .. 220)
~ —RZ_BRV_PolyE (191 .. 221)

EcoRI (192)

6000

<1 .ﬁ._;mlmator'

Ndel (931)

F2_BRV_PolyE (908 .. 935)
/_F1_BRV_PoIyE (909 .. 935)

pET-24b+BRV_PolyE
G003 bp

fact promoter

Puc. 5. Bexrop pET24b c renom Genka BRV_PolyE.
DHONETOBBIM TEKCTOM YKa3aHbl MPaiiMephl U X MMO3ULUH OTHKUTA
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biaromapsi BKIIOUEHHIO TPOTEACOMANIBHO TPO-
LIECCUPYEMBIX 3IMUTOINOB Ui T-KJIETOK U CTPYKTYp-
HO CXOXHX C BHPYCHBIMH NENTHIAMHU (hparMeHTOB,
B3aMMOJICHCTBYIOIINX ¢ B-KII€TOYHBIMU aHTHTEIAMH,
CKOHCTPYHPOBAHHBIH IMOJMATTUTONHBIN OEJIOK IMOTCH-
LUAIBHO CIIOCOOCH MHAYIUPOBATh KOMIIOHEHTHI KaK
KJICTOYHOTO, TaK ¥ TYMOPAJILHOTO UMMYHHUTETA, KOTO-
pble BaXHBI 1151 3G (HEeKTUBHONU OOPHOBI C BUPYCAMH.

Hecmotps Ha Bce BBIMIECYTOMSHYTHIE BBIBOIBI,
B2XHO OTMETUTH, YTO OHHU ITONyYEHBI MPU MTOMOIIN
OMOMH(OPMAIIMOHHBIX PACYETOB, KOTOPBIC HE CIIO-
COOHBI 3aMEHHUTH IKCIIEPUMEHTEHI i1 Vitro WM in Vivo
M3-3a TOTO, YTO CYIICCTBYIOIINE MOJACIN HE ITOJTHO-
CThIO OOBSACHSIOT pealbHbIE SBICHUS, OCOOCHHO Ta-
KYIO KOMITIEKCHYIO XapaKTepUCTHKY KaK IMMYHOTEH-
HOCTb, KOTOPasi 3aBHUCHUT HE TOJIBKO OT CBOMCTB BBOJIH-
MOTO aHTUTEHA, HO U OT COCTOSIHHS pEarupyromiero Ha
HETo OpraHu3Ma.

Pazpabotannas B Teopun O€IKOBasI CTPYKTypa To-
TOBHTCA K TPAKTHYECKON pean3allii MyTeM CHHTe3a
COOTBETCTBYIOIIIETO TeHa, IKCIIPECCHUPYEMOTO B KIIET-
Kax-TpojJyleHTax E. coli u aHamu3a CBOWCTB mpej-
CTaBJICHHOTO TIOJIMAMUTOITHOTO OEJIKa B SKCIICPUMECH-
Tax in vitro " in vivo.
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BIOINFORMATIONAL DESIGN OF AN IMMUNOGENIC
PROTEIN CONTAINING BOVINE ROTAVIRUS EPITOPES
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Abstract. A polyepitope protein antigen was designed based on conserved epitopes of the VP4 and VP6 proteins
of bovine rotaviruses identified in silico. The results of computer analysis indicate the efficacy and safety of the
recombinant protein antigen. The protein is non-toxic, has optimal physicochemical properties for large-scale pro-
duction in a bacterial expression system and does not contain regions homologous to the bovine proteome. The
T-killer epitopes included in the protein are theoretically capable of being processed by proteasomes, and the an-
tibody epitopes retain a secondary structure close to the original, due to which it is theoretically possible to si-
multaneously induce the formation of an active immune cellular and humoral (T and B) response.

Keywords: Bovine rotavirus, polyepitope protein, recombinant protein, Bos taurus, reverse vaccinology.
Acknowledgments: to Olga Mikhaylovna Koneva for providing the pET24b vector sequence with the cloned
gene encoding a-D-galactosamine-galactosaminidase, to Yuliya Mikhaylovna Kuleshova and Tatyana Vladimirov-
na Romanovskaya for advice on using the Two State Melting Folding module DINAMelt

INTRODUCTION

Bovine rotavirus (BRV) infections are common
in cow herds. In Belarus, antibodies to rotavirus were
detected in ~72—92 analyzed samples of calves with
pneumoenteritis [1]. The main method of combating
rotaviruses is prophylactic or therapeutic vaccination of
animals, which requires the design of specific vaccines.
Vaccines can contain live viruses as antigens, causing a
type I response dependent on cytotoxic T-cells. Killed
viruses and purified antigens (subunit vaccines) usual-
ly stimulate a reaction dominated by antibodies, caus-
ing a type Il response. The antigenic structure of the
virus is determined by three core proteins (VP1, VP2,
and VP3), the middle capsid contains the VP6 protein,
and the outer capsid is built of the VP7 and VP4 pro-
teins. The proteins of the outer capsid of the virus play
a major role in the occurrence of the infectious pro-
cess and the immunity development. They are respon-
sible for the implementation of the early stages of in-
teraction of virions with sensitive cells (adsorption and
penetration), the virulence of rotaviruses is associat-
ed with them. The proteins VP7, VP6 and VP4 cause
the formation of specific virus-neutralizing antibod-
ies [2, 3]. They are responsible for the immunogenic-
ity of rotaviruses.

A number of vaccines based on bovine rotavirus
are used [4, 5], but nevertheless there is still a need to

design new means of preventing and treating diseases
caused by rotaviruses. Progress in the field of bioinfor-
matics analysis and the accumulation of large amounts
of data make it possible to work in silico with viral se-
quences with unprecedented speed and accuracy. Due
to this, it is possible to design a recombinant polyepi-
topic protein-antigen in a short time to optimize anti-ro-
tavirus protection of cattle, including postnatal calves,
which was the objective of this work. Bioinformatic
calculations were performed and a polyepitopic struc-
ture of a protein molecule was proposed, which includ-
ed epitopic elements of two main antigenic proteins of
bovine rotaviruses.

MATERIAL AND METHODS

The primary structure of the VP4, VP6 and
VP7 proteins, candidate BRV antigens, was determined
based on the NCBI and UniProt databases. The align-
ment was performed using the MUSCLE (MEGAX)
algorithm. The VP4 and VP7 were classified by gen-
otypes using tblastn. Protein consensuses (averaged
over all assembled sequence variants) were obtained
using Jalview and used to predict the T-cell epitopes.

The B-cell epitopes were searched for by analyz-
ing literature sources associated with experimentally
confirmed linear epitopes from proteins of Rotavirus
A species (IEDB, https://www.iedb.org/), homo-
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logues from Bos taurus were selected using Epitope
Conservancy Analysis (IEDB).

The epitopes for T-helpers (15 aa) and T-killers (9
aa) were predicted using NetMHClIpan 4.3 [6] and
NetMHClIpan 4.1 [7], using the following common
Holstein alleles of the BoLA-1 (Bovine Leukocyte
Antigen) receptors: *009:01, *019:01, *023:01,
*031:01; BoLA-2: *008:01, *012:01, *016:01,
*018:01, *018:02, *025:01, *026:01, *026:03;
BoLA-3: *002:01, *017:01, *027:02, *036:01,
*037:01; BoLA-4: *024:01; BoLA-6: *014:02,
*040:01; BoLA-II: *001:01, *007:01, *009:01,
*009:02, *010:01, *011:01, *012:01, *014:01,
*015:01, *016:01, *018:01, *018:02, *020:01:01,
*020:01:02, *020:02, *020:03, *022:01, *022:02,
*023:01, *027:01, *027:02, *027:03. For BoLA-II,
the possibility of binding peptides in the reverse ori-
entation and the properties of amino acids surround-
ing the region were taken into account. All peptides
were assessed by the number of BoLA alleles inter-
acting with them, the degree of conservation (Epitope
Conservancy Analysis, IEDB), the presence of antige-
nicity (Vaxijen 2.0 [8]), toxicity (Toxinpred 3.0 [9]),
the degree of homology with the Bos taurus proteome
(pBLAST), the presence of post-translational modifi-
cations in the peptide or in the nearest regions.

For the B-epitopes, the length, secondary structure
in the protein composition, the existence of experimen-
tally produced monoclonal antibodies were checked by
analyzing the literary data. BoLA-II ligands were tested
for the ability to stimulate the synthesis of interferon-y
(IFN-epitope [10]), interleukin-4 (IL4pred [11]), inter-
leukin-10 (IL10pred [12]), there were excluded pep-
tides located closer than 15 aa to known B-epitopes.
The ligands for BoLA-I were tested for immunogenici-
ty (Class I Immunogenicity (IEDB) [13]). Additionally,
T-epitopes were tested for interaction with receptors
using MixMHCpred [14], MHCFlurry [15] (BoLA-I),
MixMHCllIpred [16] (BoLA-II). The A peptide was ac-
cepted if it interacted with at least one allele accord-
ing to the consensus of all programs.

For the optimal BoLA-I ligand peptides, docking
has been performed using the FlexPepDock-abinitio
protocol, which ensures the mobility of the side groups
of the receptor amino acids [17]. The generated struc-
tures were clustered (the distance between clusters
was 2.0 A) using Energy Based Cluster [18, ref. mat.
pp. 2—4]. The structures with the minimum energy
were compared with the experimentally obtained com-
plexes (3pwu [19] and 2xfx [20]), assessing the num-
ber of hydrogen bonds and interacting amino acid res-
idues using ChimeraX [21].

38

The polyepitope protein was obtained by com-
bining the epitopes into blocks using KK and AAY
linkers. All peptides were arranged in accordance
with their order in the original protein. The protein
was tested for antigenicity (VaxiJen 2.0 [8]), chemical
and physical properties, in vivo stability (ProtParam),
T-killer epitope processing (pepsickle [22]), toxicity
(ToxinPred 2.0 [23]), presence of signaling and trans-
membrane domains (DeepTMHMM [24]), homolo-
gy with the Bos taurus proteome (PSY-BLAST), sol-
ubility (NetSolP [25], Protein-Sol [26]) were deter-
mined. The secondary structure of the B-cell region
(PSIPRED [27], SOPMA [28], SSpro8 [29]), solvent
access to B-epitope amino acids (ACCpro [29]), and
disordered regions (fldpnn2 [30]) were calculated. The
3D structure was predicted using AlphaFold2 [31], the
quality of the models was assessed using SwissModel
Structure Assessment [32], and the processing was per-
formed in GalaxyRefine2 [33].

The gene was optimized by excluding restriction
sites for Nde I, Eco RI, Hind III, Not I, Xho I and
adding TAA at the 3' end (GeneOptimizer (Thermo
Fisher Scientific)). The primers were designed using
PrimerBLAST [34] and their properties were checked
in the OligoAnalyzer™ Tool (IDTDNA). The gene
was cloned in silico into pET24b between the Nde |
and Eco RI sites (SnapGene, ApE [35]). mRNA was
checked for hairpin formation (Two State Melting
Folding: DINAMelt [36]; RNA 4.0; 37 °C).

STUDY RESULTS AND DISCUSSION

Actotal of 31 peptide-BoL A-I complexes were gen-
erated using the FlexPepDock-abinitio protocol and
combined into three groups. 1) Complexes that are max-
imally similar to the structures obtained by X-ray struc-
tural analysis (Fig. 1a—b). Strong affinity of the pep-
tide to the receptor was predicted by the NetMHCpan
and MHCFlurry programs (4 complexes, Fig. 1c—¢).
The total number of residues of the receptor interacting
with the peptide is > 9: among them, there are at least
three conserved ones from the control structures (Y 84,
Y99, S/T143, K146, Y159, Y171). Both ends of the
peptide interact with the receptor. 2) Complexes that
can exist in theory. The total number of residues bind-
ing to the peptide is 6—9 (at least 1 residue corresponds
to the controls). Both ends of the peptide interact with
the receptor (8 complexes: 1:00901—TTY VTPISY,
1:02301—RQRTGFTFH, 1:03101—YEIAGRFSL,
two conformations 2:01201—TTYVTPISY, 4:02401—
TTYVTPISY, 6:01402—NELSANIAL, 6:01402—
YEIAGRFSL). 3) Biologically impossible complex-
es: one end of the peptide does not interact with the

Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025



Bioinformational design of an immunogenic protein containing bovine rotavirus epitopes

receptor, or the total number of residues interacting
with the peptide is less than 6, or none of the selected
conserved residues binds to the peptide, or the peptide
is located outside the binding pocket (19 complexes).

Stable complexes have been formed by the pep-
tides NELSANIAL, TTYVTPISY, VQYNRDIVI,
YEIAGRFSL, RQRTGFTFH, which indirectly indi-
cates the possibility of their presentation to T-killers.
T-helper epitopes from VP7 did not pass all the stag-
es of validation. Since an independent immune re-
sponse will not develop without them, its structural
components were not included in the composition of
the polyepitope protein. A total of 15 peptides of dif-

ferent lengths were selected for inclusion in the poly-
epitope protein BRV_PolyE (Table 1).

The polyepitope protein has optimal physico-
chemical properties for expression in E. coli (Table 2).
Calculations performed by Vaxijen 2.0, ToxinPred 2.0,
NetSolP and ProteinSol indicate that BRV_PolyE is
antigenic, non-toxic and water-soluble. The analysis
of the DeepTMHMM protein sequence showed that it
does not contain signaling and transmembrane regions
that affect the integrity of the protein and its localiza-
tion in the cell. A PSI-BLAST homologue search has
yielded no results, which reduces the likelihood of an
autoimmune reaction in cattle due to the protein.

Fig. 1. Models of real structures of 2xfx (a), 3pwu (b) and the most realistic peptide-BoL A-I complexes obtained
by FlexPepDock-abinitio: 1:01901—YEIAGRFSL (¢), 1:01901—NELSANIAL (d), 2:02601—VQYNRDIVI (e),
2:02603—VQYNRDIVI (f)

To assess immunogenicity, it is important to know
whether the predicted T-killer epitopes contained in
the protein will be processed. According to the pep-
sickle program, most peptides (except RQRTGFTFH,
Fig. 2) for BoLA-I are completely excised by prote-
asomes, which increases the chances of obtaining an
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immune response. The structure of most B-epitopes is
stable (Fig. 3) and is close to the peptide homologues
from VP4 of the related virus Rhesus rotavirus (RRV)
(Fig. 4), which increases the chances of producing
cross-reactive antibodies to the virus during immuni-
zation. The peptide from VP6 differs in structure from
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its homologue in the whole protein, but it is capable
of inducing antiviral antibodies together with the car-

Ya. V. Petrusha, M. I. Potapovich, V. A. Prokulevich

rier protein [37, p. 910].

The epitopes of VP4 (Fig. 4a) and VP6 (Fig. 4b)
are identical to the BRV_PolyE peptides by 72.22 %

100 % (VP6).

(VP4 P8), 83.33 % (VP4 P7), 100 % (VP4 P6) and

To be able to select optimal primers, the first and

last 25 aa of the gene were manually optimized with
replacement of terminal codons (Table 3, Fig. 5).

Table 1
B. rotavirus peptides for constructing the polyepitope protein
Target cell Protein and Peptide sequence Beginning, aa Reference
genotype
VP4 P[1] FTDFVSLNSLRFRFR 415 —
VP4 P[5] GTRISNLYGLPAANP 440 —
VP4 P[11] AGRFSLISLVPSNDD 464 —
T-helper
VP4 P[1], P[5] IIDFKTLKNLNDNYG 721 —
VP6 LDANYVETARNTIDY 73 —
VP6 RPPNMTPAVAALFPN 296 —
VP4 P[11] TTYVTPISY 231 —
VP4 P[11] VQYNRDIVI 264 —
T-killer VP4 P[1] YEIAGRFSL 462 —
VP4 P[11] NELSANIAL 505 —
VP6 RQRTGFTFH 145 —
VP4 P[1] KPANYQYTYTRDGEEVTA 297 [37]
VP4 P[5] KAANYQYNYMRDGEEVTA 297 [37]
Brecl VP4 P[11] KANNYQYTYMRDGVEVVA 296 [37]
VP6 TGGIGNLPIRNWNFDFG 48 [38]
Table 2
Predicted properties of polyepitope proteins
Size, aa 244
Molecular weight, kDa 27 848.65
pl 9.79
¢ (molar extinction coefficient), M~""cm! 39770
E. coli >10
T, , (protein half-life), h
reticulocytes 30
Instability index 20.85
Aliphatic index 68.11
GRAVY Grand average of hydropathicity (medium hydropathicity) —0.603
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HEKGTRISHLY | GL, PAANPE K, F | TDF | VEL HSL R, F R, F, R KEAGRFSLI | 5L,V PENDDEKIIDF  KETL K HNLHDNY ; GK | KL | DARY ; VETAR | NTIDY
(KK RPPHM TPAV A AL FENEK K AR Y | TTY VIPISY (AR VOY  WEDIVI AR ¥ ¥ EI  AGRF | 5L ARY | NEL | SANI | AL | ARY ; R QRTGFTF  H
A A Y KEPANY | QY TY | TR | DGEEVTA K | K | RNNY | Y TY |M, RDGVEV |V A K| K AANY | QY | NY M, RDGEEVTA K K| TGGIGHLPIRNW | NF DF |G

Fig. 2. BRV_PolyE protein processing map. T-helper epitopes are shown in blue, T-killer epitopes — in green and
B-cell epitopes — in purple. Arrows indicate proteasome cleavage sites in vivo

AlpbaFoicd SRS T CRRRERER T RERRERNCCCCRRERRECCERE SEELELEE - RAGRORER
Calaay®el Lol SEEEN. T FEFEFERE T EEEEEEES C CEEERED. BER
Fldpaz3

Aneda crmepanseS/Alpha helix {Hh)

Bera-uens/Beta-Strand (58)

Aomcpor/Random coil {Ca)

YonopagoueHnssit ocratoxk/Ordered residue {1

Heyrnopaaodensus octarox/Discrdered residue (D)

OTKpMTHA A8 pacTBopHTens ocTartox/Solvent exposed residue (&)
CEpHTHA OT pacTeOpmMTenA ocraTok/residue hidden from solvent {=1

Fig. 3. Spatial characteristics of BRV_PolyE. Epitopes for T-helpers are colored in blue, for T-killers — in green
and B-cell epitopes are colored in the order of the rainbow colors. To the left of the secondary structure description
are the names of the programs used. Decoding of the secondary structure designations is below

Fig. 4. Homologues of VP4 (a), VP6 (b) epitopes of RRV (6wxe [39]). Epitopes are colored as in Fig. 3
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Positions of BCoV_PolyE between which disulfide bonds can be formed when fable
the corresponding amino acids are replaced by cysteines
Probabsli(écggi;)g of the y3-angle, ° Bond energy, kcal/mol
Y11—Q28 88.89 4.39
G17—K20 99.66 5.95
N40—Y60 102.30 3.61
Q47—K54 123.40 7.16

Note. Optimal y-angles for bond formation are about —87° or +97°. Bond energy should not be less than 2.2 kcal/mol.
Bonds that meet these requirements are highlighted in bold.

BxHis Xhol (158)
MotI (166)
HindIII (173)

_—R1_BRV_PolyE (191 ., 220)
o ———RZ_BRV_PolyE (191 .. 221)

EcoRI (15%2)

Ndel (931}

F2_BRV_PolyE (908 .. 935)
/_F1_BRV_PolyE (909 .. 935)

; B000
ﬂl ’
<1 Ir‘,E.-miuf'lab':li Mg

T?'-Tf.-r-seq

pPET-24b+BRV_PolyE
6003 bp

"ael promoter

Fig. 5. Vector pET24b with the gene of the BRV_PolyE protein. The purple text indicates the primers and their
annealing positions

The construct cloned in silico into the pET24b ex- For protein synthesis, it is important for the ribo-
pression vector contains its own termination sites with-  some to bind to the 5’ end of the mRNA, which is ste-
out the inclusion of 6xHis, since it is intended to per-  rically hindered by hairpins. In contrast to the vec-
form large-scale protein production in the future with-  tor without the gene (Fig. 6a), the first 20 nucleotides
out the use of expensive elution Kkits. downstream of AUG are free in the mRNA encoding
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BRV_PolyE at the onset of synthesis at 37 °C (Fig. 6b),
which facilitates ribosome landing. The ribosome bind-
ing site AAGGAG is located within the hairpin, how-
ever, Fig. 6¢ shows that a similar situation is also char-

T i i e g
o
-
=)
Ao

B
B

b

acteristic of mRNA with the a-D-galactosamine-galac-
tosaminidase (gal) protein experimentally expressed in
the pET24b vector [40], which indicates that this hair-
pin does not interfere with gene expression.

c

Fig. 6. Predicted structure of the 5’-end region of pET24b mRNA without insertion (@), with the BRV_PolyE
protein gene (b), or with the gal gene (c)

CONCLUSION

The structure of a polyepitope protein has been
designed, which includes regions of two real antigens
(VP4 and VP6) of bovine rotavirus in a single mole-
cule, which is adapted for expression in E. coli cells.
The properties of the protein calculated in silico pro-
vide antigenicity, high solubility and stability of the
polyepitope structure. Due to the inclusion of protea-
somally processed epitopes for T-cells and fragments
structurally similar to viral peptides that interact with
B-cell antibodies, the designed polyepitope protein is
potentially capable of inducing components of both
cellular and humoral immunity, which are important
for effective fight against viruses.

Despite all the above-mentioned conclusions, it is
important to note that they were obtained using bioin-
formatic calculations, which are not able to replace in
vitro or in vivo experiments due to the fact that exist-
ing models do not fully explain real phenomena, es-
pecially such a complex characteristic as immunoge-
nicity, which depends not only on the properties of the
introduced antigen, but also on the state of the organ-
ism reacting to it.

The protein structure designed in theory is prepared
for practical implementation by synthesizing the corre-

Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025

sponding gene expressed in E. coli producer cells and
analyzing the properties of the presented polyepitopic
protein in in vitro and in vivo experiments.
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JIOJIOTHSI UCCIIEIOBAHMSI 3aKJIF04aIach B IPUMEHEHUH Mperapara )KUBOTHBIM C MOCIIEAYIOIUM 0TOOpOM OHOJIO0-
IMYECKHX 00pa3loB B 3aJJaHHbIE CPOKH, UX aHAJIM3E Ha COJIEPIKAHUE JIeHCTBYOLIEro BeuecTsa npemnapara Od-
TAJIBMUKA® karum miasHble ¥ OILEHKE MMOJMYyYeHHBIX 3HaueHui. J{iis neneit onpenenenus raTuokcauna
B yacTsxX maza Obl1 BeiOpan Metox BOXXKX—MC/MC, BBuy €ro yHUBEpCaIbHOCTH, CEJICKTUBHOCTH U YYBCTBH-
tenbHOCTH. JleiicTBytomiee BemecTBo npenapara ODTAJIBMUKA® karuiu ria3Hble IPOHUKAET B POrOBHILY IVia-
3a, KOHBIOHKTHBY, B KOPEHb PAY’)KK/ M BHYTPUIIIA3HYIO XKHKOCTh KPOJIMKOB M COIEPYKHUTCS B 3TUX TKAHSX B Te-
yeHue 8 yacoB. MakcumaibHOe cojiep)kaHue raruduiokcalia HacTyaeT yepes 4yac nocjie NPUMEHEHUs ISl KOHb-
IOHKTHBBI, POTOBHUIBI M BHYTPUIIIA3HON XUAKOCTH. Hanbonblias KoHIEHTpauus raruduiokcannHa Oblia
oOHapy’KeHa B POroBHIIC 1a3a U cocTaBmiia 3428 Hr/r. Hanbosiee HU3KHE KOHIICHTpAIUU raTu¢)lIoKcannHa Obutn
0OHapyKeHbI BO BHYTPHUIIA3HOM KHUIKOCTH — 358 HI/T yepe3 1 4 mocie npuMeHeHHs npernapara 1 CHU3WINCh
710 27 HI/T 110 UCTeYeHUIo § 4 mocIie NpuMeHeHus penapara. [Ipyu Hapy)KHOM IPUMEHEHUH TIpernapaT He BCachl-
BAeTCsl B CHCTEMHBIH KPOBOTOK, OKa3bIBAET MECTHOE aHTUMHKPOOHOE JAEHCTBUE U COXPAHSIET TEPalleBTHYECKYIO
3¢ GEKTUBHOCTH B TCUCHHE 8 YaCOB.

KuroueBble cioBa: nekapcrennsiit mpenapar OOTAJIBMUKA® karutu riasusie, raTudokcannt, GapMakoKku-
HETHKA, NIa3Hble 00JIE3HHU, KOIIKHU, COOAKH

Ilepeyenn cokpameHuii 1 0003HaYeHU I
B — nelicTByolIEe BEIIECTBO
BOXX—MC — BbIcOK0d (P EKTHBHAS )KUAKOCT-
Hast xpoMarorpadusi ¢ Macc-CreKTpOMETPHUYCCKHUM Jie-
TEKTUPOBAHHUEM;
MIC — MuHUMaNIbHAs HTHTHOMpPYIOIas KOHIICH-
Tparus.

Bormpocs! panronanbHoM Gapmakorepanuu ogh-
TAILMOJIOTHUECKUX 3a00JIEBaHM JIO HACTOSIIETO Bpe-

MEHH OCTAIOTCSI OTHOMN U3 aKTyaJIbHBIX BETCPUHAPHO-
Ounonornyeckux mpoodiieM. ITo 00yCIOBICHO TEM, UTO
BOCIAJIMTENBbHBIC 3200JIEBaHHS — CaMble PACIIPOCTpa-
HEHHBIE o TampMOIOTHUecKue naronoruu [4, 7, 9].
OnHuM 13 BKHEHIINX KPUTEPUEB B OIEHKE (-
(EKTUBHOCTH aHTHOAKTEPUATBHOTO Mpernapara npu
MH(PEKIMOHHO-BOCTIAUTEIbHBIX 3a00JIEBaHUSX TJ1a3
SIBJISICTCS €70 KOHIIEHTPAIUS B KOHBIOHKTHBE U POTO-
BHUIIC NPU KOHBIOHKTUBUTAX, KEPATUTAX, A3BaX U 3PO-
3USX POTOBUIIBI, & TAKXKE MPOHMKHOBEHHUE JCHCTBY-

© Emnrames C. B., Earamesa E. C., Komapos A. A., Hlunkua A. I, Bofitexa M. A., Mouanosa VY. D., Torgaposa E. H.,

2025

46 Berepunaphsiii papmaxomorudeckuii BecTHUK o No 2 (31) « 2025



Dapmakoxunemura aexkapcmeennozo npenapama ODOTAIIBMUKA® xannu enaznvle

IOIIEr0 BEIIeCTBa BO BIAry MepeaHeil Kamepsl Iia-
3a U B paAyXHYI0 000JOYKY MPU HPHUIOIUKINTAX
u yBentax [7].

B rymanHo# 0()TambMOIOT MK HECKOJIBKO JIET Ha3a[|
MOSIBUIICS HOBBIN 0()TaIbMOaHTHOMOTHK — raTH(IIo-
kcanuH. OH 001agaeT 3HaYUTENLHO OOJIbILECH KIMHU-
YeCKOr APPEKTUBHOCTHIO MTPH JICUCHUH IIA3HBIX HUH-
(hexruii y yemoBeKa o CpaBHEHUIO C IPYTUMHU PTOP-
XHWHOJIOHaMH [3, 6, &].

JlexapcrBennbiii npenapar OOTAJIBMUKA® kari-
mu miasaele (Ophthalmica eye drops), pazpaboran-
ue1it OOO «HBII Arposer3zammura» (Poccus), conep-
XHT B 1 M TaTHIIOKCallnHA CECKBUTHApATa — 5 MT,
a Tak)Ke BCTIOMoOraresbHbIe BemecTBa. Haznauaercs
cobakaM W KOIITKaM ISl JICUCHUS M TPOPUITAKTHKHI
OaKTepHalIbHBIX, XJaMHUIUHHBIX, MUKOIIJIA3MEHHBIX
o(ranpMonOrnuecKuX 3a00IeBaHMA, PY NOMAAaHIH
WHOPOJHBIX TEJ, MPU ONEpaLUsIX Ha TIIa3HOM SI0I0Ke
1 BEKax B MPENONeparioHHOM M TOCIeONepalioH-
HOM IIEPHO/IE, B KOMIIJIEKCHOM JICUCHUH IepIIECBUPYCa
1 o(pTanbMOXJIAMHIN032 Y KOLLIEK M CHHAPOMA CyXOro
Ia3ay cobax, a TakKe Ipu OTCyTCTBHH 3 dexra npu
JICYSHUH IPYTUMH aHTUMUKPOOHBIMH MpenapaTamH.

latuduiokcanuu, oTHOCSIIMICS K (TOPXUHOIO-
HaM [V mokonenus, o0namaer MUPOKUM CHEKTPOM
AHTHOAKTEPHUATEHON aKTUBHOCTH, d(h(DEKTHUBEH Tpo-
TUB OOJIBLIIMHCTBA T'PAMIIOJIOKHUTEIbHBIX U IPaMOT-
pHULIATENBHBIX OaKTEepHid, aTHHYHBIX MUKPOOPTaHU3-
MOB M HEKOTOPBIX aHa3pO0O0B, B TOM YHCIIE XJIAMHUIUHI
U MUKOILIa3M. MexaHu3M JEeHCTBUS raTuduIOKCcally-
Ha 3aKJII0YaeTcsi B MHTHOMPOBAHUH TOTIOM30MeEpa-
361 11 (JIHK-rupassr) u Tononsomepassl [V 6akrepuit
[5]. B BerepuHapHOW OTaNBMOIOTHN CBEACHUS 00
9KCTpa- U MHTPAOKYISIPHON (hapMaKOKUHETHUKH raTu-
¢iokcanmHa KpaiiHe CKynHbl. Hu3kas M3y4eHHOCTb
MPpoO6IEMBI MOCIYXKHUIa MOBOJAOM /I IPOBEACHUS
LIMPOKUX UCCIICNOBAHUI B IJIAa3HOM NIPUMEHEHUH Ta-
TU(IIOKCAIIMHA Y IOMAIIHUX )KUBOTHBIX.

B Hacrosiee BpeMs mpenapar He UMeeT aHaJIOTOB
Ha PoccuiickoM BeTeprHapHOM PBIHKE M IPeACTaBIIs-
€T 3HAYUTENbHBIA MHTEpPEC ISl IIHUPOKOTO Kpyra Be-

TEpPUHAPHBIX Bpadell MPaKTUKYIOMINX JICYCHNE Ta3-
HBIX HH(EKIHHA y )KHBOTHBIX.

Llenp ucciienoBaHus: OUEHHUTH (papMaKOKHHE-
TUKY TaTU(IOKCAIIMHA, BXOJSIIETO B COCTAB JIeKap-
CTBEHHOTO TIperapara JJis BeTepUHAPHOTO MPUMEHE-
aust OOTAJIBMUKA® karutu ria3Hble mociie mpuMe-
HEHUS KPOJIUKAM.

MATEPHAJIBI U METO/bI
HCCJEJIOBAHUN

HccnenoBanus BRITOTHSIIMCH coracHo [Ipukasy
MunuctepcTBa cenbckoro xossiiicrsa PO or 6 map-
1a 2018 . N101 «O06 yTBep>KIeHUY MMPaBUII IPOBEIC-
HUS JOKIIMHIYECKOTO UCCIIE0BAHMS JIEKAPCTBEHHOTO
CpeZCTBa [T BETEPUHAPHOTO MPUMEHEHUS, KITMHUYe-
CKOTO MCCJIEIOBAHUS JIEKAPCTBEHHOTO Tpenapara JJs
BETEPUHAPHOTO NPUMEHEHUsI, UCCIIEOBAHHS OMOdK-
BUBAJICHTHOCTH JIEKAPCTBEHHOTO TIpernapara Jyis Be-
TEPUHAPHOTO NMPUMEHEHUs». TakKe B COOTBETCTBUH
¢ npaBuiiaMu, puHATEIMU EBponeiickoit Konenmuei
IO 3aITUTE TO3BOHOYHBIX JKHBOTHBIX, HCITOIB3yEeMbIX
JUISL OKCIIEPUMEHTAIbHBIX M WHBIX HAay4YHBIX IIelIel
(European Convention for the Protection of Vertebrate
Animals Used for Experimental and other Scientific
Purposes (ETS123), Strasbourg, 1986).

CratrcTuaeckyro 00paboTKy ONMYISHHBIX PE3yilh-
TaTOB MPOBOJIMIIN CTAHJAPTHBIMU METO/IaMHU.

HUccnenoanus mposomutick Ha 6aze OO0 « MUIT
«Axanemus uaHoBanuii (r. Mocksa) u LlenTpa co-
nepxxkanust KUBOTHBIX OO0 «CBC-H» (1. Ceprues
[Tocanm). OmbIT TpoBeneH ¢ yyactueM 10 KpOJHKOB.
CseneHusi 00 SKCIIEPUMEHTAJIBHBIX )KHBOTHBIX YKa-
3aHbl B Ta0auie 1.

[Ipenapat 3akanbiBagy 1o | Kamie B KOHBIOHK-
TUBAJIbHBIA MEUIOK OJHOKpaTHO. Cxema mccienoBa-
HUS, PeKUM JO3UPOBaHUS U 0TOOpa Mpod mMpeacTaB-
JIEHBI B TA0IHIIE 2.

[IpoOBI KOHBIOHKTUBEI, POTOBUIIBI, BHYTPHIJIA3-
HOM KHUJKOCTH M KOPHS PaIyXKH IJ1a3 KPOJIUKOB OT-
Oupau ¢ MOMOLIBI0 MUKPOXUPYPIHYECKOTO HHCTPY-
MeHTapus (puc. 1, 2).

Taoauma 1

Ceeoenus 06 IKCNEPUMEHMAlbHbIX HCUBOMHBIX

Bun uccnenosanus

Wzyyenue (hapMakOKHHETHKH [ B. ITperiapara

1 2
Lenesoii Bux KpPOJIMKU
Ion 3%
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Oxonyanue TaoJ. 1

1 2
ITopona [Muamunna
Bospact 2r
Macca” 5,6—6,2 xT

KosnmuecTso 10

* Macca BceX JKUBOTHBIX Haxoqwjach B IpEciiax 3aJaHHOro Juara3oHa, Ipru 3TOM I'pYTIIIbL C(i)OpMI/IpOBaHLI TaKUM
o6pa30M, 4TOOBI OTKJIOHEHHE NHAWBUAYAJIbHBIX MAaCC TEJIa OT CPEAHCTO B I'pYyIIIC HE MPEBLIMIAIO 20 %.

Taoauna 2
Cxema uccnedo8anus u pesicum 003uposans

KonTponbsHas Touka [IpoBoayMbIE MaHUITY SN

B3sTHE KOHTPOIBHBIX MIPOO POTOBHILIBI, BHYTPHITIA3HOM
Jlo mpuMeHeHus rpenapara JKHIKOCTH, KOHBIOHKTHBBI, KOPHS paIyKKH ma3 y 1
KpoJuKa (KOHTPOJIBHOE JKHBOTHOC)

WHauBuayanbHOE HAHECEHUE Npenapara ONbITHON
WnpuBrayansHOE IpUMEHEHHE TIperapara rpymre (9 )KUBOTHBIX) 3aKalbIBaHKE 10 | Karure B KOHb-
IOHKTHBAJIbHBIN MEIIOK

B3sTre mpo0 poroBuIbl, BHYTPHUITIA3HON KAIKOCTH,
gepe3 | 9 mociae NpuMEHEHHs Ipernapara KOHBIOHKTHBBI, KOPHS Paly’KKH I1a3 Y 3 >KHBOTHBIX
(110 2 06pasma oT OTHOTO YKUBOTHOTO)

B3sTie mpo0 poroBuIbl, BHYTPUITIA3HON KAIKOCTH,
gyepes 4 4 rmocie NpUMEHEHHS Ipernapara KOHBIOHKTHBBI, KOPHS Pay’KKH I1a3 Y 3 )KHBOTHBIX
(110 2 o6pasna oT OTHOTO YKUBOTHOTO)

B3asTie mpo0 poroBuIbl, BHYTPHUITIA3HON KAIKOCTH,
gepe3 § 4 rmocie NpUMEHEHNs Ipernapara KOHBIOHKTHBBI, KOPHS Pay’KKH I1a3 Y 3 )KHBOTHBIX
(110 2 06pasna oT OTHOTO YKUBOTHOTO)

Puc. 1. Ot60p npoO KOHBIOHKTHBEI y KPOJIMKA Puc. 2. OT60p mp0oO POTOBUIIBI: BEIKpaUBaHUE
POTOBUYHOTIO JOCKyTa
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OT16op MPOBOAMIN B MHIMBUIyaJIbHBIEC TIPOHYME-
POBaHHBIC U 3apaHee B3BEUICHHBIC MOIUIPOITUIICHO-
BBIC TIPOOUPKH C 3aBUHIUBAIONIEHCS KPBIIITKON 00be-
MoM 15 mut. Bee 00pasiibt Oblv 1iepeianbl B 1aboparo-
PHIO B 3aMOpOKEHHOM Bue. [ms neneit onpeneneHust
raruIoKcaIlHa B 4acTsAX 1ia3a ObLT BEIOpaH METON
B2XXX—MC, BBUIY ero yHUBEpCAJIbHOCTH, CEJIEK-
TUBHOCTH U YyBCTBUTEIBHOCTH.

I aHanmW3a WCIOJIB30BAIM CTAaHAAPTHBIN 00-
pasen ratuduokcanuHa U ratudiaokcanuna-/14
B KaueCTBE BHYTPEHHETO CTaHIapTHOro obpasia.
[IpoGomonroroBka padbounx 0Opa3ioB YacTel riasa
KPOJIMKOB BKJIIOYasia B ce0st akcTpakiuio 1M consHon
KHUCJIOTON, OYMCTKY C ITOMOIIBIO0 TBepA0-(ha3HOM IKC-
Tpamuu ¢ ucronb3oBanueM copbenrta C18. Biusane
W3BJICYCHHUS U MAaTPUYHOTO 3 QeKra OblIM He3HAYHU-
TENBHBI, TOITOMY B Ka4€CTBE IPalynpOBOYHBIX 00pa3-
LIOB HCTIOJIb30BAJIM PACTBOPBI CTAaHIAPTHBIX 00PA3IIoB.

B mporecce ncciieoBanms KOHTPOIUPOBAIIH CIIe-
JIyIOIIME MapaMeTpbl: KoHlleHTpanus JIB npemnapara
ODTAJIBMUKA® xarmm miasasie (TaTHdIOKCAIInH)
B POTOBHLIE, BHYTPHUITIA3HOMN KUIKOCTH, KOHBIOHKTHU-
B€, KOpHE PaIyKKH I71a3 )KUBOTHBIX.

PE3YJBTATHI HCCJOEIOBAHUI
N OBCYXIAEHUE
I'pamynpoBoUHbBIE KPUBBIE BCEX aHATUTHYECKHUX
LUKJIOB U XOJIOCTHIE MPOOBI COOTBETCTBOBAIH KPUTE-

pusim nipuemiieMoctu. [1o pesynbraram OLEHKH 00-
pas3IoB KOHTPOJIS Ka9eCTBa BCE CEPUH MPU3HAHBI CO-
OTBETCTBYIOIUMH KPUTEPHUSIM.

IToce mpuMeHeHus JIeKapCTBEHHOTO Iperapara
KPOJMKaM raTU(IIOKCAIMH YXKe Yepe3 Yac MPOHUKAST
BO BCE HCCIIelyeMble SKCTPAOKY/ISIPHbIE YacTH Iva3a:
B KOHBIOHKTHBY, POTOBHITY.

latudnokcanuu Takxe XOPOIIO BCACHIBACTCS
BHYTpb I71a3a M O0OHApYy>KUBAeTCsS BO BJare mepeaHen
KaMepbl U KOpHE panyxku. CpelHue 3HaYeHHs KOH-
[EHTPAIMK raTU(IOKCAI[MHA B TKAHIX IJa3a Mpej-
CTaBJICHBI HAa PUCYHKE 3.

Uepes yac mociie IpUMEHEHHUS raTU(IIOKCAIIH-
Ha HanOOJIbIIasi KOHIIEHTpAIws HabIromazachk ¢ B po-
ropunie (C = 3428 + 1108 ur/r) u nanee uepes 8 ya-
COB ITOCJIe IPUMEHEeHHsI CHIKanach 70 S01 & 67 Hr/t.
B KOHBIOHKTUBE TTMKH KOHIIEHTPAIIUH OOBIYHO (PUKCH-
PYIOTCS B IEPBBIC MUHYTHI U 3aTEM MOCTETICHHO MEJI-
JIEHHO HaYMHAIOT CHIKaThes [10] U B Hamem uccie-
JTOBaHUW MaKCHMaJIbHOE COJIEpKaHHe raTu(hIoKCcaIy-
Ha (C_ = 1903 + 892 ur/r) Habmonanock 4epes yac
MoCIie MPUMEHEHHS ¥ yMEHBINAIOCH 10 389 + 423 Hr/T
yepe3 8 yacoB nocie npuMeHeHus. Bo BHyTpuriazHoi
xuakoctu T takke coctaun 1 wac, mpu atom C
cocraBmia 358 £ 156 HI/r. B kopHE paiyKKu MaKkCH-
MaJTbHBIC KOHIICHTPAIAN (Cmax =895 + 559 ur/r) raru-
(dirokcanrHa HaOIIOMAIOTCS Yepe3 4 yaca mociie Mmpu-
MEHEHHsI Iperapara.

5000
4500 B KOPEHb PaIy’KKH
= 4000 KOHBIOHKTHBA
~
= 3500
s porosuIa
= 3000
= 4
S 2500 —4&— BHyTpHUIJIa3Has
o T KHUJIKOCTb
£ 2000
s 1500
O i
1000 + T
500 §T % *
0 —® —&
0 1 2 3 4 5 6 7 8 9

Bpewmsa nocne npumeHnenus, 4

Puc. 3. Cpezﬂme 3HA4YCHUA KOHLICHTpAallun FaTI/I(i)HOKcaHI/IHa B TKaHAX IJia3a. Kamz[aﬂ TOYKa MPCACTABIACT CPCa-
HIOKO KOHICHTpAUI0 U CTAHAAPTHOC OTKIIOHCHUC
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OO6Hapy»xeHue ratudrokcanyia B HHTPAOKYJISIp-
HBIX CTPYKTYpax Ja)ke MPH OJHOKPATHOM 3aKallbiBa-
HuM — BakHEIHA (akTop. [Ipemapar OOTAJIBMHUKA®
KaIlIi IV1a3HbIE MO’KHO IPUMEHSTh PH JICYCHUH YBEU-
TOB ¥ UPUAOLHUKINTOB OaKTEPHAJIbHOTO TeHE3a y K-
BOTHBIX, & TaK)Ke MCIONB30BaTh AJIsl MPOPUIAKTHKH
WHOEKIUHA Ha BHYTPUIIIA3HBIX Omepanusx tuna da-
KOOMYJIbCU(PHKAIIMN KaTapaKThl, AHTHITIAYKOMATO3HBIX
BMEILIATEJIbCTBAX, ONITUKO-PEKOHCTPYKTUBHOM XUPYP-
I'MH TPU IPOHUKAIOLIMX TPaBMax I71a3a.

CBezeHusi 0 MUHMMAJIbHBIX MHTHOUPYIOIINX KOH-
uentpauusax (MIC) ratuduokcanuna as1st pa3HbIX BO3-
Oyaurenel npuBeaeHs! B Tabmuie 3. [10] M3 noaydeH-
HBIX PE3yJIbTaTOB BUIHO, YTO JaKE IIPU OJHOKPATHOM
MIPUMEHEHUH raTU(IIOKCALIMHA 10CTUTAI0TCS KOHLICH-
TpaLUH B KOHBIOHKTHBE, POTOBHILIE, B KOPHE PATYKKH
1 BHYTpHUITIa3HOM kuakoctu npespimatome MIC.

YuuTeIBast, 4TO MHCTPYKLUEHN 110 IPUMEHEHHUIO IIPEI-
YCMOTPEHO KypCOBOE BBEJICHHE IpenapaTra (MUHUMYM
7 nmHeit), 5To obecrieduT ero d3PPEeKTHBHOCT MTPOTHB
yKa3aHHbIX BO30ynuteneil nandekuunii. [lomyuennsie
Ppe3yabTaThl COMIACYIOTCS C JINTEPATYPHBIMHU JaHHbI-
mu [3, 5, 6, 10].

[Ipu TakuX KOHIEHTPAUAX TaTU(PIOKCAIINH TTPO-
ABJSIET OaKTEpUANIbHYIO U OaKTEPULUAHYIO aKTUBHO-
CTH, HO NIPH 3TOM HE BBI3BIBACT aHTUOMOTHUKOPE3H-
CTEHTHOCTH OaKkTepHuil K JCHCTBYIOIIEMY BEIIECTBY
npernapara.

latudnokcany uMeeT JUIMTENBHOE BO3/ICHCTBHE
Ha IIaTOIeHHbIE BO30YAMUTEIMN INIa3HBIX WH(EKIUH.
Jlaxxe depe3 8 4acoB Imocie 3aKambIBaHUs TaTH(IO-
KCaIlMH COXpaHsEeT CBOI MOAABISAIONIYIO0 KOHIIEHTPA-
LIUIO [TPOTUB MUKPOOTPAHU3MOB BO BCEX OCHOBHBIX
TKaHAX I71a3a.

Taonnna 3
Munumanshvle uHeUOUPYIOWUE KOHYEHMPAYUL 2AMU@IOKCAyUHa 015t 030youmenetl UH@eKyuil
Bun Hﬂaif;;i}lvﬂc’ MIC,, MKr/™m Cchuka
Staphylococcus aureus 0,05—0,20 0,1 5
Methicillin-resistant Staphylococcus aureus 0,05—0,20 0,2 5
Staphylococcus epidermidis 0,05—0,39 0,2 5
Staphylococcus haemolyticus 0,01—6,25 3,13 5
Staphylococcus pneumoniae 0,20—0,39 0,39 5
Escherichia coli 0,0125—0,05 0,05 5
Pseudomonas aeruginosa 0,78—12,5 3,13 5
Haemophilus influenza — 0,016 6
M. smegmatis — 0,03 7
M. tuberculosis — 0,03 7

3AKJIIOYEHHUE

Ha ocHOBaHWY pe3ybTaToB Hcciae0BaHus cPop-
MHPOBAHBI CIIEYIONINE BHIBOJIBI:

JeticTByromee BemectBo npenapara ODTAJIb-
MUWKA® karutu ria3Hbie IPOHUKAET B POrOBHUILY IJia-
3a, KOHBIOHKTHBY, B KOPEHb paly’)KKH ¥ BHYTpHUIJIa3-
HYO0 JKUJIKOCTB ¥ COJIEPIKUTCS B 3TUX TKaHAX B TEUEHHE
8 yacoB. MakcumasbHOE coJliepKaHHe raTugokca-
[IMHA HACTyMaeT 4epe3 Jac IMociie MPUMEHEHUs s
KOHBIOHKTHBBI, POTOBHUILIBl U BHYTPHUITIA3HOM >KH[-
koctu. Hanbonbiias koHLEHTpanus raruguiokcanu-

Ha ObuIa OOHApyKeHa B POTOBHIIE IVIa3a U COCTABMIIA
3428 ur/r. Haubosee HU3KME KOHIICHTPALMU raTU(II0-
KcalnHa ObUTH 00HAPYKEHBI BO BHY TPHUTIIA3HOMN KU/
kocT — 358 Hr/r uepe3 1 4 mocie npuMeHeHwus pe-
rapara ¥ CHU3WINCH JI0 27 HI/T 110 UCTEYCHHIO 8 4 T10-
cJie MPUMEHEHHU Mpenapara.

Jaxe mpu OMHOKpPaTHOM NMPUMEHEHUH Tperapara
B POTOBHIIE, B KOPHE PaTy>KKH, BHYTPUTITA3HOM KU~
KOCTH ¥ KOHBIOHKTHBE OCTHUTAIOTCS KOHIICHTPAITIH
rarudokcanuna, npesbimatone MIC ams MHOTHX
BO30yAuTEIeH NH(PEKINH.
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latudnokcanyH cBbIIe 8 4aCOB COXPaHSIET CBOIO
BBICOKYIO aHTUMHUKPOOHYIO KOHIICHTPAIIHIO B TKAHIX
miaza. CrenoBarensHo, npernapar OOTAJIBMIKA®
KaIlIi IJ1a3HbIe PEKOMEH/IOBAaHBI K aKTUBHOMY IIPH-
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Abstract. The research was conducted to study the pharmacokinetics of the active substance of the drug OPH-
THALMICA® eye drops after its administration to rabbits. The drug OPHTHALMICA® eye drops (Ophthalmi-
ca eye drops), designed by R&IC Agrovetzashchita LLC (Russia), contains 5 mg of gatifloxacin sesquihydrate
per 1 ml, as well as excipients. The methodology of the study involved administering the drug to animals, fol-
lowed by collecting biological samples at specified times, analyzing them for the content of the active substance
of OPHTHALMICA® eye drops, and evaluating the values obtained. HPLC—MS/MS was chosen to determine
gatifloxacin in parts of the eye due to its versatility, selectivity and sensitivity. The active substance of OPHTHAL-
MICAP® eye drops penetrates the cornea, conjunctiva, iris root and intraocular fluid of rabbits and is present in
these tissues for 8 hours. The maximum content of gatifloxacin occurs one hour after administration to the con-
junctiva, cornea and intraocular fluid. The highest concentration of gatifloxacin was found in the cornea and was
3428 ng/g. The lowest concentrations of gatifloxacin were found in the intraocular fluid — 358 ng/g 1 hour after
the drug administration and decreased to 27 ng/g 8 hours after the drug administration. When applied externally,
the drug is not absorbed into the systemic bloodstream, has a local antimicrobial effect and maintains therapeutic

efficacy for 8 hours.

Keywords: drug OPHTHALMICA® eye drops, gatifloxacin, pharmacokinetics, eye diseases, cats, dogs

List of abbreviations and designations
AS — active substance
HPLC—MS — high-performance liquid chroma-
tography with mass spectrometric detection
MIC — minimum inhibitory concentration

The issues of rational pharmacotherapy of oph-
thalmologic diseases remain one of the most pressing
veterinary and biological problems to this day. This is
due to the fact that inflammatory diseases are the most
common ophthalmologic pathologies [4, 7, 9].

One of the most important criteria in assessing the
efficacy of an antibacterial drug in case of infectious
and inflammatory eye diseases is its concentration in
the conjunctiva and cornea in case of conjunctivitis,
keratitis, ulcers and erosions of the cornea, as well as

the penetration of the active substance into the mois-
ture of the anterior chamber of the eye and into the iris
in case of iridocyclitis and uveitis [7].

A new ophthalmic antibiotic (gatifloxacin) ap-
peared in human ophthalmology several years ago. It
has significantly greater clinical efficacy in the treat-
ment of human eye infections, compared to other flu-
oroquinolones [3, 6, 8].

The drug OPHTHALMICA® eye drops, designed
by R&IC Agrovetzashchita LLC (Russia), contains
5 mg of gatifloxacin sesquihydrate per 1 ml, as well
as the excipients. It is prescribed to dogs and cats for
the treatment and prevention of bacterial, chlamydi-
al, mycoplasmal ophthalmological diseases, in case of
foreign bodies, during operations on the eyeball and
eyelids in the preoperative and postoperative period,

© Engashev S. V., Engasheva E. S., Komarov A. A., Shilkin A. G., Voytekha M. A., Mochalova U. E., Goncharo-
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in the complex treatment of herpes virus and ophthal-
mochlamydia in cats and dry eye syndrome in dogs,
as well as in the absence of the effect during treatment
with other antimicrobial drugs.

Gatifloxacin (a fourth-generation fluoroquinolone)
has a broad spectrum of antibacterial activity, is effec-
tive against most gram-positive and gram-negative bac-
teria, atypical microorganisms and some anaerobes, in-
cluding chlamydia and mycoplasma. The mechanism
of action of gatifloxacin is to inhibit topoisomerase 11
(DNA gyrase) and topoisomerase IV of bacteria [5].
In veterinary ophthalmology, information on the extra-
and intraocular pharmacokinetics of gatifloxacin is ex-
tremely scarce. The poor study of the problem served
as a reason for conducting extensive studies in the oc-
ular use of gatifloxacin in domestic animals.

Currently, the drug has no analogues on the Russian
veterinary market and is of significant interest to a wide
range of veterinarians practicing the treatment of eye
infections in animals.

The research objective was to evaluate the phar-
macokinetics of gatifioxacin, which is part of the drug
for veterinary use OFTALMICA® eye drops after ad-
ministration to rabbits.

MATERIAL AND METHODS

The studies were carried out in accordance with
the Order of the Ministry of Agriculture of the Russian
Federation dtd. March 6, 2018 N101 On Approval
of the Rules for Conducting a Preclinical Study of a
Drug for Veterinary Use, a Clinical Study of a Drug for
Veterinary Use, a Bioequivalence Study of a Drug for
Veterinary Use. Also, in accordance with the rules ad-

opted by the European Convention for the Protection
of Vertebrate Animals Used for Experimental and oth-
er Scientific Purposes (ETS123), Strasbourg, 1986).

Statistical processing of the obtained results was
carried out using standard methods.

The studies were conducted at the premises of
LLC “MIP ‘Academy of Innovations’” (Moscow) and
the Animal Keeping Center LLC “SVS-N” (Sergiev
Posad). The experiment was conducted with the par-
ticipation of 10 rabbits. Information about the experi-
mental animals is given in Table 1.

The drug was instilled 1 drop into the conjuncti-
val sac once. The study scheme, dosing regimen and
sampling are presented in Table 2.

The samples of the conjunctiva, cornea, intraocu-
lar fluid and iris root of the rabbits were collected us-
ing microsurgical instruments (Fig. 1, 2).

The samples were collected in individual numbered
and pre-weighed polypropylene tubes with a screw cap
with a volume of 15 ml. All samples were transferred
to the laboratory in a frozen form.

For the purpose of determining gatifloxacin in parts
of the eye, the HPLC—MS method was chosen due to
its versatility, selectivity and sensitivity.

For the analysis, a standard sample of gatifloxa-
cin and gatifloxacin-D4 were used as an internal stan-
dard sample. The sample preparation of working stan-
dards of parts of the rabbit eye included extraction with
IM hydrochloric acid, purification by solid-phase ex-
traction using sorbent C18.

The effect of extraction and matrix effect were in-
significant, therefore, the solutions of standard sam-
ples were used as calibration samples.

Table 1
Information about the experimental animals
Type of research
Study of the pharmacokinetics of the active substance of the drug
Target species rabbits

Gender ae

Breed Chinchilla
Age 2g

Mass” 5.6—6.2 kg
Number 10

* The weight of all animals was within the specified range, and the groups were formed in such a way that the devi-
ation of individual body weights from the average in the group did not exceed 20 %.
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Table 2

Study scheme and dosing regimen

Control point

Manipulations performed

Before drug administration

Taking control samples of the cornea, intraocular fluid,
conjunctiva and iris root from 1 rabbit (control animal)

Individual drug administration

Individual application of the drug to the experimental
group (9 animals) by instillation of 1 drop into the
conjunctival sac

1 hour after drug administration

Taking samples of the cornea, intraocular fluid, conjuncti-
va and iris root from 3 animals (2 samples from each
animal)

4 hours after drug administration

Taking samples of the cornea, intraocular fluid, conjuncti-
va and iris root from 3 animals (2 samples from each
animal)

8 hours after drug administration

Taking samples of the cornea, intraocular fluid, conjuncti-
va and iris root from 3 animals (2 samples from each
animal)

Fig. 1. Conjunctival sampling in a rabbit

During the study, the following parameters were
monitored: the concentration of the active substance
of the drug OFTALMICA® eye drops (gatifloxacin) in
the cornea, intraocular fluid, conjunctiva and iris root
of the animals.

STUDY RESULTS AND DISCUSSION

The calibration curves of all analytical cycles and
blank samples met the acceptance criteria. According
to the results of the evaluation of quality control sam-
ples, all series were found to meet the criteria.

After the drug administration to rabbits, gatifloxa-
cin penetrates into all the studied extraocular parts of
the eye within an hour: into the conjunctiva, cornea.

54

Fig. 2. Corneal sampling: cutting out a corneal flap

Gatifloxacin is also well absorbed into the eye and is
found in the aqueous humor of the anterior chamber
and the iris root. The average values of gatifloxacin
concentration in eye tissues are presented in Fig. 3.
One hour after administration of gatifloxacin,
the highest concentration was observed in the cornea
(C,,, 3428 +1108 ng/g) and then 8 hours after ad-
ministration it decreased to 501 + 67 ng/g. In the con-
junctiva, peak concentrations are usually recorded in
the first minutes and then gradually begin to slow-
ly decrease [10] and in our study, the maximum con-
tent of gatifloxacin (C_ = 1903 + 892 ng/g) was ob-
served one hour after administration, and decreased
to 389 + 423 ng/g 8 hours after administration. In the
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intraocular fluid, T was also 1 hour, while C_was
358 £ 156 ng/g. In the iris root, maximum concentra-
tions (C =895+ 559 ng/g) of gatifloxacin are ob-
served 4 hours after the drug administration.
Detection of gatifloxacin in intraocular structures
even with a single instillation is an important factor.

5000
4500 T

N
S
S
S

3500
3000
2500 _
2000 ¢
1500

1000 +
500

Concentration (C) of gatifloxacin, ng/g

The drug OPHTHALMICA® eye drops can be used
to treat uveitis and iridocyclitis of bacterial genesis in
animals, and can also be used to prevent infections in
intraocular surgeries such as cataract phacoemulsifi-
cation, antiglaucoma interventions, optical reconstruc-
tive surgery for penetrating eye injuries.

e Iris root
—0— Conjunctiva
Cornea

—&— Intraocular fluid

=

4 5 6 7 8 9

Time after application, h

Fig. 3. Mean values of gatifloxacin concentration in ocular tissues. Each point represents the mean concentration
and standard deviation

Minimum inhibitory concentrations of gatifloxacin for pathogens fables
Species MIC range, pg/ml |  MIC,, ug/ml Reference
Staphylococcus aureus 0.05—0.20 0.1 5
Methicillin-resistant Staphylococcus aureus 0.05—0.20 0.2 5
Staphylococcus epidermidis 0.05—0.39 0.2 5
Staphylococcus haemolyticus 0.01—6.25 3.13 5
Staphylococcus pneumoniae 0.20—0.39 0.39 5
Escherichia coli 0.0125—0.05 0.05 5
Pseudomonas aeruginosa 0.78—12.5 3.13 5
Haemophilus influenza — 0.016 6
M. smegmatis — 0.03 7
M. tuberculosis — 0.03 7

Information on the minimum inhibitory concentra-
tions (MIC) of gatifloxacin for different pathogens is
provided in Table 3 [10]. The results show that even

Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025
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instructions for use provide for a course drug admin-
istration (at least 7 days), this will ensure its efficacy
against the indicated pathogens. The results obtained
are consistent with the literature [3, 5, 6, 10]. At such
concentrations, gatifloxacin exhibits bacterial and bac-
tericidal activity, but does not cause antibiotic resis-
tance in bacteria to the active substance of the drug.
Gatifloxacin has a long-term effect on pathogen-
ic agents of eye infections. Even 8 hours after instilla-
tion, gatifloxacin maintains its inhibitory concentration
against microorganisms in all major tissues of the eye.

CONCLUSION

Based on the results of the study, the following
conclusions were formed. The active substance of the
drug OPHTHALMICA® eye drops penetrates the cor-
nea of the eye, conjunctiva, iris root and intraocular
fluid, and it is contained in these tissues for 8 hours.
The maximum content of gatifloxacin occurs one hour
after application to the conjunctiva, cornea and intra-
ocular fluid. The highest concentration of gatifloxacin
was found in the cornea and amounted to 3428 ng/g.
The lowest concentrations of gatifloxacin were found
in the intraocular fluid — 358 ng/g 1 hour after the
drug administration and decreased to 27 ng/g 8 hours
after the drug administration. Even with a single ap-
plication of the drug, concentrations of gatifloxacin in
the cornea, iris root, intraocular fluid and conjunctiva
exceed the MIC for many pathogens.

Gatifloxacin maintains its high antimicrobial con-
centration in the eye tissues for over 8 hours. Therefore,
the drug OFTALMICA® eye drops is recommended for
active use in veterinary practice due to the convenience
of the instillation regimen (3 times a day).
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AHHoTauus. Monronsckas nmecyanka (Meriones unguiculatus) 9acTo HCTIONB3yeTCs B Ka9eCTBE IKCIIEPUMEHTAIb-
HOH TeCT-CHCTEeMBI Ha JOKIMHMYECKOM JTarle Pa3pabOTKH JISKAPCTBEHHBIX CPEACTB, MPEXKIE BCETO B HCCIIE0Ba-
HUAX (hapMaKOJMHAMUKH. B TOKCHKOIOTHYECKHX HCCIIEOBAHMAX ITIECUaHKH 3aJeHiCTBOBaHbI B MEHBLICH cTemne-
HH 110 CPAaBHEHUIO C JPYTUMH TPhI3yHaMU — MBILIAMH, KPBICAMH, MOPCKHMH CBHHKAMH, B CBSI3H C 9THM 3Haye-
HUSI MacC OPraHOB NECYaHOK MPAKTHYECKH HE IPEJCTABICHBI B JINTEPATYPHBIX HCTOYHMKaX. Llenb nanHOM
paboTbl — ompenenuTsh peepeHTHRIC HHTEPBAIBI A0COMIOTHBIX 3HAYCHUH MacC M MAacCOBBIX KO3((HUIIMEHTOB
BHYTPEHHHX OPraHOB, BEIYHUCICHHBIX OTHOCHTEIBHO MAcChI TEJA U TOJIOBHOTO MO3Ta MOHTOJIbCKUX NECYaHOK.
Jnis pacyeta HHTEPBAJIOB Y 44 )KUBOTHBIX KaXKIOTO IT0J1a OBLTH 3apETUCTPUPOBAHBI MACCHI CEP/IIa, JIETKUX (C Tpa-
xeelt), TUMyca, TIE9eHH, CEIe3CHKH, TTIOYEK, TOIOBHOTO MO3Ta, CEMEHHUKOB M SIMYHUKOB, Takke y 34 camI1ioB u 24
CaMOK OIPEIETIN Maccy HaIlIOYeUHHKOB. Pacuer pedepeHTHBIX 3HaYeHUIT TPOBOAMIN POOACTHBIM METOIOM
C TIOMOIIIBI0 TIpOTpaMMHOTO obectieuenus Microsoft Excel n Reference Value Advisor v2.1.

[IpuBenennsie B padbote peepeHTHBIC 3HAYCHUS MACC OPTaHOB M PACCIUTAHHBIX MaCCOBBIX KO (PHUIIMEHTOB IO
OTHOLICHHIO K Macce Tejla ¥ TOJIOBHOTO MO3T'a IT03BOJIAT O0siee KOPPEKTHO OLEHUTH COCTOSIHIE BHYTPEHHUX Op-
TaHOB M CHCTEM B HCCJICIOBAHUAX Ha IecyaHkax. B pabore mpencraBieHbl HIKHUN M BEpXHHUHN TIpeaess! pede-
PEHTHBIX MHTEPBAJIOB JUIs BCEX MOKa3aTesIell H3MEPEHHbIX OPraHOB, TAKOKE IS KaXKJOT0 3HAYCHHS IPHBEICHBI
JIOBEPUTEIIbHBIC HHTEPBAJIBL. Y CaMIIOB M CAMOK IPaHUIIBI Pe(ePEHTHBIX HHTEPBAJIOB CXOXKH, MEXKIIOJIOBBIE CTa-
THUCTHYECKU 3HAYNMbIE OTIINYMS ObUTH 3a()MKCHPOBAHBI TOJIBKO MEXKTY 3HAUCHUSMH aOCONIFOTHBIX Macc U Macco-
BBIX KO3()(HIIMEHTOB OTHOCUTEIILHO MACChI TeJIa HAANOYSYHUKOB. HecMOTps Ha 3TO, rpaHUIIBI HIMEIOT COIIOCTa-
BuMbIi auanazon: 0,019—0,083 r u 0,049—0,119 % y cammos u 0,012—0,072 r u 0,042—0,100 % y camox.
KiroueBble cj10Ba: TOKIMHIYECKUE UCCIICIOBAHUS, TECYaHKH, MACCOBBIE KO (OUINEHTBI, a0COIIOTHEIC 3HAYE-

HUsI, Macca OpraHoB, pepepeHTHBIE HHTEPBAIIBI

BBEJEHUE

Momronbckas necyanka (Meriones unguiculatus)
SIBJISIETCSI PACIPOCTPAHEHHON 3KCIIEPUMEHTAIbHON
TECT-CUCTEMOM B IOKJTMHUYECKUX UCCIIeI0OBaHUIX. Mx
WCTIOJIB3YIOT JUIS N3yYEHUS ITHUJICTICUY, MHCYJIbTa, Ha-
PYIIEHUH ciyxa, MeTab0IMIeCKUX pacCTPOICTB, 3a00-
JIEBaHUH KeTyJOUHO-KUIIEYHOTO TPaKTa 1 HH(EKLIu-
OHHBIX TporieccoB [ 1—9]. OqHako B TOKCHKOIOTHYE-
CKHX UCCIIEIOBAaHHX MECYaHKH UCTIONB3YIOTCS PEXKE,
YeM JpyTHe Jab0paTopHbIE TPhI3YHBI, YTO OTPaHUYNBA-
€T IOCTYITHBIN 00BhEeM CIIPAaBOYHON HH(POPMAIIUH, B TOM
YHCIie JAHHBIX 110 3HAYSHHUSIM a0COTIOTHBIX MacC BHY-
TPEHHHUX OPTraHOB U MX KOA(PPHULUEHTOB, UCTIONb3Ye-
MBIX JIJIS1 BBISIBIICHHSI BOSMOMKHBIX TOKCHUECKHX A dek-
TOB M3y4aeMbIX IpernapatoB. Llenb nanHoi paboTsl —
OTIpEZICIATE pedhepeHTHBIC WHTEPBAIBI aOCOIOTHBIX

© Cumonona E. B., Cynranosa K. T., 2025

3HaYeHUH Macc M MacCOBBIX KOd()()UIUEHTOB BHY-
TPEHHHUX OPTaHOB, BBIYUCICHHBIX OTHOCHUTEIBHO Mac-
CBI TEJIa U TOJIOBHOTO MO3Ta MOHTOJIBCKHX MTECYAHOK.

B nannol pabore QuKCHpOBaIN MacChl Ceprla,
TUMYCa, IEYCHH, CEJIE3EHKH, TI0YEK, TOJIOBHOIO MO3Tra
Y CEMEHHHKOB/SIMYHUKOB, KOTOPBIC HEOOXOIUMO B3Be-
HIMBAaTh y 3BTAHA3MPOBAHHBIX I'PHI3YHOB, 33/1CHCTBO-
BaHHBIX B TOKCUKOJIOTHUECKUX MCCIIECOBAHHAX, B CO-
OTBETCTBUH C peKoMeHAarusMu OOIecTBa TOKCHKO-
JIOTUYECKOH TIaTOJIOTHH y BCeX KUBOTHBIX (Society of
Toxicologic Pathology, CIIIA) [10].

Takske, IO BO3MOXKHOCTH, ITPOBOAMIHM PErHCTpa-
[IUIO Macchl HaNO4YeYHUKOB. MaccoBbie Koddduiu-
SHTBHI TIEPEUYHCIICHHBIX OPraHOB HMCIOIB3YIOTCS IS
OIIPEIeJIEHUs] UX COCTOSIHUS U Ul OLIEHKHU PaOOThI
CHCTEM OpPI'aHOB.
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B cBs3u ¢ peAKUM UCTIOIB30BAHMEM ITECUYAHOK
B MOJMOOHBIX DKCIIEPUMEHTAX, B JINTEPATYPHBIX HC-
TOYHHKAX MPAKTHYECKU HE BCTPEYAIOTCS MacChl Opra-
HOB U UX MaccoBble ko3 unmenTsl. L{enb padboTer —
OTIpeaeNUTh pe)epeHTHBIE HHTEPBAJIbl A0COMIOTHBIX
3HaUEHHI MacChl M MacCOBBIX KO3(p(QUIIMEHTOB BHY-
TPEHHHUX OPTaHOB, BBIYMCICHHBIX OTHOCUTEIHLHO Mac-
CBI TeJIa ¥ TOJIOBHOTO MO3Ta MOHTOJIbCKUX TTECUYAHOK.

MATEPHUAJIBI U METO/ bl
UCCJIEJOBAHUM

Bce MaHunynsnuu npoBeieHbl HA MOHIOJIBCKHX
recyankax Maccoit 36—96 r. Jlanasie, UCTIOIB3yeMbIe
JUTS pacueToB, MOJMYYEHBI OT WHTAKTHBIX JKHBOTHBIX
B niepuof ¢ 2020 mo 2024 rr. B paMKax IpOBEICHUS
MOHUTOPHUHTA 3JI0OPOBbS JIA0OPATOPHBIX JKUBOTHBIX
B AO HIIO «10OM ®APMALIMIN» (Jlennnrpanckas
00J1acTh), B TEUCHHE rojia 3BTaHa3zupoBain 10 10 ro-
JIOB Ka)KIIOTO 1oJ1a. B nccenoBanre BKITIOYCHO 88 K-
BOTHBIX — 44 camria 1 44 HeOepeMEHHBIX 1 HePOXKaB-
LIMX CaMKH B Bo3pacTte ot § 10 16 Henenb. JKuBOTHBIX
COJIepKalli B CTaHJAPTHBIX YCJIOBHUSX BUBApHs MpPHU
Temmeparype Bozayxa 22—26 °C, OTHOCUTEIbHOU
BrnaxxHoct 40—75 % u 12-9acoBOM peKUME CBETO-
BOTO JTHSI.

[Tecuanku conepxaiuch rpynnamu no 3—>5 oco-
Oeif B KIIETKE Ha IMOJCTUIIC, IUIOMAAh Moja KISTKH
COJICp)KaHUsl Ha OJTHO KUBOTHOE COOTBETCTBOBAJA
PyKkoBOIICTBY IO COJICpKAHHIO U UCIIOJIH30BAHUIO Jia-
0OpPaTOPHBIX )KUBOTHBIX . KOpMIIeHHE )KUBOTHBIX OCY-
MIECTBISUTH B COOTBETCTBUU ¢ Jupextusoit 2010/63/
EU , Boma Obwia B cBoOOmHOM noctyme ad libitum.
B kauecTBe KOpMa UCIIOIB30BAIHM TpaHyJIUPOBaH-
HBIA KOPM ISl COJICpKaHUsI JTaDOPATOPHBIX JKUBOT-
HeIX JIBK-120 (3AO «TocHeHckuii KOMOMKOPMOBBIiA
3aBoj», Poccust), IPUTOTOBJICHHBIH B COOTBETCTBUU
¢ TpeboBanusmu 'OCT 34566—2019 . «kKomOukopma
MTOJTHOPAIIMOHHBIE NI J1a0OpPaTOPHBIX KUBOTHBIX.
TexHUUYECKUE YCIOBUI».

OBTaHAa3MI0 KUBOTHBIX OCYIIECTBISIIU C ITOMO-
ursio auokcuna yriaepoaa (CO2) ¢ mepepezanrneM Ma-

THCTPAJIbHBIX KPOBEHOCHBIX COCY/IOB, ITPEIBAPUTEIb-
HO XMBOTHBIE OBUIH JINIIIEHBI KopMa Ha 8—12 gacos.
HenocpencreenHo nepes npoueaypoi sBTaHa3uu pe-
TUCTPUPOBAIM Maccy Teja >XKMBOTHBIX. [Ipouenypy
PETUCTPALIMN MAacC OPTaHOB OCYIIECTBIISUIM Ha dJIEK-
TpoHHBIX Becax Adventurer, mogens RV 214 (OHAUS,
KwuTaii): MUHUMaNbHBIN Mpeaen B3BEUIMBAHUA —
0,001 1, makcuManbHBI — 210 T; 1IeHA TOBEPOYHOTO
nenenuss — 0,001 r. Maccy HalmOUeUHHUKOB OIpee-
JSUTM TIPU YCJIOBUH UX JETaJbHON BU3yaJIn3alllH, BO
n30ex)aHne NX HEKOPPEKTHOTO BBIACIICHNUS ITPH O0JTb-
LIOM KOJIMYECTBE KUPOBOM TKaHHU.

MaccoBble K03 PUIHEHTH BHYTPEHHUX Opra-
HOB PAacCUUTBIBAIN OTAENBHO VIS CaMIIOB M CaMOK,
00pa0bOTKy HOJYYEHHBIX JaHHBIX MPOBOJWIN B CO-
OTBETCTBHUM C paHee NMpoBeAeHHOH pabdoroii [11].
CratucTHueckuil aHaiau3 JaHHBIX MPOBOJWIN C HC-
KJIFOUCHHBIMH BbIOpOcami [11] 1 B COOTBETCTBUU C Py-
rxoBoacTBoM CLSI [12, 13].

CornacHO IUTEpaTypHBIM JJaHHBIM, OIIPEACTICHNE
pedepeHTHBIX HHTEPBAJIOB IOITYCTUMO IIPOBOAUTE IIPH
BbIOOpKE Oosee 20 3HaUCHHA, TP 3TOM, IPU KOJIHYE-
cTBe 3HaueHni MeHee 120 cunTtaeTcst KOppEKTHBIM HC-
MOJIb30BaHUE HEMapaMeTPHUYECKOTO WM POOACTHOTO
METO/I0B. B TaHHOM ciTydae pacyeT mpOBOIHITH TIPH IT0-
MOIIIA POOACTHOTO METOAA, Kak 00JIee TOTHOTO TIPH Ma-
JI0M BBIOOPKE KUBOTHBIX M HOPMaJIbHOM pacrpeierne-
Huu JaHsbiX [14]. [lpu Hanmuuuy cTaTUCTUYECKOM 3HAa-
gumocTH (p < 0,05) Mmerona Aunepcona — Jlapnunra
MIpeIoiIaraiy, YTo pacrpeieseHne TaHHbIX SBJISIeT-
Cs1 OLIMYHBIM OT HOPMAJILHOT'O, ¥ IPUMEHSIH IPeol-
pasoBanne bokca — Kokca, mpuOnmxaroriee 3Ha4e-
HUS K HOPMaJIbHOMY pacnpeneneuuto [15].

Pacuer pedepeHTHBIX MHTEPBAJIOB BBIMOJIHSIN
C TIOMOIIBIO porpaMMHOro obecnedeHus: Microsoft
Excel n Reference Value Advisor v2.1. (National
Veterinary School, Toulouse, France) [12]. Pe3ymnbrars
pacueToB pedepeHTHBIX WHTEPBAJIOB IpEACTaBIIC-
HBI B TaOnmunax 4—~6, Takxke Ui BEpXHEH U HUKHEH
rpanun npuseneHs 90 % noBepuTenbHbIE MHTEPBaA-
mel [12, 16].

2 PyKOBO,I[CTBO o COACPIKAHUTIO U MCIIOJIb30BAHUIO J'Ia60paT0pHBIX JKMBOTHEIX. 8-€ U3JaHuC / Iep. € aHIil. HOJI[ pea.

W. B. benozepuesoii, /1. B. baunosa, M. C. Kpacunsmukosoii. Mocksa: UPBUC, 2017. 336 c. [Rukovodstvo po soder-
zhaniyu i ispolsovaniyu laboratornykh zhivotnykh. Vos’moe izdanie / transl. from English. Ed. I. V. Belozercevoi, D. V. Bli-
nova, M. S. Krasil’shikovoi. Moskva: IRBIS, 2017. 336 p. (In Russ.)].

3 Nupektusa 2010/63/EU Eppomneiickoro napiamenta u CoBera EBporeiickoro cor3a o oxpaHe >KHBOTHBIX, HCIIONb-
3yeMbIX B Hay4HBIX 11eJisiX / riep. ¢ auri. [Tox pen. M. C. Kpacumbuukosoit, M. B. benosepuesoit. Cankr-IletepoOypr, 2012.
48 c. [Direktiva 2010/63/EU Yevropeyskogo Parlamenta i Soveta Yevropeyskogo Soyuza po okhrane zhivotnykh, is-
pol’zuyemykh v nauchnykh tselyakh / transl. from English. Ed. M. S. Krasilshchikova, I. V. Belozertseva. St. Petersburg,
2012. 48 p. (In Russ.)].

4TOCT 34566—2019. KombukopMa TOTHOPAITHOHHBIC st TAOOPATOPHBIX KUBOTHBIX. TEXHUIECKHE YCITOBHSL.
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JIJisi CTaTUCTUYECKOTO aHallM3a MPU CPABHEHUU
JaHHBIX MEXIY ITOJIaMH HMCIIOJIB30BaJIM JIMICH3UPO-
BaHHOE MporpaMMHoOe obecmedueHue Statistica 10.0

PE3YJBTATHI UICCJIEJOBAHUSI
B tabmumax 1-—3 mpeacTaBiaeHbI JOIN CTaTHCTH-
YECKUX BBIOPOCOB JIJIS KAXKJIOTO TIOKA3aTEeIs ISl KaK-

(StatSoft, CILIA). JIOTO IToJIa.
Taoauma 1
Jlonst cmamucmuuecKkux 8blOpocos npu anHanuze abCOTOMHBIX MACC OP2AHO8 NECUAHOK
JInarma3oH Macchl Tejla CaMIIOB Jlnara3oHn mMacchl Tena caMmok 39—
Opran 36—96 T, n=44 83rnn=44
OO0111ee KOTMYESCTBO BBIOPOCOB, %0
Cepane 0,0 0,0
Jlerkue ¢ Tpaxeeit 4.5 23
Tumyc 0,0 0,0
[leuenn 0,0 0,0
Cene3eHka 23 0,0
Ilouknu 0,0 23
T'onoBHOI MO3T 0,0 0,0
CeMEeHHUKHU 4,5 —
SlmaHuIKT — 0,0
Hagnoueunuku 2,9 (n=134) 0,0 (n=124)
Tadonuma 2
Jons cmamucmuuecKkux 8blOPOCos npu pacueme Macco8uix Ko3ppuyuenmos
0pP2aHO8 OMHOCUMENbHO MACCHL Med Y NeCYAHOK
Jlnana3zoH Macchl Tejla caMIloB Jlnana3on mMaccel Tena caMmok 39—
Oprau 36—96 T, n=44 83rnn=44
OO0111ee KOTMYESCTBO BBIOPOCOB, %0

Cepane 23 23
Jlerkue ¢ Tpaxeeit 11,4 0,0
Tumyc 0,0 0,0
Ileuenn 6,8 0,0
CeneseHka 0,0 2,3
[Touku 2,3 4,5
lonmoBHOI MO3T 2,3 0,0
CeMeHHUKH 9,1 _
SlmaHuKT — 6,8
Hanmoueunmnku 2,9 (n=134) 8,3 (n=24)
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Hons cmamucmuueckux 8b10pocoé npu pacueme mMaccosvix Kodgguyuenmos
0p2ano8 OMHOCUMENbHO 20N06HO20 MO32a Y NECUAHOK

Taoauna 3

Jlnana3zoH Maccel Tejaa caMIioB Jmana3on Maccel Tena caMmok 39—
Opran 36—96r,n=44 83rnn=44
OO11ee KOTMYECTBO BRIOPOCOB, %0

Cepaue 0,0 0,0
Jlerkue ¢ Tpaxeeit 4,5 0,0
Tumyc 0,0 0,0
Ileuenn 0,0 0,0
Cenesenka 2.3 0,0
[Touknu 0,0 2.3
CeMeHHHUKHU 2.3 —
SInaHuKHT — 9,1
Hannoueunvku 2,9 (n=34) 0,0 (n=24)

Crnemyer OTMETUTh, YTO HAUOOJIbIIAsT BAPUATHB-
HOCTH OTMEUYEHA Y TAaKHUX TOKa3aTeliell Kak MacCOBEIC
KOA(PUIINEHTHI JIETKUX, TIEICHH, CEMEHHUKOB Y CaM-
LIOB ¥ HaJIMOYEYHUKOB Y CAMOK OTHOCHUTEIIEHO MacChI
Tela, a TAaK)Ke MacCcoBbIe KO3 (DUITEHTHI THIHUKOB OT-

YeHHI MacCOBBIX KOA(Q(PUIIMEHTOB OTHOCUTEIHLHO Mac-
CBI T€JIa, BEPOSITHEE BCErO, CBsI3aHa C OONBIINM JUa-
Ia30HOM MAaccC Tella, B YaCTHOCTH, CaMIIOB.
Paccunrannbie pedepeHTHbIE MHTEPBAIBI JUIS
BCEX IMOKa3aTeseil OpraHoB MPE/CTaBICHBI B TaOH-

HOCHTEIILHO TOJIOBHOTO Mo3ra. BapnabenpHOCTh 3Ha-  11aX 4—0.
Taoauna 4
Peghepenmmvie unmepeanvt abconiommuix macc opeanos, 2, pepepenmuoe snavenue (90 % dosepumenvHuiii unmepea)
Camiibr Camku
Opran
n Hwxnsas rpanuna | Bepxsss rpanuna n Huxnsas rpanuna | Bepxuss rpanuna
1 2 3 4 5 6 7
Cepite 44 0,163 0,469 44 0,172 0,415
pAL (0,137—0,191) (0,430—0,500) (0,151—0,200) (0,381—0,446)
Jlerkue ¢ Tpaxeei 42 0,251 0,639 43 0,225 0,652
p (0,214—0,290) (0,598—0,679) (0,183—0,276) (0,609—0,695)
0,002 0,137 0,011 0,131
Tuye a4 (0,0—0,014) 0.120—0.151) | ** (0,0—0,022) (0,115—0,143)
1,370 3,603 1,192 3,445
Heuens Mol a170—1595 | 3321-3835) | M| (1.002—1422) | (3.181—3.644)
Cesesenka 43 0,024 0,108 44 0,018 0,119
(0,014—0,034) (0,097—0,118) (0,010—0,029) (0,107—0,130)
ok 44 0,387 0,907 43 0,404 0,855
(0,345—0,442) (0,851—0,954) (0,352—0,457) (0,796—0,901)
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Oxonuyanmue Ta0J. 4

1 2 3 4 5 6 7
- i 0,878 1,244 “ 0,840 1,245
. (0,842—0918) | (1,210—1,283) (0,799—0,878) | (1,195—1,285)
CeMEeHHUKHA 42 0,690 1,580 _
(0,574—0,784) | (1,495—1,672)
0,000 0,194
Awniicn - 4 (0,0—0,0) (0,127—0,241)
— 13 0,019 0,083 o 0,012 0,072
. (0,012—0,028) | (0,074—0,089) (0,005—0,022) | (0,064—0,082)

Ipumeuanue. 31ech 1 B TaOMI. 5, 6: 1 — KOJUYECTBO 3HAUCHUI MTOCIIC UCKIIFOUCHHSI BHIOPOCOB U3 BHIOOPKHU.

Taoauua 5

Pegpepernmmuvie unmepsansvt no Maccoguim Kod3gh)duyuenmam opeanos, paccuumanuvle KaKk OmHouleHue
maccul opeana k macce mena, %, pepepenmnoe snavenue (90 % oosepumenvhulii unmepaar)

(0,039—0,058)

(0,111—0,128)

(0,035—0,052)

Camiib Camku
Opran
n Huxnaasg rpanuna | BepxHss rpanuna n Hwxnsas rpanuna | Bepxwsss rpanuna

Cepaiiie 43 0,361 0,703 43 0,391 0,693
At (0,327—0,396) | (0,665—0,744) (0,364—0,422) | (0,653—0,732)

Jlerkue ¢ Tpaxeeit 39 0,487 1,293 44 0,376 1,270
p (0,456—0,526)" (1,097—1,535)" (0,298—0,459) (1,155—1,369)

Tumve 44 0,000 0,255 44 0,010 0,261
Y (0,0—0,018) (0,226—0,285) (0,0—0,029) (0,230—0,289)

Iewers 41 3,544 4,941 m 2,917 5,617
(3,403—3,713) (4,753—5,074) (2,661—3,211) (5,337—5,862)

Cestesenka 44 0,024 0,213 43 0,037 0,214
(0,006—0,040) (0,184—0,234) (0,018—0,059) (0,195—0,235)

TMouxu 43 0,735 1,423 47 0,835 1,451
(0,675—0,811) (1,334—1,508) (0,787—0,903) (1,379—1,532)

TonmoBHOI MO3r 43 0,997 2,538 44 1,242 2,677
(0,851—1,179) (2,310—2,741) (1,061—1,358) (2,514—2,825)

1,223 2,426
Cemennuin 401 s—1341) | (2256—2.602) -

Suanuku — 41 0,000 0,227
(0,0—0,028) (0,195—0,258)

T Eo—— 33 0,049 0,119 2 0,042 0,100

(0,092—0,109)

IIpumeuyanue. * — 3HaYCHUS pacCUUTaHbI 1ocie mpeodpazoBanns bokca—Kokca.
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Taoauna 6

Peghepenmuvie unmepeanvt no Maccosuvim Kodpduyuenmam opeanos, paccuumanuvle Kax OmHOUEeHue Maccol
opeana Kk macce 201061020 mozea, %, pegpepenmnoe 3nauenue (90 % dosepumenvrwlil unmepsea)

Cam1sl CamMmku
Opran
n Huxuss rpanuna | Bepxuss rpanuna n Hwxusist rpanuna | Bepxssist rpanuia
— " 13,59 4523 " 17,89 39,37
P (10,74—17,10) | (40,86—49,03) (16,12—19,99) | (36,84—41,77)
Jlerkue ¢ Tpaxeei 42 23,52 39,61 44 21,85 61,15
p (19,86—26,85) | (55,15—63,39) (18,87—25.84) | (56,34—66,40)
0,36 12,79 1,61 12,20
Tamyc 44 (0,0—1,58) aLis—1402) | (0,62—2,67) (11,02—13,08)
141,9 331,2 119,6 3223
Meaens Mol 281614 | 611.9-3509) | M| (99.65—141.0) | (298.7—339.9)
2,23 10,08 2,29 10,92
Cenesenxa 43 (1,34—3,12) 899—1115) | (1,48—3,22) (9,98—11,87)
Mot " 37,36 84,57 0 41,34 80,14
(33,45—41,77) | (79,41—89,04) (37,08—46,09) | (75,96—84,43)
57,40 151,5
Cemenrnicn B 48106767 | (140.5—1613) -
0,42 10,77
Ansnmic - 40 (0,0—1,62) (9,68—11,88)
1,95 7,62 1,12 6,95
Haanoyedsukn 33 (1,35-2,67) (6,79—8,35) 24 (0,50—1,94) (5,98—7,95)
PaccunrtanHnbie pe)epeHTHBIC 3HAUCHUSI 10 BCEM 3AKJITIOYEHHUE

MOKa3aTesiM y CaMIIOB M CAMOK 00pa3yIoT CXOKUE HH-
TepBasibl. CTaTUCTUYECKU 3HAYUMBIE PA3INUUS MEXK LY
[oJlaMH OTMEUEHBI IPU aHaju3e aOCONIOTHBIX Macc
U MaccoBBIX KO3()(UIMEHTOB OTHOCHUTEIHFHO MacChl
Tena HaArnoyeuyHukoB (mapHeiit T-Tect, p < 0,05), npu
9TOM OTJIMYHUI NIPU CPaBHEHUN MACCOBBIX KO PHIIN-
€HTOB OTHOCUTEJILHO TOJIOBHOI'O MO3Ta HE BBISIBIICHO.
JlanHbIE M3MEHEHUS TI0Ka3aTesel MOTyT OBITh CBS3a-
HBI C MaJIbIM BECOM oprasa Ha (hoHe OOJbIINX uarna-
30HOB MAacCChl TeJa.

B nuteparype Obutn HaliieHbI a0COIOTHBIC 3HAYE-
HUSI MACChI MICUCHH, CEJIC3CHKH U MTOYEK, 3aPErUCTPH-
pOBaHHBIC Y KUBOTHBIX KOHTPOJIBHON Tpymmsl [9].
OTH TaHHBIE y CAMOK U IIOKA3aTEJ M CEJIE3EHKU U T10-
YeK y caMIOB YKJIa/IbIBalOTCs B TPAHULIBI PACCUUTAH-
HBIX HAMH WHTEPBAJIOB.

3HaYCHUS MACCHI [IEYEHH Y CAMIIOB B IPUBEIICHHON
paboTe HE3HAYHMTENBHO MPEBBIMIAIOT TPAHUILY yCTa-
HOBJICHHOTO HaMH pe(epeHTHOro Auana3oHa, HO IpH
9TOM IONAJAI0T B JOBEPUTENIbHbBII HHTEPBAJ BEpPXHE-
ro mpejena.

MoHToIbCKas MeCUYaHKa SIBISETCS pacrpocTpa-
HEHHOW KCIEPUMEHTAIbHON TECT-CUCTEMOU B HC-
cleoBaHMIX (papMaKOAMHAMHUKH. B perynsTopHBIX
TOKCHKOJIOTMYECKHUX HCCJEIOBAHUIX IECUaAHKH 3a-
JICICTBOBAaHbl B MEHBILIEH CTENEHU MO CPABHEHUIO
C IIPYyTUMU TPBI3yHAMH, YTO OTPAHUIUBACT JOCTYII-
HBIH 00bEeM CIPaBOYHOW WH(OpPMAIIUK 0 JaHHBIM
JKUBOTHBIM, B YaCTHOCTH B JIUTEpAType MpaKTHUIe-
CKH HE MPEJCTaBICHbI JaHHBIC 110 MaccaM BHYTPEH-
HUX OPTraHOB, UCIIOJIB3YEMBIX JJIs BEISIBIICHUS BO3MOXK-
HBIX TOKCHUECKHX 3(PPEKTOB N3yyaeMbIX [TPEIapaToB,
JTAHHBIC X MACC OPTaHOB B JINTEPATYPE MPAKTHICCKU
He TpeZicTaBlieHbl. PaccunTannbie peepeHTHbIE HH-
TepBaJbl IPEIOCTABISIIOT BO3MOKHOCTh KOPPEKTHOU
OIICHKH Pe3yJbTaTOB MPH HEOOXOIUMOCTHU MPOBEIC-
HUS TOKCHKOJIOTHYECKUX IKCIIEPUMEHTOB Ha ITeCUaH-
kax. [Tojgy4eHHBIMU HAMH PeQEepPEHTHBIC HHTEPBAJIbI
COTIOCTaBUMBI C JTAHHBIMH, TIPEACTABICHHBIMHU B JTH-
Teparype.

[Ipu ncnonap30BaHUU pacCUUTAHHBIX peepeHTOB
HEOOXOUMO YUUTBIBaTh HEOOJBIIYIO BEIOOPKY KH-
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HEW rpaHuil.
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REFERENCE INTERVALS OF MASS
COEFFICIENTS OF MONGOLIAN GERBIL
ORGANS AND THEIR ABSOLUTE VALUES
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Abstract. The Mongolian gerbil (Meriones unguiculatus) is often used as an experimental test system at the pre-
clinical stage of drug design, primarily in pharmacodynamic studies. Gerbils are used to a lesser extent in toxico-
logical studies, compared to other rodents (mice, rats, guinea pigs), and therefore, the values of gerbil organ weight
are practically not presented in the literature. The objective of this work is to determine the reference intervals of
the absolute values of the weight and mass coefficients of internal organs calculated relative to the body and brain
weight of Mongolian gerbils.

To calculate the intervals, the weight of the heart, lungs (with trachea), thymus, liver, spleen, kidneys, brain, tes-
ticles and ovaries was recorded in 44 animals of each gender, and the adrenal gland weight was determined in
34 males and 24 females. The calculation of reference values was performed using a robust method and the Mi-
crosoft Excel and Reference Value Advisor v2.1 software.

The reference values of organ weight and calculated mass coefficients in relation to body and brain weight pre-
sented in the work will allow a more correct assessment of the state of internal organs and systems in studies on
gerbils. The work presents the lower and upper limits of reference intervals for all indicators of the measured or-
gans, and confidence intervals are also given for each value. The limits of the reference intervals are similar in
males and females, statistically significant differences between the genders were recorded only between the val-
ues of absolute weight and mass coefficients relative to the body weight of the adrenal glands. Despite this, the
limits have a comparable range: 0.019—0.083 g and 0.049—0.119 % in males, and 0.012—0.072 g and 0.042—

0.100 % in females.

Keywords: preclinical studies, gerbils, mass coefficients, absolute values, organ weight, reference intervals

The Mongolian gerbil (Meriones unguiculatus)
is a common experimental test system in preclinical
studies. They are used to study epilepsy, stroke, hear-
ing impairment, metabolic disorders, gastrointestinal
diseases and infectious processes [1—9]. Gerbils are
used less frequently in toxicological studies than oth-
er laboratory rodents, which limits the available vol-
ume of reference information, including the data on
the absolute weight of internal organs and their coef-
ficients used to identify possible toxic effects of the
studied drugs.

In this study, we recorded the weight of the heart,
thymus, liver, spleen, kidneys, brain and testicles/ova-
ries — the organs, the weight of which must be re-
corded in rodents in toxicological studies in accor-
dance with the recommendations of the Society of
Toxicologic Pathology (USA) [10]. If possible, the ad-
renal gland mass was also recorded.

© Simonova E. V., Sultanova K. T., 2025
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Due to the rare use of gerbils in such experiments,
organ mass and their mass coefficients are practical-
ly not found in literary sources. The objective of the
work is to determine the reference intervals of abso-
lute values of the mass and mass coefficients of inter-
nal organs calculated relative to the body and brain
mass of Mongolian gerbils.

MATERIAL AND METHODS

All manipulations were carried out on Mongolian
gerbils weighing 36—96 g. The data used for the cal-
culations were obtained from intact animals in the pe-
riod from 2020 to 2024 as part of monitoring the health
of laboratory animals at “Scientific and Production
Association ‘HOME OF PHARMACY’” (Leningrad
Region). The study included 88 animals (44 males and
44 non-pregnant and nulliparous females) aged from 8
to 16 weeks. The animals were kept under standard vi-

Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025



Reference intervals of mass coefficients of mongolian gerbil organs and their absolute values

varium conditions at an air temperature of 22—26 °C,
relative humidity of 40—75 % and a 12-hour daylight
regime. Gerbils were kept in groups of 3—>5 individ-
uals per cage on bedding; the floor area of the cage
per animal complied with the Guide for the Care and
Use of Laboratory Animals . The body weight of male
gerbils was within 36—96 g, and that of females was
39—83 g. The animals were fed in accordance with
Directive 2010/63/EU, and water was freely available
ad libitum. Granulated feed for keeping laboratory
animals LBK-120 (Tosnenskiy Mixed Feed Factory,
Russia) was used as feed prepared in accordance with
the requirements of GOST 34566—2019 . Complete
Feed for Laboratory Animals. Technical Conditions.
The animals were euthanized using carbon dioxide
with severing the main blood vessels, after the animals
had been deprived of food for 8—12 hours. The body
weight of the animals was recorded immediately before
the euthanasia procedure. The organ weight recording
procedure was performed using an Adventurer electron-
ic scale, model RV 214 (OHAUS, China): minimum
weighing limit — 0.001 g, maximum — 210 g; veri-
fication division value — 0.001 g. The adrenal gland
weight was determined provided that they were visu-
alized in detail, in order to avoid their incorrect isola-
tion in the presence of a large amount of adipose tissue.
The mass coefficients of internal organs were cal-
culated separately for males and females, and the ob-
tained data were processed in accordance with the pre-

viously conducted work [11]. The statistical analysis
of the data was performed with outliers excluded [11]
and in accordance with the CLSI guidelines [12, 13].

According to the literature, reference intervals can
be determined with a sample of more than 20 values,
while with a number of values less than 120, it is con-
sidered correct to use nonparametric or robust meth-
ods. In this case, the calculation was performed using
the robust method, as it is more accurate with a small
sample of animals and a normal data distribution [14].
In the presence of statistical significance (p < 0.05) of
the Anderson — Darling test, it has been assumed that
the data distribution is different from normal, and the
Box — Cox transformation has been used, which ap-
proximates the values to a normal distribution [15].

Reference intervals were calculated using the
Microsoft Excel and Reference Value Advisor v2.1 soft-
ware. (National Veterinary School, Toulouse, France)
[12]. The results of the reference interval calculations
are presented in Tables 4—6, and 90 % confidence
intervals are also given for the upper and lower lim-
its [12, 16].

For statistical analysis when comparing the data
between genders, the licensed software Statistica 10.0
(StatSoft, USA) was used.

STUDY RESULTS
Tables 1—3 present the proportions of statistical
outliers for each indicator of each gender.

Proportion of statistical outliers in the analysis of absolute mass of gerbil organs e
Total number of outliers, %
Organ
n Males n Females
1 2 3 4 5
Heart 44 0.0 44 0.0
Lungs with trachea 44 4.5 44 2.3
Thymus 44 0.0 44 0.0
Liver 44 0.0 44 0.0
Spleen 44 2.3 44 0.0

2 Guide for the Care and Use of Laboratory Animals. 8th edition / translated from English. Edited by 1. V. Belozert-
seva, D. V. Blinov, M. S. Krasilshchikova. Moscow: IRBIS, 2017. 336 p. [Rukovodstvo po soderzhaniyu i ispolsovaniyu
laboratornykh zhivotnykh. Vosmoe izdanie / transl. from English. Ed. by I. V. Belozertseva, D. V. Blinova, M. S. Krasilsh-

chikova. Moskva: IRBIS, 2017. 336 p. (In Russ.)].

3 GOST 34566—2019. Complete feed for laboratory animals. Technical conditions
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Table 1 (the end)

1 2 3 4 5
Kidneys 44 0.0 44 2.3
Brain 44 0.0 44 0.0
Testicles 44 4.5 — —
Ovaries — — 44 0.0
Adrenal glands 34 2.9 24 0.0

Table 2

Proportion of statistical outliers in the calculation of mass coefficients of organs relative to body weight in gerbils

Total number of outliers, %

Organ
n Males n Females
Heart 44 2,3 44 2,3
Lungs with trachea 44 11,4 44 0,0
Thymus 44 0.0 44 0.0
Liver 44 6.8 44 0.0
Spleen 44 0.0 44 2.3
Kidneys 44 2.3 44 4.5
Brain 44 2.3 44 0.0
Testicles 44 9.1 — —
Ovaries — — 44 6.8
Adrenal glands 34 2.9 24 8.3
Table 3

Proportion of statistical outliers in the calculation of mass coefficients of organs relative to the brain in gerbils

Total number of outliers, %

Organ
n Males n Females
1 2 3 4 5
Heart 44 0.0 44 0.0
Lungs with trachea 44 4.5 44 0.0
Thymus 44 0.0 44 0,0
Liver 44 0.0 44 0.0
Spleen 44 2.3 44 0.0
66 Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025
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Table 3 (the end)
1 2 3 4 5
Kidneys 44 0.0 44 2.3
Testicles 44 23 — —
Ovaries — — 44 9.1
Adrenal glands 34 2.9 24 0.0

It should be noted that the greatest variability is
observed in such indicators as mass coefficients of the
lungs, liver, testicles in males and adrenal glands in fe-
males relative to body weight, as well as mass coeffi-
cients of the ovaries relative to the brain. The variabil-

ity of the values of mass coefficients relative to body
weight is most likely associated with a large range of
body weight, in particular, of males.

The calculated reference intervals for all organ in-
dicators are presented in Tables 4—o6.

Table 4
Reference intervals of absolute organ weight (g), reference value (90 % confidence interval)
Males Females
Organ
n Lower limit Upper limit n Lower limit Upper limit
0,163 0.469 0.172 0.415
Heart M 0137—0191) | (043005000 | M| (0.151-0200) | (0.381—0.446)
. 0.251 0.639 0.225 0.652
Lungs with trachea | 42| 514" 0290y | (0.598—0.679) | ¥ | (0.183—0276) | (0.609—0.695)
0.002 0.137 0.011 0.131
Thymus a4 (0.0—-0.014) ©.120—0.151y | (0.0—0.022) (0.115—0.143)
Liver “ 1.370 3.603 “ 1.192 3.445
(1.170—1.595) | (3.321—3.835) (1.002—1.422) | (3.181—3.644)
Soleen i 0.024 0.108 “ 0.018 0.119
p (0.014—0.034) | (0.097—0.118) (0.0100.029) | (0.107—0.130)
. 0.387 0.907 0.404 0.855
Kidneys Ml 0345—0442) | (0851—0954) | P | (0352—0457) | (0.796—0.901)
Brain “ 0.878 1.244 “ 0.840 1.245
(0.842—0.918) | (1.210—1.283) (0.799—0.878) | (1.195—1.285)
. 0.690 1.580
Testicles Y 0574—0784) | (1.495—1.672) -
. 0.000 0.194
Ovaries - 4 (0.0—0.0) (0.127—0.241)
Advonal glands 1 0.019 0.083 o 0.012 0.072

(0.012—0.028)

(0.074—0.089)

(0.005—0.022)

(0.064—0.082)

Note. Here and in Tables 5, 6: n is the number of values after excluding outliers from the sample.
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Table 5
Reference intervals for organ mass coefficients calculated as the ratio of organ
mass to body mass, %, reference value (90 % confidence interval)
Males Females
Organ
n Lower limit Upper limit n Lower limit Upper limit
0.361 0.703 0.391 0.693
Heart B 0327-039) | (0.665—0744) | P | (0364—0422) | (0.653—0.732)
. 0.487 1.293 0.376 1.270
Lungs with trachea | 39 | 456" 0506y | (1.097—1.535¢ | ** | (0.298—0459) | (1.155—1.369)
0.000 0.255 0.010 0.261
Thymus 4 (0.0—0.018) 02260285 | (0.0—0.029) (0.230—0.289)
Liver a1 3.544 4.941 " 2917 5.617
(3.403—3.713) | (4.753—5.074) (2.661—3211) | (5.337—5.862)
Soleen 24 0.024 0.213 7 0.037 0.214
p (0.006—0.040) | (0.184—0.234) (0.018—0.059) | (0.195—0.235)
. 0.735 1.423 0.835 1.451
Kidneys B 0675—0811) | (1334—1508) | Y | (0.787—0903) | (1.379—1.532)
Brain 0 0.997 2.538 " 1.242 2.677
(0.851—1.179) | (2.310—2.741) (1.061—1.358) | (2.514—2.825)
. 1.223 2.426
Testicles 01 s—1341) | (2256—2.602) -
. 0.000 0.227
Ovaries - 4 (0.0—0.028) (0.195—0.258)
0.049 0.119 0.042 0.100
Adrenal glands 31 (0.039—0058) | (0.111—0.128) | 2 | (0.035—0.052) | (0.092—0.109)

* values calculated after the Box—Cox transformation.

Table 6
Reference intervals for organ mass coefficients calculated as the ratio of organ
mass to brain mass, %, reference value (90 % confidence interval)
Males Females
Organ
n Lower limit Upper limit n Lower limit Upper limit
1 2 3 4 5 6 7
13.59 45.23 17.89 39.37
Heart M 1074417100 | 4086-49.03) | M| (1612-19.99) | (36.84—41.77)
. 23.52 59.61 21.85 61.15
Lungs with trachea | 42| 19 o" h6es) | (55.05—6339) | ** | (18.87-2584) | (56.34—66.40)
0.36 12.79 1.61 12.20
Thymus 4 (0.0—1.58) (11.18—14.02) | (0.62—2.67) (11.02—13.08)
. 141.9 331.2 119.6 322.3
Liver Mo 281614 | 3119-3509) | M| (99.65—141.0) | (298.7—339.9)
68 Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025
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Table 6 (the end)
1 2 3 4 5 6 7
Spleen 3 (1.35233.12) (8.9912(1?.15) 1 a .4§i93.22) (9.9539121-87)
Kidneys 44 (33.4357;43?1.77) (79.4814;5879.04) 43 (37.021%3:6.09) (75.986041;4-43)
Testicles Bl s, 1?)7;427.67) (140.155—1'15 61.3) o
Ovaries — 40 (0,00;412.62) (9.6527171 .88)
Adrenal glands B ,35852.67) (6.797&,35) 24 (0,5(}121 94) (5.9§i57.95)

The calculated reference values for all indicators in
males and females form similar intervals. Statistically
significant differences between the genders were noted
in the analysis of absolute mass and mass coefficients
relative to the body mass of the adrenal glands (paired
T-test, p < 0.05), while no differences were found when
comparing mass coefficients relative to brain. These
changes in the indicators may be associated with the
small weight of the organ against the background of
large ranges of body mass.

Absolute values of the liver, spleen and kidney
mass recorded in the animals of the control group were
found in the literature [9].

These data in females and the spleen and kidney
indicators in males fit within the limits of the intervals
we calculated. The liver mass values in males in the
cited work slightly exceed the limit of the reference
range we have established, but fall within the confi-
dence interval of the upper limit.

CONCLUSION

The Mongolian gerbil is a common experimental
test system in pharmacodynamic studies. Gerbils are
used to a lesser extent in regulatory toxicology studies
compared to other rodents, which limits the available
volume of reference information on these animals. In
particular, the literature contains virtually no data on
the mass of internal organs used to identify possible
toxic effects of the studied drugs. The calculated ref-
erence intervals provide the opportunity to correctly
evaluate the results if it is necessary to conduct tox-
icology experiments on gerbils. The reference inter-
vals we obtained are comparable with the data present-
ed in the literature.

Bulletin of Veterinary Pharmacology « No. 2 (31) « 2025

When using the calculated reference intervals, it
is necessary to take into account the small sample of
animals and, if necessary, be guided by the confidence
intervals of the upper or lower limits.
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OIITUMAJIBHBIE METOJAbI 9 BTAHA3NU
JOIAJEU-NTPOJYIEHTOB UMMYHHBIX CBIBOPOTOK

Egrenuii FOpsesnu UBausitos ™, Wibst Baagumuposny lamun’,
Poman Ajnexcanaposud Cunios’, Mapust Baagumuposna OBUHHHHKOBA",
Eiena I'ennanneBna Aopamoa™ ~*, Asexceii Baagumupouy PazxkuBun”

*Poccutickutl Hay4HO-UcCcaed08amensCKuil RPOMuSOLYMHbLLL uncmuntym « Muxkpooy
DedepanvHoul cysHchbl no HA30py 6 chepe 3augumol npas nompedbumernet

u onacononyuus uenogexa, Capamos, Poccus, evgeny.ivanyatov@yandex.ru

=

“Capamogckutl 20cy0apcmeentblil YHUSEPCUMeEN 2eHeMUKY, GUOMEXHOI0UU

u unoicenepuu umenu H. M. Basunosa, Capamos, Poccus

AnHoTanus. B craree npeacraBieHsl pe3ysbTaThl HOMCKa ONTHMAJIBHBIX METOJOB 9BTaHA3UH JIOMIaAeH-IPOy-
LIEHTOB, HCIIOJIb3yEMbIX B IIPOM3BOACTBE HMMYHOOHOJIOTHYECKUX JIEYeOHO-TPO(YUIAKTHYSCKHUX 1 AUarHOCTHYE-
CKHX IIperaparoB, KOTOPbIe JOJDKHBI COOTBETCTBOBAThH CIIEAYIOIIUM KPUTEPHUSIM: T'YMaHHOCTb, SKOHOMHYECKas
3¢ PEKTHBHOCTB, TOCTYITHOCTH M IIPOCTOTA UCIIOTHEHUS. BRIOOP MeTMKaMEHTO3HBIX METO/IOB IBTaHA3NH (MHTpPa-
TEKaJbHOTO BBEJICHUS JIMIOKaNHA, BHYTPUBEHHOTO BBEACHHS MarHus cyiabdara) rymMaHHee, peHTabeIbHee U Ipo-
II¢ B UCIIONHEHUH JUTS BETEPHHAPHOTO CHELHAaINCTa, 4YeM (pusndeckue Meroasl. Kpome Toro, HekoTopsle hu3m-
YEeCKHE METOJIbI 3alIPEILEeHbl Ha 3aKOHOAATEIIbHOM YPOBHE, B COOTBETCTBHH ¢ HOPMAaTUBHBIMU JOKYMEHTaMH 110
OXpaHe KMBOTHBIX. B craThe MpUBOIATCS NaHHBIC M3 POCCHHCKHX M 3apyOeKHBIX JUTEPATypPHBIX HCTOYHHKOB,
OITUCBIBAFOLINX METO/BI IPOBECHNS 9BTaHA3UH. [IpeacTaBieH adropuTM MpOBEACHHUS IIPOLIEAYPhL: OCYIIECTBIIe-
HHE BEHO3HOT'O JIOCTYIIA, BBEJICHNE YCIIOKOUTEIILHBIX IIPENapaToB, MHOPEIAKCAHTOB M CPEICTB I HApKo3a, TeX-
HHMKa CaMOM IIPOLeAy Pl HBTAaHA3UH U TIOATBEP)KACHHE CMEPTH )KUBOTHOTO.

KuroueBnle ciioBa: sBranasus, GU3HYECKUE METOIbI, MEANKAMEHTO3HBIE METO/bI, JIOLIAAU-TIPOLYLICHTHI

OBTaHa3usl — NPEKpalleHNe KU3HU )KUBOTHOTO,
CTPaJAIOIIEr0 HEN3JICUNMbIM 3a001€BaHUEM 1 UCTIbI-
TBIBAIOIIETO BCJIEICTBHE 3TOTO 3a00JIeBaHUS HEBBIHO-
cUMble cTpaganus. JlaHHas mpouenypa sBisieTcs of-
HUM M3 BAKHEHIINX aCTIEKTOB TYMaHHOTO OOpaIIeHHsI
C )KUBOTHBIMU. Y JIOLIAJEH-ITPOTyIEHTOB IMOKa3aHUsI-
MU U151 9BTAHA3UU SIBJISIOTCS: XPOHUYECKHE HEU3Jle-
YUMble 3a00JIeBaHUs, TAKUE KaK JJAMUHUT, OHKOJIOTU-
YecKue MaToyIoTuu (Iporpeccupyiomas MejlaHoma,
auMdocapkoma, JIeiKo3), sMmPuzemMa JIeTKux, 3adose-
BaHUS CEPJEUYHO-COCYIMCTON CHUCTEMBI (MHOKapI03,
KapAHOMerains), SKCTPEHHBIE TSKEJbIE COCTOSHUS
(mepenoM KOHEYHOCTH, Pa3pbIB JKEJIyAKa, KUIICUHH-
Ka, IEPUTOHUT, CETICUC); COOU B aAaNTallOHHBIX Me-
XaHU3Max M COLMAIN3ALIH KHUBOTHOTO, KOTOPOE MO-
XKET MPECTaBISITh ONACHOCTb sl ce0si, APYTHX JIO-
masied 1 mepcoHasa; NCTeueHNe CpoKa dKCIITyaTaluu
B CBSI3U C BO3PACTOM )KHBOTHOT'O; HAPYIIEHHUE UMMYH-
HOTO CcTaTyca Jiomaan (MMMYHOIe(DUIIUT, UMMYHOJIIO-
rHYecKast TOJIEPAHTHOCTD).

Lens paboThl — TpOBECTH aHAIN3 PA3THIHBIX
METOJIOB BTaHA3HH U OIPEJIEIUTH ONITUMANIBHEIE Ty-
MaHHBIE METOJIbI 110 OTHOIICHHIO K JIOMIA IIM-TIPOTY-
LIEHTaM, IPOCTHIC B UCTIOJIHCHUH M PEHTA0CIIbHBIC IS
MIPOM3BOICTBA UMMYHOOUOIOTHIECKUX, JI€IEOHO-TTPO-
(UITaKTUYECKUX U AMAarHOCTUYECKUX MPEraparosB.

B Hacrosiiee Bpemsi 9BTaHA3Ws KHUBOTHBIX TIPO-
BOIUTCS (M3MYECKUMHU U MEIMKAMEHTO3HBIMU Me-
TOJIAMH.

K ¢u3rueckum MeTo1amM 3BTaHa3|K OTHOCST OTHE-
CTPENHHOE CMEPTENbHOE PaHEHUE, TPUMEHEHNE TOKA,
00ecKkpoBIHBaHUE, ynap 1o ronose [1, 2].

Bce nepeuncrnenHble METOIBI TPEOYIOT CIICIIHAITb-
HOU MOATOTOBKH MEPCOHANA; pPa3pelIeHuUs Ha TOKYIIKY,
XpaHEHUE U UCTIOJIB30BaHUE OPYXKUS, 1, KPOME TOTO,
OHH B pa3bl YCTYIAIOT MO MPOCTOTE MEIUKAMEHTO3-
HbIM MetonaM. CommacHo JlupektuBe EBporelickoro
mapJiaMeHTa u coBera EBpometickoro corosza 2010/63/
EU nanHbBIE METO/IHI HE PEKOMEHIOBAHBI K UCTIOIH30-
BaHUIO [3, 4].
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Taxkoit (huzuueckuii MeToj| PBTaHA3MH, KaK 00ec-
KpOBIIMBaHUE, IPUMEHUM (T10 TIOKa3aHHSIM) Y )KUBOT-
HBIX-IIPOAYLEHTOB ISl MOJMyYEHUsT MaKCHMaJIbHOTO
o0beMa UMMYHHOH KpPOBH, HO TOJIBKO TOTJa, KOTAa
YKUBOTHOE HaXO/INTCS MO Celalliel NI aHECTE3UEH.

[Ipexxne uem paccMarpuBaTh MEAMKaMEHTO3HbIE
METO/BI IBTAaHA3UM, OTMETUM MEPBBIN OOIMMIA dTam
9THX METOJ0B — HapKo3. Bce MeIMKkaMeHTO3HBIE Me-
TOZBI SIBJISIFOTCSI TYMaHHBIMU, TaK KaK OHU IIPOBOJAT-
cs1 oA o01el aHecTe3nel, KOTopasi BKIIIOYaeT B ce0st
MHOpEJIaKCaLHIO, IIOTEPIO CO3HAHMS U 00€300JIMBaHNE.
Hapxo3 — uckyccTBEHHO BbI3BaHHOE 00paTuMoe co-
CTOSIHHE TOPMOXKEHHSI LEHTPAJIbHON HEPBHOM cuCTe-
MBI, IPX KOTOPOM BO3HHKAET BBIKIIIOUECHUE CO3HAHMUA,
Muopenakcanus (pacciadieHue CKeJIeTHOH MyCKyJia-
Typsl) U aHanbresus (o0OeszdonuBanue). [IpumeHsITH
CpeZCTBa /I 9BTaHa3MH MOYKHO TOJIBKO B TOM CIIy4ae,
€CJIM MPEeIBAPUTEIHHO OTKIIIOYEHO CO3HAHHUE KUBOT-
HOTO U JOCTUTHYTO COCTOsTHME aHanbresuu! B mpo-
THUBHOM CJIy4ae yMepIuBjeHue OyJeT COIPOBOXKIaTh-
Csl CHUITbHBIMHU OOJIEBBIMHU OIIyIieHusmu [1, 5—9].

Bonpiioe BHMManne HE0OXOIUMO YASIUTh BBIOO-
Py MecTa ajsl 9BTaHa3MH. JTO JOJKHO OBITH OOIb-
10€ TIOMEIIeHNe, CBOOOIHOE OT MPENATCTBUH, THX0E
W JIETKOJIOCTYITHOE /ISl TTOCIEAYIOIMEeN yTHIN3alun
TeJla KMBOTHOTO. biaromapsi nmpaBuibHO MOK00paH-
HOMY TIOMEIIEHUIO CHIYKAETCS CTPECC y YK CTpaja-
IOLIEH JIOIAAN U MPEeJOTBPAIIAeTCs BHIOPOC aJipeHa-
JINHA, KOTOPBIA B CBOIO OYEPENb CHUIKAET JIEUCTBUE
cpencts it Hapko3a [10, 11].

HepBHble KieTKH MOMy4yaroT MH(OpMALUIO IpU
[TOMOIIIA CUHANITUYECKOTO KOHTAKTa 10 BCEH MOBEPX-
HOCTH JACHJPUTA U TeJIa KIETKH. MIMITynbCel, mepeme-
asich B MPECUHANTHYECKUX BOJIOKHAX, PaclpocTpa-
HAIOTCS 10 TEPMHUHAJIBHBIX BETOK M JETOISIPU3YIOT
HEpBHBIE OKOHYAHUA. DTa JACTIONAPU3AIHI OTKpPhIBa-
€T KaJIbLIUEBbIE KaHAJIbI, CIOCOOCTBYSI IOCTYIICHUIO
KaJblHs B HEPBHbIE OKOHYAHUS. [[0BBIIIIEHNE BHYTPH-
KJIETOYHOM KOHLEHTPALUH KaJbIIHs, B CBOIO OYEPEb,
BBI3bIBA€T BHEKJIETOUHYIO CEKPELMIO TPaHCMUTTEpa
HEPBHBIMU OKOHYAHMSIMH.

BricBoOokieHHBIN TpaHcMuTTep nuddyHanpy-
€T Yepe3 CHHANTHYECKYIO IIEeNb M IPHUCOCIUHSACTCS
K crneur(u4eckuM peLentopaM Ha IOCTCHHaNTH4e-
CKOIl MeMOpaHe. AKTHBaLUsl PELENTOPOB MPUBOJUT
K M3MEHEHHUIO MPOHHULAEMOCTH KIETOYHOH MeMOpa-
HBI TI0 OTHOIIEHHIO K HEKOTOPBIM HOHAM, YTO, B CBOIO
odepelib, IPUBOIUT K U3MEHEHHIO MEMOPaHHOTO I10-
TEHLMANA U K BO30YKIECHHUIO HJI YTHETCHUIO ITOCTCHU-
HaNTHYECKOTO HEHPOHA, B 3aBUCHUMOCTH OT BHJA CH-
Harica. O01I1e aHEeCTeTHKH YTHETAI0T CHHAIITHYECKYTO
Tpancmuccuio [1, 8, 9].

Jnst momanei Mconab3y0T KOMOWHUPOBAHHBIN
Hapko3 [2, 6]. CHauana oOecreynBaloT BHY TPUBEHHBIH
JIOCTYIl — CTaBsST KaTeTep B sipeMHyIo BeHy. llepen
BBEJICHHEM OCHOBHOTO HAPKO3HOTO Mpernapara Jjolia-
JT BBOIUTCSI CEIaTUBHBIN Ipenapar anb(a-2-aapeHep-
THYECKHX aHTAarOHMCTOB (Hallle BCeTO KCHIIa3WH B J103€
0,8—1,1 Mr/kr, getomuauH B 103€ 10—20 MKI/KT WiIn
cenuset B 03¢ 80—100 mkr/kr). Cenarus obecreqn-
BaeT XOPOIIYI0 MHOPEIAKCAINIO TIAJKONU CKEeIeTHOM
MYCKyJaTypbl, MPOJIOHTUPYET U yIyUIIaeT ACHCTBUE
OCHOBHOTO HapKO3HOTO Tpenapara. B kauectse o0rie-
TO HapKO3a MPUMEHSIOT PaCTBOP THJIETAMHHA U 3071a-
3enama (3ometmin) B mo3e 0,7—1 Mr/Kr.

TuneraMuH — OOIIUI aHECTETHK TUCCOIUATHB-
HOI'O JI€HCTBUS, BbI3bIBAIOIINI BBIPAXKEHHBIN aHab-
retuueckuii agdekt, HO He JocTaTouHOe pacciadie-
HUE MBI, TuiieTaMuH HE TOJABISAET TIIOTOYHBIH,
TOPTaHHBIN, KallIeBOH pedeKchl, He YTHeTaeT JIbl-
XaTeIbHYIO CHCTEMY.

3ona3enaM — yrHeTaeT MOJKOPKOBBIC 30HBI MO3-
ra, BHI3bIBAsl AHKCUOIUTHUYECKOE U CEIaTHBHOE NEH-
CTBUE, pacciaabisieT MonepeyHoIIoNocaTyio MyCKya-
Typy. YCWIMBAET aHECTETUYECKOE JIEHCTBUE TUIIETAMH-
Ha, YIy4IIaeT MBIIICYHYIO PETaKCaIHo.

[Tpu BBeneHnn komOuHanmu 3onetwia (Tenazona)
C KCUJIA3MHOM WM JIETOMHUAMHOM MOHIKAETCS apTe-
pUanbHOE KPOBSHOE MABJICHUE, YaCTOTa CEePACYHBIX
COKpAIIICHUH U BIXaTeIbHBIX JBMKCHUH, PETUCTPH-
pyeTcs yrHeTeHHe ¥ TOPMOKEHHE TIEHTPAIbHOW HEPB-
HOM CHCTEMBI, MOJKOPKOBBIX 30H T'OJOBHOTO MO3ra
[7, 8, 11—16].

PaccmoTrpum pacnpocTpaHeHHbIE HA TEPPUTOPUHI
P® u OGmkHero 3apy0exbs penapathl sl MEIUKa-
MEHTO3HOM dBTaHA3WH U OCTAHOBUMCS Ha HEKOTOPHIX
OCOOCHHOCTSIX UX MTPUMEHEHHUS.

Ilepeno3npoBka npenaparamu
JJISI HApKO03a

HauGonee npocroil B IpUMEHCHUH BapUaHT 3B-
TaHA3UW — IEPEI03UPOBKA CPEACTBAMH TSI HAPKO-
3a. OTO T'yMaHHbIA, HO YKOHOMUYECKH HEBBITOAHBIN
Croco0, TaK KakK 3aTpaThl HA HETO B 2—3 pa3a MpeBbI-
IAFOT TaKOBBIE TIPU UCIIOIH30BAHUU APYTUX METO/IOB.
Jly1st 3TOr0 MPUMEHSIFOT TaKUE BETEPUHAPHBIC Mpera-
parbl, Kak poMeTap, KCHJIaHHUT, KCHiIa (KCUIa3uH), 30-
JIETHII, TeTa301 (KOMOMHAINS aHECTETHKA THIIETaMH-
Ha ¥ MUOpEJIaKcaHTa 3o0ja3enama) [7, 8, 14, 18—22].

IBTaHa3Ms ¢ MCNOJIb30BAHHEM

nepefo3npoBKH 0apOUTYypaToB
[TenToGapOuTanm HATPHUS M THONIEHTAI HATPHS TIPU
BHYTPUBEHHOM BBEJECHUH B OOJIBIINX 00bEMax yrHe-
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TaIOT ICHTPATLHYIO HEPBHYIO CUCTEMY JIOIIAICH, BBI-
3BIBAIOT TITYOOKYIO OCCKOHTPOIBHYIO aHECTE3UIO, ITPO-
TPECCUPYIOINIYIO 0 OCTAHOBKH CEpAla M JIbIXaHH.
ITOT METO/ JIETOK B UCIIOJIHEHUH U AelieBbIid. OnHaKo
BO MHOTHX CTpaHaxX 0apOUTypaThl MOTYT OBITH HEIIO-
CTYTIHBI WJIM HAXOJUTHCS B CIICIIUATBHOM CITUCKE yUe-
Ta, a UX IPUMEHEHUE MOXKET PETYINPOBATHCS 3aKOHO-
JATeIIbCTBOM, UTO TPEOyeT MONyUICHHS JTUICH3UN Ha
ucnons3oBanue [19, 22, 24, 26, 29, 33].

JBTaHa3HUsl € HCMIOJIb30BAHUEM
npenapara T-61

B psane crpan (I'epmanus, Hanus, Uranus,
CrnoBenust, Yexus) U151 OCYITICCTBIICHHUS YBTaHA3HUH HC-
noJb3yI0T npenapar T-61. B ero coctas Bxondr Takue
KOMITOHEHTHI, KaK dMOyTpaMujl, TeTpakanHa TUAPO-
xnopu, Mmede3onnyma Hoaua. CoracHo MHCTPYKLUH
10 IPUMEHEHMIO YKa3aHHBIH penapaT peKOMeHyeT-
Csl BBOJIUTh YKHBOTHOMY BHYTPHBEHHO, BHYTpUCEPICY-
HO WJIM BHYTPHIIETOYHO.

DOMOyTpaMu/ BBI3BIBAET YTHETEHNUE KIIETOK KOPHI
TOJIOBHOTO MO3Ta, 3a CYET YETO OKA3BIBAETCS AHECTE3U-
pyroliee BO3/1eHCTBUE Ha IEHTPAIbHYIO HEPBHYIO CH-
cteMy. [ mapoxmnopun TeTpakanHa OKa3bIBaeT MECTHOE
0be30onmBaroIee NelCTBIE, YCTAaHABIMBAECMOC B Te-
YeHHe HeCKONbKNX MHUHYT. Moaun Me6e3onnyma o1-
HOCHTCS K MUOpenakcanTaMm. OH OJIOKUpYeT repeaavqy
HMITYJIbCOB OT HEPBHBIX OKOHYaHHI K MBIIIIAM, OKa-
3bIBas Kypapenono0Hoe BO3/IeHCTBUE U BBI3bIBAs Ma-
panuy apIxareabHON MycKynatypsl [8, 9, 20].

B ommcanmm mpemnapara T-61 yka3wiBaercs, 9To
CHayaJa JIeCTBYIOT aHEeCTE3UPYIONIHEe KOMIIOHEHTHI,
BBI3BIBAOIIIE HAPKOTHUYECKOE COCTOSIHUE, ¥ JTUIIIB I10-
TOM HACTYIIaeT Mapaliny JIbIXaTeIbHBIX OPIaHOB, OCTa-
HOBKa Cep/illa ¥ CMEPTh FOJIOBHOTO Mo3ra. Takum 00-
pa3oM, MHBEKIMS TAHHOTO ITperapara Mpu3BaHa IpH-
BOJIWTH K OBICTPOMY, HAIC)KHOMY 1 0€300JIe3HEHHOMY
YMEPUIBJICHUAIO )KHBOTHOTO O3 TPOsIBICHUS BO30Y-
xaerus. OIHAKO Ha TPAKTHUKE BIAJACIIbIIbI )KHBOTHBIX
HEPEAKO JKaJyIOTCs Ha TO, YTO UX MUTOMIBI MEpea
CMEPTBIO UCHBITHIBAIN CYIOPOTH, OOIM U MYYCHHUS.
AHaJIOTUYHBIC MHEHHS BBICKA3bIBAIM M BETEpUHAP-
Hble Bpaud. CyIIecTBYET I0CTaTOYHO BHICOKAsI BEPOSIT-
HOCTbB TOTO, YTO paccliabiIeHre MBIIIIeYHOW TKaH! Ha-
CTYMaeT JI0 TOTO, KaK XMBOTHOE MOTPYKAaeTcsl B HAP-
KOTUYECKUI COH U MPOUCXOAUT MOJTHOE OTKIIIOYEHHE
co3HaHHuA. B pesynbrare ymepIsieHue Mpou3BOAUT-
Csl HETYMaHHBIM CITOCOOOM, TaK KaK >KHBOTHOE HCITBI-
TBHIBA€T TIEpe/l CMEPTHIO CHIIBHBIE CTPaTaHMs.

T-61 nomxeH NPUMEHSTHCS TOJNBKO B KOMILIEK-
ce CO CHOTBOPHBIMH Tipeniaparamu. CTOUT TaKkKe OT-
METHTb, YTO BHYTPHJIETOYHbIC W BHYTpPUCEPACYHEIC

WHBEKINH CaMU 110 ce0e BO MHOTHX CTpaHax OTHecCe-
HBI K )KECTOKHUM METO/IaM 3BTaHA3HUU W TPUMEHSIOTCS
KpaiiHe orpaHndeHHo. OOILIeCTBO 3aIUTHI 5KHBOTHBIX
CIIIA (HSUS) orHocut npuMmenenue npenapara T-61
K HETYMaHHBIM METOJIaM YCBITUICHHSI U HE PEKOMEH-
JTyeT ero UCIOJIb30BaTh C IEJIbI0 3BTaHa3u| [5, 23].

HUnTpaTekaibHAs IBTaHA3USA
JIUIOKAWHOM

JIniokamH OTHOCHUTCSI K aHECTETUKaM aMHHOTO
tumna. OH 0Ka3bIBaeT MECTHO-aHECTE3UPYIOIIee NeH-
CTBHE, CTAOWIM3UPYsT MEMOpPaHBl HEHPOHOB W CHU-
JKasi UX MPOHUIIAEMOCTb JIJIsl HOHOB, YTO MPETSTCTBY-
€T TEeHEepalliu U TPOBEICHUIO0 HEPBHBIX UMITYIbCOB.
[TonoOHkI# 3 dexT HabMOMaeTCS HA BO30YIMMBIX
MeMOpaHax KJIETOK Cep/IeUHOM MBIIIIIBI ¥ TOJIOBHOTO
Mo3ra. JIniokanH xapakrepusyeTcs BICOKOM aHecTe-
3UPYIOLIEH aKTUBHOCTBIO.

[Ipu BBeieHNY MM TOKaNHA B CyOapaxHOHUIaIbHOE
MIPOCTPAHCTBO CO CTOPOHBI HEPBHOI CUCTEMBI HACTY-
MaeT Mapajuy JbIXaTeIbHBIX MBI, OCTAHOBKA JIbI-
XaHWS, MOTOPHBIM M YyBCTBHUTEIbHBIN O50K. Co cTO-
POHBI CEPAECYHO-COCYANCTON CHCTEMBI TIPOUCXOIUT
CHIDKEHHUE apTepHabHOTO JIaBJICHUS, KOJUIAIC, Opa-
JIUKap/IUsl BIUIOTh JI0 OCTAHOBKU cepiia. B pesyib-
TaTe HACTYIMAaeT TMIIOKCHUS U Tubens mo3ra [1, 5, 10].
B nepByto ouepens npekpamiaercs GyHKIHOHHPOBa-
HUE CTBOJIA MO3Ta, O YeM CBH/IETENILCTBYET OTCYTCTBHE
ero pedekcoB, MpeKpanaeTcs mepedpo-KOpTUKATh-
Hast akTUBHOCTH [9, 10, 23—29].

Texnuxa npoeedenus npoyeodypvl UHMPAMEKAlb-
Hoti 26manasuu. Jlomanp mocyie BBEJAEHNUS B HApPKO3
CIIeyeT MOJIOKUTh B O0KOBOE MOJIOKEHUE ¥ HAWTH aT-
JIAHTO3aThUIOYHBIM CYCTaB Ha JOPCAJIbHOM CpEeAHEH JIH-
HUW, Ha YPOBHE KPaHUAJIHHON T'PaHUIIBI KPBIIHEB aT-
JIaHTa, OIIPE/ICITHB aHATOMUYECKHe opueHTHpHI. [loce
3TOTO B CyCTaB BBOAUTCS 3,5-M10MMOBBIN KaTeTep 18
nnu 20 pa3Mepa uiu cnuHaimbHas uria. CrinHaibHas
urIIa (CKOC HarpaBJieH B CTOPOHY TOJIOBBI) HAPaBIIsAeT-
CsI K TYOHBIM CTIaiiKaM T HIDKHEH 9eITFOCTH 110 Jop-
CaJbHOM cpenHell TMHUH B CyOapaxHOHIATBHOE TIPO-
cTpaHcTBo. Uy ciiemyer MesIeHHO MPOJIBUTATh Yepe3
KOXY, MBIIIIITY ¥ 3aTBUTOYHYO CBSA3KY JI0 TEX MOP, IOKa
HE BO3HUKHET OIIYIIEHHE XJIOMNKa, COTPOBOYXKIatoIIee-
Csl CHIDKEHHEM COIIPOTHBIICHUS TIPU BXO/IE B CyOapax-
HOWJATFHOE MTPOCTPaHCTBO. Ecim ncnonp3yercs kate-
Tep, MOCIe yAAIICHUS CTHIIETa U3 BTYJIKH HAYHET BbI-
TEKaTh MPO3payHasi CIMHHOMO3T0Bas JKUAKOCTh. Ecin
JKUJIKOCTH BO BTYJIKE HE HAOTFOIAETCSI, UTITY MOXKHO T10-
BepHYTh Ha 90 rpajlycoB, 4TOOBI IOIBITATHCS TTOJTYYHTh
JIOCTYT B cy0apaxHOHIaIbHOE MpocTpancTo. [locie
YCTENTHOTO BXOXKICHHUS B CyOapaxHOMJAIBHOE TPO-
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CTPAHCTBO U yIaJICHUS IIMIIBKY (€CITH OHA UCTIONB30-
BaJIach) HAJMIO TIOACOCAMHUTD YITHHUTEIH (TIpX HE00-
xonumoctn). 10 % pacTBop JuIOKarHA THIPOXIIOPH-
Jla BBOIUTCS U3 pacueTa 2,6—4 Mr/kr. JlaHHbII MeTox
ABTaHA3WU SIBJSICTCS TPUEMIIEMBIM C TOUKH 3PESHUS Ty-
MaHHOCTH, peHTa0EIbHOCTH, HO €CTh OJIUH OOJIBIION
HEJI0CTATOK — 3TO CIOKHOCTH MPOBEACHISI TIPOIIEY-
pel. MHTpaTekanpbHOE BBEACHHE JIMIOKAMHA TPeOyeT
Y3KOHAIPABIEHHOH IMOATOTOBKY BETEPUHAPHOTO CIIe-
uuanucra [2, 8, 17, 18, 25—27, 30—32].

BuyTpuBeHHOe BBeieHUe
cyiabdara MarHus

JlaHHBIIA METON 3BTaHA3WW MPOBOIUTCS ITOXI 00-
el aHecTesnel Bo M30ekaHUe KIIOHMYECKHUX CIIa3-
MOB ¥ MBIIIIEYHBIX (haCIHKYIISAIIUH.

Cynb(ar Marausi — IMUPOKO pacrpoCTPaHECHHOE
BEII[ECTBO, MPUMEHSETCS U B TYMaHHON MEIHIIMHE.
Ero xpucranmmuaeckas opma — aHIIHIICKAs COIb UC-
MOJIh3YETCSl MECTHO, HaIIprMep, B (popme pacTBopa rmpu

3aMa4MBaHUM KONBIT Jlomanel. IlepopanbHo npume-
HSIOT JIJIS YITy9IIeHHS TTUIIIeBAPeHHsT WITH KaK clabu-
TenpHOE cpencTBo. [Ipu mapeHTepanbHOM BBEACHUU
JIOIIAJSIM OKa3bIBaeT CHOTBOPHOE JCHCTBHE, yrHETa-
€T CEPIEYHOCOCYAUCTBIN U JbIXaTeIbHbIN HEeHTp. [Tpu
HUCIIOJIb30BAaHUU B 6OJIBI_[II/IX A03ax OH MOXET IIpuBE-
CTH K OCTAaHOBKE CEPJICUHON JIeATEIHOCTH H MOCIIe-
JyroreMy Kosutarncy. HaceleHHbIi pacTBOp cyibda-
Ta MarHus MOYKHO TIPUTOTOBUTH CaAMOCTOSITENTLHO U3
pacuera 360 r MgSO, na 1 n Bonwr (20 °C) [3, 11, 18,
23, 33—35].

Kakum ObI criocoO0M/METOI0M HE MPOBOIUIIACH
9BTaHa3MsL, TIOCJIE TIPOLETyPhI BETEpUHAPHBIN CIIeIHa-
JIUCT TTOATBEPKAAET CMEPTH JKUBOTHOTO (OTCYyTCTBHE
JIBIXaHWS, TYJIbCa U POTOBHYHOTO pediexca).

g onpeneneHust 5KOHOMHUYECKOH A (HEKTUBHO-
CTH MEIMKaMEHTO3HBIX METO/IOB 3BTaHa31H ObLIH BbI-
OpaHbl HauboJiee PACIPOCTPAHEHHBIC U JIOCTYITHBIC
JICKaPCTBCHHBIC ITPEIiapaTbl U MCAUIIMHCKUC U30CTUA
IUTSL TIPOBEACHHUS TIpoIeaypsl (Tabm. 1).

Ta6auna 1
Ilepeuenv npenapamos u pacxoOHbIX MAMepuanog os I6MaHa3uu
Hassanue / [IpousBonuteisb CocraB ena Jlo3upoBka Cronvocts
TIPOLIEAYPHI
1 2 3 4 5
DBTaHa3us ¢ IpIMEHEHNE MarHus cyibdara
Keunmanut 50 i / OOO KCHJTa3WHA THAPOXIIO-
«Hura-®Papm», Poccus pux — 20 mr 705 py®. 35w /100 kr
50 mr TuneramuHa (B Gop-
Me THJIETaMUHA THAPOXJIO-
Tenason 100 mr / 3oamic, puna) u 50 Mr 3os1azenama 5500 py0. 5w/ 500 xr
Ucnanus
(B hopme 30mmazenama
THIPOXJIOpPHIA)
Maruus cynbgar 25 .,
20 nax. / OAO «Msasos- MmarHus cyibdar — 25 r 400 py6. 2 mut / kr
ckast (hapMaleBTHYECKast 3600 pv6
¢dabpuka», Poccust pyo.
Karerep BHyTpHUBEHHBII JUIMHA 45 MM, 1HaMeTp
14G / Surulnternational 2,0 MM, TIBET OpaHKEeBHIH, 20 py0. —
PvtLtd (Mumgus) CTEpPHIIbHBIN
3a0opHast ura u3 ABC
rutactuka (1,240 mm),
Cucrembl HH(PY3UOHHBIE HGKAS MATCTDALLD
Sana / OO0 «TK HU- ¢ DErVISTO OMpTequm 15 py6. —
KEC», Poccust PEryIATOp ’
(UIBTP ¢ BO3AYIIHBIM
KJIallaHOM
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Oxonuyanmue Ta0.1. 1

1 2 3 4 5
WuTparekanbHas 9BTaHA3HUS C JTHTOKAHHOM

Kcwmmanut 50 mut / OO0 KCWJIa3WHa T'MIPOXJIO-
«Hura-dapm», Poccus pun — 20 mMr 705 py®. 35 M/ 100 xr

50 mr TuneramuHa (B Gop-

M€ THJICTaMUHA THIPOXJIO-
Tenason 100 mr / 3osmuc, puna) u 50 Mr 3o01a3emama 5500 py0. 5 mi /500 kr
Ucnanus

(B hopme 30mmazenama

THPOXJIOPHIA)
Jlunokaun Oydyc 3400 py6.
100 mr/mi 2 vt Ne 10 / AO | munokanHa THIPOXIIO-
«I[1IDK Ob6HOBIIEHKEY, pun — 100 mr 140 py6. 2,6—4 mr/kr
Poccus
Wrna cnunanehas 20G ura cnuHaipHas 20G
90 mm, cpe3 Keunke / 90 mm, cpes KBunke, 6e3 100 ov6
Surulnternational PvtLtd, MPOBOJAHUKOBOM UIVIbI Pyo-
Wnnns MediSpine

[lepeno3upoBKka mpenaparaMu sl HapKo3a
Kcenmauut 50 M1 / OO0 KCHUJIa3WHA THIPOXJIO-
«Hwura-®apm», Poccus pun — 20 mr 705 py6. 35w /100 kr
. 11 705 py®.

Tenazon 100 mr / 30o1HC, S0 M THIETAMHHA THAPO

xmopuaa u 50 Mr 3omaze- 5500 py6. 20 v / 500 kT
Ucnanus

rmama THIPOXJIOpHIa

Ha ocHOBaHMM MPEICTABICHHBIX JaHHBIX MOXXHO
C/IeNaTh BBIBOJI, YTO BCE MEIMKAMEHTO3HBIE METOJIbI
9BTAHA3UU SBIISIOTCS TyMAaHHBIMHU, TaK KaK TPOBOJIST-
Cs1 TTOJT OOIIIUM HAPKO30M, TIPH STOM OTKIJIFOYAETCS CO-
3HAHUE, HACTYIACT YTHETEHHUE TOJIKOPKOBBIX 30H MO3-
ra, MUOpEJIaKcalus U aHaJIbIe3usl.

Hamubosee ontumaibHBIM METOOM JIJIS JIOTACH-
MPOIYIIEHTOB, MCIOJIb3YEMbIX B MPOU3BOJICTBE JHA-
THOCTUYECKUX U JICUCOHO-NIPO(UITAKTHUCCKHIX Tpera-
pAartoB, SBIISICTCS DBTAHA3US C IPUMEHEHUEM CyIb(ara
Maraus. JTa Mpoleaypa npocTa B TEXHUUYESCKOM HC-
MOJIHEHUH JIJIs1 BETEPUHAPHBIX CIICIIUAIUCTOB B yCIIO-
BUSIX MPOU3B0o/IcTBA. C IKOHOMUYIECKOW TOUKH 3PEHHS
9BTAHA3Ms C MPUMEHEHHEM Cylib(ara MarHusi B 2 pa3a
JIeIIeBJIe IePEI03UPOBKH CPEICTB I HapKo3a. B 3a-
KITFOUCHUH MOKHO OTMETHTb, UTO aJIkTEPHATUBOM SB-
JIICTCSl MHTPaTeKaIbHAasl BTAHA3MsI JIMIOKAUHOM, TaK
Kak oHa oueHb 3()(PeKTUBHA, HO CIIOKHA B TEXHUYE-
CKOM HCTIOJTHEHUH M ITPOBOJIUTCS B YCIIOBUSIX CTAIHO-
Hapa oJ] KOHTPOJIEM, C IPUMECHEHHEM JIOTTOJTHUTEIb-
HOTO 000pyZIOBaHUS.
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Abstract. The article presents the results of the search for optimal methods of euthanasia of serum horses used
in the production of immunobiological therapeutic, prophylactic and diagnostic drugs, which must meet the fol-
lowing criteria: humaneness, cost-effectiveness, availability and ease of implementation. The choice of drug-in-
duced methods of euthanasia (intrathecal administration of lidocaine, intravenous administration of magnesium
sulfate) is more humane, cost-effective and easier to perform for a veterinarian than physical methods. In addi-
tion, some physical methods are prohibited by law, in accordance with regulatory documents on animal welfare.
The article provides the data from Russian and foreign literary sources describing the methods of euthanasia. An
algorithm for the procedure is presented: venous access, administration of sedatives, muscle relaxants and anes-
thetics, the technique of the euthanasia procedure itself and confirmation of the animal’s death.

Keywords: euthanasia, physical methods, drug-induced methods, serum horses

Euthanasia is the termination of the life of an an-
imal suffering from an incurable disease and experi-
encing unbearable suffering as a result of this disease.
This procedure is one of the most important aspects
of humane treatment of animals.

Indications for euthanasia in serum horses are
chronic incurable diseases such as laminitis, oncolog-
ical pathologies (progressive melanoma, lymphosar-
coma, leukemia), pulmonary emphysema, cardiovas-
cular diseases (myocardosis, cardiomegaly), emer-
gency severe conditions (limb fracture, rupture of the
stomach, intestines, peritonitis, sepsis); failures in the
adaptation mechanisms and socialization of the ani-
mal, which may pose a danger to itself, other hors-
es and personnel; expiration of the “service life” due
to the age of the animal; violation of the immune sta-
tus of the horse (immunodeficiency, immunological
tolerance).

The objective of the work is to analyze various
methods of euthanasia and determine the optimal hu-
mane methods in relation to serum horses, simple to
implement and cost-effective for the production of
immunobiological, therapeutic, prophylactic and di-
agnostic drugs.

Currently, animal euthanasia is carried out by phys-
ical and drug-induced methods.

Physical methods of euthanasia include fatal gun-
shot wounds, electric shock, exsanguination and blow
on the head [1, 2].

All of the above methods require special training of
personnel; permits to purchase, store and use weapons,
and, in addition, they are much simpler than drug-in-
duced methods. According to the Directive 2010/63/
EU of the European Parliament and of the Council of
the European Union, these methods are not recom-
mended for use [3, 4].

Such a physical method of euthanasia as exsan-
guination is applicable (according to indications) to
serum animals to obtain the maximum volume of im-
mune blood, but only when the animal is under seda-
tion or anesthesia.

Before considering the drug-induced methods of
euthanasia, let us note the first common stage of these
methods — anesthesia. All drug-induced methods are
humane, since they are carried out under general anes-
thesia, which includes muscle relaxation, loss of con-
sciousness and pain relief. Anesthesia is an artificial-
ly induced reversible state of inhibition of the central
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nervous system, which causes loss of consciousness,
muscle relaxation (relaxation of skeletal muscles) and
analgesia (pain relief). Euthanasia can only be used if
the animal’s consciousness is previously switched off
and a state of analgesia is achieved! Otherwise, killing
will be accompanied by severe pain [1, 5—9].

Much attention must be paid to the choice of a place
for euthanasia. It should be a large room, free of ob-
stacles, quiet and easily accessible for subsequent dis-
posal of the animal’s body. A properly selected room
reduces stress in an already suffering horse and pre-
vents the release of adrenaline, which in turn reduces
the effect of anesthetics [10, 11].

Nerve cells receive information via synaptic con-
tact across the entire surface of the dendrite and cell
body. The impulses, moving in presynaptic fibers,
spread to the terminal branches and depolarize the
nerve endings.

This depolarization opens calcium channels, facil-
itating the entry of calcium into the nerve endings. An
increase in the intracellular calcium concentration, in
turn, causes extracellular secretion of the transmitter
by the nerve endings. The released transmitter diffuses
through the synaptic cleft and attaches to specific re-
ceptors on the postsynaptic membrane. The activation
of the receptors leads to a change in the permeability of
the cell membrane with respect to certain ions, which,
in turn, leads to a change in the membrane potential
and to excitation or inhibition of the postsynaptic neu-
ron, depending on the type of synapse. General anes-
thetics inhibit synaptic transmission [1, 8, 9].

Combined anesthesia is used for horses [2, 6]. First,
intravenous access is provided by inserting a catheter
into the jugular vein. Before the main anesthetic drug
is administered, the horse is given a sedative drug of
alpha-2-adrenergic antagonists (most often xylazine at
adose of 0.8—1.1 mg/kg, detomidine at a dose of 10—
20 mcg/kg or sedivet at a dose of 80—100 mcg/kg).
Sedation provides good muscle relaxation of smooth
skeletal muscles, prolongs and improves the effect of
the main anesthetic drug. A solution of tiletamine and
zolazepam (Zoletil) at a dose of 0.7—1 mg/kg is used
as a general anesthetic.

Tiletamine is a general anesthetic with dissociative
action, causing a pronounced analgesic effect, but not
sufficient muscle relaxation. Tiletamine does not sup-
press the pharyngeal, laryngeal, cough reflexes, does
not depress the respiratory system.

Zolazepam depresses the subcortical areas of the
brain, causing anxiolytic and sedative effects, relaxes
striated muscles. Enhances the anesthetic effect of ti-
letamine, improves muscle relaxation.
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When a combination of Zoletil (Telazol) with xyla-
zine or detomidine is administered, arterial blood pres-
sure, heart rate and respiratory movements are reduced,
and depression and inhibition of the central nervous
system and subcortical areas of the brain are record-
ed[7, 8, 11—16].

Let us consider the drugs for medical euthanasia
that are common in the Russian Federation and neigh-
boring countries and dwell on some of the features of
their use.

Overdose of anesthetic drugs

The easiest euthanasia option to use is an overdose
of anesthetic drugs. This is a humane but economical-
ly disadvantageous method, since its costs are by 2—3
times higher than those of other methods. For this pur-
pose, veterinary drugs such as rometar, xylanit, xyla
(xylazine), zoletil, telazol (a combination of the anes-
thetic tiletamine and the muscle relaxant zolazepam)
are used [7, 8, 14, 18—22].

Euthanasia using an overdose
of barbiturates

Sodium pentobarbital and sodium thiopental, when
administered intravenously in large volumes, depress
the central nervous system of horses, causing deep un-
controlled anesthesia, progressing to cardiac and respi-
ratory arrest. This method is easy to perform and in-
expensive. However, in many countries, barbiturates
may not be available or may be on a special list, and
their use may be regulated by law, requiring a license
for use [19, 22, 24, 26, 29, 33].

Euthanasia using T-61

In a number of countries (Germany, Denmark,
Italy, Slovenia, the Czech Republic) T-61 is used for
euthanasia. It contains such components as embutra-
mide, tetracaine hydrochloride, mebesonium iodide.
According to the instructions for use, this drug is rec-
ommended to be administered to the animal intrave-
nously, intracardiacly or intrapulmonarily.

Embutramide causes inhibition of the cells of the
cerebral cortex, due to which an anesthetic effect on
the central nervous system is exerted. Tetracaine hy-
drochloride has a local anesthetic effect, which is es-
tablished within a few minutes. Mebesonium iodide
is a muscle relaxant. It blocks the transmission of im-
pulses from nerve endings to muscles, exerting a cu-
rare-like effect and causing paralysis of the respirato-
ry muscles [8, 9, 20].

The description of the drug T-61 states that first the
anesthetic components act, causing a narcotic state,
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and only then paralysis of the respiratory organs, car-
diac arrest and brain death occur. Thus, the injection
of this drug is intended to lead to a quick, reliable and
painless killing of the animal without the manifesta-
tion of excitement. However, in practice, animal own-
ers often complain that their pets experienced convul-
sions, pain and suffering before death. Similar opin-
ions were expressed by veterinarians. There is a fairly
high probability that muscle relaxation occurs before
the animal falls into a narcotic sleep and a complete
loss of consciousness occurs. As a result, killing is car-
ried out inhumanely, since the animal experiences se-
vere suffering before death.

T-61 should only be used in combination with opi-
ates. It is also worth noting that intrapulmonary and
intracardiac injections are classified as cruel meth-
ods of euthanasia in many countries and are used ex-
tremely sparingly. The Humane Society of the United
States (HSUS) classifies the use of T-61 as an inhu-
mane method of euthanasia and does not recommend
its use for euthanasia [5, 23].

Intrathecal euthanasia with lidocaine

Lidocaine is an amide-type anesthetic. It has a local
anesthetic effect, stabilizing neuronal membranes and
reducing their permeability to ions, which prevents the
generation and conduction of nerve impulses. A simi-
lar effect is observed on excitable membranes of car-
diac muscle cells and the brain. Lidocaine is charac-
terized by high anesthetic activity.

When lidocaine is administered into the subarach-
noid space, the nervous system experiences paralysis of
the respiratory muscles, respiratory arrest, and motor
and sensory block. The cardiovascular system experi-
ences a decrease in blood pressure, collapse, bradycar-
dia and even cardiac arrest. This results in hypoxia and
brain death [1, 5, 10]. First of all, the brainstem stops
functioning, as evidenced by the absence of its reflex-
es, and cerebrocortical activity ceases [9, 10, 23—29].

Technique for performing the intrathecal euthana-
sia procedure. The horse should be placed in a later-
al recumbency position after induction of anesthesia
and the atlanto-occipital joint should be located on the
dorsal midline, at the level of the cranial border of the
wings of the atlas, using the anatomical landmarks. A
3.5-inch, 18- or 20-gauge catheter or spinal needle is
then inserted into the joint. The spinal needle (beveled
toward the head) is directed toward the labial commis-
sures or mandible along the dorsal midline into the sub-
arachnoid space. The needle should be advanced slow-
ly through the skin, muscle and nuchal ligament until
a pop is felt, accompanied by a decrease in resistance
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upon entry into the subarachnoid space. If a catheter
is used, clear cerebrospinal fluid will flow from the
hub upon removal of the stylet. If no fluid is observed
in the hub, the needle can be rotated 90 degrees to at-
tempt to gain access to the subarachnoid space. After
successful entry into the subarachnoid space and re-
moval of the pin (if used), an extension should be at-
tached (if necessary). A 10 % lidocaine hydrochlo-
ride solution is administered at a rate of 2.6—4 mg /
kg. This method of euthanasia is acceptable from the
point of view of humanity and cost-effectiveness, but
there is one major drawback — the complexity of the
procedure. Intrathecal administration of lidocaine re-
quires specialized training of a veterinary specialist
[2,8,17,18,25—27, 30—32].

Intravenous administration
of magnesium sulfate

This method of euthanasia is performed under gen-
eral anesthesia to avoid clonic spasms and muscle fas-
ciculations.

Magnesium sulfate is a widely used substance, also
used in humane medicine. Its crystalline form, Epsom
salt, is used locally, for example, in the form of a solu-
tion when soaking horses’ hooves. It is used perorally,
to improve digestion or as a laxative. When adminis-
tered parenterally to horses, it has a hypnotic effect,
depresses the cardiovascular and respiratory centers.
When used at large doses, it can lead to cardiac arrest
and subsequent collapse. A saturated solution of mag-
nesium sulfate can be prepared independently at the
rate of 360 g MgSO, per 1 L of water (20 °C) [3, 11,
18,23, 33—35].

Regardless of the method used for euthanasia, af-
ter the procedure the veterinarian confirms the death
of the animal (absence of breathing, pulse and corne-
al reflex).

To determine the cost-effectiveness of drug eutha-
nasia methods, the most common and accessible drugs
and medical products for the procedure were select-
ed (Table 1).

Based on the data presented, it can be concluded
that all drug-induced methods of euthanasia are hu-
mane, as they are carried out under general anesthesia,
which disables consciousness, suppresses the subcorti-
cal areas of the brain, muscle relaxation and analgesia.

The most optimal method for serum horses used
in the production of diagnostic, therapeutic and pro-
phylactic drugs is euthanasia using magnesium sulfate.
This procedure is simple in technical execution for vet-
erinary specialists in production conditions. From an
economic point of view, euthanasia using magnesium
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sulfate is by 2 times cheaper than an overdose of an-
esthetics. In conclusion, it can be noted that an alter-
native is intrathecal euthanasia with lidocaine, as it is

Optimal methods of euthanasia for serum horses

List of drugs and consumables for euthanasia

very effective, but difficult in technical execution and
is carried out in a hospital setting under supervision,
using additional equipment.

Table 1

Name / Manufacturer Composition Price Dosage Cost of procedure
Euthanasia with magnesium sulfate

Xylanit 50 ml / “Nita- xylazine hydrochloride —
Pharm” LLC, Russia 20 mg 705 rub. 3—5ml/ 100 ke

50 mg tiletamine (tilet-
Telgzol 100 mg / Zoetis, amine hydrochloride) and 5500 rub. 5ml /500 kg
Spain 50 mg zolazepam (zolaze-

pam hydrochloride)
Magnesium sulfate 25 g,
20 packs / JSC “Ivanovo .
Pharmaceutical Factory”, magnesium sulfate — 25 g 400 rub. 2 ml /kg 3600 rub.
Russia
Intravenous catheter 14G/ | length 45 mm, diameter
Surulnternational PvtLtd 2.0 mm, orange color, 20 rub. —
(India) sterile

ABC plastic intake needle
Infusion systems Sana / (1.2°40 mm), flexible line 15 rub -
“TK NIKES” LLC, Russia | with flow regulator, filter ’

with air valve

Intrathecal euthanasia with lidocaine

Xylanit 50 ml / “Nita- xylazine hydrochloride —
Pharm” LLC, Russia 20 mg 705 rub. 3—5ml/100kg

50 mg tiletamine (tilet-
Tela.zol 100 mg / Zoetis, amine hydrochloride) and 5500 rub. 5ml/ 500 ke
Spain 50 mg zolazepam (zolaze-

pam hydrochloride)

3400 rub.
Lidocaine bufus 100 mg/ml | . . .
2 ml No. 10/JSC “ppK | hdocaine hydrochloride — 140 rub. 2,6—4 mg/kg
. . 100 mg
Obnovlenie”, Russia
Quincke Spinal needle 20G | Quincke spinal needle 20G
90 mm / Surulnternation- 90 mm, without guide 100 rub.
alPvtLtd, India needle MediSpine
Overdose of anesthetic drugs
Xylanit 50 ml / “Nita- xylazine hydrochloride — o
Pharm” LLC, Russia 20 mg 705 rub. 3—5ml/100kg
. . 11 705 rub.
. 50 mg tiletamine hydro-

Telgzol 100 mg / Zoetis, chloride and 50 mg zolaze- 5500 rub. 20 ml/ 500 kg
Spain .

pam hydrochloride
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ClIOCOBb TPO®PUJIAKTUKHN KAHHUBAJIN3MA
Y UHAEEK B YCJIOBUAX IITUINEPABPUKH
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AHHoTanus. PackieB nepa n KaHHHOAIN3M IITHI JOCTATOYHO CJIOXKHO MIPEIOTBPATHTb, TaK KaK JaHHAs IIOBE/ICH-
gecKkas PeaKlys HUMeeT IOIMITHONIOTHYECKYIO IPUPOY U CBSI3aHA C YCIOBHAMHE COICPIKaHUs, KOPMIICHHS, KOM-
MIETeHTHOCTBIO TIEPCOHANA U T. ., IOATOMY INIaBHAs 3a/ia4a JUIs BCEX NTHILEBOAYECKUX XO3SHUCTB — OCYIIECT-
BIISITH KOHTPOJIb M TPOQITakTHKy. KaHHHOAIN3M BeAET K Cepbhe3HBIM IPoOJieMaM M IO ITHLIBL, K CHHKECHUIO
MPOIXYKTHBHOCTH, YBEJIIMYCHHUIO PACcXOI0OB Ha KOpMa U Iperaparsl Uit JiedeHus. PaspaboTaHHble npodunakTye-
CKH€ MEpOIPHUATHS OCHOBaHBI Ha YCTPAHEHUH HECKOIBKHX (DaKTOPOB, BIMSIOIINX Ha €r0 BOSHHKHOBEHHUE: IIPH-
BEIICHUH YCJIOBUH COlep)KaHUs K HOPME, YCTaHOBKE JOMOJTHUTEILHBIX HCTOYHHKOB UTAHKS ¥ TOCHHUS IITHLI, KOP-
PEKTHPOBKE PALIOHA KOPMJICHHS U YUCICHHOCTH ITOTOJIOBBSI, HAXOISAIIETOCS B OJHOM ITOMELICHHH, IPUMEHEHUH
MuHepanbHO-BUTaMIHHEIX (BuTaMuH AJ[3ECK, «Ilaysp JApuHK», acCKOpOHMHOBAs KUCIIOTa) M YCIIOKOUTEIIEHOTO
(HacTolfku BaJiepuaHbl) IpenaparoB. [IpenokeHHbIH crocod MPO(UITAKTHKA TOKa3al CBOIO BBICOKYIO d(h(ek-
THUBHOCTb, 0 YeM MOXKHO CYJHTb 110 pe3yJibTaTaM: CIydad KaHHHOAIU3Ma CpeIi HHACHKH B KaJKIOM KOpITyCe CO-
KPaTHIIUCH 10 CAMHUYHBIX.

KuroueBble c10Ba: mpouiIakTHKa, KAHHHOAIN3M, YCIOBUS conepkanus, paiuoH, ButaMud AJI3ECK, «Ilayap

JpuHK», acKOpOMHOBAs KHCIIOTa, HACTOMKA BaJepHaHbl, HHICHKa

B Hacros1ee Bpemsi BCIIeICTBUE BHICOKOTO CIIPOca
Ha AUETHYECKOE MsICO MHICHKH BCE Yallle PerucTpu-
pyeTcs HapylIeHHE TEXHOJIOTHYECKOTO IUKJIA BBIpa-
LIMBaHMsL, YTO OKA3bIBACT OTPHUILIATEIHLHOE BIUSHHUE HA
OpTaHM3M IITHUIIBI ¥ IIPUBOAUT K Pa3IHMYHBIM T1aTOJO-
rusim [ 1, 19].

ITocTossHHOE BO3JIEMCTBHE TAKUX MEPONPUSATHH,
KaKk OOHUTHPOBKa (MIEpPEerpynmupoBKa) U TPaHCIIOP-
THUPOBKA U3 OJHOTO MOMEIICHHS B APYyroe, BaKIHHA-
UM, a TAKKe IIYM U pe3KHe 3BYKH, HApYyLICHHUS Ia-
pamMeTpoB MUKPOKIIMMATA U T. 1., — BEIYT K CTpECCy
[8, 13]. B mepuox mpuctocoOaeHusI K HOBBIM TEXHOJIO-
TMYECKUM MPOLeccaM MITHLA TPEObIBAET B COCTOSHUH
CTPECCOTCHHOM Jie3aJanTalnu, YTo 00yClIaBiIuBacT He
TOJIBKO pa3iIMYHble HAPYILICHUs (PU3MUECKOTO pa3Bu-
THSI, HO U CBOCOOpa3HbIE MTOBECHYCCKHUE PEAKIIUH KaK
CHOCcO0 KOMITEHCAIIMU HEJIOMOTYYaeMbIX KOMITOHEH-
TOB (IUTATEIIbHBIX BEIIECTB, BATAMUHOB, MUHEPAJIOB).

PacnipoctpaneH KaHHHOAIM3M y NITUL] IPaKTHYe-
CKH ITOBCEMECTHO U JIaXKe MPH OJaronpusTHBIX YCIIO-
BHAX BcTpedaeTcsa y 2—5 % noromnosbst. [Ipu HecBoe-
BpPEMEHHOM MPUHATUH MEP N0 JTUKBUIAIMH U TPOPH-
JIAKTHKE MOXKET BOBIIeKaThcs Oojiee 30 % 1moroioBhs,

© Mensaukosa H. B., 2025

YTO MPUBOAMT K OOIBIIOMY IKOHOMHUYECKOMY YIIEp-
oy [1,2,4,11, 16, 18].

B ycoBusiX mpOMBIIIUIEHHOTO MTHIIEBOJICTBA KaH-
HUOAJIM3M ITPUOOPETACT XapaKTeP CHIIbHBIX MACCOBBIX
PacKIIEBOB, B CBOIO OUEPE/h ITO BENET K CHIYKEHHUIO
MPOAYKTUBHOCTH, YBEJIMUEHHUIO PAcXOJ0B Ha KOpMa
U JIeKapCTBEHHbIE Ipenapartsl [3, 9, 14, 15, 17, 22].

®dakTopaMu, KOTOpbIe HanboOJIee 4acTo BCTpe-
YarTCsI Ha MPOU3BOJICTBE U CIOCOOCTBYIOT BO3HUK-
HOBCHUIO KaHHMOANM3Ma Yy NTHI], SIBISIIOTCS BbI-
COKasl TJIOTHOCTh TIOCAJIKU B OJHOM TIOMEIICHUH,
HEI0OCTATOK COaTaHCHPOBAHHOTO IO BCEM HEOOXOIH-
MBIM OCHOBHBIM IUTATEIHHBIM BEIECTBAM, BUTAMH-
HaM W MUHEpajiaM PaluoHa, HEJOCTYITHOCTh IUThS
[5, 6, 21].

IIpenoTBpaTuTh KAHHUOATH3M TOCTATOYHO CIIOXK-
HO, TaK KaK PacKJIeB UMEET MOIMATHOIOTUIECKYTO TIPH-
PO, TECHO CBSA3BIBAET MEKY COOOH yCIOBHS COMIep-
JKaHUS U KOPMJICHHS U J1a)Ke KOMIIETEHTHOCTh MIEPCO-
HaJa, paboratoliero ¢ nruuei [6, 7, 10, 12, 16, 20].

B cBs13u ¢ 5TM OBLTa TOCTaBJICHA LIETTh — pa3pa-
6otarb 3(h(hekTHBHBIHN c1TocO0 MPOMUITAKTUKY KaHHH-
Oaym3Ma MHIeeK B yCIOBHSIX NTHIIE()aOPHUKH.
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MATEPHUAJBI U METOAbI
NCCJIEJIOBAHUA

Pabora npoBonuiach B yCIOBHSIX NMTHIIEBOAYE-
ckoro kommuiekca OO0 «Kpuseu-IItunay Jlunenkoit
obnactu. OOBEKTOM UCCIACAOBAHUN ABIAIACH HHICH-
Ka pa3Horo Bo3pacTa kpocca «Xanopun Konseprep».

B Teuenue skcmepuMeHTa oOpariaayu BHUMAHHE
Ha YCIIOBUS COACPIKAHUS ITHIIBI: Ha 00€CTICUEHHOCTh
KOpMaMH, AOCTYITHOCTh TOWJIOK M KOPMYIIEK, YHC-
JIEHHOCTB NTHIIBI B Ka)KIOM [TOMEIIEHUH; COOIIONEHIE
rapaMeTpOB MUKPOKIUMATA JJI KaXI0H BO3PACTHOH
CPYIIIBI ITHI] — OCBEIICHHOCTh, TEMIIEPaTyPHBIH pe-
JKUM U TIPOIEHT BIAKHOCTH BO3yXa.

CormacHO TEXHOJOTHYECKOMY ITUKITY ITOTyYCH-
HBIE sTiiI1a NHACWKH CHadaja MOCTYIAaoT B UHKyOaTop.
BrutynuBiimecs HHIOIIATa HATIPABIISIFOTCS B TIEX MO-
ToJHSIKA 17151 BeIpatuuBanus 10 40—42 nHel, rne oHu
COJIEPIKATCS HATIOIBHO.

KopMmienue u moeHue OCyIiecTBISIETCS] U3 aBTO-
KOPMYIIIEK M aBTOMIOWIJIOK; /10 14-1HEBHOTO BO3pacTa
y MHJIIOMIAT JOTIOJHUTEIHHO CTOST MOWIKH C BOJOU
U KOPMYIIKU C KOPMOM.

Yepes 2 Hezenu camios (4') OTAENAIOT OT CAMOK
(?) u comepskar B OJHOM MOMEIIEHHUH, Pa3IEICHHOM
Ha JBE€ 4acTH.

ITpu noctmxenun nrunen 40—42-1HEBHOTO BO3-
pacra ee IepeBOISIT B IIeX OTKOpMa 1 IOPAIUBAHUS JI0
Bospacra 105 nueii () u 140 nueii (3). 3nech nru-
11a TAaK)Ke COAEP>KUTCS HAMOJIBHO U Pa3/IesieHa o Mo-
JIOBOMY TIPHU3HAKY.

B Tedyenme ompiTa MHKPOKJIMMAT B TIOMEIICHH-
SIX, TJe COJNlepKallach WHJEHKA, U3MEHSJICS B 3aBH-
CUMOCTH OT BO3pacTa NTHIBL. Tak Temrmeparypa co-
crapiasna +36,0 °C gag xkuBoTHBIX 0—1-1HEBHOTO
BO3pacTa, moHmkascsr 10 +20 °C B mporiecce B3poc-
nennst. OTHOCUTEIbHAS BIAKHOCTD BO3IyXa B ITOME-
MEHUH MEHSJIACh B 3aBUCHMOCTH OT BO3pPAcTa ITHIIHL:
B 1—7 aneit coctaBnsna 70 %, ot § Henenb U crap-
me — 60 %.

OcgellieHHE B TOMEIICHUSX OBLIIO UCKYCCTBEHHOEC,
WHTECHCUBHOCTH CBETA B JIAMITaX PETYTHPOBAIIACH B 3a-
BHCHMOCTH OT BO3pacTa.

[ToeHne NTHIBI OCYIMIECTBISIIOCH HEOTPAaHUUICH-
HO, [10J1a4a BObI aBTOMATHYECKasl.

B ocHOBY KOpMOBOY 0a3bl BXOIMIIO: 3ePHO TIIICHH-
LbI, IIPOT COEBBIN U MOJICOIHEYHBIH, OCIIKOBBINA KOH-
[IEHTPAT; MyKa MSICOKOCTHASI, I3BECTKOBAS M KPOBSHAS;
MAacJI0 TTOICOTHETHOE, TOPOX, TPEMHUKCHI (MHANBUIY-
AIBHO JIJIS1 K&KJI0W BO3PACTHOW TPYIIITHI).

JlnarHo3 cTaBuiIM Ha OCHOBAaHUH HATMYUS Xapak-
TEPHBIX KJIMHUYECKUX MPU3HAKOB, PE3yJILTATOB Ma-
TOJIOTOAHATOMUYECKUX BCKPBITUU U KypPHAJIOB pe-

TUCTpaIy O0ONbHON NTHUIIH! 32 riepron ¢ 2022 1. o
2024 r., aHanu3a paluoHa U YCIOBHH coaep:KaHHs
nTuilbl. Takke y OOJNBHBIX M 37I0POBBIX 0co0el 2-, 4-,
98-, 105-, 112- u 119-gaeBHOrO BO3pacTa ObLIa B3sTA
KPOBb U3 IMOJKPBUILIIOBOM BEHBI JIJIsI OMOXUMHUYECKO-
ro a”ajau3a Ha OOLIMK OeJIoK, OOIMI KaJIbLUK 1 He-
opraanyeckuit pocdop.

Just craructuyeckoid 00pabOTKKM JaHHBIX ObLIa
ucnons3oBana nporpamma «Microsoft Office Excel».

PE3YJBTATHI HCCJEITOBAHUN
N OBCYXKIAEHUE

[Ipu m3ydeHUn KypHAIOB MAaTOIOTOAHATOMUYE-
CKOTO BCKPBITHS MMPOAHATM3UPOBAHA YacTOTa BCTPE-
YaeMOCTH CJIy4aeB KaHHHUOAIM3Ma Ha MTHUICBOIYC-
ckoM komruiekce B 2022—2024 rr. (puc. 1).

CornacHo MoJIy4YeHHBIM JaHHBIM OTMEYaJICs POCT
CcilydaeB KaHHMOATM3Ma MTHIBI Ha MPEIIPUSITHH,
MpH ATOM OoJiee BOCTIPUUMYNBA TPYIIA NTHI[ CTap-
e 42-1HEeBHOIO BO3pacTa.

B pesynbrare Haiero ucciieioBaHusi ObLIO BbISB-
JICHO, YTO KaHHMOATN3M HabmonaeTcs B 7 Kopirycax
u3 12 y uaneliku paznoro Bo3pacra (ot 7 go 115-aHeB-
HOTO BO3pacTa).

B pesynbrare ocMoTpa MorojoBbs ObLIH BBISBIIC-
HBI 0COOM CO CIICIYIOIIUMU XapaKTEPHBIMH KIHHHU-
YECKUMU MPU3HAKAMU: PBAHbIC PAHBI C KPOBOTEYE-
HUSIMH B 00J1aCTH XBOCTA, KPbLILEB, IICH U TOJOBBHI;
OTCYTCTBHE OMNEPEHHUSI C TOYCUHBIMH T€MOpPparusiMu
B ATHX OOJIACTSX; YTHETCHHE, HETIOJABIKHOCTb, Clla-
00CTh, HOpMaJIbHAs MJIM HU3Kasl peaKIlus Ha OKPYXkKa-
IOLIUE Pa3PAKUTEIN; Y HEKOTOPhIX 0c0o0ei — mpHu-
3HAKHU UCTOIICHUSI, AHEMUYHOCTh BUIUMBIX CIIU3UCTHIX
oboouek, rpedHel u cepeskek. Hepenko orMedanoch
MIOEIAHNUE NTULIEH OIMMUIIOK.

V ociabneHHO#, HEMOABMIKHON MTHUIBI TaKKe
OBUIM CHIDKCHBI TIOKA3aTeIM YaCTOThI JBIXaTeIbHBIX
JIBUOKEHUH U CEPAECYHBIX COKpALIEHUU. Y aKTUBHOMH
NITHUIIBI C JICTKUMHU TpaBMaMH, HA000pOT, 3TH TOKa3a-
TeH OBUIH BBIIIE HOPMBI, BEPOATHO, M3-3a UCITBITHI-
BaeMOTrO0 CTpecca.

OTMeyaiu, 4To pacKieBy MOABEPIKEHBI O0JIee Cia-
Oble, HCTOIIEHHBIE 0COOU C IPU3HAKAMU aJIMMEHTap-
HOW uCcTpo(UH, a TAKKE Ta NTHIIA, KOTOPAs TOJTY4H-
Jla KaKyro-1100 MEXaHUYECKYI0 TpaBMy B pe3yJibTa-
T€ IKCIUTyaTallly WK B XO/I€ HECYACTHOTO CITydas).
Takas nTuna Ooiiee MacCUBHAs, KaK MPABHIIO, CH-
JUT Ha MECTE, JOCTYII €€ K KOpMY U BOJIC OTPaHUYCH.
TpaBmupoBaHHast u ciabasi NTHUIA IPUBJICKACT BHUMA-
HHe 0oJIee arpeCCUBHBIX M CUIIBHBIX 0CO0EH, KOTOPEIE
K TOMY K€ BUJISIT SIPKHE OTMETUHBI KPOBH, YTO IPOBO-
IAPYeT KaHHHOATH3M.
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Puc. 1. Konnyecto ciyvaeB kaHHHOaMM3Ma y HHICHKH pa3HOTO Bo3pacrta Ha nrunedadpuke 3a 2022—2024 rr.

Peaknust opranusma Ha TpaBMy IPU KaHHUOATN3-
Me TPEICTABIISICT COO0H TpaBMAaTu4YeCKUil 10K, B KO-
TOPBIA MTHIA BHAJACT MPU OONBIIONW KPOBOIIOTEPE
¥ BO3HUKHOBEHHUH 00JIeBOTO cHHIpoMa. B pe3ymprare
packieBa 00pa3yroTCsi OTKPBITHIE TIOBPEKICHHS TKa-
HEW, COMPOBOKIAIOIINECS PaHAMHU Ha KOXKE, Hepel-
KO Ha BHYTPEHHUX OPTraHaX U CIU3UCTHIX 000JI0YKaX.
B oTkprITYIO paHy B OCIEIYIOMIEM MOMAgaeT MUKPO-
(iiopa, Ha MPOHUKHOBEHUE KOTOPOH OPraHU3M OTBE-
YyaeT BOCHAJIUTEIbHON peakiueii. BocnaneHnue npu-
BOAUT K TOMY, YTO KPOBOTEUECHHE, BO3HHUKIIEE MPHU
packieBe, OBICTPO OCTaHABIMBACTCS, TAK KaK MIPOUC-
XOJIUT BBINIAJICHUE IIOTHOTO (PUOPHHO3HOTO CTyCTKA.
CrnenoM pa3BUBAETCS TPABMAaTUUYECCKUN OTEK, TPUCO-
enuHsis K cede prubpuHo3HOoe BocnasieHue. [Tocnennee
MIPUBOIUT K 00pa3oBaHuio (YHOPHHO3HONW MACCHI, KO-
TOpas 3alMILACT 300POBbIE OPraHbl U TKAHU OT IPO-
HUKHOBEHUSI TATOT€HHOW MUKPOQIIOPHI U TTOTIaTaHus
3arps3HEHUI.

[To pe3ynpraraM MaToI0r0aHaTOMHYECKOTO BCKPHI-
THSI y TIaBITUX OT KPOBOIIOTEPH BCIICACTBHUE MOTYICH-
HBIX TPaBM WH/IEEK OBLTH OTMEUYEHBI CICAYIOMIHE TPH-
3HAKU: HA KOKHBIX IMOKPOBAaX paHbl Pa3HOU CTENEHU
TSXKECTH, HEPEJKO 3alayKaHHbIC TPS3HBIMU OMMIIKA-
MU, U KPOBOIIOATCKU Ha PA3JIMYHBIX yYaCTKax Teia,
yare — B 00J1aCTH ToJIOBEI U 1er. OTMeuau BhIla-
JICHHE OPTaHOB TPYIOOPIONTIHON MOJIOCTH, UX BOCTA-
neHne u oOmiIbHOE KpoBoTedeHne. Kpome Toro, Bce
KOYKHBIE TIOKPOBBI M CITM3UCTHIE 000JIOUKH OBLTH aHe-
MUYHBIE (Y BBIHYKJICHHO YOUTOH C TUarHOCTHYECKON

LEJBIO TITULBI IPY HEOOIBIINX KPOBOIIOTEPSX TAKUX
MPU3HAKOB HE HA0IOaoch). B kadecTBe cOmyTCTBY-
IOLIMX 3a00JIEBaHUM Y TAaKUX ITUI 4aCTO BO3HUKa-
T aJMMEHTapHas JUCTPOUs U 3aKyIOpKa MHUILIEBO-
J1a ONMJIKaMHU.

Pesynbrarel OMOXMMUYECKHX MTOKa3aTeNe KPOBU
WHJIEEK MpeJICTaBIeHbI B Tabnue 1.

Hcxons U3 MONyYeHHBIX AaHHBIX, MOXHO TPE-
HIOJIO’KUTb, YTO OFHUM U3 CYIIECTBCHHBIX (haKTOPOB,
BBI3BIBAIOLINX KAHHUOAIN3M y NTHL, SBISETCS He-
cOaJaHCUPOBAHHOE KOPMJICHHE: HEJOCTATOK KaJIbLIHsI
U CBIPOTO MPOTenHa, U30bITOK ocdopa. [Ipu ananu-
3€ palroHa Takke ObLIO BHISIBIICHO HAPYIICHHE B CO-
OTHOIICHUH HE3aMEHUMbBIX aMUHOKHCIIOT — JIN3UHA
Y METHOHHHA.

AHanm3upys ycIOBUS COAEPKAHMS U KOPMIICHUS
WHJICHKH, OBLIIH BBISBIICHBI CJICYIOLIHE TIPUYUHBI BO3-
HUKHOBEHHS CITy4aeB KaHHHOAIM3Ma:

1. Bonbiasi CKy4eHHOCTD KHBOTHBIX B JIByX KOP-
Iycax ¥ IHOBBIIICHHAS TEMIIeparypa, KOTOpbIE CIIPO-
BOLIMPOBAJIM CTPECC Y HTHULIBI;

2. HapyiueHHbI# peXUM OCBEILLEHUS B IIECTH KOP-
nycax;

3. KopmiieHue He COOTBETCTBOBAJIO HOPME B CEMU
KOpITycax: B TpeX HaOIroIacs 1ucOaianc MUHEPalib-
HBIX BemecTB (Kabliust B Gocdopa), B 4STBIPEX —
CHMKEHHOE KOJIMYECTBO ChIPOTO MPOTENHA U HapyIlie-
HHUE COOTHOILLCHMS HE3aMEHUMBIX aMUHOKHUCIIOT (JIU-
3MHA 1 METHOHHHA);

4. TpaBMbl, MOBIEKIIUE 32 COOOH KPOBOUBIUSHHS.
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Taoauna 1
buoxumuueckue nokazamenu Kposu unoeex
OBt 6ok, 061111/11/“1 He?pFaHqu- OBt Gerok, 061111/11/1“ He?praHqu—
Bospact o/ KaJblIUi, ckuit pocdop, o KaJIbIUH, ckuit pocdop,
IITHIEL, [HEH MMOJIB/JI MMOJIB/JI MMOJIB/JI MMOJIB/JI
3nopoBas nTuua, n = 12 Bonbnasg nTuna, n =12
2 30,6 0,69 2,63 + 0,09 2,02+ 0,04 30,1 +£0,69 2,48 + 0,09 2,11 £0,04
4 31,0+ 0,61 2,67 +0,05 2,05+0,02 2904 +0,61" 2,59 +0,05 2,10£0,02°
98 51,1 +£0,24 3,23 +0,09 2,44 + 0,03 480+0,24"" | 3,18+0,09 2,44 + 0,03
105 52,7+0,33 3,27+0,12 2,47 £ 0,05 48,7+0,33" | 3,26+0,12 2,66 +0,05™
112 54,3 +0,36 3,31+0,10 2,50 £0,03 499+0,36"" | 3,28+0,10 2,58 £0,03"
119 55,9 +0,25 3,34+0,11 2,53 +£0,03 47,3+£0,25" | 3,30+£0,11 2,61 £0,03"
*P<0,05
“P<0,01

ok

[Ipodunakruueckue Mepsl ObUIM OCHOBAHbI HA HE-
JOMYUICHUU HOBBIX CIy4aeB KaHHUOAIM3Ma U Mpel-
OTBPAIICHUH UX B CTAJaX, TJIe OHU OBUIH 3apETUCTPH-
pPOBaHBI, 32 CYET YCTAHOBKH JIOMOJHUTEIHHBIX Ha-
IOJIBHBIX KOPMYIIEK U HCTOYHUKOB BOJbI, IOBEICHUS
YPOBHS OCBELLIEHHOCTH U NAPaMETPOB MUKPOKIMMATa
JI0 HOPMAaTUBHBIX MOKa3aTeell, KOpPEeKIUH PALMOHA,
BBIOPAKOBKH CHJILHO TPAaBMHPOBAHHOM MTHIIBL.

YcTaHoOBKa JIOTIOMHUTENBHBIX KOPMYIIEK U TOU-
JIOK B KOpPIycax ¢ HEOOIBIINM TepeHaceIeHHeM NTH-
LBl TaeT €l BO3MOXKHOCTH TIONy4aTh OOJbIIE KOpMa
1 He KOH(DJIMKTOBATh U3-32 HEJIOCTATKA MMTAHWUS, H, KaK
CJIEZICTBHE, YMEHBIIIAET MUILEBYIO arpeCcCHIo.

VYperynupoBanue MUKpPOKJIMaTa B MMOMELIEHUSIX
CIOCOOCTBYET OJarONPHUSTHBIM YCIIOBHSM JUISI pa3BH-

P <0,001 — 1o OTHOIIEHUIO K KIIMHUUYECKH 3I0POBOM MTHUIIE

THS ITULBI, @ CHUYKEHUE YPOBHSI OCBEILICHHOCTH B TEX
KOpITycax, rie HaOoaeTcst HECOOTBETCTBHE IO HOP-
MaTHBHBIM ITIOKA3aTCJIsIM, JOIIOJIHUTCIIBHO CHHUXACT €€
B0o30ymMMOCTh. Ha ocHOBaHWHM 0OHApY>KEHUS HEIO-
CTATKOB 10 MHHEPAILHBIM ¥ OCHOBHBIM MUTATEIILHBIM
BeIlleCTBaM ObLIa IPOBEACHA KOPPEKTUPOBKA B CTPYK-
Type pelenta Jyis ’HJIeeK pa3Horo Bo3pacta (Tadm. 2).

JaHHasi CTpyKTypa panyoHa HOpMalu3yeT (oc-
(OpHO-KANBIIEBOE COOTHOIIICHUE, KOMIICHCHPYET He-
JIOCTATOK MPOTEHWHA U TOBBIIIACT COJICPIKAHNE HEe3a-
MEHHUMBIX aMHUHOKHCIIOT, KOTOPbIC HEOOXOTUMBI ISt
nTHLE (Tadm. 3).

B pe3synbrare npoBeIeHHBIX OMOXUMHUECKHUX HC-
CJICJIOBAHMH KPOBH MHJICEK TIOCIIe M3MEHEHHUS PaIHo-
Ha OTKJIOHEHHH OT HOPMBI OOHApPYKeHO HE OBLIO.

Taoauna 2
Pexomendyemasn cmpyxkmypa payuona 0as unoeuxu
%
Ceipre
0—2 "enenu 14—16 nenenn
1 2 3

[Tmenuna 46,5 78,8

[pot coeBsrit 40,6 —

IpoT moacoTHEeIHBIH — 6,4

MsicokocTHast MyKa — 5,5
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Oxonuyanue Ta0.J1. 2

1 2 3
Kpossnas myka 92 % 2,5 2,3
Konnentpar 6eskoBelii Arpo-Maruk 3,5 2,0
Macio nojcoHeYHOe 1,1 1,5
UsBectHsik 33 % 1,8 1,5
[Ipemukc 4,0 2,0
Tadsuna 3
CoOeporcanue numamenvHuiX Geuyecms nocie KOppeKmuposKu payuona
[Noxa3zarenu

Bos- OOMeHHast SHEePTHs

oo B100r Cripoit (I:(IJ)'IIS”iH Kae- Docdop | Harpuit );:1?;;1- JInzun Merwo-
Heaem MIPOTEUH IUH P P HUH

Kxan Mk yarka KHCJIOTa

1—4 290 1,213 28,0 4,0 1,7 1,0 0,4 1,5 1,50 0,60

14—17 300 1,255 20,0 6,0 1,7 0,8 0,3 1,8 1,07 0,43

BriOpakoBka cimaboii, HETEPCIIEKTUBHOW U TPaB-
MHPOBAaHHOM MTHUIII B IEPEHACETICHHBIX KOPITyCcax He
TOJILKO YCTpPaHSET MaHHYIO MpoOieMy, HO M CIoco0-
CTBYET OJIaronpusTHOMY Pa3BHTHIO TIOTOJIOBBS ¢ OOJIb-
LIEH )KMBOM Maccoi, YTO MUHUMU3HUPYET 3aTpaThl Ha
KOPMJICHHE HU3KOMPOAYKTUBHOUN NTHUIBI U JICUCHUE
panenoii. [IpoBenenue mpoduIakKTHISCKOW Oecemapl
C MEPCOHAIOM O MUHMMHU3AINN TPaBM y WHJIEEK TI0-
3BOJISIET yCTPAHUTh OJTHY U3 MMPUYNH BOSHUKHOBEHUS
packiieBa — TPaBMBI.

Taxoke TOMOTHUTEIBHO ObLIa MPE/I0KEHA BBITOM-
Ka B TeueHue 3—5 mnueil Buramuna A)I3ECK B J103€
0,5—1 mur/1 1 u mpemnapara «Ilaysp Jpuak» B m03¢

0,5—1 1/1000 m BomwI, a Takke Jgada acKOpOWHO-
BOH KHCJIOTHI TIepopaibHO B 103¢ 50 mr/1 Kr kopMma.
[IpumMeHeHue npemaparoB CriocoOCTBYET HOpMAIIA3a-
MU OOMEHA BEIIECTB, MPOQPUIAKTUKE TUITOBUTAMH-
HO30B ¥ 3a00JICBaHUH, pa3BUBAIOIIUXCS HA UX (OHE,
MOBBIMICHUIO PE3UCTEHTHOCTH OpPraHu3Ma IMOCIe Te-
peHeCceHHBIX 3a00JIeBaHM, B IEPHOIBI CTPECCOB, IPU
HCTOIICHNH U cllabocTH. BEITIOlKa arpecCHBHOM THIIE
HacTOlKHN Basiepransl B 1o3e 0,2—1 m/1000 11 Bozs!
B TeUeHHUE 3—5 JHEH MO3BOJSET CHU3UThH M30BITOY-
HYIO BO30YTUMOCTb.

B pesynbsrare ObuTH TIOTYYEHBI CISIYIONTUE TaH-
HEIC (Ta0I. 4).

Taonuna 4
Dpgexmusnocme npogurakmuyeckux meponpusmuii
1 Henens 2 Heaens 3 Henens 4 Henens
No KopIyca C1y4yacB ClIy4yacB CIy4yacB ClIy4yacB Hroro, rom. %
KaHHUOANM3- | KaHHUOAIH3- KaHHUOANM3- | KaHHUOAIH3-
Ma, TOJI. Ma, TOJI. Ma, TOJI. Ma, TOJI.
1 2 3 4 5 6 7
1 7 4 0 0 11 0,11
2 18 9 3 1 31 0,42
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Oxonuyanue Ta0.J1. 4

1 2 3 4 5 6 7
3 5 5 1 0 11 0,13
4 3 2 0 0 5 0,06
5 14 4 2 0 20 0,24
6 14 4 1 0 19 0,25
7 11 7 2 0 20 0,29
8 20 15 6 1 42 0,52
9 17 5 4 1 26 0,29
10 12 4 0 0 16 0,18
11 25 8 5 1 39 0,46
12 8 4 1 0 13 0,17
Hroro: 154 71 25 4 254 0,20

AHanuzupys NoJxy4YeHHbIE JaHHbIe, MOKHO TPO-
CJIE/INTh, YTO OT Hayaja MOMEHTa BBEACHUS MpoQu-
JMAKTHYECKUX MEPOTPHUSITHI HAOII0IaI0Ch YMEHbIIIe-
HHE CITyJaeB KaHHNOAIN3Ma J10 AMHUYIHBIX TIPOSIBIIC-
HUH, 9T0 TOBOPUT 00 3 HEKTUBHOCTH MPEIIOKEHHON
CXEeMbI B OTHOLICHUH JaHHOW MaTOJIO0THH.

3AKJTIOYEHUE

B pesynsrare nccnenoBanuii ObLTa TpEIIOKEeHA
cxeMa poQUIaKTHYECKUX MEPOIPHUITHH, OCHOBaHHAs
Ha yCTPaHEHUH HECKOJIBKUX (PaKTOPOB, BIHSIOLINX Ha
BO3HHKHOBEHHE KAHHUOAIN3MA: KOPPEKTUPOBKA PALIO-
Ha 1 YUCJICHHOCTHU IIOT'0JIOBbA B IIOMCIIICHUH, BBEICHUC
BUTaMHWHHBIX M YCIIOKOUTECJIBHBIX ITPEIIaparoB, ONTH-
MU3aLusl yCIOBUH COlep KaHMs ITHLIBI, yCTaHOBKA J0-
MIOJTHUTENBHBIX HCTOYHUKOB MMTAHUS U TOEHHUs, Oece-
JIbI C pAOOTHUKAMH KOMILIEKCA O HEZIOMYILICHUH TPABM.
[pemnoxxennas cxema rokasaja CBOr 3pQeKTHBHOCTb,
0 YE€M MOXXHO CyAUThb I10 pE3ylibTaTaM, IIOKa3bIBaAtOIIUM
CHIDKEHHUE CITyJacB KAaHHUOAIM3MA 10 €TUHIYHBIX.

CIIMCOK UCTOYHUKOB

1. Bysipos B. C. TexHonoruueckrue U SJKOHOMUYECKHE
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Abstract. Feather pecking and cannibalism in poultry are quite difficult to prevent, since this behavioral reaction
has a polyetiological nature and is associated with the conditions of keeping, feeding, staff competence, etc., so
the main task for all poultry farms is to manage control and prevention. Cannibalism leads to serious problems
and death of poultry, to a decrease in productivity, an increase in the cost of feed and drugs for treatment. The de-
veloped preventive measures are based on the elimination of several factors that affect its occurrence: bringing
the conditions of keeping to the norm, installing additional sources of food and water for poultry, adjusting the
feeding ration and the number of livestock in one room, using mineral and vitamin (vitamin AD3ECK, Power
Drink, ascorbic acid) and sedative (valerian tincture) drugs. The proposed method of prevention has proven its
high efficacy, which can be judged by the results: cases of cannibalism among turkeys in each building have de-
creased to isolated ones.

Keywords: prevention, cannibalism, keeping conditions, diet, vitamin AD3ECK, Power Drink, ascorbic acid, va-

lerian tincture, turkey

Currently, due to the high demand for dietary tur-
key meat, violations of the technological cycle of rear-
ing are increasingly recorded, which has a negative ef-
fect on the body of the poultry and leads to various pa-
thologies [1, 19].

The constant effect of such events as grading (re-
grouping) and transportation from one room to anoth-
er, vaccinations, as well as noise and sharp sounds, vi-
olations of microclimate parameters, etc. lead to stress
[8, 13].

During the period of adaptation to new techno-
logical processes, the poultry is in a state of stress-in-
duced maladaptation, which causes not only various
violations of physical development, but also peculiar
behavioral reactions as a way to compensate for the
components (nutrients, vitamins, minerals) that are
not received.

Cannibalism is widespread among poultry almost
everywhere and even under favorable conditions it
occurs in 2—5 % of the population. If measures for
elimination and prevention are not taken in a timely
manner, more than 30 % of the population may be in-
volved, which leads to significant economic damage
[1,2,4,11, 16, 18].

In the conditions of industrial poultry farming, can-
nibalism takes the form of severe mass pecking, which
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in turn leads to a decrease in productivity, an increase
in the cost of feed and medicines [3, 9, 14, 15, 17, 22].

The factors that are most often encountered in pro-
duction and contribute to the occurrence of cannibal-
ism in poultry are high stocking density in one room,
lack of a balanced diet with all the necessary essen-
tial nutrients, vitamins and minerals, and lack of ac-
cess to drinking water [5, 6, 21]. It is quite difficult to
prevent cannibalism, since pecking has a polyetiolog-
ical nature, closely related to the conditions of keep-
ing and feeding and even the competence of the per-
sonnel working with the poultry [6, 7, 10, 12, 16, 20].

In this regard, the objective was set to develop an
effective method for preventing cannibalism in turkeys
at a poultry farm.

MATERIAL AND METHODS

The work was carried out in the conditions of the
poultry farm of LLC “Krivets-Ptitsa” in Lipetsk re-
gion. The object of the research was turkeys of vari-
ous ages of Hybrid Converter cross.

During the experiment, the attention was paid to
the conditions of poultry keeping: the provision with
feed, the availability of drinkers and feeders, the num-
ber of poultry in each room; compliance with the mi-
croclimate parameters for each age group of poultry
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(lighting, temperature conditions and the percentage
of air humidity).

According to the technological cycle, the obtained
turkey eggs are first sent to the incubator. The hatched
turkey-poults are sent to the young stock building for
rearing up to 40—42 days, where they are kept on the
floor.

Feeding and drinking is carried out from automat-
ic feeders and drinkers; up to the age of 14 days, the
turkey-poults also have drinkers with water and feed-
ers with food. In 2 weeks, the males (J) are separat-
ed from the females () and kept in one room, divid-
ed into two parts. When the poultry reaches 40—42
days of age, it is transferred to the fattening and rear-
ing building up to the age of 105 days (9) and 140
days (&). Here, the poultry are also kept on the floor
and separated by gender.

During the experiment, the microclimate in the
rooms where the turkey-poults were kept changed de-
pending on the age of the poultry. Thus, the tempera-
ture was +36.0 °C for the animals aged 0—1 days, de-
creasing to +20 °C during maturation. The relative hu-
midity in the room changed depending on the age of
the poultry: at 1—7 days it was 70 %, from 8 weeks
and older — 60 %.
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The lighting in the rooms was artificial, the intensi-
ty of light in the lamps was regulated depending on age.

The poultry were given unlimited water. The wa-
ter supply was automatic.

The feed base included: wheat grain, soybean and
sunflower meal, protein concentrate; meat and bone
meal, lime and blood meal; sunflower oil, peas, pre-
mixes (individually for each age group).

The diagnosis was made based on the presence of
characteristic clinical signs, the results of pathologi-
cal autopsies and registration logs of sick poultry for
the period from 2022 to 2024, the analysis of the diet
and conditions of poultry keeping. The blood was also
taken from the axillary vein of sick and healthy indi-
viduals at the age of 2, 4, 98, 105, 112 and 119 days
for biochemical analysis of total protein, total calci-
um and inorganic phosphorus.

For statistical processing of the data, the program
Microsoft Office Excel was used.

STUDY RESULTS AND DISCUSSION

When studying the logs of pathological au-
topsy, the frequency of cannibalism cases occur-
rence at a poultry farm in 2022—2024 was analyzed

(Fig. 1).

2024

Turkey-poults up to 14 d ™ Young turkeys from 14 to 42 d ~ Adult poultry

Fig. 1. Number of cannibalism cases in turkeys of various ages at a poultry farm in 2022—2024

According to the data obtained, there was an in-
crease in cases of poultry cannibalism at the enter-
prise. The group of poultry over 42 days of age was
more susceptible.
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As a result of our study, it had been found that
cannibalism was observed in turkeys of various ages
(from 7 to 115 days of age) in 7 out of 12 buildings.
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As a result of the flock examination, the individu-
als with the following characteristic clinical signs were
identified: lacerated wounds with bleeding in the tail,
wings, neck and head; absence of plumage with pin-
point hemorrhages in these areas; depression, immobil-
ity, weakness, normal or low reaction to environmen-
tal stimuli; in some individuals — signs of exhaustion,
anemia of the visible mucous membranes, combs and
earrings. Eating sawdust by poultry was often noted.

Weakened, immobile poultry also had reduced
respiratory rate and heart rate. In active poultry with
minor injuries, on the contrary, these indicators were
higher than normal, probably due to the stress they
were experiencing.

It has been noted that pecking is more common in
weaker, emaciated individuals with signs of alimentary
dystrophy, as well as in the poultry that have suffered
some kind of mechanical injury as a result of exploita-
tion or in an accident. Such poultry are more passive,
usually sit still, and have limited access to food and wa-
ter. An injured and weak poultry attracts the attention
of more aggressive and stronger individuals, who also
see bright blood marks, which provokes cannibalism.

The body’s reaction to trauma during cannibalism
is a traumatic shock, in which the poultry falls with
significant blood loss and the pain onset. As a result

of pecking, open tissue damage is formed, accompa-
nied by wounds on the skin, often on internal organs
and mucous membranes. Microflora subsequently en-
ters the open wound, and the body responds to its pen-
etration with an inflammatory reaction. Inflammation
leads to the fact that the bleeding that occurred during
pecking quickly stops, as a dense fibrinous clot falls
out. Traumatic edema then develops, adding fibrinous
inflammation to itself. The latter leads to the forma-
tion of a fibrinous mass that protects healthy organs
and tissues from the penetration of pathogenic micro-
flora and contamination.

The results of the pathological examination of tur-
keys that died from blood loss due to injuries showed
the following signs: wounds of varying severity on the
skin, often stained with dirty sawdust, and bruises on
various parts of the body, most often in the head and
neck area. Prolapse of the abdominal organs, their in-
flammation and profuse bleeding were noted. In ad-
dition, all skin and mucous membranes were anemic
(in the poultry culled for diagnostic purposes with mi-
nor blood loss, such signs were not observed). As con-
comitant diseases, such poultry often had alimentary
dystrophy and blockage of the esophagus with sawdust.

The results of the blood biochemical indicators of
turkeys are presented in Table 1.

Table 1
Blood biochemical indicators of turkeys
Total protein, | Total calcium, }Ilnorgianlc Total protein, | Total calcium, inorianlc
Poultry age, g/L mmol/L PhOSpRotus, g/L mmol/L PhOSpRotus,
mmol/L mmol/L
days
Healthy poultry, n = 12 Sick poultry, n =12
2 30.6 £0.69 2.63+0.09 2.02+0.04 30.1 £0.69 2.48 +£0.09 2.11 +£0.04
4 31.0+0.61 2.67 £0.05 2.05+0.02 29.4+0.61° 2.59+£0.05 2.10 £ 0.02"
98 51.1+£0.24 3.23+£0.09 2.44 £0.03 48.0+£0.24™ | 3.18+0.09 2.44 £0.03
105 52.7+0.33 327+0.12 2.47+0.05 48.7+0.33" | 3.26+0.12 2.66 +0.05"
112 54.3+£0.36 3.31+0.10 2.50+£0.03 499+0.36™ | 3.28+0.10 2.58 £0.03"
119 55.9+£0.25 3.34+0.11 2.53+0.03 473+0.25" | 3.30+0.11 2.61 £0.03"
" P<0.05
" P<0.01

ok

P <0.001 — in relation to clinically healthy poultry

Based on the data obtained, it can be assumed that
one of the significant factors causing cannibalism in
poultry is unbalanced feeding: lack of calcium and
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crude protein, excess phosphorus. When analyzing the
diet, an imbalance in the ratio of essential amino acids
(lysine and methionine) was also found.
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Analyzing the conditions of keeping and feeding
of turkeys, the following causes of cannibalism were
identified.

1. High crowding of poultry in two buildings and
high temperature, which provoked stress in the poultry.

2. Violated lighting conditions in six buildings.

3. Feeding did not meet the norm in seven build-
ings: in three of them there was an imbalance in min-
erals (calcium and phosphorus), in four — a reduced
amount of crude protein and an imbalance in the ra-
tio of essential amino acids (lysine and methionine).

4. Injuries resulting in hemorrhages.

Preventive measures were based on preventing new
cases of cannibalism and preventing them in flocks
where they were registered, by installing additional
floor feeders and water sources, bringing the level of

illumination and microclimate parameters to standard
indicators, adjusting the diet, and culling severely in-
jured poultry.

Installing additional feeders and drinkers in build-
ings with a small overcrowding of poultry allows them
to receive more food and not to conflict due to lack
of food, and, as a result, it reduces food aggression.

Regulation of the microclimate in the rooms con-
tributes to favorable conditions for the poultry devel-
opment, and a decrease in the level of illumination in
those buildings where there is a discrepancy in the stan-
dard indicators, additionally reduces its excitability.

Based on the detection of deficiencies in miner-
al and essential nutrients, an adjustment was made to
the structure of the recipe for turkeys of various ages
(Table 2).

Table 2
Recommended diet structure for turkey
%
Raw material
0—2 weeks 14—16 weeks
Wheat 46.5 78.8
Soybean meal 40.6 —
Sunflower meal — 6.4
Meat and bone meal — 5.5
Blood meal 92 % 2.5 2.3
Protein concentrate Agro-Matik 3.5 2.0
Sunflower oil 1.1 L.5
Limestone 33 % 1.8 1.5
Premix 4.0 2.0

This diet structure normalizes the phosphorus-cal-
cium ratio, compensates for the lack of protein and in-

creases the content of essential amino acids that are
necessary for poultry (Table 3).

Table 3
Nutrient content after diet adjustment
Indicators

Age, Metabolic energy . ) _
week in100 g Crud.e Crude Calcium Phos- Sodium L1nqle1c Lysine Me.thl—
protein fiber phorus acid onine

Kcal MJ
1—4 290 1.213 28.0 4.0 1.7 1.0 0.4 1.5 1.50 0.60
14—17 300 1.255 20.0 6.0 1.7 0.8 0.3 1.8 1.07 0.43
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As a result of the conducted biochemical studies
of the turkeys’ blood after the change in diet, no devi-
ations from the norm were found.

Culling weak, unpromising and injured poultry in
overcrowded rooms not only eliminates this problem,
but also contributes to the favorable development of
the flock with a higher live weight, which minimiz-
es the costs of feeding low-yielding poultry and treat-
ing the injured ones. Conducting a preventive con-
versation with the staff about minimizing injuries in
turkeys allows eliminating one of the causes of peck-
ing — injuries.

Additionally, it was suggested to give Vitamin
AD,ECK at a dose of 0.5—1 ml/1 L and Power Drink
at a dose of 0.5—1 1/1000 L of water for 3—S5 days,
as well as to give ascorbic acid orally at a dose of

50 mg/1 kg of feed. The use of drugs helped to nor-
malize metabolism, prevent hypovitaminosis and dis-
eases that develop against their background, increase
the body’s resistance after illnesses, during periods of
stress, exhaustion and weakness. Giving to aggressive
poultry valerian tincture at a dose of 0.2—1 ml/1000 L
of water for 3—5 days helped to reduce excessive ex-
citability.

As a result, the following data were obtained
(Table 4).

Analyzing the obtained data, it can be seen that
from the moment of introduction of preventive mea-
sures, there was a decrease in cannibalism cases
to isolated manifestations, which indicated the ef-
ficacy of the proposed scheme in relation to this
pathology.

Table 4
Efficacy of preventive measures
Week 1 Week 2 Week 3 Week 4
Room No. Cannibalism Cannibalism Cannibalism Cannibalism Total, poultry %
cases, poultry | cases, poultry | cases, poultry | cases, poultry

1 7 4 0 0 11 0.11

2 18 9 3 1 31 0.42

3 5 5 1 0 11 0.13

4 3 2 0 0 5 0.06

5 14 4 2 0 20 0.24

6 14 4 1 0 19 0.25

7 11 7 2 0 20 0.29

8 20 15 6 1 42 0.52

9 17 5 4 1 26 0.29

10 12 4 0 0 16 0.18

11 25 8 5 1 39 0.46

12 8 4 1 0 13 0.17

Total: 154 71 25 4 254 0.20
CONCLUSION drugs, optimization of the conditions of poultry keep-

As a result of the research, a scheme of preven-
tive measures was proposed based on the elimination
of several factors affecting the occurrence of cannibal-
ism: adjustment of the diet and the number of poul-
try in the rooms, introduction of vitamin and sedative
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ing, installation of additional sources of food and wa-
ter, conversations with the workers of the farm about
preventing injuries. The proposed scheme has proven
its efficacy, which can be judged by the results show-
ing a decrease in cannibalism cases to isolated ones.
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AHHOTanusl. B crarbe npecTaBiIeHbl pe3yNbTaThl H3yUeHus BIUsSHUS mpoduoTtrka «Ilenramnpom» npu ero npu-
MEHEHHH JIAKTUPYIOLIMM CBUHOMATKaM, I1epe0oJIeBIIUM ITOCJIEPOIOBBIMH O0JIE3HSIMH, HA UMMYHHBIN CTaTyC M0-
pocsT. YCTaHOBJIEHO, YTO Y HUX 10 CPABHEHHMIO C TOPOCSATAMH, BBIPAIIMBAEMBIMH 110]1 CBUHOMAaTKaMK 0e3 rpera-
para, ObUIH BBILIE COAEPKaHNE OOIIMX UMMYHOIIOOYJIMHOB, HeCIIeU(pHYEeCKast KJICTOUHAs 3al[1Ta, a/[al THBHBINA
KJICTOUHBI IMMYHHUTET U CHUKEHBI KOJIMYECTBO LUPKYIUPYIOIUX UMMYHHBIX KOMIJIEKCOB M UX ATOT€HHOCTb,
YTO CBUJETEILCTBYET O O0JIee BBIPAKEHHOI I'yMOpaJIbHOM 3alKTe, @ TAK)KE YPOBEHb IPOBOCIIAINTEIbHBIX 1IH-
tokuHoB NJI-1f, NJI-2 u UDH-y u npoTrBoBocanuTensHoro Mmeanaropa MJI-4 BcnencTBue yMeHbIICHHS aHTH-
TeHHOI Harpy3ky Ha MX KJIETKH-TIPOAYLIEHTHI. [IoBbIIeHne MMMYHHOTO CTaryca Y HOpOCST CHOCOOCTBOBAJIO
YMEHBIICHUIO 3200J1€BAEMOCTH UX HKEIYJI0YHO-KUIICUHBIMH OOJIE3HSIMH, YBEINYEHHIO COXPAHHOCTH M ITPOIYK-

THUBHOCTH.

KiaioueBrble ciioBa: CBUHOMATKH, IIOpOCATa, Hp06I/IOTI/IK «HeHTaHpOJ’I», HMMyHHI:IfI CTaryC, HUTOKUHBI

B npoMBbIIIuIEeHHBIX CBUHOBOYECKUX XO35HCTBAX
y HOPOCST B PaHHUI NOCTHATAJIBHBIN MEPUOJ 4ACTO
PETUCTPHUPYIOT BTOPUYHBIE IMMYHOACHUINTHI [1, 2],
OJTHOM M3 IMIPUYUH KOTOPBIX SBIIIOTCA MOCIEPOIOBBIE
00JIe3HN Y CBHHOMATOK, IIPOSIBIISIFOLLMECS CHIKCHUEM
WM IPEKPALICHUEM CEKPELIMI MOJIO3HBa (MOJIOKA) —
OCHOBHOI'O UCTOYHUKA TUTaHUS U KOJIOCTPAIBHOTO UM-
MYyHHTETA JJI1 HOBOPOKACHHBIX [3—6].

VY mopocsT, BEIpalIMBaeMbIX MO MepedosieB-
LIMMHU [OCIEPOJOBEIMU OOJE3HSIMH CBUHOMATKaMH,
B 20-7HEBHOM BO3PACTE YCTAHOBIIEHO CHUKECHHE JIH-
30UMHOM ¥ KOMIUIEMEHTApHOW aKTHMBHOCTH CBHIBO-
POTKHM KpPOBH, COAEPKaHUS OOIIMX WMMYHOIJIOO0YIIH-
HOB, Y-IJIOOYJIMHOB, MOIIOTHTEILHON U MeTabonye-
CKOM aKTUBHOCTH (DaroruToB U X PyHKIIMOHATILHOTO
pe3epBa, OTHOCUTEIBHOIO U A0COJIIOTHOTO KOJIMYe-

cTBa TUM(POUUTOB, T-KIETOK, TEOPHUIUTMHPE3UCTEHT-
HBIX ¥ TEOQHJUIMHIYBCTBUTEIBHBIX T-THM(OINUTOB
u B-xnerok, kontneHTpanun mutokuaos WUJI-2, NJI-4
NJI-10, HO yBeAMUYEHUE CONEPKAHUE MEJIKUX LIUPKY-
JUPYIOIIAX UMMYHHBIX KOMITJIEKCOB M X ITATOT€HHO-
CTH, YTO CBHJICTEILCTBYET 00 OcIalbieHUN IyMOpalib-
HOM W KJICTOYHOM 3alTuThI [7].

Jna npenynpexieHus: pa3BUTHS TOCIEPOIAOBBIX
Oome3Hel y CBUHOMATOK PEKOMEHIOBAHBI aHTUMU-
kpoOHsIe [8, 9], ropmonansable [ 10, 11], remarorpor-
HbIE U ceneHconepskamue [ 12, 13] mpenaparsl, a Takke
npe- ¥ mpoouoTuki [ 14, 15]. [IpuMeHeHne OCaeTHIX
CONPOBOXKIAETCS ONTUMH3AIMEH MUKPOOHOLICHO3a KU~
IIEYHHKA CBUHOMATOK [ 16], crioco0cTBYst (hopMUpoBa-
HUIO HOPMAITFHON MUKPOMIOPHI KHIIIEYHNKA TOPOCHT,
(u3nonornyeckas KOHTAMHHAINS KOTOPBIX HAYNHAET-

© IHaxos A. I',, Camranna JI. 1O., Konapes B. H., Bonkosa U. B., ®ypuakos C. H., Epmaxosa T. 1., Mupomsn-

yenko 1. B., bacankuna B. M., 2025
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CsA C MOMCHTA MPOXOKACHUA Y€PE3 pOAOBLIC ITYyTH, 1a-
Jniee 3a cyeT peKanbHON MUKPODIOPH 1 MUKPO(IOPHI
cTaukoB [ 17]. MeIMIMHCKUMU HCclief0BaHUSIMH [ 18]
YCTaHOBJIEHO, YTO COCTaB MATePUHCKOW KUIIEYHOU
MUKpPOOHOTHI OKa3bIBACT BIHSHIE HA ()OPMUPOBAHHE
MHUKPOOHOTHI peOCHKA, OCYIIECTBIISIONICH METa00 1 -
YCCKHEC, aHTUTOKCUYCCKHNE, 3allIUTHBIC 1 UMMYHHBIC
dynakuu [19]. Pazpaborannas OOO «buonay mpo-
omoTHIUecKkas kopMoBas nodaBka «lleHranpom, conep-
JKallast )KUBBIC KYJIBTYPHI JTAKTOOAIIMILI, JTAKTOKOKKA,
SHTEPOKOKKa (eruyM U ouduaodakrepuil, peKoMeH-
JIOBaHa JUIsl CTA0OMITU3AIMK MUKPO]IOPhI KUIIEYHHKA,
TOBBIMICHWA IIPOAYKTUBHOCTH U COXPAHHOCTHU CBHUHEN
U CEJbCKOX03MCTBEHHON NTULIBI.

Lenp nccnenoBanmii — M3ydeHUE BIUSHUS TIPH-
MeHeHus npobuotuka «I[leHTanponm» cBHHOMAarKam,
nepeOoIeBIINM MTOCIEPOIOBEIMU OOJIC3HSIMH, HA M-
MYHHBIﬁ CTaTyC BbhIpalllUBA€MBbIX 11O HUMH MTOPOCAT.

MATEPHUAJ U METO/IbI
HUCCJIEJOBAHUM

HUccnenoBanusi mpoBeAeHbI B MPOMBILLIEHHOM CBU-
HOBOJYECKOM XO0351MCTBE. B OIBIT ObLIN BKIIOYEHEI 23
CBUHOMATKH, TIEPEOOJIEBIITNE OCTPHIM MTOCIEPOTOBBIM
SHAOMETPUTOM H/FTH METPUT-MACTUT-aTraJTAKTHEH, KO-
TOPBIX ITOCJIE IIPOBEACHHOTO JICYCHHS C IPUMEHEHUEM
(hapMaKkoIOrHYECKUX CPENICTB aHTUMUKPOOHOTO, TIPO-
TUBOBOCHAJIUTEIILHOTO U yTEPOTOHUYECKOTO ACUCTBUS
pasnenunu Ha ABe rpymmbl. CBUHOMAaTKaM OMBITHOMN
rpynmnsl (n = 12) ¢ TUThEBOM BOJIOI Yepe3 MEeTUKaTop
eXeIHEeBHO Ha3zHauaau nmpoduoTtuk «IleHTampom» mo
10 mn B Teuenue 20 gHeil. JKuBOTHBIE KOHTPOJIBHOM
rpymnsl (n = 11) npenapar He nonyyand. 3a BeIpaliu-
BaeMbIMH I10]] HUIMH ITOPOCSATAMH BeJIM HAOJIIOJICHHE,

YUUTBIBAJIN 3a00JI€BAEMOCTh UX JKEJIyIO0YHO-KHUILIEeY-
HBIMH OOJIE3HSIMHU, COXPAaHHOCTb U MPOAYKTUBHOCTb.

Ot nopocsr (7 =5), BEIpalluBaeMbIX 0] CBU-
HOMarkamM# 00eHX rpymi, B 5 u 26-THEBHOM BO3pa-
cTe ObLUTH 0TOOPaHBI MPOOBI KPOBHU JIJIsl UMMYHOJIOTH-
YECKUX MCCIIEAOBAHUH, KOTOPBIE MPOBOIMWINA B COOT-
BETCTBUHU C «METOAMYECKUMH PEKOMEHAALMSIMU 10
OLICHKE U KOPPEKLIMH UMMYHHOTO CTaTyCa )KUBOTHBIX)
[20]. Conepsxanue untepneiikuna- 1 (MJI-1P), uarep-
neiikuna-2 (MJI-2), unrepneiikuna-4 (M1J1-4), uarep-
neiikuna-10 (MJI-10), dakropa HeKpo3a OMyXOJIH-0
(®PHO-a), matepdepona-y (MDPH-y) onpenensiim me-
TozOoM IMMYyHO(epMeHTHoTo aHaim3a (M®DA) ¢ moce-
JYIOLIMM y4€TOM PE3YJIbTaTOB Ha CIIEKTPO(OTOMETPE
«Yuumnan-TM» B COOTBETCTBHH C YTBEPKACHHBIMH
HACTaBJICHUSMH K TUarHOCTHUECKUM HaOopam. Jlis
OLICHKH OaJiaHca Mpo- ¥ MPOTUBOBOCIATUTEIBHBIX Me-
JIMaTOPOB BBIUMCIIEHBI MHJICKCHI: 00I11€€ COOTHOLLIEHUE
MIPO- M MTPOTHUBOBOCHAIHTEIBHBIX TUTOKHHOB (O1[N)
1 MeauatopoB, npoayuupyembix Th-1 u Th-2 kierka-
mu (LIA Th-1/ Th-2) [12].

CrarucTudeckyo o0pabOTKy MOJYYSHHBIX pe-
3yJBTATOB MPOBOIIIIN C MTOMOIIBIO MAKETa MPOrpaMM
Statistica, Bepcwust 6.0.

PE3YJBTATHI HCCJEJTOBAHUN
N OBCYXJIEHUE

YV opocsT KOHTPOJIBHOM U OIIBITHOM IPYIII B BO3-
pacrte 26 gHEl 0 CpaBHEHUIO C (POHOM yCTaHOBIICHO
TTOBBIIICHUE JIU30IIUMHOM U KOMILJIEMEHTAPHOU aKTHB-
HOCTH ChIBOPOTKU KpoBU Ha 34,8 u 36,1 %, nHa 48,1 %
(»<0,02) 1 27,9 % (p < 0,01) COOTBETCTBEHHO, CBH-
JICTEIIbCTBYIOIIECE 00 YCUICHUU HECTICIU(PHUESCKOH T'y-
MOpaJbHOH 3amuThl (Tadm. 1).

Taoauna 1
Tokazamenu 2ymopanbHo20 U KIEMO4YHO20 36eHA HECREYUPDUUECKO20 UMMYHUMEMA Y NOPOCSIM
Bospact (muu), rpynmst
IToxazarenu 5 26 26
¢bon KOHTPOJIbHAS OTIBITHAS

1 2 3 4
JIACK, mMkr/mn 1,55 + 0,67 2,09 +0,19 2,11 +0,109
KACK, % rem. 10,4 £ 0,71 15,4+ 1,48 13,3 +£0,48"
O6mrue Ig, mr/mi 27,3 +2,01 20,6 +0,73" 23,2 +0,62"
UK 3,0 % mr/ma 0,32+0,01 0,11 +0,01" 0,08 £0,01"
UK 7,0 % mr/ma 1,15+£0,05 0,21 £0,03" 0,14 +£0,01"
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Oxonuyanmue Ta0.1. 1

1 2 3 4
C7/C3 3,55+0,18 1,97 +0,16" 1,78 + 0,23
®AH, % 77,0+ 1,29 73,6+ 0,92 74,4+ 0,75
o1 5,70+ 0,07 4,84 +0,13° 4,94 +0,18°
Y 4,39 £0,10 3,62 +0,03° 3,76+ 0,19°
cn-HCT, % 18,0 £ 1,42 14,8 + 1,02 15,2 + 0,80

cr-HCT, % 28,0+ 1,83 33,0+ 0,77 37,8+0,81"
TP 1,57 0,11 2,27+021° 2,5+0,09"

" p<0,05—0,001 — x dpony
* p <0,05—0,002 — K KOHTPOJTIO

B 10 e Bpems 3nauenre KACK y mopocsT omsIT-
HOH TpymIbl ObUTO JOCTOBEpHO MeHbIine Ha 13,6 %
(p» <0,01), 9TO CBsI3aHO C PacXOAOM KOMILJIEMEHTa Ha
OCYLIECTBIICHUE y HUX O0J1ee BEIPasKEeHHOTO (haronuTo-
3a, IIOCKOJIbKY €r0 KOMITOHEHTHI ITPSIMO WIIH OMIOCPE0-
BaHHO (Yepe3 aHTUTEIA) CBSI3BIBAIOTCS C OAKTEPUSIMHU.

Conepxanue OOIMMX UMMYHOTIIOOYJTHHOB, OTpa-
KAIOLMX COCTOSIHME T'yMOPaJbHOH 3aIlUThI, Y HOPO-
CSIT KOHTPOJIBHOM M ONBITHON TPYI CHU3WIOCH Ha
24,5 % (p <0,02) u 15,0 %. Ilpu 3TOM UX 3HaYEeHUE
y )KHBOTHBIX OTIBITHOM IpyMIIbI peBbIano Ha 12,6 %
(» <0,09).

[Ipu onpeneneHny HUPKYIUPYIOMHUX UMMYHHBIX
KOMIUIEKCOB, SIBJISIFOIIMXCSI IPOYKTaMH PEAKIUU aH-
TUTEH-aHTHUTEJIO M MIPAIOIINX CYIECTBEHHYIO POJb
B [TOAJIEp>KaHIH FTOMEOCTa3a OpraHn3Ma, yCTaHOBIICHO
noctoBepHoe (p < 0,001) cHmKeHHE Y TOPOCAT KOH-
TPOJIBHOM M OMIBITHOM TPYI YPOBHS KpyHBIX (3,0 %)
UK B 2,9 u 4,0 paza n menkogucnepcHsix (7,0 %)
UK —B 5,5 u 8,2 pa3za u ux maroreanoctH (C7/C3)
Ha44,5149,9 %. Ilpu 3ToOM UX 3HaYEHHS Y )KUBOTHBIX
OIBITHOM rpymIbl ObUK MeHbie Ha 27,3; 33,3 1 9,6 %
COOTBETCTBEHHO, UTO CBUIETEILCTBYET O O0JIee BBIpa-
JKEHHOM y HUX T'yMOPaJIbHOM 3alluTe.

B xieTouHoM 3BeHE Hecrenn(pUIeCKON 3amnuThl
OTMEUEHO CHIDKEHHE KOJIMYECTBAa aKTHBHBIX (aro-
LUTOB Y MOPOCST KOHTPOJIBHOH 1 ONBITHOM Pyl Ha
4,4 m3,4%, ®U —na 15,1 % (p <0,001) u 13,3 %
(»p<0,001) u ®Y —na 17,5 % (p < 0,001) u 14,4 %
(p <0,02). Ilpu >TOM TIOKA3aTeNN MOTIIOTHUTECIHHOM
¢yHKUMN (HaromUTOB y KMBOTHBIX ONBITHOW I'PyI-
bl UMEJIM TEHJCHLHUIO K He3HAYuTeJIbHOMY (Ha 2,1
u 3,9 %) npeBBILICHUIO.

[Tpn n3yueHnn MeTabOIMYECKO aKTUBHOCTH HEeli-
TPO(UIOB yCTAaHOBIJICHO, 4TO cioHTaHHbIH HCT-Tect
y TopocsT obeux rpynn causmics Ha 17,8 u 15,6 %,
a crumynupoBanHbiii HCT-Tect noBeicuics Ha 17,9
1 35,0 %, Taxxe Kak ¥ QyHKIMOHAIBHBINA Pe3epB KIe-
ToK Ha 44,6 % (p <0,02) u 59,2 % (p <0,001). IIpu
stoM 3HaueHust cT-HCT u IIP y KMBOTHBIX OIBITHOMN
TPYNIBl PEBBIIIAIN KOHTPOJIBHBIE TOKA3aTean Ha
14,5 % (p <0,01) u 10,1 % cooTBeTCTBEHHO.

IIpu n3yueHun KJIETOYHOrO UMMYHHTETA Y TIOpPO-
CAT KOHTPOJILHOM TPYTIITBI PETUCTPUPOBAIIHN yBETNYE-
HUE coepkanus jJeiikonnuToB Ha 20,4 %, KOITIECTBO
KOTOPBIX Y ’KUBOTHBIX ONBITHOM IPYIITBI ObLIO HIKE HA
15,2 %, 4T0, IO-BUIMMOMY, CBSI3aHO C OOJIBIIIUM PACX0-
JIOM Ha OCYIIIECTBJICHUE KJICTOYHOM 3alUThI (Ta0JI. 2).

OTHOCHTENBHOE 1 a0COTIOTHOE KOJTMYECTBO JIMM-
(boLuTOB, ABIAIOLUIMXCA OAHUM U3 OCHOBHBIX IT0Ka3a-
TeNel KJIETOYHOTO MMMYHHUTETA, y KUBOTHBIX KOH-
TPOJBHOM M ONBITHOM rpymnn yBenuumiock Ha 31,7 %
(»p<0,01) m 38,5% (p<0,01), na 58,8 (p <0,001)
n41,2 % (p <0,001) coorBerctBenHo. [Ipu 3TOM y 110-
POCST OIBITHOM TPYIIIBI 3HAYCHHE OTHOCHUTEIHHOTO
ypoBHS OBLIO BEINIE HA 5,2 % mMmoKa3aremnss KOHTPOJI,
a abCOIIFOTHOE KOJUYECTBO Hibke Ha 6,0 %.

AOcomoTHOe coaepkaHue T-TUMQOLHUTOB Yy KH-
BOTHBIX 00€HMX TpyII oBbIcHIIOCh Ha 47,1 u 38,8 %,
U ObUIO HE3HAYMTEIIHbHO HUKE y TMOPOCAT OIBITHOM
TPYIIBI, TPH 3TOM OTHOCHTENBHOE WX KOJMYECTBO
o110 BhIme Ha 6,0 %. KonndecTBeHHBIE HM3MCHE-
HUSI IPOU3OILLIN U B cyOnomymsauusx T-mumMQonuros.
VY KMBOTHBIX 00€UX TPYII MO CPAaBHEHHIO C (DOHOM
CHU3WJIOCH OTHOCHTEIIBHOE COJEpKaHHE TEO(HII-
JUHYYBCTBUTEIBHBIX T-TUMQPOLIUTOB (CynpeccopoB)
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Ha 4,3 u 18,1 %, npu 3TOM HUX 3HAYEHHE y TMOPOCAT
OTIBITHOM TPYIITIBI OBIJIO MEHBIIIE, YeM B KOHTPOJIE Ha
14,4 %, 4TO CBUIETENBCTBYET O MEHBILCH CyIpeccun
KJIETOYHOT'O UMMYHHTETA.

OtHocurenbHOe copepkanue T-nmuMdouuTos
C XEJINIEPHOW aKTUBHOCTBIO, 00eCIIeYnBarOIuX (Hop-

MHpPOBaHKE T'yMOPAIbHOTO (CHHTE3 aHTUTEI ), KIIETOY-
HOTr'O MMMYHUTETA U aKTHBALMIO Makpodaros, y Hopo-
CAT KOHTPOJIBHOM rpynmsl yMeHbInnochk Ha 20,0 %
(» <0,01), a B OIBITHOM — TPAKTUYECKH HE N3MECHH-
JIOCh, TIPY 9TOM Y MOCJIEHUX UX 3HAYEHUE NTPEBBIIIa-
JI0 KOHTPOJIBHBIN Mokazatens Ha 23,2 % (p < 0,01).

Tabauna 2
Tloxazamenu Kniemouno2o UMMYHUMeEma y nopocsm
Bospacrt (mam), rpymimms
IToxazarenn 5 26 26
¢don KOHTPOJIbHAS OIIBITHAS
Jletikonntsl, 10°/11 11,84+ 1,43 14,25 +£2,02 12,08 £ 1,12
Jlumdoruter, % 41,0£0,70 54,0 £2,42" 56,8 £0,74"
Jlumorurer, 10°/n 4,85+ 0,08 7,70 £ 0,34" 6,85+ 0,09
T-mumdoruter, % 46,8 + 1,40 434 +1,12 46,0 + 1,89
T-numdorutst, 10°/1 2,27+0,07 3,34 £ 0,09 3,15+£0,11"
Trdu, % 18,8 £ 1,60 18,0+ 1,14 15,4 £0,98
Trdp, % 28,0+ 0,93 22,4+0,97 27,6 £0,98"
Trodp/Ttdy, ex. 1,65+0,18 1,25+0,17 1,89+ 0,2"
B-nmumdonutsr, % 16,3+ 1,25 21,8+0,81" 24,4 +£097"
B-mumormter, 10%/71 0,79 £ 0,06 1,68 £0,06" 1,67+0,07"

*p<0,01—0,001 — x dony
*p <0,05—0,01 — K KOHTpOIIO

Ummynoperynsaropubiii uaaexc (Ttdp/Trdu)
y KUBOTHBIX KOHTPOJIbHOW T'PYNIbI CHU3WIICS Ha
24,2 %, a B onIBITHOM — yBenuumics Ha 14,5 %, mpe-
BBICHB KOHTPOJIbHBIH MoKa3arens Ha 51,2 % (p < 0,05),
YTO CBUAETENILCTBYET O CYILIECTBEHHOM CHU)KEHHH CY-
[IPECCUBHON aKTUBHOCTH T-TUMQOILHUTOB.

OTHOCUTEeNbHOE M aDCOJIIOTHOE KOJHUYECTBO
B-nmum¢ounToB, Urparommx BaKHYIO poJib B peau-
3aIliM UMMYHHOTO OTBETa M BhIpabOTKe crienudu-
YECKUX AHTHUTEJN, y MOPOCAT KOHTPOJIBHON M OIIBIT-
HOW rpynn ysenunuuinoch Ha 33,7 % (p <0,01)
n49,5 % (p <0,002), na 61,1 % (p <0,001) u 52,8 %
(p <0,001). IIpu 5TOM OTHOCHUTENBHOE KOJIMYECTBO
B-K11€TOK y )KUBOTHBIX OITBITHOH TPyTITBI OBLIO BHIIIIE,
4yeM B KoHTpoJe Ha 11,9 %.

[Tpu u3yueHnn TUTOKMHOBOTO MPOGUIIS Y IIOPOCAT
OIIBITHOMW TPYHIIBI 10 CPABHEHHUIO C KOHTPOJIEM YCTa-
HOBJICHO ITOHM)KEHHOE COCPKaHKUE POBOCTIATIUTENb-

HbIx nutokuHoB UJI-1p Ha 8,8 %, UJI-2 —Ha 4,5 %,
NOH-y — na 2,8 % (p <0,02), 4TO CBUAETENBCTBY-
€T O MPEIPACIIOIOKEHHOCTH YKHUBOTHBIX KOHTPOJIb-
HOW TPYIIBI K Pa3BUTHIO BOCTIAIUTENIHHOTO MPOIIEC-
ca (tabm. 3).

VY Hux ke Obl1 HWKE M YPOBEHb MPOTUBOBOCIIA-
mutensHoro meauaropa MJI-4 na 5,3 % npu orcyt-
cTBHH pasHuIlbl B konmuectse UJI-10. Obmiee coor-
HOIICHUE MPO- ¥ MPOTHBOBOCIAIUTEIBHBIX [TUTOKHU-
HOB, KaK ¥ OTHOIIIEHHE MEHAaTOPOB, TPOAYIIPYEMbIX
Th-1 u Th-2 mumdbonuramu, MeNn TEHICHIUIO K He-
3HAUYNTEIILHOMY CHIDKEHHUIO 110 CPaBHEHHUIO ¢ (hOHOM
Y MPaKTHYECKH HE OTIMYAIUCH Y TIOAOMBITHBIX JKHU-
BOTHBIX (Talm. 3).

ITpumenenne «Ilentamnposna mepedOIeBITIM IT0-
CJIEPOIOBBIMH OOJIE3HSIMHA CBHHOMATKAM TIOJIOKHTENb-
HO CKa3aJI0Ch Ha KJIMHUYECKOM CTaTyCe BbIpalHBac-
MBIX 10l HUMH MTOpOCSAT (Taom. 4).
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Taonuna 3
Lumoxunosuwiii npoghune y nopocam
Bospacr (mau), rpymimb
L{ATOKUHBI, ITT/MIT 5 26 26
¢boH KOHTPOJIbHAS OIIBITHAS
WII-1B 3,36 £ 0,075 3,62 +£0,039° 3,30 £ 0,220
ni-2 4,90 £ 0,075 5,34+ 0,277 5,10 £ 0,085
nii-4 1,54 £ 0,003 1,71 £0,073" 1,62 +£0,137
nJ-10 3,75+ 0,155 4,04 £ 0,306 3,99 + 0,092
DdHO-a 1,63 +£0,019 1,84 + 0,094 1,89 +£0,053"
NOH-y 12,0+ 0,188 12,30 £ 0,091 11,96 £ 0,055"
(0)014 4,14 4,02 3,97
U (Th-1/Th-2) 3,50 3,39 3,38
* p <0,05—0,002 — k ony
* p <0,02 — K KOHTPOJIIO
Taonuna 4
Pesynomamor kaunuueckux ucciedo8anuil
['pymmer mopocsr
Iloxazarenun
KOHTPOJIbHAS OIIBITHAS
1 2 3
KomnmaecTBO CBHHOMATOK C TTOCIEPOIOBOH MAaTONOTHEH 11 12
B TOM YHCIIC
9H/IOMETPHUTOM, KOJI./% 7/63,6 9/75,0
MMA, kon./% 4/36,4 3/25,0
KonmraecTBO IOPOCAT 1O CBHHOMATKaMH, 152 168
3a0071e510 MOPOCAT KETYAOTHO-KUIIICTHBIMHU 25/16,7 11/6.5
OoJie3HsIMH, KoJ1./%
IIponomxkuTenbHOCTD JIeUeHUs, JHEH 7 5
Br1zgopogeno, koi./% 22/88.0 10/90,9
JleranbHOCTB, KOII./% 3/12,0 1/9,1
OO0111ee KOJIMYECTBO MOPOCST IIPH OTheMe 149 167
KosnruecTBO OPOCAT HA OHY CBUHOMATKY 13.5 13.9
IIpU OThEME
Macca nopocAr npu oTbeMe, KT 1028,6 1235,7
Macca 0JJHOrO TOpOCEHKA MPU OThEME, KT 6,9 7,4
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Oxonuyanue Ta0.J1. 4

1 2 3
[IponomKUTENBHOCTS TOACOCHOTO NEPHOJA, THU 28 28
CpeaHecyToYHbIA IPUPOCT, T 200 218
CoxpanHocTb, % 98,0 99,4

3a0011€BaEMOCTh IMMOPOCST KEMYTOUHO-KHIIICUHBI-
MU OOJIC3HSIMH, BBIPAIIMBAEMBIX 110JI CBUHOMAaTKaMU
OTIBITHOM Tpynisl, cocTaBuia 6,5 %, B KOHTposie —
16,7 %. I1ponoIKATEILHOCTH JICUCHUST OOTBHBIX T10-
pPOCAT C WCIOJIb30BAaHUEM aHTHMHKPOOHOTO ITpera-
para «Ksunokox [Tnroc» B mo3e 0,5 mi/10 kr Maccer
TeJIa OJIVH Pa3 B CYyTKH, COCTaBHJIA I10 TPYIIIAM XKHBOT-
HBIX COOTBETCTBEHHO 5 U 7 nqHer. YHCIEHHOCTh BBI-
3/I0POBEBIINX KUBOTHBIX B KOHTPOJBHON U OIBITHOU
rpymmax cocraBmia 90,9 u 88,0 %, meTaaTpHOCTh —
9,1 u 12,0 % coorBeTcTBeHHO. KOIMYECTBO OTHATHIX
OpOCST Ha | CBUHOMATKy COCTaBHIIO COOTBETCTBEH-
Ho 13,9 u 13,5 ronos co cpenueit Maccoit Tena 7,4
1 6,9 KT pu CpeTHECYTOYHOM MPUPOCTE MACCHI Tella
218 u 200 r u coxpannoctu 99,4 u 98,0 %.

3AKJTIOUEHUE

Haznauenune npoouoruka «I[lentanpon» nmakru-
PYIOIIUM CBUHOMATKaM, NepeOOIeBIINM TOCIEPOJIO-
BBIMU OOJIC3HSIMHU, COMPOBOXK/IAJIOCH MOBBIIICHUEM
Y BBIPAIIIMBACMBIX 10l HUMH [TOPOCST [0 CPABHEHUIO
C MPHILIONOM, HAXOJSIIUMCS TI0/T CBUHOMATKaMu 0e3
MPUMEHEHUS TIpernapara, CoIepKanus 00IIUX HMMY-
HOTIIOOYJIMHOB, HECTICITU(PUUECKOM KICTOUHOM 3aII[H-
ThI, aJJAIITUBHOTO KJIETOYHOI'O UMMYHHUTETA, CHUMKE-
HUEM KOJIMYECTBA [IUPKYITUPYIONUX UMMYHHBIX KOM-
IUICKCOB, MX MAaTOreHHOCTH M AaHTUTCHHOW Harpy3KH
Ha KJIETKU-TIPOLYTIEHTHI TpoBocamuTenbHbIX (MJI-10,
WNJI-2 u U®H-y) u nporuBoBocmamutensHoro (MJI-4)
LIUTOKUHOB, YTO CIIOCOOCTBOBAJIO YMEHBIIICHHUIO 3200-
JICBAEMOCTH UX JKETYJOYHO-KUIIICYHBIMH OOJIC3HIMH,
COKPALICHHUIO TIPOJIOJDKUTEILHOCTH JIeUueHUs! 00JIb-
HBIX )KHBOTHBIX, YBEITHUCHHUIO MaCChl Tejla NIPU OTb-
€Me U COXPaHHOCTH.
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EFFECT OF THE ADMINISTRATION OF THE PROBIOTIC
“PENTAPROL” TO SOWS THAT HAVE SUFFERED
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Abstract. The article presents the results of studying the effect of the probiotic “Pentaprol” when administered
to lactating sows that have recovered from postpartum diseases on the immune status of piglets. It had been found
that, compared to piglets reared under sows without the drug, they had a higher content of total immunoglobu-
lins, non-specific cellular protection, adaptive cellular immunity and a reduced number of circulating immune
complexes and their pathogenicity, which indicated a more pronounced humoral protection, as well as the level
of proinflammatory cytokines IL-1p, IL-2, IFN-y and the anti-inflammatory mediator IL-4 due to a decrease in
the antigen load on their producer cells. An increase in the immune status of piglets contributed to a decrease in
the incidence of gastrointestinal diseases, an increase in survival and productivity.

Keywords: sows, piglets, probiotic “Pentaprol”, immune status, cytokines

At industrial pig breeding farms, secondary immu-
nodeficiencies are often recorded in piglets in the early
postnatal period [1, 2], one of the causes of which is
postpartum diseases in sows, manifested by a decrease
or cessation of the secretion of colostrum (milk) —
the main source of nutrition and colostral immunity
for newborns [3—6].

In piglets reared under sows that had recovered
from postpartum diseases, at the age of 20 days, a de-
crease in the serum lysozyme and complement activi-
ty, the content of total immunoglobulins, y-globulins,
the absorptive and metabolic activity of phagocytes and
their functional reserve, the relative and absolute num-
ber of lymphocytes, T-cells, theophylline-resistant and
theophylline-sensitive T-lymphocytes and B-cells, the
concentration of cytokines IL-2, IL-4 IL-10 was found,
but an increase in the content of small circulating im-
mune complexes and their pathogenicity, which indicat-
ed a weakening of humoral and cellular protection [7].

To prevent the development of postpartum diseases
in sows, antimicrobial [8, 9], hormonal [10, 11], hep-
atotropic and selenium-containing [12, 13] drugs, as
well as pre- and probiotics [14, 15] are recommended.
The use of the latter is accompanied by optimization
of the intestinal microbiocenosis of sows [ 16], contrib-
uting to the formation of normal intestinal microflora
of piglets, the physiological contamination of which
begins from the moment of passing through the par-
turient canal, then due to fecal microflora and micro-
flora of stalls [17].

Medical studies [18] have established that the com-
position of the maternal intestinal microbiota affects
the formation of the child’s microbiota, which carries
out metabolic, antitoxic, protective and immune func-
tions [19].

The probiotic feed additive “Pentaprol”, designed
by “Biona” LLC, contains live cultures of lactobacil-
li, lactococcus, enterococcus fecium and bifidobacte-
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ria, and is recommended for stabilizing intestinal mi-
croflora, increasing productivity and survival of pigs
and poultry.

The objective of the study was to investigate the ef-
fect of the administration of the probiotic “Pentaprol”
in sows that had recovered from postpartum diseas-
es on the immune status of piglets reared under them.

MATERIAL AND METHODS

The studies were conducted at an industrial pig
breeding farm. The experiment included 23 sows that
had recovered from acute postpartum endometritis
and/or mastitis-metritis-agalactia, which after treat-
ment with pharmacological agents of antimicrobial,
anti-inflammatory and uterotonic action were divid-
ed into two groups.

The sows of the experimental group (n = 12) were
given the probiotic “Pentaprol” daily with drinking wa-
ter through a medicator, 10 ml for 20 days. The ani-
mals of the control group (n = 11) did not receive the
drug. The piglets reared under them were monitored,
their incidence of gastrointestinal diseases, livability
and productivity were taken into account.

Blood samples were collected from piglets (n = 5)
reared under sows of both groups at the age of 5 and
26 days for immunological studies, which were car-

ried out in accordance with the Methodological
Recommendations for the Assessment and Correction
of the Immune Status of Animals [20]. The content of
interleukin-1f (IL-1B), interleukin-2 (IL-2), interleu-
kin-4 (IL-4), interleukin-10 (IL-10), tumor necrosis
factor-a (TNF-a), interferon-y (IFN-y) was determined
by enzyme-linked immunosorbent assay (ELISA) with
subsequent recording of the results on a Uniplan-TM
spectrophotometer in accordance with the approved
instructions for diagnostic kits. To assess the balance
of pro- and anti-inflammatory mediators, indices were
calculated: the general ratio of pro- and anti-inflamma-
tory cytokines (CR) and mediators produced by Th-1
and Th-2 cells (CI Th-1/Th-2) [12].

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

STUDY RESULTS AND DISCUSSION

In piglets of the control and experimental groups
at the age of 26 days, compared with the baseline, an
increase in the serum lysozyme and complementary
activity by 34.8 and 36.1 %, by 48.1 % (p < 0.02) and
27.9 % (p <0.01), respectively, was established, in-
dicating an increase in non-specific humoral protec-
tion (Table 1).

Indicators of humoral and cellular link of non-specific immunity in piglets fabled
Age (days), groups
Indicators 5 26 26
baseline control experimental
1 2 3 4
SLA, mcg/ml 1.55+0.67 2.09+0.19 2.11+0.109
SCA, % hem. 104 +0.71 15.4+1.48" 13.3+0.48"
Total Ig, mg/ml 27.3+£2.01 20.6 +0.73" 23.2+0.62°
CIC3.0 % mg/ml 0.32+0.01 0.11+0.01° 0.08 £0.01"
CIC7.0 % mg/ml 1.15+£0.05 0.21+0.03" 0.14+0.01"
C7/C3 3.55+0.18 1.97+0.16" 1.78 £0.23"
NPA, % 77.0+1.29 73.6 £0.92 74.4+0.75
Phl 5.70 £0.07 4.84+£0.13" 494 +0.18"
PhN 4.39+0.10 3.62+0.03" 3.76 £0.19
spNBT, % 18.0+£1.42 14.8£1.02 15.2+0.80
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Table 1 (the end)

1 2 3 4
stNBT, % 28.0+1.83 33.0+0.77 37.8+0.81""
RI 1.57+0.11 227+0.21" 2.5+0.09

* p<0.05—0.001 — to the baseline
* p <0.05—0.002 — to the control

At the same time, the SCA value in piglets of the
experimental group was significantly lower by 13.6 %
(» <0.01), which was associated with the consump-
tion of complement for the implementation of more
pronounced phagocytosis in them, since its compo-
nents directly or indirectly (through antibodies) bind
to bacteria. The content of total immunoglobulins, re-
flecting the state of humoral protection, in piglets of
the control and experimental groups decreased by
24.5 % (p < 0.02) and 15.0 %. At the same time, their
value in animals of the experimental group exceeded
by 12.6 % (p < 0.05).

When determining circulating immune complex-
es, which are products of the antigen-antibody reaction
and play a significant role in maintaining the body’s ho-
meostasis, a reliable (p < 0.001) decrease in the level of
large (3.0 %) CIC in piglets of the control and exper-
imental groups by 2.9 and 4.0 times, and fine (7.0 %)
CIC — by 5.5 and 8.2 times, and their pathogenicity
(C7/C3)—Dby 44.5 and 49.9 % was established. At the
same time, their values in animals of the experimental
group were lower by 27.3,33.3 and 9.6 %, respectively,
which indicated a more pronounced humoral protection
in them. In the cellular link of non-specific protection,
a decrease in the number of active phagocytes in pig-
lets of the control and experimental groups was noted
by 4.4 and 3.4 %, Phl — by 15.1 % (p <0.001) and
13.3 % (p <0.001), and PhN —by 17.5 % (p < 0.001)
and 14.4 % (p < 0.02). At the same time, the indicators
of the absorptive function of phagocytes in animals of
the experimental group tended to slightly (by 2.1 and
3.9 %) exceed.

When studying the metabolic activity of neutro-
phils, it was found that the spontaneous NBT test in
piglets of both groups decreased by 17.8 and 15.6 %,
and the stimulated NBT test increased by 17.9 and
35.0 %, as well as the functional cell reserve — by
44.6 % (p <0.02) and 59.2 % (p < 0.001). At the same
time, the values of stNBT and RI in animals of the
experimental group exceeded the control values by
14.5 % (p <0.01) and 10.1 %, respectively.
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When studying cellular immunity in piglets of the
control group, an increase in the leukocyte content
by 20.4 % was recorded, the number of which in ani-
mals of the experimental group was lower by 15.2 %,
which was apparently due to the greater expenditure
on the implementation of cellular protection (Table 2).

The relative and absolute number of lymphocytes,
which are one of the main indicators of cellular immu-
nity, in animals of the control and experimental groups
increased by 31.7 % (p < 0.01) and 38.5 % (p < 0.01),
by 58.8 (p <0.001) and 41.2 % (p <0.001), respec-
tively. At the same time, in piglets of the experimen-
tal group, the relative level was by 5.2 % higher than
the control indicator, and the absolute number was by
6.0 % lower.

The absolute content of T-lymphocytes in animals
of'both groups increased by 47.1 and 38.8 %, and was
slightly lower in piglets of the experimental group,
while their relative number was higher by 6.0 %.

Quantitative changes also occurred in the subpop-
ulations of T-lymphocytes. In animals of both groups,
compared to the baseline, the relative content of the-
ophylline-sensitive T-lymphocytes (suppressors) de-
creased by 4.3 and 18.1 %, while their value in pig-
lets of the experimental group was lower than in the
control by 14.4 %, which indicated less suppression
of cellular immunity.

The relative content of T-lymphocytes with help-
er activity, providing the formation of humoral (anti-
body synthesis), cellular immunity and activation of
macrophages, in piglets of the control group decreased
by 20.0 % (p <0.01), and in the experimental group
it remained virtually unchanged, while in the latter
their value exceeded the control indicator by 23.2 %
(»<0.01).

The immunoregulatory index (Tres/Tsen) in ani-
mals of the control group decreased by 24.2 %, and in
the experimental group it increased by 14.5 %, exceed-
ing the control indicator by 51.2 % (p < 0.05), which
indicated a significant decrease in the suppressive ac-
tivity of T-lymphocytes.
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Table 2
Indicators of cellular immunity in piglets
Age (days), groups
Indicators 5 26 26

baseline control experimental
Leukocytes,10°/L 11.84 +1.43 14.25 +2.02 12.08 £1.12
Lymphocytes, % 41.0£0.70 54.0£2.42" 56.8 £0.74"
Lymphocytes,10%/L 4.85+0.08 7.70 £0.34" 6.85 £ 0.09"
T-lymphocytes, % 46.8 = 1.40 434£1.12 46.0 = 1.89
T-lymphocytes,10°/L 2.27+£0.07 3.34+£0.09" 3.15+£0.11"
Tsen, % 18.8+£1.60 18.0+1.14 15.4+£0.98
Tres, % 28.0+£0.93 22.4+£097 27.6 £0.98"
Tres/Tsen, u 1.65+0.18 1.25+0.17 1.89 £0.2°
B-lymphocytes, % 16.3+1.25 21.8+0.81" 24.4+0.97
B-lymphocytes, 10°/L 0.79 £ 0.06 1.68 £0.06" 1.67+0.07

* p<0.01—0.001 — to the baseline
" p<0.05—0.01 — to the control

The relative and absolute number of B-lymphocytes,
which play an important role in the implementation
of the immune response and the production of spe-
cific antibodies, in piglets of the control and exper-
imental groups increased by 33.7 % (p <0.01) and
49.5 % (p <0.002), by 61.1 % (p < 0.001) and 52.8 %
(» <0.001). At the same time, the relative number of
B-cells in animals of the experimental group was high-
er than in the control by 11.9 %.

When studying the cytokine profile in piglets of the
experimental group, compared to the control, a reduced
content of proinflammatory cytokines IL-1p by 8.8 %,
IL-2 — by 4.5 %, IFN-y — by 2.8 % (p <0.02) was

established, which indicated a predisposition of ani-
mals of the control group to the inflammatory process
development (Table 3). They also had a 5.3 % lower
level of the anti-inflammatory mediator IL-4 with no
difference in the amount of IL-10. The overall ratio of
pro- and anti-inflammatory cytokines, as well as the
ratio of mediators produced by Th-1 and Th-2 lym-
phocytes, tended to decrease slightly, compared to the
baseline and were virtually unchanged in the experi-
mental animals (Table 3).

The use of “Pentaprol” in sows that had recovered
from postpartum diseases had a positive effect on the
clinical status of piglets reared under them (Table 4).

Table 3
Cytokine profile in piglets
Age (days), groups
Cytokines, pg/ml 5 26 26
baseline control experimental
1 2 3 4
IL-1B 3.36 £0.075 3.62+0.039" 3.30+0.220
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Table 3 (the end)

1 2 3 4
IL-2 4.90=0.075 5.34+0.277 5.10 £0.085
IL-4 1.54 £ 0.003 1.71 £0.073" 1.62+£0.137
IL-10 3.75£0.155 4.04 £ 0.306 3.99+£0.092
TNF-a 1.63+£0.019 1.84 £ 0.094 1.89 £0.053"
IFN-y 12.0£0.188 12.30 £0.091 11.96 £ 0.055"
CR 4.14 4.02 3.97
Th-1/Th-2 3.50 3.39 3.38
* p <0.05—0.002 — to the baseline
* p <0.02 — to the control
Table 4
Results of clinical studies
Groups of piglets
Indicators
control experimental
Number of sows with postpartum pathology 11 12
including
endometritis, n/% 7/63.6 9/75.0
MMA, n/% 4/36.4 3/25.0
Number of piglets under sows 152 168
Piglets fell ill with gastrointestinal diseases, n/% 25/16.7 11/6.5
Duration of treatment, days 7 5
Recovered, n/% 22/88.0 10/90.9
Mortality, n/% 3/12.0 1/9.1
Total number of piglets at weaning 149 167
Number of piglets per sow at weaning 13.5 13.9
Weight of piglets at weaning, kg 1028.6 1235.7
Weight of one piglet at weaning, kg 6.9 7.4
Duration of suckling period, days 28 28
Average daily weight gain, g 200 218
Livability, % 98.0 99.4

The incidence of gastrointestinal diseases in pig-
lets reared under sows in the experimental group
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was 6.5 %, in the control — 16.7 %. The duration of
treatment of sick piglets using the antimicrobial drug
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“Quinocol Plus” at a dose of 0.5 ml/10 kg of body
weight once a day was 5 and 7 days in groups of ani-
mals, respectively.

The number of recovered animals in the control
and experimental groups was 90.9 and 88.0 %, mor-
tality — 9.1 and 12.0 %, respectively. The number of
weaned piglets per 1 sow was 13.9 and 13.5 animals,
respectively, with an average body weight of 7.4 and
6.9 kg with an average daily weight gain of 218 and
200 g and a livability of 99.4 and 98.0 %.

CONCLUSION

The administration of the probiotic “Pentaprol” to
lactating sows that had recovered from postpartum dis-
eases was accompanied by an increase in the content
of total immunoglobulins, non-specific cellular protec-
tion, adaptive cellular immunity in piglets reared un-
der them, compared to the offspring reared under sows
without the use of the drug, a decrease in the number
of circulating immune complexes, their pathogenicity
and antigen load on cells producing proinflammatory
(IL-1B, IL-2 and IFN-y) and anti-inflammatory (IL-4)
cytokines, which contributed to a decrease in the in-
cidence of gastrointestinal diseases, a reduction in the
duration of treatment of sick animals, an increase in
body weight at weaning and livability.
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CPABHUTEJIbHBIN AHAJIN3 UHKYBALIUU AUl KYP
PA3BHBIX BO3PACTHBIX I'PYIIII KPOCCA «KOBB-500»
P TPAHCOBAPUJIbHON OBPABOTKE IUTOXPOMOM C

Tarbsina OuieroBHa AzapuoBa, Cemen BaguvoBuu Yenencknii™, Usan UBanosuy Kounin

Mockosckas eocydapcmeennas akademusi 6emepUHaApHoOL MeOUYUHbl U GUOMEXHOI02UU —
MBA umenu K. Y. Cxpabuna, Mockea, Poccus, uspenskiy.sema@mail.ru®™

AHHoOTanus. B cTaTbe NpHUBEIEHBI HCCIIEOBAHNS CPAaBHUTEILHOTO aHAIM3a BIUSHUS BO3PACTA POAUTEIBCKOTO
crana kyp kpocca «kKOBB-500», kak cTpecc-hakTopa Ha HHKYOAIHIO SIMIT ¥ 300BETEpPUHAPHBIC MTOKA3aTENH IT0-
Jy4aeMOoTO MOJIOZTHSKA MOCIe MPEABIHKYOaInoHHOW 00paboTku muroxpomoM C. YcraHOBIEHO, 9To 00paboTKa
sart TIToxpoMoM C B onTUManbHON KOHIEHTpanuH (1 %) mo3BosSeT CHU3UTH B OPraHU3MeE 3apOJBIIIeH MICHO-
TO HalPaBJICHUS IPOAYKTUBHOCTH aHOMAJIFHO BBICOKYIO HHTEHCUBHOCTD ITEPEKHCHOTO OKUCIICHHS JTHIHIOB Ha
BCEX CTAAMSAX MpoLecca B 00EUX OINBITHBIX IPYIIIIax, a BMECTE C TeM yBEINYUTh AaHTHOKCHAAHTHYIO aKTHBHOCTh
CBIBOPOTKH KPOBH, OIPENENIMB YCIOBHS A MOBBIICHNS SMOPHOHATIBHOMN KU3HECIIOCOOHOCTH M KaueCcTBa MO-

JIOHSAKA CYTOYHOTO BO3pacTa.

KiroueBsble ciioBa: BO3pPaCT POAUTEIILCKOTO CTa/Aa, HTUTOXPOM C, TMEPEKNCHOE OKUCIICHUE JIUITNUI0B, OTXOAbI NH-

KyOaru, S)MOpHOTeHE3 IBITIIAT, KaYeCTBO I[BITUIAT.

CoBpeMeHHas ITUIIEBOIECKAS TPOMBIIIUIEHHOCTh
0a3upyeTcs Ha UCTIONB30BAHUHT BEICOKOIIPOTYKTHBHBIX
KpPOCCOB, 00€CIIEYNBAIONINX HACETICHHE KaueCTBEHHON
1 OMOJIOTUYECKH IMOJIHOIIEHHON MPOAYKIHUEH, KOTO-
past BO MHOTOM TO3BOJISICT Pean30BaTh 3aauu Mpo-
JIOBOJIbCTBEHHON 0OE€30TMaCHOCTH CTPaHbl, OBBICUTh
BO3MOJKHOCTH HapalluBaHMs TEMIIOB UMIIOpTO3aMe-
meHus u 3kcropra. OIHaKo BBULY JOCTATOYHO BBICO-
KHMX 3aTpar Ha COAECP>KAHUE PEMOHTHOIO MOJIOHSKA
Y Kyp POAUTENBCKOTO CTaja, OTACIbHBIM NTUIle(hal-
pUKaM NPUXOAUTCS B PSIAC CIIy4aeB UCIIOIb30BaTh I10-
CJICJTHUX B MHKYOAIMIO B BO3PACTE CBBIIIE JIOMYCTH-
moro (6omee 65 nemens) [1]. Kak m3BecTHO, BO3pacT,
OKa3bIBAET BIMSIHNE KaK Ha KAY€CTBO MHKYOAIIMOHHBIX
SIMII, TAaK U HA SMOPHOHAIBHOE ¥ ITOCTAMOPHOHAH-
Hoe pa3BuTue UbILIAT [2]. [Ipu 3TOM Hcnonab30BaHUE
B MHKYOAIIMIO SIMII OT BO3PACTHBIX TPYIII CBBIIIE I10-
POTOBBIX 3HAUYCHUH, ONIPECISICT PSIA HETaTUBHBIX T10-
CIIEZICTBUH, KOTOPBIC BRIPAXKAIOTCS B U3SMCHEHUH B HUX
(hM3UKO-XMMHYECKAX CBOMCTB BCEX COCTABISIONINX,
pa3pylIeHnr OMOJIOTUYECKH aKTUBHBIX BEIIECTB, He-
00XOMMBIX JUISI THTEHCUBHOTO PAa3BUTHS 3apPOJIbIIICH
(HEe3aMEHUMBIX aMHUHOKHUCIIOT, BUTAMUHOB U Ap.) [3].
MonoHSIK, TOJTy4aeMblii U3 TAKUX UL, 00BIYHO HE CO-
OTBETCTBYET CTAaHIApTaM KaueCTBa, YTO OOYCIOBICHO
HapyLIEHUEM Pa3BUTUsI BCEX TKAHEU U OPraHoOB, U, KaK

CJIEJICTBHUE HETIOJIHOLICHHBIM CTAHOBJICHUEM IIOTEHIINA-
J1a XO35IMCTBEHHO — IMOJIE3HBIX TPU3HAKOB NTHIGI [4].
Y4uuThIBasg U3I0KEHHOE BBIIIE, HE BBHI3BIBAET COMHE-
HUH HEOOXOIMMOCTD JISTAIBHOTO M3YUYCHUS HapyIlle-
HUH, TPOUCXOAIINX B OpraHU3Me dMOPHUOHOB MpHU
WCITOJIb30BAHUH B HHKYOAITHIO SHIT OT CTAPIIETO BO3-
pacTa, a TaKke pa3paboTKH HOBBIX, BEICOKOA((HEKTHB-
HBIX, HAy9HO OOOCHOBAaHHBIX TIOAXOI0B CTUMYIISIIAN
SMOpHOTreHe3a 1 MOBBIIIEHUS €T0 Pe3yJIbTaTUBHOCTH.

B 31011 cBsI3M, U151 pelieHus 3asBICHHOM Tpo0Iie-
MBI MHOTHE aBTOPBI PEKOMEHAYIOT K UCIOIB30BAHUIO
pa3IudIHbIe MOTU(PYHKIMOHATHHEIE OMOIOTHIECKU
aKTUBHBIC BEIECTBA, 00JAAafONINe CBOMCTBAMH, TI0-
3BOJISTFOIIIUME CKOPPEKTHPOBATH Pa3BUTHE YMOPHOHOB
Kyp B YCJIOBHSAX TMIIOKCUH U HEIOCTATKA MUTATEIbHBIX
Bemects [5]. [lo MHEHUIO KOJUIEKTHBA aBTOPOB IPE/I-
CTaBJICHHOW Pa0bOThI, K TAKOBBIM MOYKHO OTHECTH Oe-
JIOK-TIEPEHOCYUK MUTOXOHAPUATBLHON JIbIXaTeIbHOMN
e — muToxpoM C, KOTOPEIi 00J1agaeT SHepProcTa-
OMITM3HUPYIOITUMHE, OOMEHOCTHMYIUPYIOIIUMH, aHTH-
TUMIOKCUYECKUMU, aHTUOKCUIAHTHBIMU U AaHTUTOKCHU-
4eCKUMU cBoricTBamH [6]. [Ipu 3TOM JaHHOE BEIIECTBO
SIBIISICTCS. €CTECTBCHHBIM METa00JIMTOM, M XapakTe-
pHU3yeTCs BBICOKOH CTETIEHbI0 OMOTOCTYITHOCTH, YHU-
BEPCAJIBHOCTBIO JEUCTBUS ISl MHOTUX KUBBIX Opra-
HU3MOB [7]. CiegyeTr OTMETUTb, YTO OMOCTUMYIIATOP,

© Aszapnosa T. O., Yenenckwuii C. B., Kounm U. 1., 2025
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HpeI[J'IO)KeHHBIfI HaMM B SKCIICPUMCHTC, IMPEACTaBIIA-
eT co00i KoH(OPMAIIHIO, KOTOPas B KJIETKE HAXOST-
csl B MEXKMEMOPAHHOM MPOCTPAHCTBE MUTOXOHAPHH
1 00J1a/1aeT AHTHOKCHIAHTHBIMU BO3MOXKHOCTSIMH, TO-
IJa, KaK JApyrasi 3aKperuieHHasl Ha BHyTPEHHEH CTOpO-
He MeMOpaHbl — peaju3yeT B OCHOBHOM IPOAIONTO-
Tuyeckue GpyHkuu [8].

Taxum 0Opa3oM, IpPEeNMyIIIEeCTBO BEIOPAHHOH (op-
MbI HE BBI3bIBACT COMHEHHI U HE OIPEJIeIsieT PUCKH
PasBUTHS aronTo3a KJIETOK MOCHe MPUMEHEHHS IU-
toxpoma C [6].

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

B xone mccnemoBaHus OCYIIECTBISUIA 2 JKCIIe-
pumenTa: B ycnoBuax ®I'BHY ®HI « BHUTUID»,
kadeap xumuu umenu npod. C. U. Adponckoro
u A. IT. ManaxoBa, a Tak)Ke 300I'MI'MEHBI U ITULEBOI-
cteauM. A. K. lanmnosoit ®I'50Y BO MTABMUB —
MBA umenu K. U. Ckpsounna.

B nepBoM skcrnepuMeHTe 0OBEKTaMHU HCCIEN0-
BaHUs ObLTH WHKYOAIMOHHBIC SHIa, TIOTYYCHHBIC OT
Kyp MSICHOTO HaIlpaBJIeHUs] NPOJYKTUBHOCTH Kpocca
«KOBb-500» 70-HenensHOTO Bo3pacTa (IPEeBHIIICHIE
PEKOMEHTyeMOT0 BO3pacTa JIsl HCTIONb30BaHUS B MH-
KyOamuio U1 cocTaBmiio 5 Henenb) [1].

Bo BTOpOM OTIBITE NCTIONTB30BAIM MHKYOAIIMOHHBIS
stiia, noiy4deHHsle oT Kyp kpocca «KOBB-500» 50-He-
JIEJIbHOTO BO3PACTa, KOTOPBIN JOMYCTUM ISl UCTIONb-
30BaHMs B HHKyOaIuto sutl [ 1]. OmbITel OBUTH TIPOBE-
JIEHBI B TEYCHHUE OJTHOTO CE30Ha.

B 0b6oux skcmepumenTax ObITH c(HOPMUPOBAHEI
2 rpynmbl (OTBITHAS W KOHTPOJBbHAs) mo 252 siina
B Kaxk110i. OTIBITHBIE B 000MX CIydasx Tepea UHKY-
Oarueit OIHOKPaTHO TPAHCOBAPHAIILHO 00padaThIBAIN
pactBopoM Ouoctumyistopa muroxpoma C B 1 %-ou
KOHIICHTPAIIUU, paHEee BRISIBIICHHON B CEPHUH MIPEIIe-
CTBYIOIINX dKCIIEPUMEHTOB [9]. Slifia KOHTPOIHHBIX
TPYMIT OCTaBAJINCh MHTAKTHBIMH. Bce rpynmsl Obun
MOJJ00PaHKI IO TIPUHITUITY aHAJIOTOB C YY4ETOM BpeMe-
HU CHECEHUSI, CPOKOB XPAaHCHHUS U MaCCHI.

COBOKYITHOCTb ITPEIOKEHHBIX B pabOTe MOKa3a-
TeNeH, OMPEeneIsUTH TI0 OOIIETPHHITBIM METOINKAM
[10, 11]. B cBoro ouepenn, MOTyUYEeHHBIE ITH(DPOBBIC
JTaHHBIE OBLTH 00Pa0OTaHBI METOIOM BapHAIIMOHHON
CTaTHCTHKH C ONPEJETIEHUEM t, — KPUTEPHs 10CTO-
BepHOCTH TI0 CTHIOEHTY U ypPOBHS JOCTOBEPHOCTH
pa3iuuuil B MOKa3aTelsX 1Mo rPyIam.

Bce uccrnenoBanus IpoBEICHBI C COOJIIOICHUEM
npaBuil, onpeneneHHsix EBponeiickoii KonBenuuei
T10 3aIUTE TO3BOHOYHBIX KUBOTHBIX, UCITOJIb3yEMbIX
JUIS1 UCCIIEI0BATENbCKUX M MHBIX HAYYHBIX Liesei [12].

PE3YJIBTATHI UCCJIEJOBAHUM
N OBCYXKJIEHUE

[IpenbiHKYOaIMOHHOE HCIIOIb30BAHUE [IUTOXPO-
Ma C B koHIIeHTpamu 1 %, onpenenuio mo3UTHBHOE
BIIMSIHUE HA HMOPHUOTeHE3 MOJIOIHSIKA, TIOYUYCHHOTO
U3 U1, KaK CPETHEBO3PACTHOM, TaK U MITHIIBI CTapIIie-
rO BO3pacTa, OJIHAKO, C OTPEACICHHON JOIeH pasiu-
YHi, 9TO BO MHOTOM OBIJIO 00YCIIOBIICHO pean3alu-
eif ero aHTHOKCHUAHTHBIX BO3MOXKHOCTEH (Tadm. 1).

Tadnuua 1
Tlokazamenu nepexucrozo oxkucienus aunudog (I10JI) u aumuoxkcudamusnoul
sawumnou cucmemwl (AOC3) y cymounvix yvinaam (M +m, n = 5)
Pon. crano 70 Heneln Pon. crano 50 Henenn
ITokazarens
Konrtponbshas OrnbITHAS Konrponbhas OnpiTHAs
OAA, mr/mi 1,62 £0,28 2,01 £0,03" 1,98 £ 0,07 2,1+0,25
JK, MEMOIB/T 2,17+0,16 2,0+0,28 23+0,14 2,1+0,11
TK, MKMOTB/T 1,0 + 0,08 0,9+0,13 1,2+0,12 0,9+0,10
MJIA, MKMOJIB/JI 4,3+0,55 2,8+£0,17" 2,1+£0,16 1,8+£0,15
OlL, oTH.ex/MT 0,9+0,31 0,3+ 0,08 0,2+0,37 0,1 £0,37

3nech u nanee
" p<0,05
" p<0,01
" p<0,001
K — xontponbHas, O — onbITHas rpymnmna.
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[Ipu ananuse gaHHBIX TAOMUIEI 1, yCTAaHOBIEHO,
YTO TpaHCOBapHaiIbHasg 00pabOTKa SUI] ITUTOXPOMOM
C B onTHManabHON KOHIIEHTPAIMH, OTIPEeIHIa CHA-
YKEHHE WHTCHCHBHOCTH JIMITOTIEPOKCH/IAIINH HA BCEX
€e CTaJIusAX Y MOJIOJHSIKA CyTOYHOTO BO3pacTa B 00e-
WX OMBITHBIX TPYIINAX, OTHOCUTEIHHO KOHTpoJis. [Ipu
9TOM OKa3bIBaeMblil OHocTuMynsaTopoM 3ddekr Ha
KOHIIEHTPAITUH MPOAYKTOB JTUTIOTIEPOKCHIAIINH B KPO-
BH Y MOJIOJTHSIKA CyTOYHOTO BO3pacTa ObUT pazIudeH
B 3aBHCHMOCTH OT BO3pacTa POJAUTEIHCKOTO CTa/Ia.

Tak, conepkaHue NEPBUYHBIX U HEKOTOPBIX BTO-
PUYHBIX IPOAYKTOB MEPEKUCHOTO OKUCICHUS JIUTTHIOB
(ITOJI), Takux Kak TUEHOBHIC M TPUCHOBBIC KOHBIOTATHI
YMEHbIITIIIOCH Ha 8 % 1 9 % y MoJoAHsKa, TOTy4YeH-
HOT'O OT CTaplIEro poAUTENbCKOro crajga u Ha 10 %,
1 25 % y MOJIOJHSIKA OT CPEAHEBO3PACTHOI0, COOTBET-
CTBEHHO, 110 CPABHEHUIO C KOHTPOJIEM.

B cBoto odepenis ypoBeHb IPYTHX BTOPHUHBIX TIPO-
IYKTOB, @ UMEHHO MaJIOHOBOTO muanbaeruaa (M/IA)
cam3mics Ha 34,8 % (p < 0,01) y mpIuIaT, moxy4eH-
HBIX OT CTapllEero poauTeNbCcKoro crafga u Ha 14,8 %
(MJIA) ot cpeaHeBO3pacTHOTO, COOTBETCTBEHHO, 110
CpaBHEHUIO ¢ KOHTposneM. [Ipu 3ToM ymeHbIeHHE
KOHIICHTPAIIMHA KOHEYHBIX MPOTYKTOB B BUJIE OCHOBA-
muii udda (OLI) cocraBmmo — 66 % y MOTOTHS-
Ka, TIOJIY9€HHOTO TIPH UCTIONB30BaHUH SIUIT B MHKYOa-
LU0 OT CTapIero poautenbekoro craaa u 50 % (OIL)
OT CPEIHEBO3PACTHOTO, COOTBETCTBEHHO OTHOCUTEIb-
HO KOHTPOJISI.

BrimeykazanHoe CBHIETENBLCTBYET, YTO IIPHME-
HeHue muToxpoma C B ONTHMaIbHON KOHIIEHTPALNN
B CiIy4yae WCIIOJIb30BAaHUS B WHKYOAI[MIO CTapIIero
Y CPEIHEBO3PACTHOTO POAMTEIHCKUX CTA], TIO3BOJISI-
€T NMPENOTBPATHTh HAKOIUICHUE MOAU(PUIIMPOBAHHBIX
MPOIYKTOB 0OMEHa, MPeAyNpeAnTh HapyIeHUs AuQ-
(hepeHmupoBKky, Mponudepanun KISTOK, MyTaIllH,
MpeAyNpenTh Pa3BUTHE BOCMAIUTEIBHBIX U ayTO-
MMMYHHBIX pEaKIni, HHUIIMUPYEMBIX W30BITOYHBIM
CHUHTE30M, a BMECTE C TeM LIUTOTOKCUYHBIM JACHCTBU-
em npoxaykros [TOJI [13, 17].

ComnocTaBneHue pa3HUIIB KOHIIEHTPAIHA STUX Be-
IIECTB B OpraHU3MEe MOJIOAHIKA CyTOYHOTO BO3pAcTa
OTIBITHBIX ¥ KOHTPOJIBHBIX IPYTIIT TO3BOJINIIO BHISIBUTH,
YTO MPOILIECC JITIOTIEPOKCHIAIINH Ha HAYaIbHBIX CTa-
JUSIX 00JIee MHTEHCUBHO UICT Y IBITUIST, TOTYYSHHBIX
U3 SIUI CPEAHEBO3PACTHOTO CTaja, TOrJa Kak B cepe-
JIMHE ¥ B KOHIIE MPOIIecca HAMOOIIBIINE Pa3InIus 3a-
(buKCHpOBaHbI y IPE/ICTABHUTEIEH, BRIBEICHHBIX U3 SUI]
OT CTapIIero CTaja.

[Ipu »TOM HEcMOTpst Ha TO, 4TO IUTOXpoM C CHH-
’KAeT MHTEHCUBHOCTh PEAKIIMU HA MPOTSKEHUU BCe-
ro MpoIiecca JUMONEPOKCUIAIINHN, KapTHHA U3MEHE-

HHUH 10 3Taram IMpoLecca, acCOLUUPOBAHHAs C BO3-
pacToM NTHUIBI, OCTACTCS aHAJOTMYHONW KOHTPOJIO.
Br1siBiieHHBIE 3aKOHOMEPHOCTH MO3BOJISIIOT BHIIBUHY Th
MIPEIIOIOKEHHE O TOM, YTO Y MOJIOHSKA, TOTyYeH-
HOTO OT CPEeTHEBO3PACTHOTO CTa/1a, AHTHOKCHJAHTHAS
3ammuTa 60s1ee peakTHBHA OTHOCUTEIIEHO 0COOCH, BBI-
BE/ICHHBIX U3 SIUL{ CTAPILIETO CTaja, 4TO IOATBEPKIa-
ercs yBenuuenneM OAA na 24 % (p < 0,01) B mepBom
citydae npoTuB 6 % BO BTOPOM.

OTO TakkKe CBUACTEILCTBYET O TOM, YTO Y MEPBBIX
0oJ1ee BhIpa)keHBI IEPCIEKTHUBBI COXPAHEHHUS IIETI0CT-
HOCTH U ()YHKIIMOHAJIBHOCTH KJIETOK B YCIIOBHSIX BO3-
JIEHCTBUS CWIIBHBIX U CPEJHUX CTpeccopoB. B cBoro
o4epelib, y TIPEICTaBUTENICH KOHTPOIS U ONbITA, 10-
JIy4EHHBIX OT CTapIIEro POJUTENILCKOTO cTaja Mpo-
TEeKaHue IMpoliecca JUIMONEePOKCHIANN ObUIO MEeHee
KOHTPOJIMPYEMOE U CTPEMHUTEIHHOE, YTO IMOATBEP-
JKIAeTCsl 3HAYUTEIIbHBIM IIPe001afaHueM BTOPUUHBIX
1 KoHeuHbIX npoaykToB [1OJI: MamoHOBOrO AMANBC-
runa (MJIA) u ocHoBanwmii [lndda (OLL), B oTmuune
OT TaKOBBIX B OIIBITE M KOHTPOJIE BBIBEACHHBIX U3 SUII
CPEIHEeBO3PACTHOTO CTA/Ia.

Crenyer HAIOMHUTD, YTO MAJIOHOBBIM JUaIbIET U]
CHOCOOCH B3aUMO/ICHCTBOBATh C OCJIKOBBIMHU CTPYKTY-
paMu, YTO MPHUBOAUT K HAPYLICHHUIO PEaTH3aLuU UX
(GYHKIMOHATBHBIX BO3MOXKHOCTEH, a BMECTE C TeM
C JIMNHUJAMH U HyKJICHHOBBIMU KUCIIOTAMH, 00yCIIaB-
JIMBAsI UX BHYTPUMOJICKYJISIPHOE HUIIH MEKMOJICKYJISIP-
HOE CLIMBaHME U, KaK CICACTBHE, INIyOOKHE U3MEHEHUS
B OMOXMMMYECKUX CBOMCTBax OroMorekyil. K rakoBbiM
no naHeIM Ayala A. (2014) MOXXHO OTHECTH Hapy1le-
HUSI B PETYJISILIMU CUCTEMbI KOMIUTUMEHTa, HHULIUHPY-
IOIITE Ay TOMMMYHHBIE TOBPEXIeHN oprann3Ma [ 13].
B cBoto ouepenp, B paborax Arulselvan P. (2016) ot-
pa’keHo, 4To MoAU(pHUKALNS allbACTHIaMU HyKJIEHHO-
BBIX KHCJIOT IIPH IPOTPECCHU JIUTIONIEPOKCUAALIUH UH-
JOYLHPYET SKCIPECCHIO Pa3IMYHbIX T€HOB, KOTOPbIE KO-
JUPYIOT TPOBOCHANNUTENbHbIE HUTOKUHBI (IL-2, IL-6,
TGF-a) u monekynsl aaresuu (E-selectin, ICAM-1,
VCAM-1), onrpenensist HHUITHAITIIO U MacITabupoBa-
HUE, MPEXIE BCEro, BOCMAIUTENbHBIX peakuui [14].
Takoke B3aMMOJCHCTBUE aJIbICIUI0B C HYKJICHHOBBI-
MU KHcaI0TaMu ¢ oopazoBanueM JIHK-anaykToB omnpe-
JIeJIsIeT BOSHUKHOBEHUE CIIOHTAHHBIX MyTauui [13].

[IpuHuMass BO BHUMaHUE, M3JI0KCHHOE BBIIIE,
MOYKHO TIpearoJiaraTb, 4To oopabdoTka MUTOXPOM
C npo¢uiakTupoBaia HHULHMALMIO BbILICYKa3aHHBIX
MIPOLIECCOB, OMPEAEIAs YCIOBHS AN YCIETHON pea-
JU3alKH aIaNTallMOHHBIX BO3MOYXHOCTE! 1 cTabnIu-
3aIuy romeocrasa [8].

B cBoro ouepens yBenmmuenne OAA y peacTaBu-
TeJIeH OMBITHBIX IPYIII HE TOJIBKO IIOATBEPIKIACT BbI-
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LIeyKa3aHHOE, HO CBUIETENILCTBYET O peasTu3aliiy, KaK
COOCTBEHHBIX AaHTHOKCH/IAHTHBIX BO3MOKHOCTEH [15],
TaK U O BO3MOKHOCTH CTHUMYJISIIUU CUHTE3a JPYTHX
KOMIIOHEHTOB aHTHUOKCUIAHTHOU cuctemsl [7]. Ilpu
9TOM BBHJY PasHHLBI B COACPKaHUM HEOOXOIUMBIX
MUTATEIbHBIX BEIIECTB B AHIaX, MOJIYYEHHBIX OT pa3-
HBIX 110 BO3pACTy Kyp POAUTENBCKUX CTaJ], CTAHOBJIE-
HUE JAHHOW CHCTEMBI H €€ BO3MOXKHOCTH Y MOJIOA-
HSIKa, TIOJTy9€HHOTO OT CTapIIero CTajaa, ObLIH Orpa-

HUYCHBI B OTJIMYME I[BITUISAT, BBIBEJCHHBIX M3 SHI[ OT
CPEIHEBO3PACTHBIX.

Koppexiyist HHTEHCHBHOCTH MPOIIECCOB JTHITOTEP-
OKCHJIAIMH U YITyUIIICHUE aHTHOKCHTAHTHBIX BO3MOXK-
HOCTEH OpraHn3Ma MOJIO/IHSIKA OIBITHBIX TPYIIIL, & BME-
CT€ C TEM MIEPCIIEKTUBBI COXPAHECHUS 1IEJIOCTHOCTH KJIe-
TOYHBIX CTPYKTYD [8], onpenenuim 6onee kompopTHOE
MIPOTEKaHNE YMOPHOTEHE3a Ky 1 OOJBITYTO PEe3yITbTa-
TUBHOCTH TMPOIIECCa BBIBO/IA IBILIAT (Tabm. 2).

Tabauua 2
Mecmo Haknesa u nokazamenu CKOpIynsl AUy, ocmaswelcs nocie evisooa yeinaam. (M +m, n = 10)
KonmnuecTtBo (l)pal;/MeHTOB CKOPITYTIBI Mecto Hakiesa, %
(1]
dusnonoruye- ATunuyHOC
TommuHa CKOPITYIIBI, MM CKO€ MECTO MECTO HaKJIeBa
) 3 1 Gortee HaKJICBa (Me>f<,uy (B cepenune i
cepenuHoi MEXKIy CPEAHHOM
U TYIBIM KOH- U OCTPBIM
om) % KOHIIOM siiitia) %
Pon. crano 70 Henens
0,21+0,2 70 % 30 % 80 % 20 %
0,25+0,4 60 % 40 % 70 % 30 %
Pon. crano 50 nenenp
0,30 £ 0,02 90 % 10 % 90 % 10 %
0,35+0,02 70 % 30 % 80 % 20 %

[Ipu n3yueHnn nokasaTessi TONIIHUHBI CKOPIIYIIBL,
OCTAaBIIEHCS Ha BBIBOJE LIBIIIAT, OBIJIO BBISBIICHO,
YTO OHA ObLIa TOHBIIE B HAPTHHU UL, OJTYYEHHBIX OT
Kyp CTapIIero poJUTEIbCKOrO CTa/1a, IPEUMYIIECTBO
OIBITHOW TPYIITIBI OTHOCUTEIBLHO KOHTPOJISI 10 00Cy-
KIaeMOMY TIOKa3areo coctaBuiio — 16 %, torma
Kak B ApTHH{ SIULI, HOIYYEHHBIX OT CPEIHEBO3pacT-
HOT'O pOAUTENLCKOTO cTaga — 14 %.

Habnronaemoe ncTOHYEHHE CKOPIYIBI B 00OUX
OTIBITHBIX TPYIIAX CBA3aHO C TEM, YTO OHA SIBIISICTCS
JIETIO KallbIUS U JIPYTUX MUHEPaJIbHBIX BEIICCTB, He-
00XOIUMBIX VIS IOCTPOEHUS HE TOJIBKO OIOPHO-IBU-
raTeyIbHOTO anmapara MOJIOAHSKA, HO U aKTHBU3ALUH
W/WIK OCTPOCHUST (HEpPMEHTOB; pealn3auuu QyHK-
UM HEpBHOW CHUCTEMBI, OCYIIECTBICHHUSI MeMOpaH-
HO-BHYTPHKJICTOYHOTO MEXaHH3Ma JCHCTBHSI TOPMO-
HOB, CTUMYJISIIIUK CHHTE3a OT/ACIBHBIX U3 HUX U T. JI.
[16]. U3 aTOTO ClieyeT, 4TO UCTOHYCHHUE CKOPITYIIBI
OBI7I0 00YCIIOBIIEHO OoJiee MONHBIM MOTPeOIeHUEM
OpPraHu3MOM 3MOpHOHA HEOOXOAMMBIX ISl €r0 Pas-
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BUTHS BEIIECTB B 00OMX OMBITHBIX IPYIIIAX, OMpeie-
JIsis1 yCIIOBYSI JIJIS IOBBIIIICHUSI KAY€CTBA IMOJTy4aeMOT0
MOJIOJTHSIKA, YTO COTIIACYETCS C JJAaHHBIMU Ta0nuI 3, 4.

Hemaso BakHy poJib B XapaKTEPUCTUKE Kade-
CTBa U MHTCHCHBHOCTHU Pa3BUTHS 3apOJbIIlIa, UTPACT
HakueB. [Ipu aHanm3e 3TOro mokasarels, ObIJIO ycTa-
HOBJICHO, YTO y IBIIUIAT OMBITHON TPYIIIbI, MOTyYeH-
HBIX OT CTapIIIETO POAUTEIILCKOTO CTa1a, HAKIICB B (pH-
3UOJIOTMYECKH MPABHIILHOM MecTe, Habroamu B 16 %
CJTy4aeB, TOTJIa KaK y CPeIHEBO3PACTHOTO IaHHBIM T10-
KazaTeJb cOCTaBmI 28 %, OTHOCUTEIBHO KOHTPOJIEHON
TPYIIIBI TIO IAHHOMY TTOKa3aTeto.

BrIsSBJICHHBIC PE3yJabTaThl B OMBITHBIX TPYIMIax
MO3BOJISIIOT CYMTATh, YTO PACIIONIOKECHUE MOJIOHIKA
B SIHIIE B HUX OBLIO B OOJIBITMHCTBE CI1y4YaeB MPaBUIIb-
HBIM OJ1aroiapst OJIaronpUATHOMY JICHCTBUIO IIATOXPO-
Ma C, IpersITCTBYIONIEMY JIECTPYKTUBHBIM SIBJICHUEM
B KJIETKaX OpraHu3Ma SMOPHUOHA, COXPAHEHHIO CHHTE3a
SHEPTUU, ONPEICTUBIINM YCIOBHS JUIs OOJIee TIOJTHOTO
MOTPEOICHUS TUTATEIIBHBIX BEIECTB, 2 BMECTE C TEM
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KaueCTBEHHOTO Pa3BUTHUs NTHILL. ClieyeT OTMETHTD,
gTO HaONFomaeMoe HaMu TpeoOnaganue aByxdpar-
MEHTHBIX CKOPJIYIMOK HaJl TpeX- U Oonee (parmMeHT-
HBIMH B O0OHMX OMNBITHBIX rpymmax Ha 14 % y crap-

mero craga u 12,5 % y cpeaHeBO3pacTHOTO CTaja,
OTHOCHTEIIFHO KOHTPOIISl, CBHJICTENLCTBYET O Oolee
OnIcTpOoM 1 3G (HEKTHBHOM BBIBOJIE MOJIOTHSIKA, OTHO-
CHUTEJIBHO KOHTPOJIS.

Tabauua 3
Kauecmeo yvinasm cymounozo éospacma no wixkane «llaceapy, oannet (M +m, n = 10)
Pon. crano 70 nenenb Pon. cramo 50 Hexenb
[Tokazarenn
KonTposns OnsIT KonTpons OnsIT
Pedexc moseneHust 1,7+ 0,15 1,9+0,10 1,6 £0,16 1,9+0,10
[TymnouHoe KONBIIO 1,6 £0,22 2,0£0,00 1,8 £0,20 2,0 £0,00
IImtocHa ¥ maybIBl 1,8 +0,13 1,9+0,10 1,6 0,16 1,8 +0,13
Kitro 1,9+0,10 2,0£0,00 1,8 £0,13 2,0 £0,00
JKusor 1,8 +0,20 2,0+0,00 1,8 £0,20 2,0 +0,00
Kputepuii «Ilacrap» 8,5+0,27 9,7+0,15 8,6+0,31 9,7+0,15"
Taoauuna 4
Kauecmeo yvinnssm cymounozo éo3pacma no wikaie « Onmucmapmy, oannvt (M +m, n = 10)
Pon. crano 70 nenenn Pon. crano 50 nexens
[Tokazarenn
KonTposns OnsIT KonTpons OnsIT
MpliIeuHbII TOHYC LIeU 1,7+0,15 1,9+0,10 1,6 £0,16 2,0+£0,00
Pediekc moBenenust 1,7+0,15 1,9+0,10 1,6 £0,16 1,9+0,10
[Tynounoe kosab110 1,6 £0,22 2,0+ 0,00 1,8 +£0,20 2,0+£0,00
Kitro 1,9+0,10 2,0+ 0,00 1,8+0,13 2,0 +0,00
JKusot 1,8 £0,20 2,0 £0,00 1,8 £0,20 2,0 £0,00
Kpurepuii «Ontucrapr» 8,7+ 0,50 9,8+0,13" 8,6 £0,48 9,9+0,10

AHanu3 TaHHbBIX Ta0IUIIE 3 U 4, CBHIIETEIIHCTBYET
0 TOM, 4TO OaJTbHas OIIeHKa Ka4yeCTBa MOTyYeHHOTO MO-
noxHsaka o mkajgaMm «ITACTAP» u «OIITUCTAPT»
B OIBITHBIX TPYIIIAX OJHOKPATHO MPEILIHKYOAINOH-
HO 00paboTaHHBIX HUTOXpOMOM C B KOHIICHTpAIUU
1 % umesna MPEeUMYIIEeCTBO OTHOCUTEIBLHO KOHTPOJIS
Ha 1,2 Oana B TpyIIie MOJIOJHSKA, TIOTYYEHHOTO OT
cTapriero poxutenbckoro craga u 1,1 (p < 0,05) 6ain-
Jla B TPyNIE OT CPEAHEBO3PACTHOTO POIUTEIIECKOTO
craza B iepBoM ciydae u 1,0 (p <0,01) u Ha 1,2 Gai-
J1a, COOTBETCTBEHHO, BO BTOpoM. Hanbomnbiie paznu-
4us OBUTH YCTAHOBIJICHBI 110 TTOKA3aTeNsIM, XapaKTepH-
3YIOIINM Pa3BUTHE HEPBHOW CUCTEMBI U TIPOM3BOIHBIX
k0. Hammyumue 3¢pextsr ctumymsiiiuu cTaHOBJIe-

HUSI OTUX TKaHEH, 3aQ)MKCUPOBAHBI B TPYIITIE MOJIO-
HSIKa, TIOJYYEHHOTO OT CTapOro POIUTEIBCKOTO CTa/Ia.

[IpenpinkyOarnmonHas TpaHcoBapuaidbHas 00-
paboTka AWl ONTUMAIBHBIM PACTBOPOM IIUTOXpOMa
C ompenenuna 6onee KoM(GOPTHOE MPOTEKAHUE dM-
OpuoreHesa, 4To 00yCIIOBHIIO TOBBIIIICHUE dYMOPHO-
HaJIbHOW )KU3HECIIOCOOHOCTH Ha BCEX ATAIaX MEPUOJIA.

[TomydeHHbIe TaHHBIE CBUACTEIHCTBYIOT O TOM,
YTO Ja)Ke OJJHOKPATHOE UCTIOIB30BaHUE OHOCTUMYIIS-
TOpa MO3BOJIMJIO HUBEJIIMPOBATh HETATUBHBIC MTOCIIE/I-
CTBHSI aHOMAJIbHOTO Pa3BUTHSI IPOIIECCOB JIMITOMEPOK-
CUJIAI[MH W TUTIOKCHH, THITIOIHEPTETUUYECKUX COCTOSI-
HUIl B OpraHu3mMe 3MOPUOHOB Kyp, YTO OMPEICITUIIO
CHIDKEHHE BCEX M3YUYCHHBIX KATErOPUIl OTXO0B HHKY-
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Oanuu B 000MX OIBITHBIX Ipymnax. Tak, KOJIU4eCcTBO
«HEOTUTOJIOTBOPEHHBIX» YMEHBIMIOCH Ha 1,56 %, «3a-
mepmux» Ha 0,77 %, Torna Kak «KpOBSTHBIE KOJBIa»
MTOJTHOCTHIO OTCYTCTBOBAIIU B OTIBITHOH TPYIITIE, TTOITY-
YEHHOMU OT CTapIIEro POJUTENBCKOTO CTaa, IPU STOM
B OIBITHOM I'pyIIIE, IOJyYEHHON OT CPEIHEBO3PACT-
HOTO KaTeropusi «HEOTJIOIOTBOPEHHBIC» CHU3MIIACH HA
0,70 %, «xposstaBIe Kosblia» Ha 0,78 % (p < 0,01), «3a-

MepIme» B 1,7 paza, COOTBETCTBEHHO 110 CPABHCHUIO
C KOHTpOJIEM. 3asBICHHOE OMPEIESITFIIO TIOBBIITICHUE
rmokaszaresieit SMOpHOHATBLHON JKH3HECTIOCOOHOCTH,
B YaCTHOCTH, BEIBOAUMOCTH sTAIT Ha 5,37 % 1 BBIBOJA
UbIIAT Ha 6,25 %, B ONBITHOM IpyTIe, BBIBEICHHOMN
U3 SIUI] CTapIIEeTo poAuTenabckoro ctaaa u Ha 10,1 %
(»<0,01)unal0,16 % (p <0,01), u3 su1T OT CpeIHE-
BO3PACTHOTO CTaja.

Taoauua 5
buonozcuyeckuii konmpons unkyoayuu, %, (M £m, n = 252)
OTtxoxnb! HHKYOatwu, %
He- -
l;ggggca OTIIION B;I;_O BriBox
Ko66- | (5 Tom Kposs- 3amep- | 3amep- an0x- Ca- MOCTE +A IBITI- +A
- HbIE Tymaxk e e K PR o AT, %
500 KOTBIA 510 | 11—18 au, %
JIOXK-
HBIi)
Pon. crano 70 Henenn
K 742+ | 234+ | 0,39+ | 6,64+ | 5,08+ | 547+ | 1,56+ | 76,79 + - 71,09 + -
1,64 0,95 0,39 1,56 1,37 1,42 0,78 2,64 2,83
(0] 5,86 0,0+ 0,78+ | 547+ | 3,52+ | 430+ | 2,73+ | 82,16+ 537 77,34 + 6.25
(1 %) 1,47 0,0 0,55 1,42 1,15 1,27 1,02 2,39 ’ 2,62 ’
Pon. cramo 50 menens
K 3,13+ | 234+ 0,0+ 1,56+ | 3,13+ | 391+ | 3,13+ | 8548+ - 82,81 + B
1,09 0,95 0,0 0,78 1,09 1,21 1,09 2,20 2,36
(0] 273+ | 1,56+ 0,0+ 0,0+ 1,56+ | 1,17+ 0,0+ | 9558+ 10.1 92,97 + 10.16
(1 %) 1,02 0,78 ™ 0,0 0,0 0,78 0,67 0,0 1,28 ’ 1,60 ’
SAKJIOYEHHUE CIIMCOK UICTOYHUKOB

Takum 00pa3oM, OHOKpAaTHOE MPUMEHEHHUE IIH-
toxpoma C B ontumainbHoi (1 %-oii) KoHIIeHTpaluH,
OTIpeIeIsIeT 3HAUNTEIPHOE CHIKEHHE MHTCHCUBHO-
CTH JIUTIOTIEPOKCUIAIINN HA BCEX CTAAMIX JAHHOTO
mporiecca B 00enx onbITHBIX Tpymnmnax. OmHako, Ha Ha-
ganbHbIX craausax [1OJ] npenbHKyOamoHHOe OTHO-
KpaTHOe Bo3neicTBUe nutoxpoma C ObLI0 OoJiee BbI-
PaKEHHBIM B TPYyIIIe, sia KOTOPOH MoadoHupasu OT
CPEIHEBO3PACTHOTO POJUTEIHCKOTO CTajia, TOT/a KaK
Ha KOHEYHBIX — OT CTApOr0 POAMTEIHCKOTO CTaja.
CHmKeHre HTEHCUBHOCTH JIMITOTIEPOKCHIAITAY TIPaK-
TUYECKH B PABHOU CTETIEHHU ITO3BOJINJIO MIOBBICHTH Ka-
YECTBO MOJIOJIHSIKA CyTOUYHOTO BO3pacTa B 000UX CITy-
Yasix, TOT/a, KaK [O3UTUBHOE BIIMSTHUE HA SMOPHOHAIb-
HYIO JKH3HECITOCOOHOCTh Ha BCEX CTANHIX Pa3BUTHS
OBLIIO BBIpa)KEHO B OOJIBINEH CTETICHW B TOW M3 HUX,
B KOTOPYIO TOAOMpAIH SHIa OT CPEIHEBO3PACTHOTO
POIUTENBCKOTO CTaAA.
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COMPARATIVE ANALYSIS OF EGG INCUBATION OF THE
CHICKENS OF COBB500 CROSS OF VARIOUS AGE GROUPS
UNDER TRANSOVARIAL TREATMENT WITH CYTOCHROME C

Tatyana Olegovna Azarnova, Semen Vadimovich Uspenskiy®, Ivan Ivanovich Kochish

Moscow State Academy of Veterinary Medicine and Biotechnology —
MVA named after K. 1. Skryabin, Moscow, Russia, uspenskiy.sema@mail.ru™

Abstract. The article presents the research of comparative analysis of the effect of the age of parent flock of the
chickens of COBBS500 cross as a stress-factor on egg incubation and zooveterinary indicators of the obtained
young chickens after preincubation treatment with cytochrome C. It has been established that the treatment of
eggs with cytochrome C in an optimal concentration (1 %) allows to reduce the abnormally high intensity of lip-
id peroxidation in the body of broiler (meat-type productivity) embryos at all stages of the process in both exper-
imental groups, and at the same time to increase the blood serum antioxidant activity, determining the conditions
for increasing the embryonic viability and quality of day-old young poultry.

Keywords: age of the parent flock, cytochrome C, lipid peroxidation, incubation waste, chicken embryogenesis,

chicken quality

The modern poultry industry is based on the use of
highly productive crosses that provide the population
with high-quality and biologically complete products,
which in many ways allows to implement the tasks of
food security of the country, increase the possibilities
of increasing the rate of import substitution and ex-
port. However, due to the rather high costs of main-
taining replacement chickens and parent flock chick-
ens, some poultry farms have to use the latter in incu-
bation at an age above the permissible age (more than
65 weeks) in some cases [1].

As it is known, the age affects both the quality of
hatching eggs and the embryonic and postembryon-
ic development of chickens [2]. At the same time, the
use of eggs from age groups above the threshold val-
ues for incubation determines a number of negative
consequences, which are expressed in a change in the
physicochemical properties of all components, the de-
struction of biologically active substances necessary
for the intensive development of embryos (essential
amino acids, vitamins, etc.) [3]. The young poultry
obtained from such eggs usually do not meet quali-
ty standards, which is due to the disruption of the de-
velopment of all tissues and organs, and, as a conse-
quence, the incomplete development of the potential
of economically useful traits of the poultry [4]. Given
the above, there is no doubt about the need for a de-
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tailed study of the disorders occurring in the body of
embryos when using older eggs for incubation, as well
as the development of new, highly effective, scientifi-
cally based approaches to stimulating embryogenesis
and increasing its efficacy.

In this regard, to solve the stated problem, many
authors recommend the use of various multifunction-
al biologically active substances with properties that
allow correcting the development of chicken embry-
os under conditions of hypoxia and lack of nutrients
[5]. According to the team of authors of the present-
ed work, these include the mitochondrial respiratory
chain carrier protein (cytochrome C), which has en-
ergy-stabilizing, metabolically stimulating, antihy-
poxic, antioxidant and antitoxic properties [6]. At the
same time, this substance is a natural metabolite and is
characterized by a high degree of bioavailability, uni-
versality of action for many living organisms [7]. It
should be noted that the biostimulant proposed by us
in the experiment is a conformation that is located in
the cell in the intermembrane space of the mitochon-
dria and has antioxidant capabilities, while the other,
fixed on the inner side of the membrane, implements
mainly pro-apoptotic functions [8]. Thus, the advan-
tage of the chosen form is beyond doubt and does not
determine the risks of cell apoptosis after the use of
cytochrome C [6].
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MATERIAL AND METHODS

During the study, 2 experiments were carried
out: in the conditions of FSBSI FSC “All-Russian
Research and Technological Institute of Poultry
Farming”, the Department of Chemistry named
after prof. S. I. Afonskiy and A. G. Malakhov,
as well as the Zoohygiene and Poultry Farming
Department named after A. K. Danilova of FSBEI HE
“Moscow State Academy of Veterinary Medicine and
Biotechnology — MVA named after K. I. Skryabin”.

In the first experiment, the objects of the study were
hatching eggs obtained from broiler chickens of Cobb
500 cross aged 70 weeks (the excess of the recom-
mended age for use in egg incubation was 5 weeks) [1].

In the second experiment, we used hatching eggs
obtained from 50-week-old Cobb 500 chickens, which
was acceptable for use in egg incubation [1]. The ex-
periments were conducted during one season.

In both experiments, two groups (experimental and
control) were formed, with 252 eggs in each one. In
both cases, the experimental eggs were once transo-
varially treated with a solution of the cytochrome C
biostimulatorina 1 % concentration, previously iden-

tified in a series of experiments [9], before incuba-
tion. The eggs of the control groups remained intact.
All groups were selected based on the principle of an-
alogs, taking into account the time of laying, storage
periods and weight.

The set of indicators proposed in the work was de-
termined using generally accepted methods [10, 11].
In turn, the obtained digital data were processed using
the variation statistics method with the determination
of t, — the Student reliability criterion and the lev-
el of reliability of differences in indicators by groups.

All studies were conducted in compliance with
the rules defined by the European Convention for the
Protection of Vertebrate Animals Used for Research
and other Scientific Purposes [12].

STUDY RESULTS AND DISCUSSION

Pre-incubation use of cytochrome C at a concentra-
tion of 1 % determined a positive effect on the embryo-
genesis of young poultry obtained from eggs of both
middle-aged and older poultry, however, with a certain
degree of differences, which was largely due to the im-
plementation of its antioxidant capabilities (Table 1).

Table 1
Indicators of lipid peroxidation (LPO) and antioxidant defense (AOD) system in day-old chickens (M £m, n = 5)
Parent flock, 70 weeks Parent flock, 50 weeks
Indicator
Control Experimental Control Experimental
EP/ADG ratio, mg/ml 1.62+0.28 2.01 £0.03" 1.98 £ 0.07 2.1+0.25
DC, pmol/L 2.17+0.16 2.0+0.28 23+0.14 2.1+0.11
TC, pmol/L 1.0+£0.08 0.9+0.13 1.2+0.12 0.9+0.10
MDA, pmol/L 43+0.55 2.8+0.17" 2.1+0.16 1.8+0.15
SB, rel.units/ml 0.9+0.31 0.3+£0.08 0.2+0.37 0.1+0.37
' p<0.05
' p<0.01
**p<0.001

C — control, E — experimental group

When analyzing the data in Table 1, it had been
found that transovarial treatment of eggs with cyto-
chrome C at an optimal concentration determined a
decrease in the intensity of lipid peroxidation at all its
stages in day-old young poultry in both experimental
groups, relative to the control. At the same time, the
effect of the biostimulant on the concentration of lipid
peroxidation products in the blood of day-old young
poultry was different depending on the age of the par-
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ent flock. Thus, the content of primary and some sec-
ondary products of lipid peroxidation (LPO), such as
diene (DC) and triene conjugates (TC), decreased by
8 % and 9 % in young poultry obtained from older
parent flock, and by 10 % and 25 % — in young poul-
try from middle-aged ones, respectively, compared to
the control.

In turn, the level of other secondary products,
namely malondialdehyde (MDA) decreased by 34.8 %
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(» <0.01) in the chickens obtained from the older par-
ent flock, and by 14.8 % (MDA) — from the mid-
dle-aged, respectively, compared to the control. At the
same time, the decrease in the concentration of end
products in the form of Schiff bases (SB) was 66 % in
the young poultry obtained using eggs for incubation
from the older parent flock, and 50 % (SB) — from
the middle-aged, respectively, relative to the control.

The above indicates that the use of cytochrome C
in an optimal concentration in the case of using old-
er and middle-aged parent flocks in incubation allows
preventing the accumulation of modified metabolic
products, preventing differentiation disorders, cell pro-
liferation, mutations, preventing the development of
inflammatory and autoimmune reactions initiated by
excessive synthesis, and at the same time the cytotox-
ic effect of LPO products [13, 17].

Comparison of the difference in the concentrations
of these substances in the body of day-old young poul-
try in the experimental and control groups made it pos-
sible to reveal that the lipid peroxidation process at the
initial stages is more intense in the chickens obtained
from eggs of the middle-aged flock, while in the mid-
dle and at the end of the process the greatest differenc-
es were recorded in the representatives hatched from
eggs of the older flock. At the same time, despite the
fact that cytochrome C reduces the intensity of the re-
action throughout the lipid peroxidation process, the
pattern of changes at the stages of the process asso-
ciated with the age of the poultry remains similar to
the control. The revealed regularities allow to suggest
that the antioxidant protection of the young poultry
obtained from the middle-aged flock is more reactive,
compared to the individuals hatched from the eggs of
the older flock, which is confirmed by the increase in
the egg production to average daily gain ratio (EP/
ADG ratio) by 24 % (p <0.01) in the first case ver-
sus 6 % in the second. This also indicates that the for-
mer have more pronounced prospects for maintaining
the integrity and functionality of cells under the effect
of strong and moderate stressors. In turn, in the repre-
sentatives of the control and experiment obtained from
the older parent flock, the course of the lipid peroxida-
tion process was less controlled and rapid, which was
confirmed by the significant predominance of second-
ary and final products of lipid peroxidation: malondi-
aldehyde (MDA) and Schiff bases (SB), in contrast to
those in the experiment and control hatched from the
eggs of the middle-aged flock.

It should be recalled that malondialdehyde is capa-
ble of interacting with protein structures, which leads
to a disruption in the implementation of their func-
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tional capabilities, and at the same time with lipids
and nucleic acids, causing their intramolecular or in-
termolecular cross-linking and, as a consequence, pro-
found changes in the biochemical properties of biomol-
ecules. According to Ayala A. (2014), these include
disruptions in the regulation of the complement sys-
tem, initiating autoimmune damage to the body [13].
In turn, the works of Arulselvan P. (2016) reflect that
modification of nucleic acids by aldehydes during the
progression of lipid peroxidation induces the expres-
sion of various genes that encode proinflammatory cy-
tokines (IL-2, IL-6, TGF-a) and adhesion molecules
(E-selectin, [CAM-1, VCAM-1), determining the ini-
tiation and scaling of, first of all, inflammatory reac-
tions [14]. Also, the interaction of aldehydes with nu-
cleic acids with the formation of DNA adducts deter-
mines the occurrence of spontaneous mutations [13].

Taking into account the above, it can be assumed
that the treatment with cytochrome C prevented the ini-
tiation of the above processes, determining the condi-
tions for the successful implementation of adaptive ca-
pabilities and stabilization of homeostasis [§]. In turn,
the increase in the EP/ADG ratio in the representa-
tives of the experimental groups not only confirms the
above, but also indicates the implementation of both
their own antioxidant capabilities [15] and the possi-
bility of stimulating the synthesis of other components
of the antioxidant system [7]. At the same time, due to
the difference in the content of essential nutrients in
the eggs obtained from the chickens of various ages
of the parent flocks, the formation of this system and
its capabilities in the young poultry obtained from the
older flock were limited, unlike the chickens hatched
from the eggs of the middle-aged ones.

Correction of the intensity of lipid peroxidation
processes and improvement of the antioxidant capacity
of the organism of young poultry in the experimental
groups, and at the same time the prospects for main-
taining the integrity of cellular structures [8], deter-
mined a more comfortable course of embryogenesis
in chickens and greater efficacy of the hatching pro-
cess (Table 2).

When studying the indicator of the shell thickness
remaining after hatching of the chickens, it had been
found that it was thinner in the batch of the eggs ob-
tained from chickens of the older parent flock, the ad-
vantage of the experimental group relative to the con-
trol in the discussed indicator was 16 %, while in the
batch of the eggs obtained from the middle-aged par-
ent flock — 14 %. The observed thinning of the shell
in both experimental groups is due to the fact that it
is a depot of calcium and other minerals necessary for
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the construction of not only the musculoskeletal sys-
tem of young poultry, but also the activation and/or
construction of enzymes; the implementation of the
functions of the nervous system, the implementation
of the membrane-intracellular mechanism of hormone
action, stimulation of the synthesis of some of them,

etc. [16]. It follows that the thinning of the shell was
due to a more complete consumption of the substanc-
es necessary for the development of the embryo in
both experimental groups, determining the conditions
for improving the quality of the resulting young poul-
try, which is consistent with the data in Tables 3 and 4.

Table 2
Pecking site and indicators of eggshells remaining after hatching (M =m, n = 10)
Number of shell fragments, % Pecking site, %
Atypical pecking
Physiological site (in the
Shell thickness, mm pecking site middle or
2 3 and more (between the between the
middle and the middle and the
blunt end), % sharp end of the
egg), %o
Parent flock, 70 weeks
E 021+0.2 70 % 30 % 80 % 20 %
C 025+0.4 60 % 40 % 70 % 30 %
Parent flock, 50 weeks
E 0.30+0.02 90 % 10 % 90 % 10 %
C 0.35+0.02 70 % 30 % 80 % 20 %

Pecking plays an important role in characterizing
the quality and intensity of embryo development. When
analyzing this indicator, it had been found that in the
chickens of the experimental group obtained from the
older parent flock, pecking in the physiologically cor-
rect site was observed in 16 % of cases, while in the
middle-aged this indicator was 28 %, relative to the
control group for this indicator. The results revealed
in the experimental groups allow to believe that the
location of the young poultry in the egg in them was
correct in most cases due to the favorable effect of cy-

tochrome C, which prevented destructive phenomena
in the cells of the embryo’s body, maintaining energy
synthesis, determining the conditions for a more com-
plete consumption of nutrients, and at the same time,
high-quality development of the poultry.

It should be noted that the observed prevalence
of two-fragment shells over three- or more fragment
shells in both experimental groups by 14 % in the old-
er flock and by 12.5 % in the middle-aged flock, rel-
ative to the control, indicates a faster and more effec-
tive hatching of young poultry, relative to the control.

Table 3
Quality of day-old chickens according to the Pasgar scale, points (M £ m, n = 10)
Parent flock, 70 weeks Parent flock, 50 weeks
Indicator
Control Experiment Control Experiment
1 2 3 4 5

Behavioral reflex 1.7+0.15 1.9+0.10 1.6 +0.16 1.9+0.10

Umbilical ring 1.6 £0.22 2.0+£0.00 1.8+0.20 2.0+0.00
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Table 3 (the end)
1 2 4 5
Tarsus and fingers 1.8+0.13 1.9+0.10 1.6+0.16 1.8+0.13
Beak 1.9+0.10 2.0+ 0.00 1.8+0.13 2.0£0.00
Abdomen 1.8+£0.20 2.0+ 0.00 1.8+£0.20 2.0£0.00
Pasgar criterion 8.5+£0.27 9.7+0.15 8.6+0.31 9.7+0.15"
Table 4
Quality of day-old chickens according to the Optistart scale, points (M £m, n = 10)
Parent flock, 70 weeks Parent flock, 50 weeks
Indicator
Control Experiment Control Experiment
Neck muscle tone 1.7+0.15 1.9+0.10 1.6+0.16 2.0+ 0.00
Behavioral reflex 1.7+ 0.15 1.9+0.10 1.6 £0.16 1.9+ 0.10
Umbilical ring 1.6 £0.22 2.0 +0.00 1.8 +0.20 2.0 +0.00
Beak 1.9+0.10 2.0£0.00 1.8+0.13 2.0£0.00
Abdomen 1.8+0.20 2.0£0.00 1.8+£0.20 2.0£0.00
Optistart criterion 8.7+0.50 9.8+0.13" 8.6+0.48 9.9+0.10

The analysis of the data in Tables 3 and 4 shows
that the point assessment of the quality of the young
poultry obtained according to the PASGAR and
OPTISTART scales in the experimental groups treated
once with a 1 % cytochrome C pre-incubation had an
advantage over the control by 1.2 points in the group
of the young poultry obtained from the older parent
flock and by 1.1 (p <0.05) points in the group from

the middle-aged parent flock in the first case and by
1.0 (p <0.01) and 1.2 points, respectively, in the sec-
ond one. The greatest differences were established for
the indicators characterizing the development of the
nervous system and skin derivatives. The best effects
of stimulation of these tissue formation were record-
ed in the group of young poultry obtained from the
old parent flock.

Table 5
Biological control of incubation, %, (M = m, n = 252)
Incubation waste, %
Group Unfer- Egg Hatch-
COBB e hatch- ing of
tilized Dead- | Dead- . +A - +A
S00 | (includ- | Blood | Ex= 1 chell | in-shell | F¥€ | Weak | 2bility, chick-
Cross ing rings | ploder 510 | 1118 dead % ens, %
false)
1 2 3 4 5 6 7 8 9 10 11 12
Parent flock, 70 weeks
C 742+ | 234+ | 039+ | 664+ | 508+ | 547+ | 1.56+ | 76.79 + o 71.09 =
1.64 0.95 0.39 1.56 1.37 1.42 0.78 2.64 2.83
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Table 5 (the end)

1 2 3 4 5 6 7 8 9 10 11 12
586+ | 0.0+ | 078+ | 547+ | 352+ | 430« | 273+ | 82.16 77.34 +
0,
E(1%) 1.47 0.0 0.55 1.42 1.15 1.27 1.02 2.39 537 2.62 6.25

Parent flock, 50 weeks

C 313+ | 234+ | 0.0+ 1.56+ | 3.13+ | 391+ | 3.13+ | 8548+ o 82.81 + -
1.09 0.95 0.0 0.78 1.09 1.21 1.09 2.20 2.36
273+ | 156+ | 0.0+ 0.0+ 1.56+ | 1.17+ | 0.0+ |95.58+ 9297 +
o
E(%) 1.02 0.78 ™ 0.0 0.0 0.78 0.67 0.0 1.28™ 101 1.60™ 10.16

Pre-incubation transovarial treatment of eggs with
an optimal solution of cytochrome C determined a
more comfortable course of embryogenesis, which
led to an increase in embryonic viability at all stag-
es of the period.

The obtained data indicate that even a single use
of the biostimulator allowed to neutralize the nega-
tive consequences of the abnormal development of
lipid peroxidation and hypoxia processes, hypoener-
getic states in the body of chicken embryos, which de-
termined the decrease in all the studied categories of
incubation waste in both experimental groups.

Thus, the number of unfertilized decreased by
1.56 %, dead-in-shell — by 0.77 %, while blood rings
were completely absent in the experimental group ob-
tained from the older parent flock, while in the experi-
mental group obtained from the middle-aged category
the unfertilized decreased by 0.70 %, blood rings —
by 0.78 % (p <0.01), dead-in-shell — by 1.7 times,
respectively, compared to the control. The stated re-
sults determined an increase in the embryonic viabili-
ty indices, in particular, egg hatchability — by 5.37 %
and hatching of chickens — by 6.25 %, in the experi-
mental group hatched from the eggs of the older par-
ent flock — by 10.1 % (p <0.01), and by 10.16 %
(» <0.01) from the eggs of the middle-aged flock.

CONCLUSION

Thus, a single application of cytochrome C in an
optimal (1 %) concentration determines a significant
decrease in the intensity of lipid peroxidation at all
stages of this process in both experimental groups.
However, at the initial stages of LPO, the pre-incu-
bation single effect of cytochrome C was more pro-
nounced in the group, the eggs of which were select-
ed from the middle-aged parent flock, whereas at the
final stages — from the old parent flock. The decrease
in the intensity of lipid peroxidation almost equally im-
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proved the quality of day-old young poultry in both
cases, while the positive effect on embryonic viability
at all stages of development was expressed to a great-
er extent in the one, in which the eggs from the mid-
dle-aged parent flock were selected.
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OIIEHKA AHTUTEHHON AKTUBHOCTH BAKIIMHBI
«KAPHUKAH-4» ITPU UMM YHUN3AIIUU COBAK

Auna AnekcanaposHa Komaposa®™, Taresna Cepreesna [ajkuna,
Amnacracusi AHToHoBHa KiiumoBa, Anekceii MakcumoBuu KucesieB

Dedepanvhblil Yyenmp oxpansl 300P06bs ACUCOMHbLYX, Bradumup, Poccus, komarova_aa@arriah.ru®™

AHHOTanms1. Bo30yanuTeny 4yMbl IUIOTOSIIHBIX, TAPBOBUPYCHOTO, KOPOHABUPYCHOTO SHTEPUTOB U aJICHOBHPYC-
HOW MH(EKINH IUPKYINPYIOT B MOMYISIMHA cO0aK, HECMOTPS Ha pa3BUTHE OMOIOTHYECKON NMPOMBIIUICHHOCTH
1 MINPOKHIA CHEKTP MPeJIaraeMbIX CPEeICTB criennpruuecKoi MpopuiIakTHKH. L{esbio HacTosIero nceiaeoBaHus
SIBJSTACH OLICHKA AHTUTCHHOW aKTHBHOCTH HOBOM BakIIMHBI «KapHuKaH-4» 1 n3ydeHue MpoJoKUTEILHOCTH UM-
MyHHOTro oTBeTa. lI[eHKOB, TpHHAATIEKAIMX YACTHBIM BIIA/ICNbIaM, a TAKKe KUBOTHBIX, COJCPIKAIUXCS B IIPH-
10TaxX, IMMYHH3UPOBAJIM BakIMHON «KapHHKaH-4» CONIaCHO MHCTPYKIMU 110 MpUMeHeHuo. Ilepen nepBoi mM-
MYHHU3aIMeH 1 jajiee COTIacHO ONPEAeIeHHOI CXeMe ONbITa Y )KHUBOTHBIX OTOMPAIIN KPOBB M ICCIIEIOBAJIN Ha Ha-
JIMYME TYMOPAJbHBIX QHTHUTEJN K BBIIICHICPEUNCICHHBIM HH()EKINSAM B PEAKIMN HEHTpaM3aluy U peaKkiun
TOPMOXKEHUSI TeMarrIiOTHHAIMY. VIMMyHU3amust BakinHOH «KapHnkaH-4» BBI3BIBACT y MIEHKOB IIPHPOCT TUTPA
AHTUTEN K BUPYCaM YyMBI IJIOTOSAHBIX, KOPOHABUPYCHOTO M TAPBOBUPYCHOTO SHTEPHUTA, MH(EKIIMOHHOTO rera-
THTA TIOCTIC OHOKpaTHOTO BBeneHus Ha 2,0 log2 u Oojee yxxe Ha 14 CyTKH TOCIe HIMMYHH3aUU. MaKkCUMallb-
HBIX 3HAYEHUU TUTPBI TOCTUT AU Yyepe3 14 CyTok nocie AByKparHOil uMMyHu3auuu. B Teuenue 12 mecsiiieB an-
TUTEJAa COXPAHSUIMCh B KPOBH Ha BBICOKOM ypoBHE. [I0CTBaKIIMHAIBHBIX TATOJIOTMYECKUX PEAKIINH Y IIIEHKOB HE
OTMEYaJI0Ch. Pe3ynbTaThl MPOBEACHHBIX HCCIIEAOBAHUM TOATBEPANIIN, YTO BakunHa «KapHukaHn-4» sBisercs 6e3-
OITaCHOM /1Tt COOaK M 00J1a/1aeT BBIPAXKEHHON aHTUTCHHOW aKTUBHOCTBIO. BakunHa ycnenHo npomuuia KOHTPOJIb
U 3aperucTpupoBaHa Ha Tepputopuu Poccuiickoii @enepanui.

KaioueBble ciioBa: uymMa IUIOTOSAHBIX, TTAPBOBUPYCHBIM SHTEPUT, KOPOHABUPYCHBIH SHTEPHT, aJlCcHOBUPYCHAs

nHpEKIUA co0aK, BaKIIMHAIUS, COOAKU

Bakiunanus sBiasieTcst ogHuM 13 3()(HEKTHBHBIX
CPEJICTB MPEJAOTBPAIICHUS PACTIPOCTPAHCHUS HH-
(eKIMOHHBIX OOJIe3HEH B MOMYJISIIIUN KUBOTHBIX.
NmMmyHOOMOMOTHYECKAsT POMBIIIUIEHHOCTD, COBEp-
LICHCTBYSCH C TEYEHHEM BPEeMEHH, NIpesiaraet upo-
KHH CIIEKTP aCCOLMMPOBAHHBIX BAKLIUH, 00€CIICUNBAIO-
X 3G HEKTUBHYIO 3aIIUTY OT OOJIBIIOTO KOJINYECTBA
UH(EKITHH. ITO MO3BOISICT CHU3UTH 3200JIEBAEMOCTh
JKMBOTHBIX B CTPaHax C MIMPOKUM PacIpOCTPaHCHH-
€M BaKIMHAIMH, HO HE UCKOPEHHUTH OOJIE3HHU TMOJHO-
cThi0. UyMa III0TOS THBIX, ITAPBOBUPYCHBIN M KOPOHA-
BUPYCHBIH YHTEPUTHI, aJICHOBUPO3bI 10 CHX IOp Ya-
CTO BCTPEYAIOTCS CPEH JOMAITHUX COOAK M HAHOCST
3HAUUTEIBHBIN YPOH MOIMYJISIUU, 0COOEHHO TPU He-
COOJTFOJICHHH TIPABHJI COJICPIKAHUS, TPAHCTIOPTUPOBKH,
a TaKXKe B YCIOBUSAX CKYYCHHOCTH M AHTHCAHUTAPHUHU.

Bo030yauTenb 4yMbl IIIOTOSITHBIX — MaHTPOITHBIH
Bupyc (Canine distemper virus — CDV), kpaiine omnac-
HBIW J171s1 co0aK, BBI3BIBAET 00JIE3Hb, MPOTEKAIOIILYFO
B pa3IMYHbIX (hopmax, JIeTaIbHOCTh KOTOPOH COCTaB-

nstet 80—90 % [1—4]. He Menee omacHs! 11 cobak
MTapBOBUPYCHBIN SHTEPUT (BO3OYIUTENH — MTapBOBU-
pyc cobak 2-ro tumna (Canine parvovirus — CPV-2)),
JIETALHOCTB KoTOporo coctapisieT 70 Y%, u nHpeKIu-
OHHBIN TenaTuT (BO30yIUTENh — aJICHOBUPYC COOAK
1 ceporuna (Canine adenovirus — CAV-1)), netanb-
HOCTb KOTOPOI'O IO HEKOTOPBIM JaHHBIM JOCTHUIacT
50 % [5—7]. Yame Bcero gaHHbIe 0OJIE3HU MPOTEKA-
10T B TSDKENOH opme, a 3apakeHne C BICOKOH Bepo-
STHOCTBIO 3aKaHYHMBAIOTCS JICTAILHO WM HECET I10-
CIICAICTBUS IS 30POBBs, TPEOYIOIIUE IONT0i U 3a-
TpaTHOU NIJIsl BIAJCIBIICB peadbminTanui. BakinHb
1 UX npoduIakTUKH BcemMupHas BeTepuHapHas
accoruarnus MeJaKkux XKUBOTHBIX (WSAVA) oTHOCHUT
K «0a30BBIM» BaKIIMHAM (T. €. BaKIIMHaM, 0OecrieunBa-
FOIIIUM 3aIIUTY MPOTUB OOJIE3HEH, YTPOKAFOIIUX JKU3-
HU )KUBOTHOTO) [8]. Bo30yiuTeneM KOpOHaBUPYCHOTO
suTeputa (Canine coronavirus — CCoV) cumraercs
nHpeKImel, He TpeOyIoIeii BeTepuHApPHOTO BMeTIa-
TEJTECTBA, TAK KaK BO3HUKAIOIIHE CHMITTOMBI TACTPOIH-
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TEpUTa YaCTO MIPOXOAAT CaMOCTOATENbHO [9]. OnHako,
B ClTy4ae Ko-MHQEKIMH C APYTHMH BUPYCHBIMU 1 OaK-
TepHUaJIbHBIMU MTATOTEHAMH, a TaK)Ke TIPH 3apaKeHUN
OTKPBITHIMH HEJTABHO BHICOKOBUPYJIEHTHBIMH IIITAMMA-
MU, O0JIE3Hb MIPOTEKACT 3HAYUTENIBHO TSKEJIee U va-
CTO 3aKaHuKBaeTcs JietanbHO [ 10]. B momo0HbIX ciy-
Yasix, a TAKKE B YCIIOBHSX MPHIOTOB U ITUTOMHHKOB
BaKIIMHAIUS TIPOTHB KOPOHABHpYyca COOAK SIBIIAETCS
OIpaBIaHHOM.

B HacTosimee Bpemst Onoiorudeckast pOMBIIIIICH-
HOCTb MPOU3BOAUT OOJIBLIOE KOJMYECTBO aCCOLUU-
POBaHHBIX BakIHH JJs co0aK, MPOQUIAKTHPYIOIIHX
YyMy IDIOTOSIHBIX, TTAPBOBUPYCHBINA SHTCPUT U aJie-
HOBHUPO3, OJJHAKO, HE BCE CYIIECTBYIOIINE BaKIIUHBI
00eCneunBaloT MOHOIIEHHYIO 3aIUTY B CBSI3U C pac-
MIPOCTPAaHEHUEM Ha ONPEACICHHONW TEPPUTOPHH pa3-
JINYHBIX TEHETHYECKUX BAPHAHTOB BUPYCOB, BRICOKUM
YPOBHEM MaTEpPHHCKUX aHTUTEI U HAPYILICHHEM PEKO-
MEHJIyeMBIX CXEM UMMYHHU3AIIHH.

Ha ocHOBaHWH BBIIIEU3I0KEHHOTO TMEpen
®denepanbHBIM EHTPOM OXPAHBI 3I0POBbS YKHBOT-
HbeIX (OI'BY «BHUUM3X») Oblia mocTaBieHa 3a/1ada
pa3paboTarh W 3aperucTPUPOBATh BaKIHMHY ISl CO-
0ak, coliepKallyl0 B CBOEM COCTaBE MITAMMBI, aKTy-
QJIbHBIC HA JJAHHBII MOMEHT BPEMEHH ISl TEPPUTOPUH
Poccuiickoit denepannu, 6e3omacHyto, 3 hekTuBHyI0
Y IOCTYITHYFO JUUIS BIIQ/ICTBIICB )KUBOTHBIX.

Lesb nanHOTO HCCIEI0BaHUS — OLEHUTH 3 dek-
TUBHOCTh pa3pa0OTaHHOW BaKUMHBI POTHB YYMBI
IJIOTOSITHBIX, MAPBOBUPYCHOTO M KOPOHABHPYCHO-
0 DHTEPHUTOB, aJICHOBUPYCHON MH(EKIHU COoOaK
(«Kapnaukan-4») 1o IByM TOKa3aTeisiM: YPOBEHb T'y-
MOpPAaJIbHBIX aHTUTEI U MPOJOKUTEIIEHOCTh UIMMYH-
HOTO OTBETA.

MATEPHUAJIBI U METOJbI

Baxyuna. B onbITax UCHOIB30BaJIM BaKI[UHY MTPO-
THUB YyMBbI IUIOTOSITHBIX, [IAPBOBUPYCHOTO ¥ KOPOHABU-
PYCHOTO 3HTEPHUTOB, a7ICHOBUPYCHOM HH(EKLUH cO0aK
(«Kapuukan-4»). Bakiiaa cocTouT 13 1H0GUIN3UPO-
BaHHOTO (CYXOro) M >KMJIKOTO KOMITOHEHTOB. Cyxoi
KOMITOHEHT M3TOTOBJICH M3 KYJIBTYPaIbHOU JKUIKO-
CTH, MOJyYEHHON IPU PEHPOLYKIHMH BUPYCA UyMBI
IUIOTOSITHBIX B NIEPEBUBAEMOMN KYyJIBTYPE KIETOK I10U-
K1 3eneHoi MapTeiku (Vero-V), Tno(uibHO BBICY-
LICHHOH C J0OaBJIeHHEM B KauecTBe CTaOMIIN3aTOPOB
JKeJlaTHHA, caxapo3bl U THJIPOJIH3aTa JIAKTaIb0yMHu-
Ha (I'JTA). XXuaknii KOMIIOHEHT U3TOTOBJICH U3 KYJIb-
TypajbHOM JKUJIKOCTH MEPEBUBAEMOMN JIMHUU KIJIETOK
MDCK (mouka cobaku), THULINPOBAHHONW BUPYCOM
WHQEKIIMOHHOTO I'eraTuTa co0aK, U KyJIbTypajbHOM
XKUAKOCTH nepeBuBaemoit 1MHNH KieTok CRFK (mou-

Ka KOIIKH ), ”HPHUIINPOBAHHON BUPYCaMH ITapBOBUPYC-
HOTO Y KOPOHABUPYCHOTO SHTEPHUTA COOAK, MHAKTHBH-
poBanHO# 1-(2-amun03THI) a3upuauHOM (15 % numep
STUICHUMHUHA) C T00aBICHUEM THAPOOKHUCH aJIOMU-
Hus (I'OA) B kauecTBe copOeHTa.

PazpaboTka W KOHTPOJb KadyecTBa BAKIIUHBI
«Kapnaukan-4» ObUIH TIPOBEJEHBI COTIIACHO TPeOOo-
BaHusM DenepanpHoro 3akoHa Ne 61-d3 «O0 06-
pallleHuu JIEKapCTBEHHBIX CPEACTB» U MpHUKa3a
Mumncenbxo3a Poccuu Ne 101 «O0 yTBep K ieHUH 11pa-
BWJI TIPOBEACHIS TOKJTMHUIECKOTO UCCIICIOBAHII Jie-
KapCTBEHHOTO CPEZCTBA JIJIsi BETEPUHAPHOTO TTPHMeE-
HEHHSI, KITMTHIYECKOTO UCCIICA0BAHMS JIEKAPCTBEHHOTO
npenapara Jijisl BETepUHAPHOTO MMPUMEHEHUS, Uccle-
JIOBaHUsI OMOIKBUBAJICHTHOCTH JICKAPCTBEHHOTO Tpe-
mapara Jyisi BeTepUHAPHOTO TPUMEHEHUS

Kusommuvie. JIng KIMHUYECKUX HCCICIOBAHUMN
MCTIONB30BaIM OECITOPOHBIX MIEHKOB B Bo3pacte §
Heg. (n = 113), U3 pa3HBIX IOMETOB, TPUHA/IIEKAIITIX
YACTHBIM BJIaJIeTbIaM WIH CONCPKALIUXCS B IPUIOTAX
JUISL 5KUBOTHBIX. OT BIAJENbIeB >KMBOTHBIX MOTyde-
HO MH()OPMHPOBAHHOE COIVIACHE HA NPOBEJCHUE WC-
cienoBaHus. Bee OMBITHI Ha )KUBOTHBIX MTPOBOIMIINCH
B CTPOTOM COOTBETCTBUH C ITHYECKUMH CTaHIapTaMU
U MOJOKCHUSIMU, TPUHATHIM EBporelickoil KoHBEH-
et ETS Ne 123, a takke TpeboBanusM {MpEKTHUBEI
2010/63/EU Espomneiickoro mapnamenta u Cosera
EBponeiickoro coro3a 1o oXpaHe *KUBOTHBIX, UCIIOJIb-
3yeMBIX B HAYYHBIX IENIAX.

Cxema onvima. 11leHKOB BaKLIMHUPOBAJIU B 8-He-
JIeIIbHOM BO3pacTe IByKPAaTHO C MHTEepBajoM 21 cyTKu
BHYTPHUMBILIEYHO B J103€ 1 cM?, a 3aTeM OJHOKpATHO
yepes 12 mecsueB. KpoBb a1 ucciieoBaHus y )KMBOT-
HBIX OTOMpAJIH Iepel IepBOi MUMMYHHU3AIIMEH U Yepe3
14,21, 28, 35 u 42 cyTok mocJje Hee, a 3aTeM KaXKJIbIi
Mecs1l B TeYEHHE To/1a.

Memoo mopmooicenus cemacenromunayuu (HI,
PTT4). AatuTena B CBIBOPOTKaX KPOBH K BHPYCY Tap-
BOBUPYCHOTO YHTEpUTA COOaK OMPENessiii METOJJOM
TOPMOKEHHS TeMarTIIOTHHAIINH B KPYTIIOIOHHBIX I10-
JUCTEPOIOBLIX TutaHlieTaX. ChIBOPOTKH IpeaBapu-
TEJbHO MHAKTUBUPOBAI HA BOJSHOW OaHE MPHU TEM-
neparype 56°C B Teuenue 30—40 MuH., 3aTeM B JIyH-
Kax TUTAHIIEeTa, 3aMoJHEHHBIX (hocdarHO-OydepHbIM
pactBopoM ¢ pH 6,4, roToBUIM CepHIO ABYKPAaTHBIX
pa3BeicHu CHIBOPOTKH, HAYMHASI C Pa3BEJICHUS ChI-
BopoTkH 1:2. Jlanee BO BCe JIYHKH JOOABIISLITA BUPYC-
HYIO CYCIIEH3HIO, COJEPIKAIIYI0 padouyIo 103y BUPY-
ca paBHyI0 § remarrroTnHUpYytoumx eannui (I'AE).
ITocne nakyOanmu B Teuenne 60 MUH. TIpH TeMIIepa-
Type 22 + 2°C, B JIyHKHU C UCCIIEAYEMBIMU ChIBOPOTKA-
mu BHOCHIH 0,8 % CyCIEH3UI0 S3PUTPOLIUTOB CBUHBU.
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VY4er peakiuu OCyIIeCTBISIIN Yepe3 2—3 4. 3a TUTP
AHTHUTEJ NPUHUMANHN TPENETbHOE Pa3BeACHNE ChIBO-
POTKH, BBI3BIBAIOIIEE MTOJIHOE WHTHOMPOBAHUE T'eM-
armIIOTHHALIMY B JIyHKaX (00pa3oBaHUE «ITyTOBKHY)
1 BBIPAXaJu B jorapupmax ¢ ocHosanueMm 2 (log,).

Memoo uneumpanuzayuu supyca (VN, PH).
VYpoBeHb HEUTPANTN3YIOUIUX AHTHTEN K BUPYCaM 4yMBI
TUTOTOSITHBIX, KOPOHABUPYCHOTO SHTEPUTA U MH(EK-
[IMOHHOTO TeraTuTa co0aKk B CHIBOPOTKaX KPOBU HC-
CJIEyeMBIX KUBOTHBIX ONPEACIISUIN B pEaKIUU Hel-
tpanuzanuu (PH) MukpoMeTonom ¢ ncnonb30BaHueM
YyBCTBUTEJIBHOW NEPEBUBAEMOMN KYJIBTYpPbI KIETOK,
BBIpAIIEHHON B 96-TyHOYHOM IUTaHIIeTe (IIPOU3BO-
mutenb SPL, Kurait).

B nyHKM TUTaHIIIeTa, TIPEBAPUTEBHO 3aII0THEH-
HbIE HEOOXOMMBIM KOJIMYECTBOM ITHTATEIEHOU CPEJIbI,
BHOCHJIH MICCIIEyeMbIe CBIBOPOTKH, MHAKTUBUPOBAH-
HBIC Ha BOJSHOW OaHe mpu Temmeparype 56 °C B Te-
yenue 30—40 MUH., ¥ ¢ TOMOIIbI0 MHOTOKAaHAJIbHOI'O
ABTOMAaTUYECKOTO I03aTOPa TOTOBHIIM CEPHIO ITOCIIE/0-
BaTeJIbHBIX IBYKPATHBIX Pa3BEICHUH C ITOCIIETYIOIINM
BHeceHHeM pabouelt 10361 BUpycHoi cycriensuu (100
TL/L, ). Hanee mnanmer nomemanu 8 CO,-unKy6arop
C coziepkaHueM 5 % yTIIeKHUCIIOoro rasa npu TeMmepa-
type (37,0 £ 0,5) °C na 60 MuH. U1 B3aUMOACHCTBHS
AHTHUTEJ CBIBOPOTKHU ¢ BupycoM. Ilocie nukybanmu
B JIYHKH TUTaHIIETa BHOCHIIM CYCIICH3WIO YyBCTBH-
TENBHON KyJIBTYpHI KJIETOK C TTOCEBHOW KOHIIEHTpa-
e 300 ThIC.KII./CM?, 3aTeM TUIAHIIET BO3BpAIAIH
B CO,-unky6arop. KynbTUBUpOBaHUE OCYILECTBIIIN
B TeueHue 120 9 ¢ exxeJHEBHBIM MUKPOCKOTTMPOBAHHU-
€M COCTOSIHHS MOHOCIIOA. YYeT peakiini POBOIIIN
BH3yaJIbHO, OTMEYast KOJIMIECTBO JIyHOK C MOHOCJIOEM
0e3 mpu3HaKoB IuTOonarndeckoro aevictus (L[IT]T).
3a TUTp aHTUTEN MPUHUMAIN MaKCHUMaJbHOE pa3Be-
JIEHUE CHIBOPOTKH, HelTpanusytouiee 100 T/, Bu-
pyca B 50 % myHok. PacueT ThTpa aHTUTEN TPOBOIH-
i o meroxny KepOepa.

Cmamucmuyeckuil aHaiu3 pe3yibmamos.
OOpabarpiBau MOJIydeHHBIE JaHHBIE U CTPOUIHU
rpaduKu ¢ MOMOIIBIO KOMIBIOTEPHON MPOrpaMMBI
Microsoft Excel. Beruucisiiu cpejaee o rpyrre 3Ha-
YeHHe TUTPOB aHTHUTEN (M) M CTaHJApPTHOE OTKIIOHE-
Hue (c). Pacuer TuTpa crienmuuaecKux aHTUTEI OCY-
miecTBIsLIH 110 popmyne KepOepa u BeIpaskaiu B 1BO-
MYHBIX Jorapudmax (log,).

PE3YJBTATHBI U OBCYXKXKJIEHUE
K ummynmzanuum Bakunnoi «Kapuukan-4» pomy-
CKaJIFCh TOJBKO KJIMHUYECKH 370POBbIE )KHBOTHBIE,
IIPEABAPUTEIIEHO OCMOTPEHHBIE BETEPUHAPHBIM Bpa-
yoM. llleHkn ObITM BaKUMHUPOBAHBI COITIACHO WH-

CTPYKIIUH K IIperapary B 8-HeJeIbHOM BO3pacTe, JIBY-
KpaTHO ¢ mHTEepBaioM 21 cytku. [locme BakImHAIIH
3a )KHBOTHBIMH yCTaHABJIMBAJIN HaOIMIO/ICHNE B Tede-
Hue 10 cyTOK AJis BBISBICHHS BO3MOXKHBIX TIOCTBAK-
[UHAIBHBIX PEaKIIUH.

Ha pucynke | npezacraBieHa quHamuka Hopmu-
POBaHUS TYMOPaJIbHOTO MUMMYHHOTO OTBETA y IIIEHKOB
B OTBET HAa MMMYHH3AINIO BakIMHON «KapHukan-4».
Crnemyer OTMETUTH, YTO /IO BAKIIMHAIIUN BCE IIEHKU
OBLIM CEepOHETATUBHBIMY K BHPYCaM YyMBbI TUIOTOSI-
HBIX, HHPEKIIMOHHOTO TernaTuTa U KOPOHABUPYCHOTO
sutepura 1o nanaeiM PH. K mapBoBupycy cobak cpej-
HUE TI0 TPYTIIe 3HAYCHUS aHTUTEN 10 JaHHbpM PTTA
onpenensmch Ha yposne 4,2 + 0,23 log,. ITocne on-
HOKpATHOTO BBEICHMS BAKIIMHBI HAOIONAJICS TPUPOCT
TUTPa TYMOPAJILHBIX aHTUTEN K BUPYCaM YyMBI IIOTO-
STHBIX, TAPBOBUPYCHOTO K KOPOHABUYPCHOTO SHTEPH-
TOB, MH(EKIMOHHOrO renarura codak Ha 2,0 log, u 60-
nee yke Ha 14 cyTKu mmocie iMMyHu3amun. B Teuenne
7 CYTOK 0 cienyroleil IMMYHHU3aIuA TUTPBI aHTH-
TeJ TIPONIOIDKAII HAapacTaTh, M Tiepe]] BTOPOH UMMY-
HU3aLKEN ONPENENINCh Ha ypoBHE 6,65 + 0,58 log,
K BUPYCY 4yMBI INIOTOSIHBIX, 2,83 + 0,12 log, k BUpY-
Cy KOPOHABUPYCHOTO 3HTepuTa, 3,80 + 0,23 log, Kk BU-
pycy uHeKmonHoro renarura u 8,6 + 0,44 log, k Bu-
pycy MapBOBHPYCHOTO SHTEPHTA.

TUTpel aHTHTENT KO BCEM YETBIPEM BHUpYyCaM-
KOMITOHEHTaM BaKIIMHBI TaKXe MPOAO0KAIA Hapa-
cTarh mocie OycTepHOW BakUMHAUUH uyepe3 21 cyT-
KH. YCTaHOBJIEHO, YTO MaKCHMAaJIbHBIX 3HAUYEHUH TH-
TPBI IOCTUTATH K 35 CcyTKaM mociie BBeIEHUS MepBOr
JTO3bI BaKIIUHBI (W1 4epe3 14 CyTOK mociie TIOBTOP-
HOHM BaKIWHAIIMHN). 3HAYEHUS TUTPOB aHTUTEN Ha 35
1 42 CyTKU CTaTUCTHUYECKHU 3HAYMMBbIX pa3Inyuil HE
umend (p > 0,05), 9To cBUAETEILCTBOBANIO O (ha3ze cTa-
OuIM3aMy r'yMOpajJbHOIO IMMYHHOTO OTBETA B ITEPH-
on ¢ 35 mo 42 cyTKu.

B Teuenne 10 cyTok HaOMIOACHHS TeMIleparypa
Te’a y MIEHKOB OCTaBalach B mpenenax (GU3nO0IOTH-
YECKOM HOPMBI, HE OTMEYAJIOCh YMEHBIICHUS IBUTa-
TEIBHON aKTUBHOCTHU WJIM CHUKCHUS alllIeTUTA, KITHU-
HUYECKUX CUMITOMOB MH(EKUIWH, U3 Yero ciemyer,
YTO MpUMeHseMas BakunHa «KapHukaH-4» sBigercs
0e301acHO IS IEHKOB.

Habmonenue 3a »KUBOTHBIMHU TTPOIOIDKAIOCH 10
CIeyrolIeH MIaHOBOM BaKIIMHAIIUY uepe3 12 Mecsriies.
Kaxaplii Mecsill y IEHKOB OTOMpalii KpPOBb U OIpe-
JICJISITA YPOBEHb aHTHUTEN K BUPYCY YyMBI IIJIOTOS-
HBIX, KOPOHABUPYCHOMY H ITAPBOBUPYCHOMY DHTEPH-
Ty, THPEKINOHHOMY TEIaTUTy ONMWCAaHHBIMH BBIIIIE
MeTofaMu. Pe3ynbrarel HcciuenoBaHusl OTOOPaKEHBI
Ha pPUCYHKE 2.
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[Tokazano, uTo B TeueHue 12 mecsieB HaOMOAa-  OyCTEPHOH BaKIMHAIIMH TUTP aHTHTEN K BUPYCY YyMBI
JIOCh MOCTENEHHOE CHHKEHUE YPOBHS TyMOPAJIbHBIX  TUIOTOSAHBIX CHU3WJICA B cpeaneM Ha 1,0 log,, k map-
AHTUTEN K aHTUICHAM, BXOJISAIIMM B COCTaB BAKLMHBLI.  BOBUPYCHOMY oHTeputy Ha 0,8 log,, K KopoHaBupyc-
HccnenoBanus okasaim, 9To 4epe3 6 MECSIEB [0CIe  HOMY DHTEpHUTY MeHee, yeM Ha 0,5 log,, kK BUpycy uH-
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¢exnuonnoro renaruta Ha 0,7 log,. Yepes 12 mecs-
LI€B CPETHUI 110 TPYIITIE TUTP AHTHUTEN K BUPYCY YyMBI
IJIOTOSIHBIX cocTaBui 6,43 + 0,32 log,, k BUpyCy map-
BOBHPYCHOTO >HTepuTa 8,5 + 0,54 log,, kK BUpYCy KO-
ponasupycHoro sutepura 4,0 0,19 log,, k Bupycy
uHpexumonHoro renaruta 5,5 + 0,28 log,. Oxnaxo,
HECMOTpS Ha CHM)KEHUE TUTpa aHTUTeN yepe3 12 me-
CSITIEB TIOCTIE BAaKI[MHAIINHN, YPOBEHb aHTHUTEN K BUPYCY
YYMBI IIOTOSTHBIX, TAPBOBUPYCHOMY SHTEPUTY U UH-
(heKIIMOHHOMY TeTaTUTy OB BBIIIE MTPE/IOIaragMo-
r'0 HEKOTOPBIMH HCCIICA0BATENSIMHA TUTPA aHTHUTEIT, He-
00XOAMMOTO JUIsl 3aIUThI COOAK OT JaHHBIX WH(EK-
. Tak 1715 BUpyca 4yMbl IJTIOTOSIHBIX 3AIUTHBIM
tutpom sBistercst 1:16 (4,0 log,), niis napeoBupycHo-
ro sureputa 1:80 (6,3 log,), 11 MHpEKIMOHHOTO Te-
narura TaTp Bbiie 1:4 (2,0 log,) [11—13]. 3nauenus
TUTPOB aHTUTEJI, OITYYCHHBIC IPH BAKLIMHALIIH COOAK
BakMHOM «KapHukaH-4», IpeBblIlaiy JaHHbIE TOKa-
3aTeny Kak uepes 14 qHel nocie OycTepHOl BaKIMHA-
MY B BO3pacTe 3 MECSIEB, Tak U depe3 12 Mecsien
[IOCJIe IMMYHH3AIIIH, YTO CBHJIETEILCTBYET O BBICO-
KO aHTUT€HHON aKTUBHOCTU BAKLUHBL. YPOBEHb I'y-
MOpAaJIbHBIX aHTUTEN K BUPYCY KOPOHABUPYCHOTO SHTE-
puTa codaK rmocie BaKIUHALNH TAKXKe ObLT BBIIIE, UM
YCTaHOBJICHHBIH B MCCIIEIOBAHUSIX HEKOTOPBIX aBTO-
POB IIPOTEKTUBHBIA ypoBeHb 1:4 (2,0 log,). Hecmotpst
Ha TO, YTO TI0 IPYTUM JIUTEPATyPHBIM JTAHHBIM IS 3a-
IIUTHl KUBOTHOTO OT 3apa)KCHHsI PEUIArONIyI0 POIb
UTpaeT CeKpeTopHbI mMMyHOrmooynmun (IgA) cnu-
3UCTOM KMILIEYHHKA, 3 BBICOKUI YPOBEHb I'yMOpaJlb-
HBIX aHTHUTEJ B KPOBH, onpeaencHublii B PH, He Bce-
IJ1a KOPPETUupyeT ¢ 3alUTON TIPH KOHTPOIEHOM 3apa-
YKEHHUH, YCTAHOBJIEHO, YTO CEPOKOHBEPCHS TTO3BOJISET
n30eXaTh KIMHUYECKUX MPOSBICHUHN OONIE3HU U CY-
LIECTBEHHO COKPAaTHTh BpeMs BbIJCIICHUS BO30yIu-
tenst ¢ pexanusimu [ 14—17]. BcemupHas BeTepuHap-
Has acCOIHAaIs MEeIKuX >KHBOTHRIX (WSAVA) oTHO-
CHUT BaKIIMHAITUIO IPOTHB KOPOHABUPYCHOTO SHTEPUTA
K He00s3aTeIbHBIM (HE PEeKOMEHI0BAaHHBIM), HO YUH-
ThIBas MIKpoKoe pacnpocTpanenne CCoV B npuroTax
1 IUTOMHHKAX, a TAKXKe ero TeHeTHYECKYIO I1acTHY-
HOCTb M POCT BUPYJIEHTHOCTH, UMMYHH3AIHs BaKI[H-
HaMH, COZIEPKalllIMHA B CBOEM COCTaBE KOPOHABHPYC
c00aK, OKa3bIBACT IMTOJIOKUTETLHBIN AP hEKT, CHIDKAs
pacmpocTpaHeHue BUpyca, U TIOKa3aHa IIeHKaM, HaXo-
JAamuxed B rpynme pucka [9, 10, 17, 18].

SAKJIIOYEHUE
PesynbTaThl NpoBEIEHHBIX MCCIEOBAaHUM CBU-
JETEJIbCTBYIOT O TOM, YTO BaKLHMHA MPOTHUB YyMbI
IUIOTOSIAHBIX, TAPBOBUPYCHOTO U KOPOHABUPYCHO-
ro PHTEPHUTOB, aJCHOBUPYCHON MHpEKIHH cOOaK

(«Kapuukan-4») 6e30macHa 1l JKUBOTHBIX, 001a1aeT
BBIP2KCHHON aHTUTEHHOW aKTUBHOCTBHIO U BHI3BIBAET
(hopMHUpOBaHKE Yy NIEHKOB HANPSKEHHOTO MMMYHHO-
ro oTBeTa uepe3 14 cyTok mnocie OyCTepHOM BaKInHAa-
[IUU C COXPAHEHUEM BBICOKOTO YPOBHS I'YMOPaJIbHBIX
AHTUTEN B KPOBU B TeUeHUE 12 MecAIeB, YTO SBISCT-
CsI OTHUM M3 TTOKa3areseil 2(heKTUBHOCTH BaKIIMHEI
1 TI03BOJIIET PEKOMEHI0BATh €€ K MPUMEHEHHIO C TIe-
JBI0 TPO(UIAKTHYECKOW UMMYHH3AIMHA CO0aK Tpo-
THUB BBINIETICPEUNCICHHBIX HHPEKITMOHHBIX OOJIC3HEH.
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EVALUATION OF ANTIGENIC ACTIVITY OF THE VACCINE
“KARNIKAN-4” IN IMMUNIZATION OF DOGS
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Abstract. The causative agents of canine distemper, parvovirus, coronavirus enteritis and adenovirus infection
circulate in the dog population, despite the biological industry development and a wide range of proposed specif-
ic prophylaxis agents. The objective of this study was to evaluate the antigenic activity of a new vaccine
“Karnikan-4” and to study the duration of the immune response. The puppies belonging to private owners, as well
as the animals kept in shelters, were immunized with the vaccine “Karnikan-4" according to the instructions for
use. Before the first immunization and then according to a specific experimental scheme, blood was collected from
the animals and examined for the presence of humoral antibodies to the above mentioned infections in the neu-
tralization reaction and the hemagglutination inhibition reaction. The immunization with the vaccine “Karnikan-4”
causes an increase in the titer of antibodies to canine distemper viruses, coronavirus and parvovirus enteritis, in-
fectious hepatitis in puppies after a single administration by 2.0 log2 or more already on day 14 after immuniza-
tion. The titers reached their maximum values 14 days after double immunization. For 12 months, antibodies re-
mained in the blood at a high level. No post-vaccination pathological reactions were observed in puppies. The re-
sults of the studies confirmed that the vaccine “Karnikan-4” is safe for dogs and has pronounced antigenic
activity. The vaccine has successfully passed the control and is registered in the territory of the Russian Federa-
tion.

Keywords: canine distemper, parvovirus enteritis, coronavirus enteritis, canine adenovirus infection, vaccina-

tion, dogs

Vaccination is one of the effective means of pre-
venting the spread of infectious diseases in animal
populations. The immunobiological industry, improv-
ing over time, offers a wide range of associated vac-
cines that provide effective protection against a large
number of infections. This helps reduce the incidence
of animals in countries with widespread vaccination,
but does not completely eradicate diseases. Distemper,
parvovirus and coronavirus enteritis, adenoviruses are
still common among domestic dogs and cause signif-
icant damage to the population, especially when the
rules of keeping, transportation, as well as in crowded
and unsanitary conditions, are not followed.

The causative agent of canine distemper is a pan-
tropic virus (Canine distemper virus — CDV), which
is extremely dangerous for dogs, causes a disease that
occurs in various forms, the mortality rate of which
is 80—90 % [1—4]. No less dangerous for dogs are
parvovirus enteritis (the causative agent is canine par-
vovirus type 2 (Canine parvovirus — CPV-2)), the
mortality rate of which is 70 %, and infectious hep-

atitis (the causative agent is canine adenovirus sero-
type 1 (Canine adenovirus — CAV-1)), the mortality
rate of which, according to some data, reaches 50 %
[5—7]. Most often, these diseases are severe, and in-
fection is highly likely to be fatal or have health con-
sequences that require long-term and costly rehabili-
tation for owners. The World Small Animal Veterinary
Association (WSAVA) classifies vaccines for their
prevention as “core” vaccines (i. e. vaccines that pro-
vide protection against diseases that threaten the life
of an animal) [8].

The causative agent of coronavirus enteritis
(Canine coronavirus — CCoV) is considered an in-
fection that does not require veterinary intervention,
since the symptoms of gastroenteritis often go away
on their own [9]. However, in case of co-infection with
other viral and bacterial pathogens, as well as infec-
tion with recently discovered highly virulent strains,
the disease is much more severe and often fatal [10].
In such cases, as well as in shelters and kennels, vac-
cination against canine coronavirus is justified.
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Currently, the biological industry produces a large
number of associated vaccines for dogs that prevent
canine distemper, parvovirus enteritis and adenovirus,
however, not all existing vaccines provide full protec-
tion due to the spread of various genetic variants of
viruses in a certain territory, high levels of maternal
antibodies and violation of recommended immuniza-
tion schedules.

Based on the above, the Federal Center for Animal
Health (FSBI “ARRIAH”) was tasked with design-
ing and registering a vaccine for dogs containing
strains that are currently relevant for the territory of
the Russian Federation, safe, effective and accessible
to animal owners.

The objective of this study is to evaluate the effi-
cacy of the designed vaccine against canine distem-
per, parvovirus and coronavirus enteritis, canine ad-
enovirus infection (“Karnikan-4") by two indicators:
the level of humoral antibodies and the duration of the
immune response.

MATERIAL AND METHODS

Vaccine. The experiments used a vaccine against
canine distemper, parvovirus and coronavirus enteri-
tis, canine adenovirus infection (“Karnikan-4”). The
vaccine consists of lyophilized (dry) and liquid com-
ponents. The dry component is made from culture flu-
id obtained during reproduction of the canine distem-
per virus in a continuous culture of green monkey kid-
ney cells (Vero-V), lyophilized with the addition of
gelatin, sucrose and lactalbumin hydrolysate (LAH)
as stabilizers.

The liquid component is made from the culture
fluid of the continuous MDCK cell line (dog kidney)
infected with the infectious canine hepatitis virus and
the culture fluid of the continuous CRFK cell line (cat
kidney) infected with the canine parvovirus and coro-
navirus enteritis viruses, inactivated with 1-(2-amino-
ethyl) aziridine (15 % ethyleneimine dimer) with the
addition of aluminum hydroxide (AHO) as a sorbent.

The design and quality control of the vaccine
“Karnikan-4” were carried out in accordance with
the requirements of Federal Law No. 61-FZ On
Circulation of Medicines and the Order of the Ministry
of Agriculture of Russia No. 101 On Approval of
the Rules for Conducting a Preclinical Study of a
Medicinal Product for Veterinary use, a Clinical Study
of a Medicinal Product for Veterinary Use, a Study
of the Bioequivalence of a Medicinal Product for
Veterinary Use.

Animals. For clinical studies, mongrel puppies
aged 8 weeks (n = 113) from different litters belong-
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ing to private owners or kept in animal shelters were
used. Informed consent for the study was obtained
from the owners of the animals. All animal experi-
ments were carried out in strict accordance with the eth-
ical standards and provisions adopted by the European
Convention ETS No. 123, as well as the requirements
of Directive 2010/63/EU of the European Parliament
and of the Council of the European Union on the
Protection of Animals Used for Scientific Purposes.

Experimental design. The puppies were vaccinated
at the age of 8 weeks twice with an interval of 21 days
intramuscularly at a dose of 1 cm?, and then once in 12
months. Blood for the study was collected from the an-
imals before the first immunization and 14, 21, 28, 35
and 42 days after it, and then every month for a year.

Hemagglutination inhibition assay (HI, HAI).
Blood serum antibodies to canine parvovirus enteritis
virus were determined by the hemagglutination inhibi-
tion assay in round-bottomed polystyrene plates. The
sera were preliminarily inactivated in a water bath at a
temperature of 56°C for 30—40 min., then a series of
two-fold serum dilutions were prepared in plate wells
filled with a phosphate buffer solution with a pH of
6.4, starting with a serum dilution of 1:2. Next, a vi-
ral suspension containing a working dose of the virus
equal to 8 hemagglutinating units (HAU) was added
to all wells. After incubation for 60 min. at a tempera-
ture of 22 + 2°C, a 0.8 % suspension of pig erythro-
cytes was added to the wells with the studied sera. The
reaction was recorded in 2—3 hours. The antibody titer
was taken as the limiting dilution of the serum causing
complete inhibition of hemagglutination in the wells
(formation of a “button”) and was expressed in loga-
rithms with a base of 2 (log,).

Virus neutralization assay (VN, NR). The level
of neutralizing antibodies to canine distemper virus,
coronavirus enteritis and infectious canine hepatitis
viruses in the blood sera of the studied animals was
determined in the neutralization reaction (NR) by the
microassay using a sensitive continuous cell culture
grown in a 96-well plate (manufacturer SPL, China).
The test sera, inactivated in a water bath at a tempera-
ture of 56°C for 30—40 min, were added to the wells
of the plate, pre-filled with the required amount of nu-
trient medium, and a series of successive two-fold di-
lutions were prepared using a multichannel automatic
dispenser, followed by the administration of a work-
ing dose of the viral suspension (100 TCID,). Then
the plate was placed in a CO, incubator containing 5 %
carbon dioxide at a temperature of (37.0 £ 0.5) °C for
60 min. for the interaction of serum antibodies with
the virus. After incubation, a suspension of sensitive
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cell culture with a seeding concentration of 300 ths
cells/cm® was added to the wells of the plate, then the
plate was returned to the CO, incubator. The cultiva-
tion was carried out for 120 hours with daily micro-
scopic examination of the monolayer state. The reac-
tion was recorded visually, noting the number of wells
with a monolayer without signs of cytopathic effect
(CPE). The antibody titer was taken as the maximum
dilution of serum that neutralized 100 TCID, of the
virus in 50 % of the wells. The antibody titer was cal-
culated using the Kerber method.

Statistical analysis of the results. The obtained data
were processed and the graphs were constructed us-
ing the Microsoft Excel computer program. The mean
value of antibody titers (M) and standard deviation (o)
for the group were calculated. The titer of specific an-
tibodies was calculated using the Kerber formula and
expressed in binary logarithms (log,).

STUDY RESULTS AND DISCUSSION

Only clinically healthy animals, previously exam-
ined by a veterinarian, were allowed to be immunized
with the vaccine “Karnikan-4”. The puppies were vac-
cinated according to the instructions for the drug at the
age of 8 weeks, twice with an interval of 21 days. After
vaccination, the animals were observed for 10 days to
identify possible post-vaccination reactions.

Fig. 1 shows the dynamics of the humoral immune
response formation in puppies in response to immu-
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nization with the vaccine “Karnikan-4”. It should be
noted that before vaccination, all puppies were sero-
negative to canine distemper viruses, infectious hepa-
titis and coronavirus enteritis according to the NR data.

To canine parvovirus, the mean antibody values
for the group according to the HAI data were deter-
mined at a level of 4.2 + 0.23 log,. After a single ad-
ministration of the vaccine, an increase in the titer of
humoral antibodies to canine distemper virus, parvovi-
rus and coronavirus enteritis, infectious canine hepa-
titis by 2.0 log, or more was already observed on day
14 after immunization.

During 7 days before the next immunization, anti-
body titers continued to increase, and before the sec-
ond immunization they were determined at the level of
6.65 + 0.58 log, to canine distemper virus, 2.83 £ 0.12
log, — to coronavirus enteritis virus, 3.80 + 0.23
log, — to infectious hepatitis virus, and 8.6 + 0.44
log, — to parvovirus enteritis virus.

Antibody titers to all four virus components of the
vaccine also continued to increase after booster vac-
cination 21 days later. It was established that the ti-
ters reached their maximum values by day 35 after
the first dose of the vaccine (or 14 days after repeated
vaccination). The values of antibody titers on days 35
and 42 did not have statistically significant differenc-
es (p > 0.05), which indicated a stabilization phase of
the humoral immune response in the period from day
35 to day 42.

A4

28 35 42
Time after vaccination, days

Fig. 1. Dynamics of the humoral immune response formation
in puppies to the administration of the vaccine “Karnikan-4”

During the 10-day observation period, the puppies’
body temperature remained within the physiological
norm, there was no decrease in motor activity or ap-
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petite, clinical symptoms of infections, which means
that the used vaccine “Karnikan-4” is safe for pup-
pies. The animals were observed until the next sched-
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uled vaccination in 12 months. Every month, blood
was taken from the puppies and the level of antibod-
ies to the canine distemper virus, coronavirus and par-
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vovirus enteritis, infectious hepatitis was determined
using the methods described above. The study results
are shown in Fig. 2.
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Fig. 2. Duration of the immune response in dogs
to the administration of the vaccine “Karnikan-4"

It had been shown that over 12 months, there was
a gradual decrease in the level of humoral antibod-
ies to the antigens included in the vaccine. The stud-
ies have shown that 6 months after booster vaccina-
tion, the titer of antibodies to canine distemper virus
decreased by an average of 1.0 log,, to parvovirus en-
teritis — by 0.8 log,, to coronavirus enteritis — by
less than 0.5 log,, to infectious hepatitis virus — by
0.7 log,. In 12 months, the mean titer of antibodies to
canine distemper virus in the group was 6.43 £ 0.32
log,, to parvovirus enteritis virus — 8.5 +0.54 log,,
to coronavirus enteritis virus — 4.0 = 0.19 log , to in-
fectious hepatitis virus — 5.5 +0.28 log,. However,
despite the decrease in antibody titer 12 months af-
ter vaccination, the level of antibodies to canine dis-
temper virus, parvovirus enteritis and infectious hep-
atitis was higher than the antibody titer assumed by
some researchers, which is necessary to protect dogs
from these infections. Thus, for canine distemper vi-
rus, the protective titer is 1:16 (4.0 log,), for parvovi-
rus enteritis — 1:80 (6.3 log,), for infectious hepati-
tis the titer is higher than 1:4 (2.0 log,) [11—13]. The
antibody titer values obtained when vaccinating dogs
with the vaccine “Karnikan-4” exceeded these values
both 14 days after booster vaccination at the age of
3 months and 12 months after immunization, which
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indicates high antigenic activity of the vaccine. The
level of humoral antibodies to the canine coronavirus
enteritis virus after vaccination was also higher than
the protective level of 1:4 (2.0 log,) established in the
studies of some authors. Despite the fact that, accord-
ing to other literature data, secretory immunoglob-
ulin (IgA) of the intestinal mucosa plays a decisive
role in protecting animals from infection, and a high
level of humoral antibodies in the blood, determined
in the NR, does not always correlate with protection
during challenge, it has been established that serocon-
version allows avoiding clinical manifestations of the
disease and significantly reducing the time of excre-
tion of the pathogen with feces [14—17]. The World
Small Animal Veterinary Association (WSAVA) clas-
sifies vaccination against coronavirus enteritis as op-
tional (not recommended), but given the widespread
distribution of CCoV in shelters and kennels, as well
as its genetic plasticity and increasing virulence, im-
munization with vaccines containing canine coronavi-
rus has a positive effect, reducing the spread of the vi-
rus, and is indicated for puppies at risk [9, 10, 17, 18].

CONCLUSION
The results of the conducted studies indicate that
the vaccine against canine distemper, parvovirus and
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coronavirus enteritis, adenovirus infection of dogs
(“Karnikan-4") is safe for animals, has pronounced an-
tigenic activity and causes the formation of a strong im-
mune response in puppies 14 days after booster vacci-
nation with the maintenance of a high level of humor-
al antibodies in the blood for 12 months, which is one
of the indicators of the vaccine efficacy and allows us
to recommend it for use for the purpose of prophylac-
tic immunization of dogs against the above mentioned
infectious diseases.
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paszbanaHcupoBKe pabOThl aHTHOKCHIAHTHOM 3aIUThI, YTO IPUBOIUT K BHYTPHYTPOOHON THIIOKCHH U POXKIICHHIO
MIPUILIOAA C HU3KUMH IT0Ka3aTelsIMU )KU3HECTIOCOOHOCTH.

KioueBble ciioBa: KOpOBbI, 0EPEMEHHOCTh, OMOXMMHUECKHE TIOKA3aTeld, BHYTPUYTPOOHAas THIIOKCHS IO/

Crabunumzanys mokaszaresieil BOCIPOM3BOANTENb-  Ha, a0OpThI, MO3HUI TOKCHKO3 OCpeMEHHBIX (Te-

HOM (PyHKIUM SIBJISETCS HEOTHEMJIEMBIM YCIIOBHEM
peHTa0eIbHOrO BEAECHHS MOJIOYHOTO JKHBOTHOBOZCTBA.
[IpuunHbl HapyLIEeHNsT BOCIIPOU3BOAUTEILHON (yHK-
MU MOJIOYHBIX KOPOB MHOTOOOpa3HbI: HapyIICHHS
YCIIOBHH cosiepKaHusl, KOPMIIEHHS, TATOJIOT Ul MaTKH,
TOPMOHAIBHBIN ucOananc, HHOEKIMOHHbIE 3a00ie-
BaHMs U Ap. OTpULaTeIbHOE BIUSHUE HA COCTOSHUE
BOCHPOM3BOJAUTEIBHON (DYHKIHMU TAKXKE OKa3bIBaeT
BBICOKasl MOJIOYHAs TPOAYKTUBHOCTS [1, 2].

B coBpeMeHHBIX YCIOBHUSAX BEIEHMSI MOJIOYHO-
ro ’KUBOTHOBOJCTBA BCE OOJIBIIYIO aKTyaJbHOCTh
MpHOOPETAIOT HAPYIICHHUS SMOPUOHAIBHOTO pa3BH-
THS, K KOTOPBIM MOJKHO OTHECTH 3MOPHOHAIIBHYIO
CMEPTHOCTb, CUH/IPOM 33JepPKKH Pa3BUTHUs IMOpHO-

cT03) U 1p. Bo3HHKHOBEHHE SMOPHOITATOIOTHH TEC-
HO CBSI3aHO C OMOXMMHYECKUMHU, (QYHKIIMOHATHHBI-
MU ¥ MOP(OJIOTHYECKUMU U3MEHEHUSMHU B CUCTEME
«MaTb-IUIaleHTa-1maoa». [lpuunHel HapylIeHUul 3M-
Opuorene3a pa3HoOOpa3Hbl, HO B OCHOBE JICKAT Ha-
PYIIEHHUS TIPOIIECCOB MMUTAHKSI Pa3BUBAIOIIETOCS 3ap0-
JIBIIIA, KHCJIOPOAHOE TOOIaHNe TUTIOKCHS, TIPUBOJIS-
11ast, BHa4Yalle K 3aMeJICHUIO Pa3BUTHS, a 3aTEM U €T0
rubenu [ 3, 4].

BHyTpuyTpoOHas rHIOKCHUsSI COMPOBOKIACT-
Cs pa3BUTHEM KOMIUIEKCA M3MEHCHHMM B OpraHu3-
Me, CBSI3aHHOTO C HEIOCTATOYHBIM IMOCTYIUICHHUEM
KHCIIOpoAa MO0 HealeKBAaTHOW ero yTHIIH3aIueH.
O0ecre4eHHOCTh JI0/1a KHCIOPOAOM 3aBUCHT OT T10-

© Muxanes B. 1., Uycosa I. I, Cremanos E. M., lllabanos . 1., Jlo6ommu K. A., 2025
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Kazareyel CKOpOCTH KPOBOTOKA CPEAHEMATOUHBIX ap-
Tepuii [5, 6].

Teuyenne recranuu Ha (HU3HOIOTUIECKOM YPOBHE
3aBHCHUT OT ONITUMAIILHOTO YPOBHSI OOMEHHBIX ITPOIIEC-
COB B OpraHu3Me 0epeMEeHHOT0 )KHUBOTHOT'O, a1eKBaT-
HOW TU(PYy3nOHHON CIOCOOHOCTH IUTALICHTHI, H3Me-
HeHHe (QYHKIMOHUPOBAHUSI KOTOPBIX CIIOCOOCTBYET
Pa3BUTHIO HapyIIeHWH MeTaboau3Ma II0Aa, TOMH-
HUPYIOILYIO POJIb IPU 3TOM UrpaeT runokcus [ 7—9].
JlaHHOE TTIaTOJIOTMUYECKOe COCTOSTHHE OpraHnu3Ma Oepe-
MEHHOTI'0 YKHUBOTHOTO MOYKHO pacCMaTpuBaTh Kak OANH
13 (haKTOPOB, ONPEACTSIIONINX XapaKTep TedeHust oepe-
MeHHOCTH. [ToaToMy 0co0yI0 aKTyalbHOCTB TproOpe-
TaIOT BOIIPOCHI M3YYEHHUS XapaKkTepa TeUeHUsT OOMEH-
HBIX IPOIIECCOB Y KOPOB, NPEAPACIIONOKEHHBIX K pa3-
BUTHIO BHYTPUYTPOOHON THIIOKCHH.

eas uccaeqoBaHuil — HU3YUYUTh IOKAa3aTeau
OMOXMMHUYECKOTO CTaTyca KpOBH KOPOB, Ipeapac-
MTOJIOKEHHBIX K Pa3BUTHIO BHYTPUYTPOOHOW THIIOK-
CHUU IUIOAA.

MATEPUAJI U METO/bI
UCCJIEJOBAHU M

MarepuaioM il IPOBENECHUST UCCIETOBAHUI
CITY>KAJT KOPOBBI TOJIITHHCKOHN MOPOJIBI TUIEMEHHO-
ro 3aBoga OprmoBckoil obmactu. Koposer B 38—45
JTHEeW OepeMEeHHOCTH ObLTH pa3zelfieHbl Ha JBE TPyTI-
bl B COOTBETCTBUM pe3ybTaTaMM KIMHUKO-3XOI'pa-
(uueckux uccienoBanuii. B nepByrwo rpymnmny Bo-
[T JKUBOTHBIE C (PU3HOIIOTHUECKUM TEUEHHEM PO-
IoB (n =25), BO BTOPYIO — C AWMArHOCTHPOBAHHBIM
CHUH/IPOMOM 3ajiepkKu pa3Butusi smopuona (C3PII,
n = 16). TpancpeKkTaJIbHbIE U YIBTPA3BYKOBBIC HCCIIC-
JIOBaHUs BBITIOJIHEHBI B COOTBETCTBUH C METOANYECKH-
mu rmocoomsimu [10, 11].

OT 1ATH KOPOB U3 KKIOH TPYIIITEI OTOOPAHBI ITPO-
051 kpoBH B 60—75, 135—150 u 210—230 gueii Oe-
PEMEHHOCTH ISl TPOBEACHUS JTAOOPATOPHBIX HCCIIe-
JloBaHuil. B KpoBU OmpeiesicH ypOBEHB 00111ero Oerka,
MOYCBHUHBI, TJIFOK03a, MOJIOYHOM ¥ IMTUPOBUHOTPAIHBIX
KHCJIOT, UX COOTHOIICHHUS, & TAKXKE COICPIKaHUE Kpea-
THHHWHA, MaJOHOBOTO auanbaeruna (MIA), cpenanx
MoneKysipHbIX rrenTunoB (CMII), nanekca sHI0TeH-
HOM mHTOKCcHKaiuu (MUDOUW), Burammunaa A, BUTaMHu-
Ha E, akTUBHOCTh KaTaia3bl ¥ TIyTaTHOHIIEPOKCHU 1A~
361 (I'TIO). buoxuMudeckue moKa3aTeu OmpeaeIICHb
Ha ananuzarope «Hitachi-902y, mokazarenu cucteMbl
[TIOJI-AO3 — B COOTBETCTBUU C METOIAUYECKHUM I10-
noxxenuem [12].

[TomryueHHbIe pe3ysIbTaThl MOABEPTall CTATUCTH-
YeCcKoi 00paboTKe ¢ MCHONB30BAaHUEM IaKeTa MpH-
KJIaIHBIX Tporpamm Statistica 6.0. Pazmuuus cunra-
T CTAaTUCTUYECKH 3HAUUMBbIMU Tipu P < (,05.

PE3YJIBTATHI UCCJIEJOBAHUM

[Tpu u3yueHnn OHOXUMHUYECKUX MTOKA3aTEIeH KPo-
BU KOpOB B 60—75 nHel OepeMEHHOCTH YCTaHOBJIC-
HO (TabJ. 1), 4TO MPH OCIOKHEHHOM TEUCHUHU I'eCTa-
iy B (hopMe CHHIPOMA 3aCPKKH Pa3BUTHS YMOPHO-
Ha coJieprKaHKe TITFOKO3bI HIke Ha 17,6 % (P < 0,01),
CpPaBHEHHIO C (PU3HOJOTUYECKHU MPOTEKAIOIIEH Te-
cranueii, BuramuHa E — nHa 15,4 % (P <0,05), ak-
THBHOCTE KaTaja3el — Ha 9,9 %, I'TIO — na 20,9 %
(P <0,001) mpu MOBHIIIICHAN YPOBHS MOYCBHWHBI Ha
17,6 % (P < 0,05), monouHOi KUCIOTEI — Ha 7,2 %,
CoOTHoLIeHus JakTar/mupysar — Ha 10,1 %, mano-
HOBoro guansaeruga — Ha 11,0 %, 9To cBUIETEE-
CTBYET O HAPYIICHUSIX B JHEPTETUUESCKOM OOMEHE, Ha-
KOTJICHUH MTPOAYKTOB ITEPEKUCHOTO OKUCIICHUS TUTTH-
JIOB, CHIDKEHUH PECYPCOB aHTHOKCHIAHTHOH 3aIIINTHI.

Taoauma 1

Buoxumuueckue nokazamenu kposu kopos ¢ 60—75 Oueil bepemennocmu
npu PU3UOIOSUYECKOM U OCTONCHEHHOM ee medeHUU

Xapakrtep TeueHHst OEpEMEHHOCTH
ITokazarenu
(busnoIOrHYecKoe C3PIIT
1 3

benox, r/n 81,0+ 1,4 79,1 £1,5
MoueBuna, MM/ 4,71 £0,22 5,54 +£0,23"
INmoxo3a, MM/t 3,29+0,13 2,71 £0,15™
Jlakrar, MM/ 0,69 + 0,05 0,74 £ 0,05
[Mupysar, MKM/1 169,6 £ 10,2 165,1 +6,9

Berepunaphsrii papmakomorudaeckuii BeCTHUK « N 2 (31) « 2025 137



B. U. Muxanes, I' I’ Yycosa, E. M. Cmenanos, /[. U. [[labanos, K. A. Jlo6o0uH

Oxonuyanmue Ta0.1. 1

1 2 3

Jlakrar: Ilupysar, en 4,07 4,48
Kpearunun, MkM/n 67,3+2,9 70,8 £3,8
MJA, MxM/n 2,45+0,14 2,72+0,16
CMII, ycn. en. 0,77 £0,02 0,79 £ 0,03
s 19,7+ 0,8 20,1 £0,7
Karanasa, mkMH, O, /n-mMun-10° 46,5+ 1,5 41,9+1,9
I'TIO, MkMGSH/n-Mun-10? 224+0,9 17,7+ 0,6™
Buramun A, MxM/n 1,41 +0,03 1,38 £ 0,07
Buramusn E, MkM/n 143 +0,7 12,1 £0,6

*P<0,05

“P<0,01

sk

B 4,5—5,0 MmecsueB recraiuy Mpu OCIOKHEH-
HOM ee TeueHuH (Tadi. 2) comepikanue oouero oe-
Ka B KPOBH HIKE Ha 6,5 % 10 CpaBHEHHIO ¢ (HU3HO-
JIOTHYECKOI OEpeMEHHOCTHIO, TUTIOKO36I — Ha 19,2 %
(P <0,01), mupoBuHOTpagHON KHCIOTEI — Ha 9,7 %
(P <0,05), Butamuna A — Ha 20,0 % (P < 0,05), Bu-
tamuHa E — nHa 19,1 % (P <0,01), akTHBHOCTH Ka-
tana3el — Ha 11,3 % (P < 0,05), I'TIO — na 30,8 %

P < 0,001 — o cpaBHEHHUIO C (PU3HOIIOTUICCKUM TCUCHUEM OCPEMEHHOCTH

(P<0,001) mpu MOBBIIEHUH YPOBHSI MOYEBHHBI Ha
27,3 % (P < 0,05), mosouHo# KucioThl — Ha 23,9 %
(P <0,05), cooTHOMIEHUS JaKTaT: MAPyBaT — Ha
37,2 %, kpearnanHa — Ha 25,6 % (P < 0,01), mamoHo-
BoOTO Muanbaeruaa —Ha 17,6 % (P < 0,001), cpeqamx
MOJIEKYJSIPHBIX TenTuaoB — Ha 26,4 % (P < 0,001),
HHJIEKCa DHAOTEHHOW MHTOKcHKanuu — Ha 20,0 %
(P<0,001).

Taoéauna 2

buoxumuuecxue noxkazamenu kposu xopos 8 135—150 oneii bepemennocmu
npu GU3UOIOSUYECKOM U OCTONCHEHHOM ee MedeHUU

Xapakrep Te4eHHs1 OEpEeMEHHOCTH
[oxa3zarenu
¢dusnonornyeckoe C3PII
1 2 3

Benox, r/n 83,5+2,6 78,1 +1,9
MoueBuna, MM/11 5,09 £0,31 6,48 £ 0,24
I'mroko3a, MM/t 3,18+0,13 2,57+0,11™
Jlakrat, MM/ 0,71 £ 0,04 0,88 £ 0,05
[Mupysar, MKM/1 181,0+ 7,8 163,6 +£5,9"
Jlakrar: [Iupysar, en 3,92 5,38
Kpearunun, MKkM/i 78,9 +3,5 99,1 +£5,4"
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Oxonuyanue Ta0.J1. 2

1 2 3

MIA, MxM/n 2,10+ 0,06 2,47 +0,05
CMII, ycun. en. 0,87 +£0,03 1,10 £ 0,04™
416241 23,5+0,5 282 +0,8™
Karanaza, Mk MH,O,/n-Mun-10° 476+1,5 422+1,7
I'TIO, MkMGSH/n-Mun-10? 27.9+0,9 19,3 +0,8™
Buramun A, MKM/1 1,5+0,11 1,2+0,07
Buramun E, MkM/n 152+04 12,3+0,6™

*P<0,05

“P<0,01

ok

BrisBieHHBIC H3MEHEHSI ONOXMMHUYICCKUX ITOKa3a-
TeNel KpOBU KOPOB IIPH OCJI0KHEHHOM TEUEHUU I'eCTa-
LMY CBUJIETEIBCTBYIOT O HAPYILLIEHUU SHEPTETUUECKO-
ro oOMeHa, CHUKCHHEM JIOJTH a9POOHBIX MEXaHH3MOB
[IOJIYYEHUS SHEPIUH U YBEJIMYCHHUEM JIOJIA aHadPoO-
HbIX, HAKOTJICHUEM KHCIIBIX MPOJYKTOB OOMEHA Be-
LIECTB, NPUBOISIINX K PA3BUTHUIO THIIOKCHU IIOJA.
OOHOBPEMEHHO KOHCTATUPYETCS CHUKEHUE AKTUBHO-

P < 0,001 — o cpaBHEHHUIO C (PU3HOIIOTHICCKUM TCUCHUEM OCPEMEHHOCTH

cTH (hepMEHTATHBHOTO U He(hePMEHTATHBHOTO 3BEHb-
€B AaHTUOKCHUJIAHTHOM 3alUThI HA (OHE MOBBIIIEHHO-
TO HAKOTUICHHSI TIPOJYKTOB MEPEKUCHOTO OKUCIICHHUS
JIUTIHJIOB M SH/IOTEHHOW WHTOKCUKAIIVH.

B 7,0—7,5 mecsneB OepeMEeHHOCTH M3MEHEHUS
rokaszaresieii OMOXMMHUYECKOTO CTaryca HOCST OoJee
BBIPOKEHHBIN XapaKTep Y dKHUBOTHBIX C OCIIOKHEHHBIM
TeUeHHeM recranuu (Tabm. 3).

Tadauna 3
Buoxumuueckue nokazamenu kposu kopos 6 210—230 oueii bepemennocmu
npu PuU3UOI02UYECKOM U OCTOINCHEHHOM ee medeHUU
XapaxkTep Te4eHUs] OEpeMEHHOCTH
IToxazarenu
(usnoIorHYecKoe C3PIT
1 2 3
Benok, r/a 82,9+3,7 85,2+4,4
MoueBuna, MM/1 5,24 £0,41 7,11 £0,35™
INmoko3a, MM/it 2,75+0,07 2,41 £0,04
Jlakrat, MM/t 0,75+ 0,02 0,97 £ 0,02
[Mupysar, MKM/n 198,1 £7,6 177,9 £5,7°
Jlakrar: Ilupysar, en 3,88 5,45
Kpearunun, MKM/n 84,3+3,5 105,4 £ 4,9
MJIA, MkM/n 2,22 +0,05 3,12+0,14™
CMII, ycu. en. 0,91 £0,02 1,27 £ 0,04
s 278+1,3 38,6 £2,1°
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Oxonuyanue Ta0J1. 3

1 3
Karamnaza, MKMHZO2/JI'MI/IH'103 52,3+£3,6 40,1+2.1°
I'mo, mckMGSH/n-mun-10° 295+ 1,1 19.4+1,3™
Buramun A, MKM/1 1,65 +0,03 1,30 £ 0,09
Burtamun E, MkM/i1 16,1 +£0,8 12,6 £0,9°
" P<0,05
*P<0,01

Hkk

Tak, B KpOBU y 3THX KOPOB COJEPIKaHUE TIIFOKO3bI
Hwke Ha 12,4 % (P < 0,001), nupoBUHOTpaIHOHN KHC-
notel —Ha 10,2 % (P < 0,05) npu NOBBIIIEHUHN YPOB-
Ha MosiouHoit — Ha 29,3 % (P < 0,001), cooTHo1e-
HUs TakTaT: mupyBar — Ha 40,5 %, moaTBepxknaromiee
HEXBAaTKy KHCJIOPOJa B OpraHu3Me MaTrepH, IPUBOJLS-
mee K BHyTPUYTPOOHOH TMIIOKCHU TIofa. Beicokuit
ypoBeHb KpeatnHuHa (Ha 25,0 %, P < 0,05) y xopoB
C OCIIOKHEHHBIM TEUCHHEM OCpEMEHHOCTH C BHYTPH-
YTpOOHOI THIOKCUEH T10/1a 00BSCHSAETCS MOBBIIICH-
HBIM €10 00pa30BaHUEM B CUCTEME KpeaTHH-KpeaTHH-
(ocdar-kpeaTHHUH NpU YBEINYCHUHN JBUTATEIbHOM
AKTMBHOCTH 3apOJIbIlIa, YTO PACCMaTPUBAETCS B Ka-
YecTBE OTBETHOHM peakiuu Ha AeQUIHUT KHCIOpOJa.
[ToBsienne ypoBHs MoueBuHBI Ha 35,7 % (P < 0,01),
MCM —Ha 39,6 % (P <0,001) u UDU — Ha 38,8 %
(P <0,05) cBUOECTENBCTBYIOT O MpeoOIalaHuy KaTa-
00JINYECKUX MPOLIECCOB U HApPACTAHUU SIBJICHUI WH-
TOKCHKAIIMW B yCJIOBUSIX HEXBATKU KHCIOPOXA U Jie-
¢unmta sueprun. OTHOBPEMEHHO C STHM, YCTaHOBIIE-
HBl 3HAYNUTENILHBIE N3MEHEHUS B (DYHKIIHOHUPOBAHIH
cuctemsl [10JI-AO3 y KOpoB ¢ BHYTPHYTPOOHOH THII-
OKCHEH IUI0/1a Ha 3aK/II0OYUTEIIEHOM 3Tane OepeMeH-
HOCTH. B KpOBM KOPOB C OCJIOXKHEHHBIM TEUEHHEM
recTalym, o CpaBHEHHIO ¢ GpU3HOIOrHYECcKoi Oepe-
MEHHOCTBIO, COJIEpKaHNE MAJIOHOBOTO JHAIbACTHIa
Boie 40,5 % (P < 0,001), mpu cHIKEHUH YPOBHS BU-
tamuaa A —wHa 21,2 % (P < 0,001), BuTammunaa E — Ha
21,7 % (P < 0,05), akTuBHOCTH Karaja3bl — Ha 23,3 %
(P<0,05) u I'lTO — Hna 34,2 % (P < 0,001), cBume-
TEJILCTBYIOIEe 00 MHTEHCU(HUKALIMU TTPOLIECCOB I1e-
PEKHCHOTO OKUCIICHHUS JIMIIH/IOB 1 OEJIKOB U pa3zdasaH-
CHpOBKE Pa0OThl aHTHOKCHIAHTHOW 3aIIUTHI.

3AKJIOYEHUE
Takum 0Opa3om, py OCIOKHEHHOM TeueHHH Oe-
PEMEHHOCTH, COITPOBOKIAIOIIEIHCS BHYTPHYTPOOHOM

P <0,001 — mo cpaBHEHUIO C PUNOTOTUIECCKUM TeUeHUEM OEPEMEHHOCTH

THITOKCUEH TUT0/1a, U3MEHEHHS OMOXUMHUYECKOTO CTaTy-
Ca HAYMHAIOT IMPOABIATHCA B paHHUEC IIEPHUOABL 3M6pI/IO-
reHe3a ¥ MakcuMyMa JOCTUTAIOT K MOMEHTY POJIOB.
B 2 Mecsma 6epeMeHHOCTH H3MEHEHHS ITOKa3aresei
OMOXMMHUYECKOTO CTaTyCca CBUICTEILCTBYIOT O HApY-
IICHUSX B SHEPTEeTUYECKOM OOMEHE, HAKOIIIICHUH TIPO-
AYKTOB IIEPEKHUCHOT'O OKUCIICHU S JIMTTU 0B, CHUKCHU N
pecypcoB aHTUOKCUIAHTHOM 3amuThl. B 4,5—5,0 Me-
CAIEB TeCTAIlNH HAPYIICHUS B SHEPTETUIECKOM 00Me-
HE XapaKTepPHU3YIOTCS CHIDKSHUEM J0JIN adPOOHBIX Me-
XaHU3MOB TIOJTYYCHHS SHEPTHH U YBEITMYCHUEM JIOJN
aHa’POOHBIX, HAKOTUICHUEM KHCIBIX MPOIYKTOB 00-
MC€Ha BCHICCTB, NPUBOAAIINX K PAa3BUTUIO TUIIOKCHUHU
mwiona. B 7,0—7,5 mecsieB 6epeMEHHOCTH C OCIIOXK-
HEHHBIM €€ TEYCHHEM, COIIPOBOXKIAOMIEICS BHY TPH-
YTPOOHOI TUTTOKCHEN, TPOUCXOANT WHTEHCH(PUKATINS
KaTa0OJMYEeCKUX MPOIECCOB METa00IM3Ma, CHUXKE-
HUE JTOJIU a3POOHBIX MPOIECCOB META0O0JIM3MA U ITpe-
oOJsiaganue aHadpPOOHBIX, HAKOIICHHUE TTPOILYKTOB I1e-
PEKHCHOTO OKHCJICHUS JTUMHJIOB, YCUIICHHE TpoIiec-
COB DHJIOTEHHON WHTOKCUKAIIH, CHUKEHHE PECYPCOB
(hepMEeHTaTHBHOTO U HE)ePMEHTATUBHOTO 3BEHBEB aH-
TUOKCHJIAHTHON CHCTEMBI.
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Abstract. The article presents the research material on the blood biochemical status of cows predisposed to the
development of intrauterine fetal hypoxia. The dynamics of changes in the studied biochemical indicators indi-
cates that their manifestation begins since 60—75 days of gestation, they have a clear manifestation at 135—150
days and are clearly expressed at 210—230 days. It has been established that at the final stage of gestation with
its complicated course, accompanied by intrauterine hypoxia, the glucose content is lower by 12.4 % (P < 0.001),
pyruvic acid — by 10.2 % (P < 0.05), vitamin A — by 21.2 % (P < 0.001), vitamin E — by 21.7 % (P < 0.05),
catalase activity — by 23.3 % (P < 0.05), GPO — by 34.2 % (P < 0.001), with an increase in the level of lactic
acid by 29.3 % (P < 0.001), the lactate/pyruvate ratio — by 40.5 %, creatinine — by 25.0 % (P < 0.05), urea —
by 35.7 % (P < 0.01), MWM — by 39.6 %. (P <0.001), IET — by 38.8 % (P < 0.05), indicating the prevalence
of catabolic processes, an increase in intoxication phenomena under conditions of oxygen deficiency and energy
deficit, intensification of lipid and protein peroxidation processes, imbalance in the functioning of antioxidant pro-

tection, which leads to intrauterine hypoxia and the birth of offspring with low viability indicators.
Keywords: cows, gestation, biochemical indicators, intrauterine fetal hypoxia

Stabilization of reproductive function indicators is
an essential condition for profitable dairy farming. The
causes of reproductive function disorders in dairy cows
are varied: violations of keeping conditions, feeding,
uterine pathology, hormonal imbalance, infectious dis-
eases, etc. High milk productivity also has a negative
effect on the reproductive function [1, 2].

In modern dairy farming conditions, embryonic
development disorders are becoming increasingly im-
portant, which include embryonic mortality, embryon-
ic intrauterine growth restriction syndrome, abortions,
late toxicosis of gestation (gestosis), etc. The occur-
rence of embryopathology is closely associated with
biochemical, functional and morphological changes in
the mother-placenta-fetus system. The causes of em-
bryogenesis disorders are varied, but the underlying
causes are disturbances in the nutritional processes of
the developing embryo, oxygen starvation, hypoxia,

which initially leads to a slowdown in development
and then to its death [3, 4].

Intrauterine hypoxia is accompanied by the devel-
opment of a complex of changes in the body associated
with insufficient oxygen supply or inadequate utiliza-
tion. The fetus’s oxygen supply depends on the blood
flow rate of the middle uterine arteries [5, 6].

The gestation course at the physiological level
depends on the optimal level of metabolic process-
es in the body of the pregnant animal, adequate dif-
fusion capacity of the placenta, changes in the func-
tioning of which contribute to the metabolic disor-
ders development in the fetus, with hypoxia playing a
dominant role [7—9]. This pathological condition of
the pregnant animal’s body can be considered as one
of the factors determining the nature of the gestation
course. Therefore, the issues of studying the nature of
the course of metabolic processes in cows predisposed
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to the development of intrauterine hypoxia are of par-
ticular relevance.

The research objective is to study the blood bio-
chemical status of cows predisposed to the develop-
ment of intrauterine fetal hypoxia.

MATERIAL AND METHODS

The material for the research was Holstein cows of
the breeding farm in Orel region. The cows at 38—45
days of gestation were divided into two groups accord-
ing to the results of clinical and echographic studies.
The first group included animals with a physiological
course of calving (n = 25), the second — with a diag-
nosed embryonic intrauterine growth restriction syn-
drome (IUGRS, n = 16). Transrectal and ultrasound
studies were performed in accordance with the meth-
odological manuals [10, 11].

Blood samples were taken from five cows from
each group at 60—75, 135—150 and 210—230 days
of gestation for laboratory tests. The blood was ana-
lyzed for the levels of total protein, urea, glucose, lac-
tic and pyruvic acids, their ratios, as well as the content
of creatinine, malondialdehyde (MDA), medium mo-
lecular weight peptides (MMP), index of endogenous
intoxication (IEI), vitamin A, vitamin E, catalase and

glutathione peroxidase (GPO) activity. Biochemical
indicators were determined on a Hitachi-902 ana-
lyzer, and the LPO-AOD system indicators were
determined in accordance with the methodological
provisions [12].

The obtained results were subjected to statistical
processing using the Statistica 6.0 software package.
The differences were considered statistically signifi-
cant at P <0.05.

STUDY RESULTS

When studying the blood biochemical indicators
of cows at 60—75 days of gestation, it has been estab-
lished (Table 1) that in case of a complicated gestation
in the form of embryonic intrauterine growth restric-
tion syndrome, the glucose content is by 17.6 % lower
(P <0.01) than in case of a physiologically normal ges-
tation, vitamin E —by 15.4 % (P < 0.05), catalase ac-
tivity — by 9.9 %, GPO — by 20.9 % (P < 0.001) with
an increase in the level of urea by 17.6 % (P < 0.05),
lactic acid — by 7.2 %, the lactate/pyruvate ratio —
by 10.1 %, malondialdehyde — by 11.0 %, which in-
dicates disturbances in energy metabolism, accumu-
lation of lipid peroxidation products and a decrease in
resources of antioxidant protection.

Blood biochemical indicators of cows at 60—75 days of gestation in case of its physiological and complicated (;l;itl:flszl
Nature of gestation course
Indicators
physiological IUGRS
1 3

Protein, g/L 81.0+1.4 79.1+£1.5
Urea, mm/L 471 +£0.22 5.54 +0.23"
Glucose, mm/L 3.29+0.13 271 +0.15™
Lactate, mm/L 0.69 £0.05 0.74 £0.05
Pyruvate, uM/L 169.6 = 10.2 165.1+6.9
Lactate/Pyruvate, units 4.07 4.48
Creatinine, uM/L 67.3+£29 70.8 3.8
MDA, uM/L 245+0.14 2.72+0.16
MMP, r. units 0.77£0.02 0.79+0.03
IEI 19.7+£0.8 20.1+0.7
Catalase, ptMN,O,/Lxminx10° 465+ 1.5 419+1.9
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Table 1 (the end)

1 3
GPO, uMGSH/Lxminxh10? 224+09 17.7£0.6™
Vitamin A, pM/L 1.41+0.03 1.38 £0.07
Vitamin E, uM/L 143+0.7 12.1+0.6"
*P<0.05
™ P<0.01

sekok

At 4.5—5.0 months of gestation with a complicat-
ed course (Table 2), the blood content of total protein is
lower by 6.5 %, compared to the physiological gesta-
tion course, glucose — by 19.2 % (P < 0.01), pyruvic
acid — by 9.7 % (P < 0.05), vitamin A — by 20.0 %
(P <0.05), vitamin E—by 19.1 % (P < 0.01), catalase
activity — by 11.3 % (P < 0.05), GPO — by 30.8 %

P <0.001 — compared to the physiological course of gestation

(P <0.001) with an increase in the level of urea by
27.3 % (P < 0.05), lactic acid— by 23.9 % (P < 0.05),
the lactate/pyruvate ratio — by 37.2 %, creatinine —
by 25.6 %. (P < 0.01), malondialdehyde — by 17.6 %
(P <0.001), medium molecular weight peptides —
by 26.4 % (P <0.001), index of endogenous intoxi-
cation — by 20.0 % (P < 0.001).

Blood biochemical indicators of cows at 135—150 days of gestation in case of its physiological and complicatedrl::aol;l:sz
Nature of gestation course
Indicators
physiological IUGRS
Protein, g/L 83.5+2.6 78.1+1.9
Urea, mm/L 5.09 +0.31 6.48 +0.24"
Glucose, mm/L 3.18+£0.13 2.57+0.11"
Lactate, mm/L 0.71 £0.04 0.88 £0.05"
Pyruvate, pM/L 181.0+£ 7.8 163.6 £5.9°
Lactate/Pyruvate, units 3.92 5.38
Creatinine, uM/L 789 +3.5 99.1 £54™
MDA, uM/L 2.10 +0.06 2.47 +0.05™
MMP, r. units 0.87 £0.03 1.10 £0.04™
IEI 23.5+0.5 28.2+0.8"
Catalase, tMN,O,/Lxminx10° 47.6+1.5 422+ 1.7
GPO, ptMGSH/Lxminxh10? 27.9+0.9 19.3+£0.8™
Vitamin A, pM/L 1.5+0.11 1.2 +0.07"
Vitamin E, pM/L 152+04 12.3£0.6"
*P<0.05
" P<0.01

sekok
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The revealed changes in the blood biochemical
indicators of cows with a complicated gestation indi-
cate a disturbance in energy metabolism, a decrease in
the share of aerobic mechanisms for obtaining energy
and an increase in the share of anaerobic ones, accu-
mulation of acidic metabolic products, leading to the
development of fetal hypoxia. At the same time, a de-

crease in the activity of the enzymatic and non-enzy-
matic links of antioxidant protection against the back-
ground of an increased accumulation of lipid peroxi-
dation products and endogenous intoxication is noted.

At 7.0—7.5 months of gestation, changes in bio-
chemical status indicators are more pronounced in an-
imals with a complicated gestation (Table 3).

Table 3

Blood biochemical indicators of cows at 210—230 days of gestation in case of its physiological and complicated course

Nature of gestation course

Indicators
physiological IUGRS

Protein, g/L 82.9+3.7 852+44
Urea, mm/L 5.24+0.41 7.11+0.35"
Glucose, mm/L 2.75 +0.07 2.41 +0.04™
Lactate, mm/L 0.75 +0.02 0.97 +0.02""
Pyruvate, pM/L 198.1+7.6 177.9+5.7°
Lactate/Pyruvate, units 3.88 5.45
Creatinine, uM/L 843435 105.4 +£4.9™
MDA, uM/L 2.22£0.05 3.12+0.14™
MMP, r. units 0.91 +£0.02 1.27 £0.04™
IEI 27.8+1.3 38.6+2.17
Catalase, ptMN,O_/Lxminx10° 52.3+3.6 40.1+2.1°
GPO, uMGSH/Lxminxh10? 205+1.1 19.4+£1.3™
Vitamin A, uM/L 1.65+£0.03 1.30 £ 0.09™
Vitamin E, uM/L 16.1+0.8 12.6 £ 0.9

*P<0.05

" P<0.01

sekeok

Thus, in the blood of these cows the glucose con-
tent is lower by 12.4 % (P < 0.001), pyruvic acid —
by 10.2 % (P < 0.05) with an increase in the level of
lactic acid — by 29.3 % (P < 0.001), the lactate/pyru-
vate ratio — by 40.5 %, confirming the lack of oxygen
in the mother’s body, leading to intrauterine hypoxia
of the fetus. The high level of creatinine (by 25.0 %,
P <0.05) in cows with a complicated gestation with
intrauterine hypoxia of the fetus is explained by its
increased formation in the creatine-creatine phos-
phate-creatinine system with an increase in the mo-
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tor activity of the embryo, which is considered as a
response to oxygen deficiency. The increase in the
urea level by 35.7 % (P < 0.01), MWM — by 39.6 %
(P <0.001) and IEI — by 38.8 % (P < 0.05) indicates
the prevalence of catabolic processes and the increase
in intoxication phenomena under conditions of oxygen
deficiency and energy deficit. At the same time, sig-
nificant changes in the functioning of the LPO-AOD
system were established in cows with intrauterine fe-
tal hypoxia at the final stage of gestation. In the blood
of cows with a complicated gestation, compared to a
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physiological one, the content of malondialdehyde is
higher than 40.5 % (P < 0.001), with a decrease in the
level of vitamin Aby 21.2 % (P < 0.001), vitamin E —
by 21.7 % (P < 0.05), catalase activity — by 23.3 %
(P <0.05) and GPO—Dby 34.2 % (P < 0.001), indicat-
ing the intensification of lipid and protein peroxidation
processes and an imbalance in the antioxidant defense.

CONCLUSION

Thus, in case of a complicated gestation, accom-
panied by intrauterine hypoxia of the fetus, changes in
the biochemical status begin to manifest themselves in
the early periods of embryogenesis and reach a maxi-
mum by the time of calving. At 2 months of gestation,
changes in biochemical status indicators indicate dis-
turbances in energy metabolism, accumulation of lip-
id peroxidation products and decreased antioxidant de-
fense resources. At 4.5—5.0 months of gestation, dis-
turbances in energy metabolism are characterized by
a decrease in the share of aerobic mechanisms for ob-
taining energy and an increase in the share of anaer-
obic ones, accumulation of acidic metabolic products
leading to the fetal hypoxia development. At 7.0—7.5
months of gestation with a complicated course, accom-
panied by intrauterine hypoxia, there is an intensifica-
tion of catabolic metabolic processes, a decrease in the
share of aerobic metabolic processes and the predom-
inance of anaerobic ones, accumulation of lipid per-
oxidation products, increased endogenous intoxication
processes, a decrease in the resources of the enzymat-
ic and non-enzymatic links of the antioxidant system.
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AnHoTanus. B TaHHOI cTaThe paccMaTPUBAIOTCS BOIIPOCHI H3YYCHUs HH()OPMATHBHOCTH HHTETPATbHBIX UMMYH-
HOBOCIAJIUTEIFHBIX TEMATOJIOTMYSCKUX HHICKCOB y KOIICK PH HedpoKapAnaaIbHOM cuHIpoMe. Hedpokapam-
ANBHBIA CHHIPOM TIPEICTABIIET COO0 Iporpeccupyrolee 3a00JieBaHie, PErHCTPUPYIOIeecs KOMEK CPEAHETO
U CTapIIIero BO3pacTa, XapakTepu3yromiee co00H MaToIOrHISCKU MpoIiece, Koraa Ha JOHE MEPBHYHOTO XPOHH-
YECKOTO IMTOYSTHOTO 3a00JICBAHISI PA3BUBACTCSI KOMOPOHUIHOE MTOPAKEHUE CEPACTHO-COCYMCTON CHCTEMBI B BUJIC
BTOPHYHON KapIUOMHOMATHU. VIMeeTcsl THITOTeTHIeCKasl MaTOTeHETHICCKAst CBSI3b MEXKY XPOHHUSCKAMH BOC-
MAUTSIEHBIMA TIPOLIECCAMH U TIPOTPECCHPOBAHUEM 3a00JICBaHUS IMOYCK U cepAna. VHTerpaabHble HIMMYHHO-
BOCHAJUTEIHHBIC TEMATOJIOTHYCCKUE WHICKCHI H3YYaIiCh IIPH MHOTHX MTATOJIOTHYECKUAX COCTOSHUX, OJTHAKO UX
JMarHOCTUYCCKas ICHHOCTh IPH HePPOKApIUAITEHOM CHHIPOME Yy KOIIeK Hen3BecTHaA. L[epro HacTosIIero mc-
cleI0BaHMs OBUIO JETaTbHOE U3YUCHUE JHAarHOCTUYCCKOW MH(OPMATHBHOCTH UHTETPATBHBIX HMMYHHOBOCTIA-
JUTETHHBIX TEMATOJOTHYCCKUX HHICKCOB y KOIIEK, OONBHBIX He(hpOKapIuaIbHBIM CHHIPOMOM. Pe3ynbraTsl mo-
Ka3aJii, 9TO B KPOBHU OOJBHBIX JKUBOTHBIX ITPOUCXOIUT 3HAUNMOE TIOBBIIIICHHE JICHKOITUTAPHOTO WHICKCA HHTOK-
CHKAIIMH, HHCKCA CABHTa JICHKOIIUTOB KPOBU, HHICKCA COOTHOIICHHS KOMMYCCTBAa HEUTPO(DIIOB H MOHOIIUTOB,
WHJIEKCA COOTHOIICHUs KonmmdecTsa Jieiikormro 1 COD, numekca Kpebcea, COOTHOMICHHS KOIMYeCTBA HEHUTPO-
(UITOB K KOJMMYECTBY JIUM(POIUTOB, COOTHOIICHHUS KOINIESCTBA TPOMOOITUTOB K KOIMIECTBY JIUM(OIIUTOB, COOT-
HOIIICHHS KOJIMYECTBA MOHOIIMTOB K KOJMYECTBY JTUMQOIUTOB, HHIIEKCA CHCTEMHOTO MMMYHHOTO BOCIIAJICHHS,
CHIDKCHHE JTUM(OIUTAPHO-TPAHYIOIUTAPHOTO MHIIEKCA. DTH PE3YNIbTaThl YKa3bIBAIOT HA TO, YTO KOIIKH C TIPO-
TPECCUPYIONIUM HePpOoKapAHaTHHBIM CHHIPOMOM HaXOAATCS B COCTOSTHUU XPOHUYIECKOTO CHCTEMHOTO BOCIIAJIC-
HUS1, KOTOPOE MOYKHO BBISIBUTH C IIOMOLLBIO MPOCTOI0 I'€MaTOIOrMUeCKOro aHanuza. OQHaKo NPOrHOCTUYECKYIO
LIEHHOCTh MapKEPOB BOCITAJICHHS, TOTYICHHBIX C TOMOIIHIO TEMOTPaMMBI, CIICAYET OICHHUTH B XOJIE JaTbHCHITNX
HUCCIIEIOBaHUMN.

KuaroueBblie cia0Ba: HepOKapAUATBHEI CHHIPOM, CHCTEMHOE BOCITAJICHHE, ITATOTeHE3, KOIIKH, XPOHUYECKast
[OY€YHasl HeJJOCTATOYHOCTh

BBEJEHUE

XpoHndeckast 00JIe3Hb TOYEK Y IOMAITHUX KOIIIEK
BCTPEYAETCS OYEHb YaCTO, HMEET MIPOTPECCUPYIOIIEe
TCUCHUC U ABJIIACTCA IPEAUKTOPOM BBICOKOM CMEPTHO-
ctu [1—4]. IIpu xpoHndeckoit 601e3HN TOYEK y KO-
IIeK MOTYT Pa3BHUBATHCS Pa3IUYHBIE KOMOPOWIHBIE
MATOJIOTUU CO CTOPOHBI APYTUX BHYTPEHHUX OPTaHOB
(aprepuasibHasi TUIIEPTOHUS, TENATONATHS, BTOPHY-
HBII THIEpPHapaTUPe03, HAPYIICHUSI BOAHO-3JICKTPO-
TUTHOTO OanaHca, aHeMuH H T. 1.) [5—7]. B mocnen-
HHE TOIBI YPPEKTUBHOCTD JICICOHBIX MEPOIIPUATHIH

B 00JIaCTH BETEpUHAPHOW HEPPOIOTUN 3HAYUTEIHHO
yIy4IllniIach, U MHOTHE dKUBOTHBIE IOKUBAIOT O TOU
CTaauu IIaTOJIOTUH, KOrJga Ha (1)OHC NEPBUYHOIO I10-
YEYHOTO 3a00JIEBaHUS Pa3BUBAETCS BTOPUYHOE TIO-
paXeHHe CeplIeYHO-COCYIUCTON cucTteMbl. JlaHHas
KOMOPOHTHOCTh B JINTEpAType UMEET Ha3BaHHE —
HeppoKapAUaIbHBIA CHHIPOM, HAaJHO30JIOTHYECKOE
MIOHATHE, KOTZla B OpraHU3Me OJHOTO U TOTO XK€ KH-
BOTHOTO Pa3BHMBAIOTCA JIBE MATOJIOTHH, XapaKTepU3y-
FOIIMECS] XPOHUYECKOM 00JIE3HBIO MTOYEK U BTOPUIHON
KapauoMuonaruei [8, 9]. YV xolek onmricaHbl Crydan
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pa3BUTHUSI BTOPUYHOW HEe(QPOTeHHOH KapauoMHOIIa-
iU y pomamnux komek [10]. Onnako, cremyeT ak-
LIEHTHPOBATh BHUMAaHUE Ha TOM (paKTe, 9TO STHOIOTHS
Y TOYHAs NaTO(PU3UOIOTHSI PA3BUTHS M TIPOTPECCHPO-
BaHUsl He()POKAPAUAIBHOTO CHHIPOMA Y JKUBOTHBIX
JI0 CUX 10 HESICHBL. B Hay4HOMU JIuTEpaType UMEHOTCS
MHOTOUYHCIICHHBIE COOOIIEHUS O TOM, YTO CUCTEMHOE
BOCIAJICHUE UTPAET BaKHYIO POJIb B Pa3BUTUU U IIPO-
IPECCUPOBAHUM KaK XPOHUUYECKOW MOYEYHOU JIEKOM-
neHcauuu [2, 3], Tak 1 XpOHUYECKOU CEepCUHON He-
JIOCTaTOYHOCTH Y MEJIKUX JJOMAITHUX KUBOTHBIX [11].
Y KUBOTHBIX TP KapIUOMHUOIATUSX U YHAOKAPAHO-
3¢ MUTPAJIBHOTO KJIalTaHa HEPEIKO OTMEUACTCS TIOBBI-
menue C-peaktuBHOTO Oeika, (HOpHMHOTEHA, ITUTO-
KUHOB B KPOBH, TaKX€ OMUCAHbl U3MEHEHUS B TE€MO-
rpamMMax, XapaKTepU3yOIUe pa3BUTHE HEUTPODUITUH,
a TaK)Ke MOBBIIICHUE CKOPOCTU OCEIAHUSI SPUTPOIH-
ToB. [10/100HBIC M3MEHEHHS OITUCAHBI Y KOIIEK, 00JIb-
HBIX XPOHUYECKOH OOJIE3HBIO MOYEK.

WNHTerpanpHble *UMMYHHOBOCHIAJIUTENBHBIE TEMa-
TOJIOTUYECKUE UHACKCHI, NMOIYYEHHbIE U3 CTaHIAApT-
HON reMOTpaMMBbl, SIBISIIOTCS HEIOPOTMMH U JICTKO-
JOCTYIHBIMA MapKepamMu CHCTEMHOTO BOCIAJICHUS,
MOJIYYCHHBIMH U3 OOBIYHBIX aHAJIU30B FEMOIPaAMMBbI.
B Menuuune s mrofied BocnajauTeIbHbIE MapKepHI,
[IOJIyYEHHBIE U3 F€MOIPaMMbl, UCIIOJIB3YIOTCS B Ka-
YECTBE MPOTHOCTUYECKUX W/WIIA TUATrHOCTHYECKHUX
MapKepOB OHKOJIOTHYECKHX U BOCIAIUTEIBHBIX 3200-
neBanuii [12—21]. OnHako, B CrielMaIn3UPOBAHHON
Hay4YHOU JINTepaType OTCYTCTBYIOT TaHHBIC O UMMYH-
HOBOCHAJIUTEIbHBIX MapKePax, ONPeIeIsieMbIX 110 pe-
3yapTaTaM aHajun3a KpoBH, MPHU HePpoKapAHaITLHOM
CUHIPOME Y KUBOTHBIX.

Hcxonst U3 BBILIECKA3aHHOTO, Yeabl0 OAHHOU pa-
Oomul CTAJ0 ACTANBHOE N3yYCHHUE JUATHOCTUYECKOM
nH()OPMATUBHOCTH HHTETPATHHBIX IMMYHHOBOCTIAJTH-
TEITFHBIX TeMaTOJIOTHYECKUX WH/IEKCOB y KOIIEK, 00ITh-
HBIX He(ppOKapIUAITbHBIM CHHAPOMOM.

MATEPUAJIBI U METO/bI
NCCIEJOBAHUSA

B manHOM KIIMHUYECKOM HCCIIeIOBaHUH OBLITH TIPO-
aHAIN3UPOBaHbI JAHHbBIE HHTETPAJIbHBIX MMMYHHOBOC-
MAJIUTENbHBIX [EMaTOJIOTHYECKUX HHAEKCOB, OOIBHBIX
HepoKaparaIbHEIM cHHAPOMOM, ¢ 2021 o 2025 rox.
B rpynmnsl cpaBHEHUS BOLUIM KIMHUYECKH 3/10pPOBBIE
KOIIKH (OTPHUIATENbHBIM KOHTPOJB), @ TAaK)KE KOIII-
KU OOJBHBIC XPOHUYECKOW OO0JIE3HBIO TIOYEK (ITOJIO-
KUTEJbHBINA KOHTpOIIB). {7 Bepudukanyuy 1uarsosa
1 GOPMUPOBAHUS TPYIIT 