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OINEHKA OSMBPUOTOKCHUYECKHUX
U TEPATOTEHHBIX CBOMCTB KOMIIJIEKCHOT'O
CPEJACTBA U3 TPUPOJHOI'O CbIPbA

Hpuna Anekcanaposna Konakoa™, ®asun AxGepoBud MeneTxaHos,
ApuHa AsiekceeBHa AopamoBa, Minna PyciianoBHa AomnoBa’
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Kasanv, Poccus, ira.konakova@yandex.ru™

AHHOTAIUA. AKTyalbHOCTb CHHTE3a HOBBIX 9()(EKTHBHBIX U O€30MACHBIX IIPENApaToB AJIsl UCIIOIb30BAHUS B Mac-
TaOHOM KUBOTHOBOJICTBE HE BBI3BIBACT COMHEHHUIL. ITO OOBSACHIETCS TEM, YTO 3HAUNTEIBHBIN MTPOIEHT IpeTa-
PaToB, IMEIOLINXCS B apCeHalIe y BEeTepUHAPHBIX Bpaueil, mpeHa3HaueHbI AJIS YeTI0BEKa, a TAK)Ke MHOTHE U3 HUX
OKa3bIBAIOT HETAaTUBHOE BIISHUE HA OPTaHU3M JKUBOTHBIX M BBI3BIBAIOT CIOKHOCThH B JO3UPOBAHUH. Y YATHIBAS
naHHbIA (akt, Ha Kadeape (GpapmMakoIOruu, TOKCHMKOJIOTHH U PaaHoOHOJOrHH HaMH ObLIO pa3paboTaHO HOBOE
CPEICTBO HAa OCHOBE NMPHUPOIJHOTO CHIPHS IS MapeHTepaIbHOro npuMeHeHus. CoracHo TpeboBanusam «Deme-
pajbHOTO 3aKoHA 00 OOpAIIEHUH JIEKApCTBEHHBIX CPENICTBY», HAMH OblIa U3yueHa 0e30TIacCHOCTh CPE/ICTBA HA 3Ta-
T1e TOKIMHIYECKUX UCCIIeIOBAHUH, BKIIOUAIOIIas B ce0s OLEHKY SMOPHOTOKCHYECKHX U TEPATOTCHHBIX CBOMCTB
B mepuoj sMOproreHe3a. B xome mpoBeneHus SKCIEPUMEHTa yCTaHOBJICHO, YTO BHYTPHMBIIIEYHOE BBEICHHE
cpenctsa B 103¢ 0,5 MIT Ha )KUBOTHOE B T€UCHHE MEPBBIX 19 cyTOK OEPEeMEHHOCTH HE OKa3bIBAET TOKCUIECKOTO
BIIHSTHUS Ha Pa3BUBAIOIIUIICS 3aPO/IBII, YTO IIOATBEPKIAACTCS OTCYTCTBUEM TOCTOBEPHOMN Pa3HHUIIBI MEXKIY KOH-
TPOJILHOM M ONBITHOM I'PYNION B U3y4aeMbIX MoKa3aressix. BBe/leHue cpe/icTBa B yKa3aHHbIE BbIIIE CPOKH TaK-
K€ HE BBI3BIBACT HAPYIICHUN OpraHOTeHe3a U aHOMAJUIl Pa3BUTHS KOCTHOW CHCTEMBI BO BHYTPUYTPOOHOM Tie-
puoze.

KiroueBble €10Ba: JOKIMHAYECKHE UCCIIEIOBAHNS, IPUPOJHOE CBIPbE, TAOOPAaTOPHBIE KPBICHI, IMOPHUOTOKCHY-

HOCTB, TCPATOTCHHOCTH

B Hacrosi1ee BpeMs CyliecTByeT MHOXKECTBO MO/~
XOJIOB M CXEM JIJIsI JICUCHUS U TPOPUIIAKTHKH Pa3Iiy-
HBIX 3200JIeBaHMIA, OJTHAKO, HECMOTPSI Ha OIPOMHBIH
ACCOPTHMEHT CUHTETHYECKHX IIperapaToB Ha (apma-
LIEBTUYECKOM DBbIHKE, BCE OOJIBIIYIO MOMYSPHOCTD
MprOOPETAIOT TaK Ha3bIBAEMBbIC HATypaJbHbBIC Cpell-
CTBa HA OCHOBE IIPUPOIHOIO ChIPbs, B KAUECTBE KOTO-
pOTo0 MOTYT BBICTYNATh JIEKAPCTBEHHBIE TPABBI, IIPO-
JTYKTBI ITYETIOBOJICTBA WIIM Pa3fIUYHbIe BUABI IPUOOB,
HCTOPHS IPUMEHEHUSI KOTOPBIX, HCUHUCISAETCS THICS-
YEJIeTUSAMH, O YEM CBUAETENBCTBYIOT MHOTOYHCIICH-
HBIE apPXEO0JIOTNYECKUE PACKOIIKH U PYKOIIHCH, COXpa-
HMBIIUECS J10 HamuX aHei [1—3].

IToBblIIEHHBIN HHTEPEC K CPEACTBAM U3 IPUPOJ-
HBIX KOMIIOHEHTOB OOBSCHSETCS, MPEXK/Ee BCETO, JI0-
CTYIHOCTBIO UX IOJy4€HHs] W U3TOTOBJICHUS U3 HUX
CTaHIapTU3HPOBAHHBIX JIEKAPCTBEHHBIX CPENICTB, BBI-

COKO¥ OMOJIOTMYECKON aKTUBHOCTBIO, MHOTOTPaHHBIM
JICCTBUEM Ha OPraHu3M, a TAK)KE CPAaBHUTEIIbHOM Jie-
IeBU3HON. MexXaHus3M UX JeHUCTBUS 10 KOHIIA HE U3-
y4€H, OTHaKO, UMEIOTCS JAHHBIE, 4YTO aKTUBHOCTH ITPH-
POIHOTO CHIPhsI OOYCIIOBIEHA HATMYMEM B HEM OWo-
JIOTUYECKUX aKTUBHBIX BEIIECTB, TaK Ha3bIBAEMBIX
MeTabO0JINTOB, B KAYECTBE KOTOPBIX MOTYT BBICTYIATh
(eHoNpHBIE COCAMHEHHS, KyMapHHBI, d(PUpPHBIC Mac-
J1a, aJKaIou sl [4].

Mexay TeM, CyIecTByeT MHCHHE, 9TO (D (PEeKTHB-
HOCTh TaKHX IPENapaToB CBA3aHA CO CXOKECTHIO XH-
MHYECKOTO COCTaBa KJIETOK PACTEHUH W JKUBOTHBIX,
Onarojapst 4eMy, OHU Ha KIECTOYHOM YPOBHE MOTYT
BCTPaMBaThCS B OMOXMMUYECCKUE MPOIECChI, OKAa3bI-
Bas OoJiee MSTKOE JACHCTBUE HAa opranu3M. HecMmoTpst
Ha 0OJIBIIOE KOJMYECTBO MPEHMYIIECTB MPHUPOTHO-
TO CHIPbS, MPEnaparbl Ha UX OCHOBE HEINb3s CUUTATh

© KomnaxkoBa 1. A., Menerxanos @. A., AGpamoBa A. A., Aroriosa U. P., 2023
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MOJTHOCTBIO OE3BPEAHBIMH, YTO 00YCIOBIEHO CIIOCO0-
HOCTBIO KOMITOHCHTOB HAKaIUITMBATh B TOU MM MHOU
Mepe pa3nYHbIe XUMHYECKHE BEIIECTBA, MEHSIOIINE
CBOIO aKTUBHOCTb M CTENEHb TOKCHMYHOCTH B 3aBH-
CUMOCTHU OT TEXHOJIOTUW H3TOTOBIICHUS. BBUIY 3TO-
ro, BCE ATAIbl MPOU3BOACTBA MPEIAPATOB JOKHBI
OBITH CTPOTO PENIAMEHTUPOBAHBI U CTAHAaPTU3UPO-
BaHBI U COOTBETCTBOBATh MEXKTyHAPOIHBIM CTaHIAp-
taM KauecTtBa GMP. OgHuM U3 OCHOBHBIX 3TAIIOB JI0-
Ka3aTelbCTBa 0€30MaCHOCTH CPEJICTB SBIISAETCS IIPOBE-
JICHHE JOKINHUYCCKUX UCCIICOBAHNM, BKITFOUAIOIICe
B ce0s U3y4eHne IMOPUOTOKCUYECCKOTO JCHCTBHUS, KO-
TOpOG MOXKET HpOS[BJ'IfITI)CSI B IIOBBIILLICHU N ypOBHSI M-
OpHOHATBHON CMEPTHOCTH U BOSHUKHOBCHISI Pa3JIny-
HBIX aHOMAJIMH y TIONIOB.

Hcxonst U3 BBIMIEU3IOKEHHOTO, Yelbio padOThI
SIBUJIOCH M3YYCHHE BO3MOXKHBIX YMOPHOTOKCHYECKUX
U TePaTOTCHHBIX CBOMCTB HOBOTO CPENICTBA HA OCHO-
BC HpHpOI[HOFO CI)IpI)SI Ha 2Tale JOKJIMHUYCCKUX HUC-
CIICIOBAaHUH.

MATEPHAJIBI U METO/IbI
HUCCJEJOBAHUM

HccnenoBanus Mo N3y4eHUIO CTEIICHN MTOBPEKAA-
IOLIETO JICHCTBUS pa3pabOTaHHOTO CPEJCTBA Ha pas-
BHTHE IIJIOIOB OCYIIECTBISUTH COTNIacHO «PyKkoBoiCTBY
10 DKCIEPUMEHTAITHHOMY (TOKIMHUYECKOMY) H3-
YYEHUI0 HOBBIX (PapMaKOJOTHYECKHX BEIIECTBY
1 «MeToINYeCKUMU YKa3aHUSIMU 110 TECTUPOBAHUIO
TEPATOrCHHOW aKTUBHOCTH XUMHUYECKHX BEIECCTBY
[5—7]. UcnpiTanus mpoBoauiau Ha 14 momoBo3penbix
ayTOpemHBIX caMKax OembIX KpbIc Maccol Tena 180,0—
200,0 1, KOTOPBIM B COOTBETCTBHU C METOINKOW OBLITH
o/1o0paHbl MMOJIOBO3PEIbIe CaMIIBI B COOTHOIIICHUN
1 : 4. ]Iy npoBeieHUS SKCIIEPHUMEHTA YKHBOTHBIC OBLTH
pacrpezielieHbl Ha KOHTPOJIBHYIO U OTIBITHYIO TPYIIIIHI,
B KOTOPBIX K CAMKaM B CTaJIUH dCTpyca U MpodcTpyca
MTOJICA)KMBAJTM CAMIIOB M3 pacueTa OJIMH caMell Ha de-
TBIpE CaMKU. MUKPOCKOITYecKoe 0OHApyKEHHUE CTIep-
MaTO30HM/IOB B BarMHAJIBHBIX Ma3KaX NMPUHUMAIH 32
nepBhIid JeHb OepemeHHocTH. Pazpaborannoe cpen-
CTBO BBOJWJIM ITyT€M BHYTPHMBIIICYHBIX HHBEKIIUN
caMKaM OIIBITHOM TPYIIIBI HAa IPOTKEHUH 19 cyToK,
Ha4YMHAsI C IEPBOTO JHI OepeMeHHOCTH, B 103¢e 0,5 Mt
Ha ro1oBy. JKHBOTHBIM KOHTPOJIBHOH TPYTIITHI TTO aHa-
JIOTUYHOM CXeMe MPUMEHSUTH BOIY JUIS MHBEKITHM.

JL71s OLIEHKH CTETIeHH MOBPEKAAIOLIECTO NeHCTBUS
M3y4aeMoro Cpe/ICTBa B SMOPHOHATBHOM NIEpHOJIE OH-
ToreHe3a Ha 20 cyTku OEpeMEHHOCTU OCYIIECTBIISIIH
9BTAHA3UIO CAMOK Y(HPOM JUITUIIOBBIM C TIOCIIEAYIO-
ITM BCKPBITHEM TSI H3BIICYCHUST MATKH C TIOJAMH,
IIpU 3TOM (PUKCUPOBAIM MPOLOIDKUTENHLHOCT Oepe-

MEHHOCTH, O0IIIee YMCIIO KUBBIX U MEPTBBIX ILJIOJOB,
KOJIMYECTBO YKETTHIX TEJI ¥ IUTOJIOB HA OTHY CaMKY, YHC-
JI0O MECT UMIUIAHTAINH, CPETHIOI Maccy IJION0B MX
KpaHUOKayJaJIbHBIN pa3Mep, AUaMeTp 1 Maccy ITaleH-
THI ¥ XOpUOHa. J[J1s1 oTIpeienieH st KpaHuOKayIaIbHOTO
pasMepa, IuaMeTpa XOpHOHa U IIAlleHThl UCIOIb30-
Bau MITaHTEHIUPKYIh «1I-125%, a qyis B3BemMBA-
HUS TI0710B 3J1eKTpoHHEIE Bechl PKS0618D (puc. 1).

Puc. 1. U3mepenne kpaHHOKayJalbHOIO pa3mepa
TUIOJa C TIOMOIIBIO I TAHTCHIIUPKYJIIS

Jl1s1 ycTaHOBIIEHHSI BO3MOKHBIX aHOMAJIH B IIEPH-
O]l OpraHOTeHe3a, B YaCTHOCTH, (DOPMUPOBAHUS KOCT-
HOW CUCTEMBI, UCIOab30Baiu meron Jaycona. s
3TOTr0, TI0/I6I pukcupoBay B 96 % 3TUI0BOM CIIUPTE
B Teuenue 10 mHEH, mocie yero momemmani ux B 1 %
pacTBOp THAPOKCHIA Kanns Ha 24—48 gacoB 110 Tpo-
CBETJICHHSI TKAaHEW 1 3aJTUBAIIN aJTH3aPUHOBBIM KpacH-
TeneM Ha 3—5 CyTOK, KOTOPBIA TOTOBUIIU 10 ITPOIUCH
A.11. [Is1i6an (1970) ¢ nobGaBiieHUEM HECKOJIBKHUX Ka-
nesb 1 % BOMHOTO pacTBOpA KPacHOTO anu3apuHa [8].

TTocne okpammBanusi KOCTEM B CUPEHEBBIN 1IBET,
TUTOJTBI TIPOMBIBAJIH JIO TTOJTHOTO MTPOCBETIIEHHSI PACTBO-
pa ¥ pETUCTPUPOBAIN OTKIOHEHUS B (POPMHUPOBAHUN
ckenera. [Ipu 3TOM BH3yalbHO OIICHHBAIH 00IIIee CO-
CTOSIHUE KOCTHOH CHUCTEMbI, YUUTHIBAIN KOJIMYESCTBO
KOCTEH, XapaKTEepHOE JUIsl JAHHOTO BU/IA )KUBOTHOTO,
Y U3MEPSIIHN [UTHHY KPYTTHBIX KOCTEH.

WcnpiTanmns Ha KUBOTHBIX TPOBOAMITUCH COTIIac-
Ho [IpaBunam Haexamen 1a00paTopHOil NPaKTHKH
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u EBponeiickoil KOHBEHIIUH T10 3alUTE TO3BOHOUYHbBIX
JKUBOTHBIX, UCIIOJIb3YEMbIX JIJIs1 SKCIIEPUMEHTAIbHBIX
W WHBIX Hay4IHBIX menei [9, 10].

JlocToBEpHOCTh Pa3HOCTH MEXKAY ITOKA3aTelsIMU
KOHTPOJILHOU U OITBITHOW I'PYIIIIAMHK OTIPEIEIISLITH C I10-
Molibio Kputepus CteioieHTa npu 3HaueHuu p < 0,05.

PE3YJBTATHI UHCCJAEJOBAHU N

B xone skcriepruMeHTaNbHOTO TIepHo/ia YCTaHOB-
JICHO, YTO B TE€YCHHE BCETO CPOKa OEPEMEHHOCTH 00-
IIEC COCTOSHHUE M IOBEJACHHUE IOMONBITHBIX JKHUBOT-
HbIX OCTaBaJIOChb 663 H3MCH€HHI7[, OHH OXOTHO HpI/I-
HUMaAJIN KOpM U aICKBAaTHO pearMpOBam/I Ha BHCHIHUC
pa3IpaskuTeNy.

PesynbraThl ucciieqOBaHUM U3BIEUEHHOTO IM-
OpMOHATBFHOTO MaTepHuala Ipe/ICTaBICHBI B Ta0IuIle
1, U3 KOTOPOH BUIHO, YTO KOJTUUECTBO CAMOK C KUBBI-
MU IJ1I0AaMU COOTBGTCTByCT LII/ICJ'Iy 6epeMeHme, TO
€CTh KUBOTHBIC C TIOJIHOHN pe30pOIHel m10/10B B 00e-
HX TPYIIaxX OTCYTCTBYIOT. UK CITO IJT0/I0B HA OITHY caM-
Ky B KOHTpoJie cocTtaBuiio 6,14 + 0,55 mpu 6,86 + 0,64
B OTIBITHOM IPYIITIE, YTO CTATUCTUIECKH HE PA3ITHINMO.
AHanoruyHasi TSHACHIIMS OTMEUEHA U MEXKIY IMOKa-
3aTeIsIMU YKcia SUIEKIETOK, MOCTYMUBIINX B MATKY,
T7Ie pa3HuUIla CpeIu rpynm HelocToBepHa. Yncmo MecT
MMILIAHTALUH, XapaKTepU3yIOLUe YYacTKU B MaTkKe,

IJI€ MPOU30IILIO TPUKPEIUICHUE 3aPOJIbIIIA, B CPESAHEM
B KOHTPOJBHOH rpymnne coctaBmio 7,29 + 0,65 mpo-
tuB 8,0 = 0,7 B ompITe TIpH p > 0,05. OmHUM U3 TTOKa-
3arernel OTCYTCTBUS YMOPHOTOKCHYECKOTO JACHCTBUS
rperiapara sSBISTFOTCS 3HAUSHHSI MACChI U IMaMeTpa 3a-
POABINIEBBIX O6OJ'IO‘ICK, BBIINTOJIHAOIIUX Ba)KHCI\/lIH_IyIO
PoJib B popMHUpOBaHUH 11013, ONIBITHBIM IIyTEM YCTa-
HOBJICHO, YTO JAaHHBIC ITOKA3aTCIN Y N3y4aCMbIX 5KC-
TPadMOPHOHAITBHBIX 000JI0YEK MEKTY TPYITIIAMH CTa-
TUCTHYECKH HE PA3INIUMBI, YTO KOCBEHHO CBHJICTEITh-
CTBYET 00 OTCYTCTBHU HETaTUBHOTO BIIUSTHHS CPEJICTBA
Ha pa3BUTHE IUIOA0B. TOKCHYECKOE BO3JCHCTBUE Ha
Pa3BHUBAIOLMICS 3aPO/IBIIL MOKET IPOSIBIISATHCS U B 3a-
JICPIKKE OOIIEro pa3BUTHS, IPOSBIISIONICECS H3MEHE-
HUSMHU TIOKa3areje Macchl Tela M KpaHHOKayJalb-
HOTO pa3Mepa.

[TyTem B3BeIMBaHUS YCTAHOBJICHO, YTO CPEIHSS
Macca IUIOJIOB Y KPBIC, TIOTYYaBIIuX pa3padoTaHHOE
cpenctBo, cocrtaBuia 3,9 =£0,11 rpamMmMoB, a B KOH-
TponsHO# rpynme 3,81 £ 0,10 mpu p > 0,05. [lpu
9TOM, 002 3HAYEHUS HAXOMWIUCH B TIpeaesiax pu3no-
JIOTUYECKON HOPMBI JUIsl TAaHHOTO BHJIAa KUBOTHOTO.
[udposbie moKazaTeny, XapaKTePU3YIOIIUE JUTHHY
TUI0/Ia OT KOHYHMKA HOCAa JI0 OCHOBAHHS XBOCTA, B 00€-
HX IMOAONBITHBIX I'PyIIIaxX HaXOAUJIMCh Ha OJJHOM YpPOB-
HE U HE UMEJIN JOCTOBEPHBIX PA3IHUYU.

Taonauuna 1
Pesynemamot uccreoosanus smopuonanbHo20 mamepuana npu UCHOIb308aHUU
paspabomannozo cpedcmsa ¢ 1 no 19 cymxu bepemennocmu (n = 7)
3Ha4YeHUE MMOKA3ATeIIS IS TPYIIIT
[Tokazarenb
Kontponbnas OnbITHast
KomnuecTBo OepeMeHHBIX CaMOK 7 7
KonnuecTBO caMOK C 5KMBBIMU IUIOJIAMU 7 7
Uuco minoJoB Ha OJJHY CaMKY, LIT. 6,14 £0,55 6,86 + 0,64
KonmgecTBo KeNThIX T, IIT. 8,57 £0,70 9,14 + 0,55
Yuciro MeCT UMIUTAHTALIMH, IIIT. 7,29 £ 0,65 8,00+ 0,70
CpenHsis Macca II0A0B TIPH BCKPBITHH, T 3,90+0,11 3,81 +0,10
KpannokaynambHBIH pa3mep MI0A0B, MM 30,93 + 1,33 33,79 + 1,98
JlnameTp XoproHa, MM 14,20 + 1,24 14,57 £ 0,70
Cpenmsisi Macca XOpHoHa, T 0,64 +£0,31 0,68 £0,27
JlnameTp maarneHThl, MM 13,26 + 0,30 13,57 +£0,38
Cpennsisi Macca MJIameHThl, T 1,05+0,10 0,92 +0,07
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OmHUM U3 KPUTEPUEB OIICHKH TOKCUYECKOTO BO3-
NEUCTBUS BHOBH pa3paOOTaHHBIX CpeACTB Ha Qop-
MHPOBAHHE TUIO/IA SIBISIETCS yCTAaHOBIIEHUE aHOMa-
JIMH KOCTHOM cucTeMbl. OTMEUYEHO, YTO IUIOALI 00X
TOJIOTIBITHBIX TPYTIIT HMETH aHATOMUYECKH MPABUITb-
HO c(hOpMUPOBAHHBIN CKeJET, Tonorpadus KocTeil He

HapylIeHa, UX KOJMYECTBO COOTBETCTBYET (PU3UOIIO-
THYECKUM HOpPMaM ISl JaHHOTO BUAA KHBOTHOTO.
Pa3meprl 3auaTKOB KPYIMHBIX KOCTEH B 00eHUX Hcclie-
JyeMBIX TPyINIax HAaXOAATCS Ha OXHOM YPOBHE M HE
MUMEIOT JTOCTOBEPHBIX Pa3IHuUii, O YeM CBHICTEIb-
CTBYIOT TaONWYHbIC AaHHBIE (TA0MI. 2).

Tabauua 2
Cpeonue pazmepul 3a4amKo8 KOCMHOU CUCTEMbL NPU 86€0eHUU PA3PADOMAHHO20
cpeocmea ¢ 1 no 19 cymxu 6epemennocmu (n = 7)
Pazmep xoctu, MM
Bung xoctn
KonTtposnbHas OnbITHAS

mpaBast 4,23 +£0,12 4,64 +0,17
benpennas

JieBast 4,31+0,20 4,63+ 0,16

npasast 5,02+0,17 5,09+ 0,10

BombimebeprioBast
JicBast 5,05+0,10 5,06 + 0,07
mpaBast 4,44 +0,12 4,34+0,14
MaobepiioBast
JIeBast 4,39+0,11 4,39 +£0,08
npasast 3,49+0,14 3,47+0,15
Jlonarounas

nieBast 3,43 +£0,09 3,4+0,11

mpaBast 4,29+0,10 4,32+ 0,07
[Tneuesas

neBast 4,31 +0,09 4,35+ 0,08

npasast 4,38 +£0,08 435 +0,06
Jlokresas

JIeBast 4,37 +0,05 432 +0,07

npaBast 3,45+ 0,09 3,41 +0,07
JlyueBas

neBast 3,46 £ 0,06 3,39 £0,06

3AKJIOUEHUE 2. Siddique H. Medicinal plants used to treat infectious

B xo/1€ poBeIeHHBIX UCCIIEIOBAHUH 110 U3YYEHUIO
AMOPHOTOKCHUYECKOTO W TePaTOTCHHOTO MEHCTBUS Ha
sTane JOKIMHUYECKUX UCIBITAHUN YCTAaHOBIIEHO, UTO
pa3paboTaHHOE HaAMU CPEJICTBO U3 IPUPOTHBIX KOMITO-
HEHTOB HE OKA3bIBACT HETATUBHOTO BIMUSHUA HA Pa3BU-
THE TUI0/Ia B SMOPHOHAIBHEIN IEPUOJT OHTOTEHE3a, UYTO
TTOJITBEPIKTACTCS TIOTYICHHBIME pe3yiIbTaTaMu. Taxke
cpencTBO He 001a1aeT CIToCOOHOCTRIO BBI3BIBATEH aHO-
MaJIui B CTPOCHUU KOCTHOU CUCTEMBL, YTO CBUJECTEIb-
CTBYET 00 OTCYTCTBHH TEPATOTCHHBIX CBOHCTB.
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ASSESSMENT OF EMBRYOTOXIC AND
TERATOGENIC PROPERTIES OF A COMPLEX
REMEDY FROM NATURAL RAW MATERIALS

Irina Aleksandrovna Konakova®™, Fazil Akberovich Medetkhanov,
Arina Alekseevna Abramova, Ilina Ruslanovna Ayupova'

Kazan State Academy of Veterinary Medicine named after N. E. Bauman,
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Abstract. The relevance of the synthesis of new effective and safe drugs for use in large-scale animal husbandry
is beyond doubt. This is due to the fact that a significant percentage of the drugs available in the arsenal of veter-
inarians are human, as well as many of them have a negative effect on the body of animals and cause difficulty in
dosing. Considering this fact, at the Department of Pharmacology, Toxicology and Radiobiology, we have de-
signed a new drug based on natural raw materials for parenteral use. According to the requirements of the Feder-
al Law on the Circulation of Medicines, we studied the safety of the drug at the stage of preclinical studies, which
included an assessment of embryotoxic and teratogenic properties during embryogenesis. During the experiment,
it has been found that the use of the drug at a dose of 0.5 ml per animal during the first 19 days of gestation does
not have a toxic effect on the developing embryo, which is confirmed by the absence of a significant difference
between the control and experimental groups in the studied indicators. Administration of the drug within the above
periods also does not cause organogenesis disorders and abnormalities in the development of the skeletal system

in the prenatal period.

Keywords: preclinical studies, natural raw materials, laboratory rats, embryotoxicity, teratogenicity

Currently, there are many approaches and schemes
for the treatment and prevention of various diseases,
however, despite the huge range of synthetic drugs on
the pharmaceutical market, so-called natural remedies
based on natural raw materials, which can be medici-
nal herbs and beekeeping products, are becoming in-
creasingly popular or various types of mushrooms,
the history of which dates back thousands of years, as
evidenced by numerous archaeological excavations
and manuscripts that have survived to this day [1—3].

The increased interest in products made from nat-
ural components is explained, first of all, by the avail-
ability of their production and the manufacture of stan-
dardized medicines from them, high biological activity,
multifaceted effects on the body, as well as compara-
tive cheapness. The mechanism of their action has not
been fully studied, however, there is evidence that the
activity of natural raw materials is due to the presence
of biological active substances in them, so-called me-
tabolites, which can be phenolic compounds, couma-
rins, essential oils, and alkaloids [4].

Meanwhile, there is an opinion that the effective-
ness of such drugs is associated with the similarity of
the chemical composition of plant and animal cells,
due to which they can be integrated into biochemical
processes at the cellular level, providing a milder ef-
fect on the body. Despite the large number of advantag-
es of natural raw materials, drugs based on them can-
not be considered completely harmless, which is due
to the ability of the components to accumulate, to one
degree or another, various chemicals that change their
activity and degree of toxicity depending on the manu-
facturing technology. In view of this, all stages of drug
production must be strictly regulated and standardized
and comply with international GMP quality standards.
One of the main stages of proving the safety of drugs is
conducting preclinical studies, which includes study-
ing the embryotoxic effect that can manifest itself in
an increase in the level of embryonic mortality and the
occurrence of various anomalies in fetuses.

Based on the above, the objective of the work was
to study the possible embryotoxic and teratogenic prop-

© Konakova I. A., Medetkhanov F. A., Abramova A. A., Ayupova I. R., 2023

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

13



1. A. Konakova, F. A. Medetkhanov, A. A. Abramova, I. R. Ayupova

erties of a new product based on natural raw materials
at the stage of preclinical research.

MATERIAL AND METHODS

The researches to study the degree of dam-
aging effect of the designed drug on fetal devel-
opment were carried out in accordance with the
Guidelines for Experimental (Preclinical) Study of
New Pharmacological Substances and Guidelines
for Testing the Teratogenic Activity of Chemical
Substances [5—7]. The tests were carried out on
14 mature outbred female white rats weighing 180.0—
200.0 g, to which, in accordance with the methodolo-
gy, mature males were selected in a ratio of 1 : 4. To
conduct the experiment, the animals were divided into
control and experimental groups, in which males were
placed to females at the estrus and proestrus stages at
the rate of one male for four females. Microscopic de-
tection of sperm in vaginal smears was taken as the
first day of gestation. The designed product was ad-
ministered by intramuscular injection to females of the
experimental group for 19 days, starting from the first
day of gestation, at a dose of 0.5 ml per animal. The
animals in the control group received water for injec-
tion according to a similar scheme.

To assess the degree of damaging effect of the drug
under study in the embryonic period of ontogenesis,
on day 20 of gestation, females were euthanized with
diethyl ether, followed by autopsy to remove the uter-
us with fetuses, while there were recorded the dura-
tion of gestation, the total number of living and dead
fetuses, the number of corpora lutea and fetuses per
female, the number of implantation sites, the average
weight of the fetuses, their craniocaudal size, the di-
ameter and weight of the placenta and chorion. To de-
termine the craniocaudal size, diameter of the chori-
on and placenta, a ShTs-125 caliper was used, and a
PKS0618D electronic scale was used to weigh the fe-
tuses (Fig. 1).

To establish possible anomalies during the period
of organogenesis, in particular, the formation of the
skeletal system, the Dawson method was used. To do
this, the fetuses were fixed in 96 % ethyl alcohol for
10 days, after which they were placed in a 1 % potas-
sium hydroxide solution for 24—48 hours until the tis-
sues cleared and filled with alizarin dye for 3—S5 days,
which was prepared according to A. P. Dyban (1970)
with the addition of a few drops of a 1 % aqueous solu-
tion of alizarin red [8]. After staining the bones lilac,
the fetuses were washed until the solution was com-
pletely clear and deviations in the formation of the
skeleton were recorded. At the same time, the general

14

condition of the skeletal system was visually assessed,
the number of bones typical of a given animal species
was taken into account, and the length of large bones
was measured.

Fig. 1. Measuring the craniocaudal size of the fetus
using a caliper

Animal testing was carried out in accordance with
the Guidelines of Good Laboratory Practice and the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes [9, 10]. The significance of the difference
between the indicators of the control and experimen-
tal groups was determined using the Student’s t test
at p <0.05.

STUDY RESULTS

During the experimental period, it was established
that throughout the entire gestation, the general con-
dition and behavior of the experimental animals re-
mained unchanged, they willingly accepted food and
responded adequately to external stimuli.

The results of studies of the extracted embryonic
material are presented in Table 1, from which it can
be seen that the number of females with live fetuses
corresponds to the number of pregnant animals, that
is, there are no animals with complete resorption of
fetuses in both groups. The number of fetuses per fe-
male in the control was 6.14 + 0.55, while 6.86 + 0.64
in the experimental group, which was not statisti-
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cally distinguishable. A similar trend was noted be-
tween the indicators of the number of oocytes enter-
ing the uterus, where the difference among the groups
was not significant. The number of implantation sites,
characterizing the areas in the uterus where the em-
bryo was attached, on average in the control group
was 7.29 £ 0.65 versus 8.0 + 0.7 in the experiment
with p > 0.05. One of the indicators of the absence of
embryotoxic effect of the drug is the mass and diam-
eter of the embryonic membranes, which play a crit-
ical role in the formation of the fetus. It was experi-
mentally established that these indicators in the stud-
ied extraembryonic membranes are not statistically
distinguishable between groups, which indirectly in-

dicates the absence of a negative effect of the drug on
fetal development. The toxic effect on the developing
embryo can also manifest itself in a delay in general
development, manifested by changes in body weight
and craniocaudal size.

By weighing it was established that the average
weight of fetuses in rats receiving the designed prod-
uct was 3.9 £ 0.11 grams, and in the control group —
3.81 £ 0.10 with p > 0.05. Moreover, both values were
within the physiological norm for this animal species.
Digital indicators characterizing the length of the fe-
tus from the tip of the nose to the base of the tail (tail-
set) were at the same level in both experimental groups
and did not have significant differences.

Results of the study of embryonic material using the designed product from days 1 to 19 of gestation (n = ;able '
Indicator value for groups
Indicator

Control Experimental
Number of pregnant females 7 7
Number of females with alive fetuses 7 7
Number of fetuses per female, pcs. 6.14+0.55 6.86 + 0.64
Number of corpora lutea, pcs. 8.57+0.70 9.14+0.55
Number of implantation sites, pcs. 7.29 £0.65 8.00+0.70
Average weight of fetus on autopsy, g 3.90+0.11 3.81+£0.10
Craniocaudal size of fetus, mm 30.93 +1.33 33.79 £ 198
Chorion diameter, mm 1420+ 1.24 14.57 £ 0.70
Average chorion mass, g 0.64 £0.31 0.68 £0.27
Placenta diameter, mm 13.26 £0.30 13.57+£0.38
Average placenta weight, g 1.05+0.10 0.92 +0.07

One of the criteria for assessing the toxic effects CONCLUSION

of newly designed drugs on fetal formation is the es-
tablishment of anomalies of the skeletal system. It was
noted that the fetuses of both experimental groups had
an anatomically correctly formed skeleton, the topog-
raphy of the bones was not changed, and their number
corresponded to the physiological norms for this type
of animal. The sizes of the primordia of large bones
in both study groups are at the same level and do not
have significant differences, as evidenced by the table
data (Table 2).

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

In the course of the researches conducted to study
the embryotoxic and teratogenic effects at the stage of
preclinical trials, it has been established that the prod-
uct we designed from natural components does not
have a negative effect on the development of the fetus
during the embryonic period of ontogenesis, which is
confirmed by the results obtained. The drug also does
not have the ability to cause abnormalities in the struc-
ture of the skeletal system, which indicates the absence
of teratogenic properties.
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Table 2
Average sizes of the skeletal system rudiments upon administration of the
designed drug from days 1 to 19 of gestation (n = 7)
Bone size, mm
Type of bone .
Control Experimental
right 423+0.12 4.64+£0.17
Femur
left 431+0.20 4.63+0.16
right 5.02+0.17 5.09+0.10
Tibia
left 5.05+0.10 5.06+0.07
right 444+0.12 434 +0.14
Fibula
left 4.39+0.11 4.39+£0.08
right 3.49+0.14 3.47+0.15
Scapula
left 3.43+0.09 34+0.11
right 429+0.10 4.32+0.07
Brachial bone
left 431 +0.09 4.35+0.08
right 4.38 £0.08 4.35+0.06
Elbow bone
left 4.37£0.05 4.32+0.07
) right 3.45+0.09 3.41+0.07
Radius
left 3.46 +0.06 3.39+0.06
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N3YYEHUE TOKCHUYECKOI'O U MECTHO-PA3JIPAKAIOIIEI'O
JIEMCTBHU S KOPMOBOM JJIOBABKHU I'EITATOITPOTEKT
HA JIABOPATOPHbBIX )KUBOTHbIX
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Annotanusi. OTe4eCTBEHHOE )KHBOTHOBOICTBO U NITUIIEBOJCTBO — 3TO HanOoJiee JMHAMUYHO PAa3BHUBAIONIHECS
OTPACIIN CEITLCKOTO X03IHCTBA, 00ECIEUNBAIOIIIE HACEIICHNE CTPaHbl OMOJIOrMYECKU MOIHOLCHHBIMU 1 Oe30mac-
HBIMHU NPOAYKTaMM NUTaHUs. B nepuoa nMnopro3aMelieHus Ha BeTepUHapHbIi peiHOK Poccuiickoii denepannn
MOCTyMNAaeT 3HAYUTEIILHOE KOJIMYECTBO HOBBIX NPENapaToB M KOPMOBBIX J00ABOK, KOTOPBIEC B 00s3aTEILHOM I10-
psiZIKe TOJDKHBI TIPOXOANTH JOKIMHUYECKHE U KIIMHWYECKHE nccienoBanus oezonacHoctr. OJHOKpaTHOE BHY-
TPHXKEITYIOYHOE BBEJCHWE MHOTOKOMITOHEHTHOH KOpMOBOi#l no6aBku [emaromporekt B mo3zax 2000 mr/kr
n 5000 Mr/Kr He TpHUBEJIO K rHOeIH 1abopaTopHBIX KUBOTHBIX, 4To corntacHo ['OCT 32644—2014 no3sonmio
OTHECTH €€ K 5 KJIaccy OIMacHOCTH. 3a BeCh IIEpHOJ HAOIIOEHUH HE OTMEYAJIN HapyIIeHUH B TOBEICHUSCKHX pe-
aKIMAX U PU3HOJIOTUYECKOM COCTOSTHUU KpBIC. MccienoBaHus UCITBITYEeMOTO TIPOIYKTa TI0 ONPEJICNICHUIO MECT-
HO-Pa3paXkarollero AeHCTBUs MPOBOJIIN ITyTEM HaHECEHHsI €0 Ha KOXKY MOPCKUX CBHUHOK U KPOJIUKOB. Y Of-
HOW MOPCKOM CBHUHKH BBISIBUJIM HE3HAUUTEIbHBIC N3MEHEHMs], BEIPA3UBIIEeCcs B MOSBICHUU €/1Ba BUAUMOI dpH-
TEMBI, Hcue3arolleil B TedeHne 2 yacoB. Takoe KpaTKOBPEMEHHOE MUHHMAIbHOE pa3pakaroliee ACHCTBHE HE
BJIMSUIO HA YIIPYTOCTh M 2IACTHYHOCTB KOXKH, & )KMBOTHBIE COXPAHSUTN (PU3HMOIOTHYECKOE COCTOSTHHUE U TIOBE/ICH-
YeCK1e peaKiny, CBOHCTBEHHBIE 3/10pOBBIM 0c00sM. [1o pe3ynsraram aHai3a pa3paskaroliero IeHCTBHS Ha CIIH-
3HUCTHIC 000JIOUKN OpraHa 3peHUsI KPOJIMKOB U MOPCKUX CBHHOK (MHCTHILTALMS 1 % CycHeH3nu Ha KOHBIOHKTH-
BY) 3aperHCTPUPOBAIHM HE3HAYNTEIbHYIO JIAKPHMAIIMIO, HCUE3AIONIYI0 Yepe3 25 MUHYT U JIETKYIO THIICPEMUIO
KOHBIOHKTHBBI TOJIBKO Y IBYX MOPCKHX cBUHOK. Ha mpoTsxxkenun 14 nHel onbITa y KPOIUKOB U MOPCKUX CBHHOK
HE OTMETUIIN Pa3Ipa)arolero AeHCTBUSL.

KaioueBble ciioBa: kopMoBast 100aBKa, [ enarorpoTexT, ocTpasi TOKCHYHOCTh, MECTHO-Pa3/ipaxaroliee IeHCTBIE,
n1abopaTopHbIC KUBOTHBIC

B COBPEMCHHOM KMBOTHOBOJICTBE HIMPOKO pac- Tokcukomoruueckas OILICHKa IIpeArojaaract HeJ’H:IfI

MIPOCTPAHCHBI 3a00JIeBaHMsI OOMEHa BEIIECTB, KOTO-
pBI€ HAIPSMYIO BIHSIOT Ha MPOJYKTUBHOCTH )KHBOT-
HBIX, BO3MOXXHOCTh PACKpPBITHSI UMH T€HETHYECKOTO
MOTEHIUAIA U YKOHOMUYECKYI0 3((EKTUBHOCTh OT-
pacau B ueioM. [lorToMy ¢ 11enbio pe1oTBpalleHus
MeTaboINYeCKUX HapYyIIIEHHUI aKTUBHO pa3pabarbiBa-
FOTCSI ¥ BHEAPSFOTCSI HOBBIE KOPMOBEIE TOOABKH, CTIO-
COOCTBYIOIITHE HOPMaJIH3aIiK 0OMEHA BEIIECTB, YIyd-
[ICHHUIO MTPOJTYKTUBHOCTH M YMEHBIIICHHIO 3aTpaT Ha
kopMa [ 1—4]. OnHako nepen UCIOIb30BaHUEM UX [
ITPOJIYKTUBHBIX dKMBOTHBIX 00513aTEIIBHO JIOJKHBI ObITh
MIPOBEICHBI TOKITMHUYICCKUE TOKCUKOJIOTHICCKUE HC-
CJICIOBAHUSI.

psLT MicCIIeIOBAaHMI, HEOTHEMIIEMOU YaCThIO KOTOPBIX
SBIISIETCS] N3yYEHUE OCTPO TOKCHYHOCTH U MECTHO-
pa3Ipakaromiero AeHCTBYSI Ha OPraHu3M dKCIIEPUMEH-
TaJbHBIX )KUBOTHBIX [5—28], UTO U MOCITYKUIIO LENbIO
Haie padoThl.

Leab nceaenoBaHust — U3yYUTH OCTPYIO TOKCHY-
HOCTb U MECTHO-Pa3ApaKaroIee 1elCTBUE KOPMOBOM
nmobaBku I ermaTonpoTekT Ha TabOpaTOPHBIX YKUBOTHBIX.

MATEPHUAJIBI U METO/IbI
NUCCJIEJOBAHUM
WccnenoBanusa nposoaunu B nepuon 2021—
2022 rT Ha 6a3e oTHena SKOJIOTHH U He3apa3HOoH ma-

© Mankos C. B., Onapuna O. 1O., Kpacuomnepos A. C., Bepemax H. A., Tomckux O. I, 2023
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TOJIOTHH >KHBOTHBIX YPaJIbCKOTO HAayYHO-HCCIIe10Ba-
TEHCKOTO BETEPUHAPHOTO WHCTUTYTa — CTPYKTYp-
Horo noapazneneaus ®PI'bBHY YpdAHUIL] YpO PAH
B pamkax [ ocynapcTBeHHOTO 3a7JaHUsT B COOTBETCTBHU
¢ [Iporpammoit ®HU rocynapcTBeHHBIX akageMui
HayK 1o HampasieHuro 4.2.1.5 «Pa3pabotka TexHo-
JIOTUH MPUKU3HEHHOTO YIPABICHUS Kaue€CTBOM XKH-
BOTHOBOJYECKOTO CBHIPbS AJIsl TIOJTYYSHHS BBHICOKOKA-
YECTBEHHBIX U 0€30TaCHBIX MTPOILYKTOB MTUTAHUY.

KopmoBas mob6aBka ['emaTonpoTekT — MHOTO-
KOMITOHEHTHBIN CBIYYUIl TOPOIIOK OEKEeBOTO LiBe-
Ta, COACPKAIINN B CBOEM COCTaBe: aMOP(HBIA JHOK-
CHJ1 KPEMHHUS; IMATOMUT; IPOAIKU KOPMOBBIE; IIPOTIH-
JICHTJINKOJIb; KOPEHb ITUKOPHS; MPOMMHOHAT KaJIbIIHS;
KHCIIOTYy aCKOPOMHOBYIO; XeJIaTHbIE COCMHEHUS Me-
THOHWHA C MapTaHIeM, MEIbI0 U IIMHKOM; METHOHHUH
84 %; xomuH xnopuxn 60 %; mMPOT NOACOTHEUHHKA.
HcnpiTyemasi KoOMOMHAIIUSI KOMIIOHEHTOB MTpeHAa3HA-
YeHa JUIss HOpMain3alui oOMeHa BeIeCTB, BbIBE/IE-
HUS TOKCUYHBIX COCAMHEHWU W3 OpraHW3Ma, 3alllv-
THI ¥ BOCCTAHOBJICHHSI TIEYCHN OT BPEAHOTO BIIMSHUS
HEKOHTarmo3HbIX (PaKTOPOB, MPEAYIPEIKACHUS KETO-
aIK103a, MOBBIIIEHUS yCTOWYMBOCTH K CTPECCY, YIIyd-
LIEHUs TPOJYKTUBHOCTH, YMEHBILIEHUS 3aTpaT Kop-
Ma, TIOBBIIIEHHUS COXPAHHOCTH MOTOJIOBBS )KUBOTHBIX.
Pazpaborunk u mponsBogurens: OO0 «CXIT «Husay,
Pecmryonmka Kpbim.

JloKIMHUYECKHE UCIBITAaHUS TI0 OINPECICHII0
OCTPOM TOKCHYHOCTH, OCYIIECTBIISUIN Ha KITMHUYECKU
3JJOPOBBIX CaMKaX HEJIMHEHHBIX J1JaOOpaTOPHBIX KPBIC
(n = 6), momoBo3peNbIX, HEOSPEMEHHBIX U paHEe HE
POXaBIINX, C TPEIBAPUTEIHHBIM 1 0-THEBHBIM KapaH-
TUHUPOBAHUEM, MAPKUPOBAHUEM B ()OPMHUPOBAHIEM
rpymi. Bo3pact kpbIc Ha Hadajo SKCrepuMeHTa ObLT
8—9 Henenp, xxuBasg Mmacca— 180—195 .

[lepen ompeneneHneM oCTpOi TOKCHYHOCTH Jia-
0OpaTOPHBIX KPHIC BBIJCPKUBAIIN HA TOJIOAHOM IUETE
B TeUeHHE 12 9acoB cO CBOOOTHBIM JOCTYIIOM K BOJIC.
3areM IpbI3yHOB B3BEITUBAIN W HA OCHOBAaHWHY MaCCHI
TeNa WHANBUIYaIbHO JUIS KaXKI0TO TPhI3yHA PacCUH-
TBIBAJIM HEOOXOAMMOE KOIMYECTBO UCIBITYEMOH J0-
0aBku. Ha HawanmpHOM 3Tane Tpem 0co0sM BBOAMIH
KOpMOBY0 100aBKky ['enaronporexT B 03¢ 2000 Mr/kr
MAacchl Tena.

[To pe3ynbpraTtaM 3TOTO SKCIIEPUMEHTA CIIEAYIO-
IIMM TPeM TPbI3yHaM 103y yBemudmiu 10 5000 mr/kr
cornacHo 'OCT 32644—2014 [9]. Uccnenyempsiii
MPOAYKT U3MENIBYANIN JI0 COCTOSTHUS MTOPOILIKA U CMe-
LIMBAJIM C AUCTUITUPOBAHHOMN BOJIOH, JOBOJS 00beM
TOTOBOM CYCIEH3UU JIO0 5 MII, 3aTE€M €€ BBOJIMIIU KHU-
BOTHBIM TIPU TIOMOIIY 30HJa WHAMBUAYAJIbHO BHY-
TprokenynouHo. HabmroneHus 3a kppicaMu TIPOBOIH-

JIY B TEUYEHUE MEPBBIX CYTOK: B nepBbie 30 MUHYT He-
MIPEPHIBHO, a B MIOCIICIYIOMIHE 4 aca perucTpUpOBaIn
MIPU3HAKH TOKCUYHOCTH eXedacHo. [lo okoHUuaHmmn
ATOTO TMEPHO/Ia COIIACHO PETJIAMEHTY OTIbITa JaBaIn
KOpM. OLIEHKY COCTOSIHUS ’KUBOTHBIX B COOTBETCTBUU
¢ 'OCT 32644—2014 ocy1mecTBisuI MHAUBUAYaIb-
HO €KE/IHEBHO C BbISIBIICHUEM (DPU3HUOJIOTHUECKHX, T10-
BEJICHUYCCKUX, OOJICBBIX V ITUIIIEBHIX BApHUAIINI B TCUE-
Hue 14 gueit. KoHTposibHbIE B3BEIIMBAHUS TPOBOUIN
Ha 7 1 14 auu skcnepuMenTa. [1o okoHuaHuu uccine-
JIOBaHUS OCTPON TOKCUYHOCTH JIAOOPATOPHBIX TPHIY-
HOB ITOJIBEPIVIN IBTAHA3UU U Ay TOTICUH C LIETBIO OIICH-
KU BO3MOKHBIX MaKpPOCKOMTMYECKUX U3MEHEHU BHY-
TPEHHUX OPTaHOB.

Jlajee mpoBOIMIIH HCCIICTOBAHNUS 110 BBISIBIICHHIO
pazapakarolliuX CBOUCTB UCIIBITYEMOU KOPMOBOM J0-
6aBku. OOBEKTOM HAOMIOACHUN OBLIN KIMHUYCCKH
37I0pOBBIC HEOEPEMEHHBIC M PaHEE HEPOXKABIIINE CAMKU
MOPCKHX CBHUHOK (7 = 6) U KPOJIUKOB (1 = 6) C ®KUBOU
maccoit 350—390 r u 2,4—2,5 Kr COOTBETCTBEHHO.
Bce maboparopHbie )KHBOTHBIC TIPOXOIUIN KapaHTH-
HUPOBAaHUE B TeueHue 14 nHel ¢ nociaenyouum B3Be-
mmBanueM Ha Becax CAS SW-10 (FOxxnast Kopest), me-
YEHUEM U KOMIUIEKTOBAHHUEM TPYIIIL.

DKCIEepUMEHTABHBIX XUBOTHBIX COAEpKaIU
B OJTMHAKOBBIX YCIIOBUSX C KOHTPOJIUPYEMBIM MUKPO-
KJIMMAaTOM COTJIACHO HOPMATHBHBIM CAHUTApHO-TUTHe-
HUYECKHM TpeOoBaHMUAM U pekoMeHaanusM [ 10—15].

IlepBrlii 3Tan ucciaeq0BaHUS BKIIOUAN OMpese-
JIEHWE MECTHO-Pa3APaXKaIOIIEeTO ACHCTBUS HA KOXY
TPEX MOPCKUX CBHHOK M TPEX KPOJIHMKOB, KOTOPHIM BBI-
OpwvBany 1Mo 2 ydacTka MIEPCTHOTO TOKPOBaA IUIOIMIA-
Jbto 30 X 30 MM B BHJIE KOXKHOTO «OKOIIIKa» C JABYX
crtopoH TynoBuia. [locne 24 yacoB rononHou aue-
ThI U OTCYTCTBUU SPUTEMBI HA KOKE KUBOTHBIX HAUU-
Haju dKkcrepuMeHT. Ha koxy JBYX «OKOLIEK» IIPaBOl
CTOPOHBI MHANBUAYATHHO OJHOKPATHO HAHOCHIIH aIl-
mrkaruu Maszu (50 % I'emaromporekt + 50 % mano-
JIUH) B KOJTUYECTBE: MOPCKAM cBUHKaM — 0,1 T/5ku-
BoTHOE U 1,0 T/5knuBOTHOE, Kponukam — 0,5 T/5KUBOT-
Hoe u 5,0 r/sxuBoTHOE. KOHTpOsIeM Ciy Uil «OKHay
C MIPOTUBOMOJIOKHON CTOPOHBI, HA KOTOPhIC HAHOCUITU
AHAJIOTUYHOE KOJTMYECTBO Ma3u, COMEPrKaIei TOIBKO
JIAHOJIMH. DKCITO3UIINS cocTaBisiia 4 yaca. [1o ucreue-
HUH ATOTO MePHOJIa YIS OCTABIIEECs KOJIMIECTBO
I'emaronpoTexra, MecTa HaHECEHHS BBICYIITUBAIIH H Pe-
TUCTPHUPOBATIU U3MEHEHUS PEAKIIUHU KOXKU EKESTHEBHO
B TeueHue 14 qHeil B OTHO U TO JKE BpeMsl. Y UUTHIBATIH
M3MEHEHMSI I[BETA, MTOSIBICHHUE OTEKA M PACUECOB, TOJI-
LIMHY KOKHOM CKJIaJIKU. BOJIE3HEHHOCTh ONpeeIsiin
peaKIuer KUBOTHBIX Ha MaJBIAIAI0 dKCTICPUMEH-
TaJbHOTO Y4acTKa.
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Pesynbrarsl olleHHMBaIU 1O O0ajJbHOU CHCTEME
(mIKasa BRIpa)KEHHOCTH MECTHO-Pa3IpaskaroIero Iek-
CTBHUSA Ha KOXYy) (Tabm. 1).

Bropoii aTan uccnenoBanus — onpezeneHne pas-
JPa)KAIOIIETO JICHCTBUS Ha CIM3UCTHIE 000JIOUKH Opra-
Ha 3peHus. [[j1s1 Toro TpeM MOPCKUM CBUHKAM U TPEM

KpOJIMKaM B KOHBIOHKTHBAJIbHBIN CBO/J IIpaBoro IJa-
3a HAHOCHJTH OJHOKpaTHO 2—3 karutu 1 % cycnensun
KOPMOBOH 100aBKH, a JIeBasi CTOPOHA CITy)KHJIa KOH-
TpPOJIEM, HO BMECTO MCCIIEyeMOr0 BEIeCTBa IpUMe-
HSUTM JUCTUJTMPOBAHHYIO BOJY TEMIIEpaTyphl Teia
JKHUBOTHOTO.

Taonnna 1
lxana evipasicennocmu Mecmno-pazopancarueco Oetcmaust Ha Koicy
BusyanbHble H3MEHEHUS 3HaueHne
OTCYTCTBHE SPUTEMBI H OTEKa 0
EnBa BuanMmas sputema (61eTHO-p0O30Bast) U MOSBICHUE MIPHITYXJIOCTH 1
SlcHo BuUMast spuTeMa (SIPKO PO30Bast) M JETKUH OTEK (YeTKHe Kpast MPUIYXJIOCTH) 2
Kpacnas sputeMa 1o BceMy y4acTKy U CpeIHHUH 0TeK (IPUIyXJIOCTh =~ 1 MM) 3
Tsoxenast sapuremMa, MHQUIBTPALMS ¥ CHIIBHBIN 0TeK (IPUITYXJIOCTh > 1 MM) 4
Tsoxenast sapurema, BbIpakeHHast HHQUIBTPAIIKsI, 04aroBble U3bsI3BICHMUS, HAIMUUE CTPYIIa 5

BusyanbHyro peakuuio pazapaxeHHss KOHbIOHK-
TUBBI OLIEHNBAJIM €KE€YaCHO B TEUEHHE 6 4acOB MOCIIE
WHCTWUISIAY 110 OayipbHOU 1mKaie (Tadm. 2). Jlamee
€XXeHEBHO Ha NPOTsHKeHNH 14 mHel yauTsBaim 00-
LIe€ COCTOSIHUE )KUBOTHBIX, HAJIMUNE SPUTEMbI KOHb-

FOHKTHBBI, U3MEHEHHUS CJIC3HOTO MPOTOKA U CKIICPHI,
MPUCYTCTBUE CIIC30TECUCHUSI M KOJIMIECTBO BBIJCIIC-
HUH, BO3MOXXHOE TIOSIBJICHHE KepaTtuTa u Onedapura,
cBeT000s13HE. OOparaiM BHUMAHUE HA JUTUTSITLHOCTD
Y BBIPaXKEHHOCTh M3MCHECHUH.

Tabauna 2
banvnas wkana oyenku peakyuu KOHbIOHKMUBLL HA PA30padlceHue
bannst Peaxius Dpdexr
0 Her OTtcyTCcTBYyET
2 Cnabas Cualbrit
4 BeripaxenHas YMmepeHHsbI
6 Cne3oreueHue Ca0o0 BBIpaKCHHBIN
8 Hannune BeigeneHun BripaskeHHbli
10 Otek Bex CUIBHO BBIPAYKEHHBIN

PE3YJBbTATHI HCCJIEJIOBAHUM

Ha ocHoBanuu aHanusza JUTEPATYPHBIX AAHHBIX
OBLIO YCTaHOBJICHO, YTO BXOJSIINE B COCTaB KOMIIO-
HEHTOB KOPMOBOU JJ00aBKH [ €naTonpoTeKT BeIECTRa,
HE OKa3bIBalOT HETaTMBHOIO BJIWSAHUS HA OpPraHU3M
JKUBOTHBIX. ITO TOCITY>KAII0O OCHOBAHUEM JIJIST BEIOO-
pa Ha HavaJbHOM 3Talle HKCIEPUMEHTA J03UPOBKHU
2000 mr/Kr Macchl Teja.

IIpu onpeneneHUn OCTPOM TOKCUYHOCTH B Te-
yeHne 24 4acoB MOCIie BBEIEHUS KOPMOBOH J100aB-
ku ['ematonporext Hadmonamu 100 % coxpaHHOCTD
KpBIC, OTCYTCTBUE U3MEHEHHUH B MOTPEOJICHUH KOP-
Ma ¥ BOJBI, YaCTOTHI W TIyOHMHBI JBIXaTeIbHBIX IBU-
YKCHUH, IIBETa BUIUMBIX CITU3UCTHIX 000JI0UeK, KOOp-
JIMHAIIMU JIBUOKEHUN M TOHYyCa CKEJIETHOW MYCKyJia-
Typbl. YTHETEHHOTO COCTOSIHMS He oTMedanu. l[Ber
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(hexauii ¥ KOHCUCTCHIIMS COOTBETCTBOBAJIM HOPME.
[Tocnemyromue 14 cyTok Bce KPBICH! OBUTH KHBBI, aK-
THUBHBI U OTPHIIATEIHFHON THHAMHKH B X (DH3UOTIOTH-
YECKOM COCTOSTHUH HE HaOJIIOHaH.

JKupas macca rpsI3yHOB Ha 7 U 14 gHM 3Kcnepu-
MEHTA TMOKa3aja YBEIUUYCHHE CPEIHUX 3HAYCHUN Ha
3,5 % u 7,3 % 1o oTHOIICHHIO K (JOHOBBIM ITOKa3aTe-
JISIM. AHAITA3 pe3yIIBTaTOB ayTOIICHU HE BBISIBHII ITATO-
JIOTUIECKUX N3MCHEHHH B IIBETE, KOHCUCTCHIINH U Pa3-
Mepe BHYTPEHHUX OpPTaHOB.

OTcyTcTBUE THOEITH KUBOTHBIX M TIPU3HAKOB TOK-
CHYHOCTHU Ha HAYAJILHOM 3Tarle SKCIIEPUMEHTA MOCITY-
JKUJI0 OCHOBAHHMEM [T UCTILITAHUSI BEPXHETO YPOBHS
10361 — 5000 Mr/KT Macchl Tena. MccmenoBanmst po-
BOJIWJIN B aHAJIOTHIHBIC BPEMEHHBIC TIEPUOJIBI C PETH-
cTpalueil u3MeHeHU.

BayTtpuxenynouHoe BBeIeHUE UCTIBITYEMOU KOP-
MOBO# f00aBkH B 03¢ 5000 MI/KT Tak»e HE BBISIBHU-
JIO HEraTUBHOTO BIIMSTHYSI HA OPTaHN3M J1a00paTOPHbBIX
kpbic. CoxpanHocth coctaBmia 100 %. OTkiioHeHUH
B (PM3HOJIOTHYECKOM COCTOSTHHH, TTUIICBBIX, TIOBEICH-
YEeCKUX M OOJIEBBIX PEaKIUsIX IPhI3yHOB HE OBLIO 3a-
PETUCTPUPOBAHO.

VBenuuenue KUBOM Macchl Ha 7 U 14 nHU Ha-
omonennii coctasuiio 3,4 % u 6,2 % 1m0 OTHOIIIEHUTO
K MTepBOHAYATIBHBIM JaHHBIM. BUIUMBIX TIaTOJIOTHYC-
CKHX W3MCHCHHH BHYTPECHHUX OPTaHOB ITOCJIE ayToO-
rcuu He oTMmedanu. TakuMm oOpa3oMm, MpUMEHEHHe
kopMoBo#i to6aBku B f03ax 2000 mr/kr u 5000 mr/kr
HE MPUBEJIO K THOEI M 1a00paTOPHBIX )KUBOTHBIX, UTO
cormacHo 'OCT 32644—2014 1103BONHIIO OTHECTH €€
K 5 KJ1accy OMacHOCTH.

[Ipu wcceqoBaHUM MECTHO-pa3apa’karomIero
JEHCTBHS TTPOBOIMIIN 3aIUTAHUPOBAHHBIE MAHUITYJISI-
LIUU C TA0OPATOPHBIMHU KUBOTHBIMU COTJIACHO JM3aii-
HY OIIBITA.

[Tocne Bo3neHCcTBHSI KOPMOBOH T00ABKH HA KOXKY
Y KPOJIMIKOB HE 3apeTUCTPUPOBAIN TIPU3HAKOB BOCIIA-
JICHUS WK pa3apaxenns. Koxka ocraBaiach 37acTHY-
HOM, IOBMKHOM, 0€300/1€3HEHHON U BOJIOCSIHOM I10-
KpOB HauMHAJl BOCCTAHABIUBATHCS CO BTOPBIX CYTOK.
JKuBoTHbIE BeCh Iepuo/] HAOMIOCHNH 0CTaBaJIKCh aK-
TUBHBIMH U COXPAHSLIHN (PU3HOJIOTUUESCKHE U ITUILIEBbIC
peaKITiy, CBOMCTBEHHBIC 3JIOPOBBIM OCOOSM.

He3HaunTeapHbIC H3MEHEHHSI BRISIBUIIH ITOCJIE all-
IUTHKAIAA TECTHPYEMOW KOPMOBOH JOOABKH HA KOXKY
MOPCKHX CBHUHOK, KaK Hau0oliee 4yBCTBUTEIHHBIX
00BEKTOB JIA0OPATOPHBIX HCCICNOBAHUMN. Y OIHOTO
JKUBOTHOTO MIPU HAHECEHUH JJOOABKU B COCTABE Ma3u
B 03¢ 1,0 T/’KUBOTHOE B TIEpBBIE CYTKH OTMEYAIIH €/1Ba
BHIUMYIO dPUTEMY, KOTOpas HcUe3a B TEUCHUE 2-X
4acoB, T. €. IMEJI0 MECTO MUHUMAIILHOE pa3apakaro-

mee JAecTBUE, He TIOBIUABIIEE HA YIIPYTOCTh U dJia-
CTUIHOCTH KOXKU. BO3MOXXHO, TaHHAs peaKITus CBs3a-
Ha ¢ UHIMBUYAJIbHON YyBCTBUTEIBHOCTBIO KOHKPET-
HOW 0c00H, TaK KaK OTKIIOHEHUH B (PH3UOIOTHUECKOM
COCTOSIHMM U TMOBEIACHUYECKUX PEaKIUSIX HE 3aperu-
CTPUPOBAHO.

ITo pe3ynapTaTam mepBOTO dTama HCCIIECIOBAHMI
OBLIO YCTAHOBJICHO, YTO TIOCIIC OMHOKPATHON HAKOXK-
HO¥ 4-4acOBOW HKCIIO3UITNH KOPMOBOI T0OABKHU B CO-
cTaBe Ma3u y 000MX BHJIOB KHBOTHBIX B TedueHue 14
JTHEH He BBIABICHO MECTHO-pa3apaxaromiero 3ddex-
Ta U BUJUMBIX U3MCHCHUM.

IIpu n3yuenuu pasapaxkaroero AeMCTBUs KOpMO-
BOI1 100aBKHM HA CIU3UCTBIE OOOJIOYKH TJ1a3 MOPCKHUX
CBHHOK M KPOJIMKOB CYILECTBEHHbBIX HETaTUBHBIX M3-
MEHEHUI HE OTMEUECHO.

Opnnako mocne uHcTUIAAUU 1 % cycneH3uu
y IBYX MOPCKHUX CBUHOK 3apErUCTPUPOBAIH HE3HAUU-
TETHHYIO JIAKPUMAIIHNIO, UCUE3AIONIYI0 uepe3 25 Mu-
HyT. B Teuenune 1 yaca y 3Tux ocobeli Takxke HaOI0-
JIaJI JIETKYI0 TUIIEPEMUI0 KOHBIOHKTHBBI.

Ha ocHoBaHuu NOTYUYEHHBIX PE3YJABTaTOB BTOPO-
T0 3Tarna UCCIeI0BaHUM, mpoaopKapierocs 14 nueu,
OBLJIO YCTAHOBJICHO, YTO HAHECCHHE HA KOHBIOHKTH-
BY CYCIICH3WH KOPMOBO# 100aBKH [ emaronpoTexT He
OKa3bIBAJIO Pa3PAKAOLLEr0O ACHCTBUSI.

3AKJIIOYEHUE

3a BpeMs POBEICHHsI UCCIICIOBAHMIA HE HAOII0-
JIaJTA KITMHUYECKUX MTPU3HAKOB HHTOKCUKAIIMH Yy J1a00-
PaTOPHBIX KPBIC TIOCIIC BHYTPIIKEIYTIOYHOTO BBEJICHUS
KOpMOBO# no6aBku [ ematonporekt B 03¢ 2000 Mr/KT
u 5000 mr/kr. U3sMeHeHui BHEITHETO BU/IA, THILEBBIX
Y TIOBEJICHYECKUX PEaKIInH, Iajieska )KIUBOTHBIX HE OT-
Meuaiu. [To OKOHYaHMH OTTBITHOTO TIEPHOJIa MAKPOCKO-
MUYECKUX MMAaTOJIOTMUSCKUX U3MEHEHUI BHYTPEHHUX
OpTaHOB HE PETUCTPUPOBAIIH.

IIpoBenennbie HCccIeOBaHUS KOPMOBOH JOOABKH
I'ermaTonpoTeKT He BBISIBUIIM HETaTHBHOTO BIIASHUS Ha
KOXY JTa00OPaTOPHBIX KUBOTHBIX, CIIM3UCTHIE 00004~
KH OpraHOB 3peHUs] U MX (DYHKIIMOHAIBHOE COCTOS-
HUE. YCTaHOBJIEHO, YTO ANIUIMKALHUKU TECTUPYEMOUN
KOPMOBO# 100aBKH HEe 001a1al0T MECTHO-pa3apaxKa-
oM 3P PEKTOM Ha KO)KY MOPCKHUX CBUHOK M KPOJIH-
KOB, a mpuMeHeHne B Gpopme 1 % cycrieH3un He BBI-
3BIBAET OTPHIIATEIILHOTO BO3JICHCTBHSI Ha CIIM3UCTHIC
000JI0YKH TIIa3.

Takum 006pazom, KopmoBas fobaBka [ emaronporexT
cormacao 'OCT 32644—2014 otHOCHTCS K 5 KITaccy
OTIACHOCTH W HE 00JaaeT MECTHO-Pa3IpakaroluM
neiicTBueM. B CBS3M ¢ 3THM, OHA MOYKET OBITh PEKOMCH-
JIOBaHa IS TaTbHEHITNX KIIMHUYECKUX UCTIBITAaHHA.

20 BerepunapHsiii apmakomoruaeckuii BeCTHUK o No 4 (25) « 2023



H3yuenue mokcuueckoz2o u mecmuo-pazopasicaiouie2o oeticmsus Kopmoeot 0obaeku I enamonpomexm...

CIIMCOK UCTOYHUKOB

1. Pomanosa IO. A., Jlescamxun U. M., Jlexcamru-
na C. B., Axmemoea B. B. I1oBbllIeHIEe KadecTBa MOJIOKA ITy-
TEM CKapMJIMBaHUsI aKTUBUPOBAHHBIX KPEMHHHCOEPIKAIINX
no6aBok // Marepuainbl MeayHapoaHOW HayYHO-TIPaKTH-
4ecKoi KoH(epeHIn 00y4atomuxcst, aCIUPAHTOB U MOJIO-
JbIX yueHbIX: [Ipo0nembl ¥ yTH pa3BUTHSI BETEPUHAPHOM
u 300TexHuueckoit Hayk. Caparos. 2021. C. 762—768.

2. Cokonosa O. B. Db heKTHBHOCTh MPOOHOTHYCCKOI
no6aBku «baresn B TeXHOIOTMYECKOM IIMKIIE BBIPAIIMBa-
HUSI PEMOHTHOT'O MOJIOJHSKA KPYITHOI'O POraToro ckora //
Bomnpockl HOpMAaTHBHO-IIPABOBOIO PETYJIMPOBAHHS B BETE-
punapun. 2015. Ne 2. C. 343—346.

3. Vaumoko B. E., Jlugpanoea C. Il., Epucano-
6a O. E. TloBbllIeHNE CTPECCOYCTONIMBOCTH KOPOB, HX MPO-
JYKTHBHOCTH ¥ TIHMIIEBOW LIEHHOCTH MOJIOKA ITPU UCIIOJb-
30BaHUM B pallMOHaX aHTHOKCHJAHTHBIX 100aBok // Bect-
HUK YJIbSIHOBCKOH T'OCYIapCTBEHHOH CEJIbCKOXO35IICTBEH-
Hou akagemun. 2019. Ne 2(46). C. 197—200.

4. llIxypamosa U. A., Hcaesa A. I, Coxonosa O. B.,
benoycos A. U., Ivsnzuna Y. I1. Tlpodunaxruka s(dex-
TUBHOCTH MHUKpPOXJIEMEHTOB B MUIEIUIIPHOH (opme mpu
HapyuieHnHn oOMeHa BeuecTB y TessiT // B coopHuke: DKo-
JIOTHSI YeJIOBEKa U MEIMKO-Onosoruueckas 0e30macHOCTb
HaceseHus. CoopHuk MarepraioB [X-oro MexayHapoaHo-
ro cumnosuyma. 2014. C. 145—148.

5. Bepewax H. A., Cmapuxoe H. M., Bepwunu-
na U. I0., Onapuna O. IO. 3yyenue oTAaleHHBIX JEi-
CTBHIA 100aBKH KOpMOBO# B-ceT // Borpockl HOpMaTUBHO-
MIPaBOBOTO PErylnpoBaHus B BeTepuHapuu. 2015. Ne 2.
C.275—277.

6. Bepewax H. A., Cmapuxoe H. M., Bepwunu-
na U. 10., Onapuna O. FO. ®apMaKko-TOKCUKOIOTHYECKUE
HCCIIeJOBaHUsl KOPMOBOIA J1o0aBku Jlakro-ipaiiB Ha j1a6o-
PaTOpHBIX KHUBOTHBIX // BOIpoCchl HOPMAaTHBHO-IIPABOBOTO
peryaupoBanus B BerepuHapuu. 2015. Ne 2. C. 117—119.

7. Kyuunckui M. I1., Kyuuncxas I M. 3yuenue mect-
HO-pa3pa)karolinX CBOHCTB U CyOXpOHUUYECKOM TOKCHYHO-
CTH TeTpaMuHepasia Ha J1abopaTopHBIX KUBOTHBIX // Yye-
Heie 3anucku YO BIABM. 2007. Tom 43. Beimyck 1.
C. 139—142.

8. Llxypamosa U. A., Bepewax H. A., benoycos A. H.,
Coxonosa O. B., Cmapuxos H. M. Onpenenenue octpoit
1 XPOHUYECKOW TOKCHYHOCTH npenapara « KonmuxuHomm s
BeTepHHApHOro npumeneHus // B cOopHuke: AKTyabHbIC
BOTIPOCHI BETEPUHAPHON (apMaKoIIOTHH, TOKCUKOIOTHH
u dapmarnuu. Matepuainst [V Cbhesna BeTepuHapHbIX (ap-
MaKoJIOroB U TokcukosoroB Poccuu. 2013. C. 646—649.

9.TOCT 32644—2014 MeToabl UCTIBITAHUS 11O BO3-
JIEHCTBUI0 XUMUYECKOM MTPOAYKIIMM HA OPraHU3M YEJIOBe-
ka. M.: Crannaptunadopm, 2015. 15 c.

10. TOCT 33215—2014 PykoBOACTBO IO CONIEPKAHUIO
1 yXOJIy 3a JJa0OpaTopHbIMHU )KUBOTHBIMHU. [TpaBuiia o6opy-
JIOBaHMsI TIOMEIIECHUH U Opranu3anuu npoueayp. M.: Cran-
nmapturdopMm, 2019. 20 c.

11. TOCT 33216—2014 PykoBOJCTBO IO CONIEPIKAHUIO
1 yXOJly 3a JJabopaTopHbIMH )KHBOTHBIMH. [IpaBuia conep-
JKaHUS ¥ yX0/1a 33 1a00paTOpHBIMH IPhI3yHAMH M KPOJIHKa-
mu. M.: Crangaptungopm, 2019. 15 c.

12. TOCT 34566—2019 KomOukopma moITHOPAIIMOH-
HbIE JU151 1TA00PATOPHBIX )KUBOTHBIX. TEXHUYECKUE YCIOBHSL.
M.: Crangaptundopm, 2019. 14 c.

13.TOCT P 51232—98 Boaa nutheBas. O61ue Tpe-
OOBaHMS K OpraHM3alMyd U METO/aM KOHTPOJIS KauecTBa.
M.: Crangaptundopm, 2005. 21 c.

14. Metoau4eckue peKOMEHAAINH [0 COAEPIKAHUIO JIa-
0OpaTOPHBIX KUBOTHBIX B BUBApPHUSIX HAyYHO-HCCIIEI0BaA-
TEJbCKUX MHCTUTYTOB M yueOHbIX 3aBenenuid. P/I-ATIK
3.10.07.02—09. M.: 20009. 29 c.

15. PykoBOACTBO IO MPOBEACHUIO JOKITMHUYECKUX HC-
CJIE/IOBaHMH JIEKapPCTBEHHBIX CPE/ICTB: YacTh TepBas / 1OJ
pen. A. H. MuponoBa. M.: I'pud u K, 2012. 944 c.

NHOOPMAILINS Ob ABTOPAX
C. B. MasikoB — KaHAMAT BETEPHHAPHBIX HAYK, CTAPILINN HAYYHBII COTPYIHHUK;
O. 10. OnapnHa — KaHAWJAT BETEPUHAPHBIX HAYK, CTAPIINN HAYyYHBIH COTPYIHUK;
A. C. KpacHonepoB — KaHAMJIAaT BETEPHHAPHBIX HAayK, CTAPIINKA HAyYHBIN COTPYIHUK;
H. A. Bepemak — I0KTOp BETepHHAPHBIX HAYK, BEAYIINIl HAyYHbIH COTPY/IHHK;
O.T. ToMckMX — KaHIUAT BETEpUHAPHBIX HAyK, CTApIINH{ HAyYHBIH COTPYAHUK.

Crarps noctynuna B pegaxnuio 29.09.2023 r.

BerepunapHsii apmakomorudeckuii BEeCTHUK o No 4 (25) « 2023 21



Bulletin of veterinary pharmacology « 2023 « No. 4 (25)
RO DR R R R D R R DR R O R R D R D R D

Original article
UDC 619:001.891.53:636.028

STUDY OF THE TOXIC AND LOCALLY
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Abstract. Domestic livestock and poultry farming are the most dynamically developing sectors of agriculture,
providing the country’s population with biologically complete and safe food products. During the period of im-
port substitution, a significant number of new drugs and feed additives enter the veterinary market of the Russian
Federation, which must undergo preclinical and clinical safety studies. A single intragastric administration of the
multicomponent feed additive Hepatoprotect at doses of 2000 mg/kg and 5000 mg/kg did not lead to the death of
laboratory animals, which, according to GOST 32644—2014, allowed it to be classified as hazard class 5. During
the entire observation period, no disturbances were noted in the behavioral reactions and physiological state of
the rats. The studies of the test product to determine the local irritant effect were carried out by applying it to the
skin of guinea pigs and rabbits. One guinea pig showed minor changes, expressed in the appearance of barely vis-
ible erythema, disappearing within 2 hours. Such a short-term minimal irritant effect did not affect the firmness
and elasticity of the skin, and the animals retained the physiological state and behavioral reactions typical of
healthy individuals. Based on the results of the analysis of the irritant effect on the mucous membranes of the or-
gan of vision of rabbits and guinea pigs (instillation of a 1 % suspension onto the conjunctiva), a slight lacrima-
tion was recorded, disappearing in 25 minutes, and a slight hyperemia of the conjunctiva in only two guinea pigs.

During 14 days of the experiment, no irritation was noted in rabbits and guinea pigs.
Keywords: feed additive, Hepatoprotect, acute toxicity, local irritant effect, laboratory animals

In modern livestock farming, metabolic diseases
are widespread, which directly affect the productivity
of animals, the ability of them to reveal their genetic
potential and the economic efficiency of the industry
as a whole. Therefore, in order to prevent metabolic
disorders, new feed additives are being actively de-
signed and introduced to help normalize metabolism,
improve productivity and reduce feed costs [1—4].
However, before using them in productive (food pro-
ducing) animals, preclinical toxicological studies must
be carried out.

A toxicological assessment involves a number of
studies, an integral part of which is the study of acute
toxicity and local irritant effects on the body of the
experimental animals [5—8], which was the objec-
tive of our work.

The objective of the research is to study the acute
toxicity and local irritant effect of the feed additive
Hepatoprotect on laboratory animals.

MATERIAL AND METHODS

The studies were carried out during the peri-
od of 2021—2022 on the basis of the Department of
Ecology and Non-Contagious Pathology of Animals
of the Ural Research Veterinary Institute — a struc-
tural unit of FSBSI Ural Federal Agrarian Research
Center of the RAS, within the framework of the State
assignment in accordance with the FRI Program of
State Academies of Sciences 4.2.1.5 Development of
Technologies for Intravital Quality Management of
Livestock Raw Materials to Obtain High-Quality and
Safe Food Products.

The feed additive Hepatoprotect is a multicompo-
nent free-flowing beige powder containing amorphous
silicon dioxide, diatomite, feed yeast, propylene gly-
col, chicory root, calcium propionate, ascorbic acid,
chelate compounds of methionine with manganese,
copper and zinc, methionine 84 %, choline chloride
60 %, sunflower meal.
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The tested combination of components is intend-
ed to normalize metabolism, remove toxic compounds
from the body, protect and restore the liver from the
harmful effects of non-contagious factors, prevent ke-
toacidosis, increase resistance to stress, improve pro-
ductivity, reduce feed costs, and increase the livability
of livestock. Developer and manufacturer: SKhP Niva
LLC, Republic of Crimea.

Preclinical tests to determine acute toxicity were
carried out on clinically healthy female nonlinear lab-
oratory rats (n = 6), sexually mature, non-pregnant,
nulliparous, with a preliminary 10-day quarantine,
marking and group formation. The age of the rats at
the beginning of the experiment was 8—9 weeks, live
weight — 180—195 g.

Before determining acute toxicity, laboratory rats
were kept on a starvation diet for 12 hours with free
access to water. Then the rodents were weighed and,
based on body weight, the required amount of the test
additive was calculated individually for each rodent. At
the initial stage, three animals were administered the
feed additive Hepatoprotect at a dose of 2000 mg/kg
of body weight. Based on the results of this experi-
ment, the dose for the next three rodents was increased
to 5000 mg/kg according to GOST 32644—2014 [9].

The test product was ground to a powder and
mixed with distilled water, making the volume of the
finished suspension up to 5 ml, then it was adminis-
tered to the animals using a probe individually intra-
gastrically. The observations of the rats were carried
out during the first day: in the first 30 minutes contin-
uously, and in the next 4 hours, the signs of toxicity
were recorded hourly. At the end of this period, food
was given according to the experimental regulations.
The assessment of the animals’ condition in accordance
with GOST 32644—2014 was carried out individu-
ally every day, identifying physiological, behavior-
al, pain and nutritional variations for 14 days. Control
weighing was carried out on days 7 and 14 of the ex-
periment. At the end of the acute toxicity study, labo-

ratory rodents were euthanized and necropsied to as-
sess possible macroscopic changes in internal organs.

Then, the studies were carried out to identify the
irritating properties of the tested feed additive. The ob-
jects of observation were clinically healthy non-preg-
nant and previously nulliparous female guinea pigs
(n = 6) and rabbits (n = 6) with a live weight of 350—
390 gand 2.4—2.5 kg, respectively. All laboratory ani-
mals were quarantined for 14 days, followed by weigh-
ing on a CAS SW-10 scale (South Korea), tagging and
forming of the groups.

The experimental animals were kept in the same
conditions with a controlled microclimate in accor-
dance with regulatory sanitary and hygienic require-
ments and recommendations [10—15].

The first stage of the study included determining
the local irritant effect on the skin of three guinea pigs
and three rabbits, which were shaved in two areas of
fur with an area of 30 x 30 mm in the form of a skin
“window” on both sides of the body. The experiment
began 24 hours after a starving diet and the absence
of erythema on the skin of the animals. Applications
of the ointment (50 % Hepatoprotect + 50 % lanolin)
were individually applied to the skin of two “windows”
on the right side in the following quantities: for guinea
pigs — 0.1 g/animal and 1.0 g/animal, for rabbits —
0.5 g/animal and 5.0 g/animal. The “windows” on the
opposite side served as the control, onto which a sim-
ilar amount of ointment containing only lanolin was
applied. The exposure lasted 4 hours. After this period,
the remaining amount of Hepatoprotect was removed,
the application sites were dried, and changes in skin
reaction were recorded daily for 14 days at the same
time. Changes in color, the appearance of swelling and
scratching, and the thickness of the skin fold were tak-
en into account. Pain was determined by the reaction
of animals to palpation of the experimental area.

The results were assessed using a point system
(scale of severity of local irritant effect on the skin)
(Table 1).

Table 1
Severity scale of the local irritant effect on the skin
Visual changes Value

1 2

Absence of erythema and edema 0

Barely visible erythema (pale pink) and swelling 1

Clearly visible erythema (bright pink) and mild edema (clear edges of swelling) 2
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Table 1 (the end)

1 2
Red erythema over the entire area and moderate edema (swelling ~ 1 mm) 3
Severe erythema, infiltration and severe edema (swelling > 1 mm) 4
Severe erythema, severe infiltration, focal ulceration, eschar 5

The second stage of the study is to determine the
irritant effect on the mucous membranes of the organ
of vision. For this, three guinea pigs and three rabbits
were treated with 2—3 drops of a 1 % suspension of
feed additive once in the conjunctival fornix of the right
eye, and the left side served as the control, but instead
of the test substance, distilled water with the animal’s
body temperature was used.

The visual reaction of conjunctival irritation was
assessed hourly for 6 hours after instillation using a
point scale (Table 2). Then, every day for 14 days, the
general condition of the animals, the presence of con-
junctival erythema, changes in the lacrimal duct and

sclera, the presence of lacrimation and the amount of
discharge, the possible appearance of keratitis and
blepharitis, and photophobia were taken into account.
There was paid attention to the duration and severi-
ty of changes.

STUDY RESULTS
Based on an analysis of the literary data, it has been
found that the substances included in the components
of the feed additive Hepatoprotect do not have a neg-
ative effect on the animal’s body. This served as the
basis for choosing a dosage of 2000 mg/kg of body
weight at the initial stage of the experiment.

Table 2
Point scale for assessing the reaction of the conjunctiva to irritation
Point Reaction Effect
0 No Absent
2 Weak Weak
4 Expressed Moderate
6 Lacrimation Weakly expressed
8 Presence of discharge Expressed
10 Swelling of the eyelids Strongly expressed

When determining acute toxicity within 24 hours
after administration of the feed additive Hepatoprotect,
100 % livability of rats was observed, no changes in
food and water consumption, frequency and depth of
respiratory movements, color of visible mucous mem-
branes, coordination of movements and tone of skel-
etal muscles. No depressed state was noted. The col-
or of feces and consistency were normal. For the next
14 days, all rats were alive, active, and no negative
dynamics was observed in their physiological state.

The live weight of rodents on days 7 and 14 of the
experiment showed an increase in average values by
3.5 % and 7.3 % relative to the baseline indicators. The
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analysis of the autopsy results did not reveal patholog-
ical changes in the color, consistency and size of the
internal organs.

The absence of animal death and signs of toxicity
at the initial stage of the experiment served as the ba-
sis for testing the upper dose level — 5000 mg/kg of
body weight. The studies were carried out in similar
time periods with the registration of changes.

Intragastric administration of the tested feed addi-
tive at a dose of 5000 mg/kg also did not reveal a neg-
ative effect on the body of laboratory rats. Livability
was 100 %. No deviations in the physiological state,
nutritional, behavioral and pain reactions of rodents
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were recorded. The increase in live weight on days 7
and 14 of observations was 3.4 % and 6.2 %, compared
to the initial data. No visible pathological changes in
the internal organs were noted after the autopsy. Thus,
the use of the feed additive at doses of 2000 mg/kg
and 5000 mg/kg did not lead to the death of laborato-
ry animals, which according to GOST 32644—2014
allowed it to be classified as hazard class 5.

When studying the local irritant effect, planned ma-
nipulations were carried out with the laboratory ani-
mals according to the design of the experiment.

After exposure of the feed additive on the skin of
the rabbits, no signs of inflammation or irritation were
recorded. The skin remained elastic, mobile, painless
and the hair began to recover from the second day.
The animals remained active throughout the observa-
tion period and retained physiological and nutritional
reactions typical of healthy individuals.

Minor changes were revealed after the application
of the tested feed additive to the skin of guinea pigs,
as the most sensitive objects of laboratory research.
In one animal, when the additive was applied as part
of the ointment at a dose of 1.0 g/animal, barely visi-
ble erythema was noted on the first day, which disap-
peared within 2 hours, i. e. there was a minimal irritant
effect that did not affect the firmness and elasticity of
the skin. Perhaps this reaction is associated with the
individual sensitivity of a particular individual, since
no deviations in the physiological state and behavior-
al reactions were registered.

Based on the results of the first stage of the re-
search, it was found that after a single cutaneous 4-hour
exposure to the feed additive in the ointment, no local
irritant effect or visible changes were detected in both
types of animals for 14 days.

When studying the irritant effect of the feed addi-
tive on the mucous membranes of the eyes of guinea
pigs and rabbits, no significant negative changes were
noted. However, after instillation of a 1 % suspension,
slight lacrimation was recorded in two guinea pigs, dis-
appearing in 25 minutes. Within 1 hour, mild conjunc-
tival hyperemia was also observed in these individuals.

Based on the results of the second stage of the re-
search, which lasted 14 days, it was found that apply-
ing a suspension of the feed additive Hepatoprotect to
the conjunctiva did not have an irritating effect.

CONCLUSION
During the research, no clinical signs of intoxica-
tion were observed in laboratory rats after intragastric

administration of the feed additive Hepatoprotect at a
dose of 2000 mg/kg and 5000 mg/kg. No changes in
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appearance, food and behavioral reactions or death of
animals were noted. At the end of the experimental pe-
riod, macroscopic pathological changes in internal or-
gans were not recorded.

The studies of the feed additive Hepatoprotect did
not reveal any negative effects on the skin of labora-
tory animals, the mucous membranes of the organs of
vision and their functional state. It has been found that
applications of the tested feed additive do not have a
local irritating effect on the skin of guinea pigs and
rabbits, and use in the form of a 1 % suspension does
not cause a negative effect on the mucous membranes
of the eyes.

Thus, the feed additive Hepatoprotect, according
to GOST 32644—2014, belongs to hazard class 5 and
does not have a local irritant effect. In this regard, it
can be recommended for further clinical trials.
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Annotanmsi. Metoziom pacuera 95 % nOBEpUTENBHOTO HHTEPBaIa ONPe/IeNICHbI pe)epeHCHBIC 3HAUCHHS SXOKap-
JrorpaMuecKuX MoKasarenel y pru3noiaorndecky 310pOBbIX JIOMAITHNX KolIeK. PaboTy mpoBOIMIM B BETEpH-
HapHOU kimHUKe «Bera» (r. Mocksa) u Ha kadenpe BerepuHapHOi MequuuHbl «PocbnoTex». B nccienoBanme
Bonuty 189 Komek MoJooro Bo3pacTa oT 6 MecsIeB /10 2 JIET, Pa3HbIX ITOpox ¥ Maccol Tena (2,2—9,6 xr). dns
MIPAaKTHYECKON BETEPHHAPHON METMIIMHBI PEKOMEHIOBAHBI CIEAYIOINE pe)epeHCHBIC HHTEPBAJIBI T0 OCHOBHBIM
AXOKapIHOTpapueCcKUM MOKa3aTeIsAM: AHaMETp a0pThl — 8,66—9,02 MM; MakCUMaITbHast CKOPOCTB ITOTOKA KPO-
Bu Ha aopte — 0,87—0,97 m/c; rpanuent nasnenune B aopre — 3,03—3,77 MM. PT. CT.; TOJIIMHA MEXOKEIY1049-
KOBOM neperopoiku B nuactoiny — 4,11—4,30 mm; TonumHa 3aHeil CTEHKH JIEBOTO JKEIyJ0YKa B JUACTOIy —
4,17—4,35 MM; KOHEUHbIH 1MACTOIUYECKUH pa3Mep JIeBOTo xemyaouka — 13,98—14,62 MM; KOHEUHBIH cucTo-
JIMYECKUH pa3Mep JIeBOro xemyaouka — 6,01—6,54 mm; dpakuust ykopoueHus — 55,29—58,04 %; nuamerp
JIeTOYHOH apTepuu — 6,23—6,79 MM; MakcUMaJbHasi CKOPOCTh ITIOTOKA Ha JierouHo# aprepun — 0,8 7—0,98 m/c;
IpaJueHT 1aBIeHUs B JIerouHOM aprepun — 3,01—3,84 MM. pT. CT., IMamMeTp KiianaHa JIErOYHOW apTepuu Ha ypOB-
He ¢pubpo3HoTro Kombla — 7,32—7,90 MM; TOJIIMHA CTEHKH MPABOTO JKeyrynouka — 2,24—2.47 MM; TI0JI0CTh
MIPABOTO JKEIyIOUKa B TuacToiny — 3,84—4,38 MM; cHCTOIMYECKast SKCKypCHsl B (GHOPO3HOTO KOITbIIA TPEXCTBOP-
yaroro kinanaHa — 8,50—9,35 mm; nuamerp nesoro npeacepaust — 11,20—11,63 mm; nuameTrp npaBoro npej-
cepausa — 8,45—9,18 mm; nerounas Bena — 2,81—3,00 Mmm; ipaBast BETBb JIETOUHOH aprepun — 3,22—3,47 mwm;
COOTHOILIEHHE JIEBOI BEHBI K IPaBOW BeTBU JerodHoi aprepuu — 0,86—0,89 ef1.; COOTHOLIEHHE AUAMETP JIEBO-

ro npeacepaus k auamerp aopre — 1,27—1,30 en.

KoaioueBble ciioBa: Kok, HOpMa, sxokapauorpadus, M-pexnm, B-pexxum, uMitysbcHas ronmuieporpadus

Oxokapauorpadus sSBIsETCS Ba)KHBIM METOAOM
JUArHOCTUKM PA3IMYHBIX 3a00J€BaHUM CepaeuHO-
COCYIHCTOM CHUCTEMBI Yy JOMAITHUX KUBOTHBIX [1, 2].
OxokapauorpapuuecKue UCCIeA0BaHUs B [TOCIETHIE
TO/IbI BBI3BIBAIOT BCE OONBIITNI HHTEPEC Y BETEPUHAP-
HBIX CIENHAINCTOB, TAK KaK U3MEHEHHs CTPYKTYpPBI
1 QYHKIMH CEPACUHO-COCYIUCTON CUCTEMBI IPOUCXO-
JUT Ha paHHUX CTaJAUAX HEOCTAaTOYHOCTH MUOKapAa,
KOTJIa elle KIMHUYECKUE CHMIITOMBI HE TIPOSIBIISAIOTCS
[3,4]. C nomolibo 3x0Kaparorpadui MOXKHO C BBICO-
KO 9(h(heKTHBHOCTBHIO BRIABIIATH TAPAMETPhI peMoJie-
JIMPOBaHMS MHOKap/a, TO €CTh AWIATALNIO Mpencep-
Ui, SKCIIEHTPUYECKYI0 MM KOHLEHTPUYECKON T'H-
nepTpoduIo JIEBOro U MPABOTO KETyA0UKa, OLICHUBATD
pa3Mep ¥ COCTOSHNE MarucTPaJIbHBIX COCY/IOB, BBISB-
JIITH BEHO3HBIHM 3aCTOM B JIETOYHBIX BEHAX U B Kay/lajib-
HOH MOJIOH BEHE KaK MapKephbl JEKOMIIEHCUPOBAHHOMN

JIEBOXKEIYTOYKOBOH ¥ IPABOXKETYIOUYKON CepAedHON
HEJI0CTaTOYHOCTH [5—7].

Oco00eHHO IICHHO HCII0JIB30BaTh IXOKapHOorpa-
(U0 Ipu IPOBEICHUH TPEAONICPAIMOHHON CKPUHUH-
TOBOM JTUArHOCTHUKH KMUBOTHBIX HA MPEAMET HATHUUS
CKPBITHIX KapIUaIbHBIX MATOJIOTHH, KOTOPbIE MOTYT
3HAYUTEILHO MTOBBIIIATH PUCK 3aTUIAHUPOBAHHBIX OTTe-
paTUBHBIX BMeIIaTeabcTB [8—11].

Dxokapauorpadus mokazaHa mpu OlEHKE COCTOSI-
HUS KJIAITAHHOTO arliapara Cep/ila, BRISIBICHUN HAJU-
YU HETOCTATOYHOCTH M CTEHO3a KJIAITAHOB, CPAIIICHUH
KJIarlaHoB | 1ip. [6, 12].

C moMomIbio 3X0Kapuorpa(uy MOKHO TaKKe U3-
y4aTh JAACTOIHYECKYHO (PYHKIIUIO MTPABOTO U JICBOTO
JKEITyZI04Ka TI0 XapaKTePUCTHKAM TPAHCMUTPAILHOTO
U TPaHCTPUKYCIUIATHFHOTO KPOBOTOKA WU HCIIOJb-
3ysl IpyTHe TapaMeTphl U MOAXONbI (PYHKITHOHATH-
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HOW JMarHOCTUKH NaTOJOTHUN CEpAEUYHO-COCYIUCTOMN
cucremsi [ 13—15].

C moMoIIsio dXoKapauorpaGuu MOKHO HaIekK-
HO BBISIBIIATH CHIKCHHE KOHTPAKTUIIBHOCTH WIIH CH-
CTOJIMYECKYFO TUCHYHKIIUIO JICBOTO WIIH TIPABOTO Ke-
JIyZIOUKa, YTO UTPAaeT BaXKHYIO POJb B KIMHHUUECKOM
MIPaKTHKE JJIS1 OLIEHKH COCTOSIHUS CepeYHO-COCYIH-
ctoit cuctemsl [16, 17]. C momoripio sXoKkapauorpa-
(hmm MOXKHO OIEHMBATH CKOPOCTHBIE TIOTOKH B BBIHO-
CSIIIIEM TPAKTE JIEBOTO W IMPABOTO JKEJIYI0YKa, TO €CTh
CKOPOCTh Ha a0pTe WM JIETOYHON apTEepPHH, YTO TaK-
K€ MOJKET UI'paTb BaJKHOC 3HAYCHUC ITPU JUATHOCTH-
Ke 3a00JICBaHU CePIICIYHO-COCYIUCTOM CUCTEMBI [ 18—
20]. Takum 00pazoM, U3y4eHHE CTPYKTYypPHO-(PYHKITHO-
HaJIbHBIX U3MEHEHU CEPIICUHO-COCYIUCTON CUCTEMBI,
a Tak)Ke BBISIBIICHUE PePepeHCHBIX UHTEPBAJIOB OC-
HOBHBIX 3XOKapAHOorpaduIecKux mapamMmeTpoB y 3110-
POBBIX JOMAIIHHUX KOLICK ABJIACTCSA aKTyaJIbHbIM JJIS1
MPAaKTUYECKON BETEPUHAPHUU.

Hcxoms u3 BBITIIECKa3aHHOTO, Ye1bi0 OaHHOU pado-
Mol SIBISETCS OlleHKa M pacyeT pedepeHCHBIX HHTEP-
BaJIOB OCHOBHBIX 9XOKapAHOTPAPUIECKHUX IMOKa3aTe-
neH y pU3HONIOTrHYeCK 3I0POBBIX JIOMAITHUX KOIIIEK.

MATEPHUAJIBI U METO/bI
UCCJIEJOBAHUM

Hayunas pabota mpoBoamiIach B BETCpUHAPHOM
kimHEKe «Beray (. Mocksa) u Ha kadeape BeTepuHap-
HoM meaunuael ®T'BOY BO « POCBUOTEXy, B nie-
puon ¢ 1 mapra o 10 utomns 2023 1. loManiame KoKy
MOCTYTAJIA B KJIMHUKY C IIEJIbIO TIPOBEICHUS dXOKap-
muorpaduyeckoro 00cIe10BaHus B paMKax IPOBEIe-
HUS TIPEIOTIEPAIIIOHHOTO KapAHOIOTUIECKOTO CKPH-
HUHTA. B nccieoBanme BOILIH KOIIKHA MOJIOZIOTO BO3-
pacta oT 6 MecsLEeB 10 2 JIET, pa3HbIX OPOJI U MaCCOH
tena (2,2—9,6 kr).

Oxokapauorpaduyeckoe 00CieI0BaHNUE IPOBOIN-
JIY C TIOMOIITBI0 BeTepuHapHoro Y3 -ckanepa Mindray
DC-60 (Kurait) [4]. OrieHUBaIN TOJIITHHY MEAOKEITY-
JO04YKOBO# ieperopoku B muactoiry (TMXKILx) u Ton-
LIMHY 3aHEH CTEHKHU JEBOr0 >KEIyI0uKa B AUACTOILY
(T3CJIXKn) B M-pexxume [7]. Takke paccuuThIBaIM
KOHEYHBIN JIMACTOJMYECKUN U CUCTOJIMYECKUIN pa3-
mep xemynouaka (KJAP u KCP) B M-pexume (7, 8]. s
9TOTO BBIBOAWJIM MPaBYIO MapacTepPHAIbHYIO MPOEK-
LIHIO TI0 KOPOTKOM OCH JIEBOTO kKelynouka. Opakiuio
ykopouenus (DK) Beipakanu B mpoleHTaxX W pac-
cuuthiBaiu 1o Gopmyse (KAP-KCP)x100/KP [10].
JuaMeTp MoNOCTH MPaBOTO KETyA0YKa U TONIIUHY
CBOOOIHON CTEHKH MPABOTO KEITYI0UKA OMPEICIISITH
B M-pexuMe u3 mpaBoit mapacTepHaIbHOU MPOEKITUU
10 JUIMHHOU OCH J1eBOro xenyaouka [ 11]. 3smepenue

JuamMeTpa JIEBOTO Mpeicepius U KOPHS a0PThI TPOBO-
nud B B-peskrMe Ha ypoBHE OCHOBAaHHS CepAla 1o
KOPOTKOH ocH cepara [6].

W3mepenne MakCUMalbHOTO pa3Mepa JIerou-
HO#l Bensl (JIB) u mpaBoil BETBH JIETOYHOH apTe-
pun (IIBJIA) mpoBoawiu n3 mnpaBoii mapacTepHaib-
HOM MPOEKUUHU IO JUIMHHOM OCH JIEBOTO KEIyA0U-
ka B M-pexxnme ckanupoBanus [11]. Bmecrte ¢ atumM,
paccuntbBainy kodddunmrentsr JIB/TIBJIA u JIIT/AO
[12]. CropocTh nOTOKA Ha JIETOYHOM apTepUn OLICHU-
BaJIM B UMITYJIbCHO-BOJTHOBOM PEKMME B IIPaBOi mapa-
CTepHAJIbHOM MPOEKIMH HAa YPOBHE OCHOBAHUS CEp/i-
na. [Ipu 3ToM KOHTPOJIBHBIN 00BEM pacroiarai mo
[EHTPY JIETOYHON apTepHH, CTapasiCh PaCIONOKHUTh
OCb CKaHHPOBaHMS MAaKCUMAaJIbHO MapajulesIbHO I10-
TOKy kposu [10].

OueHuBaau CKOPOCTh MTOTOKA KPOBU HA aopTe U3
BEPXYILIEYHOU ITPOEKIUU C JIEBOM CTOPOHBI IPYIHON
kJ1eTkd. KoHTponbHBI 00beM paciionarain o HeHTpy
A0PTHI MapayIeIbHO TIOTOKY KpOBH. | pagneHT nasie-
HUS B a0pT€ U JIETOYHON apTepUy PACCUUTHIBAIIH 110
crarnaptHoi hopmyne 4V?2[11, 17]. XapakrepucTuku
KJIallaHa JIESTOYHOW apTepH OLIEHUBAJIM B ITpaBOM Ma-
pacTepHaIbHOW MPOEKIUU HA YPOBHE a0PTaJIbHOIO
kiamana [8, 19].

Craructudeckyo 00pabOTKy MPOBOAMIN B IMPO-
rpamme Statistica 7,0 (CILIA) [4, 14], ncronb3ys Ta-
Kre OMOMEeTpHYEeCKHEe TI0Ka3aTeln, Kak M — cpenHee
apupmerndeckoe 3Hauenue, CI-95 % — MHUHUMAIb-
HbI 95 % noBeputenbHbI nHTEpBa, CI + 95 % mak-
CUMaIbHBIN 95 % nOBepUTENbHBIN MHTEPBAJ, TUMHU-
Tl — Min (MuaEEMYM) 1 Max (Makcumym), Std.Dev.
(Standard Deviation) — cTaHgapTHOE OTKJIOHCHHE
u Std.Err. (Standard Error) — ctannaptHas ommoka.
Pedepencusie nHTEpBaIbl 9X0KapAHOTpaPUIECKUX
roka3aTesiell pacCYUTHIBAIM METOJIOM OIpPEIeJIeHUs
95 % CI (Confidence Interval) [21].

PE3YJBTATHI UCCJEIOBAHUN
N OBCYXKJIEHHUE

OcCHOBHBIE 3XOKapAHOTrpapUUecKrue MapaMeTpbl
y (u3moMOrHYecKn 3A0POBBIX KOMICK MPUBEICHEI
B Ta0IHILE.

Crenenp HapymeHUH Y3PPEKTUBHOCTH JIETOYHOTO
KPOBOTOKA ¥l HACOCHOH (DYHKITHUH JIEBBIX KaMep Cep/i-
11a MOXKHO OIICHHTH 110 COOTHOIIEHHIO JIEBOTO TPEJI-
cepaus k aopre (JI[I/AO). YkazanHblii ko3 PHUIIHEHT
MOXET 3HAUUTENbHO CHU3UTH BIMSHUE MAcChl Teia
JIOMAITHUX KOLIEK Ha 3XOKapauorpapuueckue moka-
3aTelH, TaK KaK UCTIONIB3yeTCsl OTHOCUTENLHO (PUKCH-
POBaHHBII TUAMETP a0OPTHI JUIS OLIEHKH CTETIEHU 00b-
E€MHOU TIeperpy3KH JICBOTO MPEICEP TS
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Taoauna

basosvie axoxkapouoepaghuueckue napamempol y usuonocurecku 300poewbix OoMawHux kouex (n = 189)

Bbuomerpuueckue rnokazarenu

ITapamer

o M —9C51% +9C51% Min | Max Ste(i'. ;tr(i:
Aopra, MM 8,84 | 8,66 | 9,02 | 6,10 | 13,30 | 1,26 | 0,09
CKOpOCTh IOTOKA Ha aopTe, M/C 0,92 0,87 0,97 0,60 1,60 0,24 0,02
I'paguieHT naBiIeHUs HAa aOPTE, MM. PT. CT. 3,40 3,03 3,77 1,38 | 10,43 | 1,42 0,18
TMXIIn, mm 4,21 | 4,11 | 430 | 2,60 | 590 | 0,66 | 0,05
T3CJDKx, mm 426 | 4,17 | 435 | 2,60 | 590 | 0,62 | 0,04
K/IP, Mmm 14,30 | 13,98 | 14,62 | 9,10 | 19,80 | 2,23 | 0,16
KCP, mm 6,27 | 6,01 6,54 | 1,20 | 10,90 | 1,84 | 0,13
DY, % 56,66 | 55,29 | 58,04 | 30,95 | 90,30 | 9,54 | 0,70
Jlerounas aprepus, MM 6,51 6,23 6,79 3,00 | 11,30 | 1,74 0,14
CKOpOCTh MOTOKA Ha JICTOYHOM apTePUH, M/CEK 0,93 0,87 0,98 0,50 1,80 0,23 0,03
I'pamueHT naBiaeHus Ha JErOYHON apTEPUU, MM.PT.CT. 3,43 3,01 3,84 1,72 9,12 1,55 0,20
Knanan nerounoit aprepuu, Mm 7,61 7,32 7,90 420 | 11,90 | 1,21 0,14
TomnmHa CTEHKH MPABOTO HKETYI0UKa, MM 2,35 2,24 2,47 1,50 3,30 0,44 0,06
IDKn, mm 4,11 3,84 | 438 | 2,20 | 7,40 | 1,10 | 0,14
TAPSE mm 893 | 8,50 | 935 | 4,50 | 11,50 | 1,52 | 0,21
JnameTp neBoro npeacepaus, MM 11,41 | 11,20 | 11,63 | 7,90 | 17,10 | 1,52 0,11
JnameTp rpaBoro npencepaus, Mm 8,82 8,45 9,18 6,50 | 13,30 | 1,39 0,18
JIB, MM 2,90 | 2,81 | 3,00 | 1,90 | 6,00 | 0,63 | 0,05
[IBJIA, mm 335 | 3,22 | 3,47 | 2,10 | 8,00 | 0,82 | 0,06
JIB/TIBJIA, en. 0,87 | 0,86 | 0,89 | 0,62 | 1,09 | 0,10 | 0,01
JIIT/AO, en. 1,29 | 1,27 1,30 | 1,02 | 1,49 | 0,11 0,01

Ipumeuyanue: TMXKIInx — TonmmHa MeXKeTyI04YKOBOM neperopoaku B nuactoiy, T3CJIDKy — tonumna 3amHeit
CTEHKH JIEBOTO >kenyzaka B auactony, KJ[P — koneunslit nuacronnueckuit pazmep, KCP — xoHeuHsIN cucToanuecKuit
pasmep, Y — dpaxkius ykopouenusi, [IKx — pasmep moaoctu mpaBoro xeinyaodka B KoHIe quactoibl, TAPSE — cu-
CTOJINYECKAst IKCKYpCHsl B (PUOPO3HOTO KOJIbIa TPEXCTBOPYATOro KiamnaHa, JIB — nerounas Bena, [IBJIA — npaBas BeTBb

JIETOYHOI! apTepun.

Cy1ecTByeT MOJOKHUTEIBHOEC BIUSHUE MACCHI
tena Ha pa3smepbl AO u JIII y xomiek u oTHOIIECHUE
pasMepa JeBOro mpeacepaust K pasmMepy KOpHs aop-
THI MOKET OBITH MCTIOJIH30BAHO B KAYECTBE IMOKa3aTe-
JIsL CTENIEHHU BBIPAXKEHHOCTHU AUJIATAI[UU JIEBOTO MPEJ-

cepausi. B HarieMm ucclieioBaHUY CpeHEee 3HAYCHUS
JlaHHOTO ToKa3aress coctaBmwio 1,29 + 0,01 ex. (95 %
CI 1,27—1,30).

Takum 00pa3oM, H3MEPCHUE XapaKTEPUCTHK a0p-
ThI SIBJISICTCSI KITFOUEBBIM MOMEHTOM JIJIs1 OL[CHKH JPY-
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1I. A. Pyoenxo, K. A. I'anoyp, B. U. Jlyyaii, A. A. Pyoenko

I'HX [OKa3arelseil sXokapAnorpaduieckoro CKpUHHH-
ra. B momynsmun Gpu3noIornuecku 370pOBBIX KOIIEK
cpelHui pasmep aopThl cocTaBuil 8,84 £ 0,09 MM
(95 % CI 8,66—9,02).

Taxke CTOMT OTMETHUTB, YTO U3MEPEHUE JIEBOIO
npeacepaue (JIIT) maeT BO3MOXKXHOCTD OIICHUTH HAIU-
Yhe W CTeNeHb JUIAaTalliy JIEBOTO Ipe/ICepausi, YTo
MOXET CIIYKUTh MPU3HAKOM 3aCTOWHOW cepiedHOM
HEJO0CTAaTOYHOCTH. B Hammx uccienoBaHmsIX mokasa-
tenb JIIT cocraBun B cpeqnem 11,41 = 0,11 mm (95 %
CI11,20—11,63).

TomnmunHa MeKKeTyI09YKOBON MEPErOpOIKH B 1A~
crony (TM2KIIn) u TonmuHa 3aqHEH CTEHKH JICBOTO
x)emynka B puactony (T3CJDKnm) mpencraBiser co-
001 BayKHEHIITHE TIOKA3aTEeIH ISl TUATrHOCTHKHY THIIeP-
Tpo(hUIECKON KapIMOMHUOTIATHH Y JIOMAITHUX KOIIEK
[5]. Ucxons u3 maHHBIX, IPEACTABICHHBIX B TAOIUIIE,
TMXIIny puznonornyecku 310pOBBIX KOIIEK COCTa-
Buia B cpeaHem 4,21 = 0,05 mm (95 % C1 4,11—4,30),
a T3CJDKg — 4,26 + 0,04 mm (95 % CI1 4,17—4,35).

Juacronuyeckuil pasmep JeBOro Kejlyaouka uc-
TIOJIB3YETCS ISl ONPESIICHUs] HaTudUs WU OTCYT-
CTBHS IIEPErPy3KH 0OBEMOM JIEBOTO JKeNMyI04uKa. JTO
H3MepeHHUe OTpakaeT MaKCHMaJIbHOE HATIOJIHEHHE JKe-
Tyno4koB B (azy amactonsl. CHCTONMYECKHE pa3Me-
PBI ABJISIOTCS OTPaKEHNEM COKPAaTHTENbHON (PyHKIIMN
Cep/IIIa v He JOJDKHBI HCTIONB30BaThCA [T OTIICHKH Ha-
JIUYWS WIA OTCYTCTBHA Juiatanud. TOT ke PUHIIHTT
MPUMEHUM K U3MEPEHUSIM TONIIUHBI CTEHOK U IIEPETo-
ponok. Hannuune nin oTcyTCTBUE THIIEPTPOGHH CIIeTy-
€T OTPEeINATh IO JUACTOIMYECKUM U3MEPEHHUSM TOJ-
IIMHBI MHOKap/1a JIEBOTO JKeTy0uKa. B Hamewm ucce-
JTIOBaHUHN — KOHEUHBIH mruactommaeckuii pazmep (K/IP)
Y KOHe4HbIH cucrommueckuii pasmep (KCP) neBoro xe-
JTyaouka coctaBuin B cpeanem 14,30 = 0,16 mm (95 %
CI 13,98—14,62) u 6,27 = 0,13 mm (95 % CI 6,01—
6,54), COOTBETCTBEHHO.

Opaknus ykopoueHus (DY) xeBoro xemymod-
Ka (B aHTIOs3BIYHON suteparype — FS, Fractional
Shortening) — cTereHb YKOPOUSHHS BOJIOKOH MHOKap-
J1a BO BPEMsI CHCTOJIBI IPEJICTABIISICT COOOH N3MEHEHHUE
pa3zMepa KamMephl JIEBOTO KeTylouka B TEUECHHE TOJ-
HOTO CEep/IEYHOTO IMKIIA, BEIPAKEHHOE B MPOLIEHTAX.
[Tokazarens DY, BeposTHO, ABIsIeTCA Hanbosee pac-
MIPOCTPAHEHHBIM M BaXKHBIM dXOKapauorpauaeckum
napamerpoM. OH MOKa3bIBaeT CTENEHbh COKPAIICHUS
U YKOPOUEHHUS BOJIOKOH MUOKapAa, TO €CTh KOHTpakK-
TUJIBHOCTh WM COKPAaTUMOCTh MUOKapja. B Hamiem
HabOmroneHnn cpenHee 3HadeHne DY cocraBmiio —
56 +£0,70 % (95 % CI 55,29—58,04). YBenuuenue
BBIIIIE pedepeHCHBIX 3HaueHuH moka3zaresneit KCP, K/IP
IIPH OTHOBPEMEHHOM CHIKEHUH DY MOTyT CIIy)XHTh

JIOCTOBEPHBIMH MapKepaMHu Ipy Bepu(UKaIUU JTHja-
TaIMOHHOU KapAMOMHUOIIATHH, KOTOPast HEPEIKO PETH-
CTPHUPYETCS Yy TOMaITHUX Kotrek [18].

CKOpOCTh KPOBOTOKA 3aBUCUT OT YACTOTHI CEp-
JIEYHBIX COKpAIlleHUI, KOHTPAKTUJIBHOCTH MUOKAp-
Jla, IpeaHarpy3Ku, COCTOSIHUS MAaTUCTPATIbHBIX COCY-
JIOB U MX KJIAMIAHHOTO afrapara. YBEIMUEeHNE YacTo-
ThI CEPIICIHBIX COKPAIICHUH Y JKUBOTHBIX YBEIINIMBACT
KaK MHAKOBYIO, TaK M CPEIHIOID CKOPOCTH JIETOYHOTO
1 a0pTAILHOTO KPOBOTOKA. JIerowHbIil MOTOK MMeeT
HECKOJIbKO OoJIbIliee BpeMs BEIOpOca MO CPaBHEHUIO
C aopTaJbHBIM TOTOKOM H3-3a CHUKCHHOM MOCTHA-
IPy3KH B MajoM Kpyre KpoBooOpaienus. Hapsiay
¢ 9TIM, (ha3bl ABIXaHUS OKA3BIBAIOT BEIPAKECHHOE BITHS-
HHUE Ha KPOBOOOPAIIEHHS B TTPABBIX KaMepax Cep/la.
YBenuueHHbI BEHO3HBIN OTTOK MPU BAOXE YBEIHYU-
BaeT UHCIUPATOPHYIO CKOPOCTh JIETOYHOI'O KPOBOTO-
Ka. BenuunmHa mMakcuMaiabHOW CKOPOCTHM KPOBOTOKaA
B aopte B cpeanem cocrasmia 0,92 + 0,02 m/c (95 %
C10,87—0,97), a B nerounoit aprepun — 0,93 + 0,03
Mm/c (95 % CI 0,87—0,98).

Cucronudeckasi 3KCKypcusi (PHOPO3HOTO KOIbIA
TpexcrBopuaroro knanana (TAPSE) npeacrasnser co-
0ol cUCTeMy OICHKH (PYHKIIMOHAJIBLHOTO COCTOSIHUS
npasoro xenynouka (IDK). TAPSE sBnsercsa mmpo-
KO TIPU3HAHHBIM, KIIMHWYECKH TI0JIC3HBIM U BBITIOHU-
MBIM MapkepoM auchyHkun [1DK, u 6p110 MokazaHo,
YTO OH SIBJISIETCS IIEHHBIM MPOTHOCTHYECKUM MapKe-
POM TP pa3IMYHbIX 3a00JIEBAHUSAX CEPALA Y KUBOT-
HBIX, BKJIIOYAsi CEPJICUHYIO HEJOCTATOUHOCTb.

ITokazarens TAPSE sBnsieTcs BaKHBIM Mapame-
TPOM, OTIPEACIISIONTNM CEPICUHBIN HHIEKC U KOHTPaK-
THJIBHOCTh MHUOKap/1a IPpaBoro xenmynouka. Ero crnemy-
€T HCIIOJIb30BaTh IS IPOTHO3UPOBAHUS CMEPTHOCTH
1 3200JIeBa€MOCTH B COBOKYITHOCTH C JPYTUMH 3XO-
KapauorpaduueckuMu napamerpamu. B Hareli pabore
yCTaHOBJIEHO, 4TO TTokazarens TAPSE y 3mopoBsix 10-
MAITHUX KOIIIEK B cpeHeM cocTanisietT 8,93 + 0,21 mm
(95 % CI 8,50—9,35), a amacTonMYecKuii pa3mep 1o-
noctu [DK B cpeqnem cocraBun 4,11 £ 0,14 mm (95 %
CI 3,84—4,38).

Cucronuueckoe JaBjICHUE BHYTPH JEBOTO JKEIy-
JIOYKa TMPUMEPHO PaBHO mMepudepuyecKoMy CHUCTO-
JTUYECKOMY apTepUaIbHOMY TABJICHHUIO MPU OTCYT-
CTBUU OOCTPYKIIMH OTTOKa KPOBH W3 JIEBOTO JKEIy-
nmouka. Takum 0Opa3oM, MMPUBOIHOE AABIECHUE CTPYH
MUTPAILHOW peryprutaiuu OyleT paBHO KaK CHCTO-
JUYECKOMY JaBJICHUIO JKEITYIOUKOB, TAK U CUCTOIHYE-
CKOMY apTepuaibHOMY JaBienuto. [To mepe yBennye-
HUSI CHCTEMHOTO NTaBJICHUS TIPUBOIHOE JABICHHUE OT
JIEBOTO JKETyA0YKa K ITPEICEPANIO TaKKe Oy/IeT yBeIH-
YUBATHCS, U TIMKOBAsi CKOPOCTh COOTBETCTBEHHO yBe-
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JuuTcs. Te K€ MPUHLUIIBI IPUMEHUMBI U K IIPABOM
cTopome cepaa. CiaenoBareiabHO, TPUBOJIAIIEE TaBIe-
HHE TPUKYCITUIATBHON PEerypPrHTHPYIOIICH CTPyH Oy-
JIET paBHO KaK CUCTOJINYECKOMY JABICHUIO B IPAaBOM
JKeITy0uKe, TaK U B JIETOYHOM apTepuu NMpH YCIOBUU
OTCYTCTBHUS €€ CTEHO3a.

I'panuenT naBieHue B aopTe W JIETOYHOM apre-
pUU B HAIIUX HMCCIEIOBAHMSIX COCTABWIH B CPEJ-
vem 3,40 £ 0,18 mMm. pt. cT. (95 % CI 3,03—3,77)
n 3,43 £0,20 mm. pt. cT. (95 % CI 3,01—3,84), co-
OTBETCTBEHHO.

[Ipu yxyameHnu HaCOCHOW (PYHKIMH JIEBBIX Ka-
Mep cep/illa BO3HUKAET BEHO3HBIN 3aCTOW B JIETKHUX,
YTO MPUBOANUT K YBEIMYECHUIO AMAMETPa JIETOYHON
BeHbI (JIB), Tpy OTHOCUTENBHO CTAOMIBHBIX pa3Me-
pax mpaBoii BeTBH JieroyHoi aprepuu. Micxons u3 Bel-
mecka3zanHoro, cootHomenue [1B/IIBJIA npeacras-
JsieT co00i MPOCTOH M BOCIPOU3BOANMBII SXOKapIuo-
rpaduuecKuil TIoKa3areib, KOTOPBIH YBEIHMYHBACTCSI
C IIPOrPECCUPOBAHUEM CTaUN CEPIEYHON HENOCTa-
TOYHOCTH ¥ MOKET TOMOYB OTIINYUTH )KHBOTHBIX C Kap-
JUaJbHON TUCYHKIMEH OT O€CCUMIITOMHBIX Halu-
€HTOB C JCTeHEPaTUBHBIM 3a00JICBAHHEM MUTPAJIb-
HOTO KJIalaHa.

3AKJTIOUEHUE

Taxum oOpa3zom, MeTo[ IXOKapauorpadun SBiIs-
€TCsl BOKHEUIINM ¥ HHPOPMaTHBHBIM METOIOM JIHa-
THOCTHUKU U JOJDKEH IMIMPOKO UCIOIB30BaThCs B BETE-
PUHAPHOM MEIUIIMHE YIS OLICHKH ()YHKIIMOHAILHOTO
COCTOSIHUS CEPACYHO-COCYANCTON CUCTEMBI Y IOMAIII-
HUX KoIlleK. PeKoMeH1yeM UCIToTb30BaTh CIICIYIONTHE
pedepeHcHBIE HHTEPBAIBI IO OCHOBHBIM ITOKa3are-
JISIM 9XOKapauorpapuu: quamMeTp aopTel — 8,66—
9,02 MM; MakcUMallbHasi CKOPOCTh MOTOKA KPOBU Ha
aopre— 0,87—0,97 M/c; rpaiueHT JaBJICHUE B a0pTE —
3,03—3,77 MM. PT. CT.; TOIIIMHA MEX KEITYIOUKOBOM
rieperopoaku B guactony — 4,11—4,30 mm; Tommu-
Ha 3aJJHCH CTCHKH JICBOTO JKEIYI0YKa B THACTOIY —
4,17—4,35 MM; KOHEUHbIH AMACTOIIMYECKUMN pazMep
neBoro xkenygouka — 13,98—14,62 MM; KOHEUHBIH
CHUCTOJIMYECKUU pa3Mep JIEBOTO xeryaouka — 6,01—
6,54 mMM; dpaxus ykopoueHust — 55,29—58,04 %;
JIUaMeTp JIETouHoH aptepun — 6,23—6,79 MM; Mak-
CUMaJTbHasi CKOPOCTh MIOTOKA Ha JISTOYHOM apTepru —
0,87—0,98 m/c; TpagrieHT MaBIEeHUS B JIETOYHOH ap-
tepun — 3,01—3,84 MM. pT. CT., TMaMeTp KiamnaHa
JIETOYHOM apTepuu Ha ypoBHE (PHUOPO3HOTO KOMIbLIA —
7,32—7,90 MM; TOMIIIHA CTEHKU MPABOTO KEITYI04-
ka — 2,24—2 47 MM; TIOJIOCTh MPABOTO KEITyI0IKa
B auactony — 3,84—4,38 MM; cUCTOIMYECKAs IKC-
Kypcusi B pHOpO3HOTO KOJIbIIa TPEXCTBOPUATOTO Kiara-

Ha— 8,50—9,35 MM; TuamMeTp JIEBOTO MPEACEPAUT —
11,20—11,63 MM; nruaMeTp MpaBoOro MPEACepIus —
8,45—9,18 mm; merounas BeHa — 2,81—3,00 mm;
mpaBasi BETBb JIETOUHOM apTepun — 3,22—3,47 mwm;
COOTHOILICHHE JIEBOU BEHBI K MIPaBOil BETBU JIETOUHOM
aprepuu — 0,86—0,89 en1.; cooTHOIIEHUE TUAMET) Jie-
BOTO mpeacepaus Kk nuametp aopre — 1,27—1,30 en.
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REFERENCE INTERVALS FOR BASIC
ECHOCARDIOGRAPHIC PARAMETERS IN
PHYSIOLOGICALLY HEALTHY DOMESTIC CATS
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Andrey Anatolyevich Rudenko'

Russian Biotechnological University (ROSBIOTECH), Moscow, Russia, vetrudek@yandex.ru™

Abstract. The reference values of echocardiographic indicators in physiologically healthy domestic cats were de-
termined using the method of calculating the 95 % confidence interval. The work was carried out at the veteri-
nary clinic “Vega” (Moscow) and at the Department of Veterinary Medicine of “ROSBIOTECH”. The study in-
cluded 189 young cats from 6 months to 2 years of age, of different breeds and body weight (2.2—9.6 kg). For
practical veterinary medicine, the following reference intervals are recommended for the main echocardiograph-
ic indicators: aortic diameter — 8.66—9.02 mm; maximum blood flow velocity in the aorta — 0.87—0.97 m/s;
pressure gradient in the aorta — 3.03—3.77 mm of mercury; thickness of the interventricular septum in diasto-
le — 4.11—4.30 mm; thickness of the posterior wall of the left ventricle in diastole — 4.17—4.35 mm; end dia-
stolic dimension of the left ventricle — 13.98—14.62 mm; end systolic dimension of the left ventricle — 6.01—
6.54 mm; fractional shortening — 55.29—58.04 %; pulmonary artery diameter — 6.23—6.79 mm; maximum
flow velocity on the pulmonary artery — 0.87—0.98 m/s; pressure gradient in the pulmonary artery — 3.01—
3.84 mm of mercury; the diameter of the pulmonary valve at the level of the fibrous ring — 7.32—7.90 mm; right
ventricular wall thickness — 2.24—2.47 mm; cavity of the right ventricle in diastole — 3.84—4.38 mm,; tricus-
pid annular plane systolic excursion — 8.50—9.35 mm; left atrium diameter — 11.20—11.63 mm; right atrium
diameter — 8.45—9.18 mm; pulmonary vein — 2.81—3.00 mm; right branch of the pulmonary artery — 3.22—
3.47 mm; ratio of the left vein to the right branch of the pulmonary artery — 0.86—0.89 units; the ratio of the di-

ameter of the left atrium to the diameter of the aorta — 1.27—1.30 units.
Keywords: cats, norm, echocardiography, M-mode, B-mode, pulsed Doppler echocardiography

Echocardiography is an important method for di-
agnosing various diseases of the cardiovascular sys-
tem in domestic animals [1, 2]. In recent years, echo-
cardiographic studies have attracted increasing inter-
est among veterinary specialists, since changes in the
structure and function of the cardiovascular system oc-
cur at the early stages of myocardial failure, when clin-
ical symptoms do not yet appear [3, 4]. Using echo-
cardiography, it is possible to highly effectively identi-
fy parameters of myocardial remodeling, that is, atrial
dilatation, eccentric or concentric hypertrophy of the
left and right ventricles, assess the size and condition
of the great vessels, identify venous congestion in the
pulmonary veins and in the caudal vena cava as mark-
ers of decompensated left and right ventricles heart
failure [5—7].

It is especially valuable to use echocardiography
when conducting preoperative screening diagnos-
tics of animals for the presence of hidden cardiac pa-

thologies, which can significantly increase the risk of
planned surgical interventions [8—11].
Echocardiography is indicated for assessing the
condition of the valvular apparatus of the heart, iden-
tifying the presence of valve insufficiency and steno-
sis, valve fusion, etc. [6, 12]. Using echocardiogra-
phy, one can also study the diastolic function of the
right and left ventricle based on the characteristics of
transmitral and transtricuspid blood flow or using oth-
er parameters and approaches to the functional diagno-
sis of the cardiovascular system pathologies [13—15].
Echocardiography can reliably detect decreased
contractility or systolic dysfunction of the left or right
ventricle, which plays an important role in clinical
practice for assessing the state of the cardiovascular
system [16, 17]. Using echocardiography, it is possi-
ble to evaluate the velocity flows in the outflow tract
of the left and right ventricles, that is, the velocity in
the aorta or pulmonary artery, which can also be im-
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portant in the diagnosis of diseases of the cardiovascu-
lar system [18—20]. Thus, the study of structural and
functional changes in the cardiovascular system, as
well as the identification of reference intervals for the
main echocardiographic parameters in healthy domes-
tic cats is relevant for practical veterinary medicine.

Based on the above, the objective of this work is
to evaluate and calculate reference intervals for the
main echocardiographic indicators in physiologically
healthy domestic cats.

MATERIAL AND METHODS

Scientific work was carried out at the veterinary
clinic “Vega” (Moscow) and at the Department of
Veterinary Medicine of FSBEI HE “ROSBIOTECH”,
from March 1 to July 10, 2023. Domestic cats were
admitted to the clinic for the purpose of conducting an
echocardiographic examination as part of the preoper-
ative cardiac screening. The study included young cats
from 6 months to 2 years of age, of different breeds
and body weight (2.2—9.6 kg).

Echocardiographic examination was performed us-
ing the veterinary ultrasound scanner Mindray DC-60
(China) [4]. The thickness of the interventricular sep-
tum in diastole (TIVSd) and the thickness of the posteri-
or wall of the left ventricle in diastole (TPWLVd) were
assessed in M-mode [7]. The end diastolic and systolic
dimensions of the ventricle (EDD and ESD) were also
calculated in M-mode [7, 8]. To do this, a right paraster-
nal projection was taken along the short axis of the left
ventricle. The fractional shortening (FS) was expressed
as a percentage and calculated using the formula (EDD—
ESD)x100/EDD [10]. The diameter of the right ven-
tricular cavity and the thickness of the free wall of the
right ventricle were determined in M-mode from the
right parasternal projection along the long axis of the
left ventricle [11]. The diameter of the left atrium and
aortic root was measured in B-mode at the level of the
base of the heart along the short axis of the heart [6].

The measurement of the maximum size of the
pulmonary vein (PV) and the right branch of the pul-
monary artery (RBPA) was carried out from the right
parasternal projection along the long axis of the left
ventricle in M-mode scanning [11]. At the same time,
the coefficients PV/RBPA and LA/Ao were calculated
[12]. Pulmonary artery flow velocity was assessed in
pulse-wave mode in the right parasternal view at the
level of the base of the heart. In this case, the control
volume was placed in the center of the pulmonary ar-
tery, trying to position the scanning axis as parallel to
the blood flow as possible [10]. The blood flow veloc-
ity in the aorta was assessed from the apical projection
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on the left side of the chest. The control volume was
placed in the center of the aorta parallel to the blood
flow. The pressure gradient in the aorta and pulmo-
nary artery was calculated using the standard formu-
la 4V?[11, 17]. Pulmonary valve characteristics were
assessed in the right parasternal view at the level of
the aortic valve [8, 19].

Statistical processing was carried out in the
Statistica 7.0 program (USA) [4, 14], using such bio-
metric indicators as M — arithmetic mean, C/-95 % —
minimum 95 % confidence interval, C +95 % — max-
imum 95 % confidence interval, limits — Min (min-
imum) and Max (maximum), Std.Dev. — standard
deviation and Std. Err. — standard error. Reference in-
tervals for echocardiographic indicators were calculated
using the 95 % CI (Confidence Interval) method [21].

STUDY RESULTS AND DISCUSSION

The main echocardiographic parameters in physi-
ologically healthy cats are shown in the Table.

The degree of impairment of the efficacy of pul-
monary blood flow and pumping function of the left
heart chambers can be assessed by the ratio of the left
atrium to the aorta (LA/Ao). This coefficient can sig-
nificantly reduce the effect of body weight of domes-
tic cats on echocardiographic indicators, since a rel-
atively fixed aortic diameter is used to assess the de-
gree of volume overload of the left atrium.

There is a positive effect of body weight on Ao and
LA sizes in cats, and the ratio of left atrium size to aor-
tic root size can be used as an indicator of the sever-
ity of left atrium dilatation. In our study, the average
value of this indicator was 1.29 £ 0.01 units (95 % CI
1.27—1.30).

Therefore, measurement of aortic characteristics
is key to assessing other echocardiographic screening
indicators. In a population of physiologically healthy
cats, the mean aortic size was 8.84 = 0.09 mm (95 %
CI 8.66—9.02).

It is also worth noting that measuring the left atri-
um (LA) makes it possible to assess the presence and
degree of left atrium dilatation, which can be a sign of
congestive heart failure. In our studies, the LA value
averaged 11.41 £ 0.11 mm (95 % CI 11.20—11.63).

The thickness of the interventricular septum in di-
astole (TIVSd) and the thickness of the posterior wall
of'the left ventricle in diastole (TPWLVd) are the most
important indicators for the diagnosis of hypertrophic
cardiomyopathy in domestic cats [5]. Based on the data
presented in the table, TIVSd in physiologically healthy
cats averaged 4.21 + 0.05 mm (95 % CI 4.11—4.30),
and TPWLVd—4.26 + 0.04 mm (95 % CI14.17—4.35).
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Reference intervals for basic echocardiographic parameters in physiologically healthy domestic cats

Tabl
Baseline echocardiographic parameters in physiologically healthy domestic cats (n = 189) e
Biometrics
Parameter

M —9(;1% +9(;I% Min | Max Ste%. ;tr(i:
Aorta, mm 8.84 8.66 9.02 6.10 | 13.30 | 1.26 0.09
Aortic flow velocity, m/s 092 | 0.87 | 097 | 0.60 1.60 | 0.24 | 0.02
Pressure gradient across the aorta, mm of mercury 340 | 3.03 | 3.77 1.38 | 1043 | 142 | 0.18
TIVSd, mm 421 | 4.11 | 430 | 2.60 | 590 | 0.66 | 0.05
TPWLVd, mm 426 | 4.17 | 435 | 2.60 | 590 | 0.62 | 0.04
EDD, mm 1430 | 13.98 | 14.62 | 9.10 | 19.80 | 2.23 | 0.16
ESD, mm 6.27 | 601 | 654 | 1.20 | 1090 | 1.84 | 0.13
FS, % 56.66 | 5529 | 58.04 | 30.95 | 90.30 | 9.54 | 0.70
Pulmonary artery, mm 6.51 6.23 | 6.79 | 3.00 | 1130 | 1.74 | 0.14
Flow velocity at the pulmonary artery, m/sec 093 | 0.87 | 098 | 0.50 1.80 | 0.23 | 0.03
Elr:j;‘llrr; gradient on the pulmonary artery, mm of 343 | 301 | 384 | 172 | 912 | 155 | 0.20
Pulmonary valve, mm 7.61 | 732 | 790 | 420 | 11.90 | 1.21 | 0.14
Right ventricular wall thickness, mm 235 | 224 | 247 | 1.50 | 3.30 | 0.44 | 0.06
RVd, mm 411 | 384 | 438 | 220 | 740 | 1.10 | 0.14
TAPSE, mm 893 | 850 | 935 | 450 | 11.50 | 1.52 | 0.21
Left atrium diameter, mm 11.41 | 11.20 | 11.63 | 7.90 | 17.10 | 1.52 0.11
Right atrium diameter, mm 8.82 | 845 | 9.18 | 6.50 | 13.30 | 1.39 | 0.18
PV, mm 2.90 2.81 3.00 1.90 6.00 0.63 0.05
RBPA, mm 3.35 3.22 3.47 2.10 8.00 0.82 0.06
PV/RBPA, U 0.87 0.86 | 0.89 0.62 1.09 0.10 0.01
LA/Ao, U 1.29 | 1.27 | 1.30 | 1.02 | 149 | 0.11 | 0.01

Note. TIVSd — thickness of the interventricular septum in diastole, TPWLVd — thickness of the posterior wall of
the left ventricle in diastole, EDD — end diastolic dimension, ESD — end systolic dimension, FS — fractional shorten-
ing, RVd — size of the cavity of the right ventricle at the end of diastole, TAPSE — tricuspid annular plane systolic ex-
cursion, PV — pulmonary vein, RBPA — right branch of the pulmonary artery.

Left ventricular diastolic dimension is used to
determine the presence or absence of left ventricu-
lar volume overload. This measurement reflects the
maximum filling of the ventricles during the diastole
phase. Systolic measurements are a reflection of car-
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diac contractile function and should not be used to as-
sess the presence or absence of dilatation. The same
principle applies to wall and septa thickness measure-
ments. The presence or absence of hypertrophy should
be determined by diastolic measurements of left ven-
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tricular myocardial thickness. In our study, the end di-
astolic dimension (EDD) and end systolic dimension
(ESD) of the left ventricle averaged 14.30 = 0.16 mm
(95 % CI 13.98—14.62) and 6.27 +0.13 mm (95 %
CI 6.01—6.54), respectively.

Fractional shortening (FS) of the left ventricle —
the degree of shortening of myocardial fibers during
systole is a change in the size of the left ventricular
chamber during the full cardiac cycle, expressed as a
percentage. FS is probably the most common and im-
portant echocardiographic parameter. It shows the de-
gree of contraction and shortening of myocardial fi-
bers, that is, contractility or contractility of the myo-
cardium. In our observation, the average FS value was
56 +£0.70 % (95 % CI 55.29—58.04). An increase
above the reference values of the ESD and EDD indi-
cators with a simultaneous decrease in FS can serve
as reliable markers for verifying dilated cardiomyop-
athy, which is often recorded in domestic cats [18].

The speed of blood flow depends on the heart rate,
myocardial contractility, preload, the condition of the
great vessels and their valve apparatus. The increase
in heart rate in animals increases both peak and mean
pulmonary and aortic blood flow velocities. Pulmonary
flow has a slightly longer ejection time, compared to
aortic flow, due to reduced afterload in the pulmonary
circulation. Along with this, the phases of breathing
have a pronounced effect on blood circulation in the
right chambers of the heart. Increased venous out-
flow during inspiration increases the inspiratory ve-
locity of pulmonary blood flow. The maximum blood
flow velocity in the aorta averaged 0.92 =0.02 m/s
(95 % CI1 0.87—0.97), and in the pulmonary artery —
0.93 £ 0.03 m/s (95 % CI 0.87—0.98).

Tricuspid annular plane systolic excursion
(TAPSE) is a system for assessing the functional sta-
tus of the right ventricle (RV). TAPSE is a widely ac-
cepted, clinically useful and feasible marker of RV dys-
function and has been shown to be a valuable prog-
nostic marker in case of various cardiac diseases in
animals, including heart failure.

The TAPSE indicator is an important parameter
that determines the cardiac index and contractility of
the right ventricular myocardium. It should be used to
predict mortality and morbidity in conjunction with
other echocardiographic parameters. Our work found
that the TAPSE indicator in healthy domestic cats av-
eraged 8.93 + 0.21 mm (95 % CI 8.50—9.35), and the
diastolic dimension of the pancreatic cavity averaged
4.11 £0. 14 mm (95 % CI 3.84—4.38).

Systolic pressure inside the left ventricle is approx-
imately equal to peripheral systolic blood pressure in
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the absence of obstruction of blood outflow from the
left ventricle. Thus, the drive pressure of the mitral
regurgitation jet will be equal to both the ventricular
systolic pressure and the systolic arterial pressure. As
systemic pressure increases, the drive pressure from
the left ventricle to the atrium will also increase and
the peak velocity will correspondingly increase. The
same principles apply to the right side of the heart.
Consequently, the adducting pressure of the tricuspid
regurgitation jet will be equal to both the systolic pres-
sure in the right ventricle and in the pulmonary artery,
provided there is no stenosis.

The pressure gradient in the aorta and pulmonary
artery in our studies averaged 3.40 + 0.18 mm of mer-
cury (95 % CI13.03—3.77) and 3.43 + 0.20 mm of mer-
cury (95 % CI 3.01—3.84), respectively.

When the pumping function of the left chambers
of the heart deteriorates, venous congestion occurs in
the lungs, which leads to an increase in the diameter of
the pulmonary vein (PV), with a relatively stable size
of the right branch of the pulmonary artery. Based on
the above, the PV/RBPA ratio is a simple and repro-
ducible echocardiographic measure that increases with
advancing stages of heart failure and may help distin-
guish animals with cardiac dysfunction from asymp-
tomatic patients with degenerative mitral valve disease.

CONCLUSION

Thus, the echocardiography method is the most
important and informative diagnostic method and
should be widely used in veterinary medicine to as-
sess the functional state of the cardiovascular system
in domestic cats. We recommend using the following
reference intervals for the main indicators of echocar-
diography: aortic diameter — 8.66—9.02 mm; max-
imum blood flow velocity in the aorta — 0.87—0.97
m/s; pressure gradient in the aorta — 3.03—3.77 mm
of mercury; thickness of the interventricular septum
in diastole — 4.11—4.30 mm; thickness of the pos-
terior wall of the left ventricle in diastole — 4.17—
4.35 mm; end diastolic dimension of the left ventri-
cle — 13.98—14.62 mm; end systolic dimension of
the left ventricle — 6.01—6.54 mm,; fractional short-
ening — 55.29—58.04 %; pulmonary artery diame-
ter — 6.23—6.79 mm; maximum flow velocity on the
pulmonary artery — 0.87—0.98 m/s; pressure gradi-
ent in the pulmonary artery — 3.01—3.84 mm of mer-
cury; the diameter of the pulmonary valve at the level
of the fibrous ring — 7.32—7.90 mm; right ventric-
ular wall thickness — 2.24—2.47 mm; cavity of the
right ventricle in diastole — 3.84—4.38 mm; tricuspid
annular plane systolic excursion — 8.50—9.35 mm;
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left atrium diameter — 11.20—11.63 mm; right atri-
um diameter — 8.45—9.18 mm; pulmonary vein —
2.81—3.00 mm; right branch of the pulmonary ar-
tery — 3.22—3.47 mm; ratio of the left vein to the
right branch of the pulmonary artery — 0.86—0.89
units; the ratio of the diameter of the left atrium to the
diameter of the aorta — 1.27—1.30 units.
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Annoranus. C nomomisto ROC-ananu3a y 56 HOBOPOXKAEHHBIX TEISAT CUMMEHTAJIbCKON MOPOABI OLIEHUBAIIN UH-
(OpPMaTUBHOCTH T'eMaTOJIOTHUECKHUX TTOKa3aTeel /sl BBISBICHUS BHYTPHYTPOOHOU 3a/1epKK pa3Butus. Ilo-
CJIC/IHIOIO TMarHOCTUPOBAIIHN 110 Pe3yJIbTaTaM yabTpa3ByKoBoro nccienoBanus (ckanep «Easi-Scan-3», BCF Tech-
nology Ltd., BennkoOpuranus) >KMBOTHBIX Ha Pa3HBIX CPOKaxX recranuu. B 1-cyTouHoM Bo3pacTe y TeNsT IMoiy-
Yaji 00pa3ibl BEHO3HOW KPOBH IS HCCIIEI0BAHUM HA reMaTosiornyeckoM aHanuzarope «Mindray BC-2800 Vet»
(Mindray, Kurait), anddepeHnuanbHOro mojacyera JICHKOINTOB B Ma3kax KPOBH, OIPEICIICHHS JICHKOIUTapHOH
(OpMyYITBI KPOBU M MHTETPATIbHBIX JICHKOIIUTAPHBIX MHAEKCOB. YCTaHOBJICHO, YTO CKPHHUHT T€MaTOJIOTMYECKUX
ToKazarenei y 1-CyTOuHBIX TEeJSIT ¢ BBICOKOH 4yBCTBUTENBHOCTHIO (50,0—100,0 %) u cieruduanocthio (69,2—
92,3 %) 103BOJISIET AMATHOCTUPOBATH Y HUX BHYTPUYTPOOHYIO 33/I€pXKKY pa3BUTHsL. V3 28 N3ydeHHBIX MapKepoB
3 (comepkaHuE TEMOTIIOOMHA, SPUTPOIIUTOB U TEMATOKPUT) o0Naaanu oTiuaHo, 10 (cpemHee coaepikaHue re-
MOIVIOOMHA B 9PUTPOLIUTE, A0COIIOTHOE M OTHOCHUTEIILHOE COIEPIKaHNE JIUM(OIUTOB, OTHOCUTEIBHOE COZlepKa-
HHUE CErMEHTOSICPHBIX HEUTPO(DUIIOB, JTUMPOIUTAPHO-TPAHYIIONUTAPHBIA NHJIEKC, HHJIEKC COOTHOLICHHS JIM-
(OLIMTOB 1 MOHOIIMTOB, JTUM(OIUTAPHO-HEHTPO(MIEHOE COOTHOIIEHHE, HHIeKe KpeOca, nHiekc ciBura jgeiko-
LIUTOB KPOBH U JICHKOLIUTAPHBIN MHJIEKC MHTOKCUKaNuK Peiica) — oueHs Xopoei n 4 (conepkaHue JeHKOIUTOB,
CpesiHUI 00bEM IPUTPOLINTA, SIIEPHBIN HHACKC CIBUTA U JICHKOIMTAPHBIA MHEKC MHTOKCHKan Kanbg-Kam-
(ha) — xoporeil JMarHoCTUIECKOH EHHOCThI0. J{JIs KaKZI0ro MapKepa pacCYMTaHO KPUTHYECKOE 3HAUCHHE.
KoaioueBble ciioBa: Tensra, BHyTpHYTPOOHAs 33/1€pKKa pa3BUTHS, TUarHOCTHKA, TOKAa3aTeN KPOBH, HHTETPaIb-
HBIE JIeliKoruTapHble HHAeKehl, ROC-ananus.

BaaromapHocTh: vcciieoBaHNe BBITOIHEHO NP (PMHAHCOBOH Mojiepskke rpanTta Poccuiickoro Hayunoro (oH-
na (mpoekt Ne 23-26-00136)

BryTtpuyTpoOHas 3aaepKka pa3BUTHs SMOpHUOHA
u mioxaa (B3PII) peructpupyercs y 25,0—53,8 % 6Ge-
peMeHHBIX KopoB [1, 2] 1 mpencTaBiseT cepbe3HyIo
pooIeMy TSI MOJIOYHOTO JKHBOTHOBOACTBA [1, 3].
Poct nakTanimoHHON Harpys3kH, CONPSKEHHBIM ¢ Ha-
PYLICHUSIMH KIMMYHHOTO U METabOJIMYECKOro CTaTy-
Ca YKUBOTHBIX, MPUBOJIUT K YXYIAILICHUIO UX PENpo-
JTYKTUBHOTO 310pOBbs [2, 4]. Ilpu moBbIIeHnn Mo-
JIOYHOM MpomyKkTuBHOCTH KOpoB ¢ 4000—5000 xr 10
6000—9000 xr B o1 9acToTa pactpoctpaneHust B3PI1
B cTagax Bo3pacraer B 1,23—1,45 paza [2]. Pa3BuTtue
B3PII MoryT mpoBOLIMpOBaTh TEHETUYECKHUE M DH]IO-
KpUHHBIE HapylICHUs, HHPEKINHU, CTPECChl, CBS3aH-
HBIE C HETPABWJILHOM IKCILTyaTallued U KOpMIIEHHEM
KUBOTHBIX [1, 3—6]. BombIIMHCTBO aBTOPOB CUMTa-

10T B3PIl cl10XHBIM, MONUAITHOIOTUYHBIM CHHAPO-
MOM, MIPUYUHBI U MEXaHU3MbI KOTOPOTO 70 KOHIIA HE
packpeIThl [1, 4]. B3PIl HeraTuBHO CKa3bIBAaeTCs HE
TOJIBKO Ha BHYTPUYTPOOHOH BBIKMBAEMOCTH IJIOAA,
HO ¥ Ha MOP(OPYHKIHMOHAIBHON 3pEJIOCTH U ajaal-
TUBHOM MOTEHIMAIe HOBOpOKAeHHOTO [3, 7]. Takue
TeJsTa, KaKk MpaBUio, JEMOHCTPUPYIOT HapyIIEHUs
oOMeHa BeIIecTB, HU3KYI0 CKOPOCTh POCTa M JKU3HE-
cnocodnocts [3, 8—10]. [lImpokoe BHEApEHME TTOPTA-
TUBHBIX ¥Y3M-CKaHEPOB B IPAKTUKY KUBOTHOBOACTBA
1 pa3zpabotka kputepues i auarHoctuku B3PI [4,
11, 12] mo3BonmuIM moApoOHO U3ydaTh MEXaHU3MBI pa3-
BuTHs, hopmbl iposiBienust B3PI1 y kpymHoro pora-
TOTO CKOTa U €€ TIOCIEICTBUS JJIsl 30POBbsl HOBOPO-
XaeHabIX [1,2,4,7,9, 13, 14].
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[TokazaHo, 4TO BHYTPUYTPOOHAs 3a/IepKKa Pa3BH-
THS y HOBOPOKICHHBIX TEJISIT HE BCET/Ia COMTPOBOXKIA-
eTcs Ae(hUIMTOM Macchl Tela U KIIMHUYECKUMU IPOSIB-
neHusIMA MOp(o(dYHKIIMOHATBHBIX HapymieHui [15],
4TO TpeOyeT COBEPIICHCTBOBAHHSI CUCTEMBI UX J1a00-
paTOPHOTO CKPUHHUHTA JJIs MOCIEeAYIoNeH Koppek-
LMW TE€XHOJIOTUM BBIPAIIMBAHUS KUBOTHBIX, Jeueo-
HBIX ¥ MPO(PHUIAKTHUECKUX MEPOTIPUSATHIA.

B Hacrosimee Bpemsi onucaHbl OMOXMMHYECKUE
[7—9] u renetuueckue mapkepsl B3PIl y tensr [3,
5], omHaKo, IPaKTHYECKH HET JaHHBIX 00 0COOCHHO-
CTSIX MOP(OJIOTUYSCKOTO COCTaBa MX Mepudepuue-
CKOM KPOBH.

Leapb uccjienoBanus — OLEHUTH WH(POPMATHB-
HOCTb MOP(OIOrMUECKUX IIOKa3aTesel KPOBU U MHTE-
I'paJbHBIX JIEHKOIIMTAPHBIX HHIEKCOB Y HOBOPOXKACH-
HBIX TEJIST JU1s BBISIBJICHUS] BHY TPHYTPOOHOH 3a1€pK-
KM pa3BUTHSL.

MATEPHAJIBI U METO/bI
UCCJIEJJOBAHU W

UccnenoBanus BeinosiHeHbI B ycioBuax KOX
bap6amos u UIl Porauesa (MkpssHUHCKHI paiioH,
Actpaxanckas obnacts, Poccus) B 2022—2023 ro-
nax mpu noxaepkke rpanta PH® 23—26—00136.
OOGcnenoBano 56 HOBOPOXKICHHBIX TENAT CHUMMCH-
TaJIbCKOM NOPOJIbl, OIYUYEHHBIX OT KOPOB 3—35 nak-
tarun: 28 — ¢ B3PI (rpymma I) u 28 — ¢usuomnoru-
YecKnM TeueHneM OepemeHHocTH (rpynma I1). Onenky
Ppa3BUTHS SMOPHOHA/TUIONA Y KOPOB ITPOBOAMIIH TIO pe-
3yJabTaTaM yJabTPa3ByKOBOI'O CKPUHHUHTA C TIOMOIIBIO
ckanepa «Easi-Scan-3» ¢ nuneinbmM naraukom 4,5—
8,5 MI't (BCF Technology Ltd., BemukobpuTanus) Ha
38—45-11, 60—65-1iu 110—115-i qum mocne oceme-
HEHMS U 3a4aTHs, COIIACHO KPUTEPHSIM, ONMCAaHHBIM
pauee [4, 7,9, 12].

OO6pa3ibl KpOBH JUTS UCCIIEOBAHHMH TIOJTyUYaId U3
SPEMHON BEHBI JKHBOTHBIX uepe3 24 gaca mocie po-
XKJIEHUsI, Iepe]l yTPEHHUM KOPMJICHHEM, C TOMOLIbIO
BaKyyMHBIX CHCTEM ¢ remnapuHom Jutusa. Ha Berepu-
HapHOM I'eMaTOJIOTHYEeCKOM aHanu3atope «Mindray
BC-2800 Vet» (Mindray, Kurait) ncciemoBanu coaep-
)KaHue B KpoBu remoriioduna (HGB), 3puTporuToB
(RBC), neiikoruroB (WBC), numdpormros (LYM), rpa-
HynoruToB (GRA), TpomOotnToB (PLT), TpOMOOKPHUT
(PCT), remarokpur (HCT), cpenHuii 00beM SpUTPOITH-
ta (MCV), cpenHee conepaHue reMorfioOMHa B 9pu-
tpouute (MCH), mokasaTesnb pacrpeaeeHus 3pUTpo-
IUTOB 110 00beMy (RDW). Masku KpoBH OKpaIluBaiu
o Pomanosckomy-I'mm3e, muddepeHnnansHbIi mosm-
CUET JICHKOLIUTOB B MA3KaX BBIIOJIHSIA HA MUKPOCKO-
e «Olympus BX43» (Olympus, Smonust), o pe3yib-

TaTaM OTpeeNsIIH JISHKOIUTApHYO0 (OPMYITy KPOBH,
paccUMTBHIBAIIU HHTETPAIIbHBIC JICHKOIUTAPHBIC HHICK-
cbl — uHAekc Kpedca (MK), neKoInTapHbId HHACKC
naTokcukarnmu fl. 5. Kaned-Kamuda (JIHH), peak-
TuBHBIN oTBeT HelTpoduios T. I1I. Xabuposa (POH),
JIEHKOLMTAPHBIN MHIIEKC UHTOKCUKanuu b. A. Peiica
(VIMHp), snepusiii uanexc casura (AHC), nHAEKC
casura serkonntoB kpoBH (M CJIK), WHAEKC COOTHO-
meHUs TUM(OITUTOB U MOHOITUTOB (M CJIM), mamdo-
UTapHO-TPaHyIOMUTapHbIA uHAEKC (M), nHIEeKC
COOTHOILIEHUSI HEUTpoPuIoB 1 MoHOUUTOB (M CHM),
TUMGOUUTAPHO-HEUTPOYHUIBHOE COOTHOIICHHE
(JIHC), uHaeKke coOTHONICHUS! TUM(OIMTOB U 03H-
Hodwunos (MUCJID) [16, 17].

CrarucTHYecKyro 00paboTKy 3KCIEPUMEHTAIIb-
HBIX JaHHBIX BBINOIHUIN B iporpammax «IBM SPSS
Statistics 20.0» (IBM Corp., CILIA) u «Statistica 8.0»
(Stat Soft Inc., CILIA). Pe3ynbrarhl BbIpaxaiu Kak
cpennee 3HaueHue (M) £ cTaHIAPTHOE OTKIOHEHHE
(SD) n memuana (Me). JlocTOBEpHOCTD pa3uanuii Me-
KAy MeInaHaMH BBIOOPOK ONPEAEssUIN, MCIIONIB3Ys
U-kputepuit Manna — YutHu. B3aumocssaszu me-
K1y TapaMeTpaMy OLIEHUBAJIH C TIOMOIIBIO KPUTEPHS
Crimpmana, ”HPOPMaTHBHOCTb MapKepOB AJIs TUarHo-
ctuku B3PIl y HOBOpOXKIEHHBIX — IO pe3ylibTaraM
ananmm3a ROC-kpusoit [18, 19], onenuBas miomags
o ROC-kpuBoii (4UC), moka3aTelid 9yBCTBUTEITh-
HoCcTH (Se), cnennuaHOoCTH (Sp) M KPUTHUYECKOE 3HA-
yeHue Mapkepa. HyneByio runoresy s Bcex METO-
JIOB CTaTUCTHYECKOM 00pabOTKU oTBepraiu mpu 5 %
YPOBHE 3HAYMMOCTH.

PE3YJBTATHI UCCJEIOBAHUN
N OBCYXKJIEHHUE

VY HoBopoxaeHubix ¢ B3PIl obnapyxeno mo-
HH)KEHHOE CcOJiepKaHhe B KPOBU reMorioOnHa
(1a 29,0 %, P <0,001), spurpouuroB (Ha 24,6 %,
P <0,001), remaroxkputHoit Benmuuubl (Ha 29,0 %,
P <0,001), cpexnero comepkaHHs TeMOTIOOWHA
B spurponute (Ha 5,4 %, P <0,05) 1 moBbIIeHHOE
conepxanue serikonutoB (Ha 27,0 %, P < 0,05), co-
OTBETCTBEHHO, 10 CpaBHEHUIO ¢ rpymmnoii I (maba. 1).

B neiikonurapHoit GpopMyie KpOBH y TaKHX Te-
JISIT BBIIIE, YEM Y ITOTOMCTBA KOPOB C (PU3UOIIOTHYE-
CKHM TEUEHUEM OepeMEHHOCTH, ObLTa OIS JTUM(O-
uutoB LYM% (64,3 £+ 9,54 % npotus 52,0 + 9,55 %,
P <0,01) u HUKE CErMEHTOSIAEPHBIX HEUTpOPU-
noB CAHY (23,8 = 7,10 % npotus 36,4 + 9,53 %,
P <0,01); oTHOCUTETBHOE COMEPKAHUE TTATIOUKOSIEP-
HBIX HEUTPOPHIIOB, 303MHO(HIIOB, 0a30(HIOB U MO-
HOITUTOB JOCTOBEPHO HE PazNyanoch MEXIY BBI-
Oopkamu.
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Tao6auna 1

T'emamonozuueckue nokazamenu 1-cymounvlx mensim CUMMEHMANLCKOLU NOPOObL C GHYMPUYMPOOHOU
3adepoickotl pazeumust (epynna 1) u gpuzuonoeuveckum meuenuem cecmayuu (epynna Il)

Hoxasarens e sMe R
HGB, r/n 76,3 +7,14; 76,0¢ 110,2 + 12,3; 107,0
HCT, % 21,2 +2,36; 21,1¢ 30,3 £ 3,60; 29,7
RBC, 10"%/n 5,34+ 0,28; 5,39 7,34 £0,78; 7,15
MCV, dn 39,8+ 1,18; 39,0 412+ 1,42, 41,0
MCH, 1 14,3 +0,65; 14,1° 15,0 + 0,58; 14,9
RDW, % 14,3 +1,86; 14,1 153+ 1,14; 15,4
WBC, 10%/n 11,7+ 1,97; 11,8 9,63 +2,61; 9,25
LYM, 10°/x 7,58 +2,03; 7,39 4,90 + 1,25; 4,47
GRA, 10°/n 4,11 +1,08; 4,23 5,89 + 2,40; 6,00
PLT, 10°n 763,0 +221,6; 822,0 6894 + 194,7; 647,5
PCT, % 0,91 +0,37; 0,93 0,82 +0,32; 0,75

Pazmuuns MCKAY IrpynrnaMu CTaTUCTUYCCKNU JOCTOBCPHBI:

* P<0,05
> P<0,01
¢ P<0,001

W3menenus B JeKonuTapHOW (Gopmyse KpOBU
HOBOPOX/IEHHBIX 3aKOHOMEPHO OTpa3WJIMCh Ha 3Ha-
YEHUSIX OIpeNeIsieMbIX JEHKOIUTAPHBIX MHIEKCOB.
Tak, y Tenst ¢ B3PIl Obiin nocroBepHo Huke UK
(ma 39,8 %, P<0,01), JIMU (na 55,4 %, P <0,01),

JIMUp (ma 38,9 %, P <0,05), UCJIK (va 39,8 %,
P <0,01) u Bertie — UCJIM (na 42,3 %, P <0,01),
HJIT (na 68,4 %, P<0,01) u JIHC (ua 70,3 %,
P <0,01), coOOTBETCTBEHHO, 10 CPABHEHUIO C 0COOsI-
mu rpynnsl 1 (maén. 2).

Taoauna 2

Iemamonozuueckue nokasamenu 1-cymounvix meisam CUMMEHMAanIbCKoU NOpoObl ¢ 6HYMpPUuympooHoil
3adeposckotl pazeumus (epynna I) u pusuonocuveckum meuenuem cecmayuu (epynna I1)

Hoxasarens foymial(n 29 e e
1 2 3

MK 0,59 +0,26; 0,53° 0,98 +£0,40; 0,87
i 0,87 +0,24; 0,81° 1,95 + 1,60; 1,43
POH 4,94 +3,37;4,53 6,90 £ 3,52; 6,35
JINWp 0,58 £0,26; 0,53 0,95+0,37; 0,85
smc 0,51+0,24; 0,56 0,33+£0,14; 0,31
HCJIK 0,59 +0,25; 0,53° 0,98 £ 0,40; 0,87
NCJIIM 64,3 +9,54; 65,5° 45,2+16,1; 49,0
WJIr 19,7 +7,75; 19,3 11,7 +£4,20; 11,6
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OxoHnuyanue Ta0.J1. 2

1 2 3
NCHM 35,5+9,87; 34,5 40,0 +£12,5; 39,5
JIHC 2,01 +0,82; 1,93° 1,18 +£0,42; 1,16
js(@)ic] 54,9 +12,7; 56,5 42,1 +18,7; 46,0

Pazauuns MEXKAY IrpynramMu CTaTUCTUYCCKNU JOCTOBEPHDI:

a P<0,05
> P<0,01

ITo mamaeiM ROC-anmann3a nuarHocTrudeckas
3HAYUMOCTH 3 W3 28 HMCCIIEIOBAHHBIX I'€MaTOJIOTH-
YECKUX MapKepOB BHYTPUYTPOOHOH 3aJepKKH pas-
BHUTHUS y |-CyTOYHBIX TEJSAT OLIEHUBAIACH KaK OTIINY-
Hast (HGB, HCT, RBC), 10 — xaxk o4eHb Xopouias

(MCH, LYM, LYM%, CAH%, UJII', HCJIM, JIHC,
UK, UCJIK, JIMHp), 4 — xax xopomas (WBC, MCV,
ANUC, JIMH) n 4 — xak cpennsist (RDW, HCHM, POH,
HCJID). Hanbonee napopmarnBHbie Mapkepsl B3PII
NpeACTaBICHBI B TadIHLE 3.

Taoauna 3

Haubonee ungopmamuenvle cemamonozuieckue mapkepvl 8HympuympooHou
3a0epouCKY pa3eumus y 1-cymounvix meisim CUMMEHmMAnbCKOU HOPOObl

Mapxkep Se, % Sp, % KpuTtnueckoe 3naueHue
1 2 3 4
HGB™ 100,0 84,6 Menee 96,0 /1
hCT™ 100,0 92,3 Menee 25,8 %
rBC™ 100,0 92,3 Mesnee 6,23-10"%/n
mCH™ 75,0 84,6 Menee 14,6 nr
mCV”* 75,0 69,2 Menee 40,5 ¢a
wBC” 75,0 69,2 bosnee 10,0-10°/n
IYm 100,0 69,2 Bornee 5,05-10%/n
IYM%"™ 75,0 84,6 Bonee 61,5 %
CAHY%™ 75,0 92,3 Mesnee 27,0 %
UK 75,0 84,6 Memnee 0,63
N/17178 75,0 76,0 Menee 0,89
JIHUp™ 75,0 84,6 Memnee 0,63
HCJIK™ 50,0 92,3 Memnee 0,55
HUCIIM™ 75,0 84,6 Bonee 61,5
uir- 75,0 84.6 Bonee 16,0
JIHC™ 75,0 84,6 Bonee 1,60
AUC 50,0 92,3 Bouee 0,58

Se — cnennUIHOCTB; Sp — UyBCTBUTEIHFHOCTH

sk ook
s

42

nokazarenb A UC naxoqures B auamasone 0,701...0,800, 0,801...0,900 1 0,901...1,00 cooTBETCTBEHHO
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W3 tabnuiiel 3 BUAHO, UTO HAUOOJBIIECH YyBCTBH-
TeNbHOCTHIO 1 nuarnoctuku B3PIT y HoBopokaeH-
HEIX obnmanamn HGB, HCT, RBC u LYM (100,0 %),
Haunbospmelt cnenuduunocteto — HCT, RBC,
CAH%, UCJIKn AUC (92,3 %), HGB, MCH, LYM%,
UK, JIUUp, UCJIM, HJIT" v JIHC (84,6 %), nns npy-
I'MX MapKepOB YyBCTBUTEIBHOCTD M CIIEHHU(PHIYHOCTD
BapeupoBauch ot 50,0 1o 75,0 %.

Hamm nanHbIe COMIacyroTCst ¢ pe3ynpTaraMu 00-
Jiee paHHUX uccienoBanuil [20—22], oOHApYKUB-
LIMX Y TEJST C HApYLICHUSIMA BHYTPUYTPOOHOTO pa3-
BUTHS TOHMKEHHBIE YPOBHU IPUTPOLMTOB U TeMO-
mobuHa B nepudepudeckoi KpoBu. Uto kacaercs
CoZiepKaHNA B MEePHU(PEPUIECKONl KPOBH TaKUX TEISAT
JIEHKOIIMNTOB M MIX CYOIOMYIISIIHMA, B TUTEpaType UMe-
I0TCs IPOTUBOpeunBhIe cBeneHus. Tak, N. Saenko et
al. [22] yka3pIBaloT Ha OTCYTCTBHE M3MEHEHUH B CO-
JepKaHUK JICHKOIUTOB B Mepuepuueckorl KpoBH,
C. A. Ilo30B u coaBr. [21] — Ha CHIDKEHUE UX YHUC-
na, B. M. CugenpHuKoBa U cOaBT. [23], HANIPOTHB, HA
WX TOBBIIIEHHE. B Hamewm uccnaenoBannn s 1-cy-
TouHbIX TesIT ¢ B3PII ObutH XapakTepHBI TOBBIIICH-
HOE cofeprkaHue B mepudepuuecKoi KpoBH JISHKOLIU-
TOB ¥ TUM(OLINTOB, M TOHWKEHHOE CErMEHTOSIEPHBIX
He#Tpoduios (Tadn. 2). Takoi npoduib Oenoi KpoBH
HE XapaKkTepeH JUTsl PU3NOTOTHIECKH 3PETBIX HOBOPO-
KJICHHBIX 1 MOXKET IIPEIPacIIoyiaraTh K pa3BUTHIO pa3-
JIMYHBIX 3200JIeBaHUI HHPEKITMOHHOW 1 HEMH(EKITH-
OHHOM npupossl [16, 23, 24].

3AKJIIOYEHUE

Pesynbrarsl Mccae0BaHus MOKA3aIH, YTO CKPH-
HUHT TeMaTOJOTHYECKHX TI0Ka3aTesnell y 1-cyTodaHbIX
TEJSIT CAMMEHTAIBCKOM MOPO/IBI C BEICOKOW YyBCTBH-
tenbHOCTRIO (50,0—100,0 %) 1 cnenupuIHOCTHIO
(69,2—92,3 %) no3BoseT AMATHOCTUPOBATH y HUX
BHYTPUYTPOOHYIO 33IePKKY Pa3BUTHS (TTOATBEPIKACH-
HYIO pe3yJibTaTaMH YJIbTPa3ByKOBOTO HCCIIEOBAHHUS
Ha pa3HbIX CpoKax rectarnun). M3 28 n3y4eHHbIX Map-
kepoB 3 (HGB, HCT, RBC) obnananu otnuyHOH, 10
(MCH, LYM, LYM%, CAH%, HJII", UCJIM, JIHC, UK,
HCIJIK, JINHp) — ouens xopoiueit u 4 (WBC, MCV,
AUC, JIMH) — xopolieil TMarHoCTHYEeCKOH 1eHHO-
CThIO. JIJIsI KaXKJIOTO U3 TeMaTOJIOTMIEeCKHX ITOKa3are-
JIeH OTpefeNieH0 KPUTHYECKOE 3HAUYEHUE, OTCEKaro-
wee rpymnmy ¢ B3PIL
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HEMATOLOGICAL MARKERS OF INTRAUTERINE
GROWTH RESTRICTION IN NEWBORN CALVES
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Abstract. Using ROC analysis, the informativeness of hematological indicators for identifying intrauterine growth
restriction was assessed in 56 newborn calves of Simmental breed. The latter was diagnosed based on the results
of ultrasound examination (Easi-Scan-3 scanner, BCF Technology Ltd., UK) of animals at different stages of ges-
tation. At the age of 1 day, venous blood samples were obtained from calves for research on the Mindray BC-2800 Vet
hematological analyzer (Mindray, China), differential counting of leukocytes in blood smears, determination of
the leucogram and integral leukocyte indices. It has been established that screening of hematological indicators
in 1-day-old calves with high sensitivity (50.0—100.0 %) and specificity (69.2—92.3 %) allows diagnosing in-
trauterine growth restriction. Out of 28 markers studied, 3 (hemoglobin content, erythrocytes and hematocrit) had
excellent results, 10 (mean cell hemoglobin, absolute and relative content of lymphocytes, relative content of seg-
mented neutrophils, lymphocyte-granulocyte index, lymphocyte-monocyte ratio index, lymphocyte-neutrophil
ratio, Krebs index, index of blood leukocyte shift and Reis leukocyte intoxication index) were very good and 4
(leukocyte content, mean cell volume, nuclear shift index and Kalf-Kalif leukocyte intoxication index) — good
diagnostic value. A critical value was calculated for each marker.

Keywords: calves, intrauterine growth restriction, diagnostics, blood indicators, integral leukocyte indices, ROC
analysis.
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Intrauterine growth restriction of the embryo and
fetus (IUGR) is registered in 25.0—53.8 % of preg-
nant cows [1, 2] and represents a serious problem for
dairy farming [1, 3]. An increase in lactation load, as-
sociated with disturbances in the immune and meta-
bolic status of animals, leads to a deterioration in their
reproductive health [2, 4]. With an increase in the milk
productivity of cows from 4000—5000 kg to 6000—
9000 kg per year, the incidence of IUGR in herds in-
creases by 1.23—1.45 times [2]. The development of
IUGR can be provoked by genetic and endocrine disor-
ders, infections and stress associated with improper use
and feeding of animals [ 1, 3—6]. Most authors consid-
er [IUGR to be a complex, multi-etiological syndrome,
the causes and mechanisms of which are not fully un-
derstood [1, 4]. IUGR negatively affects not only the
intrauterine survival of the fetus, but also the morpho-
functional maturity and adaptive potential of the new-
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born [3, 7]. Such calves typically exhibit metabolic dis-
orders and low growth rates and viability [3, 8—10].

The widespread introduction of portable ultrasound
scanners into livestock farming practice and the devel-
opment of criteria for diagnosing [UGR [4, 11, 12] have
made it possible to study in detail the mechanisms of
development, forms of manifestation of [UGR in cat-
tle and its consequences for the health of the newborns
[1,2,4,7,9,13, 14].

It has been shown that intrauterine growth restric-
tion in newborn calves is not always accompanied by
body weight deficiency and clinical manifestations of
morphofunctional disorders [15], which requires im-
proving the system of their laboratory screening for
subsequent correction of animal rearing technology,
therapeutic and preventive measures. Currently, bio-
chemical [7—9] and genetic markers of [UGR in calves
have been described [3, 5], however, there is practical-
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ly no data on the features of the morphological com-
position of their peripheral blood.

The objective of the study is to evaluate the in-
formation content of morphological blood indicators
and integral leukocyte indices in newborn calves to
identify intrauterine growth restriction.

MATERIAL AND METHODS

The researches were carried out in the conditions
of the collective farm Barbashov and IE Rogacheva
(Ikryaninskiy r., Astrakhan region, Russia) in 2022—
2023 with the support of the Russian Science Foundation
grant 23—26—00136. We examined 56 newborn calves
of Simmental breed, obtained from cows of 3—>5 lac-
tations: 28 with [UGR (group 1) and 28 with a physi-
ological course of gestation (group II). The develop-
ment of the embryo/fetus in cows was assessed based
on the results of ultrasound screening using an Easi-
Scan-3 scanner with a linear sensor of 4.5—8.5 MHz
(BCF Technology Ltd., UK) on days 38—45, 60—65
and 110—115 after insemination and conception, ac-
cording to the criteria described previously [4, 7, 9, 12].

The blood samples for the research were obtained
from the jugular vein of animals 24 hours after birth,
before morning feeding, using vacuum systems with
lithium heparin. Using a veterinary hematological an-
alyzer Mindray BC-2800 Vet (Mindray, China), the
blood levels of hemoglobin (HGB), red blood cells
(RBC), white blood cells (WBC), lymphocytes (LYM),
granulocytes (GRA), platelets (PLT), plateletcrit (PCT),
hematocrit (HCT), mean cell volume (MCV)), mean cell
hemoglobin (MCH), red cell distribution width (RDW).
Blood smears were stained according to Romanowsky-
Giemsa, differential counts of leukocytes in smears
were performed on an Olympus BX43 microscope

(Olympus, Japan), based on the results, the leucogram
was determined, integral leukocyte indices were calcu-
lated — the Krebs index (K/), leukocyte intoxication
index of Ya.Ya. Kalf-Kalifa (L/]), reactive response of
neutrophils of T. Sh. Khabirov (RRN), leukocyte intox-
ication index of B. A. Reis (L/Ir), nuclear shift index
(NSI), blood leukocyte shift index (BLSI), lympho-
cyte-monocyte ratio index (LMRI), lymphocyte-gran-
ulocyte index (LGI), neutrophil-monocyte ratio index
(NMRI), lymphocyte-neutrophil ratio (LNR), lympho-
cyte-eosinophil ratio index (LERI) [16, 17].

Statistical processing of the experimental data was
performed in the programs IBM SPSS Statistics 20.0
(IBM Corp., USA) and Statistica 8.0 (Stat Soft Inc.,
USA). The results were expressed as mean (M) + stan-
dard deviation (SD) and median (Me). The signifi-
cance of differences among sample medians was de-
termined using the Mann-Whitney U test. The rela-
tionships among parameters were assessed using the
Spearman test; the information content of markers for
diagnosing IUGR in the newborns was based on the
results of the analysis of the ROC curve [18, 19], as-
sessing the area under the ROC curve (AUC), sensi-
tivity (Se), specificity (Sp) and critical marker value.
The null hypothesis for all statistical methods was re-
jected at the 5 % significance level.

STUDY RESULTS AND DISCUSSION

In the newborns with IUGR, decreased blood lev-
els of hemoglobin (by 29.0 %, P <0.001), red blood
cells/erythrocytes (by 24.6 %, P < 0.001), hematocrit
value (by 29.0 %, P <0.001), mean cell hemoglobin
(by 5.4 %, P <0.05) and increased leukocyte con-
tent (by 27.0 %, P < 0.05), respectively, compared to
group II (Table 1).

Table 1

Hematological indicators of 1-day-old Simmental calves with intrauterine growth
restriction (group 1) and physiological course of gestation (group I1I)

S e
1 3
HGB, g/L 76.3 +£7.14; 76.0° 110.2 £12.3; 107.0
HCT, % 21.2+£2.36;21.1° 30.3 £3.60; 29.7
RBC, 10%/L 5.34 £0.28; 5.39° 7.34+£0.78; 7.15
Mcr, 39.8+£1.18; 39.0 412+1.42;41.0
MCH, pg 14.3 £0.65; 14.1* 15.0£0.58; 14.9
RDW, % 14.3 £1.86; 14.1 153+1.14; 154
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Table 1 (the end)

1 2 3
WBC, 10°/L 11.7+1.97; 11.8 9.63+£2.61;9.25
LYM, 10°/L 7.58 +£2.03; 7.39° 4.90 + 1.25; 4.47
GRA, 10°/L 4.11+1.08; 4.23 5.89 +2.40; 6.00
PLT, 10°/L 763.0 +221.6; 822.0 689.4 +194.7; 647.5
PCT, % 0.91+0.37; 0.93 0.82+0.32;0.75

The differences among the groups are statistically significant:

*P<0.05
b P<0.01
¢ P<0.001

In the leucogram of such calves, compared
with the offspring of cows with a physiologi-
cal course of gestation, the proportion of lympho-
cytes LYM% (64.3 +£9.54 % vs. 52.0 £9.55 %,
P <0.01) and lower than segmented neutrophils SN%
(23.8+7.10 % vs. 36.4 £ 9.53 %, P <0.01); the rel-
ative content of stab neutrophils, eosinophils, baso-
phils and monocytes did not differ significantly among
samples.

The changes in the leucogram of the newborns
naturally affected the values of the determined leu-
kocyte indices. Thus, the calves with IUGR had
significantly lower KI (by 39.8 %, P <0.01), LII
(by 55.4 %, P<0.01), LIIr (by 38.9 %, P <0.05),
BLSI (by 39.8 %, P <0.01) and higher — LMRI
(by 42.3 %, P <0.01), LGI (by 68.4 %, P <0.01) and
LNR (by 70.3 %, P <0.01), respectively, compared
with the individuals of group II (Table 2).

Table 2

Hematological indicators of 1-day-old Simmental calves with intrauterine growth
restriction (group 1) and physiological course of gestation (group II)

Indicators

Group I (n = 28)
M £ SD; Me

Group II (n = 28)
M+ SD; Me

KI

0.59 +0.26; 0.53°

0.98 +0.40; 0.87

LI

0.87+0.24; 0.81°

1.95+1.60; 1.43

RRN

4.94 +£3.37;4.53

6.90 +3.52; 6.35

LIIr

0.58 £0.26; 0.53*

0.95+0.37; 0.85

NSI

0.51+0.24; 0.56

0.33+0.14; 0.31

BLSI

0.59 +0.25; 0.53°

0.98 + 0.40; 0.87

LMRI

64.3 £9.54; 65.5°

452 +16.1;49.0

LGI

19.7£7.75; 19.3

11.7+4.20; 11.6

NMRI

35.5+9.87;34.5

40.0 +£12.5;39.5

LNR

2.01 +£0.82; 1.93°

1.18+0.42; 1.16

LERI

549 +£12.7; 56.5

42.1 +18.7;46.0

The differences among the groups are statistically significant:

*P<0.05
b P<0.01
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According to ROC analysis, the diagnostic signif-
icance of 3 out of 28 studied hematological markers
of intrauterine growth restriction in 1-day-old calves
was assessed as excellent (HGB, HCT, RBC), 10 —
as very good (MCH, LYM, LYM%, SN%, LGI, LMRI,
LNR, KI, BLSI, LIIr), 4 — as good (WBC, MCV, NSI,
LIl) and 4 — as average (RDW, NMRI, RRN, LERI).
The most informative markers of IUGR are present-
ed in Table 3.

Table 3 shows that HGB, HCT, RBC and LYM
(100.0 %) had the highest sensitivity for diagnosing
IUGR in the newborns; the highest specificity — HCT,
RBC, SN%, BLSI and NSI (92.3 %), HGB, MCH,
LYMY%, KI, LIIr, LMRI, LGI and LNR (84.6 %), for
other markers sensitivity and specificity ranged from
50.0 to 75.0 %.

Our data are consistent with the results of earlier
studies [20—22], which found reduced levels of red

blood cells and hemoglobin in the peripheral blood
in the calves with intrauterine growth restriction.
Regarding the content of such leukocytes and their sub-
populations in the peripheral blood of calves, there is
contradictory information in the literature.

Thus, N. Saenko et al. [22] indicate no chang-
es in the content of leukocytes in peripheral blood,
S. A. Pozov et al. [21] indicate the reduction of their
number, V. I. Sidelnikova et al. [23], on the contrary,
mark their increase. In our study, 1-day-old calves
with [TUGR were characterized by an increased con-
tent of leukocytes and lymphocytes in the peripheral
blood, and a decreased content of segmented neutro-
phils (Table 2).

This white blood profile is not typical of physio-
logically mature newborns and can predispose to the
development of various diseases of infectious and
non-infectious nature [16, 23, 24].

Most informative hematological markers of intrauterine growth restriction in 1-day-old calves of Simmental bril::ebc;e ’
Marker Se, % Sp, % Critical value
HGB™* 100.0 84.6 Less than 96.0 g/L
HCT™ 100.0 92.3 Less than 25.8 %
RBC™ 100.0 92.3 Less than 6.23-10'%/L
MCH"™ 75.0 84.6 Less than 14.6 pg
Mcr 75.0 69.2 Less than 40.5 fl

WBC* 75.0 69.2 More than 10.0-10°/L
LYM™ 100.0 69.2 More than 5.05-10°/L
LYM%"™ 75.0 84.6 More than 61.5 %
SN%™ 75.0 92.3 Less than 27.0 %
K1 75.0 84.6 Less than 0.63
LIT 75.0 76.0 Less than 0.89
Lirr 75.0 84.6 Less than 0.63
BLSI™ 50.0 923 Less than 0.55
LMRI™” 75.0 84.6 More than 61.5
LGI” 75.0 84.6 More than 16.0
LNR™ 75.0 84.6 More than 1.60
NST 50.0 92.3 More than 0.58

Se — specificity; Sp — sensitivity

" the AUC indicator is in the range of 0.701...0.800, 0.801...0.900 and 0.901...1.00, respectively
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CONCLUSION

The results of the study have shown that the screen-
ing of hematological indicators in 1-day-old calves of
Simmental breed with high sensitivity (50.0—100.0 %)
and specificity (69.2—92.3 %) allows diagnosing in-
trauterine growth restriction in them (confirmed by
the results of ultrasound examination at different stag-
es of gestation).

Out of 28 studied markers, 3 (HGB, HCT, RBC) had
excellent, 10 (MCH, LYM, LYM%, SN%, LGI, LMRI,
LNR, KI, BLSI, LilIr) had very good and 4 (WBC, MCV,
NSI, LII)— good diagnostic value. For each of the he-
matological indicators, a critical value has been deter-
mined that cuts off the group with IUGR.
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HOTO HccienoBaHus 3G PpeKTHBHOCT pa3paboTaHHOTO Tpenapara OKa3aiach BBIIIE AKTHBHOCTH CyOCTaHIIUH IIPU
HEeMaTo/103aX JKeIyLOYHO-KHIIEYHOTO TPAKTa, MOHUE3HO03€ H AUKPOLIEITHO3€E OBEL.

KuioueBble cjioBa: OBLBI, TApa3UTONIOT U, JICYCHUE, XUTO3aH, TUKPOLEIN03, TUKTHOKAYJIEe3, MOHUE3HO03, HeMa-
TOJO3BI

W3BecTHO, 4uTO HamboJee PacIPOCTPAHCHHBIMU
0O0JIE3HSIMU MEJIKOT'O POraToro CKOTA SIBJISIFOTCS TeJTb-
MHHTO3bI. DTOMY CIIOCOOCTBYIOT OCOOCHHOCTH TEX-
HOJIOTUU COJIEP’KaHUs KUBOTHBIX B TPaTUITMOHHBIX
peruoHax pa3BeJeHHs U OIarONpHUsATHBIC TIPUPOIHO-
KIIMMATUYECKUE YCIOBUS. | @TbMUHTO3bI MEIIKOTO PO-
raroro CKoTa, BO MHOTHX CJy4YasiX, perUCTPUPYIOTCS
B aCCOIMAIINH, BKITIOUAIOIICH HEMATOI, IECTO] U TPe-
maton [15].

[IpomyKTHI )KHBOTHOBOZCTBA SIBIISFOTCS BaYKHBIM
HMCTOYHUKOM Oelika Juisl JTrofeid Bo BceMm mupe [9].
['ebMUHTO3BI pacpOCTPaHEeHbl B )KMBOTHOBOJICTBE
YU MOTYT IPUBECTU K SKOHOMHUECKHM IOTEPSIM JJIs
JKUBOTHOBOIUECKOH oTpacnu [4—6]. [lapasutapusie
nH(pEKINK MOTYT IPUBECTH K CHIDKEHHIO POCTa, Beca
1 (QepTUIBLHOCTH, YTO MOXKET MOBIUATH HA TPOU3-

BOJICTBO U Ka4eCTBO MscCa, MOJIOKa U Iepctu [15, 7].
Hanpumep, punancoBsle notepu u3-3a Qaciuonesa
B JKUBOTHOBOJICTBE OIIEHUBAIOTCSA B 3 MIJIIHAP/A J0-
napoB CIIIA B rox Bo Bcem mupe [8].

dacnuones v JUKPOIIEITNO3 SBISTIOTCS JBYMS HaH-
Oosee pacpoCTpaHEHHBIMU 300HO3HBIMH TeJIbMUHTO-
3amu jiomaiiHero ckora [11, 12]. Dtu Tpemaromubl 00-
Hapy>XXUBarOTCA B KCJIYHOM ITY3bIPE U KCIIYHBIX MIPO-
TOKaX JKBAaYHBIX )KNBOTHBIX, TAKHX KaK OBIIbI, KPYTTHBIN
poratslii cKoT U Ko3bl [ 14]. JIronu Tak»xe MoryT 3apa-
3UTHCS MTPH HEMPEAHAMEPEHHOM IPOTJIATHIBAHUN Me-
Tanepkapuii Ha BOIHbIX pacTenusix (Fasciola spp.) wim
y mypasbeB (Dicrocoelium spp.) [10, 13, 16].

B HacTosiliee Bpemsi Ha pbIHKE BETEPUHAPHBIX
MpernapaToB MPEACTABICH IIUPOKUNA aCCOPTHUMEHT
AHTUTEIIBMUHTHBIX CPENCTB. AKTYallbHOCTh pa3pa-

© Opobern B. A., Kacrapnosa E. C., ToBoposa M. B., 2023
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OOTKHM JIEKAPCTBEHHBIX IPENapaToB aHTUICIIBMHUHT-
HOTO JCUCTBHS, 00yCIOBIeHA HEOOXOMUMOCTRIO TI0-
BBIIICHUSI OMOJOTHYECKOW TOCTYMTHOCTH MPUMEHsIE-
MBIX CyOCTaHITHH.

Hanpumep, pazpaborana u anpoOupoBaHa TEXHO-
JIOTUS CO3[IaHUs CyTPAMOJICKYJITHON CUCTEMBI IPOTH-
BOIIAPA3UTAPHOTO Mpemnapara ¢ UCIOIb30BAHUEM Me-
XaHOXUMHUYECKOM TEXHOJIOTUH U aIpeCHOM JOCTABKH.
st mosmyueHus TBEpIo TMCIIepCUH JIEKApCTBEHHOTO
Tperapara UCToIb3yFOTCS BOAOPACTBOPHUMBIE TIOJIMME-
PBIL, TIO3BOJISIONIUE YITYYIIUTh CBOMCTBA CyOCTaHIIMU
3a CYET MOBBIIIEHUS BOJOPACTBOPUMOCTHU. B KitnHuue-
CKHX HCCJICIOBAHUSAX Ha €CTECTBEHHO WHBA3HPOBAH-
HBIX JKEIYI0YHO-KUIIIEIHBIMA HEMATOaM1 ¥ MOHHE-
3WAMH OBLIAX JIOKA3aHO, YTO IO MPOTHUBOIIAPA3UTaAPHON
AKTUBHOCTHU pa3pabOTaHHBIN Ipernapar 3HAYUTEITHHO
MIPEBOCXOIUT aKTUBHOCTH cyOcTanmu [1, 3].

Lenpro MaHHOTO HMCCIEAOBAHMS SIBUJIOCH U3yde-
HUE AHTUIEJIBMUHTHOW aKTHMBHOCTH Pa3pa0OTaHHOU
JIEKapCTBEHHOW (POPMBI HA OCHOBE HAHOYACTHUI[ XH-
TO3aHa C BKJIFOUYCHHBIM aJIOCH/1a3010M CYIh(HOKCHIOM
(ACX) npu rennbMuHTO3aXx oBell. HaHOYacTHIIBI XUTO-
3aHa ¢ BKJIIOYEHHBIM JIEUCTBYIOLIUM BEILIECTBOM I0-
JIy4aJid METOJI0M HOHHOW KPOCC-CIIIMBKH 110 MOJU(H-
nupoBanHomy Metoay Calvo et al. (1997).

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

Nzyuenne 3¢ eKTHBHOCTH HOBOM JIEKapCTBEHHON
(hopMBI aHTT€IEBMUHTHKA IIPOBOIMIIN Ha 0a3e OBIIEBOJI-
YEeCKOI'0 X03s1CcTBa, HEOIATrOMOIyYHOTO [T0 HHBA3HOH-
HBIM 3a0oneBanmsiM. {11 0TOOpa TOJOMBITHRIX K-
BOTHBIX METOIOM JIByKPaTHOW T€TbMHUHTOOBOCKOIINN
BeLsiBIIIH 120 OBeIl, €CTECTBEHHO 3apakKeHHBIX HEMAaTO-
JIAMH JKeITyT0YHO-KUIIIEYHOTO TpaKkTa, Dictyocaulus fi-
laria, M. expansa u D. lanceatum. IlomoOpaHHBIX OBeIl
MIOMETIIIA MHANBUAYATFHBIMA HOMEPAMU U Pa3aein-
JIY Ha 3 TPYTIIBI ¢ Y9€TOM HHBa3upoBaHHOCTH (11 = 40).

[Ipn m3ydennu >¢pHEeKTUBHOCTH HOBOU JeKap-
CTBEHHOW (OPMBI aHTTEIbMHHTHKA TPYMIBI OCH3-
HMMUJIA30JI0B BBEJICHUE IIPETIAPATOB MOJOMBITHBIM KU~
BOTHBIM OCYIIECTBIISLTU TOCPEACTBOM BHY TPUMBIIICU-
HOM WHBEKIIUH.

JKHBOTHBIM IEpBOH IpyNNbl B KAYECTBE NPOTH-
BOIIapa3uTapHOU Teparuy IPUMEHSITA 0a30BBIH Mpe-
napar — cyOCTaHIMIO allOeH1a3071a B 103€ 5 MT 1. B.
Ha | Kr Macchl )KUBOTHOIO, JKUBOTHBIM BTOPOM IpyIi-
bl B KAYECTBE MPOTUBOMAPAZUTAPHON TEpaIUu MpH-
MEHsUTH pa3padoTaHHBIN penapar Ha OCHOBE XUTO3a-
HOBBIX YaCTHI] B 103¢ 3 MT anibeHmas3ona cyb(okcnaa
Ha | KT Macchl JKHBOTHOTO, >KHBOTHBIM TPEThEH IpyTI-
ITBI TIpeTIapaTbl He BBOAWIIM, U OHU CITY>KHJIH KOHTPO-

nem. OBIIaM, MTHBa3UPOBAHHBIM JUKPOLIEIIUSMH ITpeTia-
paThbl BBOAVIIN BHYTPUMBIIIEYHO B 033X 7,5 U 5 MT/KT
0 AECHCTBYIOIEMY BELIECTBY.

Ha 18-if nenbp mpoBeaeHUsI PKCHEPUMEHTA OCY-
HIECTBISLIN cOOp (eKaanii OBelLl MOAOIBITHBIX TPYIIIT
Y UCCJIEZI0BAJIM CTaHJaPTHBIMU FeIbMUHTOOBOCKOIIH-
YeCKUMH METOJaMH ISl peruCTpaluy TUHAMUKY HH-
TEHCHBHOCTH MHBA3HUH B 3aBUCUMOCTH OT YHCJia O0Ha-
PYKEHHBIX SIUI TETLMUHTOB B 1 TpamMme dexanmii [2].

CrarucTiueckyro 00paboOTKy MOJIYYEHHBIX AaH-
HBIX MPOBOIMIN C MCIIOJIB30BAHUEM KOMIIBIOTEPHON
nporpammsel Microsoft Excel. JloctoBepHOCTH cTaTH-
CTHUYECKOM pasHUIIBI MEKAY CPEAHUMHU BEIIMYMHAMU
onpenensum 1o metony CThIofIeHTa.

PE3YJBTATHI UCCJEJOBAHUN

[lo pe3ynbraramM reTbMUHTOIOTHYECKUX HCCIIE0-
BaHui (Tabn. 1) ycraHoBIEHO, 4TO SKCTEHCIPDEKTHB-
HOCTh aj0eH/1a3051a TIPU MOHUE3M03€ OBEI] COCTABU-
na 93,3 %, npu ucnonb3oBanuun ACX — 100 %. Ilpu
HEMAaTo/103aX MHUIIEBAPUTEIIBHOIO TPAKTa OBELl JKC-
TeHcahdexTuBHOCTD anbennasona cocrasuia 80 %o,
npu BBeneHuM npenapara ACX — 95 %, npu atom
CHW)KCHHE MHTCHCHBHOCTHU BBIJCJICHUS SIMI] HeMa-
ton mocturyio 94,96 u 99,10 % coorBercTBenHo. [Ipu
JIMKTHOKAYJIe3€ JKUBOTHBIE 00CHX TPYII MOJTHOCTHIO
0CBOOOIMINCH OT renbMUHTOB. [lo pesynbraram Ko-
MPOJIOTHYECKUX HCCIICAOBAHUIN Ipenaparsl MposiBU-
m 100%-nyro >¢dexruBrocts. [Ipu nukpouenno-
3€ B TPYIIIE )KUBOTHBIX, ONTYyYaBIINX ajI0CHIA301 OT
reJIbMUHTOB, 0cBOOOAMIIOCH 20 OBell, BO BTOPOU IpyII-
Te JKUBOTHBIX, rmoydaBmux ACX — 23 OBIIbI, CHU-
JKEHHE WHTCHCUBHOCTH BBIIEJICHUS UL AUHUKPOLE-
T B IaHHBIX rpynnax coctasuio 86,71 n 96,94 %
COOTBETCTBEHHO. DKCTCHCBHHBA3UPOBAHHOCTD OBEIl
KOHTPOJIBHOW TPYIIIBl 3a Mepuoj HaOIIoNeHUs He
u3MeHmnach. IHTEHCUBHOCTD BBIJCICHUS UL MO-
HUE3Wi, HeMaToJ[ MUIIEBAPUTEIILHOTO TPAKTA, JTHK-
THOKayJl U JAUKpolenuil coctabisia 149,4 +£ 33,71,
59,3+£22,92,7,2+6,93 19,1 + 2,7 ox3/r hexanmii.

[ToBbimenne 3¢phekTuBHOCTH pa3padOTaHHOTO
npenapara Ha OCHOBE KOMITJIEKCa aJl0eH/1a3071a CyIbQ-
OKCHJIa M XHTO3aHa JOCTUTAETCS, [0 HAIlleMy MHEHUIO,
3a cueT TpaHchopManuu (hapMaKOKUHETHKU U Kak
CJICAICTBHUE MOBBIIECHHUS] OMOIOCTYITHOCTH ACHCTBYIO-
IIEro BELIECTBA JICKAPCTBEHHOIO Mpernapara.

3AKJTIOUEHUE
DddexTUBHOCTD Mpernapara Ha OCHOBE ajIOeH1a30-
J1a CyIb(hOKCH/IA TIPY TeITbMIHTO3aX OBET] BBIIIIC AKTHB-
HOCTH CyOCTaHIIMU TIPU HEMATO/[03aX JKEITYI0UHO-KH-
HIEYHOTO TPAKTa, MOHHUE3H03€ U JIUKPOIEITHO3E OBEIl.
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Dpdexmusnocme npenapama Ha 0CHOBe ANOEHOA301A CYIbGHOKCUOA NPU 2eTTbMUHMO3AX 08eY

[lo naHHBIM TIPOBEJACHHOTO MCCICAOBAHUS YCTAHOB-
JICHO, YTO HOBAs JIeKapCcTBEHHas: popma aHTTeITbMHH-
THKA U3 TPYIITEI OEH3UMH/Ia307I0B 00I1a/1aeT BEICOKOH
3} HeKTUBHOCTEIO IPH MOHHE3N03€, HEMATOI03aX JKe-
JYIOYHO-KHUIIEYHOTO TPAKTa U JIETKUX B 103€ 3 MI/KT
1O 1. B., IPU AUKPOLIEIN03€ — B 103€ 5 MI/KT 110 1. B.

WccnenoBanus BBITIOTHEHB! B paMKax MpOrpaM-
MBI TOJJEPKKH PA3BUTHUS HAYYHBIX KOJJIEKTHBOB
CTaBpornoabCKOro roCyAapCTBEHHOTO arpapHoro yHU-
BEPCUTETA, peasin3yeMoi Ipu (UHAHCOBOM MOAEPK-
ke [IporpaMMBI cTpaTernueckoro akajeMH4eCcKoro JIx-
nepcrsa «I[Ipuopurer — 2030».

Cpasnumenvuas 3¢hpexmusHocms HOBOU 1eKapPCMBEEHHOU (OPMbl AHMSETbMUHMUKA NPU 2eﬂbmuumo3axT :6624““3 '
Tpyrina sHBoT- OcBoOOIMIIOCH CpermHee 9Hcio SUIl TeTHbMIHTOB
HEIX n OT TCIIbMUHTOB, s, %
TOIL. IO JICUCHUS TOCTIC JICUCHHUS
Monuesnos*
Anbenmazon 30 28 1242 +31,6 42+0,3 96,62
ACX 30 30 158,1 £37,8 0 100
Kontpoinb 30 30 1494 + 33,7 166,7 +41,3 0
HeMaTOlII)I MUIIEBAPUTEIIBHOT'O TPpaKTa
Puxob6engazon 40 32 176,4 £ 19,7 89+13.2
ACX 40 38 188,7 22,5 1,7+ 0,4
KonTposb 40 0 159,3+£229 172,5 £ 28,1 0
JlukTrokaymes™
Anbengazon 18 18 28,6 £6,8 0 100
ACX 18 18 241+72 0 100
Konrtposnb 15 0 272+6,9 292+7,8 0
Juxpornennos
AnbeHmazon 25 20 31,6 £4,8 42+0,1 86,71
ACX 25 23 39,2+39 1,2+0,6 96,94
Kontposns 25 0 39,1 +£2,7 38,9+2,3 0

* pu MOHHE3H03¢e onpeeseHne 3G HEKTHBHOCTH MO SKCTCHCUBHOCTH MHBA3WH JIO M TIOCIIE PUMEHEHHS Iperapara

** cpejiHee KOJIMYECTBO JMYMHOK B 1 T (heKamii
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EFFICACY OF THE DRUG BASED ON ALBENDAZOLE
SULFOXIDE IN CASE OF OVINE HELMINTHIASES
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Abstract. Currently, the veterinary drug market offers a wide range of anthelmintic drugs. The publications of
the results of research conducted indicate the demand for improving the means and methods for the prevention
and treatment of helminthiases in small cattle. The relevance of the design of drugs with anthelmintic action is
due to the need to increase the bioavailability of the substances used. The veterinary drug market is wide and the
research is conducted annually to design new therapeutic combinations and test new drug formulas. The objec-
tive of this research was to study the anthelmintic activity of the designed dosage form based on chitosan with the
inclusion of albendazole sulfoxide (ASO) in case of ovine helminthiases. The study of the efficacy of a new dos-
age form of an anthelmintic was carried out on the basis of a sheep breeding farm, which was unfavorable for in-
vasive diseases. For this purpose, 120 sheep naturally infected with gastrointestinal nematodes, Dictyocaulus fi-
laria, M. expansa and D. lanceatum, were selected using double helminthoovoscopy. It has been established that
the drug based on chitosan with the inclusion of albendazole sulfoxide has high anthelmintic efficacy in case of
monieziosis, nematodes of the gastrointestinal tract and lungs at a dose of 3 mg/kg of a. s., and in case of dicro-
celiosis — at a dose of 5 mg/kg of a. s. According to the study, the efficacy of the designed drug turned out to be
higher than the activity of the substance in case of nematodes of the gastrointestinal tract, ovine moniesiosis and

dicroceliosis.

Keywords: sheep, parasitology, treatment, chitosan, dicroceliosis, dictyoculosis, monesiosis, nematodes

It is known that the most common diseases of small
cattle are helminthiases. This is facilitated by the pecu-
liarities of the technology for keeping animals in tra-
ditional breeding regions and favorable natural and
climatic conditions. Helminthiases of small cattle, in
many cases, are recorded in an association that includes
nematodes, cestodes and trematodes [15].

Animal products are an important source of pro-
tein for people around the world [9]. Helminthiases are
common in livestock farming and can lead to econom-
ic losses for the livestock industry [4—6]. Parasitic in-
fections can lead to reductions in height, weight and
fertility, which can affect the production and quality
of meat, milk and wool [15, 7]. For example, financial
losses due to fascioliasis in livestock are estimated at
3 billion US dollars per year worldwide [8].

Fascioliasis and dicroceliosis are the two most
common zoonotic helminthiases of livestock [11, 12].
These flukes/trematodas are found in the gallbladder
and bile ducts of ruminant animals such as sheep, cat-
tle and goats [14]. Humans can also become infect-

ed by inadvertently ingesting metacercariae on aquat-
ic plants (Fasciola spp.) or ants (Dicrocoelium spp.)
[10, 13, 16].

Currently, the veterinary drug market offers a wide
range of anthelmintic drugs. The relevance of the de-
sign of drugs with anthelmintic action is determined
by the need to increase the bioavailability of the sub-
stances used. For example, a technology for creating
a supramolecular system of an antiparasitic drug us-
ing mechanochemical technology and targeted delivery
has been developed and tested. To obtain a solid dis-
persion of the drug, water-soluble polymers are used,
which improve the properties of the substance by in-
creasing water solubility. In clinical studies on sheep,
naturally infected with gastrointestinal nematodes and
moniezia, it has been proven that the designed drug
significantly exceeds the activity of the substance in
terms of antiparasitic activity [1, 3].

The objective of this research was to study the an-
thelmintic activity of the designed dosage form based
on chitosan nanoparticles with included albenda-
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zole sulfoxide (ASO) in case of ovine helminthiases.
Chitosan nanoparticles with the included active sub-
stance were obtained by ionic cross-linking according
to the modified method of Calvo et al. (1997).

MATERIAL AND METHODS

The study of the efficacy of a new dosage form of
an anthelmintic was carried out on the basis of a sheep
farm that was unfavorable for invasive diseases. To
select experimental animals, 120 sheep naturally in-
fected with gastrointestinal nematodes, Dictyocaulus
filaria, M. expansa and D. lanceatum, were identified
using double helminthoovoscopy. The selected sheep
were marked with individual numbers and divided into
3 groups, taking into account their infestation (n = 40).

When studying the efficacy of a new dosage form
of an anthelmintic of the benzimidazole group, the
drugs were administered to the experimental animals
by intramuscular injection.

The animals of the first group were treated with the
basic drug, albendazole substance (antiparasitic thera-
py), ata dose of 5 mg of a. s. per 1 kg of animal weight,
the animals of the second group received a designed
drug based on chitosan particles as antiparasitic thera-
py at a dose of 3 mg of albendazole sulfoxide per 1 kg
of animal weight, the animals of the third group were
not administered the drugs, and they served as the con-
trol. The sheep infected with dicrocelia were admin-
istered intramuscularly at doses of 7.5 and 5 mg/kg of
the active substance. On day 18 of the experiment, the
feces of the sheep from the experimental groups were
collected and examined using standard helminthoovo-
scopic methods to record the dynamics of the intensi-

ty of invasion depending on the number of helminth
eggs detected in 1 gram of feces [2].

Statistical processing of the obtained data was
carried out using the Microsoft Excel computer pro-
gram. The reliability of the statistical difference be-
tween the average values was determined using the
Student’s method.

STUDY RESULTS

According to the results of helminthological stud-
ies (Table 1), it was established that the extensive ef-
ficacy of albendazole against ovine moniesiasis was
93.3 %, and when using ASO it was 100 %. For nem-
atodes of the gastrointestinal tract of sheep, the ex-
tensional efficacy of albendazole was 80 %, with the
introduction of the drug ASO — 95 %, while the de-
crease in the intensity of the release of nematode eggs
reached 94.96 and 99.10 %, respectively. In case of
dictyocaulosis, the animals of both groups complete-
ly recovered from helminths. According to the results
of scatological studies, the drugs showed 100 % effi-
cacy. In case of dicroceliosis, in the group of animals
receiving albendazole against helminths, 20 sheep re-
covered, in the second group of the animals receiv-
ing ASO — 23 sheep, the decrease in the intensity of
the release of dicrocoelium eggs in these groups was
86.71 and 96.94 %, respectively. The extent of infes-
tation of the sheep in the control group did not change
during the observation period. The intensity of the re-
lease of eggs of moniezia, nematodes of the gastro-
intestinal tract, dictyocaulus and dicrocoelium was
149.4 £33.71,59.34+22.92,72+6.93 and 9.1 £2.7
samples/g of feces.

Comparative efficacy of a new dosage form of an anthelmintic in case of ovine helminthiases e
Recovered from Average number of helminth eggs
Group of animals n helminths, IE, %
animals before treatment after treatment
1 2 3 4 5 6
Monieziosis"
Albendazole 30 28 1242 +31.6 42403 96.62
ASO 30 30 158.1 +£37.8 0 100
Control 30 30 149.4 £33.7 166.7£41.3 0
Nematodes of the gastrointestinal tract
Ricobendazole 40 32 176.4+19.7 89+13.2
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Table 1 (the end)

1 2 3 4 5 6
ASO 40 38 188.7 +£22.5 1.7+04
Control 40 0 159.3+22.9 172.5+28.1 0
Dictyocaulosis™
Albendazole 18 18 28.6 £6.8 0 100
ASO 18 18 24.1+£7.2 0 100
Control 15 0 272+6.9 292+78 0
Dicroceliosis
Albendazole 25 20 31.6+4.8 42+0.1 86.71
ASO 25 23 39.2+39 1.2+£0.6 96.94
Control 25 0 39.1+£2.7 389+23 0

* in case of monieziosis, determination of efficacy is based on the extent of invasion before and after of the drug use

™ average number of larvae in 1 g of feces

Increasing the efficacy of the designed drug based
on the complex of albendazole sulfoxide and chitosan
is achieved, in our opinion, due to the transformation
of pharmacokinetics and, as a consequence, increasing
the bioavailability of the active substance of the drug.

CONCLUSION

The efficacy of the drug based on albendazole sulf-
oxide in case of ovine helminthiases is higher than the
activity of the substance for nematodes of the gastro-
intestinal tract, ovine monieziosis and dicroceliosis.
According to the study, it has been established that a
new dosage form of an anthelmintic from the group
of benzimidazoles is highly effective against moniesi-
asis, nematodes of the gastrointestinal tract and lungs
at a dose of 3 mg/kg of a. s., and in case of dicroceli-
osis — at a dose of 5 mg /kg of a. s.

The research was carried out within the framework
of the program to support the development of scientif-
ic teams of Stavropol State Agrarian University, im-
plemented with the financial support of the Strategic
Academic Leadership Program “Priority — 2030”.
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COCTOSHUE ECTECTBEHHOM PEBUCTEHTHOCTH
Y HIOPOCST IPU BAKIIUHAILIMY TIPOTUB
KJACCHUUYECKOM YYMBbI 1 POKHU CBUHEM

Aunekceii FaBpuiosnu Llaxos, Jlapuca FOpbeBua Camnnna®™,
Baagumup Hukonaesnu Konapes, FOausa IOpseBna Bnagumuposa,
laauna BacuibeBna HukoHeHko!

Bcepoccuiickuii Hayuno-uccie008amenscKull 6emepuUHapHbitl UHCIMUNYm Namoao2u,
papmaronozuu u mepanuu, Boponesic, Poccus, l.yu.sashnina@mail.ru®™

AHHoOTanus. B yClI0BUAX MPOMBIIITIEHHOTO CBUHOBOJYECKOTO KOMIUIEKCA U3YUEHO COCTOSTHIE €CTECTBEHHOM pe-
3UCTEHTHOCTH Y MOPOCST MPH IUIAHOBOI BaKIMHALIUU MPOTUB KIACCUUECKON UyMBl M POKU CBUHEH. Y HUX MO
CPABHEHUIO C UHTAKTHBIMU KUBOTHBIMU YCTAHOBJICHO TOBBIIICHHE JIN30IIMMHON 1 KOMIUIEMEHTAPHON aKTUBHO-
CTH CHIBOPOTKH KPOBH M COJICpP)KaHMs OOIINX NMMYHOIJIOOYJIMHOB Yepe3 5—6 JIHel Imocie MepBoro u BTOPOro
BBeJieHUs BakuHbI TpoTuB KYC 1 BaknMHAIMK IPOTUB POXKHU, CBUIETEILCTBYIOIEE O BBICOKOH HAIIPSKEHHOCTU
IyMOPAJIEHOTO 3BeHA HecIeln(UUECKOM 3alUThl U CHI)KEHHE uepe3 14 aHel mocie mepBoro BBEICHHS BaKIH-
uel potuB KUC 1 coneprkanust 00mmx NMMYHOTIIOOYITMHOB cIycTst 17 aHEH nocie ee MOBTOPHON MHBEKIINH, 00-
YCIIOBJIICHHOE HEOOXOMMOCTBIO YMEHBIICHUSI aHTUT€HHOM HAarpy3KH. Y 'KHBOTHBIX OTMEUEHO YBEIMUCHHUE KOH-
LEHTPALMH TUTAaHTCKUX U MEJIKUX HUPKYINPYIOIIMX UIMMYHHBIX KOMIUICKCOB M K0a(h(hUIMeHTa NX 1MaToreHHo-
CTH, YTO CBSI3aHO C OOJIBIIMM IOCTYIJICHMEM BAaKIMHHBIX BUPYCHOTO M OaKTEpHAJbHOIO aHTHTCHOB
n "HepocratouHoit anumuHanuer LIUK, a raxxe daronurapHoro nxaekca, parorurapHOro 4rcia, CIIOHTAaHHOTO
u crumysnpoBanHoro HCT-Tecra, CBHIIETENBCTBYOIIEE O MOBBIILICHUH MTOTIOTUTEILHOW (DYHKIIMU U MeTa00IH-
YeCKOH aKTHBHOCTH HEHTPO(HIIOB, C TEHICHINEH K YMEHBIICHNIO HH/IEKCA UX CTUMYJISILIUH, XapaKTepu3yIomiei
CHIDKCHHUE pe3epBa aJlanTain GparonuTHPYIOINX KICTOK.

KuroueBsle cioBa: BaknuHanus, KYC, poxka cBUHEH, IN301MMHAs M KOMIIJIEMEHTapHasi aKkTUBHOCTB ChIBOPOT-

KH KPOBH, ()aroyTo3, IUPKYINPYIONIHEe NMMYHHBIE KOMITJICKCHI

Bbicokast mpogyKTUBHOCTb M COXPAaHHOCTD KUBOT-
HBIX B IPOMBILIUICHHBIX CBUHOBOAYECKUX X035 HCTBAX
BO MHOTOM 3aBHCAT OT COCTOSIHUSI €CTECTBEHHOH pe-
3UCTEHTHOCTH, MEXaHU3MbI KOTOPOIi HalpaBlieHbI Ha
o0ecriedyeHre MOCTOSHCTBA BHYTPEHHEH Cpenbl op-
raHv3Ma TpH BO3JCHCTBUH PA3IMYHBIX MATOTCHHBIX
(hakTopoB, BKIItOYas BO30yauTeNnel WH()EKIIMOHHBIX
Oonesneit [1—3].

Ha cocrosiHne ecTecTBEHHOM yCTONYMBOCTH Op-
raHu3Ma MOpOCIT HETaTUBHOE BIUSHHE OKa3bIBa-
10T pa3NuHble cTpecc-pakTopsl (paHHUN OTHEM OT
CBHHOMATOK, MEPEBOJ] UX Ha JOpaIINBaHUE U OT-
KOpPM), TEXHOJIOTMUECKHE MOTPEIIHOCTH B KOpMJIe-
HUH ¥ COAEP>KaHUHU, FKOJIOTHUECKOE HeOIaronoryyue
u 1ip. [3—6]. CHrkeHHe ee y HOpocAT OTMEYEHO TaK-
XK€ MPH CTpecce, BHI3BAHHOM BaKIMHAIMEH MPOTHB
poku cBUHEH [ 7], canbMoHemIe3a [8], KiaccuaecKon
yyMbl cBUHEH [9]. BmecTe ¢ TeM mccienoBaHUSMU

. H. TropenkoBa u coanT. (2014) Ha OeIbIX KphICax
MOKa3aHO, YTO BaKI[MHAIIHS IOBBIMIAET YCTOWYHBOCTh
K JCHCTBUIO CTPECCOPHBIX (PaKTOPOB 3a CYET YMEHb-
HICHUS] YPOBHsI JINM(POLUNTO3a, U3MEHEHHSI [IUTOKH-
HOBOTO MIPOQHJIIS B CTOPOHY CHIDKEHHUSI IPOBOCIIAIH-
TETHLHOM HANPABICHHOCTH UMMYHHBIX peakiuii [10].

AKTYyaJlbHOCTb HACTOSIIEr0 HCCIEeNI0BaHUS 00-
YCIIOBIIEHA HEOOXOIUMOCTBIO U3YYEeHHSI COCTOSHUS
Hecnenu(puyeckoro (eCTeCTBEHHOI0) HMMYHHTETa
y MOPOCST MPH BO3AECHCTBUN HA HUX TEXHOIOTHUYECKU
00s13aTeNbHBIX MPUEMOB IIPU BBIPAIIMBAHUH, TIPEIY-
CMOTPEHHBIX MPOMBIIIUIEHHOH TEXHOJIOTHEH, B OTACIb-
HOCTH U B COYETAHUU C IUIAHOBOM BaKLIMHALUEH IPO-
TUB KIJIACCHYECKOW YyMBI U POXKU CBHHEH.

ens nccnenoBaHnii — M3ydeHUE ryMOpaIbHOU
U KJIETOYHOH €CTECTBEHHON PE3UCTEHTHOCTH y TO-
POCSIT IPH BaKIIMHAIIUH MPOTUB KJIACCUYECKON TyMBI
U POXH CBUHEM.

© [axoB A. I'., Cammauna JI. FO., Konapes B. H., Bragumuposa FO. 1O., Huxonenko I. B., 2023
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MATEPHAJIBI U METOJbI
HUCCJIEJOBAHUM

HccnenoBanus IpoBeIECHBI B IPOMBILIIIEHHOM CBH-
HOBOJYECKOM XO34MCTBE HA 2 rpynnax 1o 25 mopocsT.

JKuBoTHBIE IEpBOY rpymnIibl (KOHTPOJIbHAS) OBLTH
WHTaKTHbIMH (0€3 BO3JCHCTBUSI BaKLIMHHBIX BHPYC-
HOTO U OaKTepHaJbHOTO aHTUTCHOB), BTOPOH (OIIBIT-
Hast) — B Bo3pacte 49 u 100 qHei ObUTH MPUBUTHI BaK-
IMHOH TIPOTHB Kiaccuueckoil aymbl cBuHel (KUC)
XKUBOU KynbTypanbHOil cyxor (OI'BY «BHUN3XK»)
u B Bo3pacte 60 n 85 qHEl BaKIMHOW MPOTUB POKU
cBuHell u3 mramma BP-2, cyxoif, xusoit (®KII
«IllenkoBCKMiT OMOKOMOMHATY).

OTBeM MOpOCAT OT CBUHOMATOK M TIEPEBOJI Ha JI0-
pallliBaHue TPOBOJIMIIN B Bo3pacTe 28 qHEH, a Ha OT-
kopM — B 70 gueil. Kopmuenue u conep:kaHue xu-
BOTHBIX COOTBETCTBOBAJIM HOPMaM, MpPeTyCMOTPEH-
HBIM [TPOMBILIIEHHON TEXHOJIOTHEH.

OnbIT MPOBOMIIM B COOTBETCTBHH C TPEOOBAHHUSA-
MU ACHCTBYHOUIUX MEXIYHAPOAHBIX U POCCHUUCKHUX
3akoHOmaTeNbHBIX akToB (dupexktuBa 2010/63/EU
ot 22.09.2010, EBponeiickoit koupenuuu (ETS123),
Strasbourg, 1986), a Taxke TpeOOBaHMIT KOMUCCUHU
o 6uostuke ®I'BHY «BHUBUII®uT» (nmpotokon
Ne 1—02/23 ot 10.02.2023 ).

3a60p KpOBH OT KJIMHHYECKH 30POBBIX ITOPO-
cAT (7 = 5) 00euX TPYIIT IIT UMMYHOJIOTHYECKIX HC-
cnenoBaHuii mposoawiu B 33, 55,6390, 98, 105 u 117
JHEBHOM Bo3pacte. B xpoBu onpenesnsiiu ¢aronurap-
HyI0 akTHBHOCTH HelTpoduioB (PAH), arouurap-
Heii nuzekc (ON) u parouurapuoe uncio (OY) B co-
OTBETCTBHH € «MeToaMIeCKUMHI PEKOMEHTAIIUSIMH 110
OLICHKE ¥ KOPPEKLMH HMMYHHOT'O CTaTyCa >KUBOTHBIX)»
[11] 1 MeTaboNMYeCcKyt0 aKTHBHOCTH (DaroruToB 1Mo
peakuy BOCCTAHOBIIEHHS HUTPOCUHETO TETPA30JINs
in vitro (HCT-TecT) npu B3anMOJICHCTBUU C UHTAKT-
veiMu (ciHCT) u ctumynupoBanabivu (cTHCT) nu-
poreHanoM HeHTpoduiamu nepudeprieckoil KpoBH.
ITokasarens pe3epBa aktuBanuu HerTpodmios (I1P)
paccuutheiBaiu o ¢gopmyne: 1P = ctHCT/cnHCT
[12]. B cbIBOpOTKE KPOBH ONPENEIIN JTU30LUMHYIO
(JIACK) u xommuiementapnyto (KACK) aktuBHOCTB
CBIBOPOTKH KPOBH COINIACHO «MeETOMIECKUM PEKOMEH-
JIALIMSIM TT0 OIIEHKE M KOPPEKIINH HecTIe(prIecKoil pe-
3UCTEHTHOCTH JKHBOTHBIX» [13], Kolm4aecTBO 0OIIMX
nMMyHoroOynuHoB (Ig) B coorBercTBUM € «MeTonamu
BETEPUHAPHON KIIMHUYECKOW J1TabopaTopHOW AuarHo-
cTukm» [14], conepkanne HUPKYJIUPYIOIIUX HMMYH-
HbIX koMuiekcoB (LK) mo «Metoandeckum pekoMeH-
JAIMAM TI0 OLIEHKE W KOPPEKIIUM IMMYHHOTO CTaTyca
KUBOTHBIX» [ 11], koaddurment matorernocty [[1UK
paccuutbiBanu 1o cootHomenuto KIT=C7/C3 [15].

Cratuctuyeckyio 00paboTKy MOJYyYEHHBIX JaH-
HBIX IMTPOBOAWIIN C UCITIOJIB30BAHUEM ITaKeTa IMPUKIIaa-
HBIX Iporpamm Microsoft Excel u Statistica v10, orren-
Ky JIOCTOBEPHOCTH — 110 KpuTeputo CTHIONEHTA.

PE3YJIBTATHI UCCJIEJOBAHUMN
N OBCYXKIEHUE

Y nopocsT ONBITHOM I'pyNIbl B BO3pacTe 55 qHEl
CITyCTsI 6 CYTOK TIOCJIe BBEIEHHWS BAKIIWHBI TIPOTHUB
KYC (Tabn. 1) orMedeHo MOBBIIIIEHHE TI0 CPAaBHEHUIO
C TpeABIAYIIMMHE 3HaYeHUMU (33 JTHS) JTU30IUMHON
(29,1 %) 1 xommemenTapHoii (Ha 84,8 %) akTHBHO-
CTH CBIBOPOTKHU KPOBH, CBUACTEIBCTBYIOIIEE 00 yBe-
JUYEeHUN Hecenn(puaeckol TyMOpanbHOM 3aIINTHI.
[Ipm 5TOM WX 3HAYEHHWS MPEBBIIIATN TAKOBBIC y HH-
TaKTHBIX JKMBOTHBIX Ha 4,2 u 73,8 % COOTBETCTBEH-
HO, Y KOTOpBIX NoBbIcHiack ToabKo JIACK Ha 31,8 %.

Coneprkanue 00MKX UMMYHOIIOOYJIMHOB Y ITOPO-
cAT 00eUX IPYIII HE MPETEPIICN CYIIECTBEHHbIX H3-
MEHEHUH, TIPU TOM UX YPOBEHb Y BAKIIMHUPOBAHHBIX
KUBOTHBIX TIpeBbIman Ha 3,0 %.

Konnentpanus rurantckux (3,0 %) u Menkux
(7,0 %) uMpPKYIUPYIOIINX UMMYHHBIX KOMIUIEKCOB
y MOPOCAT OMBITHOM TpyImbl MoBBIcHIAach Ha 17,1
u 12,2 % cOOTBETCTBEHHO, a KO3()(DUIIMEHT MaTOreH-
Hoctu (C7/C3) camswmiics Ha 2,6 %. [Ipu aTom ux 3Ha-
YEHWSI TIPEBHIIIAIHN TAKOBbIE Y MHTAKTHBIX )KHBOTHBIX
Ha 46,4 %, 58,6 1 7,5 %, uTO yKa3bIBaeT Ha OoJiee BhI-
COKYI0 aHTUTCHHYIO Harpys3Ky.

IIpu oTcyTCcTBUM M3MEHEHU B KOJTHYECTBE IIUPKY-
JIUPYIOLIUX aKTHBHBIX (haroluTOB Y MOPOCST OIBITHON
TPYIITEI TTOBBICHIIACH WX TOTIIOTUTENIbHAS (YHKITHUS:
(arormrapusIii nHAEKC Ha 9,5 %, haronnTapHoe Unc-
10 Ha 16,6 % u MmeTabonnyeckast akTuBHOCTh cTHCT
Ha 8,9 % u cnHCT na 11,6 %, npeBbicUB TakOBbIE
Yy UHTAKTHBIX KUBOTHBIX Ha 7,2; 8,9; 29,8 u 19,1 %,
Yy KOTOPBIX 3HAYEHUS MOCIETHUX TPEX IoKazaTe-
JIeH YBENIMUWIINCH B MEHBIIEH cTenieHu Ha 8,5 %; 6,8
u 3,2 %. IloBbIlIeHHE TTOTIIOTUTEIEHOW U MeTabOoIH-
YECKOW aKTUBHOCTH CErMEHTOSACPHBIX HEUTPO(DHIOB
y MOPOCSIT OMBITHOM FPYIIIBI COYETACTCS C AKTUBALIU-
eif CHCTEMBbI KOMILIEMEHTA, YYaCTBYIOIIEH B MPoOIIecCce
¢aronurosa. [lokazarens pesepBa (GyHKIIMOHATBHON
aktuBHOCTH HewTpoduios (I1P) y HuX He M3MeHMI-
s, HO OBUI MEHBIIIE YeM Yy HHTAKTHBIX JKHBOTHBIX Ha
10,5 % 3a cuer yBenuuenust @M, ®Y, citHCT u ctHCT.

VY mopocAT OnbITHOM rpynnsl ciycTs 14 cyTok
nocie BBeneHus Bakuuubl npotuB KUC u 3 gus mo-
cJie BaKUIWHAIUW MPOTUB POXKU CBUHEW U y MHTAKT-
HBIX )KUBOTHBIX B Bo3pacte 63 mus (Tabm. 1) otmeue-
HO TIOBBIIIIEHUE TI0 CPABHEHHUIO C MPEIbIIYIIUMH T10-
kazaresimu JIACK nHa 3,3 1 14,0 % COOTBETCTBEHHO,
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00yCIIOBIIEHHOE HEOOXOIMMOCTHIO CHHYKECHHSI AaHTHT €H-
HOM Harpy3KkH, u COJepKaHMs 00INX UMMYHOTIIO0Y-
nHOB Ha 19,4 1 16,9 %, cBUIETEIHCTBYIONIEE O Ha-
IPSKEHHOM (PyHKIIMOHUPOBaHWU I'YMOPaJIbHOIO 3Be-
Ha UIMMYHHTETA.

Y BaKIMHUPOBAHHBIX OPOCAT OTMEUEHO CHUXKE-
nue KACK na 44,5 %, 00ycCIIOBICHHOE pacXo/0M Ha
oOpaszosanue 1{1K u nossiienne ¢aronurosa, mpu
HE3HAYMTEIbHOM YBEJIMUEHUHN €€ 3HAUCHNS Y HHTAKT-

HBIX JKHBOTHBIX. CpaBHHMBAs yKa3aHHBIC TyMOpajb-
HBIC TTOKA3aTEeTN y TMOMOIMBITHRIX MOPOCAT, CICIYET
OTMETHTb, UTO Y JKHBOTHBIX OIBITHOU TpyTmmsl JIACK
u KACK Obu1n MeHbIe Ha 5,6 1 6,6 % COOTBETCTBEH-
HO, a COJIep KaHue O0IINX UMMYHOTIIOOYITMHOB OOJIb-
e Ha 5,2 %. Y HuX ke ObUTH BBIIIEC KOHIICHTPALIUS
rurantckux u Menkux UK u ux matoreHHOCTH Ha
48.3; 75,0 u 15,2 %, uTo CBsI3aHO C BBLICOKOM aHTHU-
TEHHOW Harpy3Koil.

Taoauna 1
Tokazamenu necneyu@uueckotl pesucmeHm1oCmu nopoCcsm
Bospact (nau), rpymmst
55 63
Toxazarenu OIBITHAS OIIBITHAS
KOHTPOJIbHASI 6 uer nocre KOHTPOJIbHAS 14 aued nocne
BAKIUHALMU [IPOTHB BAKIUHAI[MH TIPOTUB
KuC KUC
JIACK, mkr/mn 2,7+0,80 2,8+0,14 3,0£0,14 2,9+0,16
KACK, % rem. 7,5+ 0,36 13,1 £1,20° 7.8+ 0,24 7.2+ 047"
O6imue UL, Mr/wi 19,9 + 0,72 20,4+ 1,77 232+ 0,85 244+ 0,93
LUK 3,0 %, mr/sn 0,28 = 0,02 041 £0,02" 0,29 = 0,02 0,430,016
LUK 7,0 %, mr/sn 0,29+ 0,011 0,46 = 0,02" 0,28 = 0,029 0,49 = 0,09"
C7/C3, y. e. 1,06 £ 0,09 1,14+ 0,07 0,99 + 0,06 1,14 +0,05"
®DAH, % 82,4 +0,75 81,6 £1,17 82,0 +£0,89 81,2+ 1,55
DU, y. e. 5,7+0,10 6,1 £0,14" 5,8+0,12 6,3+0,16"
oY, y. e. 4,7+0,12 5,1+£0,11° 44 +0,11 52+0,15
Cn-HCT, % 18,8 £1,02 24,4 +0,75" 20,4+ 0,75 29,6 £ 1,70™
Cr-HCT, % 38,8 £0,49 46,2 +0,39" 41,6 +0,98" 584+ 1,17
IP, y. e. 2,09 + 0,10 1,87 + 0,08 2,02 £ 0,04 1,98 £ 0,06
*P<0,05

P < 0,001 oTHOCHTENBHO HEMPUBUTHIX OPOCAT

" P<0,05

P < 0,001 oTHOCUTENIBHO NPEABIAYLIETO IepHoaa

Y mopocCsAT ONMBITHON TPyNITBl OBUIH BBIIIE, Y€M
Yy UHTAKTHBIX ®KUBOTHBIX U Ha 9,3 %, DY Ha 16,5 %,
caHCT Ha 45,1 % u ¢ctHCT na 40,4 %, uto cBuae-
TEJNBCTBYET O 00JIee BBIPAKEHHOW Yy HUX HECTICIU(H-
YECKOHM KJICTOYHOM 3alnTe.

[ToBTOpHOE BBEACHHE BAKIMHBLI IIPOTHB POXKHU
(85 cytkm) u ximaccuveckoit wymsl ceunei (100 cyt-

KH) CKa3aJINCh Ha Hecrenu(puueckol pe3nCTeHTHO-
CTH >KMBOTHBIX.

VY HopocsAT ONBITHOM I'PYIIIBI CITYCTS 5 JHEHR nocie
BaKITMHAITIH IPOTUB POXKHU U Y UHTAKTHBIX )KUBOTHBIX
B Bo3pacte 90 mHel CHU3MIach Mo CPaBHEHHUIO C Tpe-
neirymaMu nokasarensmu JIACK wa 4,2 u 10,9 %
B CBSI3U C pacxojioM (hepMeHTa Ha MHAKTUBAIIHIO ITUP-
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KYJIUPYIOIIMX OaKTepHaIbHBIX IATOTEHOB, a Y TTOCIIe]I-
aux 1 KACK na 4,1 %, HO yBETHYIIIIOCH COACpKAHUE
00X UMMYyHOTI00yuHOB Ha 54,9 u 49.4 %, npu
stom 3HadeHne KACK 1 001mux nMMyHOTII00YTMHOB
Yy UIMMYHHU3UPOBaHHBIX NTOPOCAT MPEBbILIANN Ha 14,8
n 9,4 %, 4TO CBHIETEIBLCTBYET O O0Jice BHIPAKEHHOM
y HUX T'yMOpaJibHOM 3arure (Tadi. 2).

IIpu oOmieit TeHACHIIUA CHUKEHUS Y KUBOTHBIX
00erX TPyIIT THraHTCKUX Ha 27,6 1 25,6 % u yBenmye-
aus Menkux LIMK ra 21,4 n 12,2 % u koo dunmenta
MAaTOreHHOCTH Ha 60,7 1 53,5 % ux 3HaueHus y Baku-
HUPOBAHHBIX MOPOCT ObLIH OoJbIe HA 52,4 %; 61,8
u 6,1 %, uTo yKa3pIBaeT Ha 00Jiee BRICOKYIO aHTUTCH-
HYIO HArpy3KYy.

Taoauna 2
Toxazamenu necneyuguueckou pe3ucmenmuoCcmu nopocsm
Bospacrt (am), TpymIme
90 98
Hoxasaremn OIIBITHAS OIIbITHAS
5 nHen nocie 13 nueit nmocie
KOHTPOJIbHAS KOHTPOJIbHAS
BaKIWHAIINY TIPOTHUB BaKIWHAIMA TIPOTUB
poxu poxu
JIACK, MKr/mi 2,7+0,17 2,7+0,11 2,4+0,29 2,9+ 0,05
KACK, % rem. 7,4+0,22 8,5+ 0,68 8,0+ 0,35 8,8+ 0,47
Oo6mwme U, mr/mn 34,7+1,01" 37,84+ 1,03" 36,6 + 0,54 40,6 £1,42"
UK 3,0 %, mr/mi 0,21 £0,02* 0,32 £0,03" 0,23 £ 0,008 0,28 +0,02"
UK 7,0 %, mr/mr 0,34 +£0,02 0,55 +£0,04" 0,31+0,02 0,50 £ 0,02
C7/C3,y.e. 1,65+0,15" 1,75+ 0,15* 1,36 £ 0,08 1,83 +£0,14"
DAH, % 83,6 £1,17 88,2+ 1,17 82,0+0,89 86,0 £ 1,41"
DU, y. e. 5,9+0,26 7,7+£021" 6,0+0,17 7,5+0,15"
Y, y. e. 49+0,18" 6,8+0,15" 49+0,12 6,4+0,11"
Co-HCT, % 21,2 +0,86 34,8 +£1,53" 20,6 +£0,98 33,24+0,92"
Ct-HCT, % 43,0+ 2,88 68,4+ 0,66™ 41,2+2,42 64,0 £ 0,94
[P, y. e. 2,04+£0,16 1,96 £ 0,09 2,03 +0,20 1,96 £ 0,02
*P<0,05
P < 0,001 oTHOCHTENBHO HEMPUBHUTHIX TOPOCAT
*P<0,05

P < 0,001 oTHOCUTENBHO MPEABIAYIIETO IepHoaa

YV )KMBOTHBIX ONBITHOM rpymIbl moBsickauch PAH
Ha 8,6 %, mormoTuTenbHas QyHKIHS HEHTPODUIIOB:
®U na 21,1 %, ®Y nHa 31,7 %, 4TO CBA3aHO C aKTH-
BallMeil X KOMIJIEMEHTa W OTICOHM3AIlNel OaKkTeprun
AHTHUTEIaMH, U METa0OIMYECKasi aKTUBHOCTH (haroim-
toB: cnHCT na 17,6 u ctTHCT na 17,1 %, npeBbicuB
TaKOBBIC Y MHTAKTHBIX TTOpocsT Ha 5,5 %; 30,4; 37.,8;
64,21 59,1 % COOTBETCTBEHHO, YTO CBU/ICTEIIHCTBYET
0 Ooee BRIpAXKCHHON Y HUX HeCTeIn(DUIecKoi Kie-
TO4HOI 3aruTe. OIHAKO y HUX ObLT MEHbIIIE (PYHKITHO-

HaJIBHBIN pe3epB KiIeTok Ha 3,9 %. Y )KUBOTHBIX OTIBIT-
HOM TpyTIBI B Bo3pacte 98 mueit ciycts 13 cyTok mo-
CJIe IOBTOPHOTO BBEACHUS OaKTEepHaIbHOIO AaHTUTCHA
MPOTUBOPOKUCTON BakuMHbBI noBbicuaack JIACK na
6,2 %, KACK Ha 3,0 % u conepxaHue 00X UMMY-
HOI0OYNMHOB Ha 7,3 %, IpK 3TOM UX 3HAUCHMS TIpe-
BBIIIIAJIH TAKOBEIE Y MHTAKTHRIX opocaT Ha 21,8 %; 9,6
n 10,8 % cootBercTBeHHO, y KOTOphIX JIACK cHM3H-
mack Ha 11,5 %, Ho moBwIcch KACK u comeprkanne
00ImuX UMMYHOIIOOYIMHOB Ha 7,9 1 5,9 % (Tabm. 2).
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VY KUBOTHBIX OIBITHOW I'PYIIIbI CHU3WIACH KOH-
LIEHTpalMsl TUTAaHTCKUX U MenkoaucnepcHsix [TUK
Ha 12,5 n 9,1 %, HO yBenmumics k0dpPHUIHEHT Ta-
TOT€HHOCTU Ha 4,6 %, IpU 3TOM HUX 3HAYEHUS Ipe-
BBIIIIAJIM TAKOBBIE Y MHTAKTHBIX Hopocart Ha 21,7 %;
61,3 1 34,6 % COOTBETCTBEHHO, Y KOTOPBHIX YPOBEHb
rurantckux [IUK yBenuuwmics Ha 9,5 %, a menkonuc-
nepcHbix LIHK 1 ko3¢ puimenT naToreHHoCTH CHU3H-
nmch Ha 8,8 u 17,6 %.

[oyueHHbIe pe3ynbTaThl CBUAECTEIBCTBYIOT O 00-
Jiee BEICOKOW aHTUTEHHOM Harpy3Ke y >KUBOTHBIX OIIBIT-
HOM rpynnbl. KoauuecTBo akTHUBHBIX (arouuTupy-
IOUIMX HEUTPOPHUIOB, UX MOTIOTHTENbHAS (QYHKIHSI
1 MeTabonnyeckas akKTHBHOCTh, a Takke (yHKIHO-

HaJBHBIN TOKA3aTENb Pe3epPBa KJIETOK Y MOAOMBITHBIX
MOPOCAT HE MPETEPIICTN CYyIIeCTBEHHBIX H3MEHEHUI
IO CPAaBHEHHIO C MPEABITYIIINMHA TTOKA3aTEIISIMHU.

IIpu sTom 3nauenus ®AH, ®U, ®Y, cutHCT
1 cTHCT y BakIIMHUPOBAaHHBIX >KUBOTHBIX ITPEBBIIIATI
TaKOBbIC Y UHTAKTHBIX mopocsT Ha 4,9 %; 24,4; 30,4;
61,2 u 55,3 %, 4TO CBUJIETEIILCTBYET O OOJiee BhIpa-
YKEHHOM y HUX KJIETOYHOM 3allluTe.

Ho mnoBeImieHHass aHTUTEHHAsT Harpy3ka MOXeT
MIPUBECTH K CHIDKEHHIO aKTUBHOCTH KIIETOYHOTO 3BE-
Ha HEeCHeIM()UUSCKON 3alUThl Y TTOPOCAT OMBITHOU
TPYIIIBL, O YeM CBUICTEIBCTBYET MeHbIIast (Ha 3,4 %)
BeJIMYMHA PYHKIIMOHAIBHOTO pe3epBa (paroiuTupyro-
LIHUX KJIETOK.

Taoauua 3
Toxasamenu necneyughuueckorl pe3ucmeHmHoCmu nopocsim
Bospacrt (mau), rpymimmbe
105 117
ITokasarenu OIIBITHAS OIIBITHAS
5 ngHel mocie 17 nneii mociie
HETIPUBUTHIC HETIPUBUTHIC
BaKIMHAIIMY TIPOTUB BaKIWHAIMH TIPOTUB
KUC KUC
JIACK, MKr/Ma 2,7+0,26 2,9+0,29 3,0+0,13 29+0,13
KACK, % rem. 7,5+0,84 9,0 +0,99 8,3 +0,40 8,2+0,45
O6mue T, mr/mn 359+1,58 40,6 =0,93" 44,5 +2,07" 37,5+ 3,07
UK 3,0 %, mr/mi 0,25 +0,01 0,37 £ 0,02 0,27 £0,02 0,29 +£0,02*
UK 7,0 %, mMr/mi 0,32 +0,02 0,59 £ 0,02 0,40 +£0,03* 0,42 +0,05*
C7/C3,y.e. 1,32+ 0,07 1,60 £ 0,07" 1,51 +£0,10 1,43 +0,11
DAH, % 82,8 £1,02 88,8 +1,02" 81,6 £1,72 88,4 +1,33"
DN, y. e. 5,7+ 0,06 7,5 +0,09 5,3+0,39 6,7+0,19"
DY, y. e. 4,7+0,06 6,7+0,10" 4,4+0,26 6,1 £0,17*
Co-HCT, % 19,2 £0,68 35,6 £1,47" 21,2+ 1,02 38,8 £2,67
Cr-HCT, % 43,2 +2,06 68,0+ 0,93" 42,0+ 1,67 62,0+ 1,42
[P, y. e. 2,26 +0,07 1,92 £0,05" 2,01 +£0,05" 1,62 +£0,11""
*P<0,05
P <0,001 oTHOCUTENEHO HEPUBUTBIX TIOPOCSIT
*P<0,05

P < 0,001 oTHOCHTENBEHO MPEABIAYIIETO TEPHOIA

Y nmopocArt onbITHOH rpynisl B Bo3pacte 105 aueit
CITyCT IIATh CYTOK II0CJI€ BBEJCHHUS BAKLINHBI IIPOTHB
KUYC (tabmn. 3) JIACK, KACK u comepxanue oOmmx

MMMYHOTJIOOYTHHOB HE MPETEPIeNn CYIIeCTBEHHBIX
WU3MEHEHHUH 110 CPAaBHEHUIO C MPEABIAYIINMH 3Ha4e-
HUSIMH, HO NIPEBBIIIANIN TAKOBBIE y HHTAKTHBIX )KUBOT-
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vbIX Ha 7,5 %; 19,8 u 13,2 % COOTBETCTBEHHO, y KO-
topbix JIACK yBenuumnace Ha 12,6 %, a KACK cHu-
3unack Ha 6,9 %.

[Ipu oOmieli TeHAESHIIUN YBETUYEHUS y TIOPOCAT
00eunx rpyni coaepKanus Turantckux Ha 8,7 u 32,1 %
u menkux [[UK Ha 3,2 u 18,0 % u cHmkenust koahu-
[IMECHTA MaTOreHHOCTH Ha 2,9 u 12,6 % ux 3HaYeHUS
y JKUBOTHBIX OTIBITHOW TpyTIIBI TipeBbItiann Ha 48,0 %;
84,4 m 21,2 %. YV HUX e KOJTMYECTBO aKTUBHEIX (a-
TOIUTHUPYIOIIUX HEUTPO(DUIIOB U MX MOTJIOTUTEIIhHAS
¢ynxums ©U u OY He npeTeprienu cyuiecTBeHHbIX U3~
MEHEHHUH, a MeTa0OIMUECKasi aKTUBHOCTh MOBBICHIIACH
cnHCT na 7,2 u ¢ctHCT na 6,3 %, pu 5TOM UX 3Ha-
YEHUS MPEBBIIIAIN TAKOBBIC Y HHTAKTHBIX MTOPOCAT Ha
7,2 %;32,3;41,7;85,4u 57,4 % COOTBETCTBEHHO, y KO-
TOPBIX CHU3WIJIACH TOTIOTHTENbHAS (DYHKIUS KIIETOK
®dU na 5,5 %, DU Ha 4,5 %, a u3 MeTabOINYCCKOI aK-
tuBHOoCcTH — cTHCT Ha 6,8 % npu yBenmmdaenun ctTHCT
Ha 4,9 %. Y KUBOTHBIX OIBITHOH IPYTITIBI HE3HAYUTEITh-
HO CHU3WJICS (PYHKITMOHATBHBINA pe3epB (paroruTupyro-
ITUX KJIETOK M ObIT MeHbIne Ha 15,0 %, ueM y HHTaKT-
HBIX ITOPOCST, Y KOTOPBIX OH yBenuumics Ha 11,3 %.

VY UBOTHBIX ONBITHOHN Tpymmel B Bo3pacte 117
JHel crycts 17 CyTOK mociie BBEACHUS BAKIIMHBI ITPO-
tuB KUC (tabu. 3) JIACK 1o cpaBHEHHIO C IPEIbIILY-
UM TIOKa3areneM He m3MeHmiach, a KACK u comep-
YKaHWE 00INX MMMYHOTJIOOYJTHHOB CHU3HIIMCH Ha 7,9
u 7,7 % cooTBeTCTBEHHO, Ipu 3ToM 3HayeHust JIACK
u KACK He oTnnyanuch OT TAaKOBBIX Y MHTAKTHBIX
MOPOCST, & YPOBEHb O0IINX UMMYHOTJIOOYTHHOB OBbLIT
MeHble Ha 15,8 %. Y mocienHux MokasaTreiau ry-
MOpaJTbHON 3amuThl yBenudmwmch Ha 11,2 %; 10,8
u 24,0 % COOTBETCTBEHHO.

KonnenTpauus rurantckux u menkux LK u ko-
3 PUIUEHT MaTOTeHHOCTH Y KUBOTHBIX ONBITHON
rpynmnsl cHu3uiauch Ha 21,6 %; 28,8 u 10,6 % coot-
BETCTBEHHO, a Y MHTAKTHBIX MOPOCST MOBBICHINCH
Ha 8,0 %; 25,0 u 14,4 %, ipu 5TOM y BaKITMHUPOBAH-
HbIX — 3HaueHus 1IMK Owumn BIe Ha 7,4 u 5,0 %,
a k03()(hUIMEHT NaTOreHHOCTH MeHblIe Ha 5,3 %.

KonmuecTBo akTHBHBIX (harOlUTHPYIONUX KIETOK
y KHBOTHBIX 00EHX TPyII HE U3MEHWIOCH, a MOTIIO-
tuTenbHas pyHkuus cansmwiack O Ha 6,9 u 11,3 %
u ®Y nHa 6,6 u 8,8 %, npu dTOM WX 3HAUEHUS y TIO-
POCST ONBITHOM TpymIbl ObUTH BhIIIE Ha 8,3 %, 26,0
u 38,3 % coorBeTcTBeHHO. llpu o0mIel TeHAeHINN
y )KMBOTHBIX 00enx rpynn ysennueHus citHCT va 10,4
19,0 %, camxennst ctHCT Ha 2,8 u 8,8 % u dyHKIIMI0-
HaJBHOTO pe3epBa (aroiuTUPYIONKMX KiIeTok Ha 11,1
n 15,6 % 3navennst ctHCT u ctHCT y mopocst onbIT-
HO¥H rpymiel Ob1TH BeIIe Ha 83,0 u 74,6 %, a mokas3a-
TeNb pe3epsa MeHblle Ha 19,4 %.

3AKJIIOYEHHUE

IIpoBeneHHBIMU HCCIIEIOBAHHUSIMA Y TIOPOCSIT, BaK-
LUHUPOBAHHBIX MPOTHUB KIACCUYECKON YyMBI U POKH
CBUHEH 1O CPAaBHEHMIO C MHTAKTHBIMH >KMBOTHBIMH
YCTaHOBJIEHO:

1. [ToBBIllICHUE TU30IUMHON U KOMILJIEMEHTAPHOM
AKTUBHOCTH CHIBOPOTKH KPOBH H COJIEPKaHUS O0IINX
MMMYHOTJIOOYTMHOB 4yepe3 5—6 IHel mocne mepBo-
TO ¥ BTOPOTO BBeAeHUS BakIUHEI mpotnB KUC 1 Bak-
LUHALUU IPOTUB POXKH, CBUIETEIBCTBYIOLLEE O BHICO-
KOW HAIpsHKEHHOCTH T'yMOPAJIBHOTO 3BE€HA HECHENH-
(uyuecKol 3amuThI.

2. CHMKeHHE JIM30IUMHON M KOMILJIEeMEHTapHOI
aKTUBHOCTH CHIBOPOTKH KpOBH uepe3 14 maHel mocie
TepBOTO BBeACHM BakIMHbI TpoTB KUC 1 comepika-
HUS OOIIMX IMMYHOTJIOOYJTMHOB cItycTs 17 pHel mo-
CJIe €€ IOBTOPHOW HHBEKIINH, CBI3aHHOE C HEOOXOIHU-
MOCTbIO YMEHBILIEHUS] aHTUT€HHOM Harpy3KH.

3. YBenuueHne KOHIIEHTPAIIUN TUTAaHTCKUX U MeJl-
KUX [UPKYIUPYIOMNX UMMYHHBIX KOMITIEKCOB U KO-
a¢HUIHeHTa UX TTATOTCHHOCTH ITOCJIE TIEPBOTO BBEIE-
Hus BakuuHbl potuB KUYC u uMMyHH3aluu POTUB
POXH, YTO CBSA3aHO C OOJBIINM MOCTYIUICHUEM aHTHU-
IeHOB U HeJIocTaTouHOM uMmuHanuen LUK,

4. CHmwKeHHe KO3 PUIIMEHTa TAaTOTeHHOCTH IIUP-
KyJTUPYIOINX UMMYHHBIX KOMIUIEKCOB depes 17 quei
ITOCJIe TIOBTOPHOTO BeICHHS BakIWHBEI mpoTuB KUC,
00yCJIOBJICHHOE HAKOTUICHUEM «aHTUTEID.

5. YBenuueHue paroqurapHOro MHAEKca, harouu-
TapHOTO YHCJa, CIOHTAHHOTO U CTUMYJIHPOBAHHOTO
HCT-tecrta, cBUIETETBCTBYIONIEE O MOBBIIICHUH T10-
TJIOTUTENBHON (PYHKITMH W METaOOTMYECKOU aKTUB-
HOCTH HEUTPO(MIIOB, ¢ TCHICHIINEH K YMCHBIIICHUIO
MHJEKCA UX CTUMYJISIIUH, XapaKTepU3yIOLIEH CHUXKe-
HHUE PE3EPBOB aanTauuy GarouuTHPYIOMINX KICTOK.
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DURING VACCINATION AGAINST CLASSICAL
SWINE FEVER AND ERYSIPELAS

Aleksey Gavrilovich Shakhov, Larisa Yuryevna Sashnina®, Vladimir Nikolaevich Kotsarev,
Yuliya Yuryevna Vladimirova, Galina Vasilyevna Nikonenko'

All-Russian Veterinary Research Institute of Pathology, Pharmacology
and Therapy, Voronezh, Russian Federation, lyu.sashnina@mail. ru®™

Abstract. In the conditions of an industrial pig breeding complex, the state of natural resistance in piglets during
routine vaccination against classical swine fever and erysipelas was studied. In comparison with the intact ani-
mals, an increase in serum lysozyme and complementary activity and the content of total immunoglobulins was
found 5—6 days after the first and second administration of the CSF vaccine and vaccination against erysipelas,
indicating a high tension of the humoral link of nonspecific protection and a decrease in 14 days after the first in-
jection of the vaccine against CSF and the content of total immunoglobulins 17 days after its repeated injection,
due to the need to reduce the antigenic load. In the animals, an increase in the concentration of giant and small
circulating immune complexes and the coefficient of their pathogenicity was noted, which is associated with a
large supply of vaccine viral and bacterial antigens and insufficient elimination of CIC, as well as the phagocyt-
ic index, phagocytic number, spontaneous and stimulated NBT test, indicating an increase in absorption function
and metabolic activity of neutrophils, with a tendency towards a decrease in the index of their stimulation, which
characterizes a decrease in the adaptation reserve of phagocytic cells.

Keywords: vaccination, CSF, swine erysipelas, serum lysozyme and complementary activity, phagocytosis, cir-

culating immune complexes

High productivity and livability of animals on in-
dustrial pig breeding farms largely depend on the state
of natural resistance, the mechanisms of which are
aimed at ensuring the constancy of the internal envi-
ronment of the body when exposed to various patho-
genic factors, including pathogens of infectious dis-
eases [1—3].

The state of natural stability of the body of piglets
is negatively affected by various stress factors (early
weaning from sows, transferring them to rearing and
fattening), technological errors in feeding and keep-
ing, environmental problems, etc. [3—6]. A decrease
in it in piglets was also noted under stress caused by
vaccination against swine erysipelas [7], salmonello-
sis [8] and classical swine fever [9].

At the same time, the research by I. N. Tyurenkova
et al. (2014) on white rats showed that vaccination in-
creases resistance to stress factors by reducing the lev-
el of lymphocytosis, changing the cytokine profile to-
wards reducing the pro-inflammatory orientation of
immune reactions [10].

The relevance of this research is due to the need to
study the state of nonspecific (natural) immunity in pig-
lets when they are exposed to technologically manda-
tory rearing techniques provided for by industrial tech-
nology, separately and in combination with routine vac-
cination against classical swine fever and erysipelas.

The objective of the research is to study humor-
al and cellular natural resistance in piglets when vac-
cinated against classical swine fever and erysipelas.

MATERIAL AND METHODS

The studies were carried out on an industrial pig
breeding farm on 2 groups of 25 piglets.

The animals of the first group (control) were intact
(without exposure to vaccine viral and bacterial anti-
gens), the second (experimental) — at the age of 49
and 100 days were vaccinated with a live culture dry
vaccine against classical swine fever (CSF) (FSBSI
“ARRIAH”) and at the age of 60 and 85 days — with a
vaccine against swine erysipelas from the VR-2 strain,
dry, live (FFE “Shchelkovo Biocombine™).
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The piglets were weaned from sows and trans-
ferred to rearing at the age of 28 days, and to fatten-
ing — at the age of 70 days. Feeding and keeping of
animals complied with the standards provided for by
industrial technology.

The experiment was carried out in accordance with
the requirements of current international and Russian
legislative acts (Directive 2010/63/EU dtd. September
22, 2010, the European Convention (ETS123),
Strasbourg, 1986), as well as the requirements of the
bioethics commission of FSBSI “ARVRIPP&T” (pro-
tocol No. 1—02/23 dtd. February, 10, 2023).

The blood sampling from clinically healthy piglets
(n=15) of both groups for immunological studies was
carried out at the age of 33, 55, 63, 90,98, 105 and 117
days. In the blood, the phagocytic activity of neutrophils
(PAN), the phagocytic index (PhI) and the phagocytic
number (PhN) were determined in accordance with the
Methodical Recommendations for the Assessment and
Correction of the Immune Status of Animals [11] and
the metabolic activity of phagocytes — according to
the reduction reaction of nitroblue tetrazolium in vitro
(NBT test) upon interaction with intact (spNBT) and
stimulated (stNBT) with pyrogenal peripheral blood
neutrophils. The indicators of neutrophil activation re-
serve (RI) was calculated using the formula: RI = st-
NBT/spNBT [12]. Serum lysozyme (SLA) and com-
plementary (SCA) activity was determined in accor-
dance with the Methodical Recommendations for the
Assessment and Correction of Nonspecific Resistance
of Animals [13], the amount of total immunoglobulins
(Ig) — in accordance with the Methods of Veterinary

Clinical Laboratory Diagnostics [14], the content of
circulating immune complexes (CIC) — according to
the Methodical Recommendations for the Assessment
and Correction of the Immune Status of Animals [11],
the pathogenicity coefficient of CIC was calculated by
the ratio PC = C7/C3 [15].

Statistical processing of the obtained data was car-
ried out using the Microsoft Excel and Statistica v10
application package, and reliability was assessed us-
ing the Student’s test.

STUDY RESULTS AND DISCUSSION

In the piglets of the experimental group at the
age of 55 days, 6 days after the administration of the
vaccine against CSF (Table 1), an increase was not-
ed in serum lysozyme (by 9.1 %) and complementary
(by 84.8 %) activity, compared to the previous values
(33 days), indicating an increase in nonspecific humor-
al protection. Moreover, their values exceeded those
in the intact animals by 4.2 and 73.8 %, respectively,
in which only SLA increased by 31.8 %.

The content of total immunoglobulins in the pig-
lets of both groups did not undergo significant chang-
es, while their level in the vaccinated animals was
higher by 3.0 %.

The concentration of giant (3.0 %) and small
(7.0 %) circulating immune complexes in the piglets of
the experimental group increased by 17.1 and 12.2 %,
respectively, and the pathogenicity coefficient (C7/C3)
decreased by 2.6 %. Moreover, their values exceeded
those in the intact animals by 46.4 %, 58.6 and 7.5 %,
which indicated a higher antigenic load.

Table 1
Indicators of nonspecific resistance of piglets
Age (days), groups
55 63
Indicators
experimental experimental
control 6 days after vaccina- control 14 days after vacci-
tion against CSF nation against CSF
1 2 4 5
SLA, pg/ml 2.7+0.80 2.8+0.14 3.0+0.14 2.9+0.16
SCA, % hem. 7.5+0.36 13.1+1.20" 7.8+0.24 7.2+0.47"
Total Ig, mg/ml 19.9+0.72 20.4 +1.77 23.2+0.85" 24.4+0.93"
CIC3.0 %, mg/ml 0.28 +0.02 0.41+0.02" 0.29 +£0.02 0.43+£0.016"
CIC7.0 %, mg/ml 0.29+0.011 0.46 +£0.02" 0.28 £0.029 0.49 +£0.09"
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Table 1 (the end)

1 2 3 4 5
C7/C3,c.u. 1.06 £ 0.09 1.14+0.07 0.99 +£0.06 1.14 £ 0.05"
PAN, % 82.4+0.75 81.6+1.17 82.0+0.89 81.2+1.55
Phl, c. u. 5.7+0.10 6.1+£0.14" 5.8+0.12 6.3+0.16"
PhN, c. u. 4.7+0.12 51+0.11 44+0.11 52+0.15"
spNBT, % 18.8 +1.02 24.4+0.75 20.4 +0.75 29.6 £ 1.70™
stNBT, % 38.8+0.49 46.2 +0.89° 41.6 +0.98" 584 +1.17"
RI, c. u. 2.09+0.10 1.87 +0.08 2.02 £ 0.04 1.98 £0.06
*P<0.05
P <0.001 relative to the unvaccinated piglets
*P<0.05

P <0.001 relative to the previous period

In the absence of changes in the number of circulat-
ing active phagocytes in the piglets of the experimental
group, their absorption function increased: phagocytic
index — by 9.5 %, phagocytic number — by 16.6 %
and metabolic activity of spNBT — by 8.9 % and st-
NBT — by 11.6 %, exceeding those in the intact ani-
mals by 7.2, 8.9, 29.8 and 19.1 %, for which the val-
ues of the last three indicators increased to a lesser
extent by 8.5 %, 6.8 and 3.2 %. An increase in the ab-
sorption and metabolic activity of segmented neutro-
phils in the piglets of the experimental group is com-
bined with activation of the complement system in-
volved in the process of phagocytosis. The indicator
of'the reserve of functional activity of neutrophils (RI)
did not change in them, but was less than in the intact
animals by 10.5 % due to an increase in Phl, PhN,
spNBT and stNBT.

In the piglets of the experimental group, 14 days
after the administration of the vaccine against CSF and
3 days after vaccination against swine erysipelas and
in the intact animals at the age of 63 days (Table 1), an
increase was noted in SLA values by 3.3 and 14.0 %,
respectively, compared to the previous indicators, due
to the need to reduce the antigenic load and the con-
tent of total immunoglobulins by 19.4 and 16.9 %, in-
dicating the intense functioning of the humoral immu-
nity. In the vaccinated piglets, there was a decrease in
SCA by 44.5 %, due to the expenditure on the CIC for-
mation and an increase in phagocytosis, with a slight
increase in its value in the intact animals. Comparing
the indicated humoral indicators in the experimental
piglets, it should be noted that in the animals of the
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experimental group, SLA and SCA were lower by 5.6
and 6.6 %, respectively, and the content of total im-
munoglobulins was higher by 5.2 %. They also had a
higher concentration of giant and small CIC and their
pathogenicity — by 48.3, 75.0 and 15.2 %, which was
associated with a high antigenic load.

In the piglets of the experimental group, Phl was
higher than in the intact animals by 9.3 %, PhAN — by
16.5 %, spNBT — by 45.1 % and stNBT — by 40.4 %,
which indicated a more pronounced nonspecific cellu-
lar protection in them.

Repeated administration of the vaccine against ery-
sipelas (85 days) and classical swine fever (100 days)
affected the nonspecific resistance of animals.

In the piglets of the experimental group, 5 days af-
ter vaccination against erysipelas and in the intact an-
imals at the age of 90 days, SLA indicators decreased
by 4.2 and 10.9 %, compared to the previous ones due
to the consumption of the enzyme for the inactivation
of circulating bacterial pathogens, and in the latter,
the SCA — by 4.1 %, but the content of total immu-
noglobulins increased by 54.9 and 49.4 %, while the
value of SCA and total immunoglobulins in the immu-
nized piglets exceeded by 14.8 and 9.4 %, which indi-
cated a more pronounced humoral protection (Table 2).

With a general tendency in the animals of both
groups to decrease giant CIC by 27.6 and 25.6 %, and
increase small CIC by 21.4 and 12.2 %, and the patho-
genicity coefficient— by 66.7 and 53.5 %, their values
in the vaccinated piglets were greater by 52.4 %, 61.8
and 6.1 %, indicating a higher antigenic load.
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Table 2
Indicators of nonspecific resistance of piglets
Age (days), groups
98
Indicators experimental experimental
5 days after vaccina- 13 days after vacci-
control . . . control . .
tion against erysipe- nation against
las erysipelas
SLA, pg/ml 2.7+0.17 2.7+0.11 2.4+0.29 2.9+0.05
SCA, % hem. 7.4+0.22 8.5+0.68 8.0+0.35 8.8 4+0.47
Total Ig, mg/ml 347+1.017 37.8+1.03" 36.6 £ 0.54 40.6 +1.42°
CIC3.0 %, mg/ml 0.21 +0.02* 0.32+£0.03" 0.23 £0.008 0.28 £ 0.02"
CIC7.0 %, mg/ml 0.34 +£0.02 0.55+£0.04" 0.31+0.02 0.50+0.02"
C7/C3,c.u. 1.65+0.15" 1.75 +0.15" 1.36 + 0.08 1.83+0.14°
PAN, % 83.6+1.17 882+ 1.17* 82.0+0.89 86.0+1.41"
Phl, c. u. 59+0.26 7.7+£021" 6.0+0.17 7.5+0.15
PhN, c. u. 49+0.18" 6.8 +0.15"" 49+0.12 6.4+0.11"
spNBT, % 21.2+0.86 34.8+1.53" 20.6 +0.98 33.2+0.92
stNBT, % 43.0 +2.88 68.4 +0.66"" 41.2+2.42 64.0 +0.94""
RI, c.u. 2.04+0.16 1.96 £ 0.09 2.03+0.20 1.96 +£0.02
" P<0.05
P <0.001 relative to the unvaccinated piglets
" P<0.05

P <0.001 relative to the previous period

In the animals of the experimental group, PAN in-
creased by 8.6 %, the absorption function of neutro-
phils: Phl—Dby 21.1 %, PhN — by 31.7 %, which was
associated with the activation of their complement and
opsonization of the bacterium with antibodies, and the
metabolic activity of phagocytes: spNBT — by 17.6
and stNBT — by 17.1 %, exceeding those of the intact
piglets by 5.5 %, 30.4, 37.8, 64.2 and 59.1 %, respec-
tively, which indicated a more pronounced nonspecif-
ic cellular protection in them. However, they had less
functional cell reserve by 3.9 %.

In the animals of the experimental group at the
age of 98 days, 13 days after repeated administration
of the bacterial antigen of the erysipelas vaccine, SLA
increased by 6.2 %, SCA — by 3.0 % and the content
of total immunoglobulins — by 7.3 %, while their val-
ues exceeded those of the intact animals by 21.8 %, 9.6
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and 10.8 %, respectively, in which SLA decreased by
11.5 %, but SCA and the content of total immunoglob-
ulins increased by 7.9 and 5.9 % (Table 2).

In the animals of the experimental group, the con-
centration of giant and finely dispersed CIC decreased
by 12.5 and 9.1 %, but the pathogenicity coefficient in-
creased by 4.6 %, while their values exceeded those
of the intact piglets by 21.7 %, 61.3 and 34.6 %, re-
spectively, in which the level of giant CIC increased
by 9.5 %, and small CIC and the pathogenicity coef-
ficient decreased by 8.8 and 17.6 %. The results ob-
tained indicate a higher antigenic load in the animals
of the experimental group.

The number of active phagocytic neutrophils, their
absorption function and metabolic activity, as well as
the functional indicator of cell reserve in the exper-
imental piglets did not undergo significant changes,
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compared to the previous indicators. At the same time,
the values of PAN, Phl, PhN, spNBT and stNBT in the
vaccinated animals exceeded those in the intact pig-
lets by 4.9 %, 24.4,30.4, 61.2 and 55.3 %, which indi-
cated a more pronounced cellular protection in them.
But an increased antigenic load can lead to a decrease
in the activity of the cellular link of nonspecific de-
fense in the piglets of the experimental group, as evi-
denced by a smaller (by 3.4 %) value of the function-
al reserve of phagocytic cells.

In the piglets of the experimental group at the age
of 105 days, five days after the administration of the
vaccine against CSF (Table 3), SLA, SCA and the con-
tent of total immunoglobulins did not undergo signif-
icant changes, compared to the previous values, but
exceeded those in the intact animals by 7.5 %, 19.8
and 13.2 %, respectively, in which SLA increased by
12.6 %, and SCA decreased by 6.9 %. With a gener-

al trend of an increase in the piglets of both groups in
the content of giant CIC by 8.7 and 32.1 % and small
CIC—by 3.2 and 18.0 %, and a decrease in the patho-
genicity coefficient by 2.9 and 12.6 %, their values in
the animals of the experimental group were exceeded
by 48.0 %, 84.4 and 21.2 %. In them, the number of ac-
tive phagocytic neutrophils and their absorption func-
tion, Phl and PhN did not undergo significant chang-
es, and metabolic activity increased spNBT by 7.2
and stNBT — by 6.3 %, while their values exceeded
those in the intact piglets by 7.2 %, 32.3,41.7, 85.4 and
57.4 %, respectively, in which the absorptive function
of Phl cells decreased by 5.5 %, PhAN — by 4.5 %, and
from metabolic activity: spNBT — by 6.8 %, with an
increase in sStNBT by 4.9 %. In the animals of the ex-
perimental group, the functional reserve of phagocyt-
ic cells decreased slightly and was by 15.0 % less than
in the intact piglets, in which it increased by 11.3 %.
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Table 3
Indicators of nonspecific resistance of piglets
Age (days), groups
105 117
Indicators experimental experimental
unvaccinated 5 days after vaccina- unvaccinated 17 days after vacci-
tion against CSF nation against CSF
SLA, pg/ml 2.7+0.26 2.9+0.29 3.0£0.13 29+0.13
SCA, % hem. 7.5+0.84 9.0£0.99 8.3+0.40 82+045
Total Ig, mg/ml 359+ 1.58 40.6 £ 0.93" 44.5+2.07" 37.5+3.07
CIC3.0 %, mg/ml 0.25 +0.01 0.37 £0.02" 0.27 £0.02 0.29 +0.02*
CIC7.0 %, mg/ml 0.32 +£0.02 0.59 £ 0.02" 0.40£0.03" 0.42 +0.05"
C7/C3,c.u. 1.32+0.07 1.60 £0.07 1.51£0.10 1.43+0.11
PAN, % 82.8+1.02 88.8 = 1.02" 81.6+1.72 88.4+1,33"
Phl, c. u. 5.7+0.06 7.5+0.09" 53+0.39 6.7+0.19"
PhN, c. u. 4.7+0.06 6.7+0.10" 4.4+0.26 6.1+0.17"
spNBT, % 19.2 £0.68 35.6+ 147 21.2+1.02 38.8 £2.67
stNBT, % 43.2 +£2.06 68.0+£0.93" 42.0 £ 1.67 62.0 £ 1.42"
RL c. u. 2.26 +0.07 1.92 +0.05 2.01 £0.05" 1.62+0.11"
*P<0.05

P <0.001 relative to the unvaccinated piglets

" P<0.05

P <0.001 relative to the previous period
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In the animals of the experimental group at the age
of 117 days, 17 days after the administration of the
vaccine against CSF (Table 3), SLA did not change,
compared to the previous indicator, and SCA and
the content of total immunoglobulins decreased by
7.9 and 7.7 %, respectively, while the values of SLA
and SCA did not differ from those in the intact pig-
lets, and the level of total immunoglobulins was by
15.8 % lower. In the latter, the indicators of humor-
al protection increased by 11.2 %, 10.8 and 24.0 %,
respectively.

The concentration of giant and small CIC and the
pathogenicity coefficient in the animals of the experi-
mental group decreased by 21.6 %, 28.8 and 10.6 %,
respectively, and in the intact piglets increased by
8.0 %, 25.0 and 14.4 %, while among vaccinated an-
imals the CIC values were higher by 7.4 and 5.0 %,
and the pathogenicity coefficient was lower by 5.3 %.

The number of active phagocytic cells in the an-
imals of both groups did not change, and the absorp-
tion function decreased: Phl — by 6.9 and 11.3 %, and
PhN — by 6.6 and 8.8 %, while their values in the pig-
lets of the experimental group were higher by 8.3 %,
26.0 and 38.3 %, respectively.

With a general tendency in the animals of both
groups to increase of spNBT by 10.4 and 9.0 %, de-
crease of stNBT by 2.8 and 8.8 %, and the function-
al reserve of phagocytic cells — by 11.1 and 15.6 %,
the values of spNBT and stNBT in the piglets of the
experimental group were higher by 83.0 and 74.6 %,
and the reserve indicator was lower by 19.4 %.

CONCLUSION

The studies conducted on the piglets vaccinated
against classical swine fever and erysipelas, in com-
parison with the intact animals, have established the
following.

1. An increase in serum lysozyme and complemen-
tary activity and the content of total immunoglobulins
5—6 days after the first and second administration of
the vaccine against CSF and vaccination against ery-
sipelas, indicating a high tension of the humoral link
of nonspecific protection.

2. A decrease in serum lysozyme and complemen-
tary activity 14 days after the first injection of the CSF
vaccine and the content of total immunoglobulins 17
days after its repeated injection, associated with the
need to reduce the antigenic load.

3. An increase in the concentration of giant and
small circulating immune complexes and their patho-
genicity coefficient after the first administration of
the CSF vaccine and immunization against erysipe-
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las, which is associated with a large supply of anti-
gens and insufficient elimination of CIC.

4. A decrease in the pathogenicity coefficient of
circulating immune complexes 17 days after repeated
administration of the CSF vaccine, due to the accumu-
lation of “antibodies.”

5. An increase in the phagocytic index, phagocyt-
ic number, spontaneous and stimulated NBT test, indi-
cating an increase in the absorption function and meta-
bolic activity of neutrophils, with a tendency towards
a decrease in the index of their stimulation, character-
izing a decrease in the adaptation reserves of phago-
cytic cells.
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HPUMEHEHMUWE JOKCOPYBUIINHA
I'nAPOXJIOPU A B TIOCTONNEPAIITMOHHOM
IHNEPUOJAE ITPU OCTEOCAPKOME KOHIEK

Haranbsa AnexceeBna ManaxoBa ™, Auapeii [lerpoBuy Jlnmyk”,
Ouabra I'ennagseBHa IuckynoBa’, Hatanbs BukropoBaa Kieiivenona“,
HBan CepreeBuu Kieiimenon™
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Annoranusi. [IpoGnema 3110Kka4ecTBEHHBIX HOBOOOPA30BaHHM, K COKAJICHHIO, C KaXK/ABIM TO/IOM CTAHOBHUTCS BCE
akTyaibHee. [I[puMeHeHne B MeJUIIMHCKOM TIPaKTHKE JUIs Teparny 3JI0Ka4eCTBEHHBIX OITyXO0JIeH MpenaparoB J0K-
COpyOMIIMHA HACUUTHIBAET HECKOJIBKO JIECSITUIICTHH, B BETEPUHAPHON MEHUIIMHE IT0/J00HAs Teparus 1 B HACTOS-
11ee BpeMst IpuMeHsieTcs He 4acTo. [1pu aToM nokazana a(peKTUBHOCTD Ipenapara B TEparii MHOTHX 3JI0Kade-
CTBEHHBIX OITyXOJICH, B TOM YHCIIE, IOJIOKHUTEIBHBIA 3()(eKT B OTHOIIEHHN ocTeocapkoM. Llenbro nceaenoBanus
SIBWJIOCH M3yUCHHE BIMSHUS JOKCOPYOHITMHA THAPOXIOPH/IA B OCTOIIEPAIMOHHOM IIEPUO/IE Ha 00IIee CoCTosI-
HUE U HEKOTOPbIC MOP(OIIOTHYECKIE U ONOXUMHUYECKHE MOKA3aTeIn KPOBH KOIIEK C JUarHO30M OCTEO0CapKoMa
C BO3MO)KHOH OIIEHKOI MPOTHOCTHYECKHX (PaKTOPOB Pa3BUTHS OOJIC3HH.

Jlnarno3 Ha O0CTEOCapKOMY CTaBHJICSI KOMIIIEKCHO, YYMTHIBAIUCH aHAMHECTHYECKHE JaHHbIe, peHTIeHOTpadus
1 MaTOTHCTOJIOTHYECKOE MCCIIeioBanue. B nccienoBanny npoaHaaIu3upOBaHbl PE3yIbTaThl IISITH KOIIEK B BO3pa-
cte 7—9 neT ¢ MoATBEPKICHHBIM JJMarHO30M 0CTeocapKoMa (IUCTAIbHBIA U TPOKCUMAIBHBIM OT/IEIIbI IICUEBOM
KOCTH) Ha (poHE aMITyTalMy KOHEYHOCTH U IIPUMEHEHUSI JOKCOPYOHIIMHA THIPOXJI0opHa. B KoHTponbHYyIO rpym-
1y (n = 5) ObIIIM BKITIOUEHBI KOIIIKHM TAKOTO JKe BO3pacTa, Oe3 siBHOI natonoruu. [penapar soxwmu Ha 0,9 % pac-
TBOpE XJOpHU/a HATPHsI BHYTPHUBEHHO ME/UIEHHO YETBIPEXKPATHO ¢ MHTEPBAJIOM 7 JIHEH, 103y JOKCOPYOMIMHA
THAPOXIIOPUIA ONPEesUIn 13 pacuera 10 Mr/m? ruroniaau Tena skuBoTHOro. [lepBoHauanbHO mpenapar BBOIH-
JIM Ha CEJIbMOM JIeHb 1TOCIIe OTIEPaTHBHOTO BMEIIATeNbCTBa. KpoBb Opaiin 10 JIe4eHs, 4yepe3 OJ1H MECSIl U ye-
pe3 1ecTh MeCSIEeB MoCcie Hadaa JICUeHNSI.

OueHMBaIM N3MEHEHHE KOJIMYECTBA (DOPMEHHBIX DJIEMEHTOB KPOBHU (IPUTPOLIUTOB, JICUKOIITOB), TeMOITIOONHA
1 HEKOTOPBIX OMOXMMHUYECKHUX MToKazaTenel menodnoi gocdarassl (D), acnapraramunorpancdepasst (ACT),
anannHaMuHOTpaHcdepassl (AJIT). [Ipu capkomax y )KUBOTHBIX OTMEYaeTCsl N3MEHEHNE MOP(OITOTHYECKOTO CTa-
Tyca KpOBH, XOTsI TIOJJOOHBIE I3MEHEHUSI MOTYT OBITh KpaliHe He3HaYNTEIbHBIMU. VI3MEHEHHST KOTMUECTBEHHOTO
cocraBa (DOPMEHHBIX AJIEMEHTOB KPOBU HeCHeIN(HIHBI, BO3MOXKEH JICHKOIINTO3, KaK MMPU3HAK BOCHAIUTEIBHO-
TO Ipolecca, Tak 1 JICHKOIICHNsI Ha ()OHE MPOBOMMOTO JICYCHHUS] XMMUOTEPAIIeBTHUECKUMH TIperapaTaMu.
YcTaHOBIICHO, YTO MPUMEHEHHE JOKCOPYOHIIMHA THAPOXJIOpHIa Ha (DOHE aMITyTallui KOHEYHOCTH CHIDKAET da-
CTOTY OTHAJICHHBIX METACTA30B, MIPO/JICBACT CPOKH BHDKMBAEMOCTH, HE CKA3bIBACTCSI KPUTHYECKUM 00pa3oM Ha
MOP(OJIOTHYECKOM B OMOXHMHUYECKOM CTaTyce KPOBH.

KaioueBble ciioBa: HOBOOOpa30BaHMsI, XUMHUOTEPAITHS, KOIIKH, OCTE0CapKOMa, JJOKCOPYOUIMHA THIPOXIJIOPH]

B IIOCJICAHUE I'OAbI COXpaHHeTCH TCHACHIIUA pOCTa
3a00JIeBACMOCTH 3JI0KaYeCTBEHHBIMI HOBOOOpa30Ba-

HOIAIOTCA JIGUCHHUIO U TPeOyIOT TsKeNbIX (Kajieda-
MX) oneparnuii. ¥ cobak, y’Ke NMpH MepBUIHOM KOM-

HUSMH B Mupe U Poccun [1—4].

Onyxonu ckenera, 0COOCHHO 3JI0KaueCTBEHHbBIE,
3aHUMAIOT BaKHOE MECTO B COBPEMEHHOM KIMHHYE-
CKOM OHKOJIOrMH. JJIsi CapKOMBI KOCTEN XapaKTEPHO
arpeccUBHOE TEUEHUE U PAHHEE FeMATOT€HHOE METa-
CTa3MpOBAHUE, IIPU ITOM ITOIOOHBIE OITYXOJIU TLIOXO

IUICKCHOM KJIMHUYECKOM HCCIIE0BAHMH METacTa3bl Ha-
xonniu B 10 % cirydaes, a mpu aytoricuu B 30 % [5].

ABTOpBI HE pacIonaraioT CTaTUCTUIECKON HHPOP-
Maliel o paclpoCTPaHEHHOCTH U CTPYKTYpe JAHHOTO
BH/1a OITYXOJIM B IIATOJIOTUH OHKOJIOTUYECKHUX 3a0071e-
BaHMH KOIIIEK B YCIOBHUAX PErHOHA, OJJHAKO JIOCTYITHAS
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nHpOpMAIHS (apXUB UCTOPHUIT OOJIE3HU ) KIIMHUKH, HA
0a3e KOTOpO MPOBOAMIIUCH NCCIIEIOBAHUS, TTOKA3bI-
BaeT CXOXHE JaHHBIE C JTOCTYMHBIMUA POCCHHCKUMU
1 3apyOeKHBIMH UCCIIEIOBAHUSAMHE, KOTOPBIX KpaifHe
Maino. B wactHocTH, OONMBIIMHCTBO BepU(pUIIUPOBAH-
HBIX OCTEOCApKOM pacrojiarajlvuch B alleHAUKYJISp-
HOM CKEJIETE U SIBJIIOTCS CPaBHUTEIHHO PEIKUM BH-
JIOM 3JIOKQ9e€CTBECHHOU OTYXOJH JIJIST KOIIEK [6].

Ha nosnto octeocapkom rpuxonurcs nopsijka 70—
80 % Bcex MmepBUYHBIX HOBOOOPA30BAaHUH KOCTHOMH
TKaHH, B TOKE BPEMsI B CTPYKTYPE 370Ka4YeCTBEHHBIX
OIyX0JIel OHa 3aHMMAaeT Bcero okojo 1 % ciyuaes.
OcTeocapkoMbl MOTYT JIOKQJIU30BaThCsA KaK B aKCH-
aJbHOM, TaK W B allCHIUKYJISIPHOM 4acTsIX CKeJeTa.
Cumnraercs, 9TO OCTEOCAPKOMBI C aKCHIISIPHBIM PacIio-
JIOXKEHUEM JIAIOT MEHee OJ1aronpusTHBIN IIPOTHO3, YeM
JIOKAIM3YIOIIUECS B KOCTSX alllleHIUKYISIPHOTO CKe-
neTa. Y KOLIeK 0CTE0CapKOMBI allleHANKYIpHOH Ya-
CTH CKeJIeTa MEHee arpeCcCUBHEI, 4YeM y CO0aK, I03TOo-
MY pajJiMKalbHBIC ONEpaliy (aMITyTaIus) MOTYT Jia-
BaTh MOJIOKUTEIBHBINA pe3ynsTar [6, 7].

B coBpeMeHHBIX BEICOKOTEXHOJIOTHYHBIX YCIOBH-
SIX BCE Yalle MPUOEraroT K OpraHOCOXPaHSIOLIIM OTle-
pauusM, oaHaKo, Aaxe paguKaIbHbIe METOIbI (aMITy-
Talus KOHEYHOCTH) HE UCKIIIOYAIOT OTJaJIEHHOTO Me-
TACTa3UpPOBAHUS OIYXOJIH, O HEKOTOPHIM JIaHHBIM,
4acTOTa MOJOOHBIX METACTAa30B MOXKET COCTABIATH
1o 40 % cirydaes, 4TO yKa3bIBaeT Ha HEOOXOTUMOCTb
JIETAJIBHOTO KOHTPOJIS 32 COCTOSHUEM IPOOIIEPHPO-
BaHHBIX )KHBOTHBIX U TPUMEHEHUS JOTTOTHUTEIBHBIX
METOJIOB JIeueHUsI 1 Koppekuuu. OcoOeHHO 3TO OT-
HOCHUTCS K «MacCHBHBIMY», HU3KOAH(PPEepeHITUPOBaH-
HBIM OITyXoJisiM. Yarre Bcero Meractasbl OOHAPYKH-
BalOT B JIETKHX, PEXKE OMyXOJb METACTa3HpyeT B KO-
CTH, TOJIOBHOM MO3T U 11p. [7, 8].

BrllieckasaHHOe TPaKTyeT ONpesesieHHbIE Tak-
THUKH B JIeUeHHH OOJBHBIX )KUBOTHBIX, & HMEHHO IPO-
BeJIeHNe KOMOMHHUPOBAHHOTO JiedeHns. B wactHocTH,
BO3MOYKHO KOMOWHHUPOBATH OJIOK HEOATHIOBAHTHOM Te-
paruu, XupypruuecKkoe JJe4eHue 1 OJIOK aIbIOBAaHTHOM
Tepanuu. TOJIBKO XUPYPrHUECKoe JIeUeHHE He BCeraa
3G PEeKTUBHO, TaK B MEAUIMHCKON MpakTHKE y 80—
90 % manueHToB B TeUeHUH 1,5 JeT mociue onepaunuu
PETUCTPHUPYIOTCA METACTAa3bl.

[TomoOHBIE TaHHBIE TPUBEIEHB! B OTHOIIIEHUH CO-
0aKk — cpeqHee BpeMsi BEDKHBAEMOCTH TIPH JICYCHUN
TOJIBKO IIyTEM aMITyTalluH WK YAAJCHHS OIyXOJH He
MIPEBBILIACT 5 MECSIIEB, IPU 3TOM Y OOJIBIINHCTBA KU~
BOTHBIX pa3BUBAIOTCA MeTacTassl [8—10].

B Hacrosimiee BpeMsi B BETEpUHAPHOW MEIHIIN-
HE BCE Halle IpUMEeHseTCs] KOMOMHIPOBAHHOE JIede-
HUE OHKOJIOTHYECKHX 3a00JIeBaHHUN: XHUPYPIHUECKOE

1 JIYYCBOC, XUMUOTCPAIICBTUYCCKOEC NI T'OPMOHAJIb-
Hoe. XUMHUOTEPAIHI0 PACCMATPUBAIOT KaK BBICOKO-
TEXHOJIOTUYHBI METOJl JIEYCHUS 3JI0Ka4eCTBEHHBIX
HOBOOOpa30BaHWH, OCHOBAHHBII Ha BBEJCHHUH B Op-
TaHWU3M AaHTHUHEOTUIACTHYCKUX XHMHOTEpareBTHYC-
CKHUX Tpernaparos.

OAHNM U3 TpemnapaToB ¢ MIUPOKUM CIIEKTPOM
HpOTHBOOnyOHeBOﬁ AKTUBHOCTHU SABJISACTCA HOKCO-
pyounmH ruapoxigopu. [lo s3KoHOMHUYECKHM CO00-
paKeHUsIM, BBUY OTHOCHUTEIIEHO HEOOIBIION IEHBI
B CPaBHCHUU C JIPYTMMH IpernapaTaMu, Mpernapa-
ThbI ILOKCOpy6I/IIII/IHa AOBOJIbHO HIMPOKO IMPUMCHSAIOT-
Ccs1 B MOHO- ¥ KOMILJIEKCHOM TCpalru MHOTI'MX BUIOB
omyxoneit [11].

CpaBHHTEITHEHO HHU3KAs YaCTOTA OITyXOJICH KOCTEH
y ’KMBOTHBIX B CTPYKTYpP€ OHKOJIOTHYECKUX 3a00JIeBa-
HUH B TOXKE BpeMsl JICTIAeT 3Ty NATOJIOTHIO YITOOHO
MOZETIbIO B MMPOBEICHIH aHATUTHYCCKUX HCCIIe0Ba-
HUU 1 TIIATCIIBHOT'O U3YUCHHA BCEX aCIICKTOB 3TUOJIO-
THU U TAaTOIr€HE3a OITYyXOJIN JJIs1 COBEPIICHCTBOBAHUA
METOJIOB TMATHOCTUKHU U Teparuu [5].

Lenp paboOThl — HU3YyYNTH BIHUSHUE JOKCOPYOHIIH-
Ha THIPOXJIOpUIa Ha 00Ilee COCTOSIHUE U HEKOTOPbIE
MOpP(OIOrHYecKHe MOKa3aTeii KPOBH KOILIEK C Jua-
THO30M OCTE0CAapPKOMa B MOCTOINEPAHOHHOM IIEPHO-
Jie C BOBMOYKHOW OIEHKOM MPOTHOCTHYECKHX (pakTo-
POB pa3BUTHUS OOJIC3HU.

MATEPHAJIBI U METO/IbI
HUCCJIEJOBAHUSA

UccnenoBanus mpoBeAeHBI Ha KomKax (1 = 5)
BO3pacToM 7—9 NeT, MOCTYNUBIINX B BETEPUHAP-
Hyro kauHUKy @I'BOY BO Opnosckuit TAY num.
H. B. [lapaxuna B nepuon 2018—2022 rr. Bece xu-
BOTHBIE OBUIN JOMAIIHIMHU, UMMYHH3HPOBAHBI B yCTa-
HOBJICHHBIE CPOKHU KOMILJICKCHBIMH MOJIMBaJICHTHBIMH
BaKI[MHAMH.

Jluarnos ycTaHaBJIMBAIW KOMILIEKCHO, OCHO-
BBIBAsICh Ha pe3yibTaTax aHAMHECTHYECKHX IaH-
HBIX, KTMHIYECKUX U JTA0OPAaTOPHBIX HCCIIeIOBAHUN.
YuuteiBanu o01iee cocTossHue (rabutyc, oBeJCHHE,
NpUeM THLIH, TEMIIEpaTypa Tela), MPOBOAUIH MECT-
HOE HCCIIeI0OBaHNE MTAaTOIOTUYECKOTO ovara (BU3yalb-
HBII OCMOTp, MAJTBITAINS).

JlaboparopHast 1 HHCTpyMEHTaIIbHAS JMarHOCTHKA
BKITFOYaJia B ce0st peHTreHorpaduro B mpsiMoii U O0KO-
BOii mpoekuusix Ha annapare PLX-102, matomopdo-
JIOTHYECKOE HCCIIeA0BaHNEe OMOIICHIHHOrO MaTepraia
1 00pa3IioB OIyXOJIM KOCTHOM TKaHHU, NCCEUCHHOW U3
OTIEePAIMOHHOTO MaTepuaa Mo OOIEHPUHITON Me-
TOIHKEe, MOP(HOIIOTHUECKOE i OMOXIMHIECKOES HCCITe-
JIOBaHWE HEKOTOPHIX TMOKa3aresei kpoBu. Beem xu-
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Ipumenenue dokcopyouyuHa 2uOPOXIOPUOA 8 NOCHONEPAYUOHHOM NEPUOOE NPU OCHIEOCAPKOME KOULEK

BOTHBIM T10 TTOKa3aHUSIM MPOBEICHA SK3aPTUKYIISIINS
TPYIHOW KOHEYHOCTH B TUICYEBOM CycTaBe (2 ciydast
JieBasi TPy/IHAs KOHEYHOCTb, 3 CIydas mpasas Tpy/l-
Hasi KOHEYHOCTB).

[TpoBoanM aIBFOBAHTHYO XUMHOTEPAITHIO JIOKCO-
pyourHOM THIpOXIopuaIoM. [Ipenapar BBoquIM Ha

0,9 % pacTBOpe xJIOpUIa HATPUSI BHYTPUBEHHO MEJI-
JIEHHO YETBIPEXKPATHO C UHTEPBAJIOM 7 AHEH, 103y
JIOKCOPYOHMITHHA THAPOXJIOPHUIA ONPEACISIIA U3 pac-
yera 10 Mr/mM> IUIomagy Tena KuBoTHOro (tadm. 1).
[lepBas nHBEKIMS penapaTa MpoBeaeHa yepe3 7 AHei
nocJyie MPOBEACHHUS OTICPALHH.

Taoamnna 1
Pacuem 0ozl dokcopybuyuna eudpoxiopuda no niowadu NOEEPXHOCMU meid
Bo3spacr, Tosepx-
JKuBoTHBIE ITopona pact, Bec, kr HOCTH TeJIa, Hoza, mr

JIeT W2
Kor 1 Becroponnas 7 3,6 0,235 2,4
Komka 2 Bputanckas KopoTKomepcTHas 7 3.2 0,217 2,3
Kor 3 Becnoponnas 8 3,8 0,244 2,4
Komka 4 becniopoanast 8 3,7 0,236 2,4
Kot 5 Cuamckas 9 3,0 0,208 2,1

st mponiTakTUKK PBOTHI, OAHOW M3 Hanbomee
YacTO BCTPEUAIOLINXCSI HEeKEJIAaTeIbHBIX PeaKIHid JOK-
COpyOHMIIMHA M'HJIPOXJIOPHU/IA, B ICHb BBEJCHUS IIpera-
para HazHayaJM Ipernapar MaporuTaHTa UTPar Mol
KOKHO 1 pa3 B CyTKH B 03¢ 1 MI/KT MaccChl )KHBOTHO-
ro. OgHako, HECMOTPsI Ha 3TO, y KOLIKH ¢ BecoM 3,0 Kr
MPOSIBIISUIOCH TOKCHUECKOE JEHCTBUE MOCIIE MEPBBIX
JIByX UHBEKLUI IIpernapara.

[epen nepBbIM BBEJICHUEM JIOKCOPYOHUIIMHA TH/I-
poxJiopua, Yepe3 OUH MECAIl U Yepe3 MIeCTh MeCs-
LIEB TIOCJIe TIEPBOTO BBEJCHHS Iperapara IMpOBOIH-
JIU ONEHKY KITMHIUYECKOTO CTaTyca )XKUBOTHBIX, Opan
KPOBbB ISl IPOBEJCHHUS TEMaTOJIOTNIECKUX 1 OHOXHU-
MHYECKUX UCCIICIOBAHUN.

HccnenoBanue KpoBH MPOBOAMUIOCH TI0 METOIM-
KaM | B ycIoBHsIX Jabopatopun « Vet Uniony». B kpoBu
OTIPENEISIT KOJTMYECTBO JIEHKOITUTOB, S)PUTPOIUTOB,
reMOmIO0MHA, B CBIBOPOTKE KPOBH — COJIEPIKaHUE IITe-
nounoit pocdarassl (IL[D), akTMBHOCTH ajlaHUH- U ac-
napraramuaoTpancdepas (AnAT u AcAT).

Bpems xu3HH 1oCiie TOCTAaHOBKH JIMArHO3a KOH-
TPOJIMPOBAIH Y BCEX TISITH J)KUBOTHBIX, TOYKOH OTCUe-
Ta IPUHUMANM Hadasio XumMuoTtepanuu. Hapsimy ¢ na-
0OOpaTOPHBIMU HCCIIEIOBAHUSMHU B 3TH K€ ITEPUOIBI
MIPOBOAMIIM OLICHKY OOILIETr0 COCTOSHUS KUBOTHOTO,
pentreHoiorndeckoe u Y3 uccnenoBanus i BbI-
SIBIICHUSI METACTa3UpPOBaHMUSI.

[TonyuyeHHbIE JaHHBIC MOJBEPTad CTATHCTUYEC-
CKOM 00paboTKe IpH TOMOIIHM TaKeTa MPHKIATHBIX
nporpamm Microsoft Excel.

PE3YJBTATHI UCCJIEJIOBAHUM

[Ipu onleHKe aHAMHECTHYECKUX JaHHBIX U (HU3H-
KaJbHOM UCCIIE0BAaHUN KIIMHUYECKast KApTHHA OCTE0-
CapKOMBI Y )KUBOTHBIX TPE/ICTABIISIIACH TPHUAI0H CHM-
MITOMOB: TaJbIIUpyeMas (pacTyias) OITyXoJib, O0Jb
B MOPAKEHHOM MECTE U HapylLleHHe (YHKLHU KO-
HEYHOCTH (YCHJIMBAIOLIASICS 10 MEpe POCTa OIMyXo-
nm). [TonoxkeHune mopakxeHHON KOHEUHOCTH MIaJsIee
(ue HactynaroT). MecTHO, B 00JIaCTH TyMOpa rumnepe-
MUSsl, TeMIepaTypa MOBBIIIEHA, TPH MaJIbIIAIUN KOH-
CHCTEHLUSI IIJIOTHAS, BbIPAKCHHAS! CUIIbHAs! 00JI€3HEH-
HOCTb. [l0BMXHOCTD B cCOCEIHEM CyCTaBe OrpaHuye-
Ha. HacnencTBeHHbli aHATN3 Oy XOJIM POCIIETUTH HE
MIPEJCTaBIAIOCH BOSMOKHBIM. CpeHsist JaBHOCTh 3a-
0oJ1eBaHNs ¢ MOMEHTA IOSIBIICHUS NIEPBBIX KIIMHUYE-
CKHX MPU3HAKOB cocTaBmia 74 mHS.

[Ipu peHTreHoNIOrn4eckoM HCCIEI0BaHUN OTME-
yaJiu OOLIMPHBIE OYard OCTEOAECTPYKIHMH, OCTEOH3,
OCTEOCKJIEPO3, TPOITOIKAIOIIUICS 3a MpeesIaMu KO-
CTH Ha MSTKHE TKaHHU, o4yar AECTPYKLHHU MMEeJN He-
POBHBIE KOHTYPBI, ONPEEISUTUCH MPU3HAKK OTCIIOM-
K{ HaJIKOCTHUIIBI. PeHTreHonorndyeckoe uccienona-
HUe TpymHOH kieTku n Y3U uccienoBanme opraHoB
OpIOILIHOM ITOJIOCTH HE BBISIBUIA METACTaTHYECKHUX I10-
pakeHuil opranos [12].

B mpenonepannoHHbIi nepuoa y BceX jKMBOT-
HBIX ObliIa TPOBEJCHA TOJCTOUTONbHAS OMOTICHS W3
BHEKOCTHOTO KOMIIOHEHTa OITYXOJH, MOCJe omepa-
L1 110 YIAJIEHHUIO OITyXO0JIM ObUIO IIPOBEAEHO J1ETalIb-
HOE TaTOTUCTOJIOTHYECKOE HCCIIEI0OBAHNE MaTepraa
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13 MacCCHuBa OITyXOJIn aMHYTHpOBaHHOﬁ KOHCYHOCTH.
MI/IKpOCKOHI/I‘IeCKI/I OITYXOJIX IMPEACTaBJICHBI aTUITNY-
HBIMH HOBOOOPA30BaHHBIMH KOCTHBIMH CTPYKTYpa-
MU C SPKO BBIPKEHHBIM KJIETOUHBIM MTOIUMOPhH3-
MOM. XapaKTepPHbBIM, SBISIETCS 00pa30BaHUE OCTEOH-
Jla B BUJIC KOCTHBIX 0aJI0Y€K, MHOT/Ia B BUJIE KPYITHBIX
MOJIeH, B KOTOPBIX MO3HLIMOHUPYIOTCS OYaru oObI3-
BecTBiIeHMS [ 12].

B nocTonepaiimoHHbii epuo/1 nepej Ha4ajioM XH-
MHUOTEpAIuy 00IIee COCTOSIHIE BCEX KUBOTHBIX YIIO-

BJICTBOPUTEIHHOE, OCHOBHBIC TIOKA3ATEIH B IIpeeiax
(u3uonorndeckoil HopMel. B obacTu mBa — He3Ha-
YUTETbHAsI THTIEPEMHUS, OTEK 1 BBIZICTICHHS OTCYTCTBY-
10T. Co CJIOB X0351€B OTMEYEHO YMEPEHHOE MoTpediie-
HUE KOPMa, )KUBOTHBIE MOABUKHbBI, AKTUBHO pearupy-
10T Ha PA3IMYHBIC Pa3IpaskKUTEIIH.

Pe3synbrarhl MOPQOIIOrHUeCKOro U OMOXUMUYECKO-
TO MCCIICIOBAHNS HEKOTOPBIX TTOKAa3aTeJIe KPOBH K-
BOTHBIX Ha Pa3HBIX ATAIax MCCIEIOBaHMS PEICTaB-
JIEHBI B TaOmMax 2—4.

Mopgonozuueckue u buoxumuyeckue nokazamenu Kpogu KouweK nepeo npumeHeHuem 00KCopyoOuyuHa eu()pcr)[)‘:;f)‘;l:tgz :
Komrku nepen,
ITokazarenu Enununs! uamepenus Pe(bepeH(;I:;Iﬁ HHTep- KonTposns (n =5) ﬂl:)?clgr;;g;ﬁ:{ra
THPOXJIOpH/IA
DPUTPOIHUTEI 10%/n 5—10 8,1 +£0,39 59+0,11"
I'emorno6un r/n 80—150 112,4 + 4,08 89,0 +£2,35™
JleiikonuTeI 10°/n 5,5—18 9,37+ 1,10 20,68 £ 0,60
18 () En/n 10—92 65,2+ 7,39 103,4 + 3,86
AcAT En/n 10—56 37,6 3,99 64,2 +£3,43™
AnAT En/n 10—85 52,4+8,71 88,2+1,16
* P <0,005

*k v
P < 0,001 — mo OTHOMIEHHIO K ITOKa3aTeIsIM KOHTPOIBEHON TPYIITIBI

Kak crienyer u3 qaHHBIX TaOIUITHI 2, V KOIIEK TIe-
pel mpUMEHEHUEeM IOKCOPYOHIIMHA THAPOXIOPH-
Jla KOJTMYEeCTBO DPUTPOIMTOB U TeMOITIO0NHA OBLIO
HWKE MTOKa3aTesIei )KUBOTHBIX KOHTPOJIBHOM TPyIIIIbI
Ha 27,2 % (P <0,001) u 20,8 % (P < 0,001) cooTBeT-
CTBEHHO, TIPH ATOM KOJIMYECTBO JICHKOIIUTOB OBLIO 1M0-
BbImeHO — B 2,2 paza (P < 0,001). Otmeuann n3meHe-
HUS U B OMOXWMHUYECKHX MTOKA3aTENIX KPOBU — yPOB-
uu 1[®D, AcAT u AnAT Obltn noBBIIIECHBI HA 58,6 %
(P <0,005),70,4 % (P <0,001) 1 68,3 % (P < 0,005)
COOTBETCTBEHHO. [IpencraBieHHbIe U3MEHEHHSI IO
BCEH BUAMMOCTH OOBSICHSIIOTCSI OOIIMPHOM, TPaBMH-
pyIOIIeH omeparieil B Orkaiieil peTpoCeKTUBE.

[Ipu aHanm3e TeMaTONOTHYECKUX W OMOXUMHUYE-
CKUX ITOKa3aTelieil yepe3 OJMH MecsIl Toclie Havyala
XuMuoTepanuu (3 THs mocie nocienHe nHpy3un)
oOparniaeT Ha ceOs BHUMAaHNE PE3KOe CHHKCHUE KO-
nuYecTBa JeikonuToB B 5,2 paza (P <0,001) u mo-
BBIIIIEHNE YPOBHS MIeN0YHON (ocdarassl Ha 74,5 %
(P<0,001), AcAT na 37,8 % (P <0,001), AnAT Ha
23,8 % (P <0,001) (tabn. 3). [lomoOHas kapTHUHA

BO3MO)KHA BBHJIy TOKCHYECKOTO JICHCTBHUS JOKCOPY-
OuIMHA Ha JISHKOIIMTOII033 M TEMaTOIUTHI [§].

[Ipu 5TOM, HECMOTPS HAa UMEIOIIUECS JTUTEPATYP-
HbIC JIJaHHBIE O CEPhE3HOM YTHETEHWUH 3PUTPOIIO3-
TUYECKOH (DYHKIIMHU, KOJIMYECTBO SPUTPOILIUTOB U Te-
MOIIOOWHA B KPOBH OBLIO J1a’Ke HECKOJIBKO OOJIbIIIE,
YeM Yy JKUBOTHBIX MEpei MPUMEHEHHEM XUMHOTEpa-
MIEBTHYECKOTO TIperapara — 3puTporuToB Ha 13,6 %
(P <0,05), remornmoouna Ha 2,0 % [8]. JlaboparopHbie
WCCIIeIOBAHUS Yepe3 MIECTh MECSIIEB MOCIIe HaYasia Xu-
MHUOTEPAINH MOKA3bIBAIOT CTAOMIIU3AIINIO BCEX HCCIIe-
JyeMBIX MOKa3aTeiell OTHOCHTENIFHO JTAHHBIX HAa MO-
MEHT OKOHYaHHs XuMHoTepani (tadi. 4). Komryectso
SPUTPOIHUTOB yBemHumiIoch Ha 16,1 % (P < 0,05), ypo-
BeHb reMoriioonHa — Ha 26,2 % (P < 0,001), conmep-
JKaHHE JISHKOIMTOB JOCTOBEPHO BO3POCIIO TIOYTH B 3
paza (P < 0,001). Cauzunuchk nokasarenu LD, AcAT
u AnAT B 2,0 (P <0,001), 3,0 (P<0,001) u 1,9 paza
(P <0,001) cooTBeTCTBEHHO, YTO YKa3bIBa€T HA BOC-
CTaHOBJICHHE ITOBPEXICHHBIX KJIETOK IIEYeHHU 1 CTaOH-
JIU3AIMI0 KOCTHOMO3TOBOTO KPOBETBOPEHHUSL.
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Ipumenenue dokcopyouyuHa 2uOPOXIOPUOA 8 NOCHONEPAYUOHHOM NEPUOOE NPU OCHIEOCAPKOME KOULEK

Kypca XuMuomepanuu 00KCOpYOUYUHOM SUOPOXIOPUOOM

Taoauna 3

Moquozzoeuttecxue u buoxumuyeckue nokazamenu KpOBU KOWEK nocie OKOHYaHUsl

IMoxazarenm Enuaumer m3mepenns KonTpoins (n =5) Heﬁ sicrég;gzﬁiiiehd ‘—Ieg z;ﬂrice;i?;;m
DPUTPOIIHUTHI 10%/n 8,1+0,39 59+0,11 6,7 +0,32"
T'emornoOnn /1 112,4 + 4,08 89,0 £2,35 90,8 +2,35
JleiikonuTeI 10°/n 9,37 +1,10 20,68 = 0,60 398+0,15"
o En/n 65,2 +7,39 103,4 + 3,86 180,4 = 10,74™
ACT En/n 37,6 £3,99 64,2 +3,43 88,2 +3.81"
AJIT En/n 52,4+ 8,71 88,2+ 1,16 109,2 +4,85™
" P<0,05
" P <0,001 — o OTHOILICHHIO K MOKA3aTeJ M Mepe/] Ha9alIoM XUMHOTepaIii
Tabauna 4

Mopghonozuueckue u buoxumuieckue noKasamenu Kpogu Kouexk uepes 6 mecsiyes nocie
OKOHYAHUU KYPCA XUMUOMEPANUL OOKCOPYOUYUHOM 2UOPOXTOPUOOM

UYepes 6 mecsIes
Kontpons Uepes | mecsr mocie
IToxa3zarenu Enununst uamepenust N nocie Hayalia
(n=5) HayaJia Tepanin
Tepamun

DPUTPOIIUTEI 10'%/nn 8,1 +£0,39 6,7+0,32 7,78 £ 0,34"

T'emoroOuH /1 112,4 + 4,08 90,8 +£2,35 114,6 +4,68™

JleHKouThI 10%/n 9,37+ 1,10 3,98 £0,15 11,3 +0,42"

LD En/n 65,2 + 7,39 180,4 £ 10,74 84,6 £1,66™

AcAT En/n 37,6 £ 3,99 88,2 +3.,81 26,8 +4,80™

AnAT En/n 52,4+38,71 109,2 + 4,85 56,4 £9,46™
*P<0,05

" P <0,001 — o OTHOLICHHIO K MOKA3aTeJ M [OCIIC OKOHYAHUS XUMHOTEPAITHH

Uepes 11ecTb MeCSIIEB Y BCEX KUBOTHBIX CO CIIOB
X0351eB MOBEJICHHE OBLIO aJeKBaTHOE, 5KUBOTHBIE ITOJI-
HOCTBIO aJIal TUPOBAJIMCH K TEPEMEIIEHHIO HA TPEX KO-
HeuHocTsX. O0l1ee cOCTOSIHUE YIOBIETBOPUTEIBHOE.
Pentrenorpadus u Y3U nuarHoctuka He BBIABHIIA
METAacTa30B B JIETKUX M OpraHax OpIONIHON IMOJIOCTH.

Uepes 12 mecsiLeB onpoc X035€B HE BBISBUI JKa-
7100 Ha MOBEJECHUE, MPUEM MUILU U O0IIUe PeaKkLnuu
y YeThIpeX KUBOTHBIX. O/1HA KOIIIKa orudiia Ha oHe
porpeccupyromei kaxekcuu. [1pu ayrorcuu BoisiBie-
HbI MHOYKECTBEHHBIE METACTa3bl B JIETKHX.

Yepes 18 mecs1ieB y OCTaBIIUXCS YEThIPEX KUBOT-
HBIX COCTOSTHUE YIOBJIETBOPUTEIBHOE, KAPTHHA KPO-

BH OJTM3Ka KapTHHE KPOBU KOHTPOJIBHOM rpynisl. [Ipu
peHtreHorpaduu rpyaHoi kiuetku u Y3 uccnemnona-
HUSI OPraHoOB OPIOIIHOM MOJOCTH METacTa3bl He OOHa-
pykeHbl. B nanpHelniem cBs3b ¢ X03€BAMU KUBOT-
HBIX 110 Pa3TUYHBIM NMPUYMHAM ObliIa yTepsHa.
Takum 00pa3om, aHaIU3 MPOIOKUTEIBHOCTH
JKU3HU ¥ 0€3MEeTacTaTHIeCKOTo Mepro/ia oKasall, 4To
niecTUMeCAYHbI 0Tpe3ok nepexunu 100 % xkuBot-
HBIX, JIBEHAIIAaTh U BoceMHaanarh Mecsies — 80 %
JKUBOTHBIX. [[prMeHenne nokcopyOHIMHA THAPOXIIO-
pHa 1o MpeIOKEHHON cXeMe CIIocOOCTBYeT 3HAYH-
TETFHOMY TPOTPECCY MPOAOKUTEIBHOCTH KU3HU
1 YBEJIMYEHUIO CPOKOB O€3METACTaTHIECKOTO MEPUO/Ia.
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3AKJIIOYEHHUE

[Tpumenenue 1oKCOpyOUITMHA THAPOXIIOPH/IA B Ka-
YeCTBE Tpenapara aJblOBaHTHON XMMHOTEpaluy Ha
(hoHe aMIyTalMy MOPaKEeHHON KOHEYHOCTH 3HAYNMO
CHMYKAET YaCTOTY OTAAJICHHBIX METACTa30B U CIIOCO0-
CTBYET JUIMTENBHON PEMHUCCHH. B Ipeu10:KeHHOH J10-
3UPOBKE JOKCOPYOUIIMH THIPOXJIOPUI HE OKa3bIBAET
BBIPAXKEHHOTO CYITPECCUBHOTO JICHCTBUS Ha TIOKa3aTe-
JIM KPOBHU KOIIEK. B MpeACTaBIEHHBIX CIIydasx y KH-
BOTHBIX HaOJIONATH CHHKEHHME KOJIMYECTBa JICHKO-
LMTOB U TIOBBILICHNE aKTUBHOCTH IIEJI04HON (ocda-
Ta3bl, acmaprar- U alaHUHaMUHOTpaHcdepas. Yepes
LIECTh MECSAIEB MOCJe JIEUSHNS JaHHbIe TIOKa3aTeNn
CTA0MIM3UPOBAIINCH W COOTBETCTBOBATHU pedepeHc-
HBIM 3HAYECHUSM.

CIIMCOK UCTOYHUKOB

1. Jemal A. Global cancer statistics /A. Jemal, F. Bray,
M. Melissa, J. Ferlay, E. Ward, D. Forman // CA: a cancer
journal for clinicians — 2011. — V. 61. — Ne 2. — P. 69—
90. https://doi.org/10.3322/caac.20107

2. Magrath I. Pediatric cancer in low-income and mid-
dle-income countries / I. Magrath, E. Steliarova-Foucher,
E. Sidnei, R. C. Ribeiro, M. Harif, C-K. Li, R. Kebudi, S.D.
McFarlane, S.C Howard //. Lancet Oncol. — 2013. —
V. 14. — 1.3 -E.104—116. https://doi.org/10.1016/S1470-
2045(13)70008-1

3. Bray F. Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality worldwide for 36 can-
cers in 185 countries/ F. Bray, J. Ferlay, I. Soerjomataram,
R. L. Siegel, L. A. Torre, A. Jemal // CA: a cancer journal
for clinicians. 2018. V. 68. Ne 6. P. 394—424. https://doi.
org/10.3322/caac.21492

4. Sung H. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Can-
cers in 185 Countries / H. Sung, J. Ferlay, R. L. Siegel,
M. Laversanne, I. Soerjomataram, A. Jemal, F. Bray / A

Cancer Journal for Clinicians. — 2021. — Vol. 71. —
Ne 3. —P. 209—249.

5. Mumun B. H. CpaBHUTENbHBIE PE3YJIbTAThl Pa3Iny-
HBIX METOAOB JICUCHUA OCTCOCAPKOMBI JJIMHHBIX Tp}IG'-IaTI)IX
KocTel y cobak: aBroped. muc. ... a-pa OHoL. Hayk. — M.,
2003. —45c.

6. Heldman E. Feline Osteosarkoma: 145 Cases
(1990—1995) / E. Heldman, MA Anderson, C. Wag-
ner-Mann // Journal of the American Animal Hospital As-
sociation. — 2000. — 2000 Nov-Dec;36(6):518—21. doi:
10.5326/15473317-36-6-518

7. Nakano Y. Outcome of appendicular or scapular os-
teosarcoma treated by limb amputation in cats: 67 cases
(1997—2018) / Y. Nakano, Y. Kagawa, Y. Shimoyama,
T. Yamagami, K. Nomura, H. Wakabayashi, Y. Sugiyama,
& T. Kobayashi // Journal of the American Veterinary Med-
ical Association.— 2022- Vol. 260. — S1- P. 24—28. https://
doi.org/10.2460/javma.21.04.0213

8. Axynuna M. H. KoncepBaTuBHOE JIeU€HNE CITIOHTaH-
HOW OCTEOCapKOMBbI y cobak: aBToped. JAuC. ... K-Ta OHOI.
Hayk. — M., 2006. — 23c.

9. @eduenxo A. A. IlpakTudeckre peKOMEHAALUH 110
JICUCHUTO MMEPBUYHBIX 3JIOKaY€CTBCHHBIX onyxoneﬁ KoCTEeN
(ocTeocapkomsbl, capkombl FOunra) / A. A. @exuenko,
A. 10. Boxsin, B. A. T'opOyHosa, A. H. Maxcon, B. B. Ten-
J51KOB // 31mokayectBeHHbie onyxomun. — 2021. — T. 10. —
Ne 382. — C. 283—295.

10. Boerman 1. et al. Prognostic factors in canine ap-
pendicular osteosarcoma—a meta-analysis /BMC veterinary
research. —2012. — T. 8. — Ne [. — C. 1—12.

11. Abpamos M. E. JlokcopyOUIHH: BKJIa]] B COBPEMECH-
HYyI0 NMpOTUBOOIYX0jeByto Tepanuto/ M. E. AGpamos,
A. 0. Mamienyesa, E. Y. Ynunkos// D dekruBHas Gpapma-
KOoTCpamnus. OHKOHOFI/I)I, réMarojiorusa u paguojorusd. —
2010. — Ne 3. — C. 46—49.

12. Mumpoxuna H. B. OcobenHnocty naromopdoinoru-
YECKOI JIMarHOCTHKH 0CTeOCcapKoMbl y cobak / H. B. Mu-
TpoxuHa, FO. A. Baruukos // BerepunapHast matoiorus. —
2013.— Ne 4, — C. 72—78.

NH®OPMALIMSA Ob ABTOPAX
H. A. ManaxoBa — KaHAMJAT BETEPHHAPHBIX HAYK, JIOLIEHT, 3aB. KaQeapoil aHaTOMKH, PU3NOIOTUH U XUPYPIHHU;
A. I1. JInyk — KaHAuIaT BETEpUHAPHBIX HAyK, JOLUEHT Kadenpbl aHaTOMKUH, (PU3UOJIOTHH ¥ XUPYPIHH;
O. I [InckyHoBa — KaHU1aT OMOJIOTUYECKUX HAyK, JOLEHT Kadepbl aHaTOMKUH, (PU3UOJIOTHH M XUPYPIUH;
H. B. KneiimenoBa — xanuar OHOJIOTHUECKUX HAYK, JOLEHT Kadepbl aHaTOMUH, (PU3HOJIOTHU U XUPYPTUH;
H. C. KneiiMeHOB — KaH/IU/1aT BETEPUHAPHBIX HAYK, JOIECHT Kaepbl THCTOIOTHHU, LUTOJIOIUU U SMOPHOIIOTHH.

Crarps noctynuna B pegaknuio 16.10.2023 .

78 BerepunapHsiii apmakomoruaeckuii BeCTHUK o No 4 (25) « 2023



Bulletin of veterinary pharmacology « 2023 « No. 4 (25)

Original article
UDC 619:636.8:616—006

USE OF DOXORUBICIN HYDROCHLORIDE
IN THE POSTOPERATIVE PERIOD IN CASE
OF FELINE OSTEOSARCOMA

Natalya Alekseevna Malakhova ®, Andrey Petrovich Lishchuk’,
Olga Gennadyevna Piskunova’, Natalya Viktorvona Kleymenova®,
Ivan Sergeevich Kleymenov™!

*Orel State Agrarian University named after N. V. Parakhin, Orel, Russia, malahova-n@mail.ru®
“*Orel State University named after I. S. Turgenev, Orel, Russia

Abstract. The problem of malignant neoplasms, unfortunately, becomes more and more urgent every year. The
use of doxorubicin drugs in medical practice for the treatment of malignant tumors dates back several decades;
in veterinary medicine, such therapy is not often used at present. At the same time, the efficacy of the drug in the
treatment of many malignant tumors has been proven, including a positive effect against osteosarcomas. The ob-
jective of the research was to study the effect of doxorubicin hydrochloride in the postoperative period on the gen-
eral condition and some blood morphological and biochemical indicators of cats diagnosed with osteosarcoma
with a possible assessment of prognostic factors for the disease development.

The diagnosis of osteosarcoma was made comprehensively, taking into account anamnestic data, radiography and
pathohistological examination. The study analyzed the results of five cats aged 7—9 years with a confirmed di-
agnosis of osteosarcoma (distal and proximal humerus) following limb amputation and the use of doxorubicin hy-
drochloride. The control group (n = 5) included cats of the same age, without obvious pathology. The drug was
administered intravenously in a 0.9 % sodium chloride solution slowly four times with an interval of 7 days; the
dose of doxorubicin hydrochloride was determined at the rate of 10 mg/m? of the animal’s body area. Initially, the
drug was administered on the seventh day after surgery. Blood was taken before treatment, one month and six
months after the treatment onset.

The changes in the number of blood cells (erythrocytes, leukocytes), hemoglobin and some biochemical indica-
tors of alkaline phosphatase (ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
assessed. In case of sarcomas in animals, there is a change in the blood morphological status, although such chang-
es can be extremely insignificant. The changes in the quantitative composition of blood cells are nonspecific; leu-
kocytosis is possible, as a sign of an inflammatory process, as well as leukopenia during treatment with chemo-
therapy drugs.

It has been established that the use of doxorubicin hydrochloride against the background of limb amputation re-
duces the frequency of distant metastases, prolongs survival, and does not critically affect the blood morpholog-
ical and biochemical status.

Keywords: neoplasms, chemotherapy, cats, osteosarcoma, doxorubicin hydrochloride

INTRODUCTION

In recent years, the trend towards an increase in the
incidence of malignant neoplasms in the world and in
Russia has continued [1—4].

Skeletal tumors, especially malignant ones, occupy
an important place in modern clinical oncology. Bone
sarcoma is characterized by an aggressive course and
early hematogenous metastasis, while such tumors are
difficult to treat and require severe (mutilating) oper-
ations. In dogs, even during the initial comprehensive

clinical study, metastases were found in 10 % of cas-
es, and during autopsy — in 30 % [5].

The authors do not have statistical information on
the prevalence and structure of this type of tumor in
the pathology of oncological diseases of cats in the
region, however, the available information (archive
of case histories) of the clinic, on the basis of which
the studies were conducted, shows similar data with
available Russian and foreign studies, which are very
few. In particular, the majority of verified osteosarco-
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mas were located in the appendicular skeleton and are
a relatively rare type of malignant tumor in cats [6].

Osteosarcoma accounts for about 70—80 % of
all primary bone tumors, while at the same time it ac-
counts for only about 1 % of cases in the structure of
malignant tumors. Osteosarcoma can be localized in
both the axial and appendicular parts of the skeleton.
It is believed that osteosarcomas with an axillary loca-
tion give a less favorable prognosis than those local-
ized in the bones of the appendicular skeleton. In cats,
osteosarcomas of the appendicular part of the skeleton
are less aggressive than in dogs, so radical operations
(amputation) can give a positive result [6, 7].

In modern high-tech conditions, organ-preserving
operations are increasingly being resorted to, howev-
er, even radical methods (amputation of a limb) do not
exclude distant metastasis of the tumor; according to
some data, the frequency of such metastases can be
up to 40 % of cases, which indicates the need for de-
tailed monitoring of the condition of the operated an-
imals and the use of additional methods of treatment
and correction. This especially applies to “massive”,
poorly differentiated tumors. Most often, metastases
are found in the lungs; less often, the tumor metasta-
sizes to the bones, brain, etc. [7,8].

The above describes certain tactics in the treat-
ment of sick animals, namely, combined treatment. In
particular, it is possible to combine a block of neoad-
juvant therapy, surgical treatment and a block of ad-
juvant therapy. Surgical treatment alone is not always
effective; in medical practice, metastases are registered
in 80—90 % of patients within 1.5 years after surgery.

Similar data are provided for dogs — the average
survival time when treated only by amputation or tu-
mor removal does not exceed 5 months, while the me-
tastases develop in the majority of animals [8, 9,10].

Currently, combined treatment of oncological dis-
eases is increasingly used in veterinary medicine: sur-
gical and radiation, chemotherapy or hormonal.

Chemotherapy is considered as a high-tech meth-
od of treating malignant neoplasms, based on the in-
troduction of antineoplastic chemotherapeutic drugs
into the body.

One of the drugs with a wide spectrum of antitu-
mor activity is doxorubicin hydrochloride. For eco-
nomic reasons, due to the relatively low price com-
pared to other drugs, doxorubicin drugs are quite wide-
ly used in mono- and complex therapy of many types
of tumors [11].

The relatively low frequency of bone tumors in
animals in the structure of oncological diseases at the
same time makes this pathology a “convenient” mod-
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el for conducting analytical studies and careful study
of all aspects of the etiology and pathogenesis of the
tumor to improve diagnostic methods and therapy [5].

The objective of the work is to study the effect of
doxorubicin hydrochloride on the general condition
and some blood morphological indicators of cats di-
agnosed with osteosarcoma in the postoperative peri-
od with a possible assessment of prognostic factors for
the disease development.

MATERIAL AND METHODS

The studies were conducted on cats (n =5) aged
7—9 years, admitted to the veterinary clinic of FSBEI
HE “Orel State Agrarian University named after.
N. V. Parakhin” in the period 2018—2022. All animals
were domestic animals, immunized in a timely man-
ner with complex polyvalent vaccines.

The diagnosis was made comprehensively, based
on the results of anamnestic data, clinical and labora-
tory studies. The general condition (habitus, behavior,
food intake, body temperature) was taken into account
and a local examination of the pathological focus was
carried out (visual examination, palpation). Laboratory
and instrumental diagnostics included radiography in
frontal and lateral projections using a PLX-102 de-
vice, pathomorphological examination of biopsy ma-
terial and bone tumor samples excised from surgical
material using a generally accepted method, morpho-
logical and biochemical examination of some blood in-
dicators. All animals underwent disarticulation of the
thoracic limb in the shoulder joint as needed (2 cas-
es — left thoracic limb, 3 cases — right thoracic limb).

Adjuvant chemotherapy with doxorubicin hydro-
chloride was performed. The drug was administered
intravenously in a 0.9 % sodium chloride solution
slowly four times with an interval of 7 days; the dose
of doxorubicin hydrochloride was determined at the
rate of 10 mg/m? of the animal’s body area (Table 1).
The first injection of the drug was performed 7 days
after the operation.

To prevent vomiting, one of the most common ad-
verse reactions of doxorubicin hydrochloride, on the
day of drug administration, maropitant citrate was pre-
scribed subcutaneously once a day at a dose of 1 mg/kg
of animal weight. However, despite this, a cat weigh-
ing 3.0 kg showed toxic effects after the first two in-
jections of the drug.

Before the first administration of doxorubicin hy-
drochloride, one month and six months after the first
administration of the drug, the clinical status of the
animals was assessed, and blood was taken for hema-
tological and biochemical studies. The blood test was
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carried out according to the methods and conditions of
the Vet Union laboratory. The number of leukocytes,
erythrocytes and hemoglobin in the blood was deter-

mined; the content of alkaline phosphatase (ALP) and
the activity of alanine and aspartate aminotransferases
(ALT and AST) were determined in the blood serum.

Calculation of doxorubicin hydrochloride dose based on body surface area e
Animals Breed Age, years Weight, kg Body surface, m? Dose, mg
Male cat 1 Outbred 7 3.6 0.235 24
Female cat 2 British Shorthair 7 32 0.217 23
Male cat 3 Outbred 8 3.8 0.244 24
Female cat 4 Outbred 8 3.7 0.236 2.4
Male cat 5 Siamese 9 3.0 0.208 2.1

The survival time after diagnosis was monitored
in all five animals; the starting point was the start of
chemotherapy. Along with laboratory tests, during the
same periods, an assessment of the general condition
of the animal, X-ray and ultrasound examinations were
carried out to detect metastasis.

The obtained data were subjected to statistical pro-
cessing using the Microsoft Excel application package.

RESULTS

When assessing the anamnestic data and physical
examination, the clinical picture of osteosarcoma in
animals was a triad of symptoms: a palpable (grow-
ing) tumor, pain in the affected area and impaired limb
function (increasing as the tumor grows). The position
of the affected limb is gentle (do not step on). Locally,
in the area of the tumor there is hyperemia, the tem-
perature is increased, upon palpation the consistency
is dense, severe pain is expressed. Mobility in the ad-
jacent joint is limited. It was not possible to trace the
hereditary analysis of the tumor. The average duration
of the disease from the moment the first clinical signs
appeared was 74 days.

An X-ray examination revealed extensive areas
of osteodestruction, osteolysis, and osteosclerosis ex-
tending beyond the bone into soft tissue; the area of
destruction had uneven contours, and signs of perios-
teal detachment were identified. X-ray examination of
the chest and ultrasound examination of the abdomi-
nal organs did not reveal metastatic lesions of the or-
gans [12].

In the preoperative period, all animals underwent
a core-needle biopsy from the extraosseous compo-
nent of the tumor; after surgery to remove the tumor,
a detailed pathohistological examination of material
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from the tumor mass of the amputated limb was car-
ried out. Microscopically, the tumors are represented
by atypical newly formed bone structures with pro-
nounced cellular polymorphism. The formation of os-
teoid in the form of bone trabeculas is typical, some-
times in the form of large fields in which foci of cal-
cification are positioned [12].

In the postoperative period before the start of che-
motherapy, the general condition of all animals was sat-
isfactory, the main indicators were within the physi-
ological norm. In the suture area there was slight hy-
peremia, swelling and discharge are absent. According
to the owners, moderate food consumption was not-
ed, the animals were active and actively responded to
various stimuli.

The results of morphological and biochemical
studies of some blood indicators of animals at differ-
ent stages of the study are presented in Tables 2—4.

As follows from the data in Table 2, in cats before
the use of doxorubicin hydrochloride, the number of
erythrocytes and hemoglobin was lower than that of
the animals in the control group by 27.2 % (P < 0.001)
and 20.8 % (P < 0.001), respectively, while the number
of leukocytes was increased by 2.2 times (P < 0.001).
The changes in the blood biochemical indicators were
also noted. The levels of ALP, AST and ALT were in-
creased by 58.6 % (P < 0.005),70.4 % (P < 0.001) and
68.3 % (P < 0.005), respectively. The presented chang-
es are apparently explained by an extensive, traumat-
ic operation in the near future.

When analyzing hematological and biochemical
indicators one month after the start of chemotherapy
(3 days after the last infusion), attention is drawn to
a sharp decrease in the number of leukocytes by 5.2
times (P < 0.001) and an increase in the level of alka-
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line phosphatase by 74.5 % (P <0.001), AST — by
37.8% (P <0.001), ALT — by 23.8 % (P <0.001)
(Table 3). A similar picture is possible due to the tox-
ic effect of doxorubicin on leukocytopoiesis and he-
patocytes [8].

Moreover, despite the available literature data on
serious inhibition of erythropoietic function, the num-
ber of erythrocytes and hemoglobin in the blood was
even slightly higher than in the animals before the use
of a chemotherapy drug: erythrocytes — by 13.6 %
(P <0.05), hemoglobin — by 2.0 % [8].

Laboratory studies six months after the start of
chemotherapy show stabilization of all studied indi-
cators relative to the data at the end of chemotherapy
(Table 4). The number of erythrocytes increased by
16.1 % (P < 0.05), the hemoglobin level — by 26.2 %
(P <0.001), the content of leukocytes significantly in-
creased by almost 3 times (P < 0.001). The indicators
of ALP, AST and ALT decreased by 2.0 (P <0.001),
3.0(P<0.001)and 1.9 times (P < 0.001), respective-
ly, indicating restoration of damaged liver cells and
stabilization of bone marrow hematopoiesis

Blood morphological and biochemical indicators of cats before the use of doxorubicin hydrochloride fable
Cats before using
Indicators Units Reference interval Control (n =15) doxorubicin hydro-
chloride
Erythrocytes 10'2/L 5—10 8.1+0.39 5.9+0.11"
Hemoglobin g/L 80—150 112.4 +£4.08 89.0 £2.35*
Leukocytes 10°/L 5.5—18 9.37+1.10 20.68 £ 0.60™
ALP U/L 10—92 65.2+7.39 103.4 + 3.86"
AST U/L 10—56 37.6+3.99 64.2+3.43"
ALT U/L 10—85 52.4+8.71 88.2+1.16
*P<0.005
* P <0.001 — in relation to the indicators of the control group
Table 3

Blood morphological and biochemical indicators of cats after completion
of chemotherapy with doxorubicin hydrochloride

Indicators Units Control (n =15) Before u;:;i doxoru- lszzn(t)}; fhtz;;;e
Erythrocytes 10'%/L 8.1+0.39 59+0.11 6.7+0.32"
Hemoglobin g/L 112.4 £4.08 89.0 +2.35 90.8 £2.35
Leukocytes 10°/L 937+1.10 20.68 = 0.60 3.98+0.15"

ALP U/L 65.2+£7.39 103.4 +3.86 180.4 +10.74™

AST U/L 37.6 +£3.99 64.2+343 88.2 £3.81™

ALT U/L 52.4+8.71 88.2+1.16 109.2 +4.85™
" P<0.05

™ P <0.001 — in relation to the indicators before the start of chemotherapy
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Table 4

Blood morphological and biochemical indicators of cats 6 months after
the end of chemotherapy with doxorubicin hydrochloride

Indicators Units Control 1 month after the 6 months after the
(n=5) start of therapy start of therapy
Erythrocytes 10'2/L 8.1+0.39 6.7+0.32 7.78 £0.34
Hemoglobin g/L 112.4 £ 4.08 90.8 £2.35 114.6 £ 4.68
Leukocytes 10°/L 937+1.10 3.98+£0.15 11.3+£0.42"
ALP U/L 65.2+£7.39 180.4 +10.74 84.6 £ 1.66™
AST U/L 37.6 £3.99 88.2+3.81 26.8 +4.80"
ALT U/L 52.4+8.71 109.2 £4.85 56.4+9.46"
“P<0.05

" P <0.001 — in relation to the indicators after the end of chemotherapy

In six months, according to the owners, all animals
had adequate behavior; the animals were complete-
ly adapted to moving on three limbs. General condi-
tion was satisfactory. X-ray and ultrasound diagnos-
tics did not reveal metastases in the lungs and abdom-
inal organs.

In 12 months, a survey of the owners revealed no
complaints about behavior, food intake and general re-
actions in four animals. One cat died due to progres-
sive cachexia. An autopsy revealed multiple metasta-
ses in the lungs.

In 18 months, the remaining four animals were in
satisfactory condition, the blood picture was close to
the blood picture of the control group. Chest x-ray and
ultrasound examination of the abdominal organs did
not reveal metastases. Subsequently, the contact with
the owners of the animals was lost for various reasons.

Thus, an analysis of life expectancy and the me-
tastasis-free period showed that 100 % of animals
survived the six-month period and 80 % of the ani-
mals survived twelve and eighteen months. The use of
doxorubicin hydrochloride according to the proposed
scheme contributes to significant progress in life ex-
pectancy and an increase in the length of the metasta-
sis-free period.

CONCLUSION
The use of doxorubicin hydrochloride as an ad-
juvant chemotherapy drug against the background of
amputation of the affected limb significantly reduces
the incidence of distant metastases and promotes long-
term remission. At the proposed dosage, doxorubicin
hydrochloride does not have a pronounced suppressive

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

effect on the blood indicators of cats. In the presented
cases, a decrease in the number of leukocytes and an
increase in the activity of alkaline phosphatase, aspar-
tate and alanine aminotransferases were observed in
animals. Six months after treatment, these indicators
stabilized and corresponded to the reference values.
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Annoranms. J{ucmiasuio Tazodenpentoro cycrasa (ATHC) — MOXXHO cuuTaTh HOJIMATHOIOTHYHBIM 3a00eBa-
HHUEM, UMEIOIINM Pa3IH4HyIo cTeneHs Tsokectr. Ha pazsutne JITHC BiausioT Takue GakTopsl, KaK FeHeTHIeCKas
MIPEPACHONOKEHHOCTD, YCIOBUS KU3HH, BO3PACT )KUBOTHOTO M BPEMSI IOCTAHOBKU JUAarHo3a. Y pacTyIlero Mo-
JIOZTHSIKA TTeperpy3Ka Ta300eAPEHHBIX CYCTaBOB SIBISIETCSI €11Ie OAHUM Ipeapacnonaratomum gakropom. [Ipu srom
KOMITOHEHTHI OTIOPHO-/IBUTATEIEHOTO alliapaTa He JOCTHTaloT (yHKINOHAIBLHOH 3pesIOCTH OTHOBPEMEHHO, UYTO
CBUJICTEIBCTBYET O HEIOCTATOYHOCTH MBIIII H/WJIM KOCTHOW CHCTEMBI, U B TIOCJICICTBUN IIPUBOJUT K HEYCTOW-
YMBOCTHU CyCTaBa. A TIOTPEHUIHOCTH B COOTHOIICHNUH IPOTENHOB, MUHEPAJIOB U IPYTUX HEOOXOAMMBIX HYTPHEH-
TOB, WJIM UX HEJOCTATOK B KOPMaX *KMBOTHOTO, TOJIBKO CIIOCOOCTBYET PAa3BUTHIO IATOJIOTHI OMOPHO-ABHUIATEIb-
HoTO armnapara. Bce 3To roBopuT 00 akTyaIbHOCTH ITPOBEAESHHOTO HCCIIEIOBAHMS, IEIBI0 KOTOPOTO OBLIO U3yde-
HHE TepaneBTHYeCKol 3P pekTuBHOCTH HOBOro mpenapara kaptucuiaad npu JTBC y xomku ¢ sipko
BBIPKCHHBIMH CHMITTOMAMH JaHHO MaTOJIOTHH.

Merongr. [Ipn npoBeneHny UccIea0BaHuUs ObLUTH UCIIOIb30BaHbl METO/IBI KIIMHUYECKOTO HAOIIOICHUS, OMOXUMH-
YECKOTO aHaJIM3a KPOBU 1 PEHTIEH JHArHOCTHKA 33JHUX KOHEYHOCTEH )KUBOTHOTO B TMHAMHUKE.

Pe3zynprarbl. DKCIIEPUMEHT MO3BOJIHII CAEIATh BBIBOABI 00 3((QEKTUBHOCTH KapTUCHIIaHA KAK TEPATIeBTHYECKOTO
Cpe/CTBA ISl CTAOMITM3AIINH, YKPETIICHHSI U CHIDKEHUSI BOCIIAJIMTEIILHBIX IIPOLIECCOB IIOPAKCHHBIX CyCTaBOB PU
JATBC y xomiek, a Takke peKOMEH/I0BAaTh €ro B Ka4eCTBE NMPOPHUIAKTHIECKOH (papMaKoIOorndeckol MOIIEePKKI
JUIS TIPEAOTBPAIICHHS OCIIOKHEHHH, CBS3aHHBIX € TIATOJIOTMSIMH OTIOPHO-ABUTATEIIFHOTO arapara B IepHojl pocTa
KHBOTHOTO.

KuaioueBble cioBa: tuciiia3us Ta300€ApEHHOTO CycTaBa, JeUeHHe, KapTHCHIIaH, KOIIKH, TPO(HIAKTHKA, KOCT-
Hasl [1aToJIOTUs

Jucnnasus Ta300eIpeHHOro CycTaBa WIN COKpa-
menHo JIThbC — 3to Henopa3BuTHE CYyCTaBHON SIMKH
Ta30BOM KOCTH, 00YCIIOBJICHHOE, B OCHOBHOM, Haclel-
CTBEHHBIMH IIpUYMHAMHU. {1 maHHOrO 3a00sIeBaHMsA
XapakTepHa He0CTaTOYHO ITyOoKast cycTaBHas BIia-
JIMHA, Kpasi KOTOPOM MJI0X0 OXBATHIBAIOT FOJIOBKY O€1-
peHHOM kocTu. IIpu yBeJIMYEHUH MACChHl TEa JKU-
BOTHOT'O, KaK IPAaBHIIO, BCIEACTBHE POCTA MOJIOIO-
r0 OpraHu3Ma, roJIoBKa OeJpeHHOIH KOCTH HauMHAaeT
CMEINAThCsl. DTO MPUBOJUT K Pa3BUTHIO MHOMKECTBA
OCJIO’)KHEHUH. Bo3pacT ;KMBOTHOTO U UX TSKECTh 3a-
BUCST OT CTEIIEHU HEJOPa3BUTHUS CYyCTABHOW BIIAJU-
Hbl. He3HaunTenpHas CcTeneHb AMCILIA3UM KIMHUYE-
CKM OOBIYHO HHKAK HE IMPOSBISETCS, HO OHA MOXKET

OBITH OOHApy’KeHa MPH PEHTTEHOJIOTMYECKOM HCClie-
JIOBAaHHMH TIOPa)KEHHOTO cycTapa nanuenra. [Ipu pocre
JKUBOTHOTO M3-3a IIEPEPaCTHKEHUS KaICyJlbl CycTaBa
IpY U30BITOYHON MOIBM)XHOCTHU TOJIOBKH OCAPEHHOM
KOCTH B IIEPHO/bI aKTUBHOCTH >KUBOTHOTO MPOSIBIIS-
eTcsl camast Jierkasi CTeNIeHb — XPOHUUYECKUI apTpuT
Ta300€IPEHHOTO CYCTaBa.

[Tpu nponomkeHny npoiiecca BOCIAICHUS 4acTo
MPOMCXOIUT YTONIIEHNE KAIICYJIbl CYCTaBa, 10 KpasiM
CYCTaBHOM SIMKH IOSIBJISIFOTCS] KOCTHBIE pa3palieHus,
KOTOpbIE YIIyOMSIOT €e, U TAKUM 00pa3oM, IPOUCXO-
JIUT KOMIIEHCAIUsl Henopa3Butus. Cambie TsKENbIe
OCJIOKHEHHS HaOII0AaroTCs MpH 0oJiee BRIPaXKEHHOM
HE/I0Pa3BUTHU CYCTaBHOW SIMKH [5].
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[Ipu 3TOM ronoBKa OePEHHON KOCTH HE MOXET
3a/lep)KaTbcs B CYCTaBHOM BIAJAWHE W C HapacTaHH-
€M Macchl Tesa MPU POCTE MOJIOLOTO OPraHU3Ma I10-
CTEIICHHO M3 Hee Bce OOobIe U OOJbIIe BEIXOIUT —
BIUTOTH JI0 IOJIHOTO BBIBUXA Ta300€IPEHHOIO CyCTaBa.
[Ipu Takoii maTonoruu cycTaBbl 6osiee ysI3BUMBI U IPH
HE3HAYHUTENILHBIX TPABMaX, KOTOPBIE Y )KHUBOTHBIX 0€3
TaKOH MMaToJI0TUK HE MMEITH OBl HF KaKHX MOCIIE/ICTBH,
IIPOMCXOIST HEOXKUJaHHbIE BbIBUXHU. Kpome 3T0T0, CO
BpPEMEHEM BO3MO)KHO BO3HHKHOBEHHE Ae()HOpMUPYIO-
iero apTputa. OH NPOSBISETCS JOCTAaTOUHO CUIIBHON
0O0JTBIO TIPH IBM)KEHUHU Ta300€APEHHOTO CyCTaBa v BbI-
paxeHHONH XpoMoToH [1]. Y MeNKuxX JOMaITHuX >KH-
BOTHBIX Pa3UYHbIE OOJE3HU OIOPHO-IBUTATEIHHO-
ro ammapara BCTpeuaroTcsl 4acTo. B Bo3pacTHoO me-
puoxn 12—24 mec. 3a0oneBanuto moaBepx eHsl 44 %
Kouiek, u 56 % cobax. [Ipu 3TOM oneparuBHOE Jeye-
HUE MPOBOJIUTCS TOPA3/I0 PeKe, YeM KOHCEPBATUBHOE
13-32 BBICOKOI CTOMMOCTH | JUTUTENILHOTO MOCIIE0TIe-
PaIMOHHOTO U peadMIMTAIIMOHHOTO TIepuoaa [2—4].

K coxaiieHuto, BbIIICUUTh I'€HETHUYECKHE 3a00-
JICBaHUSl XUPYPTUYECKUMH METOIAMHU HEBO3MOXHO.
WccnenoBanus no ynydlleHUIO KauecTBa JKU3HU Ta-
LIMEHTOB C JUCIUIa3uel MPOBOJATCS U B BETEpPHUHAp-
HOW, U B TyMaHuTapHoil Mmenuuune. [Ipennaratorcs
BCE HOBBIE ¥ HOBbIE METOIUKH 110 KyIHPOBAHUIO Ta-
KHX TporieccoB. CyImecTByeT psij JIiedeOHBIX BO3IEH-
CTBMH, MO3BOJISIIOLIMX NPUOCTAHOBUTH NPOLIECC Pa3-
PYLIEHHSI CyCTaBa WIM 3aMEIJIUTh Peaanu3alyio Juc-
IJIa3UM ¢ BTOPUYHBIM OCTE0apTPO30M.

OTH BO3JCHCTBHSI MOJKHO Pa3/IeNuTh Ha JIBE OOJIb-
II¥€ TPYTITHI — KOHCEPBAaTHBHBIE (METUKAMEHTO3HOE)
u xupyprudeckue. KoncepsaruBHOE Jieu€HNE B OCHOB-
HOM HalpaBJIeHO Ha MPEKPAaILeHNEe BOCIAIUTEIBbHBIX
SIBICHUI U Ha BOCCTAHOBJIEHHE TMATMHOBOTO XpsIa
cycTaBa (xoHIponpoTekTopsl). Hanbomnee adpdexrus-
HBIM CITIOCOOOM BBEJICHUS TaKUX IPENaparoB sBIs-
eTCSl MHBEKIUS BHYTPh CYCTaBa, XOTS MPUMEHSIOT-
Csl 1 BHYTPUBEHHBIC, 1 BHYTPUMBILICUHbBIC BBEICHHSL.
Hcnonb3yercs 1 paccachIBaroIas TEpanys B BUJE BHY-
TPHCYCTaBHBIX BBEJICHUH MTpenapaToB, 0COOCHHO NPH
BTOPUYHOM ocTeoapTpose [5]. OnxHako Ha AAHHBINA MO-
MEHT IIeJICHANpPaBJICHHOW (DapMaKOJIOTHIeCKOM Tepa-
nmu ¥ npoduaktiku J{THC B BeTepunapuu He cy1ie-
CTBYET, [T03TOMY pa3paboTKa IpernaparToB, CIOCOOHBIX
[IPEA0TBPAILATH WM HUBEINPOBATH OCJIOKHEHMS, CBSI-
3anHble ¢ JITBC, aBnsercs akTyaabHbIM HaIllPABICHH-
€M BeTepuHapHOH (papMakoIornueckol HayKH.

Lenp uccnenoBanus: u3ydeHne dPPeKTUBHOCTH
rperapara KapTHUCHJIaH PU AUCIIIa3UH Ta300eIpeH-
HOTO CyCTaBa y KOLIKH Ha OCHOBE KOMIUIEKCHOM OIICH-
KH{ €T0 TeparneBTHYECKOro ACHCTBHUSI.

MATEPUAJIBI U METO/bI
NCCJIEJOBAHUM

OKCIIEpUMEHT MPOBEIEH B YCIOBHIX KIMHUKHU
¢akynsrera BerepuHapaoit Meaunuael GI'BOY BO
«Ky6anckuii [AY», Kyna nocTymnuia Komka moTIaH -
ckoil moponsl bous, Bo3pact 1,4 roma ¢ aAuarHozom
OCTEOXOHIPOIUCIUIA3HS (XOHAPO-apTPOIIATHs) IIOT-
JMAHACKAX BHUCIOYXHX KOIIeK. OCHOBHON MPUYHHOMN
oOpallleHus B KIIMHUKY SIBUINCH PETyJISIPHbIC BEIBUXH
Ta300eIPEeHHOro cycTaBa NpaBoi KOHEYHOCTH, O0JIe3-
HEHHOCTb B 00J1aCTH KUCTEH U CTOII, arPECCUBHOE T10-
BE€JICHHE, [TPH KOTOPOM KUBOTHOE HE MIO3BOJISIIO MTPU-
Kacarbcsi K ce0e, 0COOCHHO K MOPayKEHHBIM y4acTKaM.

[Ipu xmuHIYEcKOM 06cIeoBaHNN B O0NIACTH 3a-
IUIFOCHEBOI'O CyCTaBa ObLJIO YCTAHOBJIEHO CTPYKTYpPHOE
WU3MEHEHHE C pa3pacTaHUeM KOCTHOM TKaHU U MaToJI0-
THUYECKUM Pa3BUTHEM IUTIOCHEBBIX KOCTEH (YMEHBIIIE-
Hue ux anunbl) (puc. 1). [Ipu penrrenorpaduu BbI-
SIBJICHO NIATOJIOTUYECKOE CMEIIeHHUE IIeHKH Oefpa oT-
HOCUTEJIBHO T'OJIOBKHM, HaxOJSIIEHCs B BEPTIYKHOM
BITamuHe (puc. 2), a TakKe TUCIIIa3us Ta300epeHHO-
IO cycTaBa ¢ IpaBoii CTOPOHHI (puc. 3).

\‘
Puc. 1. Komka bowns, 1,4 roga, HenpaBuiabHas

[MOCTaHOBKa JIall, yBEJIMUEHHUE TUCTATbHBIX OT/IEIIOB
KHUCTEN U CTOII

Jlo mocTyruieHus: B KIIMHUKY TEparus KUBOTHO-
My HE IPOBOAUIACH, TTOITOMY IOCJIE YCTaHOBICHUS
JIMarHO3a B Ka4eCTBE (PapMaKOIOTHYEeCKOH MOIIepxK-
KH KOIIIKE ObLJI HA3HAYEH IIperapar KapTUCHIIaH, KOTO-
pBIH 3a/aBajics MepopabHO B BHUIIE MOPOIIKA C KOP-
MOM KypcoM | pa3 B meHb B 03¢ 0,5 T/KT mpoTsIKe-
guu 30 aHEen.
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Puc. 2. Penrred Ta30BbIX KOHEUHOCTEH

Puc. 3. Pentren o6mactu Ta300eIpeHHOTO CYCTaBa,
JIUCIUIA3Us C IPaBOM CTOPOHBI

Kaprucunan npeacrapiser co00i KOMIUIEKCHBIN
npemnapar, KOMIIOHEHTBI KOTOPOTO CIIOCOOHBI BO3ACH-
CTBOBAaTh Ha MHOTHE 3BEHbS OCTEO- U XOHJpPOTeHe-
3a, CTUMYJHUPYS MPOIECChl penapaluy U akTUBH3a-
LIMU OCTEO0IACTOB, CHHTE3 OPTaHNYECKOTO MaTpUKCa
1 KanbUU(UKALUKA KOCTH, COIPOBOXKIAIOIINE HAPY-
LICHHS JIBUTATENbHON (YHKUMU U 300POBbS Y JKHU-
BOTHBIX [6].

B Tedenue skcrepuMeHTa y KOLIKM B AMHAMHUKE
OCYIIECTBIISIICS 3a00p KPOBH JIJIS TIPOBEICHHS OUOXH-
MUYECKOTO HCCIIeIOBaHNSA, a TaKXKe peHTTeHorpadus
JUIsl BU3yaJIU3aliy 1aTOJIOTHYECKUX IPOLIECCOB B Ta-
300€eIpEHHOM CYCTaBE, TAK)KE KHUCTSIX M CTOTAX 3aJHUX

KOHEYHOCTEH. BuoXuMHUYecKre UCCieI0BaHUS ChIBO-
POTKH KPOBH MTPOBOIMINCH Ha aHAIHM3aTope Sinnowa
BS-3000P Chemistry Analyzer.

PeHTreHogMarHoCcTHKa OCyIIECTBIISIIACH HA arll-
napare Diagnostic X-ray unit (FOxnas Kopest) B npsi-
Mot npoekiun. Kpome 3Toro, B Xoz1€ 3KCIepuMeHTa
PEryNIIpHO YYUTHIBAIOCH 00IIEe COCTOSIHUE JKUBOT-
HOTO, 0COOEHHOCTH TIOBEJICHHS, KOOPAHHALINS JIBU-
YKEHUM, UTHTEHCUBHOCTbh U XapaKTep JBUraTeJIbHOM aK-
TUBHOCTH, TOHYC CKEJIETHBIX MBIIII], HAJTMYNE U CTe-
MIEHb XPOMOTHI.

PE3YJIBTATHI UCCJEJOBAHUM

PesynpraTamMu OMOXUMHYECKUX HCCICIOBAHMI
CHIBOPOTKH KPOBH BBIABIEHO YMEPEHHOE yBEIMYe-
HHUe ypoBHs obmiero 6enka (Ha 10,5 %), 4ro, yuuThHI-
Basi TUarHo3 3a00JIeBaHMsI, MOKET OBITH 00YCIIOBICHO
JUTUTEIBHBIM BOCIAJIUTEIILHBIM IIPOLIECCOM, XapaKTe-
PU3YEMbIM YBEJIUYCHHEM TJIOOYJIMHOBBIX (DpaKIluii,
U B TIEPBYIO OUepeb, yY-TI00yInHOB (Tabm. 1).

Kpome Toro, pazBuTHe BTOPUYHOU OCTEOIMC-
Tpoun 4acTo COMPOBOKAACTCS THIIEPIIPOTEHHEMHU-
eil. [TonoOHBI nucOananc B OEIKOBOM MeTadoIn3-
Me B psiJie CIIy4YacB HE CBS3aH HAIMPSIMYIO C KaJIbI[Hii-
(dochopHBIM OOMEHOM, ITPU KOTOPOM KOHIIEHTPAIIUU
JIAHHBIX DJIEMEHTOB B CHIBOPOTKE KPOBH HAXOATCS
HIDKe TpaHuIl pedepeHcHbIX peaenoB. HopmansHbie
3HAYEeHHs OOIIETO KAIBIUSA M HEOPraHMIECKOro (oc-
(hopa B KpOBH JIUIIH MTOJITBEPIKAAFOT THIIOTE3Y O TOM,
YTO B IPOIIECCe OOMEHA BEIIECTB KOHIIEHTPALIUU MH-
HEPAJIOB, JJaKE MIPU UX JIOCTATOYHOM KOJIMYECTBE, HE
BCTPAUBAKOTCS B OYar MaToJI0rn4ecKoro npoiecca u He
YAY4IIaloT COCTOSTHHE KOCTEH W CyCTaBOB.

Perucrpupyemas rHIiepriiuKeMust MOXXeT OBITh 00-
YCIIOBJICHA CTPECCOBBIM COCTOSTHUEM, BO3HUKAFOIIIAM
Ha (hOHE MAHUIYJSIIUUA CO B3ITUEM KpoBH. OHAKO
CJIeIlyeT Y4YeCTh, YTO OOJieBasi peakiys B KOHEYHO-
CTSIX Ha MPOTSDKEHUH JUTUTEIIBHOIO BPEMEHH COIPO-
BOKIAFOIIAst )KHBOTHOE ¥ HEBO3ZMOYKHOCTH KOM(OPT-
HOTO €CTeCTBEHHOTO JIBIDKEHHsI, a TaK)Ke arpeccus,
MpOosiBIIsieMasi KOIIKOW MPH MPUKOCHOBEHUSAX K 3ajI-
HUM JiariaM, CliocoOHa OKa3aTh BIUSHUC HA KOHIICH-
TPAIUIO TITIOKO3HI [8].

OpHako Tepanusi KapTUCHUJIAHOM OKasalia MO3HU-
THUBHBIC N3MEHEHHS Ha PsIJT OMOXUMHUYECKUX KOHCTaHT
KpPOBH, YTO IMPOSBUIOCH CHWKEHHWEM ypPOBHS 0OOIIIe-
ro 0enka, HOpMajau3alyel KOHIICHTPAIUU TIIFOKO3HbI,
a TaK)Ke YMEPCHHBIM BO3pAaCTaHHEM aKTUBHOCTH IIIe-
J104HOM (hocdaraszbl, 00yCIOBICHHBIM BOCCTaHOBJICHH-
€M KJIETOYHOTO MaTpHKCca KOCTHOH TKaHH [7].

IIpn moBTOpHOH peHTTeHOrpadumu TazobeapeH-
HOTO CyCTaBa 4depe3 MecsI| MPUMEHEHUs Iperapara
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BBISIBJICHO YIUIOTHEHHUE B 00J1aCTH IIeHKU OepeHHOM
kocTH (puc. 4). B 3penoM Bo3pacTe HEBO3MOKHO TIOJ-
HOCTBIO BOCCTAHOBUTH KMBOTHOE C JHATHO30M JIHC-

iasus Ta306€)lpeHHOFO CyCTaBa, OAHAKO KapTUCH-
JIaH TIO3BOJIMJI YJIY4YIIUTHh COCTOAHUEC KOCTeﬁ, cycCTta-
BOB U KQ4CCTBO XHU3HMU.

Taoauna 1
Jlunamuxa buoxumuueckux noxkasameineil cbl8OPOMKU KPOBU KOUIKU
[Tokazarenn ®DoHOBbIE 3HAYCHHUSI Yepes 30 nueit FpaHHH;;S;gff;“““
OOuuii 6eNokK, r/a 87,31 84,1 54,0—79,0
MoueBrHa, MMOJIbL/JI 7,3 8,5 5,4—12,1
KpearunuH, MKMOJIB/JT 86,7 75,1 70,0—165,0
I'mroko3a, MMOJIB/JT 9,27 473 3,3—6,3
Tpurmuiepuabl, MMOJIB/JT 0,44 0,45 0,38—1,1
XoecTepruH, MMOJIB/JT 1,9 0,93 1,6—3,9
AcAT, E[l/n 32 31 9,0—45,0
AnAT, Ell/n 59 62 18,0—79,0
Awmmnaza, EJl/n 1147 1063 500,0—1200,0
enounas ¢ocdaraza, EJl/n 40 647 0—55.0
Kanpmuii o01uii, MMOJIB/JI 2,2 1,9 2,0—2,7
®Dochop HEOpraHWUIECKUIT, MMOIB/JT 2.3 1,8 1,1—2.3

Puc. 4. Perrren obnactu Ta300eJpeHHOTO CycTaBa
MOCJIe JICUCHHUs], AUCIUIA3HS C IPAaBOM CTOPOHBI

VY KOIIKH HOPMAalIM30BajoCh OOIEEe COCTOSIHHE,
JIBMDKEHHSI CTAJIN MsITde U KoM(OPTHEE, OHA IepecTalia
MPOSABIIATH arpPECCHIO MPU MIPUKOCHOBEHHUAX K y4acT-
KaM C TIaToJIOTUEH.

[Ipn ganpHEHIEM HAONIOACHUH 32 KUBOTHBIM
B TEYEHUH 2 MECSIIEB IOCJE MPEKPAIEHHUS IKCIIePH-

MCHTA CJIy4acB BbIBHXa T3306e):[peHHOFO CyCTaBa BbI-
SIBJICHO HEC 6I)I.HO, YTO MOATBCPKIAACT ITOJIOKUTEIIb-
HOC BJIMAHUC ITpEIIapaTa Ha CBA3KH, X 3JIACTUYHOCTDb
" IMMPOYHOCTD.

3AKJTIOYEHUE

Taxum 06pa3oM, KapTUCHIAH MOXKHO PEKOMEH 10~
BaTh C MPO(MUIAKTHYECKON IENTBI0 KaK MEIMKaMEH-
TO3HOE CPEJICTBO AJIs IPEIOTBPALLIECHUS OCIOKHCHUH,
cesa3anHbIx ¢ ITBC B nepuon pocra opranusma st
KOIIEK, HAXOAIINXCS B 30HE PUCKA, a TAKXKE KaK CPefi-
CTBO JJIS1 JICUCHHS Y B3POCIIBIX 0c00eH Kak CHMIITOMA-
TUYECKOE CPE/ICTBO JUISI ITOBBIIICHHS Ka9€CTBA KU3HHU.
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EXPERIENCE OF USING THE DRUG KARTISILAN FOR
THE TREATMENT OF HIP JOINT DYSPLASIA IN A CAT
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Abstract. Hip joint dysplasia (HJD) can be considered a polyetiological disease with varying degrees of severi-
ty. The development of HID is affected by factors such as genetic predisposition, living conditions, age of the an-
imal and time of diagnosis. In growing young animals, overload of the hip joints is another predisposing factor.
In this case, the components of the musculoskeletal system do not reach functional maturity at the same time,
which indicates insufficiency of the muscles and/or skeletal system, and subsequently leads to instability of the
joint. The errors in the ratio of proteins, minerals and other essential nutrients, or their lack in animal feed, only
contribute to the development of pathologies of the musculoskeletal system. All this speaks to the relevance of
the research, the objective of which was to study the therapeutic efficacy of the new drug kartisilan in case of HID
in a cat with pronounced symptoms of this pathology.

Methods. When conducting the study, the methods of clinical observation, biochemical blood analysis and x-ray
diagnostics of the animal’s hind limbs in dynamics were used.

Results. The experiment allowed us to draw conclusions about the efficacy of kartisilan as a therapeutic agent for
stabilizing, strengthening and reducing inflammatory processes in the affected joints in case of HID in cats, and
also to recommend it as a preventive pharmacological support to prevent complications associated with patholo-

gies of the musculoskeletal system during the growth period of the animal.
Keywords: hip joint dysplasia, treatment, kartisilan, cats, prevention, bone pathology

INTRODUCTION

Hip joint dysplasia (HJD) is an underdevelop-
ment of the articular fossa of the pelvic bone, main-
ly due to hereditary reasons. This disease is character-
ized by an insufficiently deep articular cavity, the edg-
es of which do not adequately cover the head of the
femur. As an animal’s body weight increases, usually
due to the growth of a young body, the head of the fe-
mur begins to shift. This leads to the development of
many complications. The age of the animal and their
severity depend on the degree of the articular cavity
underdevelopment. A minor degree of dysplasia usu-
ally does not manifest itself clinically, but it can be
detected by X-ray examination of the patient’s affect-
ed joint. As the animal grows, due to overstretching
of the joint capsule and excessive mobility of the head
of the femur during periods of animal’s activity, the
mildest degree manifests itself — chronic arthritis of
the hip joint. As the inflammation process continues,
the joint capsule often thickens, bone growths appear

along the edges of the articular fossa, which deepen it,
and thus compensation for underdevelopment occurs.
The most severe complications are observed with more
pronounced underdevelopment of the articular fossa
[5]. In this case, the head of the femur cannot remain
in the articular cavity and, as the body weight increas-
es and the young body grows, it gradually comes out
of it more and more — until the hip joint is complete-
ly dislocated. In case of this pathology, the joints are
more vulnerable and with minor injuries, which in the
animals without such a pathology would not have any
consequences, unexpected dislocations occur. In addi-
tion, deforming arthritis may develop over time. It is
manifested by quite severe pain when moving the hip
joint and severe lameness [1].

In small domestic animals, various diseases of the
musculoskeletal system are common. In the age peri-
od of 12—24 months, the disease affects 44 % of cats
and 56 % of dogs. At the same time, surgical treatment
is carried out much less frequently than conservative
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treatment due to the high cost and long postoperative
and rehabilitation period [2—4].

Unfortunately, it is impossible to cure genetic dis-
eases with surgical methods. The research to improve
the quality of life of patients with dysplasia is carried
out in both veterinary and humane medicine. More and
more new methods are being proposed to stop such pro-
cesses. There are a number of therapeutic effects that
can stop the process of joint destruction or slow down
the development of dysplasia with secondary osteo-
arthritis. These effects can be divided into two large
groups: conservative (medicinal) and surgical.

Conservative treatment is mainly aimed at stop-
ping inflammation and restoring hyaline cartilage of
the joint (chondroprotectors). The most effective way
to administer such drugs is by injection into the joint,
although intravenous and intramuscular injections are
also used. Absorbable therapy in the form of intra-ar-
ticular injections of drugs is also used, especially in
case of secondary osteoarthritis [5].

However, at the moment, there is no targeted phar-
macological therapy and prevention of HID in veter-
inary medicine, so the design of drugs that can pre-
vent or neutralize complications associated with HID
is a current area of veterinary pharmacological sci-
ence. The research objective was to study the effi-
cacy of the drug kartisilan in case of hip joint dyspla-
sia in cats based on a comprehensive assessment of its
therapeutic effect.

MATERIAL AND METHODS

The experiment was carried out in the clinic of
the Faculty of Veterinary Medicine of FSBEI HE
“Kuban State Agrarian University”, where a Scottish
cat Bonya, age 1.4 years, was admitted with a diag-
nosis of osteochondrodysplasia (chondroarthropathy)
of Scottish Fold cats. The main reason for contacting
the clinic was regular dislocations of the hip joint of
the right limb, pain in the fore and hind feet, aggres-
sive behavior in which the animal did not allow itself
to be touched, especially the affected areas.

A clinical examination in the area of the tarsal joint
revealed a structural change with the proliferation of
bone tissue and pathological development of the meta-
tarsal bones (reduction in their length) (Fig. 1). X-ray
examination revealed a pathological displacement of
the femoral neck relative to the head located in the ac-
etabulum (Fig. 2), as well as dysplasia of the hip joint
on the right side (Fig. 3).

Before admission to the clinic, the animal was not
treated, therefore, after the diagnosis was established,
the cat was prescribed the drug kartisilan as pharma-
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cological support, which was administered orally in
the form of a powder with food in a course of 1 time
per day at a dose of 0.5 g/kg for 30 days.

Fig. 1. Bonya cat, 1.4 years old, incorrect position-
ing of paws, enlargement of the distal parts of its
fore and hind feet

Fig. 2. X-ray of the pelvic limbs

Kartisilan is a complex drug, the components of
which are capable of affecting many parts of osteo-
and chondrogenesis, stimulating the processes of re-
pair and activation of osteoblasts, the synthesis of or-
ganic matrix and bone calcification, which accompany
disorders of motor function and health in animals [6].

91



D. P, Vinokurova, M. P. Semenenko, K. A. Semenenko, T. V. Taranik

Fig. 3. X-ray of the hip joint, dysplasia on the right
side

During the experiment, blood was collected from
the cat over time for biochemical analysis, as well as ra-
diography to visualize pathological processes in the hip
joint, as well as the fore and hind feet of the hind limbs.
Biochemical studies of blood serum were carried out
on the Sinnowa BS-3000P Chemistry Analyzer. X-ray
diagnostics was carried out using the Diagnostic X-ray

unit (South Korea) in a direct projection. In addition,
during the experiment, the general condition of the an-
imal, behavioral characteristics, coordination of move-
ments, intensity and nature of motor activity, skeletal
muscle tone and the presence and degree of lameness
were regularly taken into account.

RESULTS

The results of biochemical studies of blood serum
revealed a moderate increase in the level of total pro-
tein (by 10.5 %), which, considering the diagnosis of
the disease, may be due to a long-term inflammatory
process, characterized by an increase in globulin frac-
tions, and primarily y-globulins (Table 1).

In addition, the development of secondary osteo-
dystrophy is often accompanied by hyperproteinemia.
Such an imbalance in protein metabolism in some cas-
es is not directly related to calcium-phosphorus metab-
olism, in which the concentrations of these elements in
the blood serum are below the reference limits. Normal
values of total calcium and inorganic phosphorus in the
blood only confirm the hypothesis that in the process
of metabolism, the concentrations of minerals, even if
they are in sufficient quantities, are not integrated into
the focus of the pathological process and do not im-
prove the condition of bones and joints.

Table 1
Dynamics of the blood serum biochemical indicators of the cat

Indicator Baseline values In30d Reference limits
Total protein, g/L 87.31 84.1 54.0—79.0
Urea, mmol/L 73 8.5 5.4—12.1
Creatinine, pmol/L 86.7 75.1 70.0—165.0
Glucose, mmol/L 9.21 4.3 33—6.3
Triglycerides, mmol/L 0.44 0.45 0.38—1.1
Cholesterol, mmol/L 1.9 0.93 1.6—3.9
AST, U/L 32 31 9.0—45.0
ALT, U/L 59 62 18.0—79.0
Amylase, U/L 1147 1063 500.0—1200.0
Alkaline phosphatase, U/L 40 641 0—55.0
Total calcium, mmol/L 2.2 1.9 2.0—2.7
Inorganic phosphorus, mmol/L 23 1.8 1.1—23
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Recorded hyperglycemia may be due to a stress-
ful state that occurs during the manipulation of blood
collection. However, it should be taken into account
that the pain reaction in the limbs that accompanies the
animal for a long time and the impossibility of com-
fortable natural movement, as well as the aggression
shown by the cat when touching the hind legs, can af-
fect the glucose concentration [8].

However, the therapy with kartisilan had positive
changes on a number of blood biochemical constants,
which was manifested by a decrease in the level of to-
tal protein, normalization of glucose concentration, as
well as a moderate increase in the activity of alkaline
phosphatase, due to the restoration of the cellular ma-
trix of bone tissue [7].

A repeat X-ray of the hip joint after a month of
using the drug revealed compaction in the area of the
femoral neck (Fig. 4). In adulthood, it is impossible
to completely restore an animal diagnosed with a hip
dysplasia, but kartisilan has improved the condition of
bones, joints and quality of life.

Fig. 4. X-ray of the hip joint after treatment, dys-
plasia on the right side

The cat’s general condition returned to normal,
its movements became softer and more comfortable,
it stopped showing aggression when touching areas
with pathology.

During further observation of the animal for 2
months after the end of the experiment, no cases of
dislocation of the hip joint were identified, which con-
firmed the positive effect of the drug on the ligaments,
their elasticity and strength.

CONCLUSION
Thus, kartisilan can be recommended for prophy-
lactic purposes as a medication to prevent complica-
tions associated with HID during the growth period for
cats at risk, as well as a treatment for adult animals as
a symptomatic remedy to improve the quality of life.
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AHHoTanus. Llenpro 1aHHOTO MCCe0BaHus ObUIO OMPENENICHNE COCTOSIHUS HeCTIeM(UUECKOH pe3UCTEHTHO-
CTH MOJIOYHOM 7KeJIe3bl y KOPOB B CPABHUTEIILHOM ACTIEKTE MOJ1 BIMSHUEM Ma3H YoepocenT + MukcodepoH 1 kam-
(dopHoIt Mazu + MukcodepoH, IpH Teparuy MacTUTa Y KOPOB. Pe3ynbTaTel MpOBEeICHHBIX HCCICOBAHUI CBUIC-
TEJILCTBYIOTO TOM, YTO ITOCTIE JIEIEHHSI B 00€HMX OMBITHBIX TPyIIIax B Mpo0dax MOJIOKAa CHU3MIACH CTEIIEHb MUKPOO-
HOM KOHTaMUHAILIUH 1 KOJIMYECTBO COMAaTHIECKUX KIIETOK /10 pepepeHTHBIX 3Ha4eHNH. B ToXKe Bpemsl y )KUBOTHBIX,
KOTOPBIX JICUITH KOMOMHHPOBAHHOH Ma3bio + MuKcodepoH, o0mmas 6akrepraibHas 00CEeMEHEHHOCTh CHU3MIIACh
B 10 pa3, a KOJIMYIECTBO COMATUIECKUX KIETOK B 7 pa3. [Ipu 3TomM Habmonanm noseleHne Ju3onumMa Ha 35,8 %
B CEKPETE MOJIOYHOH JKeJIe3bl, CHI)KEHHE KOJIMYECTBA O0INX UMMYHOITIOOYIMHOB Ha 64,2 %, 1 IUPKYIUPYIOIINX
MMMYHHBIX KOMIUTIEKCOB Ha 55,9 %. Ilpu uccienoBaHny MOPQOIOrHIECKOro COCTaBa MOJIOYHOMH JKeJie3bl ObLIo
YCTaHOBJIEHO JTOCTOBEPHOE CHIDKCHHUE YHCiIa HeHTpoduinoB Ha 52,6 % 1 yBeIMUeHHE KOIMYECTBA JINM(OIUTOB

B 2,1 pasa.

KaroueBble ci10Ba: KOpoBbl, KOMOMHUPOBAHHAS Ma3b, IMMYHHTET, CYOKIMHUYECKUH MacTUT

Obecnieuenne HaceleHUs] KadeCTBEHHON U 0e3-
OTaCHOM IPOJYKIIUEH SIBIISIETCA BaXKHEHMIIEH 3a1aueit
JUTS CEeTHCKOTO X03sticTBa. OTHOM U3 HauboIee pa3Bu-
TBIX OTpaciiell )KHBOTHOBOZCTBA SIBIIIETCSI MOJIOUYHOE
CKOTOBOZICTBO. Hambosnee yacToil mpuuUHON CHIKE-
HUS KauecTBa MOJIOKA M YMEHBIIIEHHUS €0 MPOU3BO/-
CTBa SBJSIETCSI MACTHUT KOopoB. Cpean 6oe3Hei kpyr-
HOTO POTaToro CKOTa MACTHUT SIBIISIETCS 3a00IEBaHUEM,
OKa3bIBAIOIIUM, BO3MOKHO, CAMOE OOJIBIIIOE BIASHUE
Ha Oylaromnony4ue ’KMBOTHBIX, & TAK)Ke HA 3KOHOMU-
Ky xo3sicTBa [1]. B HacTosiee BpeMs BBeileHUE aH-
THOMOTHUKOB SIBJISIETCSl HAUOOJIee pacpOCTPaHEHHBIM
METOZIOM JICUEHHS] MACTUTa KPYITHOTO POTATOTO CKO-
Ta. OQHAKO Takas CTpaTerus MMEeT HEKOTOpbIe He-
JIOCTATKH, B TOM YHCIIE OTCYTCTBHE dPPEKTUBHOCTH
JICYCHUS B BUAY IOSABJICHUSI PE3UCTEHTHOCTH BO30Y-
JUTENeH, a TakKe OpakoBKa MOJIOKA C HaJTMYUEM aH-
tuoroTHKa [2, 3]. OHAKO CTOUT YYUTHIBATH, YTO I10-
CTOSIHHOE BBECHHE IPENaparoB BHYTPh COCKOBOTO

KaHaja MPUBOIUT K TUCOAKTEPHO3Y U pa3ApakeHUI0
TKaHel BbIMEHHU. B mocneayromemM 3To MoKeT IpuBe-
CTH K CYILIECTBEHHOMY CHUKEHHUIO MOJIOYHOM MPOIYK-
TUBHOCTH U Pa3BUTHIO MACTUTOB IT'PHOKOBOI ATHOJIO-
ruu [4]. Jleuenne ¢ mOMOIIBI0 HHTPALUCTEPHATBHOTO
BBEJICHUSI aHTHOMOTHKOB SIBIISIETCSI CAMBIM PacIpo-
CTPAaHEHHBIM METOJIOM JIEYeHHUSI MacTUTa, HO JAJEKO
HE eJMHCTBEHHBIM. OZIHUM U3 CaMbIX IEPCHEKTUBHBIX
ABIIAETCA MPUMEHEHUE TPaHCAEPMAIIBHBIX CPEACTB,
KOTOpBIE B CBOEM OOJIBIIMHCTBE IPEACTABICHBI Ma3si-
MU. [ nedyenns cyOKIMHNYECKOTO MacTUTa y KOpOB
94acTO MPUMEHSIOT pa3/ipakarolie Ma3u /Uil HaHece-
HUS Ha KOXKY TTOPAKEHHOH 4eTBEPTH BEIMEHH. B 601b-
LIMHCTBE CBOEM OHH IPEACTaBICHBI CPEACTBAMHU Ha
OCHOBE KaM(Opbl, UXTUOJA, CATULUIOBON KUCIOTHI,
Hona u npyrux [5]. Mcnons3oBaHue TpaHCcaepMallb-
HBIX MIPETapaToB TAKKE JOJKHO OBITh KOMIUIEKCHBIM,
T. K. IPIMEHEHNE MOHOTEepaInu He Beeraa dpPeKTrB-
HO TIpY JISYEHUH MacTUTOB y KOpoB. [loaTomy mpume-
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Cocmosinue Hecneuuqbul{ecmll pe3ucmeHmHocmu MOJIOYHOIL Jicene3vl DONbHbIX Cy6K]ZuHuLl€CKZ/lM MACMumom Kopos...

HEHUE KOMIUIEKCHOW TEPAITNU, BKIFOUAOLIEH UIMMYHO-
CTHUMYJIUPYIOIIUE CPEJICTBA M aHTUMUKPOOHBIC Ma3H,
MIO3BOJISIIOT MOBBICUTH A(PPEKTUBHOCTH NPOBOAUMBIX
neueOHbIX Mepornpustuid. [lpu coznannn Oonee 3¢-
(beKTUBHBIX TpenapaToB CJIEIyeTyYUTHIBATb UMMY-
HOJIOTMYECKHE acleKThI IaTOreHe3aMacTuTa y KOpoB,
B3aUMOCBSI3b JIOKAJILHBIX (PaKTOPOB 3alIUThI BBIMCHH
Y UIMMYHHOW CHCTEMBI OpraHu3Ma KHBOTHOTO.

Llesbro HAIIETO UCCIIEAOBAHMUS CTAI0 U3yUEHHEB-
JIUSIHASL KOMIUIEKCHOM Ma3u M MMMYHOCTHMYJISITOpa
Ha TYMOpaJbHbIE U KJIETOUHBIE (DAKTOPHI PE3UCTEHT-
HOCTH MOJIOYHOM KeJe3bl y KOPOB.

MATEPHUAJIBI U METOJbI
HNCCIEJOBAHUSA

HccnenoBanus mpoBoIvIM Ha KOPOBaX OOJIBHBIX
CYOKJIIMHMYECKUM MacTHUTOM KPacHO-TECTPON Troii-
IITUHCKOM M CUMMEHTAJIbCKON MOPOABI B YCIOBUAX
000 «Arportex-I'apanT» 3agonse PamoHcKoro paifona
Boponexckoii obmactu. beuti copmupoBanst 3 rpym-
bl KopoB 110 10 rosoB B kaxa0i. JKUBOTHBIM NIEpBOI
TPYTITBI 715 JISYeHUS] CYOKITMHUYECKOTO MacTUTa Ha-
HOCHJIM KOMOMHUPOBaHHYIO Ma3b «YOepocenT B Te-
YeHUU 5 nHeH, 1 pa3 B CyTKU U UHBEITUPOBATH UMMY-
HOMOJYIUPYOLIHH Mipenapat « Mukcohepon» corac-
HO HacTaBeHuo (1o 30 103 (3,0 MJT) BHY TPUMBIIIICTHO
IIBa pa3a B JeHbL Ha NpoTshkeHnn 7 maHer). Koposam
BTOPOM rpymiisl NpuMeHsuid kamgopHyto Masb 10,0 %
B TEUCHUH 5 IHEH, | pa3 B CYyTKHU U TaKKe€ UHBELUPO-
Bajii «K MHKCO(EpPOH» COTNIACHO HACTABJICHUIO. TpeThs
TpyIIa SBISJIACH TPYIIION OTPUIIATEIHFHOTO KOHTPO-
7. Mas3bh HAHOCHIIH TTOCIIE JOEHUS, TIPEABAPUTEIHHO
OYHMCTHB KOKHBIA TTOKPOB BEIMEHH, C COONTIOCHUEM
mpaBmI acentuku. OLEHKY COCTOSHHS HecHeru(u-
YECKON PE3UCTEHTHOCTH MOJIOYHOM XKeJe3bl y KOPOB
MIpU IPUMEHEHUH KOMIUIEKCHOW Ma3u U HMMYHOCTH-
MYJISITOPAOCYIIECTBISUIN HA OCHOBaHUM MOP(O-UM-
MYHOJOTHYECKUX W OaKTepPHOIOTHUECKUX HCCIEO0-
BaHUH MOJIOKa, OTOOPAHHOTO JI0 M TOCIIE 3aBepiIle-
HUS Kypca Tepaluu.

Mopdonoruueckuii cocTap cekpeTa Onpeaessuin
B Ma3KaxoTIeuaTKaX, KOTOPbIe TOTOBWIN MOMETOIU-
Ke OTpeJieIeHns KJIETOYHOTO COCTaBa CEKpPeTa BbIMe-
HU KOPOB, IMMYHOJIOTHYECKHE HCCIIEIOBAHNS CEKpe-
Ta BBIMEHU MPOBEJEHBI OOIICTTPHHATEIMA METOIaMHU
COTJIaCHO YTBEPXKJICHHBIM METOIUKaM, OaKTepHOJIO-
TUYECKUE HUCCIEN0BaHUs coracHo «MeToanueckum
YKa3aHHUsIM M0 OaKTEPHOIOrHYECKOMY HCCIeN0Ba-
HUIO MOJIOKA M CeKpeTa BhIMEHH KopoB» (M., 1983).
[Tomcuer comaTn4ecKux KIETOK B MOJIOKE TPOBOIH-
JIU C TIOMOTIIBIO CYETYMKA COMATHYECKUX KIETOK (hrp-
MmbI «DelLavaly.

PE3YJBTATHBI UCCJIEJOBAHUSI
U OBCYXKIEHUE

B kauecTBe kputepueB BO3EHCTBUS IPEIJTIOKEH-
HBIX CX€M JICUCHHUS Ha TYMOpaJIbHBIC U KIIETOUHBIE (PaK-
TOPBI PE3UCTEHTHOCTH MOJIOYHOH KeJIe3bl KOPOB ObLIH
BBIOpaHbl MOP(OJIOTHIECKHE TOKA3aTENH, P UMMY-
HOJIOTMYECKHUX [10KA3aTeNIel CEKpeTa MOJIOYHOM XkKelle-
3BI, @ TAKXKE COCTaB MHUKPOOPTAaHU3MOB.

B nepBoil onbITHOH rpyIine B CEKpeTe MOJIOU-
HOM jKeJe3bl OBIJIO YCTAHOBJIGHO CHH)KEHHE O0IIen
OakrepuanbHOil 0OceMeHeHHOCTH Ha 92,6 % Ha mep-
BBIH JIeHb mocie Kypca Jeuenus. CIycTsi HeJENo mo-
CJIe OKOHYAHHUS JIeUeHUs 00Ias OakTepuanbHas 00-
CEMEHEHHOCTh HE3HAYUTENIFHO BBIPOCTA U COCTABU-
na 8,2:10* KOE/mu, uro Ha 90,6 % MeHblIe, YeM 10
nedeHus. KonmuecTBo coMaTndecKuX KIETOK Ha TIPo-
TSOKEHUU OIbITa CYIIECTBEHHO CHU3WIOCH B 3,9 pas.
CrrycTst HeIeIo TIoCIie TIPEKPAIECHUS JICYCHUS KOJIH-
YeCTBO COMATUYECKUX KJIETOK ObLIO HUXKE B 7,3 pasa,
4eM J10 JieueHus1. JIn3onum Mosoka yepes 1 1eHb rnocie
OKOHYAHUS JiedeHus Ob11 Oonbie Ha 31,7 %, a gepes
Henenro Ha 35,8 %. O0mue IMMYHOTTIOOYIUHBI MO-
JIOKa Ha MPOTSKEHUH OTIBITA B IEPBOW TPYTIIIE YMEHbB-
IIAJIUCh, TAK MTOCJIE 7- TO JIHS JICUCHUS UX KOJIMYESCTBO
ymenblwiocs Ha 14,3 %. A Ha 14 neHb nmocrne Hava-
na neuenns Ha 64,2 %. Konmngectso LUK mocine xyp-
ca jedeHns ymeHbmmiock Ha 19,0 %, B mocnemyto-
IIeM TTOCJIE0BANI0 CHIDKEHHE WX KOHIIEHTPAIUH JI0
0,298 mr/ma, uro Ha 55,9 % MeHblIe, YeM 10 Jieue-
Husl. (Tadm. 1)

B onbiTHOM rpymie Ne 2 ObLJI0 YCTaHOBJICHO CHH-
KeHHue o0mei OakTepuaabHOW 00CEMEHEHHOCTH I10-
cie 7 mHel neuenus Ha 84,7 % u Ha 86,9 % cmycTs
HEJIEJIIO TIOCTIE TTOCIIETHETOo THS MPUMEHEHUS MUKCO-
¢depona. KomndyecTBO coMaTHUECKUX KIIETOK IOCHE
Kypca JIeUeHUs CHU3WIOCH B 3,7 pasa, a CIIyCTs Hefe-
JIFO TIOCJIe €ro 3aBepiueHus B 5,7 paza. HaGmronanock
MTOBBIIICHUE JTU30ITMAa B CEKPETE MOJIOYHOM JKEJIe3bI
K 8 mHro Ha 26,8 %, CITyCTsI ellle HeIeI0 OH U €TO0 COo-
nepxkanue cocraBwio 0,728 mxr/mi, uto Ha 39,7 %
0o0JIbBIIIe, YEM JI0 OIBITA.

KonunuecTBo 001X MMMYHOTIIOOYJMHOB OCTE-
MEHHO CHMXXAJIOCh K 8 AHIO omnbiTa Ha 29,9 %, a k 14
nHIo Ha 56,1 %. C TedeHneM ombITa KOIMYEeCTBO IUP-
KyJIHPYIOIHUX UMMYHHBIX KOMIIJIEKCOB BO BTOpPOH
OIBITHOM Ipymme cHumxainoch Ha 18,1 %, a B mocne-
nmyromeM Ha 32,5 %. (tabm. 1)

B rpyririe koHTpoIis HaOMkOIAIIH TOCTENICHHOE YBE-
JMdeHue o01el GakTepruaibHOM 00CEMEHEHHOCTH 10
200,0 %. KonnuecTBO cOMaTUYECKUX KIIETOK TAKKE
yBenmmunnock Ha 72,1 %. Cpean *MMYHOJIOTHIECKIX
nokaszareneil crout ormeTuts poct LIMK Ha 91,7 %.
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Taonnna 1
Toxasamenu necneyughuueckol pe3ucmeHmHOCIMU ceKpema MOIOUHOU Jcene3bl
Moxasatens Jlo ombita Tocne neuenus, | CrycTs HeIEITO
Ha 8 JeHb MOCJIe OIBITA
1-s1 omibITHAS rpyIIHa
O6mras 6ak. oocemeneHHOCTH, KOE/M 8,710+ 3,5 6,410*+2,1 8,2:10*+£0,9
KonruecTBO COMAaTHYECKHUX KIIETOK ThIC/MJI 2968,0 + 46,7 743,5+ 21,7 406,5 + 29,8
JIuzorum, MKT/Mit 0,461 +0,03 0,675 £0,02 0,718 £0,03
O6uue UI" Mmomoka, Mr/min 4,19+0,3 3,59+0,6 1,5+0,2
MUK monoka, Mr/mi 0,675+ 0,02 0,547 + 0,004 0,298 + 0,02
2-s1 OTIBITHAS TPy
Oo6mas 6ak. oocemenennoctsb, KOE/Mn 3,21-10°+ 0,3 4,9-104+0,2 4,2:10°+0,2
KonnuecTBO COMAaTHYECKHUX KIIETOK THIC/MJI 3133,0+52,0 846,7 + 32,1 553,34+ 30,6
JInzouum, MKI/Mi 0,521 + 0,02 0,661 + 0,01 0,728 + 0,02
O6ue UI" mooka, Mr/mi 7,4+0,1 5,19+0,1 3,25+0,2
UK mosoka, Mr/mi 0,570 £ 0,02 0,467 £ 0,03 0,385+ 0,05
KonTposns
Oo6mas 6ak. oocemenennocts, KOE/mn 2,4-10°£0,1 5,1:10°+£0,2 7,2:10°+£0,3
KonnuecTBO COMaTHYECKHUX KIIETOK ThHIC/MJI 2798,21 + 144,13 | 3989,7 + 46,9 4815,61 £ 37,2
JInzoumm, MKI/MI 0,519 +0,03 0,675+ 0,02 0,420 £ 0,01
O6muwe UI" Mooka, MI/mit 5,09 +£0,3 6,35+0,3 6,77+0,2
UK momoka, Mr/mit 0,423 £ 0,01 0,667 £ 0,03 0,811 £ 0,03

AHanM3upysl MOTyYeHHbIE PE3YIbTaThl HCCIIEA0BA-
HUS CEKPETa MOJIOYHOM KeIe3bl, MOKHO CIETATh Bbl-
BOJ O MOOHMIIM3AIIMM UMMYHHOH cucteMbl. OO 3ToM
CBUJIETEIHCTBYET CHIIKEHUE KOJIMYECTBA LIUPKYIU-
PYIOIIIX IMMYHHBIX KOMIUIEKCOB, TIOBHITIICHHUE JIH30-
MMHON aKTUBHOCTH M TIOCTENICHHOE CHIDKEHHE KOJIH-
4ecTBa 00X UMMYHOTIIOOYTMHOB. Benencrue neii-
CTBHSA ITOCIEIHUX (PAKTOPOB HAOIIONAIOCH CHUKEHHE
MHUKpPOOHOM KOHTaMHHALIMU CEKpeTa MOJIOYHOH Ke-
ne3wl [6, 7]. YMEHbIIICHHE KOJTUYECTBA COMAaTHYECKHUX
KJIETOK HAIPsIMYIO CBSI3aHO CO CHIDKEHHEM KOJIMYe-
CTBAa LUPKYIUPYIOIINX HMMYHHBIX KOMILJIEKCOB [8].

[Ipu uccrnenoBanny MOp(HOIOTUIESCKOTO COCTaBa
MOJIOYHOM KeJe3bl ObLIO YCTaHOBICHO CHIKEHHUE YHC-
J1a HeUTPOUIIOB B TIEpBOH rpymie Ha 52,6 %, BO BTO-
poii Ha 27,9 % (Tabu. 2). Takxke CTOUT OTMETUTH yBE-
JIUYEHNE KOJMYECTBa JIUM(OIMTOB B IEPBOU IpyTIe
B 2,1 pas, Bo Bropoii Ha 65,7 %. Takum obpazom, u3-
MeHEeHUsT MOP(OIOTHIECKOTO COCTaBa CEKPETa MOJIOY-

HOMH KeJIe3bl UMEET peliaroniee 3HadyeHue. BaykHbIM s1B-
JsIeTCsl He KOJIMYECTBO KIIETOK, a X BHIOBOM COCTaB,
T. K. KOJITMYECTBO COMaTHIECKUX KIJIETOK B MOJIOKE M HX
JuddepeHnranys mno BUIaM MOTYT CIYKUTh JIOTIOJI-
HUTEJIBHBIMUA KPUTEPHUSIMU IIPU MPOTHO3E U MOHUTO-
PHMHI€ PaCIPOCTPAHEHUSI MACTUTA.

WHaTepdepon, comgepxkamuiics B MukcodpepoHe
BO3JCHCTBYET Ha KJICTOYHBIE 3BEHbSI IMMYHHOM cUCTe-
MBI: CTUMYJIUPYET JTUTHIECKYIO aKTUBHOCTB JIMM(oLu-
TOB, CIIEIIM(PUUECKUX IIUTOTOKCUYHBIX T-TMM(OLUTOB
1 Makpo(aros, BIHseT Ha 00pa3oBaHME crienupude-
CKUX aHTUTEN B-numdouuramMu u cTUMYINpPYET BbI-
paboTky codbcTBeHHOTO HHTEp(DepoHa anbda. Hapsny
C 3THM KOJIMYECTBO JIUM(OIHUTOB B KOHTPOIBHOH IrpyTI-
Tie He3HAUYUTENIFHO YMEHBLIATI0Ch, & HEUTPO(UIIOB yBe-
JMYUBAJIOCH. YBEIHMUCHHE YHCIIa TUM(OIUTOB, a TaK-
’Ke CHW)KEHHE CErMEHTOSIICPHBIX HEUTpOHIax cCBUIe-
TEJILCTBYET 00 yracaH1M BOCIIAIINTEIbHBIX IPOLIECCOB
Y BBI3JIOPOBIICHUH MOJIOUHOH kenessl [6, 9].
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Tabauna 2
Mopgponocuueckuii cocmag cekpema MonI0UHOU JHcee3bl
Hei#irpodust
Ne rpymmst Jun orbopa Do3uHOD. Mosor. Jlnmcom.
[Tamouxosi. CermMeH-TosiI.
Jlo ombITa 1,0 £0,02 65,3 +8,4 0,3+0,01 1,0 £0,02 32,3+9,0
1 7 neHsb mnocie
OKOHYAHHMS 0,8+0,01 31,0+ 7,4 1,75+ 0,02 0 66,5+7,3
JICUCHUS
Jlo ombITa 0,6 £0,01 68,4+ 8,4 1,0£0,01 1,2+£0,02 28,9+3,2
2 7 neHsb ocie
OKOHYAHHSI 0 49,3 +24 1,5+0,03 1,25+ 0,1 479+2)5
JICUCHUS
Jlo ombITa 0,5+0,01 63,1 +3,3 2,0£0,03 1,2+0,01 33,0+3,1
3 7 IeHb mocie
OKOHYAHHMSI 1,3+£0,01 66,4+ 2,6 1,8 £0,1 1,5+0,02 29,3 +£2,6
OTIBITa

Ho onbiTa B rpynme Ne 1 u3 naru npo6 Staph. au-
reus ObUT BBIJICJICH B 4 TIp0o0ax, B IBYX OBbLIU BBIJIC-
neHbl Bo3Oynurenu Klebsiella pneumoniae,1 nipoda
¢ Ent.faecicum n 1 ipoba Staph.epidermidis, E.coli.
B rpynme Ne 2 u koHTpOIs B 3mrpobax oOHAPYKEHBIE.
coli, Staph. aureus, B 1 npode Klebsiella pneumonia.
B rpynne konTpons B 3 npoOax BeisiBHIN Staph. au-
reus, B 2 ipo0ax Klebsiella pneumonia, Staph.epider-
midis, Ent.faecicum (puc. 1).

Jns HaOMOaeHUS THHAMUKH OCBOOOXICHHS
BBIMCHHU OT BO30yJUTENeld MacTHTa MOCie Jede-

HUsl ObLUTH OTOOpaHBI MPOOBI OT ITUX K€ KUBOTHBIX.
B rpynne Ne 1 Staph. aureusBvinenen B 4 npo0ax,
Klebsiellapneumonia, Staph.epidermidis, Ent.faeci-
cum, 6pUTN 0OHAPYKEHBI B TPOOAX OT TPEX KUBOTHBIX.
B rpymme Ne 2 Staph. aureusBBIABIEH y TPEX KUBOT-
HBIX, E. colioOHapykeHa B ABYX MPO0ax, y OHOM KO-
POBBI 0OHapyskeH Bo3OyaurTens Klebsiellapneumonia.
B rpynme xontposns B 3 mpobax obHapykeH Staph. au-
reus, Staph.epidermidisBbISBICH y TpeX >KUBOTHBIX,
Klebsiellapneumonia, E. coli, Ent.faecicumsvioenunu
13 TpeX pas3HbIX Mpodb (puc. 2).

4.5
4

3,5
3

E.coli

W Staph. Aureus

2,5
2
1,5
1
0,5 —
0

I'pymma 1 I'pymima 2

m Klebsiella pneumoniae

Staph. Epidermidis

m Ent. Faecicum

KonTposns

Puc. 1. CocraB MUKpOGIIOPHI JI0 JIeUCHHUS
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4,5

3,5

E.coli

I'pynmna 1 I'pynna 2

W Staph. Aureus

m Klebsiella pneumoniae

3
2,5
2
1,5
1
0,5
0

Kontpons

Staph. Epidermidis

m Ent. Faecicum

Puc. 2. CocraB MUKpPO(DIOPHI OCIIE JICUCHHS

CrycTst HeJlelTo Tociie OKOHYAHUS JISYSHHS B TPYTI-
me Ne 1 u3 5 npo0 ymanoch BEACTUTH BO3OYIHUTEIS
Staph. aureus TonpKo B 4 mpoOax, B OHOM MPpo0Oe maro-
T€HHbIE MUKPOOPTaHU3MBbI HE OOHapYXeHBI. B rpymme
Ne 2 Staph. aureusOp11 0OHAPY)KEH y TPEX KOPOB, E.coli

y JIBYX )KHBOTHBIX, B OIHOW TIpo0Oe 0OHapykeH BO30y-
mutenb Klebsiella pneumonia. B rpytime KOHTPOIS B 3
npo0ax BeIsIBIICH Staph. aureus, E.coli v Staph.epider-
midis OblIM OOHAPY’KEHBI y IBYX )KUBOTHBIX, Klebsiella
pneumonia 00OHapyXeH B OJIHOM mipode (puc. 3).

E.coli

B Staph. Aureus

m Klebsiella pheumoniae

Staph. Epidermidis

4,5
4
3,5
3
2,5
2
1,5
1
0,5
0
I'pymnma 1 I'pynmma2  Koutponb
Puc. 3. CocTas MHKPO(IIOPBI Yepe3 HEEIMIO MOCHe JedeH s
3AKJIFOYEHHUE

B pesysbrare npoBeIeHHBIX HCCIIEAOBAHUN OBIIO
YCTaHOBJICHO, YTO COBMECTHOE MCIOJIh30BAHUE KOM-
OuMHHpOBaHHOW Ma3u «YOepocenT» W mpemnapara
«Mukcoepon» oka3biBaeT 0oJjiee BBIPAKESHHOE Te-
ParneBTUYCCKOC lleﬁCTBHe, 4Y€M MOHOTEpaAIusa TOJIb-
KO HApY»KHBIM MPEnapaToM. YCTaHOBICHO HMMYHHO-
MOJICTTUpYIOIee ISHCTBUE AaHHOW CXEMBI JICUCHUS,

CHIDKEHUE KOHTAaMWHAIIMK MOJIOKa MHUKPOOpTaHU3-
MaMH ¥ YMEHbBIIIEHUE YMCIIa COMAaTHYECKHX KIIETOK.
CTOUT TaKkKe OTMETUTH OOJIbILIEE BIMSHHE KOMIUICKC-
HOU Ma3u Ha UMMYHHTET MOJIOYHOM kene3bl. 00 3ToM
CBUJIETENLCTBYET BBIPAKEHHOE CHIKEHUE [IUPKYIIUPY-
FOIIINX UMMYHHBIX KOMITJIEKCOB B CEKPETE MOJIOYHON
JKEJIe3bl, a TAaKXKe 00X MMMYHOTJIO0YTMHOB. B Hic-
ClIeyeMbIX po0ax MOJIOKa OT KOPOB, KOTOPBIM ITPH-
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MEHSUTH Ma3b « YOepOoCenT» COBMECTHO C MPernapaTom
«Mmuxcodepon», OTMEUEHO yITydIIeHne MUKPOOHUOIIO-
rudeckoro ¢ona. B omHOM ciaydae ObUTO yCTaHOBITG-
HO MOJTHOE 0CBOOOXKICHHE OT BO30Y/IUTEINCH MACTHTA,
B OCTaJILHBIX CIIy4asx B MP0o0Oax MOJIOKA TIPUCYTCTBO-
BaJl TOJNBKO Staph.aureus. JlaHHBII MUKPOOPTaHU3M
M3BECTEH CBOCH BO3MOXKHOCTHIO HHKATICYJIUPOBATHCS
B TIIyOOKUX CTPYKTYPax BEIMEHH, YTO CHIIBHO YCIIOXK-
HSICT TEPAIHI0 MACTUTA, BBI3BAHHOTO JJAHHBIM BO30Y-
JTATENIEM.
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STATE OF NONSPECIFIC RESISTANCE OF THE MAMMARY
GLAND OF THE COWS WITH BOVINE SUBCLINICAL
MASTITIS WHEN USING THE COMBINATION OINTMENT
“UBEROSEPT” TOGETHER WITH AN IMMUNOSTIMULANT
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Larisa Yuryevna Sashnina, Olga Alekseevna Manzhurina'
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Abstract. The objective of this study was to determine the state of nonspecific resistance of the mammary gland
in cows in a comparative aspect under the effect of the ointment “Uberosept” + “Mixoferon” and the camphor
ointment + “Mixoferon” during the treatment of mastitis in cows. The results of the studies indicate that after
treatment in both experimental groups, the degree of microbial contamination and the number of somatic cells in
milk samples decreased to reference values. At the same time, in the animals treated with the combination oint-
ment + “Mixoferon”, the total bacterial load decreased by 10 times, and the number of somatic cells decreased
by 7 times. At the same time, an increase in lysozyme by 35.8 % in the secretion of the mammary gland was ob-
served, a decrease in the amount of total immunoglobulins by 64.2 %, and circulating immune complexes — by
55.9 %. The study of the morphological composition of the mammary gland revealed a significant decrease in the
number of neutrophils by 52.6 % and an increase in the number of lymphocytes by 2.1 times.

Keywords: cows, combination ointment, immunity, subclinical mastitis

Providing the population with high-quality and safe
products is the most important task for agriculture. One
of the most developed branches of livestock farming is
dairy farming. The most common cause of decreased
milk quality and decreased production is bovine mas-
titis. Among cattle diseases, mastitis is the disease with
probably the greatest effect on animal welfare, as well
as on the economy of the farm [1]. Currently, the ad-
ministration of antibiotics is the most common method
of treating mastitis in cattle. However, this strategy has
some disadvantages, including the lack of treatment ef-
ficacy due to the emergence of pathogen resistance, as
well as the rejection of milk with the presence of an an-
tibiotic [2, 3]. However, it is worth considering that the
constant administration of drugs inside the nipple ca-
nal leads to dysbiosis and irritation of the udder tissue.
Subsequently, this can lead to a significant decrease
in milk production and the development of mastitis of
fungal etiology [4]. Treatment with intracisternal anti-
biotics is the most common method of treating masti-
tis, but far from the only one. One of the most promis-
ing is the use of transdermal agents, which are mostly
represented by ointments. To treat bovine subclinical

mastitis, irritating ointments are often used to apply to
the skin of the affected quarter of the udder. Most of
them are represented by products based on camphor,
ichthyol, salicylic acid, iodine and others [5]. The use
of transdermal drugs should also be comprehensive,
because the use of monotherapy is not always effec-
tive in the treatment of bovine mastitis. Therefore, the
use of complex therapy, including immunostimulat-
ing agents and antimicrobial ointments, can increase
the efficacy of the treatment measures. When design-
ing more effective drugs, one should take into account
the immunological aspects of the pathogenesis of bo-
vine mastitis, the relationship between local factors
of protection of the udder and the immune system of
the animal’s body.

The objective of our research was to study the
effect of the complex ointment and an immunostimu-
lant on humoral and cellular resistance factors of the
mammary gland in cows.

MATERIAL AND METHODS
The studies were carried out on Red-Motley
Holstein and Simmental cows with subclinical mas-
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titis in the conditions of LLC “Agrotech-Garant”,
Zadonye, Ramonskiy r., Voronezh region. Three (3)
groups of cows of 10 animals each were formed. For
the treatment of subclinical mastitis, the animals of the
first group were treated with the combination ointment
“Uberosept” for 5 days, 1 time per day and injected
with the immunomodulatory drug “Mixoferon” accord-
ing to the instructions (30 doses (3.0 ml) intramuscu-
larly twice a day for 7 days). The cows of the second
group were treated with the camphor ointment 10.0 %
for 5 days, 1 time per day, and were also injected with
“Mixoferon” according to the instructions. The third
group was the negative control group. The ointment
was applied after milking, having previously cleaned
the skin of the udder, in compliance with the rules of
asepsis. The assessment of the state of nonspecific re-
sistance of the mammary gland in cows when using a
complex ointment and an immunostimulant was car-
ried out on the basis of morphoimmunological and bac-
teriological studies of milk taken before and after the
termination of the therapy course.

The morphological composition of the secretion
was determined in smears, which were prepared ac-
cording to the method for determining the cellular
composition of the secretion of the udder of cows,
immunological studies of the secretion of the udder
were carried out by generally accepted methods ac-
cording to approved methods, bacteriological stud-
ies in accordance with the Methodical Instructions
for the Bacteriological Study of Milk and Secretion of
the Udder of Cows (M., 1983). Somatic cells in milk
were counted using the DeLaval somatic cell counter.

STUDY RESULTS AND DISCUSSION

Morphological indicators, a number of immuno-
logical indicators of mammary gland secretion, as well
as the composition of microorganisms were selected
as the criteria for the effect of the proposed treatment

regimens on the humoral and cellular factors of resis-
tance of the mammary gland of cows.

In the first experimental group, a 92.6 % decrease
in total bacterial contamination was found in the secre-
tions of the mammary gland on the first day after the
treatment course. A week after the end of treatment, the
total bacterial count increased slightly and amounted
to 8.2-10* CFU/ml, which is by 90.6 % less than before
treatment. The number of somatic cells during the ex-
periment decreased significantly by 3.9 times. A week
after the treatment termination, the number of somat-
ic cells was by 7.3 times lower than before treatment.
Milk lysozyme was by 31.7 % higher 1 day after the
end of treatment, and by 35.8 % higher in a week. Total
milk immunoglobulins decreased throughout the ex-
periment in the first group, so after day 7 of treatment
their number decreased by 14.3 %, and on day 14 after
the treatment onset — by 64.2 %. The number of CIC
decreased by 19.0 % after the treatment course, which
was subsequently followed by a decrease in their con-
centration to 0.298 mg/ml, which was by 55.9 % less
than before treatment (Table 1).

In the experimental group No. 2, a decrease in total
bacterial contamination by 84.7 % was found 7 days
after treatment and a week after the last day of using
Mixoferon — by 86.9 %. The number of somatic cells
after the treatment course decreased by 3.7 times, and
a week after its completion by 5.7 times. There was an
increase in lysozyme in the secretion of the mamma-
ry gland by 26.8 % by day 8; in another week, it and
its content amounted to 0.728 pg/ml, which was by
39.7 % more than before the experiment. The amount
of total immunoglobulins gradually decreased by day
8 of the experiment by 29.9 %, and by day 14 — by
56.1 %. Over the experiment course, the number of
circulating immune complexes in the second experi-
mental group decreased by 18.1 %, and subsequent-
ly — by 32.5 %. (Table 1)

Indicators of nonspecific resistance of mammary gland secretion fabled
Indicator Before experi- After treatment, | A week ?fter the
ment ond 38 experiment
1 2 3 4
Experimental group 1
Total bacterial contamination, CFU/ml 8.7-10°+£3.5 6.410*+2.1 8.2:10*+£0.9

Number of somatic cells ths/ml 2968.0 = 46.7 743.5+£21.7 406.5+29.8

Lysozyme, pg/ml 0.461 +0.03 0.675+0.02 0.718 £ 0.03
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Table 1 (the end)

1 2 3 4
Total Ig of milk, mg/ml 4.19+03 3.59+£0.6 1.5+0.2
Milk CIC, mg/ml 0.675+0.02 0.547 +0.004 0.298 = 0.02
Total bacterial contamination, CFU/ml 3.21-10°+0.3 4.9-10*+ 0.2 4.2-10°+0.2
Number of somatic cells ths/ml 3133.0+£52.0 846.7 +32.1 553.3+30.6
Lysozyme, pg/ml 0.521 £0.02 0.661 +0.01 0.728 £ 0.02
Total Ig of milk, mg/ml 7.4+0.1 5.19+0.1 325+0.2
Milk CIC, mg/ml 0.570 =0.02 0.467 £ 0.03 0.385+0.05
Control
Total bacterial contamination, CFU/ml 2.4-10°+£0.1 5.1-10°+£0.2 7.2:10°+£0.3
Number of somatic cells ths/ml 2798.21 + 144.13 | 3989.7+46.9 4815.61 +£37.2
Lysozyme, pg/ml 0.519 +£0.03 0.675+0.02 0.420 +£0.01
Total Ig of milk, mg/ml 5.09+0.3 6.35+£0.3 6.77+0.2
Milk CIC, mg/ml 0.423 £0.01 0.667 +0.03 0.811+0.03

In the control group, a gradual increase in total
bacterial contamination was observed up to 200.0 %.
The number of somatic cells also increased by 72.1 %.
Among the immunological indicators, it is worth not-
ing the increase in CIC by 91.7 %.

Analyzing the results of the study of mammary
gland secretions, we can conclude that the immune
system is mobilized. This is evidenced by a decrease
in the number of circulating immune complexes, an in-
crease in lysozyme activity and a gradual decrease in
the amount of total immunoglobulins. Due to the ac-
tion of the latter factors, a decrease in microbial con-
tamination of mammary gland secretions was observed
[6, 7]. A decrease in the number of somatic cells is di-
rectly related to a decrease in the number of circulat-
ing immune complexes [8].

When studying the morphological composition of
the mammary gland, a decrease in the number of neu-
trophils by 52.6 % in the first group was found, in the
second — by 27.9 % (Table 2). It is also worth not-
ing the increase in the number of lymphocytes in the
first group by 2.1 times, in the second — by 65.7 %.

Thus, changes in the morphological composition
of mammary gland secretion are of critical importance.
What is important is not the number of cells, but their
species composition, because the number of somatic
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cells in milk and their differentiation by type can serve
as additional criteria for predicting and monitoring the
spread of mastitis.

The interferon contained in “Mixoferon” affects the
cellular components of the immune system: it stimu-
lates the lytic activity of lymphocytes, specific cyto-
toxic T-lymphocytes and macrophages, affects the for-
mation of specific antibodies by B-lymphocytes and
stimulates the production of their own interferon al-
pha. Along with this, the number of lymphocytes in
the control group decreased slightly, and the number
of neutrophils increased.

An increase in the number of lymphocytes, as well
as a decrease in segmented neutrophils, indicates the
extinction of inflammatory processes and recovery of
the mammary gland [6, 9].

Before the experiment, in group No. 1, Staph. au-
reus was isolated in 4 out of 5 samples, in two ones
there were isolated the pathogens of Klebsiella pneu-
moniae, in 1 sample — Ent. Faecicum, and in 1 sam-
ple — Staph. epidermidis, E.coli. In group No. 2 and
control, E. coli, Staph. aureus were found in 3 sam-
ples, in 1 sample — Klebsiella pneumonia. In the con-
trol group, Staph. Aureus was detected in 3 samples,
in 2 samples — Klebsiella pneumonia, Staph. epider-
midis, Ent.faecicum (Fig. 1)
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Table 2
Morphological composition of mammary gland secretion
Neutrophils
Group No. Daysl .Of Eosinophils Monocytes Lymphocytes
sampling Stab Segmented
Before 1.0 +0.02 653+ 8.4 0.3 +0.01 1.0 +0.02 32.349.0
experiment
1 D7 after the
treatment 0.8+£0.01 31.0+ 74 1.75 +£0.02 0 66.5+7.3
termination
Before 0.6 +0.01 68.4+8.4 1.0+ 0.01 1.2+0.02 28.9+32
experiment
2 D7 after the
treatment 0 493+24 1.5+0.03 1.25+0.1 479+2.5
termination
Before
. 0.5+0.01 63.1+3.3 2.0+£0.03 1.2+0.01 33.0+3.1
experiment
3 D7 after the
experiment 1.3+£0.01 66.4+2.6 1.8+0.1 1.5+0.02 293+2.6
termination
4.5
4
3.5
3 E.coli
25 W Staph. Aureus
2 m Klebsiella pneumoniae
1.5 Staph. Epidermidis
1 m Ent. Faecicum
0.5
0
Group 1 Group 2 Control

Fig. 1. Microflora composition before treatment

To observe the dynamics of the recovery of the ud-
der from mastitis pathogens after treatment, samples
were taken from the same animals. In group No. 1,
Staph. aureus was isolated in 4 samples, Klebsiella
pneumonia, Staph. epidermidis, Ent. faecicum were
found in the samples from three animals. In group
No. 2, Staph. aureus was detected in three animals, E.
coli was found in two samples, and the pathogen of
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Klebsiella pneumonia was detected in one cow. In the
control group, Staph. aureus was detected in 3 sam-
ples, Staph. epidermidis was detected in three animals,
Klebsiella pneumonia, E. coli, Ent. faecicum were iso-
lated from three different samples (Fig. 2).

A week after the treatment termination, in group
No. 1, it was possible to isolate the pathogen Staph. au-
reus only in 4 out of 5 samples; no pathogenic micro-
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organisms were found in one sample. In group No. 2,
Staph. aureus was detected in three cows, E. coli —
in two animals, and the pathogen Klebsiella pneumo-

nia was found in one sample.

4.5

In the control group, Staph. aureus was detected in
3 samples, E. coli and Staph. epidermidis were detect-
ed in two animals, Klebsiella pneumonia was found in
one sample (Fig. 3).

4

3.5

E.coli

W Staph. Aureus

m Klebsiella pneumoniae

Staph. Epidermidis

M Ent. Faecicum

3
2.5
2
1.5
1
0.5
0

E.coli

B Staph. Aureus

m Klebsiella pheumoniae

Staph. Epidermidis

Group 1 Group 2 Control
Fig. 2. Microflora composition after treatment
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
Group 1 Group 2 Control
Fig. 3. Microflora composition a week after treatment
CONCLUSION

As aresult of the studies, it was found that the com-
bined use of the combination ointment “Uberosept”
and the drug “Mixoferon” has a more pronounced ther-
apeutic effect than monotherapy with only an external
drug. The immune-modeling effect of this treatment
regimen has been established, reducing the contami-
nation of milk with microorganisms and reducing the
number of somatic cells. It is also worth noting the
greater effect of the complex ointment on the immuni-
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ty of the mammary gland. This is evidenced by a pro-
nounced decrease in circulating immune complexes in
the secretion of the mammary gland, as well as in to-
tal immunoglobulins. In the studied milk samples from
cows that were treated with the ointment “Uberosept”
together with the drug “Mixoferon”, an improvement in
the microbiological background was noted. In one case,
complete recovery from mastitis pathogens was estab-
lished; in other cases, only Staph. aureus was present
in the milk samples. This microorganism is known for
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its ability to be encapsulated in the deep structures of
the udder, which greatly complicates the treatment of
mastitis caused by this pathogen.
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AHHoTanus. Llenp nccneoBaHus 3aKIi04YaIach B MPOBEACHIE aHATI3a BUPOMa KUIIEYHUKA CBUHEH C pa3ind-
HOH KOHBepcHuel kopma. B kauecTBe 00bEKTOB HCCIIEIOBAHHS BBICTYTIAIN JIBE YCIOBHBIC TPYIIITBI CBUHEH Ha OT-
KOpMe, OTIMYAIOINECs 3HaIeHUEM [T0Ka3aTelss KOHBEPCHH KOpMa (BBICOKast KOHBEPCHS «A» M HU3Kasi KOHBEPCHUS
«b»). Hanbosmpreit pacipocTpaHEeHHOCTHIO B KUIICYHUKE CBUHEH 00EUX IPYII XapaKTepHU30BaINCh BUPYCHI, OT-
Hocsimuecs k Tuny Uroviricota (6omee 40 %). Ha ypoBHe ceMeiicTBa JOMUHUPYIOIINMI BUPYCAMH OKa3aJIHCh
npexacrasuteny Podoviridae (36 %). Oco6eHHOCTBIO BUPYCHOTO MUKpOOHOMa CBHHEH U3 rpyIbl A ObUTO 00HA-
pYy’KeHHe B ero coctase BUpycoB cemeiicTB Alloherpesviridae, Alternaviridae, Herpesviridae, Partitiviridae u Polyd-
naviridae. OTIMINTETLHON 0COOCHHOCTHIO BUPOMA KHIICUHUKA Y TPYNIsl b ABIAINCh naeHTHOUIMPOBaHHBIC
BuIbI ceMeiicTBa Mimiviridae. [TomyueHHbIe pe3ynbTaThl Ha JaHHBIH MOMEHT HE MOTYT CBHJIETEIILCTBOBATH O CY-
IIIECTBOBAHNH 3aBHCUMOCTH MEX/y OTACIbHBIMI BUPYCHBIMH TAaKCOHAMH B KHIIICYHUKE CBUHEH M MTOKa3aTelIeM
KoHBepcHHn KopMa. Takue naHHbIe TpeOyIOT AaibHeinero u 6onee yrnryOIeHHOTO H3yYeHNSI.

KioueBble cji0Ba: CBUHBY, KHIICYHUK, KOHBEPCHSI KOPMa, BUPOM, BHPYCHI, BBICOKOIIPON3BOANTEIILHOE CEKBE-
HUPOBAHME.

BaaropapHocThb: paboTa BBIOTHEHA TIPH TTOIepkKe MUHNCTEPCTBA HAyKH | BbIciero oopasoBanus PD B pam-
Kax HaIroHapHOTO poekTa «Hayka» (mpoekt FZGW-2020-0001, yHUKaTBHBIH HOMEp peecTpa TOCyIapCTBeH-
HbIX 3amanuit 075001X39782002)

OnpeneneHue ONTUMAIbHON BETUUYMHBI KOHBEP-
CHH KOpMa SIBJISIETCS TJIAaBHOM cTpareruei, crnocoo-
cTBytoIeH 3pPEeKTHBHOMY BEJCHUIO CEIBCKOTO XO-
3siicTBa [1]. Beicokne 3HaueHns K03 PHUITHEeHTa KOH-
BEpPCUU MPUBOAAT K HEPALIMOHATILHON Y KOHOMHUYECKOM
MTOJTUTHKE KHBOTHOBOTYECKOTO MIPEIPHUSATHS 32 CUET
MTOBBIIICHUS 3aTPaT Ha IIPOU3BOJICTBO U CHIYKCHUS BbI-
X0J]a KOHEYHOTO TpoaykTa. TakuM o0pa3zoM, pacuer
" nogACpKaHue Ha MPOU3BOACTBC HU3KOT'O 3HAYCHUA
rapameTpa KOHBEpCHH KOpMa CIIOCOOCTBYET PEIICHUIO

poOJIeMBbl U SBIIIETCS (PAKTOPOM SKOHOMHUYECKOTO
pocTa Ha CBUHOKOMILIEKCAaX. DTO CHOCOOCTBYET MU-
HUMM3AIMU 3aTpaT Ha ITPOU3BOICTBO CBHUHEH 1 IIpUBO-
JIAT K XOPOIIINM TTOKa3aTeJIsIM MICOTIPOU3BOACTRA [2].
[ToMuMO KOpMITEHHUSI, GONBIIYIO POJTb B IOACPIKAHUH
3/I0POBBSI JKUBOTHBIX OKa3bIBAIOT TaKUE (PAKTOPHI KAK
TeHETHKA ITOTOJIOBKs1, 00JIC3HH 3apa3HOM U He3apa3HOU
9THUOJIOTUH, HCAACKBATHAs TCpaIius, HCIpaBUIJILHOC CO-
Jiepkanue u Ip. Takue rmokasarein HalpsMyro Hera-
TUBHO BIIUSIFOT HA COCTOSIHAE KHIICYHUKA YXUBOTHBIX,

© CerpomsataukoB M. 10, [Mlabynun C. B., Hecrepona E. 10O., I'magkux M. U., Cmuprosa 0. 1., Bypakosa U. 0.,
Moposzosa I1. /1., I'psznosa M. B., Muxaiinos E. B., boes B. 10., 2023
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Amnanusz upoma KueyHUKa ceunell 2pynnsl OMKOPMA ¢ pasiuiHoll Kongepcuel Kopma

ero MUKpoQIopy, KOTOpasi, B CBOIO OYepe/ib, SBIISICT-
Csl M’HIMKATOPOM 3/I0pPOBBS OTONIOBBA [3]. DTO 00BsIC-
HSIETCS TEM, YTO KUIIEYHAsT MUKPOOHOTA MTPOAYIUPY-
€T He3aMeHHUMBbIe (PepPMEHTHI U CyOCTpaThl ITUTATEIb-
HBIX BEIISCTB /IS )KU3HU CBUHEH [4].

KenymouHO-KUIIIEUHBIN TPAKT MIJICKOTUTAIONIUX
HaceJIeH Pa3JInYHBIMU OpraHU3MaMH, B YHCIO KOTO-
PBIX BXOIAT OAKTEPUN U apXeH, MPEACTABUTEIIH dyKa-
pHUOT, a Takke BUPYCHI [5, 6]. IX B3anUMOCBS3b Me-
1y co00¥ ¥ C OPraHU3MOM-X03IMHOM 00€CIIeYrBaeT
310pOoBO€ (DYHKIIMOHUPOBAHUE OPraHOB MHINEBAPH-
TEIBHON CHUCTEMBI, a TAK)KEe UTPACT CYIICCTBCHHYIO
poib B hopMupoBaHUK uMMyHHTETa [7]. Bupom ku-
[IEYHUKA )KUBOTHBIX, B YaCTHOCTH, CBUHEH, Ha CETro-
THSIIHANA JI€Hb MOJIBEPIKEH NIETAIHhHOMY H3yYEHHUIO
[8, 9]. U3BecTHO, UTO BUPYCHI, HACEISIIOUIUE KHUILIEU-
HBIH TPAKT MPEUMYIIECTBEHHO MPE/ICTABICHBI OaKTe-
puodaramu, KOTOPbIE OKa3bIBAIOT OOJIBIIIOE 3HAYCHHE
B (hopmupoBaHue OakTepuanibHbIX coobmiects [10].
Baxuplii BKTaJ BUPYCOB B KHIIEYHBI MUKPOOHOM,
a, CIIeZIOBaTeNIbHO, U 37I0POBbE JKHBOTHBIX, HEOOXO/IH-
MO YUYHTBIBATh IIPU OPTAaHU3AINH U PAIIMOHATILHOM Be-
JICHUM CeJIbCKOTro Xo3sicTna [11].

[eanb uccsie0BaHusi OIICHUTH BUPOM KUIIICTHUKA
CBUHEH, IPUHAJIICKAIINX K IPYIIIIaM C Pa3HbIM KO3(-
(bUIIMEeHTOM KOHBEPCHHU KOPMa METOJIOM BBICOKOTIPO-
M3BOJIUTEIFHOTO CEKBEHUPOBAHUSI.

MATEPUAJIBI U METO/IbI
HUCCJIEJOBAHUE

B kayecTBe 0OBEKTOB MCCIIEIOBAHUS BBICTYIIAIN
(n = 12) xMTUHIYECKH 3M0POBbIE CBUHBH B TIEPUOJ OT-
kopma. JKMBOTHBIX pas/ieNiuiu Ha 2 TpynIbl coryiac-
HO k03¢ punmeHTy KoHBepcuu KopMma: (n = 6) — HH3-
Kasi KoHBepcHst kopMa (A) co cpenHuM ko3 puimeH-
ToM KoHBepcuu 2,00 u (n = 6) — BbICOKasi KOHBEPCHUS
kopma (B) co cpenqHuM koA PUIMEHTOM KOHBEPCUH
2,22. Matepuanom aisi n3y4eHus: BUpoMa KAIIeYHH-
Ka SIBJSUINCH (DeKaJINK, TIOJIyUYCHHbIEC U3 IPIMON KHILI-
KU cTepuibHbIMU 30HAaMH. s skcrpakiuu JHK
13 00pa3OB MCIOIB30BAIN KOMMEPUYECKUH HAOOD
HiPure DNA Micro Kit (Magen, I'yanwkoy, Kurait).
Brinenenne mpoBOAMIN COTTIACHO MPOTOKOINY IPO-
n3BoxuTeNns. bubnuoreku ceKkBEeHUPOBaHMS IOTOBU-
mu o cienyroomemMy npotokony: JJHK dparmenTn-
poBanu ¢ ucrnoibzoBannem Habopa MGIEasy Fast
FS Library Prep Module (MGI, IlIsapux3Hb, KuTaif)
C MOCJIEAYIOIEH OUYUCTKONM MarHUTHBIMU 4YacTHIIA-
mu MGIEasy DNA Clean Beads (MGI, LLI»>apuxoHb,
Kwurait). JIlurnpoBanue agantepoB MPOBOAMIN C KOM-
IJICKTOM afantepoB A mis npaitmepoB MGIEasy UDB
(MGI, Ul»>napuxons, KuTait) u [ILP-ammmidukanmei.

KauectBo Oubamorexu JIHK orieHrBamu ¢ ucnosin3o-
BanneM Qubit u Habopa Qubit dSDNA HS Assay Kit
(Invitrogen, Yonrem, Maccauycerc, CILIA).

JanbHeHiryro HupKyIpru3alnio OTHOH HUTH OCY-
LIECTBIUTH ¢ Uctioib3oBanueM Monynst MGIEasy Dual
Barcode Circularization Module (MGI, LLI»apu%3Hb,
Kurait). OkoHuarenbHble OHOIMOTEKH ObLTH 00BEIH-
HEHBI ¥ CEKBEHHPOBAHbI C HCIIOJIb30BaHHEM TIaThop-
MBI cekBeHupoBanus MGI DNBSEQ-G50 ¢ mozaensro
MPOTOYHOM stueiiku nisi cekBeHupoBanust DNBSEQ-
G50RS: FCL (MGI, Isupuwxsnab, Kurait). [l co-
3nanust DNB ncnons3oBancst HaOop AJsl BBICOKOIPO-
n3BouTenpHOro cekBenupoBanus DNBSEQ-G50RS.
KadectBOo HE0OpabOTaHHBIX METATCHOMHBIX TaH-
HBIX OIICHUBAJTIH C MOMOIIBI0 HHCTpyMeHTa FastQC.
TexHHUUECKHE MOCIIEN0BATEILHOCTH U 0a3bl HU3KOTO
kadectBa (Q < 30) ObuTH 0OpE3aHbI ¢ MOMOIIBIO fastp.
TakcoHoMuueckoe NpouInpoBanrue 00pasoB ObLIO
BBINIOJIHEHO € UcTioNb3oBanueM Kraken2 co cranmapr-
HBIMU 0a3aMH JaHHBIX BUPYCOB.

PE3YJBbBTATBI UCJEJIOBAHUSA

UccnenoBanue BUpoMa KULIGYHUKA 340PO-
BBIX CBHHEH OCYLIECTBISIIOCH IMMyTEM IMpOBEJe-
HUSI BBICOKOIIPOU3BOAUTEILHOTO CEKBECHUPOBAHMS.
buonndopmarnieckuii aHaIn3 HyKICOTHIHBIX TTOCTIe-
JIOBaTeIbHOCTEN B CyMME MTO3BOJINII BBISIBUTH 315 271
PHIOB.

AHanu3upyst MOCIEA0BaTEIbHOCTH OTHOCHTENb-
HO TOTO THIIA, K KOTOPOMY OTHOCSITCSI BUPYCBI, OBLIO
uaentuunmposano 7 ¢uiaymon: Duplornaviricota,
Kitrinoviricota, Nucleocytoviricota, Peploviricota,
Pisuviricota, Preplasmiviricota m Uroviricota. YacTs
BHUPYCOB He MoIJIa ObITh OTHECEHA K KakoMy-IH0o
KOHKPETHOMY THUITY, B CBSI3H, C 4YeM Obl1a 00beanHe-
Ha B o0myto rpynny «HeknaccupunupoBaHHbIC BU-
pyceD» (puc. 1).

CambIM OOMIJILHBIM THIIOM B BUPOME KHIIIEUHUKA
CBHHEH NBYX rpymm okasaics Uroviricota, X comep-
skaHue npessimano 40 % oT Bcell YMCIEHHOCTH BUPY-
coB. CIie1y oMM 110 pacipoCTPaHeHHOCTH (prityma-
mu 06T Duplornaviricota u Kitrinoviricota (cpennee
3HaueHUE JIJ1s 00eux rpymn coctaBuiol7 % u 14 % co-
oTBeTcTBeHHO). ConeprkaHue MpeacTaBUTEeNeH TPy
Preplasmiviricota n «HexmaccudunmpoBannbie BU-
pycel» He mpesblmano § %. Bupycsl, oTHoCsmuecs
k Tuiy Nucleocytoviricota, JOMUHHPOBAJIH B TPyIIIE
b (16 %), a ux comepkanue B rpymnmne A cocTaBisiio
menee 2 %. Tumsl Peploviricota u Pisuviricota Obin
JETEKTUPOBAHBI TOJIILKO B TpyIIE A.

Pacripenenenne ceMelicTB B BHPYCHOM MHKPOOHO-
M€ MIPEJCTABICHO Ha PUCYHKE 2.
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Puc. 1. OtHocurensHass OOUILHOCTEL THIIOB BUPYCOB B KUIIEYHHUKAX CBUHEH
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Puc. 2. OTHOCHTENBHASI OOMITHPHOCTH CEMEICTB BUPYCOB B KUIIICUHIKA CBUHEH
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BuonnpopmaTruecKuit aHaIn3 O3BOJINII BEISIBUTh
15 cemeiicTB BupycoB B kumieunuke: Adenoviridae,
Alloherpesviridae, Alternaviridae, Flaviviridae,
Herelleviridae, Herpesviridae, Mimiviridae,
Myoviridae, Pandoraviridae, Partitiviridae,
Phycodnaviridae, Podoviridae, Polydnaviridae,
Siphoviridae u Totiviridae. HaunGomnbieii o0uiIbHO-
CThIO B BUPOME KHIIICUHUKA XapaKTEPHU30BaAJIOCh Ce-
meiicTBo Podoviridae. OTHOCHUTEILHOE comeprka-
HUE BUPYCOB IS ABYX TPYIIIT B CPETHEM COCTABIISLIIO
nopsinka 36 %. OCoOOEHHOCThIO BUPYCHOTO MUKPO-
Oroma CBUHEH U3 rpynibl A ObUIO IPUCYTCTBUE BH-
pycoB cemeiictB Alloherpesviridae, Alternaviridae,
Herpesviridae, Partitiviridae u Polydnaviridae.
OTHOCHUTENbHOE CONepIKaHNE BUPYCOB KaXKIOTO W3
9THX CceMEeNCTB ocTaBisio 2,4 %. Taxke xapakrep-

HBIM OTJMYHEM MUKPOOHOMa rPyIbl A OT MUKPOOHO-
Ma rpynisl b siBsiiiock BRICOKast OOMIBHOCT TpeJiCcTa-
BHTENCH cemeticTBa Siphoviridae, 4be MpoIeHTHOE CO-
nepkanue coctaBisio 17 % u 4 % cOOTBETCTBEHHO.
OcobeHHocThIO MUKpOOHOMa Ipymiibl b Ob110 MieHTH-
¢unmpoBanHbie BUIbI ceMeiicTBa Mimiviridae, a Tak-
K€ TIOBBIIIEHHOE CO/Iep’KaHUEe B BUPOME CeMeicTBa
Phycodnaviridae. Tem He MeHee, CTaTUCTHYECKN 3HA-
YMMBIX Pa3Inuuii MEXIy ABYMs IpyNIilaMH He ObLIO
00OHapyKEeHO.

[Ipu paccMOTpeHNU JOMUHHUPYIOLIETO ceMeicTBa
noapoOHee, ObLI0 HACHTU(DHUIUPOBAHO 15 pa3HOBH-
HOCTEI BUPYCOB, BCTPEYAIONINXCS B BUPOME KHIIEY-
HHKa CBHHEH. HeoOXxoaumMo oTMeTHTh, 94TO 13 U3 HUX
yAAJI0Ch MACHTU(PULIMPOBATH A0 IITaMMa OIHOTO BUJa
crdssphage sp. (puc. 3).
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Puc. 3. PacnpocTpaHeHHOCTh BUPYCOB cemelicTBa Podoviridae B KuIIeUHHKE CBUHEH

W3BecTHO, uTO Oakrepuodar crdssphage npen-
cTaBisiet codoit apynenodeunyto JIHK, 3akmtouennyro
B KoJIb110 [12]. Bupyc akTHBHO HCIIONIB3yeTCs B Kade-
CTBE MHJMKATOpa 3arpsi3HEHUS] OKPYKAIOIIEeH Cpebl
(hexammsamu [ 13, 14]. D10 00BACHSIETCS TEM, UTO CFASS-
phage pacripocTpaHeH OBCEMECTHO U SIBIISICTCS Of1-
HUM U3 [VIaBHBIX KOMITOHEHTOB KHIIIEYHOTO METAreHO-
Ma MJICKOITUTAIOIIUX, B TOM YHCIIe U CBUHEH [15, 16].
Uro kacaeTcsd HAIIEro MCCIEIOBAHMS, TO B KHUIIEU-
HOM BHpOME TPYIIH A 3apuKCHpoBaHO Mpeodiama-
HUe mramma crAssphage crl24 1 Ham ocTambHBIMU

BerepunapHsii apmakomorudeckuii BEeCTHUK o No 4 (25) « 2023

UACHTUPUIUPOBAHHBIMU TaKCOHAMHU. 3HAUEHHUE OT-
HOCHUTENIBHOU 00MIbpHOCTH cocTaBmwiio 31 %. B To xe
Bpemsi, B Tpymme b He ObITO BBISBICHO KOHKPETHO-
ro mpeoOmamaromero mramma. B 3Toii BEIOOpKe Han-
0osiee pactpOCTPAHEHHBIMU CTAJM TPEACTABUTEIH
crAssphage cr116_1, crAssphage cr124 1 u crAss-
phage cr7 1 co 3HaYEHUSIMU OTHOCUTEILHOW OOUJIb-
moctH 15 %, 16 % u 13 % cOOTBETCTBEHHO.

Eme omanm naeHTH(GUINPOBAaHHBIM TPEACTABH-
tenem cemerictBa Podoviridae cran /4S5 virus. Ero co-
JiepKaHhe B 00EHX TPyIax COCTaBMIIO MeHee 5 %.
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OtHOCHUTENbHAST OOWIBHOCTH B Tpymiie A COOTBET-
ctBoBana 3,6 %, a B rpynmne b 4,6 %. M3BecTHO, 9TO
B cTpykType JAHK y pomctBennnx 6akreprnodaron
crAss u [AS mpeobrianatoriee OOJIBIIMHCTBO BapHa-
OETbHBIX HYKJICOTHIHBIX ITOCIIEIOBATEIILHOCTEH pac-
IOJIOKEHA B 00JIACTH, OTBETCTBCHHOM 32 KOIIMPOBAHKE
XBOCTOBBIX BOJIOKOH U IIIUIIOB.

Takxne 0cOOEHHOCTH YKa3bIBAIOT HA BRICOKYIO Ba-
pradeTbHOCTE PEIIETITOPOB U OCITKOB, YTO CIIOCOOCTBY-
€T MPEJICTABUTENSIM TAHHOTO ceMelicTBa 00JIa1aTh BbI-
COKOM BHpYJIEHTHOCTBIO [17].

Ha pucynke 4 npencraBieHO BHIOBOE pa3HO00-
pasme mpeacTaBuTeNnei cemeiictea Siphoviridae, BbI-
SIBJICHHBIE B PE3YJIbTaTe aHAJIN3a BUPOMA KUIIEUHUKA
CBUHEH C pa3HbIMU MOKA3aTEISIMUA KOHBEPCHU KOpMa.
XapakTepHOi 0COOCHHOCTBIO OakTeprodaros, Mpu-
Ha/IJIeXkalnX K JAaHHOMY CEMENCTBY, SIBJISIETCS XOPOIIO
Pa3BUTHIIA aIr€3UBHBIH annapar, KOTOpbIi pacrosiara-
eTCs Ha JMCTAITFHOM KOHIIE [UTHHHOTO HEC)KUMATOIIIe-
rocst xpocTa. CLeIuIeHHEe ¢ KICTKOM-X0351MHa IPOHC-
XOJUT 32 CUET CIIeU(PUIECKUX PELETITOPOB OEJIKOBOM
WJIH yTIIeBOJHOU npupoas! [18].
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Puc. 4. PacipoctpaHeHHOCTh BUPYCOB ceMeiicTBa Siphoviridae B KHIICYHUKE CBUHEH

[IponeMoHCTpHpOBaHa HEOJHOPOAHOCTH BCTpE-
YaeMOCTH KOHKPETHOTO BU/Ia B JIByX H3y4aeMbIX IPyII-
nax. Tak B rpynme A ObIIH 1€TEKTHPOBAHBI INTAMMBI
Lactobacillus phage phiadh (39 %), Lactobacillus
prophage 1j928 (4 %) u Lactobacillus prophage
Lj965 (48 %), Torna xak B rpynmne b onn orcyTcTBO-
Banu. [lpu arom Streptomyces phage Omar ObLI BbI-
SIBJICH TOJIBKO B TpyIie b, ero oTHoCHTENbHAs 00UITb-
HocTh cocTtasuina 13 %. Ilox meficTBUeM aKTHUBHBIX
BEILECTB PsJa aHTHOMOTHKOB B KUIICYHUKE CBUHEU
MOJKET OCYLIECTBISATHCS MHIYKIHs npodaros [19].
tammbl Faecalibacterium virus Oengus u Gordonia
virus Jace ObIIIM pacripocTpaHeHbl B 00eHX TpyIiax,
OJIHAKO B TpyIme b HX MpOIeHTHOE CcofiepiKaHue Tpe-
oOmanano Hax rpymmoit A u coctasmiio 27 % u 55 %
COOTBETCTBEHHO.
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W3yueHne BUPYCHOTO TAaKCOHOMHUYECKOTO pa3-
HOOOpa3us KHUIICUHHUKA CBUHEH TO3BOIMIIO UJCHTH-
¢dunmpoBars 10 BuAa eme 5 cemelictB Adenoviridae,
Flaviviridae, Herelleviridae, Phycodnaviridae
u Myoviridae (puc. 5).

Bupycsl Porcine mastadenovirus A u Porcine
mastadenovirus C, npeHaIIeKAIUIE K CEMEHCTBY
Adenoviridae ObuTH BBISIBIICHBI B TPYIIax CBUHEH
C pa3HbIM OKa3aTesieM KoHBepcuu kopma. Tak Porcine
mastadenovirus A NeTEKTHPOBAH TOJBKO B Tpyriie b,
a Porcine mastadenovirus C Tonpko B rpynme A, ux ot-
HOCHUTEIBbHOE copeprkanue coctaBmio 13,7 %u 13,3 %
COOTBETCTBEHHO. AJICHOBUPYCHI TPEACTABICHBI Pa3-
HOOOpa3HBIM T'€HETUYECKUMHU TOTEHIIMAIOM U JIH-
HUSIMH, B CBSI3W C OTHM Pa3HbIE MTPEICTABUTENN 3TOTO
€0001IIecTBa CIIOCOOHBI TTOPAXKATh OAMH U TOT Ke Op-

BerepunapHsiii papmakomoruaeckuii BeCTHUK o No 4 (25) « 2023



Ananus eupoma KuuieyHuKa ceuHell 2pynnvl OMKOpMA ¢ pasiuyHol KOHeepcuell Kopma

TaHU3M X0351Ha OIHOBpeMeHHO. M3y4yeHno okoso 150
cepoTuroB aneHoBupycoB [20]. JlokazaHo, 9TO BUPY-
cwI cemeiicTBa Adenoviridae 1eTeKTHPYIOTCS Y KXk I0-
r'O KPYITHOTO KJIacca TTO3BOHOYHBIX KUBOTHBIX, B TOM
yucie u cBuHel [21].

[Toxokasi ¢ omMCaHHBIM BBIIIE CIy4aeM KapTH-
Ha XapakTepHa W IS NpeicTaBUTENed ceMeiicTBa
Myoviridae. Tak mramm Faecalibacterium virus
Lagaffe ObuT BBISBIICH TOIBKO Y CBHHEH U3 TPpymIsl b
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(5,7 %), a Bupycsi Lactobacillus phage KC5a (6,6 %),
Lactobacillus phage phi jlbl (6,6 %) u Lactobacillus
prophage Lj771 (20 %) TONBKO y KUBOTHBIX, MPH-
HaJiexamux K rpynne A. OCHOBHOM OTIMYHUTENb-
HOM XapaKTepUCTHKOH OakTepuodaroB ceMmeiicTa
Myoviridae OoT APYruX BUPYCHBIX YaCTHII SIBISICTCS
HaJIN4He TTOJIBUKHOTO XBOCTA, KOTOPBIH CIIOCOOEH COo-
Kpamarkcsi, 61aroaps 4eMy IMPOUCXOAUT MTPOHHKHO-
BEHHE BHpYcCa B KJICTKY X03smHa [22].

I'pynna A m I'pynna b

Puc. 5. PacnpocTpaHeHHOCTb BUPYCOB Pa3/IM4YHbIX BUJIOB B KUIICYHUKE CBUHEH

B nanHoii BeIOOpKE M3 5 cemelcTB Hambomee
OOWIJIBHBIM COJIEPYKAHHEM XapaKTepU30BaJICsI BUPYC
Bamaga virus n3 cemeiictBa Flaviviridae, ero ot-
HOCHUTEIIbHOE coJepkaHue cocTaBmio 34 % B rpym-
ne b. Uro xacaemo rpynnsl A, Bamaga virus Takxe
MIPUCYTCTBOBAJI, HO IPOLIEHT OTHOCUTEIBHOTO COJep-
skaHust Obu1 HUKe (20 %). Eme ogauM npencraBuTe-
JIEM TaHHOTO ceMmeiicTBa ctan Mogiana tick virus, Ko-
TOPHBIi OBLT 00HAPYKEH TOIBKO y CBUHEH, IPUHAIITC-
xaBwmx K rpymme A (6,6 %). Ilo cBoell cTpykrype
cemeiictBo Flaviviridae mpencrasnser coboit chepy,
KOTOpast peJICTaBlIeHa OTHOLCTIOUEYHOM TOJIOKUTEb-
Hoii nensto PHK [23]. Bamaga virus 6vi1 unentudu-
nupoBad B Hagaie 2000 TOI0B M aKTUBHO H3ydascCs
Ha MPOTSDKEHUH JBYX necsTrieTuit [24]. beuto ycra-
HOBJICHO, YTO BHUPYC CIIOCOOEH PETUTUIIUPOBATHCS HE
BO BCEX KJICTOUHBIX JIMHUIX MO3BOHOYHBIX, HATPH-
Mep, OpraHU3MbI KypHIIbl 1 00€3bsIHBI HE MOJBEPIKe-
HEBI 3apakeHuro [25].

Bacillus virus Mater ctan eTMHCTBEHHBIM TIPEII-
craButenem cemeiictBa Herelleviridae u 6bu1 nnenTn-
(urpoBaH B 06enx rpymmax. OTHOCHTEIBHOE COollep-

JKaHue auis rpynnsl A cocraBuiio 13 %, a ans rpyn-
el b 17 %. YcraHoBiIeHO, YTO MTaMMbl CEMEHCTBA
Herelleviridae sBistoTcs cTapUIOKOKKOBBIMHU OaK-
TeprodaraMu, TO €CTh MPOSBISIOT BUPYCHYIO aKTHB-
HOCTB K OakTepusiM pona Staphylococcus [26].

[IpenctaBureneii cemeiicta Phycodnaviridae
Bupycol Dishui lake phycodnavirus 1 (5,7 %)
u Orpheovirus IHUMI—LCC?2 (22,9 %) 6putn 00Ha-
PY’KeHBI B 00pasIiax, MoIy4eHHbBIX OT rpynisl b, Toraa
Kak B rpynie A He ObUTO MICHTH(GUIIMPOBAHO ITAM-
ma Dishui lake phycodnavirus 1. [lna npencraBure-
neii cemeiictBa Phycodnaviridae xapakrepHo Hanmuuue
Pa3sHOOOpPa3HBIX TEHOMOB, B KOTOPBIX MPHUCYTCTBYIOT
OoJIbIIME KITACTephl HEKOAUPYIOMIUX HYKIICOTHIHBIX
rmocienoBareIbHOCTeH [27].

3AKJIIOYUEHHUE
Takum 00pa3oM, UCCIICIOBAHUE BUPOMA KHIIICY-
HUKa CBUHEH C pa3HbIM MTOKa3aTeIeM KOHBEPCHH KOp-
Ma TIO3BOJHJIO BBISIBUTH 7 (PMIIyMOB BHPYCOB, K KO-
TOPBIM OTHOCSTCS 15 cemeiictB 1 33 Buma. CaMbIM
MHOTOYHCJICHHBIM THIIOM B BUPOME KUIIIEYHHKA CBH-
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Hel nByx rpymnn okasancsi Tun Uroviricota (Oonee
40 %). Hambonpmielt oOMIBHOCTHIO HA YPOBHE Ce-
MeHCTB xapakrepusoBaiock Podoviridae (36 % mms
obeux rpymi). OcoOEHHOCTHIO BUPYCHOTO MHUKPO-
Onoma cBUHEW M3 Tpynmbl A ObUTO PUCYTCTBUE BU-
pycoB cemeiictB Alloherpesviridae, Alternaviridae,
Herpesviridae, Partitiviridae n Polydnaviridae.
Oco0eHHOCTRI0 MUKpOOHOMa rpynmbsl b Obu10 HaeH-
THGUIIMPOBAHHBIC BUALI ceMeiicTBa Mimiviridae.
Cpenu Bcex OOHAapyKEHHBIX BHJIOB JOMHHHPOBAI
mramMM crAssphage crl24 1 (31 %), npunaniexa-
muii Kk cemeiictBy Podoviridae y cBunell u3 rpyn-
bl A. CTaTUCTHYECKH 3HAUMMBIX Pa3iINuuil B TpyT-
ax ¢ HU3KOHM M BEICOKOI KOHBEPCHUEH KopMa He ObLIO
BBISIBIICHO M BEPOSATHO KOHBEPCHS KOPMa 00yCIIOBIIe-
Ha JIpyruMu (paKTopaMu, He CBSI3aHHBIMH C BHPOMOM
KHLIEYHUKA CBUHEH.
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Abstract. The objective of the study was to analyze the intestinal virome of pigs with various feed conversion rates.
The objects of the study were two conditional groups of fattening pigs, differing in the value of the feed conversion
indicator (high conversion (A) and low conversion (B)). The highest prevalence in the intestines of pigs of both
groups was characterized by viruses belonging to the type Uroviricota (more than 40 %). At the family level, the
dominant viruses were representatives of Podoviridae (36 %). A feature of the viral microbiome of pigs from group
A was the detection of viruses from the families Alloherpesviridae, Alternaviridae, Herpesviridae, Partitiviridae and
Polydnaviridae. A distinctive feature of the intestinal virome of group B was the identified species of the family
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Determining the optimal feed conversion rate is
the main strategy for efficient farming [1]. High val-
ues of the conversion rate lead to an irrational eco-
nomic policy of the livestock enterprise by increas-
ing production costs and reducing the yield of the fi-
nal product. Thus, calculating and maintaining a low
value of the feed conversion parameter in production
helps solve the problem and is a factor in economic
growth in pig breeding farms. This helps to minimize
the cost of pig production and leads to good meat pro-
duction performance [2]. In addition to feeding, the
factors such as livestock genetics, diseases of conta-
gious and non-contagious etiology, inadequate thera-
py, improper keeping, etc. play a major role in main-

taining animal health. Such indicators directly nega-
tively affect the condition of the animals’ intestines,
their microflora, which, in turn, is an indicator of live-
stock health [3]. This is explained by the fact that the
intestinal microbiota produces essential enzymes and
nutrient substrates for the life of pigs [4].

The gastrointestinal tract of mammals is inhabit-
ed by various organisms, including bacteria and ar-
chaea, representatives of eukaryotes, and viruses [5,6].
Their relationship with each other and with the host
organism ensures the healthy functioning of the diges-
tive system and also plays a significant role in the for-
mation of immunity [7]. The intestinal virome of ani-
mals, in particular pigs, is currently subject to detailed
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study [8,9]. It is known that viruses inhabiting the in-
testinal tract are predominantly represented by bacte-
riophages, which are of great importance in the for-
mation of bacterial communities [10]. The important
contribution of viruses to the intestinal microbiome,
and, consequently, the health of animals, must be tak-
en into account when organizing and rationally man-
aging agriculture [11].

The objective of the study was to evaluate the in-
testinal virome of pigs belonging to groups with var-
ious feed conversion rates using high-throughput se-
quencing.

MATERIAL AND METHODS

The subjects of the study were (n = 12) clinically
healthy pigs during the fattening period. The animals
were divided into 2 groups according to the feed con-
version rate: (n = 6) — low feed conversion (A) with
an average conversion rate of 2.00 and (n = 6) — high
feed conversion (B) with an average conversion rate of
2.22. The material for studying the intestinal virome
was feces obtained with sterile probes from the rectum.

A commercial HiPure DNA Micro Kit (Magen,
Guangzhou, China) was used to extract DNA from
the samples. Isolation was carried out according to the
manufacturer’s protocol. Sequencing libraries were pre-
pared using the following protocol: DNA was fragment-
ed using the MGIEasy Fast FS Library Prep Module
kit (MGI, Shenzhen, China), followed by magnetic
purification with MGIEasy DNA Clean Beads (MGI,
Shenzhen, China). Adapter ligation was performed with
MGIEasy UDB Primer Adapter Kit A (MGI, Shenzhen,
China) and PCR amplification. DNA library quality was
assessed using Qubit and the Qubit dSDNA HS Assay
Kit (Invitrogen, Waltham, MA, USA).

Further single-strand circularization was per-
formed using the MGIEasy Dual Barcode
Circularization Module (MGI, Shenzhen, China).
The final libraries were pooled and sequenced using
the MGI DNBSEQ-G50 sequencing platform with
the DNBSEQ-G50RS sequencing flow cell model:
FCL (MGI, Shenzhen, China). The DNBSEQ-G50RS
high-throughput sequencing kit was used to generate
DNBs. The quality of raw metagenomic data was as-
sessed using the FastQC tool. Technical sequences and
low quality bases (Q < 30) were trimmed using fastp.
Taxonomic profiling of samples was performed using
Kraken2 with standard virus databases.

STUDY RESULTS
The intestinal virome of healthy pigs was studied
using high-throughput sequencing. Bioinformatics

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

analysis of nucleotide sequences allowed us to identi-
fy a total of 315271 reads.

By analyzing the sequences relative to the phylum
to which the viruses belong, 7 phyla were identified:
Duplornaviricota, Kitrinoviricota, Nucleocytoviricota,
Peploviricota, Pisuviricota, Preplasmiviricota and
Uroviricota. Some viruses could not be attributed to
any specific type, and therefore were combined into
the common group “Unclassified viruses” (Fig. 1).

The most abundant type in the intestinal virome
of pigs of two groups was Uroviricota, its abundance
exceeded 40 % of the total number of viruses. The
next most common phyla were Duplornaviricota and
Kitrinoviricota (the average for both groups was 17 %
and 14 %, respectively). The abundance of representa-
tives of the groups Preplasmiviricota and “Unclassified
viruses” did not exceed 8 %. Viruses belonging to the
phylum Nucleocytoviricota dominated in group B
(16 %), and their abundance in group A was less than
2 %. The phyla Peploviricota and Pisuviricota were
detected only in group A.

The distribution of families in the viral microbi-
ome is presented in Fig. 2.

Bioinformatics analysis revealed 15 families of vi-
ruses in the intestine: Adenoviridae, Alloherpesviridae,
Alternaviridae, Flaviviridae, Herelleviridae,
Herpesviridae, Mimiviridae, Myoviridae,
Pandoraviridae, Partitiviridae, Phycodnaviridae,
Podoviridae, Polydnaviridae, Siphoviridae and
Totiviridae. The family Podoviridae was character-
ized by the greatest abundance in the intestinal virome.
The relative abundance of viruses for the two groups
averaged about 36 %. A feature of the viral microbi-
ome of pigs from group A was the presence of virus-
es from the families Alloherpesviridae, Alternaviridae,
Herpesviridae, Partitiviridae and Polydnaviridae. The
relative abundance of viruses of each of these fami-
lies was 2.4 %. A typical difference between the mi-
crobiome of group A and the microbiome of group
B was the high abundance of representatives of the
family Siphoviridae, the percentage of which was
17 % and 4 %, respectively. A feature of the microbi-
ome of group B was the identified species of the fam-
ily Mimiviridae, as well as an increased abundance of
the family Phycodnaviridae in the virome. However,
no statistically significant differences were found be-
tween the two groups.

Taking a closer look at the dominant family, 15 vi-
rus species were identified as occurring in the porcine
intestinal virome. It should be noted that 13 of them
were identified as a strain of one species crAssphage

sp. (Fig. 3).
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Fig. 3. Prevalence of viruses of the family Podoviridae in the intestines of pigs

It is known that the bacteriophage crAssphage is a
double-stranded DNA enclosed in a ring [12]. The vi-
rus is actively used as an indicator of environmental
contamination with feces [13, 14]. This is explained
by the fact that crAssphage is ubiquitous and is one of
the main components of the intestinal metagenome of
mammals, including pigs [15, 16]. As for our study,
the predominance of the strain crAssphage cr124 1
over the other identified taxa was recorded in the in-
testinal virome of group A. The relative abundance val-
ue was 31 %. At the same time, no specific predomi-
nant strain was identified in group B. In this sample,
the most common representatives were crAssphage
crl16_1, crAssphage cr124 1 and crAssphage cr7 1
with relative abundance values of 15 %, 16 % and
13 %, respectively.

Another identified representative of the fami-
ly Podoviridae was /4S virus. Its abundance in both
groups was less than 5 %. The relative abundance in
group A corresponded to 3.6 %, and in group B —
4.6 %. It is known that in the DNA structure of re-
lated bacteriophages crAss and [AS, the overwhelm-
ing majority of variable nucleotide sequences are lo-
cated in the region responsible for coding tail fibers
and spines. Such features indicate high variability of
receptors and proteins, which contributes to the rep-
resentatives of this family being highly virulent [17].

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

Figure 4 shows the species diversity of representa-
tives of the family Siphoviridae, identified as a result
of analysis of the intestinal virome of pigs with vari-
ous feed conversion rates. A typical feature of bacte-
riophages belonging to this family is a well-developed
adhesive apparatus, which is located at the distal end
of a long, non-compressible tail. Adhesion to the host
cell occurs due to specific receptors of protein or car-
bohydrate nature [18].

The heterogeneity of occurrence of a particular
species in the two studied groups was demonstrat-
ed. Thus, in group A, the strains Lactobacillus phage
phiadh (39 %), Lactobacillus prophage 1j928 (4 %)
and Lactobacillus prophage Lj965 (48 %) were de-
tected, while in group B they were absent. At the same
time, Streptomyces phage Omar was detected only in
group B, its relative abundance was 13 %. Under the
effect of active substances of a number of antibiotics,
prophage induction can occur in the intestines of pigs
[19]. The strains of Faecalibacterium virus Oengus
and Gordonia virus Jace were common in both groups,
but in group B their percentage prevailed over group
A and amounted up to 27 % and 55 %, respectively.

The study of the viral taxonomic diversity of
the pig intestine allowed us to identify 5 more fam-
ilies Adenoviridae, Flaviviridae, Herelleviridae,
Phycodnaviridae and Myoviridae to species (Fig. 5).
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Fig. 5. Prevalence of viruses of various types in the intestines of pigs

Porcine mastadenovirus A and Porcine mastade-  fore, different representatives of this community are
novirus C, belonging to the family Adenoviridae, were  able to infect the same host organism at the same time.
identified in groups of pigs with different feed conver- ~ About 150 serotypes of adenoviruses have been stud-
sion rates. Thus, Porcine mastadenovirus A was de- ied [20]. It has been proven that viruses of the family
tected only in group B, and Porcine mastadenovirus C ~ Adenoviridae are detected in every major class of ver-
only in group A, their relative abundance was 13.7 %  tebrate animals, including pigs [21].
and 13.3 %, respectively. Adenoviruses are represent- A picture similar to the case described above is also
ed by a variety of genetic potential and lineages; there-  typical for representatives of the family Myoviridae.
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Thus, the strain Faecalibacterium virus Lagaffe was
detected only in pigs from group B (5.7 %), and the vi-
ruses Lactobacillus phage KC5a (6.6 %), Lactobacillus
phage phi jlbl (6.6 %) and Lactobacillus prophage
Lj771 (20 %) only in the animals belonging to group
A. The main distinguishing characteristic of bacterio-
phages of the family Myoviridae from other viral par-
ticles is the presence of a mobile tail, which is capa-
ble of contracting, due to which the virus penetrates
the host cell [22].

In this sample of 5 families, the most abundant vi-
rus was Bamaga virus from the family Flaviviridae, its
relative abundance was 34 % in group B. As for group
A, Bamaga virus was also present, but the percent-
age of relative abundance was lower (20 %). Another
representative of this family was Mogiana tick virus,
which was found only in the pigs belonging to group
A (6.6 %). In its structure, the family Flaviviridae is a
sphere, which is represented by a single-stranded pos-
itive strand of RNA [23]. Bamaga virus was identified
in the early 2000s and has been extensively studied
for two decades [24]. It was found that the virus is not
able to replicate in all vertebrate cell lines; for exam-
ple, chicken and monkey organisms are not suscepti-
ble to infection [25].

Bacillus virus Mater became the only representa-
tive of the family Herelleviridae and was identified in
both groups. The relative abundance for group A was
13 %, and for group B— 17 %. It has been established
that the strains of the family Herelleviridae are staphy-
lococcal bacteriophages, that is, they exhibit viral activ-
ity against bacteria of the genus Staphylococcus [26].

Representatives of the family Phycodnaviridae,
Dishui lake phycodnavirus 1 (5.7 %) and Orpheovirus
THUMI—LCC2 (22.9 %), were detected in the samples
obtained from group B, while no Dishui lake phycod-
navirus 1 strain was identified in group A. The repre-
sentatives of the family Phycodnaviridae are charac-
terized by the presence of diverse genomes, in which
large clusters of non-coding nucleotide sequences are
present [27].

CONCLUSION

Thus, a study of the intestinal virome of pigs with
various feed conversion rates made it possible to iden-
tify 7 phyla of viruses, which include 15 families and
33 species. The most numerous type in the intestinal
virome of pigs of two groups was the type Uroviricota
(more than 40 %).

The highest abundance at the family level was
characterized by Podoviridae (36 % for both groups).
A feature of the viral microbiome of pigs from group
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A was the presence of viruses from the families
Alloherpesviridae, Alternaviridae, Herpesviridae,
Partitiviridae and Polydnaviridae. A feature of the mi-
crobiome of group B was the identified species of the
family Mimiviridae. Among all detected species, the
dominant strain was crAssphage cr124 1 (31 %), be-
longing to the family Podoviridae, in pigs from group
A. No statistically significant differences were detect-
ed in the groups with low and high feed conversion
and feed conversion is likely due to other factors not
related to the intestinal virome of pigs.
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AnnoTanust. Llenbro paboThl cTana olieHka bakTepuii poaa Staphylococcus, BbIIe/IEHHBIX U3 MOJIOKA KOPOB 00JIb-
HBIX MaCTHTOM, Ha IPUCYTCTBHE B HUX T€HOB aHTHONOTHUKOPE3UCTEHTHOCTH. B X0z1e paboTsl 0OHapyxeHo 17 re-
HOB YCTOMYMBOCTH K IIPOTMBOMUKPOOHBIM IperiaparaM pa3jin4HbIX CIIEKTPOB AeHcTBUs. Bo Bcex nmpoananusu-
POBaHHBIX 0Opa3iax ObLIM OOHAPYKCHBI T€HBI PE3UCTCHTHOCTH K TETPALIMKIMHAM, OCTa-TaKTaMaM U JINHKO3aMH-
nam. Cpeiv TeHOB YCTOHYHMBOCTH K TeTpanukinHaM ren Tet(K) Bctpeuarncs Bo Bcex uccieayemMbix oopasiax. [ex
blaTEM okazasicst JOMUHUPYIOIINM CPEJI TeHOB yCTOMUMBOCTH K OeTa-nakramam (rpucyrcreue B 100 % obpasz-
1oB). ['eH pe3rcTeHTHOCTH K JIMHKO3aMuy InuA 0but ooHapyxeH y 100 % npo6. [lokazano, 4To reHsl ycroidu-
BOCTH K dpUTpoMHLIMHY MSTA 1 ermC Takke NpUCYTCTBOBAIN B UCCIEAYyeMbIX 00pa3uax poxa Staphylococcus
u cocrasui 27 % u 14 % coorBercTBenHo. [eH ycroiunBocTi Kk amuHorukosuaam aph(3')-la (mpucyrcreue
B 27 % o0pa3ioB), npeodnaan B mpodax Staphylococcus mo cpaBHeHuto ¢ renoM aacA-D (mpucyrerBue B 5 %
00pasioB). PacripocTpaHeHHOCTh TEHOB YCTOHYMBOCTH K XJopamdenukoiny floR u knmapurpomununy CLR Obuta
HE TaK BbIpakeHa u cocraBuia 5 %. [IpoueHTHOe copepkanue reHa pe3uCTEeHTHOCTH K Makpoiuaam mefA co-
craBwio 14 %. JlanHas paboTa mokasbIBaeT, 4To y OakTepuii poaa Staphylococcus, BbIICTICHHBIX U3 MOJIOKA, IUP-
KYJMPYIOT I'€HBI PE3UCTCHTHOCTHU K Pa3jIMdHbIM KJlacCaM aHTl/l6I/IOTl/IKOB, 4qTOo HCOGXOILI/IMO YUYHUTBIBATH IIPU ILIa-
HUPpOBaHUU TCpallu MaCTUTOB.

Ki1roueBble ¢10Ba: aHTHOMOTUKOPE3UCTEHTHOCTb, T'eHbI, OakTepuu, MacTuT, [11P, anekrpodopes, uaeHTuhuKaIms.
BaaromapuocThb: paboTa BBIOIHEHA IPH M0/yIepKKe MUHUCTEPCTBA HAyKH | BbIciero oopasoBanus PO B pam-
Kax HaruoHaiabHoro npoekra «Hayka» (mpoext FZGW-2020-0001, yHuKanbHBIH HOMEp peecTpa rocy1apcTBeH-
HbIX 3aganuit 075001X39782002)

Mortoko mpeAcTaBIsIeT COO0H MUTHLEBOM MPOAYKT,
COCTOSIIIIUH U3 OOJIBIIIOTO Pa3HO0OpaA3UsI MUKPO U Ma-
KPOAJIEMEHTOB, CPEIH KOTOPBIX OCJIKH, KHUPBI, YTIEBO-
JIbI, BATAMHUHBI, MUHEPAJIbI, AMUHOKHUCIOTH U T. 1. [ 1].
JlomunupyoIIel MUKPOQIOPOi MOJIOKA SIBIISIETCS MO-
JIOYHOKHCTIBIE OAKTEPHUH, IPKUMHU TPEACTaBUTEIISIMA
KOTOPBIX ABISIOTCS OakTepuu poaa: Lactococcus spp,
Lactobacillus spp, Leuconostoc spp, Streptococcus
spp, Enterococcus spp. [2]. [lomumo none3HbIx Oaxre-
pUil MOJTIOKO MOKET COJIEpXkKaTh B CBOEM COCTaBE Jpy-
rUe MUKPOOPTaHU3MBI, JIPOAOKU U TUICCHEBBIC TPHUOBI,

KOTOpPbIE HETAaTUBHO BIIMSIOT HAa Ka4€CTBO MPOAYKTa,
BBI3BIBAsI IOPUY, U MOT'YT ObITh OIIACHBIMH AJISI 3710PO-
Bbd uenoBeka [3]. SIpkuM nmpuMepoM 3TOTo SBIIAETCS
CHOCOOHOCTh MCUXOTEIEPAHTHBIX MUKPOOOB 3a CYeT
BbIJIEJICHNUS BHEKJIETOUHBIX MPOTEA3 U JIUIMAa3 MPOA0I-
KaTh KM3HEJEATEIbHOCTh B MOJIOKE JJa’kKe TIPU TEeM-
neparype +4 °C [4].

CaMbIM pacrpoCTpaHEHHBIM 3a00J€BaHUEM MO-
JIOYHOTO CKOTA SIBJISIETCS] BHyTpUMaMMapHasi HH(eK-
s (MacTHUT), KOTOPBIA OKa3bIBAeT BIMAHHE Ha Ka-
4ecTBO MoJioka [5, 6]. IlpuunHol pa3BUTHS NTaHHO-

© CerpomsataukoB M. 0., [Mabyrun C. B., Hecteposa E. 0., I'magkux M. U., 3umankos B. 1., Mamxkypuna O. A.,
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ro 3a0oieBaHus SBIAIOTCS OakTepuu Streptococcus
agalactiae n Staphylococcus aureus. ITomumo 3THX
MHUKPOOPTaHU3MOB YCTAHOBIICHO, YTO MAacCTHT TaK-
e BBI3BIBAIOT: Escherichia coli, Streptococcus uber-
is, Klebsiella spp. u Prototheca spp. [7—9]. dns Te-
panuu 1 npoUIaKTHKH MaCTUTa KPYITHOTO POraToro
CKOTa aKTHBHO HCIOJIB3YIOTCS IPOTHBOMHKPOOHBIE
Ipernaparsl, 4To B CBOIO O4epe/b CTAHOBUTCS TIPUYH-
HOH TTOSIBIIEHHS TEHOB PE3UCTEHTHOCTH Y TTATOTEHHBIX
MHUKPOOPTaHU3MOB K IMPUMEHSEMBIM T'pyNaM aHTH-
ouotukos [10, 11].

Lenab ucciieoBaHusl SBUIOCH U3yUSHHE YCIIOB-
HO-TIATOTEHHBIX OakTepuit pona Staphylococcus, n3o-
JMUPOBAHHBIX OT OOJBHBIX MACTUTOM KOPOB, Ha HAJIU-
YKe B HUX TCHOB aHTHOMOTHUKOPE3UCTEHTHOCTH.

MATEPUAJIBI U METO/JbI
B xauecTBe 00BEKTOB HCCIIEOBaHHS BBICTYIIA-
nu Oaktepuu pona Staphylococcus, BeIICTCHHEBIC
13 22 00pa3IoB MOJIOKa KOPOB OOIBHBIX MAaCTHTOM
(Tabm. 1). bakrepun 6bU BepUUITUPOBAHBI C TIOMO-
mpio MALDI-TOF.

Taoauna 1
Uszonuposannuvie uz Monoxa 601bHbIX MACmumom Kopos bakmepuu pooa Staphylococcus.
Howmep obpa3siia Bun 6akTepun

1 Staphylococcus aureus

2 Staphylococcus aureus

3 Staphylococcus cromogenes
4 Staphylococcus aureus

5 Staphylococcus aureus

6 Staphylococcus haemolyticus
7 Staphylococcus aureus

8 Staphylococcus aureus

9 Staphylococcus aureus

10 Staphylococcus aureus

11 Staphylococcus aureus

12 Staphylococcus haemolyticus
13 Staphylococcus aureus

14 Staphylococcus haemolyticus
15 Staphylococcus aureus

16 Staphylococcus epidermidis
17 Staphylococcus aureus

18 Staphylococcus cromogenes
19 Staphylococcus aureus

20 Staphylococcus aureus

21 Staphylococcus haemolyticus
22 Staphylococcus cromogenes
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Oxcrpakmus 6akrepuansuoit JJHK ocymecTsis-
nack komMmepueckuM Habopom [TPOBA-I'C (JIHK-
TexHonorusi, Poccus) B COOTBETCTBUU C MPOTOKOJIOM
[IPOU3BOAUTEIIS.

KauectBennas I[P nmpoBoagunack ¢ HCHONb-
3oBaHueM 5X ScreenMix-HS peakiuonHoii cmecu
(EBporen, Poccust) TemneparypHslii UK BapbUPO-
BaJl B 3aBUCHMOCTH OT HCIIOJNIB3YEMBIX MPaiMepOB.
Busyanuzanus pesynsratoB [P ocymecTBisnach
B 2 % arapo3HOM reJe.

Jl1s1 jeTekuuu reHoB B KaueCcTBE MpaitMepOB U 30H-
JIOB HICTIONTB30BAIINCH yIKe OITyOTMKOBAaHHBIE B MEXKTY-
HapOJHBIX HAyYHBIX M3JAHHUAX OJUTOHYKICOTHUIBI,
KOTOpbIe ObUIM JOMOJHUTEIBHO BEpUPUIIUPOBAHEI
B cucteme NCBI Cenbank ¢ moMomiso MHCTpyMeHTa
BLASTn (Ta0mn. 2).

KonmuectBennas [P nmpoBoamiack ¢ UCmomihb-
30BaHHeM KoMMepueckoir cmecn 5X qPCRmix-HS
LowROX (EBporen, Poccus). JleTexumsi pe3ynbTa-
TOB MPOBOAMIIACH O KaHATY ¢uryopecteHuu FAM.

Taoauma 2
Ipaiimepot u 301001, ucnonvzyemvle npu nocmanoske I[P 6 peanvHom epeveru
HasBanue [TocnenoBarenbHOCTh HYKJIEOTHAOB
Mec-f AAAGAACCTCTGCTCAACAAGT
Mec-r TGTTATTTAACCCAATCATTGCTGTT
Mec-p FAM—CCAGATTACAACTTCACCAGGTTCAACT-BHQI1
NDM-f TTGGCGATCTGGTTTTCC
NDM-r GGTTGATCTCCTGCTTGA
NDM-p FAM-TGGCAGCACACTTCCTATCTCG-BHQ!1
vanA-f CTGTGAGGTCGGTTGTGCG
vanA-r TTTGGTCCACCTCGCCA
vanA-p FAM—CAACTAACGCGGCACTGTTTCCCAAT-BHQ!1
Kpe-f CGCAACTGTAAGTTACCG
Kpc-r CATGCCTGTTGTCAGATA
Kpc-p FAM—CCACTGTGCAGCTCATTCAAGG-BHQI1
floR-f GGCAGGCGATATTCATTACT
floR-r CGAGAAGAAGACGAAGAAGG
floR-p FAM—CTAAAGCCGACAGTGTA-BHQ!I
ampC-f GGGAATGCTGGATGCACAA
ampC-r CATGACCCAGTTCGCCATATC
ampC-p FAM—CCTATGGCGTGAAAACCAACGTGCA-BHQI1
ermB-f GGATTCTACAAGCGTACCTTGGA
ermB-r GCTGGCAGCTTAAGCAATTGCT
ermB-p FAM—CACTAGGGTTGCTCTTGCACACTCAAGTC-BHQ!1

PE3YJBTATHBI U OBCYXKJAEHUSA

B pesynprare ananuza snexrpodoperpamMm u Kpu-
BbIX (piyopecueHuu 22 o0pa3noB OakTepuil poaa
Staphylococcus, n301MPOBAHHBIX OT OOJIBHBIX MACTH-
TOM KOPOB, OBIJIO JETEKTUPOBAHO 1 7 TEHOB aHTHOMOTH-
KOpe3ncTeHTHOCTH. OHM COOTBETCTBOBAIN 8 TPyTIIIaM
AHTHOMOTHKOB, CPET KOTOPHIX TETPAIMKIINHEL, OeTa-
JIaKTaMHbIe aHTHOMOTHKHU, aMUHOTIIMKO3HU 11, 3PUTPO-
MUIMH, XJIOpaM(QEHUKOI, JTMHKO3AMHI, MaKpOJIHU/IbI
1 KJIapUTPOMHILIMH (puc. 1).

YcTaHOBIEHO, UTO T€HBI yCTOHYMBOCTH K aHTHONO-
THUKaM TeTPAIMKINHOBOH, O€Ta-TaKTOMAHOM 1 JIMHKO3-
AMUJTHOM TPYIIT IPHUCYTCTBOBAIIN BO BCEX M3YYEHHBIX

124

obpasuax pona Staphylococcus (100 %). Ilpouentroe
COOTHOIIICHHE T€HOB YCTOMYMBOCTH K XJIOpaM(pEHUKO-
Jy ¥ KJIAPUTPOMHILIMHY B TpoOax ObLIO0 HAMMEHBIITUM
1 cocTasisuio 5 %.

Uro xacaeTcs 00HApYKEHHBIX TeHOB PE3UCTEHTHO-
CTH K 3pUTPOMHLMHY ¥ aMUHOTIIMKO3UAY, TO X KOJIH-
YEeCTBO B M3YUEHHBIX 00pa3uax coctaBuio 36 u 32 %
COOTBETCTBEHHO.

Ha pucynke 2 npencrapieH npuMep 31eKTpogo-
perpammbl (oOpaser] oa HoMepoMm 13), y KOTOpPOro
OBUIN BBISIBIICHBI T€HBI aHTHOMOTHKOPE3UCTEHTHOCTH
K TE€TpalUKINHAM, OeTa-IaKTaMaM, 3pUTPOMHULIUHY
Y aMUHOITIMKO3HIaM.
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Puc. 1. PactipocTpaHeHHOCTh T€HOB aHTHOMOTHKO-
PE3UCTEHTHOCTH y OakTepuid pomoB Staphylococ-
CUS, M30JIMPOBAHHBIX OT OOJILHBIX MACTUTOM KOPOB

AHTHUMHKPOOHBIE Mpemnaparbl, B YUCIO KOTOPHIX
BXOJISIT: TICHUITUIUIHH, 1€ ()aJIOCTIOPHH, CTPETITOMHUIIMH
Y TETPAIMKIIVH aKTHBHO PUMEHSFOTCS B KAY€CTBE Te-
panvu u IpoPUIAKTHKNA MACTHTA KOPOB, BEI3bIBAEMO-
TO TPaMIIOJIOKUTEILHBIMUA U TPAMOTPUIIATEITLHBIMU
Oakrepusimu [12]. Takue aHTHOMOTHKHU MTOBCEMECT-
HO HA3HAYAIOTCS KUBOTHBIM IS TPEAYIIPEKICHUS
MactuTa. Poct 3a0011€Ba€MOCTH MacTUTOM ITOTOJIO-

TetWV

TetM et B blaTEM

BbsI IPUBOJMUT K ellie 0ojiee MUPOKOMY IPUMEHEHHIO
MIPOTUBOMUKPOOHBIX TpemnaparoB. Bce 3To crmocob-
CTBYET YBEIMYEHHUIO OCTATOYHBIX KOHIICHTPAIMH aH-
TUOMOTHKOB B MOJIOKE, W Pa3BUTHIO aHTHOMOTHKOPE-
3UCTEHTHOCTH [12].

Ha pucynke 3 npezcTtasieHa pacpoCTpaHEHHOCTh
TeHOB YCTOWYHMBOCTH K TeTpaUMKIITUHaM (A) u Oera-
JaKkTaMHbIM aHTHONOoTHKaM (B).

ITo pesynbraram saekTpodopesa yaaioch ae-
TEKTUPOBATh 5 TEHOB YCTOWYMBOCTH K TETPAIIUKIIH-
HaMm (A). Ilokazano, uro 100 % oOpa3noB OakTepuii
pona Staphylococcus copep)aau B CBOEM COCTaBe
TeH YCTOWYMBOCTH K TeTpanuknuaaMm let(K). Torma
KaK TPOICHTHOE cojepkanue rena Tet(Z) u Tet(W)
B HICCIIEyeMBIX oOpasmax coctaBuiio 9 % u 5 % co-
oTBeTCTBeHHO. ['eHbl Tet(B) u Tet(M), ObIIN Takke
0OHapyKEHBI B UCCIIEAYEMBIX 00pa3liax, a uX OTHO-
cuTenbHoe coepkanune obuto 27 % u 23 % cooTBeT-
CTBEHHO. AHAJIOTUYHBIC PE3yNbTaThl OBLIH MONyYe-
HbI B IHIOHE3MH, T7Ie y BUAA Streptococcus agalacti-
ae, BBIJIGIIEHHOTO OT OOJLHBIX MACTHTOM KOPOB OBLIH
0OHapyKEHBI TeHBl YCTOMYUBOCTH K TETPAIIMKIMHAM
[13]. Yto xacaeTrcs BbISBICHHBIX 4 TEHOB yCTOMYUBO-
cTH K Oeta-nakramam (B), To JToMUHHPYIOIINM OKa3a-
csi reH blaTEM, xotopstii 601 BbIsiBIIeH B 100 % 06-
pasioB. Menee 50 % npunuiocs Ha blaKPC (32 %)
u blaNDM (14 %), a TIpoIleHTHOE colepKaHue TeHa
blaZ coctasuio 59 %.

blaZ msrA  blaNDM  accA-D  TetK

Puc. 2. DnexrpodoperpamMmma, OTpaskaroias pacpoCTPaHEHHOCTh TeHOB aHTHOUOTHKOPE3UCTEHTHOCTH B 13 00-
paste 6axrepwmii porna Staphylococcus, H30THPOBAaHHOM OT OOJBFHBIX MACTHTOM KOPOB

W3BecTHBI pe3ynbsTaThl HCCIICOBAHMS, IPOBEICH-
HoTO B KrTae, B KOTOPOM y CTPETITOKOKKA, TTOTyUYeHHO-
T'O OT KOPOB C MacTUTOM, ycTtanoBieHa 100 % uyBcTBuU-
TEIBHOCTh K AMHHOTJIMKO3HUIHBIM aHTHOMOTHKAM [ 14].
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Harue ricciieioBanme O3BOJHIIO BBISIBUT T€HBI aHTH-
OMOTHKOPE3UCTEHTHOCTH K IPOTHBOMHUKPOOHBIM ITpe-
naparam Ha OCHOBE aMUHOTIIMKO3HIOB ¥ 9PUTPOMHUIIU-
Ha B 00pasnax 6akrepuii poxa Staphylococcus (puc. 4).
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Puc. 4. PacipocTpaHeHHOCTh T€HOB aHTHOMOTHKOPE3UCTEHTHOCTH K aMUHOIIIMKO3HaM (4) 1 S3pUTPOMHUIIMHY (B)
y Oaktepuii pogoB Staphylococcus, H30JIMPOBaHHBIX OT OOJBHBIX MACTUTOM KOPOB

I'eH ycTOWYMBOCTH K aMUHOTIIMKO3UAaM aph(3')-
la, nomunupoBai B npodax Staphylococcus 1o cpas-
HeHUIO ¢ TeHOM aacA-D. Tak B 27 % ciay4aeB ObII0
BBISIBIIGHO cojiepkaHue reHa aph(3')-la, B 1o Bpe-
M, KaK TOJIbKO S5 % mpuxonuiock Ha aacA-D (A).
OOHapyKEeHHBIE T€Hbl PE3UCTEHTHOCTH K 3PUTPOMHU-
uuny msrA u ermC, coctaBunu 27 % u 14 % coort-
BerctBeHHO (B). B pabote, npoBenenHoii Ha 3aBoj1ax
Jlaxopa, B [lakncTane o0Hapy>keHa TIOXO0XKas yCTONIN-
BOCTh K PUTPOMHUIINHY Y 30JIOTHCTOTO CTA(UIIOKOK-
Ka He TOJIbKO CPEId MOJIOYHBIX KOPOB, HO U 'y OyHBO-
JIOB, a TaKXe y A0sIpok [15].

Ha pucyske 5 npeacraiieH rpauk pacupocTpa-
HEHHOCTH T€HOB aHTHOMOTHUKOPE3UCTEHTHOCTH flOR,
InuAd, mefA u CLR k xnopaM(eHUKOY, JTHHKO3aMHU-
JIOM, MaKpOJTHIOM ¥ KIIAPUTPOMHUITIHY COOTBETCTBEH-
HO. [IpogeMoHCTpHUpPOBaHO TOTaIhHOE JOMHUHHPOBA-
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HUeE reHa /nuAd B uccieayeMbIXx oOpasmax OakTepHid
pona Staphylococcus (100 %).

PacnpoctpaneHHOCTh FT€eHOB yCTOMYMBOCTH K XJI0-
pamdenuxony floR n knapurpomutinay CLR Oblia He
TaK BBICOKA M cocTaBmiia 5 %, a MPOLIEHTHOE CoZeprKa-
HHE reHa pe3UCTEHTHOCTHU K Makpoiauaam mef4 cocra-
B0 14 %. Mexanusm JielicTBus TeHOB [nuA v mefA
00YCJIOBJICH METHJIMPOBAHUEM MJIM MyTalluel caira-
MHIIECHH, aKTHBHBIM OTTOKOM AHTHOMOTHKA MM 7K
WHAKTUBAIMEH JIEKapCTBEHHOTO cpecTBa [16].

Crnenyer OTMETHTh, YTO OJHHM U3 CaMbIX BHPY-
JICHTHBIX TpeAcTaBUTeNeH pona Staphylococcus siB-
nsercs S. aureus. OH CBsI3aH ¢ NMUILEBBIMU OTpaBJe-
HUSIMH, BBI3BIBACT Pa3JIMUHbIC 3a00JICBaHUS Y JItOIeH
¥ JKMBOTHBIX H B TIEPBYIO OYEpPE/Ib ACCOIUMPOBAH C Ma-
CTHTOM y KPYITHOTO poraroro ckota [ 17]. Berzensemsre
30JIOTUCTBIM CTA()UIOKOKKOM SHTEPOTOKCHHBI BBICO-
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KOTOJICPAHTHBI K TEMIIEpaTypaM U TOKCUYHBI JIJISl Op-
raausMma [18].

3AKJIFOYEHHUE

Pesynbrarel HcciaenoBaHMs MOKA3ald, YTO M30-
JIMPOBaHHBIE OT OOJILHBIX MACTUTOM KOPOB OaKTEpUHU
pona Staphylococcus conepxar B CBOeM cocTaBe 00J1b-
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Oera-nakTaMHble aHTHOMOTUKH, aMUHOIIMKO3UIBL,
SPUTPOMULMH, XJIOPaM(PEHHUKOI, TUHKO3AMUAbI, Ma-
Kponuzpl 1 knapurpoMuniud. B 100 % o0pa3nos BbI-
SIBJICHBI TEHaM YCTOWYHMBOCTH K TETpallMKINHAM, OeTa-
JIAKTaMHBIM aHTHOMOTHKAM U JIMHKO3aMUIaM.

5 5

—1 /1
floR CLR

Xnopamdenunkon | Knapurpomunua

Puc. 5. PacipoctpaneHHoCcTh TeHOB anTHOMOTHKOpe3ucTeHTHOCTH floR, InuA, mefA u CLR x anTHOHOTHKAaM
XJIOpaM(PCHUKOJI, TMHKO3aMHU/Ibl, MAKPOJIH/IBI U KIAPUTPOMUIIMHY Y OakTepuit pomoB Staphylococcus, uzomupo-
BaHHBIX OT OOJIbHBIX MACTHTOM KOPOB
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Abstract. The objective of the work was to evaluate the bacteria of the genus Staphylococcus isolated from the
milk of cows with mastitis for the presence of antibiotic resistance genes in them. During the work, 17 genes of re-
sistance to antimicrobial drugs of various spectrums of action were discovered. Resistance genes to tetracyclines,
beta-lactams and lincosamides were found in all samples analyzed. Among the tetracycline resistance genes, the
gene Tet(K) was found in all studied samples. The gene blaTEM turned out to be dominant among beta-lactam re-
sistance genes (presence in 100 % of samples). The lincosamide resistance gene InuA was detected in 100 % of
samples. It was shown that the erythromycin resistance genes msrA and ermC were also present in the studied sam-
ples of the genus Staphylococcus and amounted to 27 % and 14 %, respectively. The aminoglycoside resistance
gene aph(3')-Ia (presence in 27 % of samples) predominated in Staphylococcus samples, compared to the gene aa-
cA-D (presence in 5 % of samples). The prevalence of chloramphenicol resistance genes floR and clarithromycin
CLR was less pronounced and amounted to 5 %. The percentage of the macrolide resistance gene mefA was 14 %.
This work shows that in the bacteria of the genus Staphylococcus isolated from milk, there circulate resistance
genes to various classes of antibiotics, which must be taken into account when planning treatment for mastitis.
Keywords: antibiotic resistance, genes, bacteria, mastitis, PCR, electrophoresis, identification.
Acknowledgment: the work was carried out with the support of the Ministry of Science and Higher Education
of the Russian Federation within the framework of the national project Science (project FZGW-2020-0001, unique
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Milk is a drinking product consisting of a wide
variety of micro and macroelements, including pro-
teins, fats, carbohydrates, vitamins, minerals, ami-
no acids, etc. [1]. The dominant microflora of milk
is lactic acid bacteria, the prominent representatives
of which are bacteria of the genus Lactococcus spp.,
Lactobacillus spp., Leuconostoc spp., Streptococcus
spp., Enterococcus spp. [2]. In addition to beneficial
bacteria, milk may contain other microorganisms, yeast
and mold fungi, which negatively affect the quality of
the product, causing spoilage, and can be dangerous
to human health [3]. A striking example of this is the
ability of psychotelerant microbes, due to the secretion
of extracellular proteases and lipases, to continue vi-
tal activity in milk even at a temperature of +4 °C [4].

The most common disease in dairy cattle is in-
tramammary infection (mastitis), which affects milk
quality [5, 6]. The cause of this disease is the bacteria
Streptococcus agalactiae and Staphylococcus aureus.
In addition to these microorganisms, it has been estab-
lished that mastitis is also caused by Escherichia coli,
Streptococcus uberis, Klebsiella spp. and Prototheca
spp. [7—9].

Antimicrobial drugs are actively used for the treat-
ment and prevention of mastitis in cattle, which in turn
causes the emergence of resistance genes in pathogen-
ic microorganisms to the groups of antibiotics used
[10, 11].

The objective of the research was to study the op-
portunistic bacteria of the genus Staphylococcus iso-
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lated from the cows with mastitis for the presence of
antibiotic resistance genes in them.

MATERIAL AND METHODS
The objects of the study were the bacteria of the
genus Staphylococcus isolated from 22 samples of
milk from the cows with mastitis (Table 1). The bac-
teria were verified using MALDI-TOF.

Bacterial DNA extraction was carried out with a
commercial PROBA-GS kit (DNA technology, Russia)
in accordance with the manufacturer’s protocol.

Qualitative PCR was carried out using a 5X
ScreenMix-HS reaction mixture (Evrogen, Russia).
The temperature cycle varied depending on the prim-
ers used. Visualization of PCR results was carried out
in a 2 % agarose gel.

Bacteria of the genus Staphylococcus isolated from milk of the cows with mastitis fabled
Sample number Type of bacteria

1 Staphylococcus aureus

2 Staphylococcus aureus

3 Staphylococcus cromogenes

4 Staphylococcus aureus

5 Staphylococcus aureus

6 Staphylococcus haemolyticus

7 Staphylococcus aureus

8 Staphylococcus aureus

9 Staphylococcus aureus

10 Staphylococcus aureus

11 Staphylococcus aureus

12 Staphylococcus haemolyticus

13 Staphylococcus aureus

14 Staphylococcus haemolyticus

15 Staphylococcus aureus

16 Staphylococcus epidermidis

17 Staphylococcus aureus

18 Staphylococcus cromogenes

19 Staphylococcus aureus

20 Staphylococcus aureus

21 Staphylococcus haemolyticus

22 Staphylococcus cromogenes

For gene detection, oligonucleotides already pub-
lished in international scientific publications were used
as primers and probes, which were additionally veri-
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fied in the NCBI Genbank system using the BLASTn
tool (Table 2).

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023



Identification of antibiotic resistance genes in the bacteria of the genus Staphylococcus isolated from cow’s milk

Quantitative PCR was carried out using a commer-

Russia). Detection of the results was carried out us-

cial mixture 5X qPCRmix-HS LowROX (Evrogen, ing the FAM fluorescence channel.
Table 2
Primers and probes used in real-time PCR
Name Nucleotide sequence
Mec-f AAAGAACCTCTGCTCAACAAGT
Mec- TGTTATTTAACCCAATCATTGCTGTT
Mec-p FAM—CCAGATTACAACTTCACCAGGTTCAACT-BHQ1
NDM-f TTGGCGATCTGGTTTTCC
NDM-r GGTTGATCTCCTGCTTGA
NDM-p FAM-TGGCAGCACACTTCCTATCTCG-BHQI
vanA-f CTGTGAGGTCGGTTGTGCG
vanA-r TTTGGTCCACCTCGCCA
vanA-p FAM—CAACTAACGCGGCACTGTTTCCCAAT-BHQI
Kpe-f CGCAACTGTAAGTTACCG
Kpc-r CATGCCTGTTGTCAGATA
Kpc-p FAM—CCACTGTGCAGCTCATTCAAGG-BHQI1
floR-f GGCAGGCGATATTCATTACT
floR-r CGAGAAGAAGACGAAGAAGG
floR-p FAM—CTAAAGCCGACAGTGTA-BHQI
ampC-f GGGAATGCTGGATGCACAA
ampC-r CATGACCCAGTTCGCCATATC
ampC-p FAM—CCTATGGCGTGAAAACCAACGTGCA-BHQI
ermB-f GGATTCTACAAGCGTACCTTGGA
ermB-r GCTGGCAGCTTAAGCAATTGCT
ermB-p FAM—CACTAGGGTTGCTCTTGCACACTCAAGTC-BHQI
STUDY RESULTS AND DISCUSSION &
. 100 100 100
As a result of the analysis of electropherograms 100 -
and fluorescence curves of 22 samples of the bacteria
of the genus Staphylococcus isolated from the cows & 2 B 1
with mastitis, 17 antibiotic resistance genes were de- % é 60 -
tected. They corresponded to 8 groups of antibiotics, & &,
. . . o . S 40 - 36 35
including tetracyclines, beta-lactam antibiotics, ami- 9 §
noglycosides, erythromycin, chloramphenicol, lincos- & & 20 - 14
amide, macrolides and clarithromycin (Fig. 1). =B ¢
It was established that antibiotic resistance genes & 0 - N
of the tetracycline, beta-lactoman and lincosamide %\\Q &&?" @o& %\b@% \b@% @o& &cP
. . Q 0
groups were present in all studied samples of the ge- \@ \(b & \450 é\c»* x@ &Q

nus Staphylococcus (100 %). The percentage of resis-
tance genes to chloramphenicol and clarithromycin in
the samples was the lowest and amounted to 5 %. As
for the detected resistance genes to erythromycin and
aminoglycoside, their number in the studied samples
was 36 % and 32 %, respectively.
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Fig. 1. Prevalence of antibiotic resistance genes in
the bacteria of the genus Staphylococcus isolated
from the cows with mastitis

131



M. Yu. Syromyatnikov, S. V. Shabunin, E. Yu. Nesterova, M. 1. Gladkikh, V. I. Zimnikov, O. A. Manzhurina, L. Yu. Sashnina

Figure 2 shows an example of an electropherogram
(sample number 13), in which genes for antibiotic re-

TetWV

et M letB

blaTEM

sistance to tetracyclines, beta-lactams, erythromycin
and aminoglycosides were identified.

blaZ msrA  blaNDM  accA-D  TetK

Fig. 2. Electropherogram reflecting the prevalence of antibiotic resistance genes in the 13" sample of bacteria of
the genus Staphylococcus isolated from the cows with mastitis

Antimicrobial drugs, which include penicillin,
cephalosporin, streptomycin and tetracycline, are ac-
tively used as treatment and prevention of cow masti-
tis, caused by gram-positive and gram-negative bacte-
ria [12]. Such antibiotics are widely prescribed to ani-
mals to prevent mastitis. The increase in the incidence
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of mastitis in livestock leads to an even wider use of
antimicrobial drugs. All this contributes to an increase
in residual concentrations of antibiotics in milk and the
development of antibiotic resistance [12]. Fig. 3 shows
the prevalence of resistance genes to tetracyclines (A)
and beta-lactam antibiotics (B).
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Fig. 3. Prevalence of antibiotic resistance genes to tetracyclines (4) and beta-lactam antibiotics (B) in the bacteria
of the genus Staphylococcus isolated from the cows with mastitis

Based on the results of electrophoresis, it was pos-
sible to detect 5 resistance genes to tetracyclines (A).
It was shown that 100 % of samples of the bacteria of
the genus Staphylococcus contained the tetracycline
resistance gene Tet(K).
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While the percentage of the genes 7et(Z) and
Tet(W) in the studied samples was 9 % and 5 %, re-
spectively. The genes Tet(B) and Tet(M) were also de-
tected in the studied samples, and their relative con-
tent was 27 % and 23 %, respectively. Similar results
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were obtained in Indonesia, where tetracycline resis-
tance genes were found in the species Streprococcus
agalactiae isolated from the cows with mastitis [13].
As for the identified 4 beta-lactam resistance genes (B),
the gene blaTEM turned out to be dominant, which was
detected in 100 % of the samples. Less than 50 % were
blaKPC (32 %) and blaNDM (14 %), and the percent-
age of the gene blaZ was 59 %.
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Relative content of antibiotic

The results of a study conducted in China are
known, in which streptococcus obtained from the cows
with mastitis was found to be 100 % sensitive to ami-
noglycoside antibiotics [14]. Our study allowed us to
identify antibiotic resistance genes to antimicrobial
drugs based on aminoglycosides and erythromycin in
the samples of the bacteria of the genus Staphylococcus

(Fig. 4).
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Fig. 4. Prevalence of antibiotic resistance genes to aminoglycosides (4) and erythromycin (B) in the bacteria of
the genus Staphylococcus isolated from the cows with mastitis
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Fig. 5. Prevalence of antibiotic resistance genes floR, [nuA, mef4 and CLR to the antibiotics chloramphenicol,
lincosamides, macrolides and clarithromycin in the bacteria of the genus Staphylococcus isolated from the cows
with mastitis
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The aminoglycoside resistance gene aph(3')-la
was dominant in Staphylococcus samples, compared
to the gene aacA4-D. Thus, in 27 % of cases the content
of the gene aph(3')-la was detected, while only 5 %
were aacA-D (A). The detected erythromycin resis-
tance genes msrA and ermC were 27 % and 14 %, re-
spectively (B). The research carried out at Lahore fac-
tories in Pakistan detected similar resistance to eryth-
romycin in Staphylococcus aureus not only among
dairy cows, but also in buffaloes and milkmaids [15].

Figure 5 shows a graph of the prevalence of an-
tibiotic resistance genes floR, InuA, mef4 and CLR to
chloramphenicol, lincosamide, macrolide and clari-
thromycin, respectively. The total dominance of the
gene /nuA in the studied samples of the bacteria of
the genus Staphylococcus (100 %) was demonstrated.

The prevalence of the chloramphenicol resistance
gene floR and clarithromycin CLR was not so high and
amounted to 5 %, and the percentage of the macrolide
resistance gene mefA4 was 14 %. The mechanism of ac-
tion of the genes /nuAd and mefA4 is due to methylation
or mutation of the target site, active efflux of the anti-
biotic, or inactivation of the drug [16].

It should be noted that one of the most virulent
representatives of the genus Staphylococcus is S. au-
reus. It is associated with food poisoning, causes var-
ious diseases in humans and animals, and is primarily
associated with mastitis in cattle [ 17]. Enterotoxins se-
creted by Staphylococcus aureus are highly tempera-
ture-tolerant and toxic to the body [18].

CONCLUSION

The results of the study showed that the bacteria
of the genus Staphylococcus isolated from the cows
with mastitis contained a wide variety of genes for re-
sistance to antibiotics of various spectrum of action,
including beta-lactam antibiotics, aminoglycosides,
erythromycin, chloramphenicol, lincosamides, macro-
lides and clarithromycin. Resistance genes to tetracy-
clines, beta-lactam antibiotics and lincosamides were
detected in 100 % of samples.
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‘Boponesiccxuil cocyoapecmaennwlil meouyunckuil ynusepcumem umenu H. H. Bypoenxo, Boponeaic, Poccus

AnHoTauus. CoBpeMEHHbIE TEHIEHLUH YCIIEIIHOIO Pa3BUTHUSI OTPACIy OBLEBOJICTBA HAIIPABJICHBI HA IMOBBIILIE-
HHE er0 YKOHOMHUYECKOH 2(h(heKTHBHOCTH 3a CUCT MAKCHMAJIBHOTO HCIOJIB30BAHUS BCEX BUJIOB MPOIYKIIHH.
BaxHoif cTatbeil B 00IIeH CTPYKType JOXOIOB OTPACIIH OBIIEBOICTBA SBIISIOTCS MICPCTHAS, ITyOHO-MEX0Bas
1 KO)KEBCHHASI TPOAYKIUS. Borpockl nu3y4eHust MophoIOrnIecKiuX 0COOCHHOCTEH KOKHOTO TOKPOBA OBEII SIB-
JSAETCS BAXKHOH 9acThIO MO3HAHHS 3aKOHOMEPHOCTEH WHIUBUYaIBHOTO Pa3BUTHSI )KUBOTHBIX U UX MPOIYK-
THBHOCTH. L[e)ThI0 HACTOSIIIIEr0 COOOMICHHUS SIBISCTCS H3yUeHUE MOP(HOIOTHU KOXKHU Y OapaHOB pyCCKOI IITHH-
HOIIICPCTHOM MOPOABI B IOCTHATAIEHOM OHTOTeHe3e. ToMNIIITHA KOKH B OOJBIICH CTCIICHN 3aBUCUT OT MTOPOIIBL,
BO3pacTa  1oJa oBell. McceiaeqoBanus OKa3aiu, 9TO TOIIIMHA KOXKH IIPEeTepIIeBacT 3HAUUTEIbHBIC H3MCHCHUS
B MICPBBIC MECSIIBI )KU3HU )KUBOTHBIX: Y 0apaHOB B BO3PACTE YETHIPEX MECAIEB TI0 CPABHEHUIO C HOBOPOXKICH-
HBIMU 00IIast TOJIIMHA KOXKH YBEITHINBaeTCs Ha 852 MkM, 4To cocTaBiseT 43,4 % (P < 0,05). B manpHeiimem
MIPOJOKACTCS YBEIIMYCHUE TONIIUHBI KOXH 1 K 10 Mecsiiam o01mias TOIIIHHA KOKHU JOCTUTACT IMOYTH MaKCH-
MaJIbHOTO ypoBH. ToNIHA 3MTHIepMUCA 3HAYUTEITHHO YBEITUIUBACTCS Y JCCATUMECSYHBIX 0apaHoB 10 26 MKM
Ha 18,2 % 1o CpaBHEHUIO € MIECTUMECIYHBIMU KUBOTHBIMU. Ha OCHOBaHMM M3yuYeHHUs TONIIMHBI CETYATOTO
CJI0Sl AEPMBI, TONIIINHBI TYYKOB KOJUIATEHOBEIX BOJIOKOH B 3TOM CJIO€ ONPEACICHBI CPOKH MOP(HOIOTHIECKOTO
CO3peBaHMs KOMIIOHEHTOB CETYATOTO CIIOS, YTO MMEET BAKHOE MPAKTHUSCKOE 3HAUCHUE JIIST TEXHOJIOTHH TIPO-

HU3BOJACTBA OBUYMH.

KiaroueBrble ciioBa: OBIbI, MIPOAYKTUBHOCTD, MOp(bOJ'IOFI/ISI KOXH, IIOCTHATAJILHBIN OHTOICHE3

HHTepec k pa3BeIeHUIO OITY TOHKOPYHHBIX MSCO-
LIEPCTHBIX OBEI] 00YCIIOBIIEH MX BHICOKOW MTPOTyKTHB-
HOCTBIO, CKOPOCTIETIOCTHIO, XOPOITHMH YOOWHBIMH Ka-
YECTBAMH W IUIOJOBUTOCTBIO, YTO IO3BOJIIET COXpa-
HSITH OBLIEBOZICTBO KaK BHICOKOPEHTAOEIIbHYIO OTpacib
CEJIbCKOXO3SIICTBEHHOIO MPOU3BOACTBA. YPOBEHB
1 POCT NPOAYKTUBHOCTH OBEL] BO MHOI'OM 3aBUCUT OT
3¢ (EKTUBHOCTH MTPOBOUMOM CEIEKIIMOHHON pabOThI
B OBLIEBOJUECKMX XO35MCTBAX U KAUeCTBA peanusye-
MOTO IJIEMEHHOTO MOJIOAHSIKA.

B mporecce coBepuieHCTBOBaHUS MOPOJ OBELL
MIPEJCTaBIIAETCS BECbMA BaXKHBIM U aKTyaJbHBIM H3-
yueHHe MPOAYKTHBHBIX U OMOIOTHYECKHX 0COOEHHO-
CTEH KUBOTHBIX 110 PsIIy OCHOBHBIX XO35HCTBEHHO-
IOJIE3HBIX IIPU3HAKOB.

Wzyuenue GpopMupoBaHUS CTPYKTYPHI KOXKH U Ka-
YecTBa LIEPCTH MMEET He TOJBKO o0meOnoornye-
CKO€, HO M OOJIBIIIOE TPAKTHUECKOE 3HAUCHHE, TaK
KaK IIEPCTHBIN MOKPOB SBJISIETCS OCHOBHOM UX IPO-
IyKUuu. B cBA3U ¢ 3TUM, MPOBEIECHHBIE HCCIIEA0BA-
HUS TO3BOJIAIOT [OJIBECTH HAYYHYIO OCHOBY JUISI TIpa-
BUJIBHOW Pa3pabOTKU MEpOIPHUSATHH, HalIPaBICHHBIX
Ha TOBBIIICHUE POU3BOACTBA MIEPCTH, KOIUIECTBO
Y Ka4eCTBO KOTOPOW B 3HAYUTEIHHON CTENIEHU 3aBU-
CUT OT CTPYKTYPbI KOXKH.

B nocnenane 10—15 5neT Koxxa MIIEKOIIMTAIO-
UIUX SBJSUIACH MIPEIMETOM MHOTOUUCICHHBIX HCCIe-
noBanui. [lony4eHO MHOTO HOBBIX JIaHHBIX 00 OCO-
OCHHOCTSIX CTPOCHUS KOKU y PA3TUIHBIX JKUBOTHBIX.
B oOmmpHo# cBozke [ 1], MOCBAIIEHHON MOIEKYISp-
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HOW U CTPYKTYpHOW OHMOJOTHH BOJIOCA, NMPECTaB-
JIGHBI pe3yJbTaThl IKCIIEPUMEHTOB C BbIJCICHUEM
CTBOJIOBBIX KJIETOK BOJIOCA M BBIPAIIMBAaHHUEM BOJIO-
ca B MCKYCCTBEHHBIX yCIOBHsIX. [J1y0OKHe THCTONO-
TUYECKUE MCCIICIOBAHUS KOKHOTO TTOKPOBa MIIEKO-
MUTAIONIMX 0000IEHBI B MHOTOUUCIICHHBIX paboTax
B. E. Coxomnona [2].

Y MHOTHX MIJICKOIHUTAIOIIMX H3y4YeHbI BUIOBBIC
0COOEHHOCTH KOKH, BOJIOCSIHOTO TTIOKpoBa [3—7].

Bonbmoe komudecTBo padboT MO THCTOIOTHH KOXKH
Y BOJIOCSIHOT'O TIOKPOBA BHITIOJIHEHO Pa3IMYHBIMU CIIE-
nuanuctaM B oBleBojicTBe [8, 10]. B miemeHHBIX
X03HCTBAaX IIMPOKO BHEAPSETCS TEXHOJIOT s 0TOOpa
PEMOHTHBIX 0apaHOB C MUCIOJIB30BAHUEM THCTOJIOTH-
YECKUX TECTOB KOXKH [0 PAaHHEMY ITPOTHO3UPOBAHHUIO
WCTUHHOM T'yCTOTHI M Ka4eCTBa IIEPCTH.

Hecmotps Ha TpyAHOCTH OIIpeeTIeHNS TUCTOIOTH-
YECKOT'O CTPOCHUSI KOXKH, €H CIICAYET YIesITh OOJIbIIIe
BHUMAaHWUsI, TaK KaK 3TOT OpraH, OKa3bIBaeT HEIOCPE/I-
CTBEHHOE BJIMSHKE Ha KAY€CTBO KOXKU H ILIEPCTHOTO I10-
KpOBa OBEIl. DTO MO3BOJUT MOIYIUTH OOBEKTHBHYIO
OIIEHKY YKMBOTHBIM HCIIOIB3YEMBIX B CEIEKIIHOHHO-
IJIEMEHHOM paboTe.

B nacrosiiee BpeMst UMEIOTCs OOJIBIINE JTOCTH-
JKCHHSI B 00JIACTH M3YYCHUS KOXKH U IIEPCTHOTO I10-
KpOBa y Pa3JIMYHbIX BHJIOB KUBOTHBIX, OJJHAKO MHO-
THE BOIPOCH! octaroTcs [1, 9, 11] HemocTaTogHO M3-
YYEeHHBIMHU.

Llenpro HACTOSIIIETO COOOIICHUS SIBIIIETCS U3y4e-
Hue MOPPOPYHKINOHAIBHBIX TIOKa3aTeel Koxu y 0a-
paHOB PYCCKOM JJIMHHOILLIEPCTHON MOPO/Ibl B TOCTHA-
TaJbHOM OHTOT'CHE3E.

MATEPUAJIBI U METO/bI
NCCJIEJOBAHUM

Hcmonp3oBan marepuai ot 59 OapaHOB pa3ind-
HOTO Bo3pacrta (Tadm. 1). @parMeHTHl KOXH U3 00-
JIACTH CIIMHBI U OOKOBOM MOBEPXHOCTH KUBOTA (DUK-
cupoBasii B xkuakoctsax Llltuse, bysna u Llenkepa.
Marepuain 3anuBaiu B napadud. ToHkue napapuHo-
BbIE CPE3bI OKPALTHBAIN T€MaTOKCHIINH-303UHOM, a3a-
HoM 110 ['eiiieHraiiny, NpUMEHsUIN OKPAaCKy TPUXPOM-
[IMK. C noMouip0 BUHTOBOTO OKSJISIP-MUKPOMETpa
M3MEPSUTH OOLIYIO TOIIUHY KOXKH, TONLIHHY SUACP-
MHCa, COCOYKOTO M CET4aToro cioeB aAepMbl (50 n3-
MEpEHUH IJIs1 KaXX0ro KUBOTHOTO). Kpome Toro, u3-
MEepSUTH TOJIIMHY KOJIJIAar€HOBBIX BOJOKOH (50 m3me-
peHUH I KaXKI0TO KUBOTHOTO). [l onpeneneHus
HOPMaJIbHOCTH PACHPEAEICHUS B COBOKYIIHOCTH BbI-
60opok ucnonpzoBanu Tect Komvmoroposa—CmupHOBa.
Lndpossle qaHHbIE (TOMIIUHA KON U OTACIBHBIX €€
CJI0€B) HE MMEIM HOPMAJILHOTO paclpeieieHns U He
OBLJIO BBISIBIIEHO PABEHCTBO TUCTIEPCHIl B CpaBHUBAE-
MBIX TPYIIIAX U MMOATOMY 00padaThIBAINCh C IPUME-
HEHHEM HemapameTpuueckoro T-xpurtepust Yaiira.
IIpu ypoBHe 3HaunMocT P < 0,05 u3MeHeHus cuu-
TajJy CTaTUCTUYECKU 3HAYMMBbIMH. {15t 0OpaboTku
pe3ynbTaThl U3MEPEHHH TONMIIUHBI KOJIJIar€éHOBBIX BO-
JIOKOH MCIIOJIb30BaJIM MMapaMEeTPUUECKUl t-KpUTepuit
CrpiozieHTa. OTH pe3ynbTaThl YIOBICTBOPSUIN ABYM
00s13aTeIbHBIM YCIOBUSIM NPUMEHEHUS apaMeTpH-
yeckoro t-kpurepust CTeioneHTa (HOpMaIbHOCTb pac-
MIPEeAEIeHNs M paBEHCTBO JIUCTIEPCHI B CPAaBHUBAEMBIX
rpynmnax). [Ipu yposue 3nauumoctu P < 0,05 nzmene-
HUS CYUTAIIN CTAaTUCTHYECKH 3HAYNMBIMH.

Taonauuna 1
Bospacmuvie usmenenus monuunsl kodxcu y 6apanos
Tommmaa
Tonmmuna
OO01mas ToMIMHA TonmmuHa nepMBbI TTOJIKOYKHOTO
Bospact n snuaepMuca
KOXKH (MKM) (MKM) JKHUPOBOTO CIIOS
(MKM)
(MKM)
0—15 cyt. 5 1962 + 46 21+0,13 1746 + 42 195+2,93
4 mec. 6 2774 + 47" 22+£0,13 2461 + 48" 313 +8,06"
6 mec. 12 2814 £ 57" 22+£0,13 2472 + 48" 342 £8,07"
10 mec. 10 3514 £ 64" 26+0,12 3116 £51° 398 +8,92
2 rona 8 3603 + 63 28 £0,13" 3094 + 52 480 +£9,12°
3 roma 10 3645 + 65 27+0,12 3187 + 56 458 £9,82
5 ner 8 3321 £61° 25+0,14° 2898 £ 59 423 +9,67
* P <0,05 (menmapamerpuueckuii T-kputepuii Yaiita)
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PE3YJBTATHI HCCJIIEJOBAHUM

Bomnpochl u3yueHust MOppoIorndeckux 0coOeH-
HOCTEU KOXXKHOTO MOKPOBA OBEIL SIBIISIETCS BAXKHOM ya-
CTBIO MIO3HAHUSI 3aKOHOMEPHOCTEN HHIUBU Y AJIbHOTO
Pa3BUTHS )KUBOTHBIX U UX MPOTYKTUBHOCTH.

Bo3spacTHble 3MEHEHUs TOJIIUHBI KOXKHU y Oapa-
HOB PYCCKOHM JUIMHHOILIEPCTHOM IOPOJbI IIPEACTaB-
neHsl B Tabmunax 1—2 u pucynkax 1—3. Tommuaa
KOXKM TTPETEPIIeBAET 3HAYUTEIbHbBIE U3MEHEHHUS B ITEep-
BBIE MECSIIbI )KH3HH )KUBOTHBIX: y OapaHOB B BO3pa-
CTE YETHIPEX MECSIIIEB M0 CPABHEHUIO C HOBOPOXKICH-
HbIMH OapaHamu OOIIasi TOJIIMHA KOXKHU YBEIUYUBA-
etcs Ha 812 mkM, uto coctassiet 41,4 % (P < 0,05).
B nanbHelieM npoaoixkaeTcs YBEJIUUYEHUE TOJIIU-
HbI KO3KH U K 10 Mecsmam o01iast TOJIMHA KOXKHU J10-

CTHUTaeT MOoYTH MakcUMajibHOTO ypoBHs. [lo cpaBHe-
HUIO C TIPEIBIIYITIM MEPUOIOM Y JECSITUMECSIUHBIX
0apaHOB TOJNITMHA KOXH yBenmnuuBaeTcs Ha 700 MKkM
(24,9 %). Y B3pOoCIBIX OIOBO3PEIBIX KUBOTHBIX TOJI-
IIMHA KOXKU U3MEHsieTcst Matio (Tadi. 1), ogHako y 6a-
paHOB B BO3pacT 5 JIET M0 CPaBHEHUIO ¢ MpeAbIAYyIIeH
BO3PACTHOM TPyNION 00Iast TOMIIHWHA KOXKH YMEHbB-
maercs Ha 324 MM, uTo cocTaBiseT 9,8 %.

TommuHa srraepMuca (puc. 2) 3HaYUTEITHHO YBe-
JIUYMBAETCS y JIECATUMECSIHBIX OapaHoB 10 26 MKM
nnu Ha 18,2 % 1o CpaBHEHHIO C IIECTUMECSIYHBI-
MU JKMBOTHBIMH. Y 0apaHOB B BO3pacTe ABYX-TpeX
JIeT TONIIHMHA AMUAEPMHCA TOYTH HE M3MEHSETCH.
‘YMeHbIIIeHNE TOJIINHBI ATIHIEPMHUCA BBISBICHO B Oa-
paHoB B Bo3pacte 5 net (Ha 8 %; P < 0,05).

Tabnuna 2
Bospacmuvie usmenenus monwunsl Oepmvl y bapanos
TonmuHa cOCOUYKO- CooTHolieHne JuameTp mmy4xkoB
TonmuHa ceTyaToro
Bospacr BOTO CJOSI IEPMBI CEeTUaToro CIIos KOJITAar€HOBBIX
CJ0sI IEPMBI (MKM)
(MKM) K COCOYKOBOMY BOJIOKOH (MKM)
0—15 cyt. 794 952 1,20 11+£0,11
4 mec. 1096 1365 1,24 16 £0,13"
6 mec. 1038 1434 1,38 17+0,12°
10 mec. 1248 1823 1,46 21+0,13
2 roga 1247 1847 1,48 27+0,14"
3 roga 1244 1943 1,56 25+0,13
5 ner 1130 1768 1,56 20+ 0,12

* P<0,001 (mapamerpuueckuii t-kpurepuii CThIOIEHTA)

Bonbiioe nusiHIE Ha KOTMYECTBO M KAYECTBO MPO-
JyLUPYyEMON IIEPCTH, a TAKKE HA TOBAPHbBIE CBOMCTBA
KOKH OBEIT OKa3bIBAIOT CTPOCHHUE W (PYHKIIHUS TCPMBEL.
JepMma y 6apaHOB BKIIFOUAET COCOYKOBBII U CETYATHIN
ciou. COCOUKOBBIN CIIOW, pacroJiararoIliuiicss Hemo-
CPEIICTBEHHO TMOJ SMUACPMUCOM U3MEHSIETCS oT 794
10 1248 mxm (tabn. 2). CocouKkoBBIH €0 MpeacTas-
JIEH PBIXJION COENMHUTENIbHON TKaHb0, MHOTOYHUCIICH-
HBIMHU KPOBEHOCHBIMHU COCY/JaMHU U Pa3JIMYHBIMU CO-
€IMHUTEIbHOTKAHHBIMU KJIeTKaMu. BepxHsisi rpaHuna
COCOYKOBOTO CJIOSI OMIPEISIISICTCS JIETKO (3TO HIKHSS
4acTh 3MUJEPMHUCA), HIKHSS IPAHUIA COCOYKOBOTO
CJIO0s1 OTIPENIETISIETCS TI0 KOJIMYECTBY U PACIIOIOKEHUIO
ITyYKOB KOJJTAT€HOBBIX BOJIOKOH. COCOYKOBBINA CIIOU
XapaKTepU3yeTcs HAJUYUEM DPBIXJION COEIUMHUTEIb-
HOM TKaHM, a CeTYaThIN CJION COCTOUT U3 IIJIOTHOM, He-

0(OpPMIICHHON KOJUTAr€HOBOW COCIMHUTEIILHOM TKa-
HWU, Yallle BCEro BEpXHHE CIIOM CETYATOTO CIIOSI UMEIOT
TOPU30HTAJIHHOE HAINpaBJIEHNE KOJIJIAar€HOBBIX BOJIO-
KoH (puc. 1 A). YBenu4yeHne TONIIHMHBI COCOYKOBOTO
ciost oTMevaeTcsi y 6apanoB B Bo3pacte 6 u 10 mecs-
1eB coorBeTcTBeHHO Ha 30,7 1 57,2 %. YBenuueHue
coctaByseT 244 u 454 mxwm (P < 0,05).Crenens pas-
BUTHSI COCOYKOBOTO CIIOS, €0 CTPYKTYypa HaXOJSTCS
B3aMIMOCBSI3M OT TYCTOTHI, JUITMHBI, TOJIIWHBI KOJIIa-
TEHOBBIX BOJIOKOH.

AHaJIOrHYHbIC U3MEHEHHUS TTPETEPIICBACT TOJIIIH-
Ha CEeTYaToOro CJOsl IePMbl KOXKH. Y OapaHOB B BO3-
pacte 4 u 6 MecCSIIeB TONIUHA CETIATOTO CJIOS BO3-
pactaer coorBeTcTBeHHO Ha 413 n 482 mxm (43,4
n 50,6 %) 1Mo CpaBHEHWIO C HOBOPOXKICHHBIMH YKH-
BOTHBIMH (TabII. 2).
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Puc. 1. Koxa 6apana. Bozpacr 4 mecsina:

A — cBepxy BUJICH 3MUACPMUC (TeMHas mojoca). Huke cocodkoBblil cioit (romyObie cTpenkn). UepHbIMU CTpesIKaMu 000-

3HA4YEH CeTYaThlil (CedYaThlil CIION C IMONePEeYHO Pa3pe3aHHBIMHU BOJIOCSHBIMU (GouiKyaamMu (1), CalbHBIMU (2) M TOTOBBIMU

xene3amu (3); B — cedarslid ciioil npu OosbiieM yBennueHud. Gukcanus: sxuakocts LI TiBe, okpacka: reMaTOKCHIIMH-031H,
yBenuueHune 4 — 00. 20, ok. 10; B — 00. 40, ok. 10
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Puc. 2. Koxa 6apana:

A — BO3pacT HOBOPOXKICHHBIE. DIUICPMHUC BKITIOUAET 2—3 CJIOS SMUTEIHAIBHBIX KIeTOK. [1o] snnTesneM BUICH COCOYKOBBII

CJIOW, B KOTOPOM BHIIHBI TOHKHE MOJIOZIbIC KOJIJIAT€HOBBIE BOJIOKHA M (GuOpobnacTel; B — Bo3pact 4 Mecsina. DnuaepMuc

MOYTH B J1Ba pa3a MPEBbHIIIACT TONIIMHY dUAECPMHCA IpeIbLayIero 6apaHa. B sanuuepmuce MOXHO BbIIEIUTh S—6 1 Ooree

CJI0€B KJIETOK. XOPOLIO BhIpaXkeH poroBoi cioil. [lox snuaepmucom BuieH cocoukoBblil ciioi. @ukcanus: xxunkocts LiTuse,
OKpacka: reMaTOKCHUIIMH-2031H, yBenundenue 06. 40, ok. 16
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—

b

Puc. 3. Koxa 0apana. Cetyarblii cioii 1epMbi:

A — BO3pacT HOBOpOXIeHHbIe. TOHKHE KOJUTAreHOBbIE BOJIOKHA MMEIOT B OCHOBHOM FOPU30HTAILHOE HAIIPaBIIeHKe; B — BO3-
pacrt 10 mecsiieB. ToscThIe ITyYKH KOJUTATGHOBBIX BOJIOKOH MEPEIJICTAIOTCS U UMEIOT pa3Hoe HanpapieHne. DuKcarust: sKu-
kocTh llITHBe, OKpacka: TeMaTOKCHIMH-303HH, yBenudeHue 00. 40, ok. 16
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Paznuuus cratuctuuecku 3uagumel (P < 0,05).
Y 6apaHoB B Bo3pacTe 2 1 3 rojia TOJIITNHA CETYaTOTrO
CJIOST ICPMBI TOCTUTAST MAaKCUMATBHOTO YpoBHS (1847
1 1943 MKM), OTHAKO y TSTHIIETHUX OapaHOB 3TOT I10-
KazareJsb cHkaercs Ha 175 MM (9,9 %). [TogkoxHas
JKUPOBAs KJIETUYaTKa MAaKCHMAJIBHO PAa3BUTA Y TPEXJIET-
HUX OapaHOB, TPEBBIIIas OoJiee YeM B JIBa pa3a TOJIIIU-
HY MOAKOKHOHN JKHPOBOU KJIETYATKH Y HOBOPOXKJICH-
HBIX )KUBOTHBIX (Ta0II. 1).

COOTHOIIIEHHNE TOJIIUHBI CETYATOTO CJIOSI K TOJI-
LIMHE COCOYKOBOTO CJI0Sl Y HOBOPOXKJIEHHBIX KHBOT-
HbIX cocTaBisieT 1,20, HO TOCTENEHHO ATOT MOKa3aTeilb
YBEIMYUBACTCSI, TOCTUTAsI MAKCUMATHHOTO 3HAYCHUS
y TpeX | ISTHICTHUX OapaHoB (Talr. 2).

Oco0eHHo criemyeT 00paTUTh BHUMaHHE Ha Pa3BH-
THE CeTYaToro CJos y 0apaHOB B TOCTHATAIIEHOM OH-
ToreHe3e. Kak ObLIO yke OTMEYEHO, MaKCHMaJlbHas
TOJIIIIMHA CETYATOTO CJIOS BBISIBIICHA Y TPEXJICTHUX Oa-
paHoB. Y G6apaHoB B Bo3pacte 10 MecsIieB 3TOT moka-
3aTeyh IMOUTH B IBA Pa3a MPEBBIMIACT TOJIINHY CeTua-
TOTO CJIOSl Y HOBOPOXKICHHBIX KHBOTHBIX.

CetuaThlii CJION MPEACTABIEH yYKaMU KoJlare-
HOBBIX U 3JaCTUUYECKUX BOJIOKOH CJIOXKHOTO Meperie-
TeHus. BenuunHa u XapakTep BsI3U ITyYKOB SIBJISTFOTCS
BaKHBIM [TOPO/THBIM ITPU3HAKOM U OTIPEACIISIOT ITPOU-
HOCTh KoH. Kak mokaszanu mccienoBanus, ¢ BO3pa-
CTOM M3MEHSETCS AUaMEeTp M PACIIONIOKEHHE ITYIKOB
KOJIJIAaTr€HOBBIX BOJIOKOH CETYATOTo Ccjios. TommuHa
ITyYKOB KOJUIAT€HOBBIX BOJIOKOH Y HOBOPOKICHHBIX
OapaHoB cocrapisieT Bcero 11 + 0,11 MkM, HO yxke
Y YETBIPEXMECSYHBIX OAPAaHOB TOJIIMHA ITYYKOB KOJI-
JIATCHOBBIX BOJIOKOH Bo3pacTtaet Ha 45,5 %. Y HOBO-
POXIEHHBIX OapaHOB (pHc. 3) KOJIJIar€HOBBIC BOJIOK-
Ha pacrioyiararoTcs MpeuMyIIeCTBEHHO TOPU30HTAIEHO
Y JIWIIB OTACIbHBIC TyYKH HAIPABJICHBI BEPTHKAIBHO.
VY gerpipexmecsuHbIX OapaHoB Oomnee 30 % BoIOKOH
HMMEIOT BEPTUKAJILHOE PAcIIOIOKEHHNE, OCTaIbHbIE TO-
PH30HTATLHO HAIIPABJICHBI.

VY nmecATHMECSYHBIX JKHBOTHBIX, KaKk OBLIO yiKe
OTMEYEHO, TOJIINHA MTyYKOB KOJIJIAr€HOBBIX BOJIOKOH
YBEIIMYMBAETCS MTOYTH B JIBa Pa3a 110 CPABHEHUIO C HO-
BOPOXJICHHBIMHU KUBOTHBIMH, TIPH 3TOM OTMEYacT-
Csl COBEpPILIEHCTBOBAHUE BA3U 3a CUET Pa3HOTO MX Ha-
TIpaBJICHIS, 00Pa30BaHI MHOTOYNCIICHHBIX TIETETD,
MepeIUIeTeHnd. AHAIOTHYHOE CTPOCHHE CETIaTOTO
CJIosl coxpaHsieTcsi bapaHOB B Bo3pacte 2 W 3 rofa.
VY nsaTwiieTHUX OapaHOB HAONIOJAETCs YIPOIIECHUE
BSI3U U YMCHBIIICHUE TOJIIIMHBI ITyYKOB KOJIJIAreHO-
BBIX BOJIOKOH.

3AKJIIOUEHUE

l'ucronornveckue ucciie0BaHKs MOKAa3aTeNH, 9TO
W3y4YeHne oOmiel TONIMHBI KOKH U €€ CIIOEB, COOT-
HOIIICHUST CETYATOTO CJI0SI K COCOYKOBOMY, TMAMETpPa
ITyYKOB KOJIAT€HOBBIX BOJIOKOH B BO3PACTHOM aCIIeK-
TE TIO3BOJISIET Pa3padaThiBaTh HAYYHO 00OCHOBAHHbBIC
MEPOIPHUATHS, HAIIPABJICHHBIC HA TOBBIIIICHUE IIIEPCT-
HOM MPOTYKTUBHOCTH U YITyUIIICHUE KaueCTBa IIyOHO-
MEXOBOTO M KOYKEBEHHOTO CHIPbSI.
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SKIN OF CROSSBRED SHEEP WHEN ASSESSING
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Abstract. Modern trends in the successful development of the sheep breeding industry are aimed at increasing
its economic efficacy through the maximum use of all types of products. An important item in the overall income
structure of the sheep breeding industry is wool, fur coats and leather products. The study of the morphological
characteristics of the skin of sheep is an important part of understanding the patterns of individual development
of animals and their productivity. The objective of this report is to study the morphology of the skin in rams of
the Russian long-haired breed in postnatal ontogenesis. The thickness of the skin largely depends on the breed,
age and gender of the sheep. The studies have shown that skin thickness undergoes significant changes in the first
months of animal life: in the rams at the age of four months, compared to the newborns, the total skin thickness
increases by 852 um, which is 43.4 % (P < 0.05). Subsequently, the increase in skin thickness continues and by
10 months the total skin thickness reaches almost its maximum level. The thickness of the epidermis increases
significantly in the rams at the age of ten months — up to 26 pm, by 18.2 %, compared to the six-month-old an-
imals. Based on the study of the thickness of the reticular layer of the dermis and the thickness of the collagen fi-
ber bundles in this layer, the timing of the morphological maturation of the components of the reticular layer has

been determined, which is of great practical importance for the technology of sheepskin production.
Keywords: sheep, productivity, skin morphology, postnatal ontogenesis

Interest in breeding semi-fine wool and wool-and-
meat producing sheep is due to their high productiv-
ity, early maturity, good slaughter qualities and fer-
tility, which allows sheep farming to remain a highly
profitable branch of agricultural production. The lev-
el and growth of sheep productivity largely depend on
the efficacy of the selection work carried out on sheep
farms and the quality of the sold of the young breeders.

In the process of improving sheep breeds, it seems
very important and relevant to study the productive and
biological characteristics of animals for a number of
basic economically useful traits.

The study of the formation of skin structure and
wool quality is not only of general biological, but also
of great practical importance, since wool is their main
product. In this regard, the conducted research allows
us to provide a scientific basis for the correct devel-
opment of measures aimed at increasing wool produc-
tion, the quantity and quality of which largely depends
on the skin structure.

In the last 10—15 years, mammalian skin has been
the subject of numerous studies. Much new data have
been obtained on the structural features of the skin
in various animals. An extensive summary [1] on the
molecular and structural biology of hair presents the
results of experiments with the isolation of hair stem
cells and growing hair under artificial conditions. In-
depth histological studies of the skin of mammals are
summarized in numerous works by V. E. Sokolov [2].

The specific characteristics of the skin and hair
have been studied in many mammals [3—7].

A large number of works on the histology of skin
and hair have been carried out by various specialists
in sheep breeding [8, 10]. At breeding farms, the tech-
nology for selecting replacement rams using histolog-
ical skin tests for early prediction of the true thickness
and quality of wool is being widely introduced.

Despite the difficulties in determining the histolog-
ical structure of the skin, more attention should be paid
to it, since this organ has a direct effect on the quali-
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ty of the skin and wool of sheep. This will allow us to
obtain an objective assessment of the animals used in
selection and breeding work.

Currently, there have been great achievements in
the field of studying the skin and fur of various ani-
mal species, but many issues remain [1, 9, 11] insuf-
ficiently studied.

The objective of this report is to study the morpho-
functional indicators of the skin in rams of the Russian
long-haired breed in postnatal ontogenesis.

MATERIAL AND METHODS

Material from 59 rams of various ages was used
(Table 1). Skin fragments from the back and lateral sur-
face of the abdomen were fixed in Steve’s, Bouin’s and
Zenker’s fluids. The material was embedded in paraf-
fin. Thin paraffin sections were stained with hematox-
ylin-eosin, Heidenhain’s azan, and trichrome-CHIC
staining was used. Using an ocular micrometer, the
total thickness of the skin, the thickness of the epider-
mis, the papillary and reticular layers of the dermis
were measured (50 measurements for each animal).
In addition, the thickness of collagen fibers was mea-
sured (50 measurements for each animal). To deter-
mine the normality of distribution in the set of samples,
the Kolmogorov—Smirnov test was used. Digital data
(thickness of the skin and its individual layers) did not
have a normal distribution, and equality of variances
was not revealed in the compared groups, and there-
fore, and the data were processed using the nonpara-
metric White T test. At a significance level of P < 0.05,
changes were considered statistically significant. To
process the results of measurements of the thickness
of collagen fibers, the parametric Student’s t-test was

used. These results satisfied two mandatory conditions
for using the parametric Student’s t-test (normality of
distribution and equality of variances in the compared
groups). At a significance level of P <0.05, changes
were considered statistically significant.

STUDY RESULTS

The study of the morphological characteristics of
the skin of sheep is an important part of understand-
ing the patterns of individual development of animals
and their productivity.

Age-related changes in skin thickness in rams of
the Russian long-haired breed are presented in Tables
1—2 and Fig. 1—3. Skin thickness undergoes signif-
icant changes in the first months of animal life: in the
rams aged four months, compared to the newborn rams,
the total skin thickness increases by 812 um, which is
41.4 % (P < 0.05). Subsequently, the increase in skin
thickness continues and by 10 months the total skin
thickness reaches almost its maximum level. Compared
to the previous period, skin thickness in the rams at
the age of ten months increases by 700 um (24.9 %).
In adult sexually mature animals, the skin thickness
changes little (Table 1), however, in the rams at the age
of'5 years, compared to the previous age group, the to-
tal skin thickness decreases by 324 um, which is 9.8 %.

The thickness of the epidermis (Fig. 2) increases
significantly in the rams at the age of ten months —
up to 26 pm or by 18.2 %, compared to the animals at
the age of six months. In the rams aged two to three
years, the thickness of the epidermis remains almost
unchanged. A decrease in the thickness of the epi-
dermis was detected in the rams at the age of 5 years
(by 8 %; P <0.05).

Table 1
Age-related changes in skin thickness in rams
o | gt | Do o
layer (um)
0—15d 5 1962 + 46 21+£0.13 1746 £ 42 195 +2.93
4 mth 6 2774 £ 47" 22+0.13 2461 + 48" 313 £8.06"
6 mth 12 2814 + 57" 22+0.13 2472 £ 48" 342 £8.07"
10 mth 10 3514 + 64" 26+0.12" 3116 £ 517 398 +8.92
2 yrs 8 3603 + 63 28 £0.13" 3094 + 52 480 +£9.12°
3 yrs 10 3645 £ 65 27+0.12 3187 +56 458 £9.82
Syrs 8 3321 + 61" 25+0.14 2898 + 59 423 +9.67
* P <0.05 (White’s nonparametric T-test)
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Table 2
Age-related changes in dermal thickness in sheep
Thickness of the Thickness of the Ratio of reticular .
. . . Diameter of collagen
Age papillary layer of the | reticular layer of the layer to papillary
. . fiber bundles (pm)
dermis (pum) dermis (pm) layer
0—15d 794 952 1.20 11+£0.11
4 mth 1096 1365 1.24 16 +0.13"
6 mth 1038 1434 1.38 17+0.12"
10 mth 1248 1823 1.46 21+0.13
2 yrs 1247 1847 1.48 27 +0.14"
3 yrs 1244 1943 1.56 25+0.13
5 yrs 1130 1768 1.56 20+0.12

* P <0.001 (Student’s parametric t-test)

The structure and function of the dermis have a
great effect on the quantity and quality of the wool
produced, as well as on the commercial properties of
sheep skin. The dermis of sheep includes the papillary
and reticular layers. The papillary layer, located direct-
ly under the epidermis, varies from 794 to 1248 pum
(Table 2). The papillary layer is represented by loose
connective tissue, numerous blood vessels and vari-
ous connective tissue cells. The upper border of the
papillary layer is easily determined (this is the low-
er part of the epidermis), the lower border of the pap-
illary layer is determined by the number and location
of collagen fiber bundles. The papillary layer is char-
acterized by the presence of loose connective tissue,
and the reticular layer consists of dense, unformed col-
lagenous connective tissue; most often, the upper lay-
ers of the reticular layer have a horizontal direction
of collagen fibers (Fig. 1 A). An increase in the thick-
ness of the papillary layer is observed in the rams at
the age of 6 and 10 months, by 30.7 and 57.2 %, re-
spectively. The increase is 244 and 454 pm (P < 0.05).
The degree of development of the papillary layer and
its structure depend on the density, length and thick-
ness of collagen fibers.

The thickness of the reticular layer of the skin der-
mis undergoes similar changes. In the rams at the age
of 4 and 6 months, the thickness of the reticular layer
increases by 413 and 482 um (43.4 and 50.6 %), re-
spectively, compared to the newborn animals (Table 2).
The differences are statistically significant (P < 0.05).
In the rams at the age of 2 and 3 years, the thickness
of the reticular layer of the dermis reaches its maxi-
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mum level (1847 and 1943 um), but in the rams at the
age of 5 years this figure decreases by 175 pm (9.9 %).
Subcutaneous fatty tissue is most developed in the rams
at the age of three years, exceeding more than twice
the thickness of subcutaneous fatty tissue in the new-
born animals (Table 1). The ratio of the thickness of
the reticular layer to the thickness of the papillary lay-
er in newborn animals is 1.20, but gradually this fig-
ure increases, reaching a maximum value in the rams
at the age of three and five years (Table 2). Particular
attention should be paid to the development of the re-
ticular layer in rams in postnatal ontogenesis. As al-
ready noted, the maximum thickness of the reticular
layer was found in the rams at the age of three years.
In the rams at the age of 10 months, this figure is al-
most twice the thickness of the reticular layer in the
newborn animals.

The reticular layer is represented by bundles of col-
lagen and elastic fibers of complex weave. The size and
nature of the bundls are an important breed character-
istic and determine the strength of the skin. The stud-
ies have shown that the diameter and arrangement of
bundles of collagen fibers in the reticular layer change
with age. The thickness of the collagen fiber bundles
in the newborn rams is only 11 + 0.11 um, but already
in the rams at the age of four months the thickness of
the collagen fiber bundles increases by 45.5 %. In the
newborn rams (Fig. 3), collagen fibers are located pre-
dominantly horizontally and only individual bundles
are directed vertically. In the rams at the age of four
months, more than 30 % of the fibers are vertical, the
rest are horizontal.
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Morphological characteristics of the skin of crossbred sheep when assessing the quality of sheep products

Fig. 1. Ram leather. Age — 4 months:

A — the epidermis is visible from above (dark stripe). Below is the papillary layer (blue arrows). Black arrows indicate the
reticular layer with transversely cut hair follicles (7), sebaceous (2) and sweat glands (3); B — cross-section layer at higher
magnification. Fixation: Steve’s fluid, staining: hematoxylin-eosin, m. 4 — 20, ap. 10; B — 40, ap. 10
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Fig. 2. Ram leather:
A — newborns. The epidermis includes 2—3 layers of epithelial cells. Beneath the epithelium, a papillary layer is visible, in
which thin young collagen fibers and fibroblasts are visible; B — age 4 months. The epidermis is almost twice the thickness
of the epidermis of the previous ram. In the epidermis, 5—6 or more layers of cells can be distinguished. The stratum corneum
is well defined. The papillary layer is visible under the epidermis. Fixation: Steve’s fluid, staining: hematoxylin-eosin, m. 40,
ap. 16
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—

Fig. 3. Ram leather. Reticular layer of the dermis:

A — newborns. Thin collagen fibers have a mainly horizontal direction; B — age of 10 months. Thick bundles of collagen
fibers are intertwined and have different directions. Fixation: Steve’s fluid, staining: hematoxylin-eosin, m. — 40, ap. 16
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In the animals at the age of ten months, as already
noted, the thickness of the collagen fiber bundles al-
most doubles, compared to the newborn animals, while
an improvement in the ligature is noted due to their
different directions, the formation of numerous loops
and weaves. A similar structure of the reticular layer
is preserved in the rams at the age of 2 and 3 years. In
the rams at the age of five years, a simplification of
the ligature and a decrease in the thickness of the col-
lagen fiber bundles are observed.

CONCLUSION

Histological studies indicate that the study of the
total thickness of the skin and its layers, the ratio of
the reticular layer to the papillary layer, the diameter
of the collagen fiber bundles in the age aspect makes
it possible to develop scientifically based measures
aimed at increasing wool productivity and improving
the quality of fur and leather raw materials.
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AHnHoTanus. B pabore mpeacTaBiaeHbl pe3yabTaThl HCCIIEA0BAHNS BRICOKOTIPON3BOIUTEIFHOTO CEKBEHUPOBAHNUS
rpUOHOTO MUKPOOHOMA KHITICYHHIKA CBHHEH, & TAK)KE OIICHKA BIIMSHUS TIOKa3aTeNsi KOHBEPCHH KOpMa Ha Oropas-
HOOOpasue rpuOHOro coo0IecTBa KUIICUHUKA )KUBOTHBIX. buonHdopmaruyeckuii aHalin3 HyKJICOTHIHBIX T10-
CJIeI0BAaTEeIbHOCTEH BRISIBII B KHIICYHUKE CBHHEH 3 OaKTepHaIbHBIX THIIA, B YMCIIO KOTOPHIX BOILTA ASCOmyco-
ta, Basidiomycota u Microsporidia. JloMuHUpYOIIUME THIIAMH OKa3auch Ascomycota u Basidiomycota. Hau-
00JIee MHOTOYHCIICHHBIMU ITPHOaMK Ha YPOBHE CEMENCTBA OKa3aluch npeacraButenu Schizosaccharomycetaceae.
CaMbIM MHOTOYHCIICHHBIM BUOM B KAIIICYHOM MHUKPOOHOME CBUHEH oka3asics Schizosaccharomyces pombe (ot1-
HOCHUTEJIBHOE COJIepKaHue IS IBYX UCCIIeyEeMbIX TPy cocTaBuiio 9,24 + 1,49). Ha BTopoM MecTe 1o pacipo-
crpanenHoctu Obu1 BuI Colletotrichum higginsianum (oTHOCHTeNBHOE copepkanue st Tpymsl A: 5,44 + 0,98,
st rpynnbsl b 5,97 £ 0,76) u Thermothielavioides terrestris oTHOCHTEIbHOE COJEpIKAHUE Uil TPYTMIbl A:
3,96 £ 0,67, nust rpynmsl b 4,37 £ 0,46). CpaBHUTEIbHBIN OHOMH(GOPMATHYCCKUN aHATM3 KHIICYHOTO MUKOOHO-
Ma JBYX I'PYIII CBUHEH C Pa3HbIM [10Ka3aTeeM KOHBEPCUU KOpMa HE BbISIBUJI JOCTOBEPHBIX Pa3JIMUMil HA ypOB-
HE TUIa, ceMelcTBa U BUAA. Pe3ynbTarhl 1eMOHCTPUPYIOT HEOOXOAMMOCTD JAIBHEUIIETO IETAThHOTO U3yUeHUS
JIAHHOTO BOIIpOCa.

KaioueBblie cjioBa: rpu0bl, MUKPOOHOM, KUILICYHUK CBUHEH, KOHBEPCHS KOPMa, F€HbI, BHICOKOITPOM3BOIUTEb-

HOC CCKBCHUPOBAHUC

KonBepcus xopma B CBUHOBOJCTBE — OJMH M3
BaYKHEUIINX YKOHOMUYECKHUX [T0KA3aTeNeH Mpeanpusi-
trst. OH UCITONIB3YEeTCS TSl u3MepeHus 3P GEKTHBHO-
CTH KOpMa. BpICOKHe 3HaYeHNsI KOHBEPCHU TIPUBOJISAT
K OTHOCHUTEIBHO BBICOKMM II€HAM Ha CBUHHHY B pe-
3yJbTaTe MOBBIIIEHHBIX 3aTpaT Ha KopMieHue. Takum
00pa3oM, CHW)KEHHE JaHHOTO IOKa3aTelisl Y CBUHEH,
BBIPAIIBAEMBIX Ha KPYITHBIX CBHHOBOTUECKUX TIPE-
MPUSTHAX, TIPEACTABISET COOO0M BaKHYIO CTPATETHIO
MUHUMH3AIIH 3aTpaT Ha TPOU3BOJICTBO CBHHUHEI [ 1].

B nacrosiiiee Bpemst UAET HENPEPBIBHOW MOMCK
(hakTOpOB, KOTOPBIE MOIIA Obl OOCCICUUTH JYUIIYHO
YCBOSIEMOCTb KOPMOB M YBEJIMUEHHUE ITOKa3aTeseil mpu-

Beca JKUBOTHBIX. KopmileHne HanpsMyto CBS3aHO C KH-
MIEIHON MUKPOOHOTOM, TTOCKOJIBKY TTOCIICTHSISI BBITIO-
HAET MEPBOCTENICHHYIO POJIb B YCBOSIEMOCTH ITUTATEIh-
HBIX 3JIEMEHTOB, YTJIEBOJHOM OOMEHE, a TAK)KE BIIHASET
Ha 3JI0POBbE ¥ UIMMYHUTET KUBOTHOTO. MUKpOOHOM
KHIIIEYHHUKA MPEJICTABISET COOOU CIIOKHYIO CHUCTE-
My B3aUMOJICHCTBYIOIINX MEXIAY cOO0M MHOXKECTBa
pa3Ho0Opa3HbIX MOMyNAUui OakTepuii u rpudos [1].
OnnHako, B OCHOBHOM ITOIOOHBIE UCCIICIOBAHUS COCpe-
JIOTOYEHBI Ha M3YYEeHUHU OaKTEPHOIIOTHIECKOTO COCTA-
Ba KUIIEYHOTO MHUKPOOUOMA CBUHEH.

B nocnenHee Bpemst pacTeT YMCIIO IMyOIHKAIIHiA,
MOCBSIIEHHBIX TpHOHOMY MHUKpoOuomy. Tak, B of-
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HOM W3 UCCIEIOBaHMH, OBIIO MOKAa3aHO, YTO BUJ
Kazachstania slooffiae aBnsercs Hanboiee oOMIIb-
HBIM JUTS KHIIEYHUKA OTITy9E€HHBIX OT MOJIOKA TOPOCAT
[2]. Taxke B KUIIEYHUKE CBUHEH ObLTA OOHAPYKEHBI
rpubbl ponos Saccharomycopsis, Mrakia, Wallemia,
Cantharellus, Eurotium, Solicoccozyma w Penicillium
[3]. C BO3pacTOM MUKOOHMOM MOXXET MEHSTBHCS, TaK
OTHOCHUTEJIbHAS YUCICHHOCTh pofioB Kazachstania
u Aureobasidium 3HAYUTEIBHO CHUIKAJIACh, TOI/a
KaK OTHOCHTEIIbHAS YHCICHHOCTh TAKUX POJIOB, KaK
Aspergillus, Cladosporium, Simpliillium n Candida,
yBEJIMYUBAJIACh 110 MEpPE B3POCIEHUSI TOPOCsT [4].

JlanHOe mcciieioBaHne OBUIO HANPABICHO HA W3-
yUICHHE TPUOHOTO MHKPOOHMOMA KHIIICUHUKA CBUHEH
B TIEPHOJ OTKOPMA M €r0 CBSI3M C IMOKa3aTrejeM KOH-
BEPCHH KOpMa.

MATEPHUAJIBI U METO/ bl
HUCCJIEJOBAHUM

B kadecTBe 00BbeKTa NCCIIeIOBAHUS BBICTYIIAIIO CO-
JEPKIMOE TOJICTOTO OT/AeTa KUIIIEYHNKA MOy IeHHBIX
OT KJIMHWYECKH 37I0POBBIE CBUHBHU B TIEPUO OTKOpMaA
(n =12). )KMBOTHBIX pa3aenuiu Ha 2 TPYIIIbI COTJIac-
HO K03((UIMEHTY KOHBEPCHUHU KOpMa: HU3Kasi KOHBEp-
cust kKopMa (A) co cperHIM KO3 PHUIIMEHTOM KOHBEP-
cuu 2,00 (n = 6) u BeicOKas koHBepcus kopma (b) co
cpemHnM K03 puItneHToM KouBepenu 2,22 (n = 6).

Jus sxerpakiun JITHK n3 o0OpasioB ucmonb3o-
Banu kommepueckuit Habop HiPure DNA Micro Kit
(Magen, I'yanwxoy, Kurait). Beinenenue npoBoauin
COTJIACHO TMPOTOKOJIY MPOU3BOAMTENA. bubmuorexu
CEKBEHHPOBAHHUS TOTOBWJIH MO CIEAYIOMEMY TPO-
tokony: JIHK ¢parmMenTupoBanm ¢ ucmoap30BaHU-
em Habopa MGIEasy Fast FS Library Prep Module
(MG, I»upwkaHb, KuTait) ¢ mocnenyromeit o4nct-
kot MmaruuTHbIMU yactuiaMmu MGIEasy DNA Clean
Beads (MGI, IIsupuxanub, Kuraii). Jluruposanue
aJanTepoB MPOBOAMIN C KOMIUIEKTOM aJanTepoB A
st ipaitmepoB MGIEasy UDB (MGI, 1LI>HBDKAHB,
Kurait) u [1L[P-ammmudukanmeii. Kavectso 6ubmmo-
teku JIHK onenuBanu ¢ ucnonaszoBanneM Qubit u Ha-
6opa Qubit dsDNA HS Assay Kit (Invitrogen, Yonrem,
Maccauycerc, CIIIA).

JlanbHeNIy 0 HUPKYJISIPU3ALIUIO OTHOM HUTH OCY-
MIECTBILLIN ¢ HCTToiTb30BarreM Momyist MGIEasy Dual
Barcode Circularization Module (MGI, ILIHBWKAHB,
Kuraii). OxoHuarenbHble OMOIUOTEKN OBLTA 00BEIH-
HEHBI ¥ CEKBEHUPOBAHbI C UCIIOIH30BaHUEM TLIAT(OP-
MmbI cekBeHupoBanus MGI DNBSEQ-GS50 ¢ monenbio
MIPOTOYHOM stueiiku st cekBernupoBanuss DNBSEQ-
G50RS: FCL (MGI, Ulsupuxaub, Kuraif). 1 co-
3nanus DNB ucrions3oBancs HaOOp [UIst BRICOKOTIPO-

n3BouTeNnpHOrO cekBeHupoBanus DNBSEQ-G50RS.
KagectBO HE0oOpabOTaHHBIX METATCHOMHBIX JaH-
HBIX OIICHUBAJIH C MOMOIIBI0 HHCTpyMeHTa FastQC.
TexHUYECKHE MOCIIENI0BATEILHOCTH U 0a3bl HU3KOTO
kadectBa (Q < 30) ObuTH 0OpE3aHbI ¢ MOMOIIBIO fastp.
TakcoHoMuueckoe NpouInpoBanrue 00pasoB ObLIO
BBINIOJIHEHO € UcTioNb3oBanueM Kraken2 co crannapr-
HBIMU 0a3aMH JaHHBIX ISl 3YKapHUOT.

PE3YJBTATHI UCCJEIOBAHUN
N OBCYXKAEHUSA

Buonndopmarnueckuii aHanu3 pe3ysibTaToB ce-
KBEHHPOBAHUSI TIO3BOJIHII HACHTH()UIIMPOBATH 10 BUA
MOJIABJISITONIEe OONBIITMHCTBO MONYYEHHBIX HYKJIEO-
THUJIHBIX TIOCJIE/IOBATEIbHOCTEN. B cyMMe BBICOKOTIPO-
M3BOUTEIHPHOE CEKBEHNpOBaHKe 12 00pasioB MUKpO-
Onoma cBUHEN MO3BONMWIO MOMy4yuTh 151 724 puna.
KonmuecTBeHHBIN cOCcTaB pUAOB, MOJYYEHHBIX B pe-
3y/bTare aHajau3a 00pasioB U3 IPyMIibl A, ObUT paBeH
7550, arpymmel b — 76 174. CormacHO COBpEeMEHHOM
HOMEHKJIaType ObLT0 MACHTH(HUIIpoBaHOo 3 Tha, 11
KJIaccoB, 15 otaenos, 27 cemelcTB 1 47 poioB rpuOoB.

CpaBHUTENbHBIH OMOMHPOPMATHUECKUI aHATIN3
JAHHBIX PE3YJbTATOB CEKBEHWPOBAaHUS MHUKPOOHO-
MOB JIBYX TPYIII CBUHEH He 3a()MKCHPOBAI IOCTOBEP-
HBIX Pa3U4Ai Ha YPOBHE TUMA. AHAIHN3 HYKJICOTH/I-
HBIX TI0CJIEZI0BATEIbHOCTEN BRISIBIII 3 OaKTepHaIbHBIX
bwryma: Ascomycota, Basidiomycota v Microsporidia
(puc. 1). HaumensbIiee 3Ha4€HNE OTHOCHTEIBHOTO CO-
JepKaHusl TpUOOB B JaHHOW BBIOOPKE MPHXOIUIIOCH
Ha rpejcTaBuTenei tuma Microsporidia.

Ji1s1 ananmu3a Ha ypOBHE ceMeicTB ObuTH 0TOpOIIIe-
HBI T€ TPYIIIIBL, YbE MPOIEHTHOE COJIEPIKAHIE COCTaB-
nsuto MeHee 1 %. Ha pucyHke 2. oTpaxeHbl pe3yIbTa-
ThI pacueTa oKa3aTessl OTHOCUTENIBHOTO COAEPKAHUS
26 cemeiict. MccnenoBanue rppuOHOr0 MUKpOOHOMa
KMILIEYHNKA CBUHEN HAa YPOBHE CEMEMCTBA TAK)Ke HE
BBISIBWJIO Pa3HUILY MEXAy Ipynnoi A u rpynnoi b.

Haubomnee MHOTOYMCICHHBIMU TPpUOaMHU B BEI-
0OpKe OKa3aJMCh MPENICTaBUTENN ceMeicTBa Schizo-
saccharomycetaceae, 4be MPOLEHTHOE COAEPKAHUE
coctaBuio 15,40 =+ 3,20 nns rpynmsl A u 15,36 + 1,79
Juist Tpymiel b. [ToMuMo HUX, MEKpOOHOM ObLT 00MIIEH
rpubamu 3 cemeiictB Chaetomiaceae, Glomerellaceae,
Ophiocordycipitaceae n Sordariaceae.

He Oblio oTMEUEeHO OCTOBEPHBIX pa3IHYUil
U B pe3yJibTaTe UCCIe0BaHus IpHOOB Ha YPOBHE BUIA.
Mo momoOuro aHaM3a Ha ypOBHE CEMEUCTBA, B BEIOOP-
K€ y4acTBOBAJIU JIUIIb T€ BUABI, Yb€ OTHOCUTEIHHOE
cojiepanue ObIIO PaBHO WK TipeBbImano 1. B rpud-
KOBOM COOOITIECTBE MUKPOOHOMa CBUHEH HAMH OBLITO
onpeneneHo 39 BunoB (puc. 3).
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Puc. 1. PacnpocTpaneHHOCT TPHOHBIX (PUITYMOB B MUKPOOHOME CBHHEH

Bb110 yCTaHOBIEHO, YTO CAaMbIM MHOTOUHCIICHHBIM
BUJIOM CpelIu BCeX MIACHTU(HUUNPOBAHHBIX B MUKPO-
Onome cBuHeM okazaics Schizosaccharomyces pombe.
Cpennee 3HadeHHE A7 ABYX HCCIICAYEMBIX I'PYMII
coctaBwio 9,24 £ 1,49. S. pombe — 310 nensumecs
JPOXCOKH, OTHOCSAIIHECS K OTJeNy aCKOMUKOTA. DTOT
BHJI IPOXOKEH B CHITy 0COOCHHOCTEH CBOETO METabo0-
JIM3Ma UCTIOJIB3YETCS B PsIlie CTPpaH 1pu (pepMeHTanun
BUH U [TUBHBIX HAITUTKOB, & TAK)KE B JKUBOTHOBOJICTBE
KaK KOMITOHEHT KOPMOBBKIX J100aBoK [5]. JlaHHbIE 00
00Hapy>KEHHH STHX TPHOOB B MUKPOOHOME CBIHEH HE
ObUTH 0OHAPYKEHBI paHee.

Ha BTOpoM MecTe 1o pacinpocTpaHEeHHOCTH pac-
nonaranuchk Bunsl Colletotrichum higginsianum
u Thermothielavioides terrestris. C. higginsianum
OTHOCHUTCSI K aCKOMUIIETHBIM I'pHOaM, BBI3BIBAIOIIIM
AHTPaKHO3HBIC 3a00JIEBAHUSI Y MHOTUX CEIbCKOXO-
3SHCTBEHHBIX PACTEHUN, B OCOOCHHOCTH y KPECTO-
LBETHBIX KyIbTyp [6]. T terrestris — TepMOpUIH-
HBI HUTYATHIN Ipr0, 00ECTICUNBAIOIIHNA Pa3IOKESHHE
nonucaxapusioB u3 o6momaccsl. [IpenmyiiecTBeHHO
JaHHBIA BUJA OOHApY>KUBAETCS B MOYBE U KOMIIOCTE
[7]. [TyOnukaiuu, MoATBEPKAAMOIINE HAIU JIAHHBIC
00 3TuX Tpubax B KUIIEYHUKE CBUHEH TaKkKe OTCYyT-
CTBYIOT.

ITopsinka 13 % ot uncna Bcex MpoaHaIU3UPOBAH-
HBIX BUJIOB NPUXOAMJIMCH HA MpPEACTAaBUTENCH poaa
Aspergillus: Aspergillus chevalieri, Aspergillus fu-
migatus, Aspergillus luchuensis, Aspergillus nidu-
lans n Aspergillus puulaauensis. bputo ycTanose-
HO, 9TO B MHUKPOOHOME TTIOPOCAT COIepKaHne TPHOOB
pona Aspergillus popmMupyeT 0OpaTHYIO 3aBUCH-

BerepunapHsii apmakomorudeckuii BEeCTHUK o No 4 (25) « 2023

MOCTh C MHKPOOPTaHU3MaMH, 00Pa3yIOIMMHA KOPOT-
KOIIeTIOUEUHbIE KUPHBIe KUCIOTH (Butyricoccus,
Subdoligranulum w Fusicatenibacter), sBnsromuecs
OCHOBHBIM UCTOYHHUKOM SHEPTUH JJISl KJIETOK CITU3U-
CTOH 000JIOUKH KUIICYHUKA.

Ha TpeTheM MecTe 1o pacrpocTpaHEeHHOCTH pac-
MOJIaraJInCh TPUOBI TaKWUX BHUJIOB, Kak Drechmeria
coniospora, Purpureocillium takamizusanense
u Thermothelomyces thermophiles D. coniospora —
o0nuraTHele TPUOBI-APAa3UThl, OTHOCAIIUECS K Ce-
meiictBy Clavicipitaceae. bbuto oOHapyxkeHo Halu-
que 3TUX rpuboB-HemMaTodaroB B odOpasmax (dexa-
T, TIOTYYEHHBIX OT KPYITHOTO POTaToro ckora [8].
P. takamizusanense — acKOMUTIETHBIH TPUO, OTHOCS-
mwmiics k cemeiictBy Ophiocordycipitaceae. 7. thermo-
philes — HUTUYATHII TEPMOQHUIBHBIN MIIECHEBBIH TPH-
00k n3 ceMerictBa Chaetomiaceae, 00ecIIeYnBaIONIHI
TUAPOIIN3 MTOJTUCAXAPUIOB B PACTUTEIBHON OHoMac-
ce [9]. Uadhopmarust 0 KOppeNsInu conep kaHus TaH-
HBIX BHJIOB C TIOKa3aTeJleM KOHBEPCHHU KOpMa y CBH-
HEll OTCYTCTBYIOT.

YeTBepTOE MECTO 10 PACHPOCTPAHEHHOCTH BUIOB
B MUKpOOMOME CBUHEH mpuHajjexkano Neurospora
crassa m Sporisorium graminicola. N. crassa — HuU-
TEeBUIHBIN I'pub 13 cemeiicTBa Sordariaceae. S. gram-
inicola — maTOTeHHBIN IPUO pacTeHHI U3 ceMeiicTBa
Ustilaginaceae. Ero npucytctBue 06110 0OHApYKEHO
B MUKpOOMOME KHIICYHUKA YEJOBEKa, TAEC MOMUMO
rpuboB Saccharomyces u Candida, nipeacraButenu
pona Sporisorium XapakTepHU30BaIICh BEICOKON pac-
npoctpaneHHOCTHIO [10]. CBA3b MEX Iy STUMHU BHAA-
MU ¥ MEKPOOHOMOM CBHHEH paHee He ObLila BHISIBIICHA.
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3AKJIIOUEHUE

Ha ceronnsmuwmii neHs pazHooOpaszne U cocTaB
rpu0OB B KHUIIIEUHUKE CBUHEH BCE €IIE OCTATCS /10
KOHIIa He n3y4deHHbIM. 1o 3Toli npuunHe npoBeaeHue
HCCTICIOBAHUM B JAHHON 00IACTU SIBIISIIOTCS aKTyallb-
HbIMH. Hamu Ob110 TpOBEIeHO BHICOKOTTPOU3BOANUTEb-
HOE CEeKBEHMPOBaHUE IPHOHOTO MUKpoOHroMa 12 B3poc-
JIBIX CBMHEH, pa3feiieHHbIX Ha rpynmny A u rpynny b
OTHOCHTEJIbHO BEJTMUMHBI TI0KA3aTeN sl KOHBEPCHH KOP-
Ma. B pesynsrare OnonHpopMaTHuecKoro aHanu3a Hy-
KJICOTU/IHBIX TIOCIIEIOBATENLHOCTEN HE ObIII0 0OHapy-
JKEHO THUIIOB, CEMEHCTB WM BUAOB, JOCTOBEPHO pa3-
JIMYAIOLIUXCS TI0 OTHOCUTEIBHON OOMITBHOCTH MEKITY
JByMsl TpyIIiaMu. Bbuto ycraHoBIeHO, 4TO Tpeobia-
JaoIMMU TUIIAMHU T'pUOOB OKa3alluch Ascomycota
u Basidiomycota ¢ Schizosaccharomycetaceae,
Chaetomiaceae, Glomerellaceae, Ophiocordycipitaceae
u Sordariaceae B KauecTBE TOMHUHUPYIOIINX CEMEIHCTB.
Bbeuto maentuduuupoano § mpeobiasammuX BU-
IIOB, CPEIU KOTOPBIX Schizosaccharomyces pombe,
Colletotrichum higginsianum, Thermothielavioides
terrestris, Drechmeria coniospora, Purpureocillium
takamizusanense, Thermothelomyces thermophiles,
Neurospora crassa u Sporisorium graminicola, 4T0 co-
craBsiio 34 % Bcex 00pasioB B (heKaTbHOU MUKPOOHO-
TE UCCIIeyeMON BRIOOPKH CBUHEH.
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INSTESTINES IN PIGS AT VARIOUS FEED CONVERSION

Mikhail Yuryevich Syromyatnikov™ ™ “*®, Sergey Viktorovich Shabunin’,

Tk kkk

Ekaterina Yuryevna Nesterova ™™
Yuliya Dmitrievna Smirnova™

Polina Dmitrievna Morozova™ ™"
Evgeniy Vladimirovich Mikhaylov™!

, Mariya Vladimirovna Gryaznova™,

Tk

, Mariya Ivanovna Gladkikh™",

*k Kk

, Inna Yuryevna Burakova™ ™",

*

"All-Russian Veterinary Research Institute of Pathology, Pharmacology

and Therapy, Voronezh, Russia, syromyatnikov@bio.vsu.ru

“Voronezh State University, Voronezh, Russia

=

““Voronezh State University of Engineering Technologies, Voronezh, Russia

Abstract. The article presents the results of a study of a high-throughput sequencing of the fungal microbiome
of the intestinal tract in pigs, as well as an assessment of the effect of the feed conversion rate on the biodiversi-
ty of the fungal community of the intestinal tract of animals. Bioinformatics analysis of nucleotide sequences re-
vealed 3 bacterial types in the intestines of pigs, including Ascomycota, Basidiomycota and Microsporidia. The
dominant phyla were Ascomycota and Basidiomycota. The most numerous fungi at the family level were the rep-
resentatives of Schizosaccharomycetaceae. The most abundant species in the intestinal microbiome of pigs was
Schizosaccharomyces pombe (the relative abundance for the two study groups was 9.24 + 1.49). The second place
in prevalence was occupied by the species Colletotrichum higginsianum (relative content for group A— 5.44 + 0.98,
for group B — 5.97 £ 0.76) and Thermothiclavioides terrestris (relative content for group A — 3.96 + 0.67, for
group B—4.37 £ 0.46). A comparative bioinformatics analysis of the intestinal mycobiome of two groups of pigs
with various feed conversion rates did not reveal significant differences at the level of type, family and species.
The results demonstrate the need for further detailed study of this issue.

Keywords: fungi, microbiome, pig intestines, feed conversion, genes, high-throughput sequencing

Feed conversion in pig breeding is one of the most
important economic indicators of an enterprise. It is
used to measure feed efficacy. High conversion val-
ues lead to relatively high pork prices as a result of in-
creased feeding costs. Thus, reducing this indicator in
pigs reared at large pig breeding enterprises is an im-
portant strategy for minimizing the costs of pork pro-
duction [1].

Currently, there is a continuous search for fac-
tors that could ensure better digestibility of feed and
an increase in animal weight gain. Feeding is direct-
ly related to the intestinal microbiota, since the latter
plays a primary role in the digestibility of nutrients,
carbohydrate metabolism, and also affects the health
and immunity of the animal. The intestinal microbi-
ome is a complex system of many diverse populations
of bacteria and fungi interacting with each other [1].
However, such studies are mainly focused on study-

ing the bacteriological composition of the intestinal
microbiome of pigs.

Recently, the number of publications devoted to
the fungal microbiome has been growing. Thus, in
one of the studies, it has been shown that the species
Kazachstania slooffiae is the most abundant in the in-
testines of weaned piglets [2]. The fungi of the genera
Saccharomycopsis, Mrakia, Wallemia, Cantharellus,
Eurotium, Solicoccozyma and Penicillium were also
found in the intestines of pigs [3]. The microbiome can
change with age, as the relative abundance of the gen-
era Kazachstania and Aureobasidium decreased signifi-
cantly, while the relative abundance of such genera as
Aspergillus, Cladosporium, Simpliillium and Candida
increased as the piglets matured [4].

This research was aimed at studying the fungal in-
testinal microbiome of fattening pigs and its relation-
ship with feed conversion rate.

© Syromyatnikov M. Yu., Shabunin S. V., Nesterova E. Yu., Gladkikh M. 1., Smirnova Yu. D., Burakova I. Yu., Mo-
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MATERIAL AND METHODS

The object of the study was the contents of the large
intestine obtained from clinically healthy pigs during
the fattening period (n = 12). The animals were divid-
ed into 2 groups according to the feed conversion ra-
tio: low feed conversion (A) with an average conver-
sion rate of 2.00 (n = 6) and high feed conversion (B)
with an average conversion rate of 2.22 (n = 6).

The commercial HiPure DNA Micro Kit (Magen,
Guangzhou, China) was used to extract DNA from
the samples. Isolation was carried out according to
the manufacturer’s protocol. Sequencing libraries
were prepared using the following protocol: DNA
was fragmented using the MGIEasy Fast FS Library
Prep Module kit (MGI, Shenzhen, China), followed
by magnetic purification with the MGIEasy DNA
Clean Beads (MGI, Shenzhen, China). Adapter liga-
tion was performed with the MGIEasy UDB Primer
Adapter Kit A (MGI, Shenzhen, China) and PCR am-
plification. DNA library quality was assessed using
Qubit and the Qubit dsDNA HS Assay Kit (Invitrogen,
Waltham, MA, USA).

Further single-strand circularization was per-
formed using the MGIEasy Dual Barcode
Circularization Module (MGI, Shenzhen, China).
The final libraries were pooled and sequenced using
the MGI DNBSEQ-G50 sequencing platform with
the DNBSEQ-G50RS sequencing flow cell model:
FCL (MGI, Shenzhen, China). The DNBSEQ-G50RS
high-throughput sequencing kit was used to gener-
ate DNBs. The quality of raw metagenomic data was
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assessed using the FastQC tool. Technical sequenc-
es and low quality bases (Q < 30) were trimmed us-
ing fastp. Taxonomic profiling of samples was per-
formed using the Kraken2 with standard eukaryotic
databases.

STUDY RESULTS AND DISCUSSION

Bioinformatics analysis of sequencing results made
it possible to identify the vast majority of the obtained
nucleotide sequences to species. In total, high-through-
put sequencing of 12 pig microbiome samples allowed
obtain 151724 reads. The quantitative composition of
the reads obtained from the analysis of the samples
from group A was equal to 7550, and from group B —
76174. According to modern nomenclature, 3 types,
11 classes, 15 divisions, 27 families and 47 genera of
fungi were identified.

A comparative bioinformatics analysis of micro-
biome sequencing data from two groups of pigs did
not record significant differences at the type level. The
analysis of nucleotide sequences revealed 3 bacterial
phyla: Ascomycota, Basidiomycota and Microsporidia
(Fig. 1). The lowest value of the relative content of fun-
gi in this sample was accounted for by the representa-
tives of the phylum Microsporidia.

For the analysis at the family level, those groups the
percentage of which was less than 1 % were discard-
ed. Fig. 2 shows the results of calculating the relative
content of 26 families. The study of the fungal intesti-
nal microbiome of pigs at the family level also did not
reveal any difference between group A and group B.

Group A
m Group B

Ascomycota

Basidiomycota

| Tommimm

Microsporidia

Fig. 1. Prevalence of fungal phyla in the pig microbiome
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Fig. 2. Prevalence of fungal families in the pig microbiome

159



M. Yu. Syromyatnikov, S. V. Shabunin, E. Yu. Nesterova, M. I. Gladkikh, Yu. D. Smirnova, I. Yu. Burakova...

Group A
H Group B

| — 101714] DLIOJdISOUIAT7
,?_mgz/([ody DIMOLID]
Hp— sipdvutr 03vj13s)

pSimp— SUa.14 DIPIOUISD]1IS )

¢ J S1)§2.012) SIPIOIAD]1YIOULIDY |

H i snjydoutiay) saoluojayjouL1dy ]
o ep— avyv]q viodsisidp.uo ]
W_ snson3n.i sa2uo.vjv |

| ; D]OIIUIUDAS WNLLOS1LOAS

e i aquod s224ui0.10Yy20s0z1Yyg
Ho— 1UD]OS DIUOJIOZIYY

| — puadnasiuad LIPS

o — /) (10 DLIDINOLILT

,H—_nasuﬁ’ DIDINILIAT

f J 2SUDUDSNZIUDYD] WNI][1002.4NdAN]
|ﬂ__s_muofguzs DIUIONT
| Ep— 110G 10 2GA0]1S]
| — vriodsopluw]yd viuoyo0
I?_umayw(o wniyoud g
- — vyd.iowdjodp.ivd pavip3()

[EiE— DSSDAD DALOASOANIN

A opDa.L0 SNIULSDAD I
o H— SUD.12]O]OULIDY] DIOUDYIDT
5 n0d WNLIDSN,]
,?_m[nj vian,g
op— 11dASSO3 Wn122Yyj0Ud.457
H J ' paodsonios D1LDUIYI24]

Fig. 3. Prevalence of fungal species in the pig microbiome

" nuosuvy saoduwodivgaq
(e — SupuLIOfoau s1220203dA.17)
| — 111 WNYDL1012]]0))
L ! i WNUYISUIZS1Y Wnyd1.41012]]0)
p— p]021]2q D.10dS02.127)
P 1 10]10X14q SIOLUWOUDII2AG
'_|=_- vaau1d Syliog
e p— sisuanvoinnd snjji3iodsy
otp— supnpiu snjjis4adsy
— s1suanyony snjjis.odsy
b o— oy S1unf snypiSaadsy
F_uaymaqa snjjsiadsy

T
(e} [oe} e <t N S
—

12

0% ‘ouepunqe dANe[Y

160 Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023



Study of the fungal microbiome diversity of the instestines in pigs at various feed conversion

The most numerous fungi in the sample were the rep-
resentatives of the family Schizosaccharomycetaceae,
the percentage of which was 15.40 + 3.20 for
group A and 15.36 + 1.79 — for group B. In addi-
tion to them, the microbiome was abundant in fungi
from the families Chaetomiaceae, Glomerellaceae,
Ophiocordycipitaceae and Sordariaceae.

No significant differences were noted in the study
of fungi at the species level. Similar to the analysis at
the family level, the sample included only those spe-
cies, the relative abundance of which was equal to or
greater than 1. We identified 39 species in the fungal
community of the pig microbiome (Fig. 3).

It was found that the most abundant species
among all identified in the pig microbiome was
Schizosaccharomyces pombe. The mean value for the
two study groups was 9.24 + 1.49. S. pombe is a fis-
sion yeast belonging to the division Ascomycota. Due
to the peculiarities of its metabolism, this type of yeast
is used in a number of countries in the fermentation
of wines and beer drinks, as well as in livestock farm-
ing as a component of feed additives [5]. The data on
the detection of these fungi in the microbiome of pigs
have not been found previously.

The second most common species were Colleto-
trichum higginsianum and Thermothielavioides ter-
restris. C. higginsianum is an ascomycete fungus
that causes anthracnose diseases in many agricultur-
al plants, especially cruciferous crops [0]. T ferres-
tris is a thermophilic filamentous fungus that degrades
polysaccharides from biomass. This species is mainly
found in soil and compost [7]. There are also no pub-
lications confirming our data on these fungi in the in-
testines of pigs.

About 13 % of all analyzed species were the rep-
resentatives of the genus Aspergillus: Aspergillus che-
valieri, Aspergillus fumigatus, Aspergillus luchuensis,
Aspergillus nidulans and Aspergillus puulaauensis. It
was found that in the microbiome of piglets, the con-
tent of fungi of the genus Aspergillus forms an inverse
relationship with microorganisms that form short-
chain fatty acids (Butyricoccus, Subdoligranulum and
Fusicatenibacter), which are the main source of ener-
gy for the cells of the intestinal mucosa.

In the third place in prevalence there were
the fungi of such species as Drechmeria conio-
spora, Purpureocillium takamizusanense and
Thermothelomyces thermophiles. D. coniospora is
an obligate parasitic fungi belonging to the family
Clavicipitaceae. The presence of these nematophagous
fungi has been detected in fecal samples obtained from
cattle [8]. P. takamizusanense is an ascomycete fungus
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belonging to the family Ophiocordycipitaceae. 7. ther-
mophiles is a filamentous thermophilic mold fungus
from the family Chaetomiaceae that provides hydro-
lysis of polysaccharides in plant biomass [9]. There is
no information on the correlation between the content
of these species and the feed conversion rate in pigs.

The fourth most common species in the pig micro-
biome were Neurospora crassa and Sporisorium gr-
aminicola. N. crassa is a filamentous fungus from the
family Sordariaceae. S. graminicola is a plant patho-
genic fungus from the family Ustilaginaceae. Its pres-
ence was detected in the human intestinal microbiome,
where, in addition to Saccharomyces and Candida fun-
gi, the representatives of the genus Sporisorium were
characterized by high prevalence [10]. The relation-
ship between these species and the pig microbiome has
not previously been identified.

CONCLUSION

To date, the diversity and composition of fun-
gi in the intestines of pigs are still not fully under-
stood. For this reason, research in this area is rel-
evant. We carried out high-throughput sequencing
of the fungal microbiome of 12 adult pigs, divid-
ed into group A and group B according to the feed
conversion rate. Bioinformatics analysis of nucle-
otide sequences revealed no phyla, families or spe-
cies significantly different in relative abundance be-
tween the two groups. The predominant fungal phy-
la were found to be Ascomycota and Basidiomycota
with Schizosaccharomycetaceae, Chaetomiaceae,
Glomerellaceae, Ophiocordycipitaceae and
Sordariaceae as the dominant families. Eight (8)
predominant species were identified, including
Schizosaccharomyces pombe, Colletotrichum higgin-
sianum, Thermothielavioides terrestris, Drechmeria
coniospora, Purpureocillium takamizusanense,
Thermothelomyces thermophiles, Neurospora cras-
sa and Sporisorium graminicola, which accounted
for 34 % of all samples in the fecal microbiota of the
studied sampling of pigs.
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AnHoTanusl. 1{ebr0 1aHHON pabOThI SIBUJICS aHAJIU3 FeHOB (DEPMEHTOB META0OJMYCCKUX MyTCH B KUIICYHUKE
HOBOPOXKICHHBIX TTOpOCAT Ipu Auapee. E. coli Obli1a JOMUHUPYIONIMM OaKTepraIbHBIM BUIOM JUISt 0OCUX TPYIIIL.
B rpymme 310poBEIX MOPOCAT OTHOCUTENbHAs YHCIeHHOCTh E. coli coctaBmsana 53,30 %, a B rpymme mopocHr,
6ompHBIX auapeeit — 23,55 %. B pe3ynsraTe mpoBEISHHOTO aHAIN3a TeHOB METaboI3Ma KUIIEIHOH MUKPOOHO-
ThI OBUIO BBISIBICHO 425 HACHTU(UIIMPOBAHHBIX U HHTEPUPOBAHHBIX PEPMEHTOB METa0OIMUeCKUX myTei. B rpyn-
I1e 370POBBIX TOPOCAT MX YHUCIO COCTaBWIO 394, B TO BpeMsI Kak B TPYIIIE IOPOCAT C Tuapeeii HaCUUTHIBAIOCh
404 dpepmenToB MeTabommaeckux myTu. s o6enx rpymm Hanbonee 000TaeHHBIM ObLT Iy Th CO3PEBAHUS TTETI-
Tuaonrkada. OCHOBHOM BKJIaJ B 9TOT METaOOJUYECKU MyTh BHOCST OakTepuu E. coli. Beliu BeIsABICHBI TUd-
(depeHInabHbIC Pa3Inyus MEXK/1y TPYIIaMH B IPECTABICHHOCTH IEHOB IyTH OMOCHHTe3a OuotuHa I, koTo-
Pl OBLT CTATUCTHUYECKH 3HAYNMO CHIIbHEE 000TallleH B TPYIIe MopocsT ¢ quapeei (10,96 £ 5,18 komuii Ha MUII-
JINOH) M OTCYTCTBOBAJ y 3M0poBbiX mompocst (p-value = 0,03). BHOTHH SBASETCS BaKHBIM BUTAMHHOM
1 K0(aKTOPOM B HECKOJIBKHUX META0OIMUECKHX MyTsIX, & €ro Ae(UIIUT CBA3aH C 3a00JICBAHMSIMY, BKITIOUAsT BOC-
MATATENbHBIC 3200/IeBaHNS KUIICYHNKA U TIOBBIIICHHYIO MPOHUIIAEMOCTD SMUTENNS KUIICYHUKa. B memom pe-
3yABTATHl MCCIEIOBAHUH MOKA3bIBAIOT, YTO HAPYIIEHHE MUKPOOMOMA, MPUBOIAT K CO3JAHHIO ONarOmpHATHBIX
YCIOBHH 17151 MUKPOOOB, CITOCOOHBIX CHHTE3UPOBATH OMOTHH, KOTOPBIH MOYKET CIIOCOOCTBOBATH BOCIIAJICHHUIO KH-
IICYHAKA.

KuroueBble ciioBa: mopocsTa, Auapes, MUKpoOroM, MeTaboIn3M, BBICOKOTIPON3BOIUTEIHFHOE CEKBEHUPOBAHIE

[Ipu >kenymodHO-KHUIIEYHBIX 0ONe3HAX (KaK WH-
(heKIIMOHHOH, TaKk U HEMH(PEKIIMOHHON STHOJIOTUN)
Japest IOYTH BCer[a HeOThEMIIEMbIH CUMIITOM, KO-
TOPBIN BBI3BIBACT 33JICPHKKY POCTA U JIaXKe THOEIh 10-
POCSIT, UTO TPUBOIUT K OOJIBIINM HOTEPSIM B CBUHO-
Bozctae. [loutu 49 % cmepTeit HOBOPOYKAESHHBIX H MO-
JIOMHSIKA MOPOCSAT BbI3BaHbI Auapeeit [1].

Jluapest y mopocsT 0OBIUHO CBSI3aHA C PA3JINUHbI-
MU (pakTopaMu, KOTOpPbIE B OCHOBHOM BKIJIFOYAIOT I'e-
HeTHyeckuii GoH [2] 1 haKTOphl OKpYyKaIOIIEH Cpeibl
[3, 4]. B mocnennee BpeMs MHOTOYHCIICHHBIE UCCIIE-
JIOBaHHS YKa3bIBAIOT HA CHUIKEHUE COJiep KaHusl Oak-

tepuit Lactobacillus v moTepro MEKPOOHOTO pa3HO00-
pasus Ipu Auapee, Torna Kak MOJ0KUTEIbHOE BIIHS-
HUE Ha COCTOSIHUE TIOPOCAT OKazanu Buibl Clostridium
spp., Prevotella spp. u Escherichia coli [5, 6], 4to yka-
3bIBACT Ha TO, 4YTO MI/IKpOGI/IOTa KHIIICYHUKA MOXKET
OBITH OCHOBHOM MPUIMHON BOSHUKHOBEHUS JTHAPEH.
Mexnay Tem, CIOKHOE B3aUMOJACHCTBUE MUKPO-
OMOTa-MUKPOONOTa U MUKPOONOTA-XO3SMH MOYKET BBI-
JISJIATh Pa3InyHble METa0OIUTHI, KOTOPBIE COCTABIIS-
IOT OCHOBHYIO CPEJLy JKEJIYJ0YHO-KHUIIIEYHOTO TPAKTa
U BIHMSIOT HA 37I0POBbE XO3MHA. MeTaOOoIUThI Jie-
MOHCTPHPYIOT CaMBI OBICTPBIA OTBET HA N3MCHCHIS
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OKpY’KaloIIeH Cpeibl U UTPAroT BAKHYIO POJIb B peak-
U OMOJIOTMYECKON CUCTEMBI Ha a0MOTHYECKOE MU
JpYyroe BMELIaTeJIbCTBO, TEM CaMbIM CBSI3bIBasi T€HO-
tun ¢ perorunom [7]. Cyruxapro u ap. [8] Habmrona-
7u Gosee BBICOKHE YPOBHU MPOJIMHA, TAypUHA U Kap-
HUTHHA B TJIa3Me MOPOCST Mocie 3apaxeHus E. coli,
TOT/a KaK OeTauH, KpeaTuH U L-apruHuH ObUIH HUKe
10 CPaBHEHHIO ¢ KOHTPOJIBHOM rpymmoii. By u mp. [9]
IIPOIEMOHCTPUPOBAJIH, YTO Y IOPOCAT € AUapeeii Ha-
Omroganuch Oosiee BEICOKHE KOHLEHTPALUH 4-aMHHO-
MAacCJISTHOM KHUCJIOTHI M TIIMIUHA B TOILEH KHILIKE, BbI-
3BaHHbBIE TUapeeii, BBI3BaHHOH E. coli.

HenaBHO HECKOIIBKO HCCIIEI0BAaHUM IT0KA3aJI1, YTO
OyTupart, BeipabaTbIBa€MbIii B OCHOBHOM MHUKPOOHNOTOMN
KHUIICTHIKA, MOXKET OIOCPENOBaTh AU HEPCHITPOB-
Ky PeryasiTopHbIX T-KII€TOK, HHAYLHPYSI SKCIPECCHIO
TpaHckpunuuoHHoro ¢akropa FOXP3, yyactBytore-
ro B UMMYHHOH peryisinuu xo3auHa [ 10]. bonee toro,
OoJiee BBICOKHE yPOBHHU OyTHUpaTa B OCHOBHOM OKa3bl-
BaIOT ITPOTHUBOBOCIIATUTEIBHOE IEHCTBHE, PETYIUPYS
HMMYHHYIO TOJIEPAaHTHOCTb XO35IMHa K MHKpPOOHOTE
kumedHuka [ 11]. OOmupHbIe TpeAbIyIIIe HCCIeI0-
BaHMsI TOMOTJIM HaM yITyOUTh TOHUMAaHHE KHIICYHOM
MHUKPOOHOTHI M €€ BaYKHOH POJTM BO MHOTHUX OHOJIOTH-
yeckux npoueccax. OJHAKO POJIb KUILIEUHOW MUKPO-
OHMOTHI IPH Mapee TOPOCAT U JIeXKAIIKe B €€ OCHOBE
MEXaHHM3MBI JI0 CHX I10p HE SICHBI.

Lenbro 1aHHON PabOTHI IBUJICS aHAJIUN3 TeHOB (ep-
MEHTOB METa0OINYECKHUX ITyTeH B KUIIEUHUKE HOBOPO-
YKIEHHBIX IOpOCAT Ipu uapee. [lonydennsie pesyb-
TaThl MOTYT JIaTh HOBOE MPEJICTaBlIEHHE O pa3paboTke
HOBBIX CPEACTB NMPO(PHUIAKTHKN U TEPATTHH JKEITyI09-
HO-KHUIIIEYHON IaTONOTUH Y TTIOPOCHT.

MATEPUAJIBI U METO/IbI
HUCCJIEJOBAHUE

B ogHOM U3 KpyITHBIX CBUHOBOIUYECKUX XO3SMCTB
Boponesxckoii o6macTu 11 Hcciie1oBaHus ObUIO 0TO-
Opano 15 mopocsT 2—5-mHEeBHOTO Bo3pacTa. B kon-
TPOJIBHYIO TPYTITY BOLIIH (72 = 7) 3M0POBBIX HOPOCSIT,
B rpyniy HaOmrofaeHuss — (7 = §) mopocsr ¢ Kemy-
JIOYHO-KUIICYHBIMHU 3a00s1eBaHUsAMH. JKHUBOTHBIX CO-
JiepKany B oMenieHny npu temneparype 30 + 2 °C
u BiaxHOCTH 55 £ 7 %. [Ipu BU3yalbHOM OCMOTpE
OOJIBHBIX TIOPOCAT OBUIM YCTaHOBIJIEHBI CICOYIOLINE
KJIMHUYECKUE NPU3HAKH: IIATKas MMOXOIKA, KUIKUH
CTYyJ, 37I0BOHHBIN 3amax (exanuii, 3arpsi3HEHHOCTD
JKUBOTHBIX KaJIOBBIMH MaccaM. [Ipu Mukpockonuu
Kajia BO30yAMTEsICH Mapa3uTapHbIX 3a00JCBaHMI HE
BhIsIBIIEHO. [TopocsTa momydanu MaTeprHCKOE MOJIOKO
oT cBuHOMaroK. CpenHss Macca MOpoCsT B 3110POBOM
rpymre coctaBuia 1,5 £ 0,45 kr, B 00J1bHOI rpyTIiie —

1,0 + 0,38 xr. 5151 uccneioBaHus y MopocCsT coOnpanu
(exanuu B konmmuectse 10 £ 3 1, moMenaan B MUKPO-
MEeHTPUDYKHYIO TIPOOUPKY U OTIPABIUIA B Jlabopa-
TOPHIO TIPY COOTBETCTBYIOIIUX TEMIIEPATYPHBIX YCIIO-
BUSIX JUTS TATBHEUIIIETO UCCIICAOBAHUS.

Beinenenue JIHK u3 nony4eHHbIX 00pa3iioB Kaia
TIPOBOJIMIIM C MCTIOJIb30BAHUEM KOMMEpUYECKOro Habo-
pa HiPure DNA Micro Kit (Magen, I'yarwkoy, Kurait),
B COOTBETCTBUH C MHCTpYKIIKE. Jlasiee mpoBOAWIM MO~
TOTOBKY OMOJIMOTEK CeKBEHUPOBAHMUS IS TUIAT(hOPMBI
DNB-SEQ-G50 (MGI, llI»apuxanb, Kurait). [lis nox-
roToBKH OMONMoTeK crepsa ¢parmentupoBanu JHK
¢ ucrnonb3oBanueM Habopa MGIEasy Fast FS Library
Prep Module (MGI, I»apux3ub, Kuraii) ¢ mocnery-
TOIIEeH OYMCTKOM MarHUTHBIMU dactuiiamMu MGIEasy
DNA Clean Beads (MGI, LlI>apwkonb, Kurait). 3atem
JUTUPOBAIIU AJAINTEPhl ¢ KOMIUICKTOM aJanTepoB A
i npaiimepoB MGIEasy UDB (MGI, HI3Hbuk3Hb,
Kwurait). KauectBo nomyueHHo# OMOIMOTEKH OlleHNBA-
7 ¢ ucrnionb3oBanreM Qubit n Habopa Qubit dSDNA HS
Assay Kit (Invitrogen, Yonrem, Maccauaycerc, CILIA).

Jlasiee B COOTBETCTBHH C PEKOMEHIAIIUSMHU ITPOU3-
BOJIUTEIISI IPOBOJIMIIH IIUPKYJISIPU3ALIUIO OTHOW HUTH
JHK, ¢ ucnonp3oBanuem moayinst MGIEasy Dual
Barcode Circularization Module (MGI, I1I3apux3Hb,
Kwurait). 3atem rotoBbie OMOITHOTEKH CMEITMBAJIH B 9K-
BAMOJISIPHBIX KOJTMYECTBAX U MPUCTYTIAIHA HEMOCPE/-
CTBEHHO K UX CEKBEHHPOBAHHUIO HA TIPOTOYHON SUEHi-
ke. KadecTBo HEOOpaOOTaHHBIX METarecHOMHBIX JaH-
HBIX OLIEHUBAJIN C TIOMOIIbI0 HHCTpyMeHTa FastQC.
TexHnueckne Mocaen0BaTeIbHOCTH U 0a3bl HU3KOTO
kadectBa (Q < 20) OblTH 0Ope3aHsbl.

Jlst ipodmmMpoBaHust cocTaBa MUKPOOHBIX CO00-
mecTB 10 Bruaa ucnonb3oBaim MetaPhlAn 4.0.

st uccnenoBanusi METa0OIMYECKUX MyTEH HC-
nosib3oBanu nHCTpyMeHT HUManN3, kotopblit pyHK-
UOHAILHO MPOQHUIUPYET TeHBI, yTH U MOAYIH W3
MOJIy4eHHBIX MeTareHoMoB. OHUM M3 OCHOBHBIX
npeumyiiects HUMANN3 no cpaBHeHUIO C Apyru-
MU cHUCTeMaMH (PyHKIIMOHAIBFHOTO MPO(MUIHPOBAHUS
SIBIISIETCS] UX CITIOCOOHOCTH cTparuduiupoBarh PyHK-
UOHAJIbHBIE TTPOQHIN COO0IIeCTBa B COOTBETCTBUH
C BHOCSIIIUMH BKJIaJl BUAAMH.

PE3YJBTATHBI UCCIIEJOBAHU S

B pesynbrare OnonHpOopMaTHYECKOTO aHAIN3A T0-
Jy4YEHHBIX IaHHBIX CEKBEHHUPOBaHUS ObIJIO HIICHTU(H-
uposano 270 BugoB OakTepuil. Buibl, 4ncieHHOCTD
KOTOPBIX cOcTaBisAia MeHee 1 % i ogHOI 13 TpyIn
HCCIIeIOBaHSI OBLTH O0OBEIMHEHBI B TPYITY «pyTuey.
Ha pucynke 1 mpeacrasieHsl Hanboee pacpocTpa-
HEHHbIE BUJIBI OaKTEPHH.
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Puc. 1. Haubonee pacnpoctpaHeHHble OakTepuu, 0OHApYKEHHbIE B (DEKATHSIX 3I0POBBIX MOPOCST U TOPOCHT,
CTpafaroluX Auapeei

E. coli Obuta TOMUHHUPYIOIIMM OaKTEpHUAIbHBIM
BHJIOM I 00eux Tpymil. B rpymme 310poBbIX mopo-
CSIT OTHOCHUTENbHAS YUCIEHHOCTh E. coli cocTaBis-
na 53,30 %, a B rpyImme nopocsT, CTPaJaloIuX Jua-
peeit — 23,55 %.

E. coli sBnsieTcsi HOpManbHBIM OOUTaTENIEM KH-
LIEYHOTO TPaKTa KUBOTHBIX, OJIHAKO ee crienuuye-
CKHE IITaMMBbI HE PEJIKO SIBJISIFOTCS] BaXKHOM IIPUUUHOU
3200J1€Ba€MOCTH U CMEPTHOCTH MOJIOJHSIKA CEJIbCKO-
XO35IIICTBEHHBIX KUBOTHBIX. Konunbaunmisipras aua-
pest OOBIYHO BO3HUKAET y CBUHEH B BO3pacTe A0 HElEN
U CBSI3aHa C OTHOCHUTEIBHO HEOOIBIINM KOJTMYECTBOM
SHTEPONATOTEHHBIX T€MOIUTUYECKUX CEPOTUIOB E.
coli. 3HaunTeNbHBINA HHTEPEC OB MTPOSIBIICH KaK K JITH-
JE€MUOJIOTHH, TaK U K (pakTOpaM BUPYJIEHTHOCTH 3TUX
naroreHoB [ 12]. OgHako UMeeTCsi OTHOCUTEIIBHO MaJIo
nHPOPMALIH O «KHOPMaJIbHON» (exanbHOU diope E.
coli 310poBBIX MOJIOABIX opocsT [13]. B Hamewm uc-
CIIeIOBAHUH MBI HAOJIOIAJTU TTPUCYTCTBHE IAHHON OaK-
TEPUH KaK B TPYIIIIE 3I0POBBIX OPOCSAT, TAK U TOPOCAT
¢ auapeeil, KpoMe TOro, OTHOCHUTENbHAsI YUCICHHOCTD
KHIICYHOH MaJIOUKH Y 310POBbIX IOPOCST OblIa BBILLE.

B coBOKYITHOCTH € MTOTy4YE€HHBIMH JJAHHBIMH JTUCTIEPC-
HOTO aHaJH3a, MOYKHO TOBOPHUTH O TOM, YTO B HAIlleM
cilydae fuapesi y HOBOPOXKIEHHBIX OPOCAT He Oblia
accouuupoBana c E. coli.

Takske ObIJI0 0OHAPYKEHO TPU HEUIEHTU(DULIUPO-
BaHHBIX OAKTEPUANBHBIX BHJA, OTHOCSIIUXCS K TUITY
Bacteroidetes.

JuddepennmanbHplii aHATN3 YUCIEHHOCTH, TIPO-
M3BENCHHEIN ¢ TToMoIsio MAaslin2, koTopsiii 6a3u-
pyeTcsl Ha UCIOJIb30BAaHUU METO/a JMHEHHOTO MO-
JeNMPOBaHMs ¢ MPUMEHEHHEM MeTofa beHbsIMUHU-
Xox0Oepra, He BBISIBHJ CTaTUCTUYECKH 3HAYMMBIX
pa3nuyuii B TAKCOHOMHUYECKOM COCTaBE MEX[Y HC-
CJIeyeMbIMHU TPYIIIaMHU.

B pesynbrare npoBeICHHOIO aHAIN3a T'€HOB Me-
TaboJIM3Ma MBI BBISIBHIIH 425 MIeHTUDUITMPOBAHHBIX
Y MHTETPUPOBaHHBIX META0OINYECKUX MyTEeH, KOTO-
pBI€ XapaKTepHbI AJIsl UCCIEeyeMOro MUKPOOHOMHO-
ro coodmiecTBa QeKaanii HOBOPOKIECHHBIX TTOPOCSIT.
B rpymime 3mopoBbIX TOPOCST UX YHCIIO COCTABUIIO 394,
B TO BpPEMsI KaK B IPYIIIE IOPOCAT C Tuapeei HaCUnThI-
Bajiock 404 merabonmuaeckux myTu. s o0oux rpyri
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HaunboJee 00oraleHHbIM ObIT Iy Th CO3PEBAHUS TICTI-
THJIOTITUKaHA (COMlepKaIero Me30-IHaMUHOIIIMEIIaT).
Ha pucynke 2 npezacrasnen rpaduk nuddepernnans-
HOW pacnpoCTPaHEHHOCTU MYTH C COPTUPOBKOW 110
rpyImnam u JorapuMUYECKUM MacIITa0UPOBAHUEM.

W3 cxembl BUAHO, YTO OCHOBHOM BKJIa]l B 9TOT Me-
TabOIMYeCKUil Ty Th BHOCST OakTepuu E. coli, KoTopble

JOMHHHPOBAIIM B 00EUX IpyIIiax uccieaoBanus. Jis
HEKOTOPBIX 00PA3I[0B U3 TPYIIILI IIOPOCST C TUapeei
HauOoJIblIee BIUSIHUE Ha 000TraleHue 3TOro MeTado-
JUYECKOTO MyTH BHOCHIN Oakrepuu Actinobacillus
rossii, Flavonifractor plautii n Bacteroides fluxus,
a TaKke He MIESHTH()UIMpPOBaHHBIE OAaKTEpUATbHBIC
BUJIBI.

PWYO0-1586: ITyTs cospeBaHus MenTHAONIHKAHA (COASPIKALIETO Me30-JUaMHHOIIMMEJIAT)
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B Clostridium perfringens
Actinobacillus porcitonsillarum
Fusobacterium mortiferum
Intestinimonas butyriciproducens
Bacteroides thetaiotaomicron
Campylobacter lanienae
Citrobacter portucalensis
Clostridium symbiosum

unclassified

15 o6pasuos

I'pynma

B TTopocsita ¢ nuapeeit
= KoHTpoib

Puc. 2. I[I/I(l)(l)epeHHI/IaHLHaH PacpoOCTPaHCHHOCTD ITYTHU CO3PCBAHUA NCIITUAOINIMKAHA B UCCIICAYCMbIX I'pyIIIIax

Kpome Toro, Mel BeisiBHIIN AuddepeHinansabe
pasaruns MEXIY TPYIIaMH B IPEACTaBICHHOCTH Ire-
HOB yTu O6mocuHTe3a 6uotnHa II (PWY-5005), xo-
TOPBIN OBUT CTATHCTUYECKU 3HAYMMO CHIIbHEE 00ora-
IIEH B rpyriie nopocst ¢ quapeeii (10,96 £ 5,18 konmit
Ha MWJUJIMOH) U OTCYTCTBOBAJI Yy 3JI0POBBIX TOIPO-
cat (p-value = 0,03). buoTuH sBNIsSIETCS BOXKHBIM BH-
TaMHHOM U KO(aKTOPOM B HECKOJIBKHX MeTadoiuye-
CKHX ITyTSX, a €T0 ASHHUITUT CBSI3aH C 3a00ICBAaHISIMH,
BKJIFOYAsl BOCIIAJIUTEIbHBIE 3200JIeBaHHUS KUIIIEYHNKA
Y TIOBBIIMICHHYIO MPOHHUIIAEMOCTh IUTEIHS KUIIIeU-
Huka [14—16].

B 1iesioM pesynbrarsl HCcleIoBaHH TOKA3bIBAIOT,
YTO HAPYIICHUE MUKPOOHOMA, TIPUBOJIAT K CO3/IaHHUIO
OJIarONPHUATHBIX YCIIOBUH TSI MUKPOOOB, CITOCOOHBIX
CHUHTE3MPOBaTh OMOTHH, KOTOPBIH MOXKET CIIOCOOCTBO-
BaTh BOCHAJICHUIO KuiieyHuka [17, 18].

Taxoke B pe3yabrare neperpyniupoBKH ceMeHCcTBa
renoB UniRef B pynkmmn RXN u npucBoeHus nMmeH
MBI TIOTyuriH Bcero 3427 dhepmenToB. M3 3Toro 00116-
I0TO pa3HO00pa3us myTeM TudGepeHInaIbHOTO aHa-
JIU3a YUCIIEHHOCTH BBISIBUIH IIECTh TEHOB (DEPMEHTOB,

MIPEJCTaBIEHHOCTh KOTOPBIX CTAaTUCTUYECKH OTJINYA-
JIach MEX Iy TpynmaMu (CM. puc. 3).

Tax MBI BUAUM, 9TO T€HBI ()EPMEHTOB HUTPOTEHA-
3Bl U S-METHII-5’-THOaIEHO3MH/I€3aMUHA3bI, KOTOpast
UTPAET PEIIAIOIIYIO POJIb B BEIPAOOTKE ay TOMHIYKTO-
poB u MeTabonu3mMe MeTnoHuHa [19], oTrcyTcTBOBANH
B TpYIIE 3I0POBBIX MOPOCAT, a MPEICTaBICHHOCTh
OCTaJIbHBIX UACHTH(PHUIIMPOBAHHBIX I'€HOB (PEepPMEH-
TOB, OTHOCSIINXCS K KiaccaM TpaHcdepas U H30-
Mepas, OblIa 3HAYUTEIHHO BHIIIE B TPYIIE MOPOCAT
¢ auapee.

JonmuxwmidocharMaHHO30-0eJIKOBas MAHHO3HII-
TpaHcdepaza — OJUH M3 KIIOUYEBHIX KOMIIOHEHTOB
ouocunTe3a O-IIMKaHOB MaHHO3HOI'O THIIA, U3BECT-
HO, UTO JAaHHBIA ()EPMEHT paHee ObLT aCCOIMUPOBAH
C Pa3IMYHBIMH THITAMA MBIIIEYHBIX qucTpodumii [20].

3AKJIIOYEHHUE
JlaHHOE HccneoBaHNe ObLIO HAIIPaBIEHO He TOJb-
KO Ha omnpeseyeHre GpeKarbHOro MUKpoOrnoMa HOBO-
POKICHHBIX MTOPOCAT C TMapee, HO M Ha BBIBICHHE
MeTabOINYECKUX OTIIMYHMN Y OONBHBIX JKHBOTHBIX, IO
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CpaBHEHHUIO CO 310pOBbIMU. [laHHast paboTa He BBISIBU-
na 6aKkTepuil, KOTOpble MOTJIN OBl OBITh XapaKTEPHBI
JUISL UCCIIEAYEMOM MaToJI0ruu. DTO MOXKET yKa3bIBATh
Ha HEOOXOAMMOCTh AaJTbHEHIINX UCCIIEIOBAHUMN CBSI3H
MHUKpPOOHOMHBIX a00epaLuii ¢ MoCcTHATaIbHOM Trapeei
CBHHEH, BO3MOYXHO BKJIa]] MUKPOOMOMHBIX HapyIIEHHH
B JIAaHHYIO TIATOJIOTHIO IiepeorieHeH. Kpome Toro, Obim
BBISIBIICHBI 0COOCHHOCTH B MEK(YHKIIMOHATLHOM B3aH-
MOIEHCTBUY MpEACTaBUTENCH PeKaTbHONH MIHKPOOHO-
Thl. DTH OTIAMYMS OBUIM CBS3aHBI C IIpeoliaganuem
B IpyYIIIE MOPOCAT OONBHBIX JUapeeii TeHOB (epMeH-

TOB KJIACCOB TpaHcdepas, u3oMepas, OKCHIOpEayK-
Ta3 u rujponas. Takxke B rpyIiie IOpocsT ¢ Auapeei
OBLTH 00OHAPYKEHBI TeHBI (DEPMEHTOB METAOOJTMUECKOTO
ITyTH, OTBETCTBEHHBIX 32 OMOCHHTE3 OMOTHHA, KOTOPBIN
OTCYTCTBOBAJI Y 3JI0OPOBBIX MOPOCIT. TaKUM 00pazoM,
myTh OnocuHTe3a ouotuHa 1 ObLT HACHTHUITPOBAH
KaK Ba)KHBIN Iy Th, CBSI3aHHBIN C AUapeeii. DTH pe3yib-
TaThl MOTYT JIaTh TEOPETUIECKYIO OCHOBY ISl pa3pa-
00TKHM MPO(UITAKTUKH U TEPATUH KETyTOTHO-KHTIIeT-
HOW TIATOJIOTHH TIOPOCST, & TAKKE BHOCAT BKJIA]] B T10-
HUMaHHE METa0OIMYCCKUX MEXaHU3MOB IIPH JTHapee.
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Abstract. The objective of this work was to analyze the genes of enzymes of metabolic pathways in the intestines
of the newborn piglets with diarrhea. E. coli was the dominant bacterial species for both groups. In the group of
healthy piglets, the relative abundance of E. coli was 53.30 %, and in the group of the piglets with diarrhea —
23.55 %. As a result of the analysis of the metabolic genes of the intestinal microbiota, 425 identified and inte-
grated enzymes of metabolic pathways were detected. In the group of healthy piglets, their number was 394, while
in the group of the piglets with diarrhea, there were 404 metabolic pathway enzymes. For both groups, the pep-
tidoglycan maturation pathway was the most enriched. The main contributor to this metabolic pathway is the bac-
teria E. coli. Differential gradients between groups were identified in the representation of genes for the biotin 11
biosynthesis pathway, which was statistically significantly more enriched in the group of the piglets with diarrhea
(10.96 £ 5.18 copies per million) and was absent in healthy piglets (p-value = 0.03). Biotin is an essential vita-
min and cofactor in several metabolic pathways, and the deficiency is associated with diseases including inflam-
matory bowel disease and increased intestinal permeability. Overall, the research suggests that disrupting the mi-
crobiome creates favorable conditions for microbes that can synthesize biotin, which can contribute to intestinal

inflammation.

Keywords: piglets, diarrhea, microbiome, metabolism, high-throughput sequencing

In case of gastrointestinal diseases (both infectious
and non-infectious etiology), diarrhea is almost always
an integral symptom, which causes growth restriction
and even death of piglets, which leads to large loss-
es in pig breeding. Almost 49 % of deaths in the new-
borns and young piglets are caused by diarrhea [1].

Diarrhea in piglets is usually associated with var-
ious factors, which mainly include genetic back-
ground [2] and environmental factors [3,4]. Recently,
numerous studies indicate a decrease in the con-
tent of Lactobacillus bacteria and a loss of microbi-
al diversity during diarrhea, while Clostridium spp.,
Prevotella spp. and Escherichia coli had a positive
effect on the condition of piglets [5, 6], indicating

that intestinal microbiota may be a major cause of
diarrhea.

Meanwhile, the complex microbiota-microbiota
and microbiota-host interactions can release various
metabolites, which constitute the basic environment
of the gastrointestinal tract and affect the health of the
host. Metabolites exhibit the most rapid response to
environmental changes and play an important role in
the response of a biological system to abiotic or oth-
er interference, thereby linking genotype to phenotype
[7]. Sugiharto et al. [8] observed higher levels of pro-
line, taurine and carnitine in the plasma of piglets af-
ter infection with E. coli, whereas betaine, creatine and
L-arginine were lower, compared to the control group.
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Wu et al. [9] demonstrated that the piglets with diar-
rhea had higher concentrations of 4-aminobutyric acid
and glycine in the jejunum, caused by E. coli diarrhea.

Recently, several studies have shown that butyrate,
produced mainly by the intestinal microbiota, can me-
diate the differentiation of regulatory T cells by induc-
ing the expression of the transcription factor FOXP3,
involved in host immune regulation [10]. Moreover,
higher levels of butyrate mainly exert anti-inflamma-
tory effects by regulating host immune tolerance to the
intestinal microbiota [11]. Previous extensive research-
es have helped us increase our understanding of the in-
testinal microbiota and its important role in many bio-
logical processes. However, the role of intestinal mi-
crobiota in case of piglet diarrhea and the underlying
mechanisms are still unclear.

The objective of this work was to analyze the genes
of enzymes of metabolic pathways in the intestines of
the newborn piglets with diarrhea. The results obtained
can provide new insight into the development of new
means of prevention and treatment of gastrointestinal
pathology in piglets.

MATERIAL AND METHODS

At one of the large pig breeding farms in Voronezh
region, 15 piglets at the age of 2—5 days were select-
ed for the study. The control group included (n =7)
healthy piglets, the observation group included (n = 8)
the piglets with gastrointestinal diseases. The animals
were kept in a room at a temperature of 30 + 2 °C and
a humidity of 55 £ 7 %. During a visual examination
of sick piglets, the following clinical signs were iden-
tified: unsteady gait, loose stool, fetid odor of feces,
contamination of animals with feces. Microscopy of
stool revealed no pathogens of parasitic diseases. The
piglets received mother’s milk from sows. The aver-
age weight of piglets in the group of healthy animals
was 1.5+ 0.45 kg, in the group of sick animals —
1.0 £0.38 kg. For the study, 10 £ 3 g of feces were
collected from piglets, placed into a microcentrifuge
tube and sent to the laboratory under appropriate tem-
perature conditions for further research.

DNA extraction from the obtained stool samples
was performed using a commercial HiPure DNA Micro
Kit (Magen, Guangzhou, China) according to the in-
structions. Then, sequencing libraries were prepared
for the DNB-SEQ-G50 platform (MGI, Shenzhen,
China). To prepare the libraries, DNA was first frag-
mented using the MGIEasy Fast FS Library Prep
Module kit (MGI, Shenzhen, China), followed by mag-
netic purification with MGIEasy DNA Clean Beads
(MGI, Shenzhen, China). The adapters were then ligat-
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ed with MGIEasy UDB Primer Adapter Kit A (MGI,
Shenzhen, China). The quality of the resulting library
was assessed using Qubit and the Qubit dSDNA HS
Assay Kit (Invitrogen, Waltham, MA, USA).

Then, in accordance with the manufacturer’s rec-
ommendations, single strand DNA was circularized us-
ing the MGIEasy Dual Barcode Circularization Module
(MGI, Shenzhen, China). Then the finished libraries
were mixed in equimolar quantities and they proceed-
ed directly to their sequencing on a flow cell. The qual-
ity of raw metagenomic data was assessed using the
FastQC tool. Technical sequences and low quality da-
tabases (Q < 20) were trimmed.

MetaPhlAn 4.0 was used to profile the composition
of microbial communities to species level.

To investigate metabolic pathways, we used the
HUManN3 tool, which functionally profiles genes,
pathways and modules from the obtained metage-
nomes. One of the main advantages of HUMANN3
over other functional profiling systems is their ability
to stratify community functional profiles according to
contributing species.

STUDY RESULTS

As a result of bioinformatics analysis of the ob-
tained sequencing data, 270 species of bacteria were
identified. Species the abundance of which was less
than 1 % for one of the study groups were combined
into the group “Others”. Fig. 1 shows the most com-
mon types of bacteria.

E. coli was the dominant bacterial species for both
groups. In the group of healthy piglets, the relative
abundance of E. coli was 53.30 %, and in the group of
piglets suffering from diarrhea — 23.55 %.

E. coliis anormal inhabitant of the intestinal tract
of animals, but its specific strains are often an import-
ant cause of morbidity and mortality in young farm
animals. Colibacillary diarrhea usually occurs in pig-
lets less than a week old and is associated with a rel-
atively small number of enteropathogenic hemolyt-
ic serotypes of E. coli. Considerable interest has been
shown in both the epidemiology and virulence factors
of these pathogens [12]. However, relatively little in-
formation is available on the “normal” fecal E. coli flo-
ra of healthy young piglets [13]. In our study, we ob-
served the presence of this bacterium in both the group
of healthy piglets and the piglets with diarrhea, in ad-
dition, the relative abundance of E. coli in healthy pig-
lets was higher. Taken together with the data obtained
from the analysis of variance, we can say that in our
case, diarrhea in the newborn piglets was not associ-
ated with E. coli.
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Fig. 1. The most common bacteria found in the feces of healthy piglets and the piglets with diarrhea

Three unidentified bacterial species belonging to
the phylum Bacteroidetes were also discovered.

Differential abundance analysis performed using
MAaslin2, which is based on linear modeling using
the Benjamin-Hochberg method, did not reveal sta-
tistically significant differences in taxonomic compo-
sition between the studied groups.

As a result of the analysis of metabolic genes, we
detected 425 identified and integrated metabolic path-
ways that are typical of the studied microbiome com-
munity of feces of the newborn piglets. In the group
of healthy piglets, their number was 394, while in the
group of the piglets with diarrhea there were 404 met-
abolic pathways. For both groups, the most enriched
pathway was the peptidoglycan maturation pathway
(containing meso-diaminopimelate). Fig. 2 shows a
graph of differential path abundance sorted by group
and logarithmically scaled.

The diagram shows that the main contribution
to this metabolic pathway is made by E. coli bacte-
ria, which dominated in both groups of the study. For
some samples from the group of the piglets with diar-
rhea, the bacteria Actinobacillus rossii, Flavonifractor

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

plautii and Bacteroides fluxus, as well as unidentified
bacterial species, contributed most to the enrichment
of this metabolic pathway.

In addition, we identified differential gradients be-
tween groups in the representation of genes for the bi-
otin II biosynthesis pathway (PWY-5005), which was
statistically significantly more enriched in the group of
the piglets with diarrhea (10.96 £ 5.18 copies per mil-
lion) and was absent in healthy piglets (p-value = 0.03).
Biotin is an essential vitamin and cofactor in several
metabolic pathways, and its deficiency is associated
with diseases including inflammatory bowel disease and
increased intestinal epithelial permeability [14—16]. In
general, research results show that disruption of the mi-
crobiome leads to the creation of favorable conditions
for microbes capable of synthesizing biotin, which can
contribute to intestinal inflammation [17, 18].

By rearranging the gene family UniRef into RXN
functions and naming, we also obtained a total of 3427
enzymes. From this large diversity, differential abun-
dance analysis identified six enzyme genes, the repre-
sentation of which was statistically different between
groups (see Fig. 3).

171
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PWYO0-1586: Peptidoglycan maturation pathway (containing meso-diaminopimelate)
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Fig. 2. Differential prevalence of the peptidoglycan maturation pathway in the study groups
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Fig. 3. Genes of enzymes, the representation of which differs in the piglets with diarrhea and in the healthy group

Thus, we see that the genes for the enzymes of ni-  inducers and methionine metabolism [19], were absent

in the group of healthy piglets, and the representation
of the remaining identified enzyme genes belonging to
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the classes of transferases and isomerase was signifi-
cantly higher in the group of the piglets with diarrhea.

Dolichylphosphate mannose-protein mannosyl-
transferase is one of the key components of the bio-
synthesis of mannose-type O-glycans. It is known that
this enzyme was previously associated with various
types of muscular dystrophies [20].

CONCLUSION

This study was aimed not only at determining the
fecal microbiome of the newborn piglets with diarrhea,
but also at identifying metabolic differences in sick
animals, compared to healthy ones. This work did not
identify bacteria that could be typical of the pathology
under study. This may indicate the need for further re-
search into the relationship between microbiome aber-
rations and postnatal diarrhea in pigs; perhaps the con-
tribution of microbiome disturbances to this pathology
is overestimated. In addition, features were identified
in the cross-functional interaction of representatives of
the fecal microbiota. These differences were associat-
ed with the predominance of the genes for enzymes of
the classes of transferases, isomerases, oxidoreductases
and hydrolases in the group of the piglets with diarrhea.
In the group of the piglets with diarrhea, the genes for
metabolic pathway enzymes responsible for the bio-
synthesis of biotin, which was absent in healthy pig-
lets, were also found. Thus, the biotin II biosynthetic
pathway was identified as an important pathway asso-
ciated with diarrhea. These results may provide a the-
oretical basis for the development of prevention and
treatment of gastrointestinal pathology in piglets, and
also contribute to the understanding of the metabolic
mechanisms of diarrhea.
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AHnHoOTanms1. B cratbe npeicTaBIeHb! pe3ysbTaThl U3y4EHHs IUTOKMHOBOTO POMWIIS y TOPOCT B MOACOCHBIN
MEPUOJ] B POMBIIIJIEHHOM CBUHOBOJUECKOM XO3AHCTBE. Y MOPOCST, BRIPAIUBAEMBIX 110l CBHHOMATKaMH, Iepe-
OOJIEBIIIMHU MOCIEPOIOBEIMU OOJIC3HSIMHU, IO CPABHEHHUIO C OPOCSITaMH 0] KIIMHUYECKH 3I0POBBIMHU KHUBOT-
HBIMH B 5-TH THEBHOM BO3pPacTe YCTaHOBIJICHO TIOBBIIICHHOE COZIEPKaHIE MPOBOCTIAINTEIbHBIX IUTOKMHOB [L-1f,
TNF-o u INF-y, IL-2, npotuBoBocnanurensHeix Meanaropos 1L-4 u IL-10, cymmapHOI akTHBHOCTH 9HJIOTEH-
HBIX MEMATOPOB BOCMAJICHHS, INTOKUHOBOTO MHJeKca 1 otHomreHus 1L-4f3/1L-4 u INF-y/IL-4. Hapsiny ¢ aTum,
B 20-TH THEBHOM BO3pacTe OTMEUEHO YBEJIMYEHHE OOIIETO COOTHOMIECHHUS MPO- U IPOTHBOBOCIIAIUTEIIBHBIX 1IH-
TOoKHHOB, oTHOMIeH!s IL-1B/IL-10 1 INF- y/IL-10 npu camxennn yposnst IL-2, IL-4 u IL-10. [Toxy4enusie nan-
HBIC CBUIETEIILCTBYIOT O MOBBINICHHONH MOOMIIM3AIMU OpraHU3Ma M HANpsDKEHHOCTH a1alTallIOHHBIX MEXaHN3-
MOB Ha 5-€ CyTKH U BBIPQ)KEHHON CUCTEMHOI MPOBOCHAIUTENbHON peakiun Ha 20-e CyTKH, KOTopasi OnoCcpesy-
€T pa3BUTHE UIMMYHOCYIIPECCHH ¥ BO3HHKHOBEHHE 00JIE3HEH pa3IMuHON STHOJIOTHH.

KoaioueBble ciioBa: mopocsta, CBHHOMAaTKH, ITOCIEPOIOBBIC OOJIC3HH, IINTOKUHBI

B nmocnenaue roap! 601bII0e BHUMAaHUE YIESIEeT-
Csl U3YYCHUIO IIUTOKWHOB, OCYIICCTBISIONUX B3au-
MOCBSI3b MKy HECTISIU(PHUUSCKUMH 3aIlIUTHBIMU Pe-
AKIUSAMU U CIIeUU(PUISCKUM UMMYHHUTETOM, Y4acT-
BYIOITUX B PETYJLIITUN MHOTHX HMMYHOJIOTHYCCKHX
1 (PU3HOIIOTUYECKUX MTPOLIECCOB Y YEIOBEKA U )KUBOT-
HBIX, 3alIUTE OpraHu3Ma OoT WH()EKIIMOHHBIX TTaTOre-
HOB ¥ BOCCTAaHOBJICHUY MIOBPEKICHHBIX TKaHew [ 1—4].

Hccnenosanmsivu I'. H. YucTsakoBoit u coasT. [5],
A. C. Cumbupresa [1] mokazaHo, 94To ypoBEHb MPO-
TYKITAU IIUTOKHHOB HIMMYHOKOMITETCHTHBIMU KJTCTKa-
MU CITY>KHT B2XKHBIM TIOKa3aTeIeM COCTOSIHASI HMMYH-
HOM CHCTEMBI HOBOPOXKJICHHBIX B TIEPUOJ a[aTalluN
U, SIBJISSACH €€ TIIABHBIMUA MEIUaTOPaMHU, 00eCIICUrBa-
IOT B3aUMOCBSI3b PA3INYHBIX CUCTEM OpTranmu3ma [6].

Pabor, kacaromuxcst n3ydeHus IUTOKMHOBOTO TPO-
(buns y opocsAT B paHHUN TTOCTHATAIBHBIN TTEPHOT,
OITyOJIMKOBaHO MaJio, IIPU ATOM PE3YIIBTAThI UCCIIE0-
BaHUH 3apy0eIKHBIX aBTOPOB HOCSIT IPOTHBOPECUUBBIN
xapakrep. K. Nechvatalova [7], S. Elahi [8] uckro-
YaroT HAJIMYKUE B CHIBOPOTKE KPOBH HOBOPOIKIACHHBIX
MOPOCST [IUTOKUHOB, KOTOPBIE MEPEAAOTCS UM TOJb-

KO C MOJIO3UBOM U MoiyiokoM. Hampotus, M. Sinkora
et al. [9] cumralot, uTo yKe Ha 26 JIeHb CyTIOPOCHOCTH
CBHUHOMATOK B IeUeHH I110/1a 0OHapykuBaetTcs IFN-o/
CEKPETHPYIONIUX KIETOK, KOTOPBIH MOXKET TPEeCTaB-
JIATh PAaHHUN MEXaHU3M NMPOTUBOBUPYCHOM 3aIlIUTHI.

Uccnenoannsmu A. Shakhov et al. [2] ycraHoB-
JIEHBl SKcTpeccus reHa nuTokuHa [L-lo u Hamuune
B ceiBOpoTKe KpoBu IL-1f, IL-2, IL-4, IL-10, TNF-a,
INF-y y nopocsT 10 nprema MoJIO3MBa, a B MEPUOL
WX BBIPAIIUBAHUS IO/ KIMHUYECKH 37I0POBBIMH CBH-
HOMAaTKaMH ypPOBEHb YKa3aHHbIX MEIMATOPOB I1OBbI-
[IAETCs B CBSI3U C MOCTYIJICHUEM C MOJIO3UBOM (MO-
JIOKOM ) CBUHOMATOK M CHHTE30M KJIETKaMH COOCTBEH-
HOM UIMMYHHOH CUCTEMBL.

VY GONBHBIX KEMYTOYHO-KUIICYHBIMU OaKTEpH-
aJBHBIMU MH(EKIMSIMHA TTOPOCSIT-COCYHOB OTMEUEHO
YBEJINYEHHE [0 CPABHEHMIO C KJIMHUYECKU 37I0POBBI-
MU JKUBOTHBIMH aHAJIOTMYHOTO BO3PACTa COIACPIKAHUS
NpOBOCTATUTENBHBIX TUTOKUHOB IL-1P, TNF-0.1 oco-
OenHo y-uHTepdepona, a takxke IL-2 u IL-4, naaynu-
PYIOLMX COOTBETCTBEHHO KIIETOUHBIN ¥ T'yMOPaJIbHbIN
uvmmyHUTeT [10].

© [axoB A. I',, Cammramaa JI. FO., Bmagumuposa O. 0., Axynosa K. O., Hukonenxo I'. B., 2023
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Ilenb uccienoBanuii — U3y4eHUE [TUTOKUHOBOTO
po(UIs y MOPOCHT, BHIPAIIIUBAEMBIX 1107 CBUHOMAT-
KaMH, TIepeOO0JIEBIIUMH TIOCIEPOAOBBIMU OOJIC3HIMHU.

MATEPHUAJIBI U METO/IbI
HUCCJIEJOBAHUM

HccnenoBanus IpoBeICHBI B IPOMBIIIIICHHOM CBH-
HOBOJIYECKOM XO31CTBE Ha MOPOCITaX KOHTPOJIbHON
rpynmnsl (7 = 11) u onbITHOH Tpyme! (7 = 11), Bepa-
LIMBAEMBbIX IO/l KIMHUYECKH 310pPOBBIMU M CBUHOMAT-
KaMH, Yy KOTOPBIX B TedeHHE 4—35 CyTOK MOCIE POAOB
perucTpupoBaIy 3a00IeBaHUsI, MPOSIBISIOMINECS TIO-
BBHIIIEHHEM TeMmmepatypsl Tena ao 39,7 °C, yruere-
HUEM, TIOTepel aImeTHTa, MaCTUTOM, CIIM3UCTBIMH
1 THOWHBIMH BBIICIICHUSIMU U3 TTOJIOBBIX ITyTEH.

[IpoBeneHHoOE J€UeHUE KUBOTHBIX C IPUMEHEHH-
€M MeTpamMara, yTepoToHa U aiiHuIIa 00eCIIeuryIo ux
MOJTHOE KIIMHUUYECKOE BBI3ZIOPOBIIEHHE. Y TOPOCAT MpU
YIOBJIETBOPUTEIHLHOM COCTOSSHUM PETHUCTPUPOBAIIU
IUapero Ha 2 M 4 CyTKH TOCTe POXKICHUSI.

OTIBIT TPOBOAMITH B COOTBETCTBHH C TPEOOBAHMUS-
MU JEHCTBYIOIINX MEXIYHAPOAHBIX U POCCUHCKUX
3aKoHonaTenbHbIX akToB (AupexruBa 2010/63/EU
or 22.09.2010, EBponeiickoit koupenuuu (ETS123),
Strasbourg, 1986), a Taxke TpeOOBaHMIT KOMUCCUHU
o 6modTrke ®I'BHY «BHUBUIIDOUT» (mporokomn
Ne 1—02/23 ot 10.02.2023 ).

Ot mopocsT obeux rpymi B Bozpacte 5 u 20 nHel
MIPOBEZIEH 3a00p KPOBH, B CBIBOPOTKE KPOBH OIIPEIEIIs-
i cosieprkanue rurokunos: 1L-1p, 1L-2, IL-4, IL-10,
TNF-a, INF-y, INF-0 MeToOoM HIMMYHO(QEPMEHTHOTO
aHaJIN3a C MCIIOJb30BaHINEM KOMMEPUECKHX TECT-CH-

cteMm 3A0 «Bekrop-bect» cormacHO yTBep:KI€HHBIM
HACTaBJICHUSIM K JIMarHOCTHYECKUM Habopam.

O1eHKy MUTOKHHOBOTO OajlaHca W HaIpaBIlICH-
HOCTH MUMMYHHOI'O OTBETa ONPENEISUIN IIyTeM IO[-
cueTa MHACKCOB COOTHOLICHHH MPOBOCTIATUTEIBHBIX
Y TIPOTHBOBOCTIATIMTENLHBIX MearaTopos: IL-13/ IL-4;
IL-1pB/IL-10; IFN-y/IL-4; IFN-y/IL-10, uaaekca Boc-
nanutenbHoi akTuBHOCTH (MIBA), 001116T0 TUTOKHHO-
Boro nHaekca (OLI) u nHaeKkca, XapaKTepu3yIoIero
cootHomenue T-xenmepubpix uTokuHOB — (LU Thl/
ThID) [3, 11].

Craructuueckyro o0paboTKy MOJYYCHHBIX JaH-
HBIX [TPOBOJIMIIH C UCTIOIb30BAHUEM MPUKIIATHBIX KOM-
MBIOTEPHBIX TIporpamm «Statistica 10.0» (Stat Soft Inc.,
CHIA) n Microsoft Excel. Ouenky mocToBepHOCTH
orpenesnsun o kputepuio CThIOIEHTA.

PE3YJBbTATBI UCCJIEJOBAHUSA
N OBCYXKJIEHHUE

Y opoCST ONBITHOM IPyMIIbI B BO3PACTE S-TH THEH
10 CPAaBHEHHUIO C KOHTPOJIEM OTMEUEHO HOBBIILICHHOE
cojiepKaHre POBOCIIATUTENBHBIX TUTOKUHOB: [L-1[3,
SBJISIIOLIETOCS BaXHEHIIUM MEIHaTOpOM BOcCTHalle-
HUS, THULIIUHPYIOLINM Pa3BUTHE U PETYISIINIO HECTIe-
MUPHUUECKUX U CrIeU(PUISCKIX MEXaHU3MOB UMMY-
uutera [1], Ha 18,4 %, TNF-a, ctumynupyromero T-
u B-nmumdonutsl, perynupyromero "HTEHCUBHOCTD
BOCTIAJICHUS M YCUIIMBAIOIIETO (haroLUTapHYIO aKTUB-
HOCTb MOHOLIUTOB [2], Ha 8,9 %, u INF-y, aktuBupyo-
HIETO KJIETOYHbIE MEXaHM3MBbI 3aIIUTHl 1 HHTHOUPYIO-
1Iero rymMopaibHbie (pakTopbl UMMYHHOTO OTBeTa [3],
Ha 19,5 % (Tabm. 1).

Taonauuna 1
Cooeposcanue YumoKuUHo8 y nopocam
[Topocsita 5-nHEBHOTO BO3pacTa, BhIpalu- [Topocsita 20-1HEBHOTO BO3pacTa, BBIPAIIIN-
TMoxasatenu BaeMBbI€ IT0]T CBHHOMATKaMH BaeMbIe 110l CBHHOMATKaMH
310POBBIMH Hepe60HeBH_II/IMI/I 310POBBIMHA Hepe6OHCBIHI/IMI/I

IL-1B, nr/mn 4,73+£0,2 5,65+0,31" 4,37+0,23 5,53 +£0,36"

IL-2, or/mn 2,45+0,07 2,75+0,12 2,90+0,13" 2,57 +£0,06

IL-4, or/Mn 1,98 + 0,09 2,02+0,17 1,90 £ 0,19 1,71 £0,09
IL-10, or/mm 2,78 £ 0,04 3,3+0,26 3,41 +£0,23" 3,15+£0,11
TNF-a, or/mi 6,10 £ 0,04 6,64 + 0,07 5,56 £0,08" 5,71 £0,21°
INF-y, nir/mn 118,8 £4,87 142,0 £7,95° 136,7 +2,6" 178,8 +7,34"
INF-a, nir/mn 21,7+ 0,33 21,1 +1,83 16,9+0,18" 18,0 £ 0,96"

* p<0,05—0,001 — 110 OTHOLIEHHUIO K [TOKA3ATENSAM Y IIOPOCSAT, BHIPALIMBAEMBIX 10 3J0POBBIMH CBUHOMATKAMHU
*p <0,05—0,001 — 1o OTHOIIEHMIO K TIOKA3aTeNsIM MPEABIAYIIEMY TIEPHOIY
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Y HUX K€ PEruCTPUPOBAIIN U IOBBILIEHHBIN ypO-
BEHb ITPOTUBOBOCIIATTUTEIIEHOTO uToKnHA [L-10, s1B-
JIIOIIEr0Csl aHTArOHUCTOM LIUTOKMHOB BOCIAJICHUS
U UHAYLHMPYIOUIEr0 r'yMOpanibHOE 3BEHO UMMYHUTE-
ta [12], Ha 18,7 %, 9T0 00yCIOBIEHO KOMIIEHCATOP-
HOW peakiueil, HarpaBJICHHON Ha MHI'MOUPOBaHUE U3-
OBITOYHOTO CHHTE3a POBOCIATUTEIbHBIX IINTOKMHOB
IL-1p u TNF-a.

YV JKUBOTHBIX OIBITHOM IPYIIIBI OTMEYEHO MOBbI-
meHHoe coaepkanue [L-2, sBisitomierocs UHAYKTOPOM

CeKpelruy IMMYHOTIOTEHIIUPYIOMINUX JTUM(O- H MOHO-
KWHOB, OKa3bIBAIONIETO BIMSHUS Ha (aKTOpBI ecTe-
CTBEHHOTO MMMYHHTETA M yYaCTBYIOIIETO B (OPMH-
POBaHHUH TYMOPAJIHHOTO M KJIETOYHO-OIMOCPEI0BaH-
HOTO UIMMYHHBIX OTBeTOB [1], Ha 12,2 %.

CyMMapHasi akTUBHOCTb 9H/IOTEHHBIX MEIHaTo-
POB BOCHAJIEHUS U MHJIEKC, OTPAKAIOIINI COOTHOIIIe-
HUE IUTOKUHOB, poxyrupyeMbix Th-1 u Th-2 kiet-
KaMH, y TIOPOCST OTBITHON TPYIITEI OBLTH BBIIIE Ha
12,7 u 7,0 % cooTBeTCTBEHHO (Ta0I. 2).

Taoauma 2
Hnoexcel socnanumensHoti akmueHOCMU 1 OMHOWEHUS. NPO- U NPOMUBOBOCHATUMENLHBIX YUMOKUHOG
ITopocsiTta S-qHEBHOrO BO3pacTa, BbIpally- ITopocsara 20-gHEBHOTO BO3pacTa, BhIpAIU-
[MokazaTenu BAacMbIC 1101 CBUHOMAaTKaMU BAacMbIC 110J] CBUHOMAaTKaMU
310POBBIMH Hep660ﬂeBH_H/IMI/I 310POBBIMHA Hepe6OHeB[HI/IMI/I
HUBA 5,5+0,28 6,2 +0,59 5,3+0,49 6,6 + 0,36
o1 33,5+1,37 34,1 £3,17 31,5+1,88 43,1 +2,09*
L1 Th1/Th2 26,8 +1,29 28,6 3,08 27,4+ 1,82 38,3 +£2,03"
IL-1B/IL-10 1,71 £ 0,08 1,73+ 0,14 1,29 £ 0,05* 1,75+ 0,06"
IL-1B/IL-4 2,41 +0,16 2,87+0,37 2,33+0,14 3,26 +0,29"
INFy/IL-10 42,7+ 1,64 43,4 + 4,63 40,1 £2,99 56,5+2,99"
INFy/IL-4 60,4 +4,18 72,3 £7,06 72,3 +4,71 104,8 +8,79™

* p<0,05—0,001 — 10 OTHOIIICHHUIO K TIOKA3aTEIISIM Y TIOPOCSIT, BHIPAIIINBAEMBIX TTOJT 3I0POBBIMH CBHHOMATKAMHM
*p <0,05—0,001 — 10 OTHOIIEHHUIO K TTOKA3aTEISAM MPEIBIAYIIEMY TEPHOTY

Cootromenns IL-1B/IL-4 u INF-y/IL-4 y Hux mipe-
BBIIIANIHM KOHTPOJbHBIC 3HaueHus Ha 19,1 u 19,7 %,
YTO yKa3blBaeT Ha aKTHBHYIO BBIPAOOTKY MpOBOCIIA-
JIUTENBHBIX ITUTOKUHOB Y ’KMUBOTHBIX OMBITHOW I'pyTI-
IbI, CBUJETEIBCTBYIOUIYIO O HAMPS)KEHUU KOMIICH-
CaTOPHO-TIPHUCITIOCOOUTENBHBIX MeXaHU3MOB [3, 11].
[TommydeHHbIE pe3ynbTaThl COITIACYIOTCS C KIIMHUYE-
CKHMM IpOSIBIIEHUEM Yy HHMX JHAPEHHOro CUHApOMaA
B 2—4 CyTOYHOM BO3pacTe.

B 20-nHeBHOM BO3pacTe y MOPOCST, BRIpAIBac-
MBIX TIOJ] 3/I0POBBIMIA CBUHOMAaTKaMH, KOHIIEHTPAIUS
IL-1B cuusunacek Ha 7,6 %, y KUBOTHBIX OIBITHON
TPYNIBI TaK)Ke OTMEUEHA TeHJIIEHIUS K CHIDKEHUIO
€ro coiepKaHusl, Ipu ATOM ypoBeHb [L-1P y Hux Obun
BbIIIIE Ha 26,5 % mokazaTesst KOHTPOJIS.

Kpome Toro y mopocsT oneITHOM U KOHTPOIHHOMN
IPYII YCTAHOBJIEHO CHM)KEeHHE KonuuecTBa TNF-o,
SIBIISIOIIETOCS] BAKHEHIIIMM MEAHAaTOPOM aKTHUBAIHH
MMMYHHBIX MPOIIECCOB BOCHAJIUTEIBHOTO XapaKTe-

pa, Bo3zeiicTBys Ha Makpodaru, T- u B-mumdponutsr,
NK-knerku [4], Ha 14,0 u 8,9 % u INF-0, nposiBs-
OII[ET0 UMMYHOMO/IYIUPYIOIME CBONCTBA, MOBbIILIAs
AaKTHBHOCTh €CT€CTBEHHBIX KMJUIEPOB, T-Xemmnepos,
(aronuToB, MHTEHCUBHOCTH AU((EPEHIINPOBKHU
B-mamdorutos [1] ma 14,7 1 22,1 %.

IIpu oOmiel TeHACHIIMU yBEITUYEHHUS y TIOPOCAT
obeux rpymnn konmdectsa INF-y, oTBeTcTBeHHOTO 32
WHJIYKIUIO BEIPAOOTKH MPOBOCIATUTEIbHBIX [IUTOKH-
HOB [4], Ha 15,1 1 25,9 % ero 3HaueHUE y KUBOTHBIX
OTIBITHOM Tpynmbl peBsimano Ha 30,8 %, aro cBuae-
TEIHCTBYET O TIOBBIIIEHUN aKTHBHOCTH JTUM(OITUTOB
tuna Thl. Y nopocst, BelpammBaeMbIx 1oz iepedosieB-
IIMMU CBUHOMATKaMM, OTMEUEHO CHU)KCHHE YPOBHS
IL-2 Ha 6,5 % u IL-10 Ha 4,5 %, B TO BpeMs KaK y Io-
POCSIT KOHTPOJIBLHOM TPYMIBI UX KOJIUYECTBO YBEIIU-
yuiioch Ha 18,4 u 22,7 % COOTBETCTBEHHO.

B sToT mepuoa y mopocsT ONBITHOW TpyI-
bl YCTAHOBJIEHO CHUKEHUE conepxkanus 1L-4, sB-

BerepunapHsii apmakomorudeckuii BEeCTHUK o No 4 (25) « 2023 177



A. I llaxos, JI. FO. Cawnuna, FO. FO. Bradumuposa, A. K. Onezosna, I B. Huxonenko

nsiroerocst gpakropom nuddepeHnpoBku amns T-
u B-mumboruToB, 1 HHAYIIUPYIOMIETO TYMOPAIBHBIH
nmmysuTeT [12], Ha 15,3 %.

[Ipu 5TOM y )KUBOTHBIX OIIBITHOM TPYIIIIBI COAEP-
skanwne 1L-2, IL-4 u IL-10 6n110 MenbIe Ha 11,4; 10,0
u 7,6 % COOTBETCTBEHHO MO CPABHEHUIO C aHAJIOTHY-
HBIMU TIOKA3aTeIIMH KOHTPOJIS, YTO YKa3bIBaeT Ha
CHIKCHHE KJIETOYHOW M 0COOEHHO T'yMOpPaJIbHOH 3a-
IIATHl ¥ KOMIIEHCATOPHBIX MPUCTIOCOOUTETHHBIX Me-
XaHHU3MOB.

CyMmMapHasi akTUBHOCTb SHIOTEHHBIX MEIUATOPOB
BOCIAJICHUS ¥ 00N IUTOKUHOBBIN HHACKC Y dKUBOT-
HBIX ONIBITHOM TPYIITBI TOBBICUIUCH Ha 6,4 1 26,5 %,
ay MOPOCAT KOHTPOIHHOU TPYIITHI OTMEUEHA TeHICH-
U K WX CHIDKEHHUIO, B PE3yNbTaTe Yero 3HAYeHUS
MNBA u OLIU y nopocsT, BeIpallluBaeMbIX O] Hepe-
OOJIEBIIMMHU CBHHOMATKaMu, ObLIU BhIie Ha 24,0 %
u 37,0 % COOTBETCTBEHHO.

LIMTOKMHOBBIN UHJIEKC, OTPAKAIOIIUN COOTHOILIE-
Hue mMenuaropos, npoxyrupyembix Thl u ThIl aum-
(horuTamMu, y )KHBOTHBIX ONMBITHON TPYIIIBI yBEIH-
yuics Ha 33,8 % u Obur Beire Ha 39,8 %, 4TO CBU-
JETENbCTBYET O MPEBATUPOBAHUHU Y HUX KJIETOUHOIO
MMMYHHOTO OTBETA.

Cy1iecTBeHHBIE N3MEHEHUS Y TIOJIOTIBITHBIX TIOPO-
CSIT TIPOU3OIUTH W B COOTHOIIIEHUSX OTACIBHBIX TIPO-
BOCTIAJTUTEIBHBIX ITUTOKWHOB K MPOTHBOBOCITAJIH-
TENBHBIM MeuaTopaM. Y MOPOCAT ONBITHON TPYIIIIBI
ycraHosieHo yBenunuenue [L-13/IL-4 na 13,6; INF-y/
IL-10 a 30,2 u INF-y/IL-4 Ha 45,0 %, B TO BpeMmsl Kak
Y KUBOTHBIX KOHTPOJIHHOU TPYIIITBI OTMEYEHO CHIDKE-
Hue IL-1B/IL-10 Ha 24,6 %, INF-y/IL-10 1a 6,0 % npu
noBsiternn INF-y/IL-4 ma 19,8 %.

Bcnencreue 3Toro y mnopocsT, BEIpaIuBaeMbIX 0T
repe0oIeBIIMMY CBUHOMATKaMHU, OBLIN BBIIIE 3HAYE-
uus IL-1B/IL-10 wa 35,7 %, IL-1B/IL-4 Ha 39,9 %,
INF-y/IL-10 Ha 41,0 %, INF-y/IL-4 Ha 44,9 % otHo-
CUTEIFHO KOHTPOJIA.

AHaH3 MOTy4YeHHBIX PE3YIIBTAaTOB BBISTBUI HAJIH-
yie UMMYHHOTO arcOanaHca, TMPOsIBUBIIETOCS yBe-
Ju4YeHueM KoHueHTpauuu INF-y, ocHOBHOro nuro-
kuHa, cekperupyemoro Thl numpountamu Ha ¢oHe
cHIKeHHs ypoBHA 1L-4, oTBewaromiero 3a pa3BUTHE
nmmyHHOTO 0oTBeTa 1o Thll mytu. [loBeimennas npo-
nykiust INF-y y HOBOPOXKJIEHHBIX OPOCAT, BhIpaIu-
BaeMbIX IO/ TepeOOIeBITMMI CBUHOMATKaMHU, BO3-
MOJKHO, SIBIISICTCSI (PU3MOIOTMYECKUM 3aIUTHBIM OT-
BETOM M OIPEJLINIICT CIOCOOHOCTh K HOPMAJIBHOMY
TEUEHUIO NepHoia HOBopoXxkaAeHHOCTH [12]. Bmecte
¢ TeM OajaHC MEXIY MPOBOCIATUTEIEHBIMA U TIPO-
TUBOBOCIIAJIUTEIFHBIMI IMTOKMHAMH SBIISIETCS BAXK-
HBIM MOMEHTOM B PETYIISIINU BOCIIATUTEILHON peak-

MU ¥ OIpeaeNseT MPEeUMYIIEeCTBO KIETOYHOTO WIIN
TYMOpaJbHOTO IMMYHHOTO OTBeTa [4].

3AKJTIOYEHHUE

IIpoBeneHHBIMU UCCIEAOBAHUSIMU Y IOPOCSIT, BbIPa-
HIMBAEMBIX O] IEPEOOIeBIIMMH HOCIIEPOIOBBIMU 0O-
JIE3HSIMU CBUHOMATKaMH, 10 CPAaBHEHUIO C TPHUITIIONOM
MO/ KITMHWYECKN 37I0POBBIMH KUBOTHBIMHU Ha 5-€ CyT-
KA YCTaHOBJICHO TOBBIIIEHHOE CO/IEP)KaHHUEe MPOBOC-
nanuTeIbHbIX MUTOKHHOB 1L-1(3, TNF-0, [FN-y, IL-2,
MIPOTUBOBOCTIATIUTENBHBIX Meanaropos IL-4 n IL-10
Y YBEJIMYEHHE CYMMAaPHOM aKTUBHOCTH SHIOTCHHBIX Me-
JIMaTOPOB BOCMAJICHU S, IUTOKMHOBOTO MHJIEKCA U COOT-
Hommenuit [L-1B/IL-4 u IFN-y/IL-4, cBUaeTenbCTBYIO-
TIIHe O BEICOKOW CTENeHN HANPSHKEHHOCTH a/IalTaIFoH-
HBIX MexaHn3MoB. Ha 20-e cyTKu BBISIBIICH AHrcOaIaHC
LUTOKHHOB, MPOSBIISIIOLIMICS TMOBBILIEHUEM OOIIEro
COOTHOIIEHUS TPO- U MPOTHUBOBOCHAIUTENBHBIX IIH-
tokuHoB, uHAekca Th1/Th2, otnomenuit 1L-1B/IL-10
n [FN-y/IL-10, IL-1B/IL-4 u IFN-y/IL-4, cytiecTBeHHBIM
yBenuueHueM cozepxanusi IFN-y mpu CHUKEHUH ypOB-
Hs IL-2, IL-4 u IL-10, yTo yka3biBaeT Ha NpeBaIUPOBa-
HUE KJIETOYHOT'O IMMYHHOTO OTBETa HaJl TYMOPAJIbHBIM.

BrisiBneHHble U3MEHEHUS y MOPOCST, BBIpAIIu-
BaeMbIX I0JI MEPeOOIEBITMMHU MTOCIEPOIOBBIMU 00-
JIe3HSMH CBHHOMAaTKaMH, CBHUIETEIbCTBYIOT O 0O-
Jiee BBIPAXKEHHOW MPOBOCHAIMUTEIbHON pEaKiluH,
KOTOpas OMOCPENyeT Pa3BUTHE MMMYHOCYIIPECCHU
Y BO3HUKHOBEHHE OOJE3HEH pa3iIMYHON STHOJIOTHH.
[Momy4eHHbIe pe3ynbTaThl 000CHOBBIBAIOT HEOOXOIHU-
MOCTb IPUMEHEHUSI UMMYHOMOYJIMPYIOIINX CPE/ICTB
JUTSI TIOBBILIICHUSI IMMYHHOTO CTaTyca.
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CYTOKINE PROFILE IN THE PIGLETS REARED BY THE
SOWS THAT HAVE HAD POSTPARTUM DISEASES

Aleksey Gavrilovich Shakhov, Larisa Yuryevna Sashnina®, Yuliya Yuryevna Vladimirova,
Kristina Olegovna Akulova, Galina Vasilyevna Nikonenko'
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Abstract. The article presents the results of a study of the cytokine profile in piglets during the suckling period
on an industrial pig breeding farm. In the piglets reared under the sows that have had postpartum diseases, com-
pared with the piglets under clinically healthy animals at the age of 5 days, an increased content of pro-inflam-
matory cytokines IL-1p, TNF-a and INF-y, IL-2, anti-inflammatory mediators IL-4 and IL-10, total activity of
endogenous inflammatory mediators, cytokine index and IL-4f3/IL-4 and INF-y/IL-4 ratio were detected. Along
with this, at the of age 20 days there was an increase in the total ratio of pro- and anti-inflammatory cytokines,
the ratio of IL-1B/IL-10 and INF-y/IL-10 with a decrease in the level of IL-2, IL-4 and IL-10. The data obtained
indicate increased mobilization of the body and tension of adaptation mechanisms on day 5 and a pronounced
systemic pro-inflammatory reaction on day 20, which mediates the development of immunosuppression and the

occurrence of diseases of various etiologies.

Keywords: piglets, sows, postpartum diseases, cytokines

In recent years, much attention has been paid
to the study of cytokines that mediate the relation-
ship between nonspecific protective reactions and
specific immunity, participating in the regulation
of many immunological and physiological process-
es in humans and animals, protecting the body from
infectious pathogens and restoring damaged tissues
[1—4].

The research by G. N. Chistyakova et al. [5],
A. S. Simbirtsev [1] showed that the level of cyto-
kine production by immunocompetent cells serves as
an important indicator of the immune system state of
the newborns during the adaptation period and, being
its main mediators, ensure the interconnection of var-
ious body systems [6].

Little works have been published on the study of
the cytokine profile in piglets in the early postnatal pe-
riod, and the results of studies by foreign authors are
contradictory. K. Nechvatalova [7], S. Elahi [8] ex-
clude the presence of cytokines in the blood serum of
newborn piglets, which are transmitted to them only
with colostrum and milk. On the contrary, M. Sinkora
etal. [9] believe that in sows already on day 26 of ges-
tation, IFN-0/p of secreting cells are detected in the fe-
tal liver, which may represent an early mechanism of
antiviral protection.

The research by A. Shakhov et al. [2] established
the expression of the IL-1a cytokine gene and the pres-
ence of IL-1f, IL-2, IL-4, IL-10, TNF-a, INF-y in the
blood serum in piglets before receiving colostrum, and
during their rearing under clinically healthy sows, the
level of these mediators increases due to the intake
from the colostrum (milk) of sows and synthesis by
the cells of their own immune system.

In the suckling piglets with gastrointestinal bac-
terial infections, in comparison with the clinically
healthy animals of the same age, there was noted an
increase in the content of pro-inflammatory cytokines
IL-1B, TNF-a and especially interferon-y, as well as
IL-2 and IL-4, which induce cellular and humoral im-
munity, respectively [10].

The objective of the research was to study the cy-
tokine profile in the piglets reared under the sows that
have had postpartum diseases.

MATERIAL AND METHODS
The studies were conducted on an industrial pig
breeding farm on piglets of the control group (n = 11)
and the experimental group (n = 11), reared un-
der clinically healthy sows and the sows, that man-
ifested the diseases by an increase in body tempera-
ture up to 39.7 °C after farrowing, depression, loss
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of appetite, mastitis, mucous and purulent discharg-
es from the genital tract, which were recorded within
4—35 days.

The treatment of animals with the use of metramag,
uteroton and ainil ensured their complete clinical re-
covery. In piglets with a satisfactory condition, diar-
rhea was recorded on days 2 and 4 after birth.

The experiment was carried out in accordance with
the requirements of current international and Russian
legislative acts (Directive 2010/63/EU dtd. September
22, 2010, the European Convention (ETS123),
Strasbourg, 1986), as well as the requirements of the
bioethics commission of FSBSI “ARVRIPP&T” (pro-
tocol No. 1—02/23 dtd. February, 10, 2023).

The blood was taken from piglets of both groups
at the age of 5 and 20 days; the content of cytokines
in the blood serum was determined: IL-1p, IL-2, IL-4,
IL-10, TNF-a, INF-y, INF-0. — by enzyme immuno-
assay analysis using commercial test systems of CJISC
“Vektor-Best” in accordance with the approved instruc-
tions for diagnostic kits.

The assessment of the cytokine balance and di-
rection of the immune response was determined by
calculating indices of the ratios of pro-inflammatory

and anti-inflammatory mediators: IL-1p/IL-4; IL-1p/
IL-10; IFN-y/IL-4; IFN-y/IL-10, index of inflamma-
tory activity (IIA), total cytokine index (TCI) and the
index characterizing the ratio of T-helper cytokines
(CI ThI/ThID) [3, 11].

The statistical processing of the obtained data
was carried out using applied computer programs
“Statistica 10.0” (Stat Soft Inc., USA) and Microsoft
Excel. The reliability assessment was determined us-
ing the Student’s t test.

RESULTS AND DISCUSSION

In the piglets of the experimental group at the age
of'5 days, compared with the control, an increased con-
tent of pro-inflammatory cytokines was noted: IL-1J,
which is the most important mediator of inflammation,
initiating the development and regulation of nonspe-
cific and specific mechanisms of immunity [1] — by
18.4 %, TNF-a, stimulating T- and B-lymphocytes,
regulating the intensity of inflammation and enhanc-
ing the phagocytic activity of monocytes [2] — by
8.9 %, and INF-y, activating cellular defense mecha-
nisms and inhibiting humoral factors of the immune
response [3] — by 19. 5 % (Table 1).

Table 1

Cytokine content in piglets

Piglets at the age of 5 days, reared under Piglets at the age of 20 days, reared under
Indicators SOWS SOWS
healthy have had the disease healthy have had the disease

IL-1pB, pg/ml 473+£0.2 5.65+£031" 437+0.23 5.53+£0.36"

IL-2, pg/ml 2.45+0.07 2.75+0.12° 2.90+0.13" 2.57 £0.06

IL-4, pg/ml 1.98 £0.09 2.02+0.17 1.90+£0.19 1.71 £0.09
IL-10, pg/ml 2.78 £ 0.04 3.3+0.26 3.41+0.23* 3.15+0.11
TNF-a, pg/ml 6.10+0.04 6.64+0.07" 5.56 £0.08" 571+£0.21*
INF-y, pg/ml 118.8 £4.87 142.0 +7.95" 136.7 +£2.6" 178.8 +£7.34"
INF-a, pg/ml 21.7+0.33 21.1+1.83 169 +0.18" 18.0 £ 0.96"

* p<0.05—0.001 — in relation to the indicators in the piglets reared under healthy sows
* p <0.05—0.001 — in relation to the indicators of the previous period

There was also recorded an increased level of the
anti-inflammatory cytokine IL-10, which is an antag-
onist of inflammatory cytokines and induces humoral
immunity [12], by 18.7 %, which is due to a compen-
satory reaction aimed at inhibiting the excessive syn-
thesis of proinflammatory cytokines IL-1f and TNF-a.

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

In the animals of the experimental group, there was
an increased content of IL-2 (by 12.2 %), which is an
inducer of the secretion of immunopotentiating lym-
pho- and monokines, affecting the factors of natural
immunity and participating in the formation of humor-
al and cell-mediated immune responses [1],
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The total activity of endogenous inflammatory me-
diators and the index reflecting the ratio of cytokines
produced by Th-1 and Th-2 cells the piglets of the ex-
perimental group were higher by 12.7 and 7.0 %, re-
spectively (Table 2). The ratios of IL-1p/IL-4 and
INF-y/IL-4 in them exceeded the control values by 19.1
and 19.7 %, which indicated the active production of
pro-inflammatory cytokines in the animals of the ex-
perimental group, indicating the tension of compen-
satory and adaptive mechanisms [3, 11]. The results
obtained are consistent with the clinical manifestation
of diarrhea syndrome in them at the age of 2—4 days.

At the age of 20 days, in the piglets reared under
healthy sows, the concentration of IL-1P decreased
by 7.6 %, in the animals of the experimental group, a
tendency to a decrease in its content was also noted,
while their level of IL-1B was by 26.5 % higher than
the control indicator.

In addition, in the piglets of the experimental and
control groups, a decrease in the amount of TNF-a,
which is the most important mediator of the activation
of inflammatory immune processes, affecting macro-
phages, T- and B-lymphocytes, NK cells [4], was found
to decrease by 14.0 and 8.9 %, and INF-a, which ex-
hibits immunomodulatory properties, increasing the

activity of natural killer cells, T-helper cells, phago-
cytes, and the intensity of B-lymphocyte differentia-
tion [1] — by 14.7 and 22.1 %.

With a general tendency to increase in the piglets
of both groups the amount of INF-y, responsible for
the induction of the production of pro-inflammatory
cytokines [4], by 15.1 and 25.9 %, its value in the an-
imals of the experimental group exceeded by 30.8 %,
which indicated an increase in the activity of Thl type
lymphocytes.

In the piglets reared under recovered sows, a de-
crease in the level of IL-2 by 6.5 % and IL-10 — by
4.5 % was noted, while in the piglets of the control
group their number increased by 18.4 and 22.7 %, re-
spectively.

During this period, the piglets of the experimen-
tal group showed a decrease in the content of I1L-4
(by 15.3 %), which is a differentiation factor for T- and
B-lymphocytes and induces humoral immunity [12].

At the same time, in the animals of the experimen-
tal group the content of IL-2, IL-4 and IL-10 was less
by 11.4, 10.0 and 7.6 %, respectively, compared with
the similar control indicators, which indicated a de-
crease in cellular and especially humoral protection
and compensatory adaptive mechanisms.

Indices of inflammatory activity and the ratio of pro- and anti-inflammatory cytokines fable
Piglets at the age of 5 days, reared under Piglets at the age of 20 days, reared under
Indicators SOWS SOWS
healthy have had the disease healthy have had the disease
A 5.5+0.28 6.2+0.59 5.3+0.49 6.6 +0.36"
TCI 33.5+1.37 34.1+3.17 31.5+1.88 43.1£2.09™
CI Th1/Th2 26.8 +1.29 28.6 +3.08 27.4+1.82 38.3+£2.03"
IL-1B/IL-10 1.71 £ 0.08 1.73£0.14 1.29 £ 0.05" 1.75+£0.06"
IL-1B/IL-4 241+0.16 2.87+0.37 2.33+£0.14 3.26+£0.29
INFy/IL-10 42,7+ 1.64 43.4+4.63 40.1+2.99 56.5+2.99"
INFy/IL-4 60.4+4.18 72.3+£7.06 72.3+£4.71 104.8 +8.79™

* p <0.05—0.001 — in relation to the indicators in the piglets reared under healthy sows
* p<0.05—0.001 — in relation to the indicators of the previous period

The total activity of endogenous inflammatory me-
diators and the total cytokine index in the animals of
the experimental group increased by 6.4 and 26.5 %,
and in the piglets of the control group there was a ten-
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dency towards their decrease, as a result of which the
values of IIA and TCI in the piglets reared under re-
covered sows were higher by 24.0 % and 37.0 %, re-
spectively.
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The cytokine index, reflecting the ratio of media-
tors, produced by Thl and ThII lymphocytes, in the an-
imals of the experimental group, increased by 33.8 %
and was higher by 39.8 %, which indicated the preva-
lence of the cellular immune response in them.

Significant changes in the experimental piglets also
occurred in the ratios of individual pro-inflammatory
cytokines to anti-inflammatory mediators. In the pig-
lets of the experimental group, there was found an in-
crease in IL-1B/IL-4 by 13.6, INF-y/IL-10 — by 30.2
and INF-y/IL-4 — by 45.0 %, while the animals in
the control group showed a decrease in IL-1p/1L-10
by 24.6 %, INF-y/IL-10 — by 6.0 % with an increase
in INF-y/IL-4 by 19.8 %.

As a result, in the piglets reared under sick sows,
the values of IL-1B/IL-10 were higher by 35.7 %,
IL-1B/IL-4 — by 39.9 %, INF-y/IL-10 — by 41.0 %,
INF-y/IL-4 — by 44.9 %, relative to the control.

The analysis of the results revealed the presence of
an immune imbalance, manifested by an increase in the
concentration of INF-y, the main cytokine, secreted by
Thl lymphocytes against the background of a decrease
in the level of IL-4, which is responsible for the devel-
opment of the immune response along the ThII path-
way. Increased production of INF-y in the newborn pig-
lets reared under recovered sows may be a physiolog-
ical protective response and determines the ability to
normalize the neonatal period [12]. However, the bal-
ance between pro-inflammatory and anti-inflammato-
ry cytokines is an important point in the regulation of
the inflammatory response and determines the advan-
tage of the cellular or humoral immune response [4].

CONCLUSION

The studies conducted in the piglets reared under
the sows that have had postpartum diseases, compared
with the offspring under clinically healthy animals, on
day 5 revealed an increased content of pro-inflamma-
tory cytokines IL-1p, TNF-a, IFN-y, IL-2, anti-inflam-
matory mediators IL- 4 and IL-10 and an increase in
the total activity of endogenous inflammatory medi-
ators, the cytokine index and the ratios of IL-1p/IL-4
and [FN-y/IL-4, indicating a high degree of tension in
the adaptation mechanisms. On day 20, an imbalance
of cytokines was revealed, manifested by an increase
in the overall ratio of pro- and anti-inflammatory cyto-
kines, the Th1/Th2 index, the IL-1p/IL-10 and IFN-y/
IL-10 ratios, IL-1B/IL-4 and IFN -y/IL-4, a signifi-
cant increase in the content of IFN-y with a decrease
in the level of IL-2, IL-4 and IL-10, which indicated
the prevalence of the cellular immune response over
the humoral one.

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

The identified changes in the piglets reared under
the sows that have had postpartum diseases indicate
a more pronounced pro-inflammatory reaction, which
mediates the development of immunosuppression and
the occurrence of diseases of various etiologies. The
results obtained substantiate the need for the use of
immunomodulatory agents to improve immune status.
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AHHOTanusl. B crarbe mnpejcTaBiieHbl pe3ysIbTaThl IUTO-THCTOJIONMYECKUX U MOJIEKYJISIPHO-TE€HETHYECKUX HC-
CJIE/IOBaHUI NPU KaTapaJibHOM MacTUTE Y KOPOB. YCTaHOBIICHO, YTO B CEKPETE MOJIOYHOM Keje3bl KOpOB, O0JIb-
HBIX KarapajibHbIM MAaCTUTOM, OTMEUEHO HAJIMUUE JAETeHEPATUBHBIX H3MEHEHHUH B KIIeTKaX (KOHAEHCHPOBAHHBIN
XPOMATHH, TUKHO3 U PEKCHUC SIAEP), Pa3pYILIEHHBIX JIEHKOIIUTOB, CKOIIeHHne OakTepuii. [ mcroigornueckue uccie-
JIOBaHUS CBUJIETEIBCTBYIOT O TOM, YTO NPU KJIMHUYECKOM KaTapajbHOM MAacTUTE ITPOMCXOAUT YTOJIICHHE allb-
BEOJISIPHBIX [IEPErOPOJIOK BCIIE/ICTBHE JIEUKOUTAPHONW MHOUIBTpALMK. M3 HUX KJIETKH BOCIIAJICHUSI MUTPUPYIOT
B IIPOCBET aJIbBEOJI, BCIEACTBUE YETO BBIJEIAIOTCS C MOJIOKOM. MONEKyIspHO-TeHeTUYECKUIT aHATIN3 HKCIIPECCUU
rena utoknHa TGFb nokasait, 4to ero ypoBeHs y OOJIbHBIX )KUBOTHBIX B 35,5 pas Oounbliie, 4eM y 310poBbIX. [To-
kazarenu IL-10 B 2,7 pa3 Obutu Gosbliie y 3110pOBBIX JKUBOTHBIX, YeM Y OOJIbHBIX. YpOBeHb Kcrpeccun IL-10 Obu1
Ooutbllie y KOpOB, 60nbHBIX MacTuToM B 20,8 pa3. Dkcnpeccust rena IL-1f Obuia Boitie B 82,7 pa3a 'y 00JIbHBIX KO-
POB, 4eM y 30pOBbIX. DKcnpeccus reHa iurokuHa [FNo Obuta Beiie B 14,8 pa3 y 00JbHBIX KOPOB, YEM Y 310PO-
BbIX. [Ipy npoBeieHNH MOJIEKYJISIPHO-TEHETHYECKHUX UCCIIEA0BaHUI ObIIO BBISBICHO TEYEHUE OCTPOTO BOCIIAIH-
TEJILHOI'O Ipolecca.

KaroueBble ciioBa: MacTHT, MOJIEKYJSIPHO-TEHETUYECKUI aHAIIN3, SKCIIPECCHSI TEHOB, THCTOJIOTHSL, IIUTOJIOTHS

3a0o1eBaHMsT MOJIOYHOM YKEJIe3HI SBISIOTCA Han0o-
JIee pacpoCTpaHSCHHON ITPOOIIeMOH JKHBOTHOBOICTBA
Y HaHOCAT OTPOMHBIN SYKOHOMHUYECKUH yIIepO cemb-
CKOMY XO3siMCTBY. Tak, Mo pa3HbIM JaHHBIM, KJIUHU-
yeckuil MactuT peructpupyercs y 2,0—10,0 % xu-
BOTHBIX OT JIOMHOTO TIOTOJIOBBSI, 8 CYOKITMHUYECKIM
MacTuToM MoxeT 6oreth 10 30,0 % xopoB B mepu-
of aktanuu. [loMrIMo 3TOoTO0, y JKUBOTHBIX, KOTOPHIE
00JIeTT MACTUTOM, 9aCTO CITYYarOTCS PEIUIUBBL, TIPH
STOM IMOPAXKAETCS OJIHA U Ta ke Ao [1].

W3BecTHO, uTO Hamboee 4acThIM 3THOJOTHYE-
CKUM (haKTOPOM BO3SHUKHOBEHHS] MACTUTA BHICTYIIACT
YCIIOBHO-TIATOT€HHAst MUKPOQIIOpa, KOTOpas Jalie Bce-
TO MPOHWKAET B MOJIOYHYIO XKeJle3y Yepe3 COCKOBBIN
kaHaJ. [locre dyero B OONBIIMHCTBE CITy4YaeB pa3BUBa-
€TCs KITMHUYECKU BRIPAKCHHOE KaTapaibHOE BOCHase-
HUE MOJIOYHOM xene3bl. KarapanbHblil MacTUT TpeOyeT
OOJIBIINX DKOHOMHYECKHX 3aTpaT Ha JICUCHHE 1 Yalle

PEIMINBUPYET, UTO TAK)KE CHUIKAET MOJIOYHYIO TIPO-
JTyKTHUBHOCTB *KUBOTHOTO [2].

[ToaTomMy M3yueHUe maToreHe3a MacTUTAa SBISET-
Cs1 BAYKHBIM LI1arOM K CO3aHHIO 3PEKTUBHBIX METO-
JIOB JICYCHUS ¥ TPOPUIIAKTHKH JAHHOTO 3200JICBaHuUSI.
OnHIM U3 CTTIOCOOO0B, KOTOPBIH MO3BOJISIET U3YUUTH Me-
XaHW3MBI BOCTIAJIUTENFHBIX MTPOLIECCOB IMPU MACTHUTE,
SIBIISIETCS] METOJ] OIEHKH YPOBHS DKCIPECCHU TEHOB.
JlaHHBII METO/T TO3BOJISIET HE TOJIHKO OIIPE/IENINTH, Ka-
KH€ TeHbl aKTUBU3UPYIOTCS B OTBET HA BOCHAINTEIb-
HBIE TIPOLIECCHI, BHI3BAHHBIEC BO30YAUTENSIMH MACTUTA,
HO U TaK)Ke BO3MOYKHBIE ATTEPHBI PA0OTHI H3y4aeMbIX
TeHOB, UX aKTHBM3AIHNIO, MHTHOMPOBAHUE PYT JpY-
ra u Tak gaiee [3].

MeTtomonornyeckue MPUHIMITEI aHATH3a YPOBHS
9KCIPECCHN OCHOBAHBI Ha KOJMYECTBEHHOM OlLIEHKE
coaepxanusi TpanckpunToB (MPHK) nannbix reHos
B aHanm3upyeMon Tkanu meronom [P B peansHom
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BpeMeHH. J|aHHAs TEXHOJIOTUSI MOYKET OBITh UCIIONB30-
BaHa JUISl MOJIEKYJISIPHO-TE€HETHYECKOTO aHaAJIM3a BO3-
MOYKHOTO PHCKa OCJIOKHEHHUS BOCTIAITUTELHOTO TIPO-
mecca [4].

Mopdonornueckue HCCIEeI0BaHMS BKIIOYAIOT
MpOBEAEHNE LUTOJIOTHYECKOTO, TUCTOIOTUYECKOTO
rccieoBaHus Marepuaia. MarepuaaoM ajis LUTO-
JIOTUYECKNX UCCIIEOBAHNN CIYXKHUT CEKPET MOJIO0Y-
HOM KeJe3bl, a IJIsl THCTOJIOTUYECKUX — TKaHH BbI-
MEHH, KOTOpble OTOMPAIOTCS MPH ITOMOIIH OHOTICHU
Wiy ayTorcuu [5].

Heo6xoauMocTh THCTOIOTMYECKOTO U IIUTOJIOTH-
YECKOTO HCCIEIOBaHMS ONPENENeTCs] CI0KHOCTHIO
g depeHITnanIbHON TUarHOCTHKH [6].

Heapb ucciienoBaHus M3y4uTh mMaroMopdonoru-
YEeCKHE 1 MOJIEKYIISIPHO-TEHETHYECKUE M3MEHEHHS MO-
JIOYHOH 7KeJe3bl KOPOB IPH KaTapaJIbHOM MAacTHUTE.

MATEPHUAJIBI U METO/bI
UCCJIEJOBAHUM
Jist mpoBemeHus NcClIeIoBaHni OBLITH ChOPMUPO-
BaHbI JIBE TPYIIIIbI )KUBOTHBIX MO 6 TOJOB B KAXKIOMH.
JKuBOTHBIE TIEpBOU TPYIIIBI — KIMHUYECKU 37I0pPO-
BBIC KOPOBBI, BTOPOU TPYIITbl — OOJbHBIC, KITHHAYE-
CKH BBIPpAKCHHBIM KaTapaJbHbBIM MaCTUTOM. I[I/IaFHOS

Ha KaTapaJbHbI MacTUT YCTaHABJIMBAJIN B COOTBET-
cTBuM ¢ «HacraBineHnem Mo IMarHOCTHKE, Teparuu
1 po(rIIakTHKe MacTuTa y KopoB» (M.,2000).

s mpoBeieHus TUTOIOTHYECKUX HCCIIeI0Ba-
HUH OT BCEX JKMBOTHBIX OBLT OTOOpaH CEKPET MOJIOY-
HOH >KeJIe3bl ¢ TeTbI0 (POPMHUPOBaHUS KIETOUHBIX 0J10-
koB («Cell-blok»).

Marepuanom A THCTOJIOTHYECKHX HCCIIE0Ba-
HUH CIy>)KAJIM 00pa3ilbl TKAHM MOJIOYHOH JKeJe3bl OT
KOPOB C TIOATBEPKJIEHHBIM TUATHO30M KaTapalbHBINA
MAacTHUT U OT 370POBBIX JKUBOTHBIX. [ mCTONOrMUECKHE
MCCIIeIOBaHUsI TAK)KE TPOBOIMIN IO OOIICIPUHSTOM
METO/IHKE.

Marepuanom st S3KCIPECCUM CIIYKHUIA TKaHb
MOJIOYHOH JKelle3bl KOpOB 00€uX TPyII, 0TOOpaHHAs
B rpoOupku ¢ pukcaropom IntactRNA mist crabumm-
3armu PHK B oOpasnax. 3arem u3 Hee Oblia BhIIEIe-
Ha PHK ¢ ucnonszoBannem nabopa PHK-Okcerpan
(Cunromn, Poccust), mocie vero Obuia mpoBeeHa 00-
paTHas TPaHCKPHUIIIINS ¢ TOMOIIbI0 Habopa MMLV RT
Kit (EBporen, Poccust). ITL[P — cmecn HaBOAMIHCH
C YYETOM CHEIHaIIbHO TIOA00PaHHBIX MTPAMEPOB IS
Ka)XJIOTO M3 IUTOKUHOB (Tali1. 1) ¢ nucnoiap3oBaHUEM
KoMMepueckoil cMecu peaktuBoB 5X qPCRmix-HS
SYBR (EBporen, Poccus).

Taoauna
Ilepeuenv nocredosamenvrocmetl npatimepos YUmoKuHos
HasBanue nuroxknna TTocnenoBaTeabHOCTD
TGFb F: CTGAGCCAGAGGCGGACTAC
R: TGCCGTATTCCACCATTAGCA
IL-10 F: CTTGTCGGAAATGATCCAGT
R: TCTCTTGGAGCTCACTGAAG
L-la F: TCTTGGGAGGACTGAGGCTA
R: CAGCAGCAAACTGAGAC
IL-1B F: AAATGAACCGAGAAGTGGTGTT
R: TTCCATATTCCTCTTGGGGTAGA
IFN F: CCGATGGCCCCAGCCTGGTCC
o R: GGATGGATCCTCAGTCCTTTCTCCTGAA

PE3YJIBTATHI UCCJEJOBAHUN
N OBCYXKAEHUSA

[Ipu UTONIOrNYECKOM HCCIIEIOBAHUN CEKPETA BbI-
MEHH KOPOB, OOJIBHBIX KaTapalibHbIM MacTuToM, 80,0 %
KJIETOK COCTaBHIIN TIONIUMOP(OsiIepHBIE HEHTPOPHIIBL.
VY bacTu KIETOK OTMEeUaeTcsi KAPHOIMKHO3 U KapHo-
pekcuc. Taxke oTMedanock OOJIBIIOE KOIUIECTBO Jie-
CTPYKTUPOBAHHBIX JICHKOITUTOB U 0(hOPMIIEHHOM Ke-

JIE3UCTON CTPYKTYPBI, UTO YKa3bIBa€T Ha JECTPYKLHIO
MapeHXUMbI OpraHa. DNUTeIHaIbHbIe KICTKH UMEIH
OKPYDIIIYIO LIUTOIIIa3MYy, pa ObUIN YaCTUYHO CMellle-
HBI K MOJIFOCY U Y HEKOTOPBIX KJIETOK OTMEYaJld KOH-
JIEHCAIlMI0 XpOMaTHHA ¥ TUKHO3 A7ep. B cexpere mMo-
JIOYHOM KeJIe3bl IPUCYTCTBOBAJIN OaKTEPHHU, OKPY>KEH-
HbIE JICHKOLIUTaMU, YTO YKa3bIBAET HAa OAKTEPHAIbHYIO
MpHUPOAY KarapaibHoro Mactuta (puc. 1) [7].
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B

Puc. 1. KiteTouHblii cocTaB ceKpeTa MOJIOYHOM jkeJIe3bl IPH KaTapalbHOM MAaCTHTE, OKpacka FeéMaTOKCHIIMH-03HH:!

A — xene3ucras cTpykTypa (ctpenka), yB. 400X; 5 — KICTOUYHBIH JETPUT U JECTPYKIUS sAep HEHTPODHIOB (CTpenka),
yB. 2000x, B — GaxTepun, OKpy:keHHas Jekoruramu, yB. 1000x. Oxpacka — reMaToOKCIIINH-3031H

[Tpu UTOIOTNYECKOM HCCIIeIOBAHUN CEKPETa MO-
JIOYHOI! *eJe3bl 3I0POBBIX KOPOB BBISBICHBI OEIIKO-
BBIE MacChl, KOTOPBIC OKPAIIMBAINCH Y03MHO(UIb-
HO (puc 2 b, cTpenka) 1 mprcyTCTBOBAIH HEOOIBIIIHE
CKOIUIEHHS JEHMKOIUTOB. KieTku, MpencTaBliIeHbl 110
Oosiblel yacTu HeUTpoduIaMu, ¢ OKPYIIONH LUTO-

TUIa3Mol M sapoM ¢ 2—3 cermenTamu. Makpodaru
coctaBisii 10,0 % KIETOK U UMENH OKPYIVIoe IIeH-
TPaJIbHO PACTIONOKEHHOE PO C OKPYIVION ITUTOILIA3-
MOM. DTIUTETHAIbHBIE KJIETKH UMENIN OKPYIJIOe SIIPO,
CMEILIEHHOE K MOJIOCY U OKCU(PHILHO-OKPALICHHYIO
nUTOIUIa3My (puc. 2).

Puc. 2. Knerounsiii cocTaB cexpera 3710pOBOH MOJIOYHOM JKeJIe3bl, OKPACKa reMaTOKCHIMH-303HH:!

A, B — obumii Bun, yB. 400x; B — BUJ Ha KJICTOYHBIN cOCTaB, yB. 1000x

Tak, B cekpeTe MOJIOYHOM JKeJe3bI KOPOB, OOTBHBIX
KaTapajJbHbIM MaCTUTOM, OTMEYAJIH HAJIMYUE JeTCHE-
paATUBHBIX M3MEHEHHI B KJIETKaxX (KOHICHCUPOBAHHBIH
XpOMAaTHH, MTUKHO3 U PEKCHC SAEP ), pa3pyIICHHBIX JICH-
KOIIMTOB, CKOTUTeHHe OakTepuii. Hammaue sxene3ncroit
CTPYKTYPBI B CEKpeTe IPH KaTapaibHOM MacTHUTE, MO-
JKET CITY)KUTh MapKEPOM pa3pyIICHUs TAPEHXUMBI MO-
JIOYHOM KEJIC3EI.

[Ipu THCTOMTOTHYECKOM HMCCIEAOBAHUN 3IOPOBOM
MOJIOYHOH JKeJie3bl OTMEUaJd TOHKHE COCAUHUTEIIb-
HOTKaHHBIE MEPETOPOAKH, Ha KOTOPHIX pacrojara-
JIUCH JKEJIE3UCThIE CTPYKTYpHl. B mpocBere anbpBeo

OTMEYajl CTPYKTYPHI, 10 MOP(OIOTHH HAIIOMUHA-
IOIME OOJIOMKH KJIETOK, a TaK)Ke KaIlIK )KHUpa U eu-
HUYHBIC SpUTPOUNTHI. Kanumisapsl OblIM KpOBeHa-
nosiHeHsbl. KiieTky Kene3ucToro SNuTeNnus UIMEIU Xa-
PaKTEpHOE CTPOEHHE — CMELIEHHOE K IOJIIOCY SIpO
U rToriasmy (puc. 3)

B TkaHM MOJIOUHOH KeNe3bl NP KaTapalbHOM Ma-
CTHTE OTMEYaH YTONLICHUE MEXaJIbBEOJSIPHBIX I1e-
PEropoaoK, KOTOpoe ObUIO CBA3aHO ¢ MH(UIBTpaLU-
el JIEHKOIUTaMHU.

B npocaete anbBeon BU3yaIn3UpOBAIUCH JIEHKO-
LIUTHI, OPEeACTaBICHHbIE HEUTpohmIaMH, 303UHODU-
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JIaMH ¥ MakpogaraMmu. DIUTEITHAIbHbIC KIIETKU ajlb-
BEOJI IMEJIU TIPU3HAKH AUCTPO(DHUH, YTO BBIPAXKAIOCh
B BaKyOJIM3aIll{ UX ITUTOIUTa3MEI (puc. 4)

[IpoBeneHHBIMH TMCTOJIOIMYECKHUMH HCCIIEI0Ba-
HUSIMH OBLTO YCTaHOBIICHO, YTO IIPU KaTapajJbHOM Ma-
CTHUTE TPOUCXOAMT YTOJILEHHUE aJbBEOJISIPHBIX TIepe-
TOPOJIOK BCJIE/ICTBHE JIGHKOIIMTAPHON HH(UIBTpAIHH,
a TaKKe HaJu4yMe B ajbBEOoJIaxX Kelle3bl KarapajabHO-
0 9KCCyara.

[Tpu ananm3e ypoBHS SKCIPECCHH TEHOB B CEKPE-
T€ MOJIOYHOH JKeJe3bl, MOTYYSHHOTO OT 3I0POBBIX
1 OOJIEHBIX KaTapabHBIM MACTHTOM KOPOB OBLIH T10-
JIy4EHBI CIEIYIOLINE Pe3yIbTaThl: YPOBEHb 3KCIpPec-
cun reHa TGFb 6b11 B 35,5 pas3 Beiiie y O0IbHBIX KHU-
BOTHBIX, 0€3 JOCTOBEPHBIX pa3Ininil. ITO MOXKET CBU-
JIETEIbCTBOBATh O TPOIIECCE aKTUBALUU KIETOYHOTO
IyJIa B MOJIOUHOI1 Kene3e Ha (POHEe KaTapaJbHOTO Ma-
ctuta (puc. 5).

Puc. 3. ['ucronoruyeckoe CTpoOCHHE 310POBOIl MOJOYHOM HKele3bl JIAKTUPYIOIIEH KOPOBBI, OKpAacKa T'eMaTOKCH-
JIMH-303MH:

A — obuwmii Buj, yB. 40x; b, B — BHJ Ha aJbBEOIBI C CEKPETOM B IipocBete. H — yB. 400x; B — yB. 1000x

Puc. 4. MonoyHnast sxene3a IpH KatapaJbHOM MacTHTE KOPOBBI, OKpacKa I'eMaTOKCHINH-303HH:

A — oOmmii BUJI, CTpeIIKaMH yKa3aHbl YTOJIICHHBIE BCIEACTBHE HHOMIBTPAINH HEPEeropoakH, yB. 40X; 5 — MOJIOYHBII ceKpeT
C IPUMECHI0 JelKonuToB, yB. 400X; B — anpBeona ¢ JISHKOIUTaMHU B IPOCBETE U HHUIETPATOM B CTEHKE, yB. 400X
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Puc. 5. Dxcrnpeccus rena nuroknHa TGFb y 310poBbIX 1 O0NBHBIX KaTapalbHbBIM MaCTHTOM KOPOB
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Okcnpeccus rena [L-10 Obuta 6onbie B 2,7 paza
Y 3II0POBBIX KOPOB (pHC. 6). JlaHHBIA IUTOKWH OTHO-
CUTCSl K TPYIIE MPOTHBOBOCHATUTEIbHBIX, OTBET-
CTBEHHBIH 32 KyNHPOBaHHE IIUTOKMHOBOTO IMITOPMA
B opranu3sme. [Ipu karapainbHOM MacTUTe padoTa 1aH-
HOTO T'eHa CHM)KEHA, YTO HE MO3BOJISIET CBOCBPEMEHHO
I/IHI‘I/I6I/IpOBaTI) AKTHBHOCTB BOCIIAJIMTCIIBHOI'O OTBETA.
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Oxcnpeccust rena IL-1a Oputa Gosbiie y Ko-
poB, 0OJBHBIX KaTapajibHbIM MacTuTOM, B 20,8 pas
(P <0,05). laHHBIA TeH UTpaeT OfHY M3 OCHOBHBIX
posiell B MHAYLUUPOBAHUN U HOAJACPKAHUU PAHHETO
BOCHAJICHUS, T. K. IUTOKUH SIBJSIETCSI TIPOBOCIIAIIH-
TEJIBHBIM (pHC. 7).

0,72 *

Mactur

Puc. 6. Dxcripeccus rena ruroknHa [L-10 y 310poBbIX 1 OOIBHBIX KaTapalbHBIM MaCTUTOM KOPOB
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Puc. 7. Dxcnpeccus rena nutokuHa IL-1a y 310poBBIX 1 OOJIBHBIX KaTapaJibHBIM MacTHTOM KOPOB
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Okcnpeccus rena [L-1p Obina Beie B 82,7 pasza
y 001pHBIX KOpoB (puc. 8). JlaHHBIA ITUTOKUH OTHO-
CUTCSl K TIPOBOCTIANIUTEIHFHBIM M OAHUM M3 TIEPBBIX
BKJTIOYAETCS B MPOILIECC PAaHHErO BOCHAICHHS, KaK
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u red [L-10. O6a unTepneiikuHa-1 npu karapajabHOM
MAaCTHUTE 3HAYUTEIHHO MOBBIMIAIOT CBOIO AKTUBHOCT,
pa3BuBas KackaJ peakilnii BOCTIaJICHHS U TPOBOIHPYS
[IUTOKHUHOBBIN TITOPM.

754,83

Mactur

Puc. 8. Dxcrpeccns rena nntoknHa [L-1 y 310pOBBIX 1 OOTBHBIX KaTapajJbHBIM MACTHTOM KOPOB

Oxcnpeccus [FNo Obuta Bele y O0JbHBIX 0CO-
oeii B 14,8 pa3 (puc. 9) DT0 MOKET CBUICTEILCTBO-
BaTh O PEAKIIMN BPOXKICHHOTO UIMMYHHUTETA B OTBET Ha
naToreH. AHaJiu3 JaHHBIX YPOBHS 3KCIPECCHH TCHOB
CBUETEIBCTBYET O TOM, YTO Y OOIFHBIX KOPOB C OCT-
PBIM TE€UEHUEM KaTapallbHIM MACTHTOM ITPOUCXOIHT
AKTUBHAs BHIPAOOTKA MPOBOCIAIUTEIBLHBIX ITUTOKU-
HOB, YTO TPUBOJUT K PA3BUTHIO BOCIAJICHHS B MO-
JIOUHOM Kenese.

[TonyyeHHbIC HAMU JTaHHBIC THCTOJOTHYECKUX
WCCIIEZIOBAaHUIN COOTHOCSATCS C pe3yiIbTaTaMH JIPYTHX
aBTOpoB. Tak, s KaTapajibHOTO MacTHUTa XapaKTep-
HBI CJIEIYIOIINE H3MEHEHUS — JICHKOIIUTApHBIA MH-
(bunpTpart, KaTapajibHBIN YKCYJAT B POCBETE MOJIOY-
HBIX aJIbBEOJI, JICCTPYKIIHSI U HEKPO3 JKEJIC3UCTOrO SITH-
temus [8—10].

LuTronoruvuecknue mccieoBaHUS TaKXKe COOT-
BETCTBYIOT paHee MOJy4YeHHBIM pe3yiabTaTaM JIpy-
rux uccienosareneii. Tak Janka Turbok mpomemon-
CTPUpPOBaja, 4TO IPU MACTUTE B KICTOYHOM COCTaBE
MoJioka HeiTpoduiibl 3anumarot 70,0—80,0 %, a ma-
kpodaru — 1o 20,0 %, TIpu 3TOM A0S SITUTEITHAITB-
HBIX KiteTok nagaet 70 1,0 % [11]. Takxe mo maHHBIM
Canisso I., mpu xarapaJbHOM MacTHTE y KOPOB YacCTh

HEUTPOUIIOB MIpeTeprieBaeT KAYeCTBCHHbIC H3MEHE-
HUS — KapUOMHUKHO3 U TUIIepCerMeHTanuio spa [12].

AHallM3 MOJICKYJISIPHO-TEHETHYECKUX HCCIIE0-
BaHUI COOTHOCATCS C UCCIICJOBAHUSIMU APYTUX yUe-
HbIX. Lurokunsl IL-1a, IL-1B u TGFb sBustroTcst oc-
HOBHBIMHU JIJIS1 PA3BUTHS BOCIIAIMTEIILHOTO MTpoIecca
B MOJIOYHOW JKeJe3e, YTO OATBEPIKIACTCS TTOBBIIIIE-
HUEM 3KCIIPECCHUHU.

O1HaKO TOYHBIC MEXaHU3MbI BCE €111 HETOCTATOY-
HO m3y4eHbl. Jkcnpeccus TeHoB TGFb y KUBOTHBIX
C KaTapaJdbHBIM MAacCTUTOM Ha HAIll B3I MOXKET OT-
paxkaTh TOT ()aKT, YTO JAHHBIH T€H CTUMYJIUPYET I10-
JTABIICHHE BOCTIAJICHHS Yepe3 UHTHOMPOBAHUE IIPOBOC-
MAJIMTEIILHBIX IMTOKUHOB. PaccMarpuBast SKCIIPECCHI0
IFNo uMMYHHBII OTBET AOCTUTAETCS 3a CUET UMMYHO-
MOJIYJISILIMY U aHTUITPONIM(EPATHBHBIX CBOMCTB Uuepe3
CBSI3BIBAHHE C PEIETITOPAMH TITA3MaTHYECKO MeMOpa-
HBL. BiusiHAE Ha SKCTIPECCUI0 T€HOB TPO- U IIPOTHBO-
BOCHAJINTENBHBIX [TATOKWHOB €Il HEIOCTATOYHO U3-
yueno [13, 14].

3AKJIIOYEHUE
TakuM 00pazoM, KaTapalbHBI MAacTHT XapakTe-
pU3yeTcst IeCTPyKIeH JKeIe3UCTBIX CTPYKTYp BBIMe-
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HU, BOCIAJUTEIbHOW MH(PUIBTPAIIUEH MeEXKalbBeo-
JIAPHBIX MEPEropoIOK, HAJTUYUEM KaTapajibHOTO JKC-
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PATHOMORPHOLOGICAL AND MOLECULAR-
GENETIC CHANGES IN THE MAMMARY GLAND
OF COWS WITH CATARRHAL MASTITIS
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Mikhail Yuryevich Syromyatnikov, Irina Nikolaevna Latsigina, Nadezhda Valerievna Pasko'
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Abstract. The article presents the results of cytohistological and molecular-genetic studies of catarrhal mastitis
in cows. It was established that in the secretion of the mammary gland of cows with mastitis, the presence of de-
generative changes in cells (condensed chromatin, pyknosis and rhexis of nuclei), destroyed leukocytes and ac-
cumulation of bacteria were noted. Histological studies indicate that in case of clinical catarrhal mastitis, thick-
ening of the alveolar septa occurs due to leukocyte infiltration. Out of them inflammatory cells migrate into the
lumen of the alveoli, as a result of which they are excreted in milk. Molecular-genetic analysis of the expression
of the TGFb cytokine gene showed that its level in sick animals was by 35.5 times higher than in healthy ones.
IL-10 levels were by 2.7 times higher in healthy animals than in sick ones. The expression level of IL-1a was by
20.8 times higher in the cows with mastitis. IL-1f gene expression was by 82.7 times higher in sick cows than in
healthy ones. The expression of the cytokine gene IFNa was by 14.8 times higher in sick cows than in healthy
ones. When conducting molecular-genetic studies, the course of an acute inflammatory process was revealed.
Keywords: mastitis, molecular-genetic analysis, gene expression, histology, cytology

Mammary gland diseases are the most common
problem in livestock production and cause huge eco-
nomic losses to agriculture. Thus, according to var-
ious sources, clinical mastitis is registered in 2.0—
10.0 % of animals from milking livestock, and up to
30.0 % of cows during lactation can suffer from sub-
clinical mastitis. In addition, relapses often occur in
the animals that have suffered from mastitis, and the
same lobe is affected [1].

It is known that the most common etiological fac-
tor in the occurrence of mastitis is opportunistic mi-
croflora, which most often penetrates the mammary
gland through the nipple canal. After which, in most
cases, clinically pronounced catarrhal inflammation
of the mammary gland develops. Catarrhal mastitis
requires high economic costs for treatment and recurs
more often, which also reduces the milk productivity
of the animal [2].

Therefore, studying the pathogenesis of mastitis
is an important step towards creating effective meth-
ods for treating and preventing this disease. One of the
methods that allows us to study the mechanisms of in-

flammatory processes in case of mastitis is the method
of assessing the level of gene expression. This method
allows not only to determine which genes are activat-
ed in response to inflammatory processes caused by
mastitis pathogens, but also possible patterns of oper-
ation of the studied genes, their activation, inhibition
of each other and so on [3].

The methodological principles of expression lev-
el analysis are based on quantitative assessment of
the transcript (mRNA) content of these genes in the
analyzed tissue using the real-time PCR. This tech-
nology can be used for molecular-genetic analysis of
the possible risk of complications of the inflammato-
ry process [4].

Morphological studies include cytological and
histological examination of the material. The materi-
al for cytological studies is the secretion of the mam-
mary gland, and for histological studies — udder tis-
sue, which is selected using a biopsy or autopsy [5].

The need for histological and cytological exam-
ination is determined by the complexity of differen-
tial diagnosis [6].
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The objective of the research was to study the
pathomorphological and molecular-genetic changes
in the mammary gland of cows with catarrhal mastitis.

MATERIAL AND METHODS

To conduct the research, two groups of animals of
6 animals each were formed. The animals of the first
group were clinically healthy cows, the animals of
the second group suffered from clinically pronounced
catarrhal mastitis. The diagnosis of catarrhal masti-
tis was established in accordance with the Manual on
the Diagnosis, Treatment and Prevention of Bovine
Mastitis (M., 2000).

For cytological studies, mammary gland secretion

was collected from all animals in order to form cell
blocks (“Cell-block™).

The material for histological studies was samples
of mammary gland tissue from the cows with a con-
firmed catarrhal mastitis and from healthy animals.
Histological studies were also carried out according
to generally accepted methods.

The material for expression was mammary gland
tissue from the cows of both groups, collected in tubes
with IntactRNA fixative to stabilize the RNA in the
samples. Then RNA was isolated from it using the
RNA-Extran kit (Syntol, Russia), after which reverse
transcription was performed using the MMLV RT Kit
(Evrogen, Russia). PCR mixtures were adjusted tak-
ing into account specially selected primers for each of
the cytokines (Table 1) using a commercial mixture of
5X qPCRmix-HS SYBR reagents (Evrogen, Russia).

Table
List of cytokine primer sequences
Cytokine name Sequence
TGFb F: CTGAGCCAGAGGCGGACTAC
R: TGCCGTATTCCACCATTAGCA
IL-10 F: CTTGTCGGAAATGATCCAGT
i R: TCTCTTGGAGCTCACTGAAG
I-lo F: TCTTGGGAGGACTGAGGCTA
R: CAGCAGCAAACTGAGAC
IL-1p F: AAATGAACCGAGAAGTGGTGTT
) R: TTCCATATTCCTCTTGGGGTAGA
IFN F: CCGATGGCCCCAGCCTGGTCC
R: GGATGGATCCTCAGTCCTTTCTCCTGAA

STUDY RESULTS AND DISCUSSION

In a cytological study of the udder secretion of
cows with catarrhal mastitis, 80.0 % of the cells were
polymorphonuclear neutrophils. Some cells showed
karyopyknosis and karyorrhexis. A large number of
destroyed leukocytes and a formed glandular struc-
ture were also noted, which indicated the destruction
of the organ parenchyma. Epithelial cells had rounded
cytoplasm, the nuclei were partially shifted to the pole,
and in some cells, chromatin condensation and nucle-
ar pyknosis were noted. The secretion of the mamma-
ry gland contained bacteria surrounded by leukocytes,
which indicated the bacterial nature of catarrhal mas-
titis (Fig. 1) [7].

A cytological examination of the mammary gland
secretion of healthy cows revealed protein masses that
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were stained eosinophilically (Fig. 2 B, arrow), and
small accumulations of leukocytes were present. The
cells were represented mostly by neutrophils, with
round cytoplasm and a nucleus with 2—3 segments.
Macrophages made up 10.0 % of the cells and had a
round, centrally located nucleus with rounded cyto-
plasm. The epithelial cells had a rounded nucleus, shift-
ed to the pole and oxyphilic-stained cytoplasm (Fig. 2).

Thus, in the secretion of the mammary gland of the
cows with catarrhal mastitis, the presence of degener-
ative changes in cells (condensed chromatin, pykno-
sis and rhexis of nuclei), destroyed leukocytes and ac-
cumulation of bacteria were noted. The presence of a
glandular structure in the secretion of catarrhal mas-
titis can serve as a marker of destruction of the mam-
mary gland parenchyma.
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B C
Fig. 1. Cellular composition of the secretion of the mammary gland in case of catarrhal mastitis, hematoxylin-eo-
sin staining:
A — glandular structure (arrow), 400x; B — cellular detritus and destruction of neutrophil nuclei (arrow), 2000x; C — bac-
teria surrounded by leukocytes, 1000x. Hematoxylin-eosin staining

Fig. 2. Cellular composition of the secretion of a healthy mammary gland, hematoxylin-eosin staining:
A, B— general view, 400x; B — view of the cellular composition, 1000x

Histological examination of a healthy mammary fragments, as well as fat droplets and single eryth-
gland revealed thin connective tissue septa, on which  rocytes. The capillaries were filled with blood. The
glandular structures were located. cells of the glandular epithelium had a characteris-

In the lumen of the alveoli, there were noted the tic structure — a pole-shifted nucleus and cytoplasm
structures, the morphology of which resembled cell (Fig. 3)

Fig. 3. Histological structure of a healthy mammary gland of a lactating cow, hematoxylin-eosin staining:

A — general view, 40x; B, C — view of the alveoli with the secretion in the lumen; B — 400x, C — 1000x
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In the mammary gland tissue in case of catarrhal
mastitis, thickening of the interalveolar septa was not-
ed, which was associated with infiltration by leuko-
cytes. In the lumen of the alveoli, leukocytes were vi-

sualized, represented by neutrophils, eosinophils and
macrophages. The epithelial cells of the alveoli had
signs of degeneration, which was expressed in the vac-
uolization of their cytoplasm (Fig. 4)

Fig. 4. Mammary gland in case of bovine catarrhal mastitis, hematoxylin-eosin staining. A — general view, arrows
indicate thickened septa due to infiltration, 40x. B — milk secretion with an admixture of leukocytes, 400x. B—
alveolus with leukocytes in the lumen and infiltrate in the wall, 400x.

Histological studies have established that in case
of catarrhal mastitis, thickening of the alveolar septa
occurs due to leukocyte infiltration, as well as the pres-
ence of catarrhal exudate in the alveoli of the gland.

When analyzing the level of gene expression in
mammary gland secretion obtained from healthy and
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Fig. 5. Expression of the cytokine gene TGFb

IL-10 gene expression was by 2.7 times high-
er in healthy cows (Fig. 6). This cytokine belongs to
the group of anti-inflammatory drugs, responsible for
stopping the cytokine storm in the body. In case of ca-
tarrhal mastitis, the work of this gene is reduced, which
does not allow timely inhibition of the inflammatory
response activity.

Expression of the gene IL-1a was by 20.8 times
higher in the cows with catarrhal mastitis (P < 0.05).
This gene plays a major role in the induction and main-
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sick cows with catarrhal mastitis, the following re-
sults were obtained: the level of expression of the gene
TGFb was by 35.5 times higher in sick animals, with-
out significant differences. This may indicate the pro-
cess of activation of the cell pool in the mammary gland
against the background of catarrhal mastitis (Fig. 5).

151.17

Mastitis

in healthy cows and cows with catarrhal mastitis

tenance of early inflammation, because the cytokine is
pro-inflammatory (Fig. 7).

IL-1PB gene expression was by 82.7 times high-
er in sick cows (Fig. 8). This cytokine is pro-inflam-
matory and is one of the first to be included in the
process of early inflammation, like the gene IL-1a.
Both interleukins-1 significantly increase their activ-
ity in case of catarrhal mastitis, developing a cascade
of inflammatory reactions and provoking a cytokine
storm.
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Fig. 6. Expression of the cytokine gene IL-10 in healthy cows and cows with catarrhal mastitis.
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Fig. 7. Expression of the cytokine gene IL-1a in healthy cows and cows with catarrhal mastitis

The expression of IFNa was by 14.8 times higher
in sick individuals (Fig. 9).

This may indicate an innate immune response to
the pathogen. The analysis of gene expression lev-
el data indicates that in the sick cows with acute ca-
tarrhal mastitis, active production of pro-inflammato-
ry cytokines occurs, which leads to the development

Bulletin of Veterinary Pharmacology « No. 4 (25) « 2023

of inflammation in the mammary gland. The histo-
logical data we obtained correlate with the results of
other authors. Thus, catarrhal mastitis is character-
ized by the following changes: leukocyte infiltrate, ca-
tarrhal exudate in the lumen of the mammary alveoli,
destruction and necrosis of the glandular epithelium
[8—10].
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Cytological studies are also consistent with pre-
vious results from other investigators. Thus, Janka
Turbok demonstrated that in case of mastitis, in the cel-
lular composition of milk, neutrophils occupy 70.0—
80.0 %, and macrophages — up to 20.0 %, while
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the proportion of epithelial cells drops to 1.0 % [11].
According to Canisso 1., in case of catarrhal mastitis
in cows, some neutrophils also undergo qualitative
changes — karyopyknosis and hypersegmentation of
the nucleus [12].
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Fig. 8. Expression of the cytokine gene IL-1f in healthy cows and cows with catarrhal mastitis
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Fig. 9. Expression of the cytokine gene IFNa in healthy cows and cows with catarrhal mastitis
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The analysis of molecular-genetic studies cor-
relates with the studies of other scientists. The cyto-
kines IL-1a, IL-1B and TGFb are essential for the de-
velopment of the inflammatory process in the mam-
mary gland, as evidenced by increased expression.
However, the exact mechanisms are still poorly un-
derstood. The expression of the gene TGFD in the ani-
mals with catarrhal mastitis, in our opinion, may reflect
the fact that this gene stimulates the suppression of in-
flammation through the inhibition of pro-inflammato-
ry cytokines. Considering the expression of [FNa, the
immune response is achieved through immunomodu-
lation and anti-proliferative properties through bind-
ing to plasma membrane receptors. The effect of pro-
and anti-inflammatory cytokines on gene expression
has not yet been sufficiently studied [13, 14].

CONCLUSION

Thus, catarrhal mastitis is characterized by destruc-
tion of the glandular structures of the udder, inflamma-
tory infiltration of the interalveolar septa, the presence
of catarrhal exudate and the release of leukocytes into
the lumen of the milk alveoli with their subsequent
secretion with milk. Molecular-genetic studies indi-
cate an acute course of catarrhal mastitis in cows with
a possible activation of anti-inflammatory cytokines.
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KOHTPOJIb BOCIIPOU3BOJUTEJBHOM CIIOCOBHOCTH
Y KOPOB HA MOJIOYHbBIX HNPEJAIIPUATUAX

Baagumup CemenoBud Apieenxo ™, leopruit Cepreesnu Hukurun’,
Baaum BagumoBuu Auniior’, Bukropus AjsiekcanaposHa laibuenko™!

*Cankm-Ilemepoypackuil 20CyO0apCcmeeHHblll YHUBEPCUMEm 6emepuHapHoil
meouyunot, Cankm-Ilemepbype, Poccus, avdeenko0106@mail. ru®
Y Bonzoepadckuii 2ocydapcmeennvlil azpapublil ynueepcumem, Boneoepaod, Poccust

Annoranmsi. B nannoii pabore ycraHoBIeH (hakT perpeccuy KeaToro Tesia y OecIIoHbIX KOPOB MOCIe HHBEK-
LMY JIBa AHS TOAPS CHUKEHHON 103bI B 1Ba pa3a npenapara PGF2o-«Depraguny». 3meHeHne ypoBHs KOHIEH-
TpaluK nporectepoHa B Tedenue 72 gacos cocraswian 0,2...0,55 HI/MII IpH MCXOTHOM 3HAYECHUH MOKA3aTels
1,7 + 0,24 |r/Mi1, MEXTPYIIOBEIC IU(PPOBBIC 3HaYCHUS cocTaBisun 1,78 + 0,33, 1,92 + 0,76 u 1,90 £ 5,7 ur/mu,
anscrpamuona — 29,0 +2,34,25,0 + 3,7u 27,0 + 3,70 nkr/vi1. CHUKEHUE COICPIKAHHS KOHIICHTPAIUH IIPOTeCTe-
pona 10 0,08 + 0,02 ur/mi nocine npoBeneHHON HHBbeKIMK npenapara GnRG-«deprarmwn B 103e 2 M1 Ipon30-
LIJI0 Y JKUBOTHBIX uepe3 48 vacos. [Ipumenenue npenapata GnRG-«Deprarun» 3a 7 queit o Y3U auarnoctu-
K1 Ha OEPEMEHHOCTb, Y HE CTEIbHBIX CAMOK YMEHBINAET KOJTMYECTBO JTHEH IS TOCIIEAYIOIIETO BBEACHHS TOPMO-
HOB, NMPUMEHSAEMBIX NPU CUHXPOHU3AIMU MOJIOBOM OXOTHI. [IpOLEHT OceMeHeHHs MO yCOBEPIIEHCTBOBAHHON
IIporpamMMe CHHXPOHM3ALHHU OJIOBOM OXOThI y KOPOB MOAONBITHOM rpyNIsl Bele Ha 17,5 % B cpaBHEHUU C pe-
KOMEHJIOBaHHOH ITPOrpaMMoii cxeMbl cuaxponu3annu Ovsynch-48. 3To cBsi3aHO € TeM, YTO NPUMEHEHHE Npera-
para GnRG-«®Peprarun» Ha 18 jeHb 1Mocie HHCeMEHany y OSCIIOAHBIX KOPOB CIIOCOOCTBYET OBYIISIINH (HOJI-
JIMKYJIa, YTO TO3BOJISIET IPOBECTH MOBTOPHOE IIOJOTBOPHOE OCEMEHEHHE KOPOB.

KuroueBble cjioBa: cuHxpoHusanus noynoBoi oxotel, GnRG-«®eprarumy, PGF2a-«®epranuny», «Terpamar»
u «E-ceneny», nHCeMeHaIysl, OMIOAOTBOPEHUE.

BaaromapHocTh: nccieoBaHHEe BBIOIHEHO 3a cyeT rpaHTa Poccuiickoro HaywdHoro ¢onma Ne 23-26-00284,

htts://rsct.ru/project/23-25-00284/

B cBsi3u ¢ nocaenHUMHU TOCTH>KEHUSIMA TEHOMHOM
CEJICKIINY B MOJIOYHOM CKOTOBOZICTBE Poccru BO3HUK-
Ja IUCTIPOTIOPIUS MEXy TIPOAYKTUBHOCTHIO U (hep-
THJILHOCTBKO OCHOBHOTO MaTo4HOTo ctaaa [1—3].
B cBsI31 ¢ BEICOKUMH YIIOSIMU MOJIOK2 Y KOPOB YBEJIH-
YUITCh CPOKH TPHUXOJIa KOPOB TIOCIE OTeNa B OXOTY,
YTO TIPUBEIIO K HAPYIIEHUIO TEXHOIOTHYECKOTO TEMITA
Y PUTMa BOCIIPOU3BOACTBA, YBEIMICHHUIO MEKOTEIh-
HOTO MEpHOJa, ¥ B 1IEJIOM IIJIOJOBUTOCTH Y BBICOKO-
MPOIYKTUBHBIX KOPOB [6]. BricOkass M3MEHYMBOCTH
1 HEMPeJCKa3yeMOCTh PEaKINU SIMYHIUKOB Ha TOPMO-
HaJbHYI0 00pabOTKy y KOPOB MO-TIPEKHEMY CO37a-
€T MpOoOJIeMBI, BIUSIONTHE Ha 3P(HEKTUBHOCTH TOP-
MOHaJBHBIX MPOTOKOJIOB CHHXPOHH3AIUU TPOIIEC-
ca pernpoaykuuu nociue orena [10, 12]. Ipeanoxeno
HECKOJIBKO MOJIX00B, BKJII0Yast onpeaeneHre Gomim-
KYJSIPHOTO CTaTryca Nepes TOPMOHAIBHOW CTUMYIISI-
nuei [9, 15] u ycTpaneHue momaaBasromux 3PPeKToB

© Asgneenxo B. C., T'eopruii Ce, 2023
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JMOMHHAHTHOTO (GouThKyia [5, 8], KpoMe Toro ObLTH
MCTIOJIh30BaHbI HEKOTOPHIE TOPMOHAIIEHBIE MTPOTOKO-
JIB1 TSl yMEHBILICHHUST HETIPEACKAa3yeMOCTH CyIIepOBY-
JISITOPHOW PEAKIIUU STUYHUKOB KPYITHOT'O POTaToro CKo-
Ta [16]. OgHAKO STH IPOTOKOJIBI HE YCTPAHUIIH BapHa-
0EIBHOCTD OBYJIITOPHOM PEaKIK Y KOPOB, U Iy4Iliee
MIPOTHO3MPOBAHKE TO-TIPEKHEMY UMEET peliaroliee
3HaYCHHE /ISl IPUMEHEHHS TOPMOHAIBHBIX IPOTOKO-
JIOB CHHXPOHH3AIIUY OXOTHI B OIITUMAJIBHBIE TEXHOJIO-
THYECKUe CPOKH. PacTymmii cipoc B MUpe Ha LEJb-
HOMOJIOUHYIO U KHCIIOMOJIOUHYO MPOITYKIIHIO TPHBE
K YBEITMUYCHHUIO YUCIICHHOCTH MOJIOYHOTO CKOTA HA BbI-
COKOTEXHOJIOTHYECKHAX MOJIOYHBIX MPEIIPUATHIX, UC-
MOJIB3YIOMINX POOOTH3HPYIOIIIE TEXHOJIOTHH IOCHUS,
Ha KOTOPBIX U3MCHHJIACH PEIPOTYKTHUBHAS (U3HOIIO-
THUSI MOJIOUHOTO cKOTa [4, 7]. IloaToMy COBEpIIICHCTBO-
BaHue Oosiee 3(H(PEKTHBHBIX MPOTOKOIOB CHHXPOHU-
3allMU TOJIOBOM OXOTHI Y BBICOKOTIPOIYKTHBHBIX MO-
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JIOYHBIX KOPOB ABJISACTCA 6330BOI>1 JJI1 aKTyaJIbHBIX
BOITPOCOB BETEPUHAPHOI MEIUITMHEI, ONOTEXHOJIOTHH
penponykiuu u papmarieBTakm [11].

Ieanb padoThI COCTOsIA B COBEPIICHCTBOBAHUN
KOHTPOJISl BOCIIPOU3BOIUTEIBHOM CIIOCOOHOCTH y KO-
POB NPUMCHUTCIBHO NPOTOKOJIA CUHXPOHHU3AIlUN
«Ovsynch-48».

MATEPUAJ U METOJbI
HUCCJIEJOBAHUM
Hnst onpenenenust 3QpQeKTUBHOCTH pa3zpaboTaH-
HOTO TOPMOHAJILHOTO KOHTPOJISI BOCITPOM3BOAUTEIb-
HO¥ CIIOCOOHOCTH ObLIT IPOBEJICH HAYYHO-IIPOU3BO/I-
CTBEHHBIH ONBIT B NpeaNpUiATUiIX Bosarorpanuckoii

(monounsrii komIuieke «Jlepxkaa» CII «JloHckoe»
Kanagaesckoro paiiona) n Jlennurpaackoit (AO mute-
MEHHOI 3aBoj1 «byTphI») obracTell o MPOU3BOACTBY
MOJIOKA HCTIONB3YFOIINX CHCTEMBI POOOTU3UPOBAHHO-
ro noennst GEA Dairy ProQ u Ley Astronaut ¢ mpo-
JQYKTUBHOCTBIO KOpoB Oosee 11 TOHH MOJOKa 3a Jlak-
tanuio B iepuon ¢ 2020 mo 2023 T, 11t 3TOT0 OBLTH
oroOpanbl 100 KOPOB FONMMITHHCKON TOPOABI, KOTOPBIX
pa3fenii IOPOBHY IO MPHUHIIMITY aHAJIOTOB Ha JIBE
TPYTIIBI TIOOTIBITHYIO U KOHTPOJIBHYO.

OnbITHI OBLTH IPOBEIEHBI B ABa ATamna. Ha nepBom
aTare HKCIePHUMEHTA IBYM OECIUIOAHBIM KOPOBaM IpH-
MeHwn cxemy Ne 1, puc. 1, AByM apyrum Oecruioj-
HBIM KopoBaMm cxemy Ne 2, puc. 2.

n
GnRH PGF2a GnRH CKYCCTBEHHOE
oceMeHeHHe
7 nHeit 48 yacoB 16 yacoB
Hens 0 Hens 7 Jlens 9 Hens 10
16:00 16:00 16:00 08:00

Puc. 1. /Tu3aiin nporpaMMbl CHHXPOHH3ALUH 1T0JI0BOH 0X0Thl «Ovsynch-48» (konTposbHas rpymna, cxema Ne 1)

s onpenenenus 3(h(HEeKTUBHOCTH JIByKPAaTHOTO
npuMeHeHus npenapara «Deprarum» B go3e 2,5 M
B HYJICBOH JICHb U HA JICBATHIN JICHb B KOMOMHAILIUU
¢ npenaparamu « Terpamary B 1o3e 5 mit u «E-ceneny
B 703¢ 15 mu1 B couetanuu ¢ npenaparoM «Depraun»
B /103€ 2 MJI C MHHTE€PBaJIOM B 24 yaca Ha ceIbMOH JIeHb

MIPOBONIIA COHOTpapUUECKOE UCCIIEIOBAHUE SUIHU-
k0B, ¢ momotbio Y3U ckanepa Easi-can Curve ¢up-
mbl BCF Technology ¢ auanazonom wacror ot 5,0 110
7,5 MI'm. [1oce momydeHust n300pakeHUA THIHIKOB
MHTEPIPETUPOBAIN TOIyYSHHBIE PE3YIbTaThl CHUM-
KOB COHOIXOTPAMM.

GnRH «®eprarui» PGF20 «Depraaum» GnRH «®epTarni»
2,5 ma + 2,5 M + HcekyccTBeHHOE
2 ma + «E-eeqen» 15 ma
«Terpamar» 5 ma «Terpamar» 5 mJa oceMeHeHHe
BHYTPHMBbIILIEYHO
BHYTPHUMBbILLIEYHO BHYTPUMBIIIIEYHO
7 nHei 48 yacoB 16 yacoB
Jlens O Jenn 7 Jlenn 9 Jens 10
16:00 16:00 16:00 08:00

Puc. 2. JTuzaiiH ycoBepIIEHCTBOBAHHON MPOrpaMMbl CHHXPOHHU3AIMH MOJIOBOW OXOTH! (IOAOMBITHAS TPYMIIA,
cxema Ne 2).

[Tocre 3aBepieHNs TOTHOTO IUKJIA KIIMHIYECKON
OIIEHKH TIpernapaToB Ha TOPMOHAIBHBIN OTKIIMK SHY-
HUKOB XUBOTHBIX, ITOCJIC UX yOOS U3bIMAIU SIMUHUKU
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(doTorpadupoBaH U MOABEPTATH THCTOJIOTHICCKOMY
HCCIICIOBAHUIO TI0 MeToIaM, onucanubiM [13]. KpoBh
MocJie TONMY4YeHHUsT IEHTPU(PYTUPOBAIaCh B TCUCHHUE
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5 MuH co ckopocThio 3 000 060poTOB B MUHYTY, [ 14].
Ompeneneuue OCT, JII, mporectepona u 3cTpaamoia
IIPOBOAMIM METOAOM MMMYHO(EPMEHTHOIO aHaIu3a
C HUCIIOJIb30BAHNEM aBTOMATHUYECKOTO IJIAHILIETHOTO
ananmusaropa g MDA (I'epmanus, Human GmbH)
¢ moMouislo HabopoB peareHToB pupmbl XEMA
(Poccust, Xema-Medica Co. Ltd.) — tect DCI-UDA,
tect JII-UDA, tect actpaanon-NDA.

Bropo#i sTan Hay4YHO-NPOM3BOJICTBEHHOIO OIIbI-
Ta MPOBEJIM COITIACHO COBEPLICHCTBOBAHHOW MpO-
rpaMMbl CUHXPOHM3aLUUH 1o cxeme Ne 2 (mogormsIt-
Has Tpynna) Ha 48 OecIIoAHbIX KopoBax. J[is aToro
BHYTPHUMBIIIEYHO BBOAMIIM TOPMOHAIIBHBIH MTpernapar
GnRG-«Deprarmm» B 03¢ 2,5 MII, a TAKKE TIpermapar
«Terpamary, comeprKaniimii KOMOMHAITUIO BUTAMITHOB
A, D,, E, F. 3arem uepe3 7 nHEl BHYTPUMBILIEYHO
unbenuposay npenapar PGF o-«®epragun» B 103¢€
2 M1, a Takxke npenapar «E-cenen» u Ha 8 neHb CHO-
Ba npenapar PGFa-«®Depragun» B no3e 2 M. Ha 9
neHb naberupoBanu npemnapar GnRG-«Deprarum»

20

s luuu-;v---.. = --A.L’g;.-.‘-.:::\‘\:.\.\‘\t
E ‘II'II"I'
F 159 16,1
E 10 14,9
= 14,1 ’
=
=
=t 5
[a+]
=
Q
a 0

3 24 -8 0

B J103€ 2,5 MJI B COUETaHHH C TIperaparoM « TeTpamar
B J03¢ 5 M, a dyepe3 16 "acoB MPOBOAMIIA HCKYC-
CTBEHHOE OoceMeHeHne. B koHTponmbHOM Tpymme (48
OECIUTOHBIX KOPOB) /I CHHXPOHHU3AIMH TI0JIOBOU
OXOTBl IPUMEHSIM TOPMOHAJIBHYIO CXEMY IO IMpOo-
rpamme «Ovsynch-48y», xoropas mpeaycMaTpuBaiia
JIB€ BHYTPHUMBIIIEUHbIe MHbeKINU npenapata GnRG-
«®Deprarum» B goze 2,5 mi Ha 0-i u 9-i1 eHs, B mpome-
KYTKE MEXTy KOTOPHIMH Ha 7-H JIeHb BHY TPUMBIIIICY-
HO UHBELIUPOBAIIN PGan—«(I)epTaz[HH» B J103€ 5 MIIL.
CrarucTHYeCKy 0 00pabOTKY SKCIIEPHMEHTAIEHO-
T0 MaTepuasa MPOBOAWIN HA IEPCOHATHEHOM KOMITBIO-
TEpE ¢ UCI0JIb30BaHueM mporpaMmbl Microsoft Excel.

PE3YJIBTATHI HCCJIEJOBAHUM
HccnenoBanue TUHAMHUKH 3CTPOTEHOB B CHIBO-
POTKE KPOBH Y OCCIUIONHBIX KOPOB, YYACTBYIOIIUX
B DKCIIEPUMEHTE, MAaKCUMAIbHAs KOHIICHTPAIHSI 3CT-
paaunon-17p (16,1 amoas/Mi) HaOIOMAIACk, Yepes
2...4 gaca mocie Hadana scTpyca (puc. 3).

8 24 32

Bpewms 1o u nocne Hauana 0XOThl, 4

Puc. 3. /lunamuka U3MEHEHHSI KOHIIEHTPAUK 3CTpaanon-17, HMOIb/MII y KOPOB, YYaCTBYIOLIIUX B SKCIIEPH-
MEHTE

HawnGosiee BBICOKYHO KOHIEHTPAIMIO MPOTecTe-
pona (6,4 ur/mur) Habmomany Ha 16-i neHs u Ha 12-#
neHb (5,9 vr/mi) (puc. 4).

Pasmep u mudposas nuHamMuKa TpaHCHOpPMALIUN
JKEJITOTO TeJIa MPY MTHUKOBBIX 3HAYCHUSX POTECTEPO-
Ha I0CJIC TIOJIHOTO 3aBEPILICHUS U3YUYCHUS [TPETIapaToB
B OKCIIEPUMEHTE MPEICTABICHBI HA PUCYHOK 5.

OOBeM JKEeNTHIX TeJ 10 TaHHBIM HaIlluX UCCIE0-
BaHUI HAXOJWJICS B 3aBUCUMOCTH OT TOPMOHAIILHOTO
KOHTPOJISI BOCITPOU3BOIUTEBHOM CITIOCOOHOCTH U 3a-
BHCHUT OT KOHIICHTPALMH dCTpaaunona (puc. 6).

B pe3ysbrare yiasTpa3ByKOBOW JHATHOCTUKH JKEJI-
TOTO TC€Jla B AMYHUKAX YCTAHOBUJIM, YTO 3a 2 OHsS 10
WHBEKIUHU TPOCTANIAHINHA B STUYHUKAX Y X KOPOB,
YYaCTBYIOIIMX B MEPBOM SKCIEPUMEHTE, HAOI0Ia-

U OOJIBIIIOE KEJITOE TEJO C JaKyHOW TMOoCepeanHe
(puc. 7).

T'ucronoruueckoe uccner0BaHUE rOHA ] Oy YEH-
HBIX ITOCJIe Y0OSI KOPOB, Y4aCTBOBABIIUX B IKCIICPH-
MEHTE, B CTPOME SIMYHHKA JTIOTCUHOBASI TKAHB TIPOSIBIISI-
€TCsI B BUJIC OTUCTIIUBBIX SXOT€HHBIX YIaCTKOB (pHC. 8).

B nenTpe xenroe Tena pacnonaraercs JJakyHa, 9To
XOPOIIIO MTpocMaTpuBaeTces Ha pucynke 8 (A). Pasmep
JIaKyHBI COCTABIISIET He MeHee 1/3 oT pa3mepa jKenTo-
ro Tena. [locne BHYyTpUMBILLICUHON UHBEKIIUU Tpera-
pata GnRG-«Deprarun» u noj ASHCTBHEM ABOMHON
uHbeKkimu npenapara PGF,a-«®Depraaun» ¢ uHTepBa-
JI0M B 24 Haca, IpONCXOAnIa PErPecCHs KeJITOTO Tea,
TIPH ATOM JIaKyHa ucue3ana u GopMHUPYIOTCS (HOIITH-
Kynsl (puc. 8, B).
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5 2
3
o 1
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2 0
= 2 14 16 18
-2 KonnuectBo nHel nocie oByIsSIIIIN
Puc. 4. I[I/IHaMI/IKa KOHUCHTPpAaIUU IporecTepoHa, HI/MJI Y X KOPOB, YUaCTBYIOIIIUX B OKCIICPUMECHTE
7
6 5,5 5,4 53
1 53 T
=
S 2 T 4,1
] y 5
g 5 5,3 52 5 3.9
4 = 4,8
g8 2,8 3,7
3 £ 3,9 3
= 2,9 ’ 3,8
=
E
2 o 1,8
2 1,6
18 1,9
Q.
0 0
2 4 6 8 10 12 14 16 18 20 22
-1
Puc. 5. Pazmep (cM2) 1 TpaHCHOPMAITHS KENTOTO TeNNa Y KOPOB, YIACTBYIOIINX B SKCIICPUMEHTE
7
6
5
4
3
2 0,1
1 - () 2- () 2-
0
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Puc. 6. Jlnnamuka oGbema sxenToro teaa (cM*) y KOpoB, Y4aCTBOBABIINX B HAYTHO-TIPOM3BOJACTBEHHOM OIIBITE
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Puc. 7. Dransl perpeccun xenroro tena nociie UHbeKIMH GnRG- «Peprarun» U nof AeHCTBUEM JBOIMHON UHD-
exuun PGF2a-«®epragun» ¢ uHTEpBanIoM B 24 yaca

Puc. 8. XKenroe teno no mpumeHenus npenapara «Pepraaun» B KOMOMHAIMHK C TIpernapatoM «DepTaruiny:

A — no BBenenus; 5 — nocie Beeaenus; O.x 200 I'D

C LCJIBI0 U3YYCHUS IMMapaMETPOB MPOJOJIKUTEIIb-
HOCTHU PErpecCuu XKCJITOro Ttejiia, JuaMeTrpa (1)0.1].1'[1/1-
KYyJIOB MU MHTEpBaJia BDEMEHU N0 OBYJISIINU ObLI Ipo-

BEJICH Hay4YHO-TIPOU3BOJICTBCHHBIN OIBIT Ha KOPOBAaX
C pas3/IMYHbLIM ITPOTOKOJIOM KOHTPOJISA BOCIIPOU3BOAU-
TeTHHOU crocobHOCTH (Tabm. 1).

Taoauna 1

CpasnumenvHulii 20pMOHATbHBII KOHMPOILb 0CNPOUZE00UMENbHOU CROCOOHOCMU Y KOpog no npoepamme Ovsynch-48

Ilokazarenu

YcoBepiieHcTBOBaHHAS
MporpaMMa CHHXPOHHU3a-
un «Ovsynch-48», n = 48

[Iporpamma cUHXpOHH3A-
uu «Ovsynch-48», n = 48

[IponomKUTENBHOCTD PErPECCU U JKEITOTO Tea, JHEeH 2,12+0,35" 3,65+0,17
Juametp (houmkyia nepea OBYIsSIuend, MM 13,3+0,62" 15,38 £0,32
WurepBas BpeMeHH OT HavaJla TEYKU [0 OBYJISILUM, Yac 21,63 +0,55" 25,71 +£0,71

*p<0,05
“p<0,01
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NuTepBan BpeMeHH OT MEPBBIX MPU3HAKOB
OXOTHI TOCJIE€ CHHXPOHHU3AIMUU OXOTHI MO TPO-
rpamme «Ovsynch-48» 10 OBYISIHUH COCTaBUII
25,71 £ 0,71 yaca, npotus 21,63 = 0,55 yacoB 1o
npeyraraeMomy npotokoiny, p < 0,05. Ilpu aTom npo-
JOJIKUTEBHOCTD CYIIECTBOBAHUS KEJITOTO TeJa y KO-
POB, TIPU CUHXPOHU3UPOBAHHOM TIOJIOBOM ITHKJIE CO-
craBsuta 3,65 + 0,17 mHEH, a B yCOBEpIICHCTBOBAH-
Hyto — 2,12 £ 0,35 queit.

HuameTp ¢donnukyna coCTaBUI, B CpeIHEM,
15,38 £ 0,32 MM, p < 0,05 mpu CUHXPOHU3ALUU OXO-

ThI 110 Iporpamme «Ovsynch-48» (cxema Ne 1), mpo-
B — 13,3 £+ 0,62 MM B yCOBEPIIICHCTBOBAHHYTO ITPO-
rpamMMmy (cxema Ne 2).

W3meHeHns ypOBHSI KOHIIEHTPAITUH IIPOTeCTepOHa
B TeyeHue 72 yacoB coctaBuiin inib 0,2...0,55 Hr/mi
MIPY UCXOJTHOM 3HaYCHUU Nokazarens 1,7 + 0,24 |Hr/vur.
KonmeHTpamus mporecTepoHa 1mo rpymmam Mocie CUH-
XpoHm3amuu cocrasmsuia 18,52 + (0,76 HI/MI y KOpOB
gepe3 48 gacoB. DPDEKT CHIKECHHSI KOHIICHTPAIIUN
MporecTepoHa y KOPOB, YYaCTBYIOIUX B OIIBITE TIPE/I-
CTaBJICH B JIAHHBIX PUCYHOK 9.

Yucio KOpoB CO CHIKEHUEM KOHLEHTPALUH [IPOrecTepoHa
UKCI0 TEIOK CO CHIKEHUEM KOHIIGHTPAIIUH TPOrecTepoHa

--------- JluneitHas (4MCI0 KOPOB CO CHIDKEHUEM KOHIIEHTPALUH ITPOTECTEPOHA)

30
244
20
9.4 To 18,5 6,7?_
10 P A N 4.8 3,1
4.3 4 - tﬁ
0 3,3 35 2,6
24 gaca 48 gacos 60 gacoB 72 4gaca 84 yaca
-10

WNHTtepBan Mexly MHbEKIIMEH U B3ITHEM ITPOO KPOBU, Yachl

Puc. 9. [lnramMuka TopMOHAIBHOTO MMPOGUIIS IPOTECTepOHa y KOPOB, YIaCTBOBABIINX B HAYYHO-TIPOU3BO/ICTBCH-
HOM OIIBbITE

I ——r

Berraaia iz ARz

e p——"

# BeTepanapnan aracs

Puc. 10. DxorpamMma SHYHAKOB y KOPOB MOCIIE MPIMEHEHHS Pa3IMYHBIX CTIOCOO0B CHHXPOHH3AIINN:

1 — mporpamma «Ovsynch-48y; 2 — ycoBepiieHcTBOBaHHAas porpamma «Ovsynch-48y»; 3 — KOHTpoIbHAs, CIOHTaHHAS
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Koumponv 6ocnpoussooumenvhoii cnocobHocmu y KOpog Ha MOLOUHBIX NPEeONpUSMUSX

O HexkTHBHOCTH MOCIIE CHHXPOHU3AIMU OXOTHI 110
nporpamme «Ovsynch-48» onpenensum B pe3ynprare
CPaBHHUTEIHHOTO aHAJM3a KOIMYECTBA CTEIbHBIX JKH-
BOTHBIX IIPHU peKTabHOM Y3 — HcclieqoBaHuu ue-
pe3 32 nHs, Tabnumna 2.

W3 naHHBIX Ta0I. 2 CIeMyeT, 4To MPOIICHT OCeMe-
HEHMS 10 UCIIBITAHHOW M IpeJiaraeMoil nmporpaMmme
CUHXPOHU3ALIMH II0JIOBOM OXOTHI Y KOPOB IIOAOIBITHOM
rpymmsl Beime Ha 15,05 % mo cpaBHeHUIO ¢ 6a30BOM
cxemoit «Ovsynch-48y ucronb3ytormiecss Ha MOJIO4-
HBIX TPEANPUATHIX, PEKIAMUPYEMBIX 3apYOeKHBIMU
CIICIUATICTaMHU.

OTo cBsA3aHO ¢ TeM, 4To MHBbekuus GnRG-
«®@eprarun» B coueranuu ¢ npenaparom PGFa-

«®DepraguH» B KOMOMHAIMU C Npemaparamu
«Terpamar» u «E-cenen» Ha 18 nens nmocmue nepBoro
HCKYCCTBEHHOT'O OCEMEHEHHsI Y HE CTEJIbHBIX KOPOB
CHOCOOCTBYET OBYJISILIMU JOMUHUPYIOIIETO (POJIIUKY-
J1a, 9TO MO3BOJISIET IPOBECTHU TOBTOPHOE OCEMEHEHNE
kopoB. [Ipu Hannumu cTenbHBIX KOpOB Ha 18 neHb Oe-
pemenHocTH nHbeKLMs GnR G-«Deprarnm mo3Boss-
eT Mpo(hMITAaKTUPOBATH PAaHHIOIO AMOpHonaruio. Takxe
Ha 25 1eHb, yTo cocTaBisier 3a 7 aaei 1o Y3U Ha Oe-
peMeHHocTh, BBeneHue GnRG-«Deprarum» st He
CTEJIBHBIX CAMOK COKpalllaeT KOJUYECTBO JHEH ais
MOCJIEAYIOLIET0 BBEIEHNSI TOPMOHOB JJIsi CHHXPOHHU-
3allMU TTOJIOBOM OXOTHI, TEM CaMbIM COKpaIast KOJiIu-
YEeCTBO JHEW 10 MJIOLO0TBOPHOIO OCEMEHEHHUS.

Taoauna 2

Cpasnumenvnas oyenxa dQghexmueHocmu npozpamm CUHXPOHUZAYUY NOJIOBOT OXOMbl

Ilokazarenu

‘YcoBepleHCTBOBaHHAS
MporpaMMa CHHXPOHHU3a-
uu Ovsynch-48 =40

[Iporpamma cUHXpOHH3A-
uuu Ovsynch-48, n =40

KomnnuecTBo 0TOOpaHHBIX KOPOB, 71 48 48
[IponeHT KOPOB, MPOSBUBIIKUX CTPYC, Yo 40/83,12 38/79,19
KonnuecTBo CTenbHBIX KOPOB, 1 33 28
[IpoueHT KOPOB OT MEPBOro OCceMeHeHus, Yo 25/80,33 18/64,28

3AKJTIOYEHUE

[IpencraBiensl pe3ynbTaTsl CPAaBHUTEIBHOM OIIeH-
KU 3(pPEeKTHBHOCTH yCOBEPIIEHCTBOBAHHOTO CIIO-
coba CHHXPOHHM3ALMH II0JIOBOH OXOTHI B CpaBHE-
HUU C IIporpammoii cuHxpoHu3anuu «Ovsynch-48».
[IponomKuTENEHOCTD LIMKIIA, B CPEAHEM, B CHHXPO-
HU3UPOBAHHYIO OXOTY O mporpamme «Ovsynch-48»
cocraBmia 18,79 £ 0,91 mueit, mpotus 21,19 + 0,44
JTHEH B yCOBEPIIEHCTBOBAHHYIO MTPOTPaMMy CHHXPO-
au3anuu «Ovsynch-48y». PazMepsl TOMHHAHTHOTO
(hommkyna cocraBuiy, B cpenHeM, 15,38 0,32 mm,
p <0,05 B tMamMeTpe npH CUHXPOHHU3ALMK OXOTHI 110
nporpamme «Ovsynch-48y, npotus — 13,3 + 0,62 MM
B COBEPIIEHCTBOBAHHYIO IIPOTPaMMy CHHXPOHH3AINN
OXOTBHI. YCTaHOBJIEHO, YTO BHYTPUMBIIIIEYHOE BBEJIE-
HUE J1Ba JHI IOAPSL yMEHbLIEHHOH 1036l IPOCTaryIaH-
nuna PGF a-«®epragun» cnoco6CTByeT ObICTPOH
perpeccun xenroro Tena. [IponeHT oceMeHeHus no
MporpaMMe CHHXPOHM3AIMH TI0JI0BOM OXOTHI Y KOPOB
[IOJIOTIBITHOM rpynmsl Beime Ha 15,05 % mo cpaBHe-
HUIO cO cxeMoi cuaxponu3anuu «Ovsynch-48». 3o
CBsI3aHO ¢ TeM, uT0 HHBEeKINI GnR G- «Deprarnm» Ha
18 neHb mocie nepBoro HCKyCCTBEHHOT'O OCEMEHEHHUS

y OeCIIONHBIX KOPOB CIIOCOOCTBYET OBYIISIIUH JTOMU-
HUPYIOLIETo (POJUIMKYIIA, YTO HO3BOJISAET IPOBECTH 110-
BTOPHOE IUIOJOTBOPHOE OCEMEHEHHE KOPOB.
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CONTROL OF THE REPRODUCTIVE ABILITY
OF COWS AT DAIRY ENTERPRISES

Vladimir Semenovich Avdeenko ™, Georgiy Sergeevich Nikitin", Vadim Vadimovich Achilov’,
Viktoriya Aleksandrovna Galchenko™'

'St. Petersburg State University of Veterinary Medicine, St. Petersburg, Russia, avdeenko0106@mail.ru®
“Volgograd State Agrarian University, Volgograd, Russia

Abstract. This work established the fact of regression of the corpus luteum in infertile cows after injection for
two days in a row of a halved dose of the drug PGF2a-“Fertadin”. The change in the level of progesterone con-
centration within 72 hours was 0.2...0.55 ng/ml with the initial value of 1.7 + 0.24 ng/ml, intergroup digital val-
ues were 1.78 £ 0.33,1.92 +£ 0.76 and 1.90 = 5.7 ng/ml, and estradiol —29.0 + 2.34,25.0 + 3.7 and 27.0 + 3.70 pg/
ml. A decrease in progesterone concentration to 0.08 + 0.02 ng/ml after injection of the drug GnRG-“Fertagyl” at
a dose of 2 ml occurred in animals in 48 hours. The use of the drug GnRG-*Fertagyl” 7 days before ultrasound
diagnostics for pregnancy in non-pregnant females reduces the number of days for the subsequent administration
of hormones used to synchronize estrus. The percentage of insemination according to the improved estrus syn-
chronization program in the cows of the experimental group was by 17.5 % higher, in comparison with the syn-
chronization scheme “Ovsynch-48” recommended by the program. This is due to the fact that the use of the drug
GnRG-“Fertagyl” on day 18 after insemination in infertile cows promotes ovulation of the follicle, which allows
for repeated successful insemination of cows.

Keywords: estrus synchronization, GnRG-“Fertagyl”, PGF2a-“Fertadin”, “Tetramag” and “E-selen”, insemina-
tion, fertilization.

Acknowledgment: The study was supported by the Russian Science Foundation grant No. 23-26-00284, htts://
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In connection with the latest achievements of ge-
nomic selection in dairy cattle breeding in Russia, a
disproportion has arisen between the productivity and
fertility of the main breeding stock [1—3]. Due to the
high milk yields of cows, there increased the timing
of the estrus onset in cows after calving, which led to
a violation of the technological pace and rhythm of
reproduction, an increase in the calving interval peri-
od, and in general fertility in high yielding cows [6].
The high variability and unpredictability of the ovar-
ian response to hormonal treatment in cows still cre-
ates problems affecting the efficacy of hormonal pro-
grams for synchronizing the reproduction process after
calving [10, 12]. Several approaches have been pro-
posed, including determining the follicular status be-
fore hormonal stimulation [9, 15] and eliminating the
suppressive effects of the dominant follicle [5, 8], in
addition, some hormonal programs have been used to
reduce the unpredictability of the superovulatory reac-
tion of the ovaries of cattle [16]. However, these meth-
ods have not eliminated the variability of the ovulatory

response in cows, and better prediction is still crucial
for the application of hormonal estrus synchronization
programs in optimal technological terms. The growing
demand for whole milk and fermented milk products
in the world has led to an increase in the number of
dairy cattle at high-tech dairy enterprises using robot-
ic milking technologies, which have changed the re-
productive physiology of dairy cattle [4, 7]. Therefore,
the improvement of more effective programs for estrus
synchronization in high yielding dairy cows is the ba-
sis for topical issues of veterinary medicine, reproduc-
tion biotechnology and pharmacy [11].

The objective of the work was to improve the
control of reproductive ability in cows using the syn-
chronization protocol “Ovsynch-48”.

MATERIAL AND METHODS
To determine the efficacy of the developed hor-
monal control of reproductive ability, scientific and
production experience was conducted at enterprises
of Volgograd (dairy complex “Derzhava”, JV (Joint
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Venture) “Donskoye”, Kalachaevskiy r.) and Leningrad
(JSC breeding plant “Bugry”) regions for milk produc-
tion using GEA Dairy ProQ and Ley Astronaut robotic
milking systems with cow productivity of more than
11 tons of milk per lactation in the period from 2020
to 2023. One hundred (100) Holstein cows were se-
lected for this purpose and were divided equally ac-
cording to the principle of analogues into two groups,
experimental and control.

The experiments were carried out in two stages.
At the first stage of the experiment, scheme No. 1 was
used for two infertile cows, Fig. 1 and scheme No. 2
were used for two other infertile cows (Fig. 2).

To determine the efficacy of the double use of the
drug “Fertagyl” at a dose of 2.5 ml on day 0 and on day
9 in combination with the drugs “Tetramag” at a dose
of 5 ml and “E-selen” at a dose of 15 ml in combina-
tion with the drug “Fertadin” at a dose of 2 ml with an

, V. V. Achilov, V. A. Galchenko

interval of 24 hours on day 7, a sonographic examina-
tion of the ovaries was performed using the Easi-scan
Curve ultrasound scanner of BCF Technology with a
frequency range from 5.0 to 7.5 MHz. After receiving
ovarian images, the results of sonoechogram images
were interpreted.

After completing a full cycle of clinical evalua-
tion of drugs for the hormonal response of the ova-
ries of animals, after their slaughter, the ovaries were
removed, photographed and subjected to histological
examination according to the methods described [13].
After obtaining, the blood was centrifuged for 5 min-
utes at a speed of 3000 rpm, [14]. Determination of
FSH, LH, progesterone and estradiol was carried out
by enzyme immunoassay using an automatic plate an-
alyzer of ELISA/IEA (Germany, Human GmbH), us-
ing reagent kits of XEMA (Russia, Xema-Medica Co.
Ltd.) — FSH-IEA test, LH-IEA test, estradiol-IEA test.

Artificial
GnRH PGF2a GnRH | artiea
insemination
7d 48 h 16 h
DO D7 D9 D10
16:00 16:00 16:00 08:00

Fig. 1. Design of the estrus synchronization program “Ovsynch-48” (control group, scheme No. 1)

GnRH “Fertagyl PGF20 “Fertadin” 2 ml + GnRH “Fertagyl o
2.5ml+ 2.5 ml+ Artificial
“E-selen” 15 ml . Lo
“Tetramag” 5 ml . “Tetramag” 5 ml insemination
. intramuscularly .
intramuscularly intramuscularly
7d 48 h 16 h
DO D7 D9 D10
16:00 16:00 16:00 08:00

Fig. 2. Design of an improved estrus synchronization program (experimental group, scheme No. 2)

The second stage of the research and production
experiment was carried out according to the improved
synchronization program according to scheme No. 2
(experimental group) on 48 infertile cows. To do this,
the hormonal drug GnRG-“Fertagyl” was intramuscu-
larly injected at a dose of 2.5 ml, as well as the drug
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“Tetramag” containing a combination of vitamins A,
D,, E, F. Then, 7 days after, the drug PGF a-“Fertadin”
was intramuscularly injected at a dose of 2 ml, as
well as the drug “E-selen”, on day 8 again, the drug
PGF,a-“Fertadin” at a dose of 2 ml. On day 9, GnRG-
“Fertagyl” was injected at a dose of 2.5 ml in combi-
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nation with “Tetramag” at a dose of 5 ml, and artifi-
cial insemination was performed 16 hours later. In the
control group (48 infertile cows), a hormonal scheme
according to the program “Ovsynch-48” was used to
synchronize estrus, which provided for two intramus-
cular injections of GnRG-"Fertagyl” at a dose of 2.5 ml
on day 0 and day 9, between which PGF,a-“Fertadin”
was intramuscularly injected at a dose of 5 ml on day 7.

Statistical processing of the experimental materi-
al was carried out on a personal computer using the
Microsoft Excel program.

STUDY RESULTS

The study of the dynamics of estrogen in the blood
serum of infertile cows included in the experiment
showed that the maximum concentration of estradi-
0l-17B (16.1 nmol/ml) was observed 2...4 h after the
estrus onset (Fig. 3).

The highest concentration of progesterone (6.4 ng/
ml) was observed on day 16 and on day 12 (5.9 ng/
ml) (Fig. 4).
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The size and digital dynamics of the transforma-
tion of the corpus luteum at peak values of progester-
one after the complete study of the drugs in the exper-
iment are presented in Fig. 5.

The volume of corpora lutea according to our stud-
ies is dependent on hormonal control of reproductive
ability and depends on the concentration of estradi-
ol (Fig. 6).

As aresult of ultrasound diagnostics of the corpus
luteum in the ovaries, it was established that 2 days be-
fore the injection of prostaglandin in the ovaries of the
cows included in the first experiment, a large corpus lu-
teum with a lacuna in the middle was observed (Fig. 7).

In the center of the corpus luteum there is a lacuna,
which is clearly visible in Fig. 8 (A). The size of the la-
cuna is at least 1/3 of the corpus luteum size. After an
intramuscular injection of the drug GnRG-“Fertagyl”
and under the effect of a double injection of the drug
PGF,0-“Fertadin” with an interval of 24 hours, regres-
sion of the corpus luteum occurred, while the lacuna
disappeared and follicles were formed (Fig. 8 (B)).

......

.................
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Time before and after estrus, h

Fig. 3. Dynamics of changes in the concentration of estradiol-17f (nmol/ml) in cows included in the experiment.
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Fig. 4. Dynamics of progesterone concentration (ng/ml) in the cows included in the experiment
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Fig. 5. Size and transformation of the corpus luteum in the cows included in the experiment, cm?
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Fig. 6. Dynamics of the volume of the corpus luteum in the cows included in the research and production exper-
iment, cm?

Fig. 7. Stages of the corpus luteum regression after injection of GnRG-“Fertagyl” and under the effect of double
injection of PGF,a-“Fertadin” with an interval of 24 hours
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Fig. 8. Corpus luteum before using the drug “Fertadin” in combination with the drug “Fertagyl”:

A — before administration; B — after administration, x200

In order to study the duration parameters of the
regression of the corpus luteum, the diameter of the
follicles and the time interval before ovulation, a sci-

entific and production experiment was carried out on
cows with different protocols for monitoring reproduc-
tive ability (Table 1).

Table 1
Comparative hormonal control of reproductive capacity in cows using the program “Ovsynch-48"
Improved synchronization o
Indicators program «Ovsynch-48» Synchronization program
’ «Ovsynch-48», n = 48
n=48
Duration of the corpus luteum regression, d 2.12+0.35 3.65+0.17
Follicle diameter before ovulation, mm 13.3+0.62" 15.38 £0.32
Time interval from the estrus onset to ovulation, h 21.63 £0.55" 25.71+0.71

' p<0.05
“p<0.01

The time interval from the first signs of estrus af-
ter estrus synchronization to ovulation according to
the program “Ovsynch-48” was 25.71 +0.71 h ver-
sus 21.63 + 0.55 h according to the proposed proto-
col, p <0.05. At the same time, the duration of the cor-
pus luteum existence in the cows with a synchronized
sexual cycle was 3.65+0.17 d, and in an improved
one —2.12+0.35d.

The follicle diameter was, on average,
15.38 + 0.32 mm, p < 0.05 at the estrus synchroniza-
tion according to the program “Ovsynch-48” (scheme
No. 1) versus 13.3 £ 0.62 mm in the improved pro-
gram (scheme No. 2).

The changes in the level of progesterone concen-
tration within 72 hours were only 0.2...0.55 ng/ml
with an initial value of 1.7 £ 0.24 ng/ml. Progesterone
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concentration in the groups after synchronization was
18.52 + 0.76 ng/ml in cows in 48 hours. The effect of
reducing progesterone concentration in the cows in-
cluded in the experiment is presented in Fig. 9.

This is due to the fact that the injection of GnRG-
“Fertagyl” in combination with the drug PGF,a-
“Fertadin” in combination with the drugs “Tetramag”
and “E-selen” on day 18 after the first artificial insem-
ination in non-pregnant cows promotes ovulation of
the dominant follicle, which allows for the re-insemi-
nation of cows. If there are pregnant cows, on day 18
of pregnancy, the injection of GnRG-*Fertagyl” helps
prevent early embryopathy.

On day 25, which is 7 days before pregnancy ul-
trasound, the administration of GnRG-“Fertagyl” for
non-pregnant females also reduces the number of
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days for the subsequent administration of hormones  “Ovsynch-48” was determined as a result of a com-
to synchronize estrus, thereby reducing the number parative analysis of the number of pregnant ani-
of days before successful insemination. Efficacy af- mals during rectal ultrasound examination in 32 days
ter estrus synchronization according to the program (Table 2).

Number of cows with decreased progesterone concentration
=== Number of heifers with decreased progesterone concentration

"""" Linear (number of cows with decreased progesterone concentration)
30
244
20
947 18.5 6.78
10 ......................................... L 48 T 3 : 1
43 )i : i
0 5.5 L35 26
24 h 48 h 60 h 72 h 84 h
-10

Interval between injection and blood sampling, h

Fig. 9. Dynamics of the hormonal profile of progesterone in the cows included in the research and production
experiment, ng/ml

Fig. 10. Echogram of the ovaries in cows after using various synchronization methods:

[ — program “Ovsynch-48”; 2 — improved program “Ovsynch-48”; 3 — control, spontaneous
From the data in Table 2 it follows that the per- of the experimental group is by 15.05 % higher, com-

centage of insemination according to the tested and  pared to the basic “Ovsynch-48” scheme used at dairy
proposed estrus synchronization program in the cows  enterprises advertised by foreign experts.
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Table 2

Comparative assessment of the efficacy of estrus synchronization programs

Indicators

Improved synchronization
program «Ovsynch-48,

Synchronization program
«Ovsynch-48», n =40

n=40
Number of selected cows, n 48 48
Percentage of cows showing estrus, % 40/83.12 38/79.19
Number of pregnant cows, n 33 28
Percentage of cows from first insemination, % 25/80.33 18/64.28

CONCLUSION

The results of a comparative assessment of the ef-
ficacy of the improved method of synchronizing es-
trus in comparison with the synchronization program
“Ovsynch-48” are presented. The duration of the cy-
cle, on average, in synchronized estrus according to
the program “Ovsynch-48” was 18.79 + 0.91 d versus
21.19 £ 0.44 d according to the improved synchroniza-
tion program “Ovsynch-48”. The size of the dominant
follicle was, on average, 15.38 £ 0.32 mm, p < 0.05 in
diameter at estrus synchronization using the program
“Ovsynch-48” versus 13.3 + 0.62 mm according to the
improved estrus synchronization program. It has been
established that intramuscular administration of a re-
duced dose of prostaglandin PGF,a-“Fertadin” for two
days in a row promotes rapid regression of the corpus
luteum. The percentage of insemination according to
the estrus synchronization program in the cows of the
experimental group is by 15.05 % higher, compared
to the synchronization scheme “Ovsynch-48”. This is
due to the fact that the injection of GnRG-“Fertagyl”
on day 18 after the first artificial insemination in in-
fertile cows promotes ovulation of the dominant fol-
licle, which allows for repeated successful insemina-
tion of cows.
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YCJOBUA NTYBJINKAILINU
U MMPABUJIA O®OPMJIEHUS CTATEN
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CTaTeH, KacarolKXcs aKTyaJbHBIX BOIIPOCOB BETEPUHAPHON (papMakosoru.

Lenb )xypHana «BerepuHapHblil (papMakoIIoruuecKknuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HalpaBiie-
HUH pa3BUTHsI BETepUHAPHOU (papMaKkoIIOTuy, MpUBJIeYeHNE BHUMAHUS HayYHBIX paOOTHUKOB U CIICIUAIUCTOB
K aKTyaJbHBIM TIpo0OIeMaM, POIBMKEHNE MHHOBAIIMOHHBIX pa3paboToK.
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7. JleueOHBIE TPEMUKCHI U KOPMOBBIE 10OABKH.

8. [Tatodusmnonorus, naToOMOXUMHSL U SKCIIEPUMEHTaIbHAS TePaTTHSL.

Temarnueckoe coepxkaHue )KypHaJla MOKET MEHSTHCS B 3aBUCMMOCTH OT TEKYIIUX 33124 HAYKH U [IPAKTUKU.

YCJIOBUA ITYBJIUKALIUN

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTepPHAIbL:

1. Cratpio, 0pOpMIIEHHYIO B COOTBETCTBHH C TpeOoBaHUsAMH, Ha mouty vetfarm.journal@yandex.ru
(«B pemakuuto xxypHana «BeTepuHapHbIi (HapMaKOIOrHYECKUH BECTHUKY ).

Marepuain, npemiaraeMblid s myONUKaIMy, T0JDKEH OBITh TIIATENFHO OTPEJAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HaNpapisieMbIe B PEIAKIIUIO, TPOXOJIST PEIIEH3UPOBAHUE U BBIHOCSATCS HA PACCMOTPEHUE PEIIKOI-
nerun. [Ipu HeoOXOANMOCTH PEAAKIUsS CBA3BIBACTCS C aBTOPAMH 110 TeJae(OHy MM JIeKTpOoHHOH nourte. Ilo
pesyspraTtaM 00CYKACHUS] IPUHUMAETCS PEIIEHHE O BO3MOKHOCTH BKJIFOUCHHUS CTaTbU B JKypHaJI, 00 OTKas3e
WK 10paboTKe.

Crarbs, HallpaBlICHHAsI aBTOPY Ha JOPa0OTKY, 1OKHA OBITH BO3BpALICHA B HCIIPABICHHOM BH/IE B MaKCH-
MaJIbHO KOPOTKHE CpokH. K pyKkomnucn He0oOX0ANMO MPUIIOKUTH MTUCHMO OT aBTOPOB, COICPIKAINE OTBETHI HA
Bce 3ameuanust. Ctathsi, TpeOyrolias TOBTOPHOU TopabOTKH, paccMaTprBaeTCs Kak BHOBb ocTynuBIas. [1pu
9TOM JaTOM MOCTYIUICHHUS CUUTAETCs JaTa MOoJIyuYeHHs PEAAKLNE OKOHUATEIbHOTO BAPUAHTA CTAaThU.

[Inata ¢ aBTOpOB 3a MyOJIMKALMIO HE B3UMACTCSL.

ABTOpCKOE BO3HArpaXkICHHUE 3a Pa3MeEIlEeHHE CTaTell B MEYaTHON M 3JEKTPOHHON BEPCUH JKypHala aBTO-
pam crareil He BbIIIAYUBACTCSI.

Marepuaibl, TOCTYIHUBIIUE B PEAAKIINIO, aBTOPaM HE BO3BPAIIAIOTCSL.

2. Ceegenus 00 aBTOpax:

damMunus, UM, OTIECTBO

VYyeHas cTeneHb

VY4yeHoe 3BaHUE

JIOKHOCTH

ITonHOE Ha3BaHKME OpPraHU3ALMU

Anpec, renedon, e-mail

OtaenbHO HEOOXOIMMO yKa3aTh JIMLO U €r0 KOHTAKTHBIE JaHHBIE, C KOTOPBIM peAakiuus OyaeT BECTH nepe-
TOBODPBI U IIEPETIHCKY.
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3. HampagsiieHue OT y4upexIeHus, B KOTOPOM BBITIOJIHEHA padoTa 10 Gopme:

B penakuuto xxypHana
«BerepuHapHBI (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH Ie4aTH MOFO (HAIIy ) CTaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOTHOCTHIO He OBUTH paHee OmyOITHKOBAHB .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh H OPUTUHATIHLHOCTh MAaTePHAIIOB, U3JIOKEHHBIX B CTAThE; TAOT
comracue Ha cO0op, 00pabOTKy M pacIpOCTPAHCHUE CBOMX TIEPCOHATBHBIX TAHHBIX B COOTBETCTBUU C TPEOO-
BanusMu denepanbHoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHANbHBIX TaHHBIX»; TapaHTU-
PYIOT, 4TO HE HApYyIIAOT HUYbUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIbI, HE TIOJJIeKAIUE K ITyOITuKa-
MU B OTKPBITOM T€YaTh B COOTBETCTBUU C JICHCTBYIOIIUM 3aKOHOATEILCTBOM Poccutickoit deneparu.

BwmecTe co cTaTtheil aBTop nepenaet penakifny Ha HeOTPaHUICHHBIN CPOK CIIEAYIONINE TIpaBa: MpaBo Ha
pasMeInieHne, BOCIIPOU3BEICHNE U PACIIPOCTPAHEHUE CTAThH JIFOOBIM CITOCOO0OM; TIPaBO Ha MepepaboTKy cTa-
TBHH W BHECCHUE M3MEHEHUH B CTaThIO; IPaBO Ha MyOIMYHOE UCTIOIB30BAHNE MaTePHUAJIOB CTAaTbH U JEMOH-
CTpaluio UX B MH(OPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxoke aBTOPBI MOTBEPIKAAFOT, YTO COTIIACHBI C MPABIIIAMH PEIAKIUH TI0 ITOJTOTOBKE PYKOITUCH K H3-
nanuto. [Tocne myOnukanuu ee NIUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBHUIKOM Ha *KypHal «BeTepuHapHbIit
(hapMakoJIOrMueCKUN BECTHUKY.

NOANUCH (OAMUCH) aBTopa (aBTOPOB) bamMuIms, UMs, OTYECTBO

[Noanucs (moamucn) 3aBEPSIIO.

nmonmuck 1 @O nria, 3aBeprBIIETO TOIITHUCH
M.II. opranuzanuu
«_» L.

* Ecin ObLIn 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'O[ BbIITYCKa, HOMCP, CTPAHUIIbI.

Jis yckopeHus Iy OIMKaIiy CTaThH B PEAKIIUI0 HEOOXOAMMO MTPEI0CTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPCHHYIO B OTJIEJIC KaJ[POB IO MECTY PaOOTHI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMOM 710 15 cTpaHuIl mpeaocTaBisgercs B mporpamme Microsoft Word: mpudt — Times
New Roman, kerib — 14 1T, MeXXCTpOUHBIH HHTEpBal — 1,5, ab3amablii orctyn — 1,25, 6e3 nmepeHocoB. Dop-
MaT CTpaHuIlbl — A4; 1onst: ieBoe — 3 CM, BEpXHee, IIPaBoe U HIKHEE — 2 CM.

DJeMeHTaMU H3/IaTelIbCKOr0 O(DOPMIICHHUS CTaTeH SIBIISIFOTCS

— CBeJICHUS 00 U3aHUH, B KOTOPOM OITyOJIMKOBAaHA CTAThS;

— Ha3BaHUe pyOpUKH WM pa3jerna u3IaHus;

— THII CTaThu (Hay4YHAas CTaThs, 0030pHAs CTaThH, PEJAKIIMOHHAS CTAThs, ANCKYCCHOHHAS CTaThs, IIEPCOHA-
JIUY, PEIaKTOPCKAs 3aMeTKa, pEIIeH3Ms Ha KHUTY, PETICH3HsI Ha CTAaThIO, CIIEKTAKIIb U T. II., KPATKOE COOOIIIECHUE);

— WHJIEKC YHHUBepCalIbHOU necatnyHol knaccudukanun (YK);

— 1mdposoii naentudurarop oonekra (Digital Object Identifier — DOI); ero mpusogsat mo 'OCT P UCO
26324 u pacnonaratot nocie uanekca YK ornenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyaBHe CTaThH;

— TIOJ[3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KITIOYEBbIE CJI0BA (CIIOBOCOYETAHMUSA);

— OJarogapHOCTH;

— 3HaK OXpaHbl aBTOPCKOTO TpaBa;

— TIepeYCHb 3aTEKCTOBBIX OMOMMOrpaduecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThU;

— TpUIIOKEHNE (TTPHIIOKEHHS);

— TIpUMEYaHUS;

— J1aTa OCTYIUICHUsI pYKOIIMCH B PEAAKLINIO U3/1aHMsL, JaTa 0100PEH s TOCIIe PELeH3UPOBAHUS, 1aTa IPH-
HATHSL CTaThbH K OIyOIHNKOBAHHIO.

JIONOMHUTENBHO MOTYT OBITH PUBEACHBIL:

— Oubnunorpaduyeckas 3anKch Ha CTAThIO VTS JadbHEUIIEro IUTHPOBAHMUS;

— CBEJICHUS O BKJIaJIe KayK0T0 aBTOpa, €CIIM CTaThsl UIMEET HECKOJIKO aBTOPOB;

— yKa3aH#e 00 OTCYTCTBHH WM HATMYNN KOH(DIMKTA HHTEPECOB U ACTATU3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJu4uusl.

CJ0Ba 1 CJI0BOCOYETAHNUS B AJIEMEHTAX M31aTeIbCKOr0 0(OPMIICHHUS CTaTbU HE COKPALIAIOT, KPOME CBeJie-
HUI 00 y4eHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CJIOBOCOYETAHUN B OMOIMOrpaduyecKiX CChUIKAX U CIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO¥ TEKCT CTaThH MOXET ObITh CTPYKTYPHPOBAH U COCTOSTH U3 CIEIYIOIINX YaCTeH:

— BBEJICHHE;

— TEKCT CTaThH (C BBIIEICHUEM pa3iesioB «MaTepuaibl 1 METOb», «Pe3ynbrarsy, «O0Cy)aeHHe» U Ip.);

— 3aKJIIOYEHHE.

JonyckaeTtcs AejleHue OCHOBHOTO TEKCTa CTaThH Ha TEMAaTHUECKUE PYOPHKH U TTOAPYOPHKH.

Haamucu u moanucy K WIUTIOCTPATUBHOMY MaTepualry MPUBOJAT Ha SI3BIKE TEKCTa CTaThU U, KaK IPaBHIIO,
MOBTOPSIFOT HA aHIIIMHCKOM s13bIKe. OCHOBHOHM TEKCT CTAaThU B M3IaHHH MOXKET OBITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmBare B OTHON CTaThe TEKCT Ha JIBYX SI3bIKAX HE JIOMYCKACTCH.

J10 OCHOBHOTO TEKCTa CTaThbH MIPUBOISAT Ha S3bIKE TEKCTA CTAThU M 3aTEM IIOBTOPSIOT HA AHIIMHCKOM SI3bI-
K€ CIIEIYIOLINE SIEMEHTHI U3/1aTeIbCKOr0 O(OPMIICHHUS: CBEICHHSI 00 N3aHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Ths1, HA3BaHUE PyOPHUKH HIIH pa3zienia, TUIl CTaThbH, €€ 3arJIaBUe U MOA3aroJ0BOYHbIE JaHHbBIE, OCHOBHBIC CBE/IC-
HUs 00 aBTO-pe (aBTOpax), aHHOTALUIO, KIIFOUEBBIC CJIOBA, 0OJIarofapHOCTH, OMOIHOrpaduIecKyIo 3anuch s
UUTHPOBaHMA. VIMeHa IPUBOAAT B TpaHCIUTEpUpOBaHHOH opme Ha naruHuie no FOCT 7.79 unu B To# dop-
Me, B KaKOH €€ yCTaHOBHII aBTOP WJIHM PeIaKIvs U3/TaHus.

Iloce 0CHOBHOTO TEKCTa CTAaTbU MPUBOISAT HA S3bIKE TEKCTA CTATbU U 3aTEM MOBTOPSIOT HA aHIJIMICKOM
SI3BIKE CIIEAYIOIINE SJIEMEHTHI U3/1aTeIbCKOT0 0(OPMIICHHUS: IOTIOTHUTEJIbHBIE CBEACHUS 00 aBTOpe (aBTOPaXx),
CBEJICHHS O BKJIAJIC KaXKI0T0 aBTOPa, YKa3zaHWe 00 OTCYTCTBUH WIIM HATMYMK KOH(IMKTA HHTEPECOB U IeTalu-
3alusl TAKOTO KOH(IIMKTA B CITydae ero HaJu4Hsl, a TAKKe 1aThl HOCTYIUICHUS PYKOIIHCH B PEIaKInio, onoope-
HUS MOCJIE PEIIeH3UPOBAHNS, IPUHSATHS CTAaThU K OIYOJIHMKOBAHUIO.

OcHoOBHBIE cBeZieHHs 00 aBTOPE CoIepKar:

— WMsI, 0TYECTBO, (haMUJTHIO aBTOpa (TIOTHOCTHIO);

— HaWMEHOBaHUE OpraHu3aluu (YUpexJeHus), ee moapa3aeieHus, rae padboTaeT wiu yuurcs aBTop (0e3
0003Ha4YeHNs1 OpraHU3alMOHHO-TIPaBoBoi (popmbl ropuandeckoro tuna: ®T'BYH, ®I'BOY BO, [TAO, AOuT. 1.);

— aJpec opraHu3anuy (YIpexkIeHus ), ee oapa3ielieHus], [Ie padoTaeT Uil yIUuTCs aBTOp (TOPOJ U CTPaHa);

— D2JIGKTPOHHBIH aapec aBTopa (e-mail);

— oTKpHIThIN uaeHTH(uKaTtop yueHoro (Open Researcher and Contributor ID — ORCID) (mipu Hamu-
qum). Anpec opraHu3anun (YUpekIeHus), Tae padoTaeT WIH YIUTCS aBTOP, MOJKET OBITh YKa3aH B IOJTHON
(dopme. DIEKTPOHHBIN azpec aBTopa MPUBOAAT 0e3 clloBa «e-maily, mocie 3JIeKTPOHHOTo ajpeca TOUKYy He
craBat. ORCID npuBozst B popme 3nekrpoHHoro agpeca B cetu MutepHer. B xonue ORCID Touky He cra-
BaT. HaumeHoBaHue opranusanuu (yupexaeHus), ee aapec, 31ekTpoHHbIi agpec 1 ORCID aBTopa otaenstor
JPYT OT Apyra 3ansThIMH.

B ciydae, korma aBrop padotaeT (yUnuTcs) B HECKOIBKAX OPTaHU3AIUAX (YUIPEKICHUSIX ), CBEICHUS O KaX-
JIOM MeCTe paboTHI (YueOBl), YKa3bIBAIOT TTOCIIC NMEHH aBTOPA HA PAa3HBIX CTPOKAX U CBA3BIBAIOT C IMEHEM C TI0-
MOIIBIO HAACTPOUHBIX HU(PPOBBIX 0003HAUCHHUH.
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Venosust nybruxayuu u npasuna ogpopmaenus cmameti

Ecnu y craThbu HECKOJIBKO aBTOPOB, TO CBEACHUS O HHUX MPHUBOIAT C YUYETOM HIIKECIIEAYIOINX MPaBHUIL
Hmena aBTOPOB IPUBOJISIT B TIPUHITONW UMH TIOCIIE0BATEIIBHOCTH.

ABTOp, OTBETCTBEHHBIH 3a IIEPETINUCKY, U €T0 EKTPOHHBIN aApec MOTI'yT ObITh 0003HAaUEHBI yCIOBHBIM H30-
OpaskeHHeM KOHBEPTA, B IEKTPOHHBIX U3JaHUAX — TAKOKE U IPYTUMH CPEACTBAMU, PEAIN3yEMbIMH ITPOTPAMM-
HBIM O0ecIieueHrEeM ITyONUKaK U3AaHHsL.

Bo3MoxxHO npuBeieHHE IIEKTPOHHOTO apeca TOJIBKO OHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, JIM OT/ICIIbHOE yKa3aHUe aBTopa JJisi KOpPECIOHACHIINH 0 opMe: « ABTOp, OTBETCTBEHHBIH 3a MepernHc-
ky:» («Corresponding author:y).

JlommoTHUTENTEHEIE CBEICHUS 00 aBTOpE (aBTOpaxX) MOTYT COACPIKATh:

— TIOJIHBIC UMEHa, OTYeCcTBa U (hamuiiuy, snekrponHsie agpeca 1 ORCID aBTopoB, eciii OHU HE yKa3aHbl
Ha MepBOil MOJI0CE CTAThH;

— Y4YEHBIC 3BaHMUS;

— Y4YCHBIC CTCTICHH;

— napyrue, kpome ORCID, mexyHapoaabie HaeHTH(UKAIMOHHBIE HOMEpa aBTOPOB. J{omoNHNTENbHBIE
cBezieHUsT 00 aBTope (aBTOpax) MPUBOMAT C MPEANMISCTBYIONMUME ciioBaMu «Hbopmanms o6 aBTope (aBTO-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThi ociie « CIIMCKa HCTOYHHKOBY.

Caenenust 0 mecte padoThl (yueonl), anekTponHble aapeca, ORCID aBTopoB yKka3bIBalOT MOCIIE UMEH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HaJICTPOYHBIX U(POBBIX 0003HaYeHNH NH-
nekc Y/IK pacrnonaraercs B IeBOM BEpXHEM yIiry 0e3 a03allHOro OTCTYTIA.

Janee 6e3 a03aItHOTO OTCTyTa pacrojaraeTcsl Ha3BaHUE CTaTbU — 3aIVIABHBIMHU OyKBaMH, TIOTYKHUPHBIM
mpUQTOM, BBIPABHUBAHUE 110 LIEHTPY.

damunsi, UMs1, 0TIECTBO aBTOpa — 03 a03alHOro OTCTYyIIA, IO LIEHTPY, CTPOYHBIMU OyKBaMH, TIOJIY>KUP-
HBIM IIpHdTOM.

Amnnotauuto popmupyror o OCT P 7.0.99. O6bem anHoTauuu He npebimaet 250 cinos. [lepen annora-
LMeH MPUBOJAT CI0BO « AHHOTAIMS («Abstract»).

KiroueBple ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 00nacTs. He ucnomnp3yoT 000011eHHbIe 1 MHOTO3HAUHBIE CJI0BA, & TAKXKE CIIOBOCOYETa-
HUS, COAEPIKAIINE IPUYACTHBIE 00OPOTEI.

KonnyecTBo Kir04eBBIX CIIOB (CJIOBOCOUETAHUI) HE TOJHKHO OBITH MEHbIIE 3 1 Oofbie 15 ¢i1oB (cioBoco-
yetanuil). VIx npuBoasT, npeasapss cioBamu «Kirouessie cioa:» («Keywords:»), 1 OTINSIOT APYT OT APY-
ra 3ansThIMH. [1ocie KITF0YeBbIX CIIOB TOUKY HE CTaBSIT.

[Tocne kITr0UeBBIX CIIOB IPUBOJIAT CJIOBA OJIAaTOapHOCTH OPTaHU3AIUAM (YUIPEXKISHHUSIM ), HAy9IHBIM PYKO-
BOIUTEISIM M JPYTUM JIMLAM, OKa3aBILIMM IIOMOILb B TOATOTOBKE CTAaThU, CBEACHUS O I'paHTax, (PMHAHCHPOBA-
HUM TIOATOTOBKH M IMyONHKALMK CTAaThU, IPOEKTaX, HAyYHO-UCCIIeJ0BAaTEIbCKUX Pa00Tax, B paMKax UM I10 pe-
3yJBTaTaM KOTOPBIX OIyOJIMKOBaHA CTAThSI.

OTH CBeJeHUs IPUBOJIAT C MPEALISCTBYIONMM clIoBoM «bnarogapHoctu:». Ha anmmiickoM si3bIKe cloBa
0IaroapHOCTH MPHUBOJST MOCIE KJIIOYEBBIX CIIOB HA aHMIMKUCKOM SI3bIKE C MPEIUIECTBYIOIIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOMKEH BKIIIOUATh BBeACHHUE (0€3 yKa3aHHUs HAa3BaHUS pasziena), MaTepHuajbl 1 METOABI, pe-
3yJIbTaThl UCCIIEIOBAHUM, OOCYKICHUE U BHIBOBI (3aKIIIOUCHHE).

Bubnunorpaduueckyio 3anuchk ajsl npucrareiiHoro oubnuorpadpuueckoro cnucka cocrasisitor no 'OCT
7.80,TOCT P 7.0.100.. Ccpliky Ha UICTOYHUKH JTAIOTCA TI0 TEKCTY HU(PPOH B KBaAPaTHBIX CKOOKAX U yKa3bIBa-
I0TCS B TIOPsiIKE LIMTUPOBaHUS. B crimcke imTepaTypsl xKenareabHo Hajduuue kak MUHUMYM 20 % uHOCTpaH-
HBIX UCTOYHMKOB M BKJIFOYCHHE B CITUCOK COBPEMEHHBIX aBTOPOB.

Tabmu1el MOIKHBI OBITH BEITIONHEHBI B Microsoft Word u comepikaTh cTaTUCTHYECKH 00paOOTaHHBIN Ma-
tepuait. Kaxxnas Tabnuma goynkHa IMETh HOMEp, TEMAaTUIECKHUI 3ar0JI0BOK U CCBUIKY B TEKCTE.

['paduxu, tuarpammsl, pucyHkH 1 Gotorpaduu HeoOX0AUMO MPENOCTaBIATH B popmMare jpeg, tif mmnm gif
(c pa3pemenreM He MeHee 300 TOYEK) C COOTBETCTBYIOIIMMHU MOANUCAMHU U TPOHYMEPOBAHHBIMU.

CokpartieHusi TepMUHOB, OTIIMYHBIE OT HOPMUPOBAHHBIX, JIOJKHBI TPUBOJUTHCS TOJIBKO MOCIIE YIOMHHA-
HUS B TEKCTE MX MOJHOTO 3HAYCHHUSL.

Enuauier n3mepennii narores B COOTBETCTBUU ¢ MesxayHapoaaoi cucreMoit CU mo 'OCT 8.417—2002
«EauHunp! Benuuun».
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