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Annoranusi. [IpoBeneHo rccienoBaHe NPOTHBOOITYX0JIEBOH U HNMMYHOMOYJIUPYIOIIEH aKTHBHOCTH HHTEpQe-
poHconepaariero npenapara («Cyomactua-KPCy») Ha Moziesn oIy XoJ1eBoro pocTa aClUTHON KapIIHHOMBI DpIIH-
xa (AKD) y mbleii npu ero ABykpaTtHOM BBeneHNH Ha 2 U 4 cyTku pocta AKD B 1o3e 0,1 mMi/kr npu MoHOTEpa-
ITUHM ¥ COBMECTHO C IIPOTHBOOITYXOJIEBBIM aHTHOMOTHKOM — JIOKCOPYOHIIMHOM, B 103¢€ 3,5 MI/KT. B Xoze skcrme-
pUMEHTa OBUTH MCCIICIOBAHBI ITOKAa3aTeIH MTPOJOIDKUTEILHOCTH KU3HU Mblmel ¢ AKD, a Takyke KOHIIEHTpaIus
OIyXOJEBBIX KJIETOK B aCLIUTHOM YKUAKOCTH, JIEHKOIIUTOB KPOBU U UX MOMYJIALUHN, HIUTOIOTHYECKHE MTPENapaThl
TKaHEH CeJIe3eHKH, IIeYEHH, IT0YEK, KOCTHOIO MO3ra y )KMBOTHBIX Ha 10 cyTku omyxoneBoro pocra. OOHapy eHO
YBEIMYECHHUE MPOJIODKUTEIBHOCTH KU3HH MbItIel ¢ AKD nociie BBeieHNs TOKCOpYOHIIMHA OTAEIBHO U COBMECT-
HO ¢ «CyomacTrHOM-KPC» oTHOCHTEBEHO )UBOTHBIX ¢ AKD 0e3 eueHus. Beenenne qokcopyOHIMHA OTIETb-
HO ¥ B KoMOuHammu ¢ npernaparom «Cyomactua-KPCy» Mpimam ¢ AKD npuBoIuiio K CTaTHCTHYECKH 3HAYUMOMY
CHIDKEHHIO KOJIMYECTBA KJIETOK B ACHUTHOM KUKOCTH U JIEHKOLIUTOB KPOBH Y MbIIIEH OTHOCUTEIBHO AKUBOTHBIX
¢ AKD 6e3 sieuennst Ha 10 cyTku ormyxosneBoii nporpeccuu. [Ipyu 3ToM 0TMEueHO 3HaYNMOE CHIKEHHE YHCia JIeH-
KOLIUTOB, U, B YaCTHOCTH, FPAHYJIOLIUTOB Y )KUBOTHBIX ¢ AKD), noiay4aBIInX KOMIUIEKCHOE JIEUEHHE, OTHOCUTENb-
HO *MBOTHBIX ¢ AKD 1pu Mcnonbp30BaHUM OJJHOTO JTOKCOPYOHIMHA. TakuM 00pa3oM, yCTaHOBIIEHO, YTO Hpera-
par «Cyomactu-KPC» He o0iagaer npsiMoil IpOTHBOOIYX0JIEBOH aKTHBHOCTBIO, OJTHAKO OKa3bIBAa€T HMMYHO-
MOAYyJIMpYIollee AeHCTBUE TP KOMOMHUPOBAHHOM POTHBOOITYXO0JIEBOH TEPAITHH C JJOKCOPYOHIITHOM.
KaioueBble cioBa: noxmundeckue uccienoanus, «Cyomactun-KPCy», nokcopyOHIiH, acuTHast KapLTHOMA
DOpinxa, Oelble MBIIIH, BEDKUBAEMOCTb, JISHKOIUTapHas popmyIia

N3BecTHO, YTO LUTOKUHBI UMEIOT YpPE3BbIUAIL-
HO MHOTO00Opa3HbIe OMOIIOTUYECKHE U (hapMaKOJIOTH-
YECKHE CBOMCTBA, YTO AENIAET UX 00BEKTOM 0CO00T0
BHUMAaHUSI CO CTOPOHBI (PapMaKOJIOTOB MIPH pa3padoT-
K€ JICKapCTBCHHBIX CPCACTB JIsI KIIMHUYCCKOTO IIpH-
MEHEHHsI, B TOM YHCie B OHKoJoTHH [ 1]. MHOMXeCTBO
MIperaparoB, COIEPKaIINX B COCTaBe PEKOMOWHAHT-
HbI€ IUTOKHUHBI, B HACTOSIIIEE BPEMsI IIPOXOIST OICH-
Ky UX MPOTUBOOITYXOJICBOTO JICUCTBUS U BIIMSHUS Ha
MMMYHHYIO cucTeMy [2].

B COBPEMCHHBIX KIIMHUYCECKUX HUCIIbITAHUAX ITPO-
THUBOOTTYXOJICBOU W/ IMMYHOMOIYJTHPYIOIICH aK-

TUBHOCTH TIPEINapaToOB YacTO HCIIOJIB3YIOTCS MOJEIN
MEPEBUBAEMBIX MBIIIMHBIX omyxosed [3]. OgHol u3
MOMYJSIPHBIX MOZIETIEH TAKOTO THIIA BHICTYTAET aCIUT-
Has ajieHoKapuuHoMa Dpiuxa [4].
WccnenosarensMu Bce O0bIe BHUMAHUS Y-
€TCSl UCTIONF30BAaHUIO IMTOKMHOB B KOMOMHHPOBAH-
HBIX CTPATETHsX /I CHHEPreTHYEeCKOTO YCHUIICHUS
MMMYHUTETA U TEPANIEBTUYECCKOTO eHcTBUsA [5]. JJok-
COpPYOMIIMH SABJIsSIETCA OAHMM M3 YacTO Ha3HAYaeMBbIX
MIPOTHBOOITYXOJIEBBIX MPEMapaToB y UeIOBeKa U HKU-
BOTHBIX [6], KOTOPBIA HAapyIIaeT CHHTE3 HYKJICHHO-
BBIX KHCJIOT, B CBS3H C HHTEPKAISAIIUEH MEXKTy a30TH-

© Boctpounosa I. A., I'pumrok B. A., Xoxmnosa H. A., I1la6anos /I. Y., Kopuaruna A. A., Epmaxosa T. 1., Hexpa-

coB A. B., 2023
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CTBIMH OCHOBAHHUSIMH W Te€Hepanueil CBOOOJHBIX pa-
nmuKanoB [ 7]. OCHOBBIBasiCh Ha B3aWMOIOTIOTHSIOIIIIX
MeXaHU3Max JIeHCTBUS, JOKCOPYOUIIMH K HMMYHOMO-
JYJTUPYIOIIHE TIPEnapaThl MOTYT 00ECIIEUUTh JOTIOTHU-
TEeNbHBIC IPEUMYILECTBA [IPU UCTIONB30BAHUH B KOM-
OMHUPOBAHHBIX CXeMax JieueHus [§].

[ToaTomy 1enbio Hameil paboThl ABISIIACH OIEH-
Ka MPOTHUBOOITYXOJIEBBIX U HMMYHOMOIYIUPYIOIIIX
CBOMCTB HHTEp(epoHconepxKamiero rmpenapara («Cyo-
MacTuH-KPCy) Ha Mogen aciiuTHOW KapIImHOMBI Jp-
JIUXa y MBIIICH [TPH MOHOTEPAITUU OITyXOJIH H B KOM-
OMHAIMU C TPOTHBOOIYXOJIEBBIM ITperapaToM — JIO0K-
COPYOUIIMHOM.

MATEPUAJIBI U METO/ bl
HUCCJIEJOBAHUM

DKcrniepuMeHTalbHas padoTa Oblila MPOBeIcHa Ha
0a3e J1aboparopuu JOKJIMHUYECKUX HCCIICIOBAHUN
Y MOJICITMPOBAHHS OMOJIOTUYECKUX CUCTEM U BUBAPHSI
OI'BHY «BHUBUII®uT» B cooTBeTCTBHA C TpebO-
BaHUSMU JIEHCTBYIONTNX MEXTyHAPOIAHBIX U POCCHI-
CKHUX 3aKOHOJIaTEIbHBIX aKTOB 1 « PyKOBOJICTBA 110 TIPO-
BEJICHUIO JOKIMHUYECKUX NCCIICIOBAHUIM JIeKapCTBEH-
HBIX CpencTBy [9], a Taroke TpeOoBaHUN OMO3THYECKON
KOMHUCCUHM MHCTUTYTa. B KadecTBe OMOIIOTHYECKUX
TECT-CHCTEM HCIIONB30BAIN KIMHUYECKU 3I0POBBIX
TTOJIOBO3PEIIBIX OEITbIX OECIIOPOAHBIX MBIIICH-CaMIIOB
passenenus BuBapus PI'bHY «BHUBUIIOuT». Co-
JICpYKaHUE )KUBOTHBIX U MAHUNYJISAIUN C HUMHU COOT-
BerctBoBanu Jupekruse 2010/63/EU ot 22.09.2010,
EBpomneiickoit kousenmmm (ETS123), Strasbourg, 1986,

a tawke ['OCT 33216—2014, I'OCT 33215—2014
[10, 11]. UccnexyeMbiM 0OBEKTOM CITYKHI WHTEP-
deponconepxamuii npenapar («Cyomactua-KPCy»)
(00O «HIIL «ITpobuoTex», Pecybnuka benapycs),
B | MJI KOTOPOTO COZIEPKHUTCS CMECh BUAOCTIeHUpHYe-
ckux 15t KPC pekoMOMHAHTHBIX IIATOKWHOB CyMMap-
HO# akTuBHOCTHIO He MeHee 10*ME u 75 000 ME Bu-
TamMuHa A. B KauecTBe MPOTHBOIYX0JIEBOTO Mpernapara
¢ IOKa3aHHOH 3 (HEeKTHBHOCTHIO NCITOIBE30BAIN TOK-
copyounua (Toxcopyourmu-Pepeitn®, [TAO «bpbin-
uanoB-Ay», PO) — onuH U3 OCHOBHBIX NpEACTaBUTE-
JIEW CUJIbHOJICMCTBYIOLIETO KJIacCa XUMUOTEPAIEBTU-
YEeCKHUX IMPernaparoB — aHTPALUKINHOB.

Jnst MopenupoBaHusl acUTHOTO BapuaHTa ajie-
HOKapIIUHOMBI DPITNXa UCTIONB30BaJIN CEMUIHEBHYIO
CYCIICH3HIO OIYXOJIEBBIX KJIETOK, IIEPEBUBACMYIO Ha
0eIbIX OECIIOPOIHBIX JIAOOPATOPHBIX MBIIIIAX-CaMIIAX
Maccoit 18—20 r. [Iy11 TpaHCIUTaHTaI|K OITYXOJH, IO~
OTIBITHBIM MBIIIIAM HHTPOIIEPUTOHEATLHO BBOIMIIH 110
3-10° omyX0NeBBIX KJIETOK Ha MBIIIh, Pa3BEIEHHBIX JI0
0,5 mu1 pacTBOpoM X3HKCA.

Jns mpoBeseHus SKCIIEPUMEHTAIBHOW paboThI
0bUT0 c(hOpMHUPOBAHO 5 rpymn OenbIx 0eCIOPOTHBIX
MbIIIeNH-caMIoB 10 # = 12 B ka0l Maccoil 18—
20 r. J/Iuzaitn SKcrepuMeHTa MPEeJCTaBIeH B TabIu-
e 1. Ha 10 cyT omyxoieBoro pocta 1o 6 )KHUBOTHBIX
W3 Ka)KJIOH TPYIIIBI 3BTAHU3UPOBAIH IIyTEM IIEPEI0-
3upoBku CO, ju1st mosryueHust 00pasioB TKaHeH U op-
raHoB. 3a OCTaJbHBIMU KUBOTHBIMH BeJIH HaOIrO/e-
Hue B Teuenue 50 nHel AJis OnpeneseHus MPoI0JIKuU-
TEJILHOCTH MX KU3HH.

Ta6auna 1
Jusaiin skcnepumenma
Tpymmst AcunTHas kapurHOMa Opinxa (AKD) IIpenapar
KHMBOTHBIX
I 3109 KkJ1/MIT HHTPAIIEPUTOHEATHHO W3oToHnYecKuid pacTBOp HATPUsL XJIOPHIa BHYTPUMBI-
B o0beme 0,5 min meyHo Ha 2 u 4 cyT B o0beme 0,2 Mt
I 3-10° xy1/MIT HHTpAIEPUTOHEATBHO JlokcopyOumuH 3,5 MI/KT HHTparepUTOHEATHHO
B 00beMe 0,5 M Ha 2 1 4 cyT B oObeme 0,2 M
3-10° k1/M1 MHTPATICPHTOHEATHHO JoxcopyOmmuH 3,5 MI/KT HHTpanepuToneatbHo u «Cyo-
I MactuH-KPC» 0,1 MI/KT BHYTPUMBIIIIEYHO HA 2 U1 4 CYyT
B 00BeMe 0,5 M
B 00beme 0,2 M
v 3-10° KJ1/MJIT HHTpAIEPUTOHEATBHO «Cyomactua-KPCy» 0,1 mur/kr Ha 2 1 4 cyT B 00beMe
B o0beme 0,5 mi 0,2 M
W3oToHMYecKHid pacTBOp HATPHS XJIOPUIa BHYTPHUMBI-
v — IIEYHO ¥ HHTPOIIEPUTOHEALHO Ha 2 U 4 CyT B 00beMe
0,2 M
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JIns1 B3sTHSA aCUUTHOM KUJKOCTH KUBOTHOE-OITY-
XOJIGHOCHUTEINb BBIBOJWIA M3 DKCTIEpUMEHTa U (hUK-
CHUpPOBAIIM B IOJIOKCHUH HA CIHHE HA CHEIHaIbHOM
cronuke. Koxy ¢ mepcTHBIM TOKPOBOM B O0JIaCTH
OpIOIIHOM CTeHKH 00padaThIBaId BATHBIM TAMIIOHOM,
CMOYEHHBIM 70° 3TUJIOBBIM CIHPTOM, CTEPUIIBHBIM
LITPHUIIEM OTOMpaId ACIUTHYIO JKUJIKOCTb, UCIIOJNb-
3ys Upe3OPIOMUHHBIN TOCTYII.

OO011yT0 KOHIIEHTPAIINIO OITYXOJIEBBIX KIIETOK U X
KU3HECITOCOOHOCTh ompeaensuin B kamepe [opse-
Ba METO/IOM 3KCKIIIO3UM KPacUTeNsl TPUIIAHOBOIO CH-
uero (0,23 %) [12]. KonuuecTBO JTEHKOIUTOB B KPO-
BH OITpeJIeNsITN B Kamepe [opsieBa rmociie nu3nca spu-
TPOIUTOB 2,5 % pacTBOPOM YKCYCHOM KucioTsI [13].

JlJI IATONIOTHYECKOTO MCCIeIOBAaHUS OTOMpaln
ACIIUTHYIO ’KHUJIKOCTb, KPOBb M TKaHU CEJIE3EHKH, I1e-
YEeHH, MI0YEeK, KOCTHOTO Mo3ra. Llutonornyeckue npe-
naparsl okpamuBany no [lanmnenreiimy [14].

HccnenoBanne MukpomnpenapaToB MPOBOIUIN
¢ ToMoIIsi0 MUKpockomna buockomn-1 (JIOMO, Poc-
cusi) ipu yBenmueHun X 1000. [ onpenenenust 1omu

KJICTOK Pa3TUIHBIX TUTIOB TToAcYuThIBAIH 200 KIIETOK
B TIperapare.

J11s1 OTIeHKH BBKMBAEMOCTH MBIIIEH (KyMYISTHB-
HOW JI0JT! BBIKHBIIIHX ) HCTIOJIE30BAJTN aHAJIN3 BEIKUBA-
Hus Kamtana — Maiiepa, rpynnbl cpaBHUBAIHU C T10-
Moo Jlor-pank tecra [15]. U-tect Maiina — Yur-
HU IPUMEHSITH [Tl CPAaBHEHHUS IPYTHX HCCIETyEeMbIX
MoKa3aresyiel Mexay TPYIaMH JKUBOTHBIX, C TIOMO-
mpto nporpammbl STATISTICA 10 (Statsoft, USA).

PE3VJIBTATHI UCCJIEJIOBAHUM

[To pe3ynbraram sKcrIepUMEHTa HAMHU OBLITH TTOJTY-
YEeHbI KPUBBIE BBKMBAEMOCTH MBbIIIEH U3 TPYII, IO~
JTYyYUBIIMX TPUBUBKY KIeTok AKD (rpynmsr [—IV).
CpenHss NpoJoIKUTENBHOCTD KU3HHU MBIILIEH-0ITyX0-
neHocutenei u3 rpynnsl [ cocrasuna 19,7 + 6,71 cyr.
IIpumenenue nokcopyoununa (rpymnna II) Bei3siBaIo
CTaTHCTUYECKH 3HAYMMOE TIOBBIIIEHUE CPeTHEH Mpo-
JTOJDKUTETBHOCTH KHU3HU MbITer Ha 57,2 % (p < 0,05),
MPOJIOJKUTEIBHOCTD JKU3HU y TaKUX >KUBOTHBIX CO-
crarmsuia 30,8 + 9,62 cyt (puc. 1).
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Puc. 1. KpuBble kymynsaTuBHOM BeKkMBaeMocTH Kartana — Maiiepa uccienyeMblX IpyIn MbIILEH ¢ aCHUTHON
KapIIHOMON Dpinxa B yCIOBHUSIX SKCTIEPUMEHTA
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[Ipumenenne nokcopyOunrHa coBMecTHO ¢ «Cy0-
macTUHOM-KPC» Taxke IpUBOAMIO K yYBEITMUCHHUIO
CpeIHel MpOIOIIKUTENbHOCTH KU3HU Ha 45,7 %
(p <0,05) orHocurensHO MbImei ¢ AKD (rpymnma 1),
CPeIHsS TPOIOKUTEIIBHOCTh )KU3HH MBIIICH TPYII-
mbl 11l cocraBmsana 28,7 £ 10,73 cyT, ogHako cratu-
CTHUYECKH 3HAYMMO He OTINYajach OT JAaHHOTO TOKa-
3arens rpymsl 11. [Tpumenenue «Cyomactuaa-KPCy»
y Mbrmei ¢ AKD 6e3 mpoTHBOOITyX0JIeBOTO Tperapa-
Ta (rpymmna [V) He BRI3BIBAIIO 3HAYUMOTO TIOBBIIIICHUS
MIPOOJDKUTEILHOCTH JKU3HU MBIIIIEH, OHAa COCTaBIIsI-

C-10° Kn./m
290 r

200 r
150
100 |

50

0
|

ma 21,67 +£4,42 cyt, u 6puta Ha 29,71 % (p <0,05)
HIKe, 9eM B rpynme II. Takum oGpazoM, mpumeHe-
Hue «Cyomactuaa-KPCy» coBMecTHO ¢ HOKCOpyOH-
LMHOM BBbI3bIBAJIO YBEIUUYCHUE MPOAOIKUTEILHOCTH
>Ku3HH Mbleit ¢ AKD.

B skcriepuMeHTe HaMu ObLIa OTIpe/ie/icHa KOHIICH-
Tpalys KJIETOK B aCIIUTHOM JKUJIKOCTH MBIIIEH nccie-
nyeMbix Tpymin. Oxomo 80—90 % kietok B HeH co-
CTaBISUTU KJIETKU KapIMHOMEI, OJIHAKO IPUCYTCTBO-
BaJl TaKXe JUMQOIUTHI, MOHOIIUTHI, HEUTPODUITBI
W 3PUTPOLUTEHI (puUc. 2).

|l Y

Puc. 2. KoHueHnTpanus KI€TOK B aCUUTHON MKUAKOCTH MbILIEH ¢ kKapuuHOMO# Dpauxa Ha 10 cyTku onyxosneBoi
MIPOTPECCHH

Kun3HecrnocoOHOCTh OMYXOJEBBIX KIETOK Ha
10 cyT oImyX0J1eBO# TIPOTPECCHH HE UMEITIa CTATUCTHYC-
CKH 3HAUMMBIX OTIIMYHHN y Bcex Mbltel ¢ AKD u Obia
omu3koii k 100 %.

B rpynmne [ 4ncino KieTok B aCUTHOM )KUIKOCTH CO-
craisiio (189,0 + 18,9)-10° ki/mu. [TpumeneHwue T0K-
COpyOHIIMHA TPUBOAMIO K CTATUCTHIESCKH 3HAYHMOMY
CHIDKCHUIO KOHIICHTPAIINHU KJIETOK B IEPUTOHEATHHOM
nonoctr Ha 91,9 % (p < 0,005), KOMUYECTBO KIETOK
B rpyme Il cocrasmsiio (15,4 £ 3,11)10° kor/m.

UcnonezoBanne «Cyomactuna-KPCy» coBmecTHO
C IOKCOPYOHMIIMHOM TaK)Ke 3HaUMMO CHHXKAJIO COAEP-
JKQHUE KJIETOK B aCLIUTHOM >KMJIKOCTH y MBILLIEH IPyII-
bt [l Ha 96,2 % (p < 0,005) 0THOCUTEIJIBHO )KUBOTHBIX
rpyninsl . ITpy 3ToM KOJIM4ECTBO KIIETOK B ACLIUTE Mbl-
weii rpynmst 1T cocrassino (7,17 £ 2,27)-10¢ xin/mn

1 ObUTO B 2,2 pa3a HIKE TaKOBOW Yy MBIIIEH Tpyn-
el II. Ha 10-e cyTku omyXoieBOro pocTa YHCIIO
KJIETOK B aCLUTHOW >KUJIKOCTH y MBIILIEH, MOJIy4aB-
mux tonbko «Cyomactun-KPCy» (rpynma IV) co-
crarnsio (179,6 = 14,25)-10% xa/min U cTaTucTHye-
CKH 3HaUUMO HE OTJINYajiach OT TAKOBOH Y JKUBOTHBIX
rpynnsl I.

Taxum o6pazom, mpemnapat «Cyomactua-KPCy» e
BBI3BIBAJI 3aEPIKKY OITyXOJIEBOW IIPOIPECCHUU IIPU €I0
MCTIOJNb30BaHUH Ha MBIIIAX-OIyXOJCHOCUTEIAX 0e3
MPOTUBOOIYXO0JIEBOTO Mpenapara, OAHAKO PUBOANIT
K CHHIKCHHUIO KOJTMUECTBA OITyXOJIEBBIX KIIETOK B ac-
[UTE TIPU €r0 KOMOMHAIMH C JIOKCOPYOHUITUTHOM.

Taroke HaM# OBIJIO OTIPEIEIIEHO KOJTMIECTBO JICHKO-
LIUTOB U UX NOMYJISIUI B KPOBH MBILIEH HCCIIEAYEMBIX
rpynm Ha 10 cyT omyxoneBoro pocra (Tabdm. 2, puc. 3).
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Tabauna 2
Cooepoicanue n1etikoyumos u HeKOmopvlX UX NONYIAYUL 8 KPOBU MblUUell UCCTIedYeMblX epYNn
Tpyrma Jletikoruter C-10° Jumpouuter C-10° | Monommter C-10° kii/ | T'pamymonursr C-10°
KJI/MI KII/MI MIT KJI/MJT
I 22,5+2,62 1,9+0,44 2,0+0,82 18,6 + 2,64
I 12,4 1,191 1,9+0,35 0,6 +0,22 9,9+ 1,13%
111 8,8+ 1,211 1,5+0,26 0,7+0,17 6,6 £ 1,01
v 18,9 £ 2,58 2,7+0,79 1,3 +0,23* 14,9 £ 2,401
\Y% 3,6 0,72 1,6 £0,30 0,3 +0,20" 1,7 +0,48"

Ipumeuanne: M + SE (cpennee apudmernyeckoe + crangaprHas ommoka); C-106 ki1./Mi1 — KOHLEHTpaLust Kie-

ToK' 106 KII/M

! cTaTuCTUYECKH 3HaYMMBbIe pasnuuus npu p < 0,05 oTHocuTensHO rpynmns [

" mpu p < 0,005 oTHOCHTENBHO TPYIIIBI [
2 pu p < 0,05 oTHOCUTENBHO rpynisl 11
* mpu p < 0,05 oTHOCHTENBHO TPYIIIBL V
3 npu p < 0,005 oTHOCHTEIBHO IpyIIbl V

C-10° kn./m
30 r

25 r
20 r
19
10

L

i
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Puc. 3. KonuenTtpauust 1eiKOUUTOB B KPOBU MBILLIEH HccleayeMbIX rpymm Ha 10 cyTKu OIyXoJaeBoro pocra

B rpynne I x 10 cytkam onyxosieBoro pocra Ha-
0J102JI0Ch YBEJIMUEHHE COZICPKAHUS JICHKOLIUTOB 00-
Jsiee ueM B 1ects pas (p < 0,005), 0OTHOCHUTENILHO KOJIH-
YeCTBa JICHKOIIUTOB Y 3M0POBLIX MEIIIEH (Tpynma V).
[Ipu aTom B kpoBu MbIel ¢ AKD Habmronancs Beipa-
JKEHHBI IPaHyIOLUTO3 U MOHOLMTO3. Hucno rpany-
JIOIIUTOB U MOHOLIMTOB B rpynmne I Bo3pacrano B 33,5

u 6 pa3 (p <0,005 u p <0,05) COOTBETCTBEHHO, OT-
HOCHTEJILHO KOHTPOJIbHBIX KUBOTHBIX. [Ipumenenue
JOKCOpYOHMIIMHA, Kak oTAenbHO (rpynna II), Tak u co-
BMecTHO ¢ mpemnaparom «Cyomactua-KPCy» (rpymma
III), cHmXan0 KOHIEHTPANMIO JIEUKOITUTOB Ha 44,7
u 60,8 % (p <0,05 u p <0,005) 3a cuer ymeHblie-
HUSI 107U TpaHyaouuToB Ha 46,3 u 64,7 % (p < 0,05
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u p <0,005), cooTBeTCTBEHHO, OTHOCUTEJILHO MBIIIEH
¢ AKD. OCHOBHYIO TOJTFO TPaHYJIOIIUTOB TIPH dTOM CO-
CTaBJISUTH CETMEHTOsIepHbIe HeHTpodmiel. [1pn 3ToM
npumenenune «Cyomactura-KPCy» coBmecTHO ¢ 1OK-
copybunom (rpynmna I11) mpruBoaUIIO K CHIKEHHIO KO-
nuyecTBa JgeikonuToB Ha 34,3 % (p <0,05) 3a cuer
CHIDKEHUS TpaHylnonuToB Ha 29,2 % (p < 0,05) B kpo-
BH MBIIIEH-0IyXOJIEHOCHUTENIEH OTHOCHTEIBHO aHAJIO-
MYHBIX [OKA3aTesed y MBILIEH, MOMy4YaBIIuX TOJIb-
ko nokcopyourud (I'pymma II). [Ipumenenue ToIbKO
«Cybmactuna-KPCy sxuBotabM ¢ AKD (rpynma V)
HE BBI3BIBAJIO CTATUCTUYECKH 3HAYMMBIX U3MEHEHUN
JIEUKOLIUTOB U UX IOMYJISILUI B KPOBU MBIIIEH OTHO-
CHUTEJIbHO XUBOTHBIX Ipymsl I.

Bo Bcex rpymmax mermieit ¢ AKD (rpymmer [—I1V)
HE BBISIBIIEHO CTAaTUCTUYECKH 3HAUUMOTO U3MEHEHUS
MOHOLIUTOB. B Toke Bpems, HAMU HE yCTaHOBJIEHO
CTaTHCTUYECKH 3HAYUMBIX U3MEHEHUH B CO/IEP KaHUU
JTUM(OIMTOB B KPOBH JKUBOTHBIX BCEX UCCIIETYEMBIX
rpymn. TakuM o0pa3oM, oIryxoseBast Iporpeccus co-
IIPOBOXKJAJIACH JICHKOLIUTO30M OIIOCPEIOBAHHBIM I'pa-
HYJOIIUTO30M, ¥, B YACTHOCTH, HEUTPOPHIE30M.

N3ydenue npenaparoB Ma3KoOB-OTIIEYAaTKOB TAKUX
OpraHoB, KaK KOCTHBIN MO3T, [1€4€Hb, CEIe3eHKa, I104-
KM Y MBILIEH-OITyXOJICHOCUTENIEH BBISIBUIIO YCUIICHHYIO
MIPOLYKIHMIO TPAHYJIOLUUTOB U aKTUBALMIO KCTpaMe-
JOYJUIAPHOTO TeMaToro33a, a TakKe METaCTaTHUCCKUE
OIlyXOJIEBBIE KIIETKH B rpymnmnax [—IV.

Haxkorienue rpaHyoluTOB U, B YaCTHOCTH, HEH-
TpouIoB B KpoBU MbImiek ¢ AKD Morio ObITh BbI-
3BaHO CEKpelHell KIeTKaMK KapLMHOMBI psiia TAaKUX
(akTOpOB, KaK IrpaHyJOLUTAPHO-MAKPOQaraabHbIi
KOJIOHHECTUMYIUPYIOMUK (PakTop, rpaHylonuTap-
HBI KOJOHMECTHUMYJIHPYIOIUN (pakTop, Meauaro-
poB Bocnanenus (nmpocrantanaud E2) [16]. Hecmo-
Tpsl Ha HEOAHO3HAYHYIO POJIb HEUTPO(DUIOB B MaTO-
IeHEe3€ OIYXOJIH, PsAJ HCCIenoBaTesel ONpeneInin
HEHUTPO(WIHIO B KPOBH U HHBEPCHIO JICHKOIIUTAPHOU
(dopmyibl Kak OMomMapkep, CONpsHKEHHBIH ¢ Pa3BUTH-
€M BOCTaJICHHS], METacTa3upoOBaHUEM, POPMUPOBAHH-
€M TIPOOITyX0JIEBOI0 MHKPOOKPYKEHHSI, CHUKEHHUEM
BpEMEHH KHU3HU, 3PPEKTUBHOCTH MPOTUBOOITYXOJIe-
BOH Teparuu, peluInBaMH1 U TUIOXUM IIPOTHO30M [17,
18]. IToaTOMy CHUKEHUE KOJTUYECTBA TPAHYIOLUTOB,
3a CYEeT YMEHBUICHUS! KOHLUEHTPALMH HEHTPOPHIOB
B KPOBU MBIIIEH-OIIyXOJIEHOCUTENIEH TIPU BBEICHUU
nokcopyourmaa coBMecTHo ¢ «CyomactuHOM-KPCy»
(rpymmma I1I) OTHOCHTENTHEHO JKUBOTHBIX, TIOTYJaBITHX
JIEUEHHE TOJIBKO MPOTHUBOOIYXOJIEBBIM IpenapaTom
(rpynma II) MoxeT cBUAETENhCTBOBATH 00 MIMMYHOMO-
nynupyromem aeiicteun «Cyomactuna-KPCy B kom-
OMHUPOBaHHOW MPOTUBOOITYXOJIEBOH Tepanuu. JlaH-

HBIH 9P PEKT, BOSMOKHO, MOXKET HAOMFOMATHCS B CBSI3H
C BXOJISIIIIUMH B COCTAB Iperapara peKOMOWMHAHTHBIMU
uurokuHamu. Hanpumep, uzsectno, uro MOH-y mo-
’KET CHUKATh BOCTIAJIUTEIBHBIN MPOIIECC U MTOIABIISATh
MIPOAYKIINIO TPAHYIONUTOB B KOCTHOM Mo3re [ 19]. [l
N®H-0 noka3ana npsiMasi IpOTUBOOIYXOJIEBAsI U UM-
MyHOMOIyIupytomiast aktTuBHocTH [20]. I3BecTHO an-
TUTIPOTH(EPATUBHOE M IIUTOCTATHYECKOE JICHCTBUE
N®H B oTHOLIEHUN KaK HOPMAJIBHBIX, TAK U OMyXO-
JIEBBIX KJIETOK [ 1]. Butamun A, KOTOpBIi BXOIUT B CO-
CTaB MCCJEMyeMOro HaMU TIperapara, TakKe OKasbl-
BaeT UMMYHOMOAYJIUPYIOIIEee NTeHCTBHE, TTOCKOIBKY
SIBIISIETCS KITFOYEBBIM PETYASTOPOM (PYHKITHH pa3ind-
HBIX BPOXKICHHBIX U aIallTUBHBIX 3BCHHEB UMMYHHU-
TETa M CIIOCOOCTBYET MMMYHHOMY TomeocTasy [21].
OTMEYEHO, YTO CHUKCHHE KOHIIEHTPAITUHU JICHKOITHU-
TOB HAONIOAACTCS TOJIBKO B TPYIIMAX, MONTYYaBIIAX
WHBEKIIUN TOKCOPYOHIIMHA, ¥ HAHOOIbIIIee CHUXKE-
HUE YHCIia JJEUKOIIMTOB 33 CYET YMEHBIIICHHUS KOJTNYe-
CTBa IPaHYJIOIUTOB MOJIYYCHO HAMHU ITPH KOMOUHAIINN
JIOKCOPYOUIINHA U ITUTOKUHCOACPIKAIIETO Ipernapara.
JlefcTBUTENBHO, TPYTHE UCCICTIOBAHUS C IPUMCHEHU-
eM KOMOMHUPOBAHHOH IPOTHBOOITYXOJIEBOH Tepariuu
JIOKCOPYOUITMHOM C Pa3TMYHBIMH HMMYHOMOTYJISITO-
paMu TakKe MPOAEMOHCTPUPOBAIIN CHUKCHHUE YHCTIa
HEUTPOUIOB BILIOTH 10 HelTponeHuu [§]. Beposit-
HO, TaHHBIN 3 (HEeKT HAOTIONACTCS B CBSI3U C CHHEPIe-
TUYECKUAM JCHCTBHEM HHTEPPEPOHCOACPIKAIIETO TIpe-
rapara v JOKCOpyOHWI[HA B OTHOIIIEHUH KJIETOK OITy-
XOJIM U UMMYHHOUH CHUCTEMbI MBIILIEH.

3AKJIIOUEHUE

Hcxons U3 NOMyYeHHBIX HAMH dKCIIEPUMEHTAb-
HBIX JIAHHBIX MOYKHO CJIeJIaTh BBIBOJI, YTO Tpernapar
«CybmactuH-KPCy» He mposBIIsiT IPsMOTO ITPOTHBO-
OITyXOJIEBOTO JICHCTBYS, OMHAKO, B KOMOMHAIIHH C JIOK-
COpYOHMIIMHOM OKa3bIBaJ MPOTHBOOITYXOJIEBOE JCHi-
CTBUE, BEIPAXKAIOLIEECs B CHIPKEHUH COACPIKAHUS OITy-
XOJICBBIX KJIETOK U YBEITUUEHHUH MTPOIOJKUTEILHOCTH
YKU3HU MbllIei-onyxoneHocureneid. Kpome toro, co-
BMECTHOE MPUMEHEHHE MPEnaparoB JOKCOPYyOUIINH
n «CyOmactuH-KPC) BBI3BIBaIO yMEHBIICHUE KOH-
LEHTPAINH JICHKOLIUTOB, 38 CUET YMEHBIICHHS KOJINYe-
CTBa HEUTPO(DUIILHBIX TPAHYIOLUTOB B KPOBH MBIIIEH
C OITyXOJISIMH, YTO MOXKET OBITh CIICZICTBUEM HMMYHO-
MOIYIUPYIOMIETO AeicTBH mpemnapara « CyOMacTHH-
KPC» ipr koMOMHIPOBAHHOM Teparmu.
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CHARACTERISTICS OF THE MORPHOFUNCTIONAL STATE
OF THE ORGANISM OF LABORATORY TUMOR-BEARING
MICE WHEN USING INTERFERON-CONTAINING DRUG
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Abstract. The study of the antitumor and immunomodulatory activity of interferon-containing drug (“Submas-
tin-KRS”) was carried out on a tumor model of Ehrlich ascites carcinoma (ACE) in mice. The drug was admin-
istered twice on days 2 and 4 of ACE growth at a dose of 0.1 ml/kg in monotherapy and together with an antitu-
mor antibiotic (doxorubicin) at a dose of 3.5 mg/kg. In the course of the experiment, the life expectancy of mice
with ACE was studied, as well as the concentration of tumor cells in the ascitic fluid, blood leukocytes and their
populations, cytological specimens of the spleen, liver, kidney and bone marrow tissues in animals on day 10 of
tumor growth. An increase in the life expectancy of mice with ACE was found after the administration of doxo-
rubicin alone and together with “Submastin-KRS” relative to the animals with ACE without treatment. The ad-
ministration of doxorubicin alone and in combination with “Submastin-KRS” to mice with ACE resulted in a sta-
tistically significant decrease in the concentration of cells in the ascitic fluid and blood leukocytes in the animals
with ACE without treatment on day 10 of tumor progression. At the same time, a significant decrease in the con-
centration of leukocytes and, in particular, granulocytes was noted in the animals with ACE receiving complex
treatment, compared with the animals with ACE when using doxorubicin alone. Thus, it has been found that the
drug “Submastin-KRS” does not have a direct antitumor activity, however, it has an immunomodulatory effect in
combined antitumor therapy with doxorubicin.

Keywords: preclinical studies, “Submastin-KRS”, doxorubicin, Ehrlich ascites carcinoma, white mice, survival

rate, leucogram

It is known that cytokines have extremely diverse
biological and pharmacological properties, which
makes them an object of special attention on the part
of pharmacologists when designing drugs for clinical
use, including in case of oncology [1]. Many drugs
containing recombinant cytokines are currently being
evaluated for their antitumor effect and effect on the
immune system [2].

In modern clinical trials of antitumor and/or im-
munomodulatory activity of drugs, models of trans-
planted mouse tumors are often used [3]. One of the
popular models of this type is Ehrlich ascites adeno-
carcinoma [4].

Researchers are increasingly focusing on the use
of cytokines in combined strategies for synergistic

enhancement of immunity and therapeutic action [5].
Doxorubicin is one of the commonly prescribed an-
ticancer drugs in humans and animals [6], which dis-
rupts the synthesis of nucleic acids due to intercala-
tion between nitrogenous bases and the generation of
free radicals [7]. Based on complementary mechanisms
of action, doxorubicin and immunomodulatory drugs
may provide additional benefits when used in combi-
nation regimens [8].

Therefore, the objective of our work was to eval-
uate the antitumor and immunomodulatory properties
of interferon-containing drug (“Submastin-KRS”) on
the model of Ehrlich ascites carcinoma in mice with
tumor monotherapy and in combination with the anti-
tumor drug Doxorubicin.
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MATERIAL AND METHODS

Experimental work was carried out on the basis
of the Laboratory of Preclinical Studies and Simula-
tion of Biological Systems and the vivarium of FSBSI
“ARVRIPP&T” in accordance with the requirements
ofthe current international and Russian legislative acts
and the Guidelines for Conducting Preclinical Studies
of Drugs [9], as well as the requirements of the bioeth-
ical commission of the Institute. As biological test sys-
tems, there were used clinically healthy sexually ma-
ture white outbred male mice bred in the vivarium of
FSBSI “ARVRIPP&T”. The keeping of animals and
manipulations with them complied with the Directive
2010/63/EU dtd. September 22, 2010, the European
Convention (ETS123), Strasbourg, 1986, as well as
GOST 33216—2014, GOST 33215—2014 [10, 11].
The test object was interferon-containing drug (“Sub-
mastin-KRS”) (LLC “NPTs “ProBioTech”, Republic
of Belarus), 1 ml of which contains a mixture of spe-
cies-specific recombinant cytokines for cattle with a
total activity of at least 10*TU and 75000 IU of vitamin
A. As an antitumor drug with a proven efficacy there
was used doxorubicin (Doxorubicin-Ferein®, PJSC
“Bryntsalov-A”, RF) — one of the main representa-

tives of a potent class of chemotherapeutic drugs —
anthracyclines.

To simulate the ascitic variant of Ehrlich adeno-
carcinoma, a seven-day suspension of tumor cells
was used, transplanted into white outbred laboratory
male mice weighing 18—20 g. For tumor transplanta-
tion, experimental mice were intraperitoneally inject-
ed with 3-10° tumor cells per mouse, diluted to 0.5 ml
with Hanks’ solution.

To carry out the experimental work, 5 groups of
white outbred male mice were formed, n = 12 in each,
weighing 18—20 g. The experiment design is present-
ed in Table 1. On day 10 of tumor growth, 6 animals
from each group were euthanized by CO, overdose to
obtain samples of tissues and organs. The rest of the
animals were observed for 50 days to determine their
life expectancy.

To collect ascitic fluid, the tumor-bearing animal
was taken out of the experiment and fixed in a supine
position on a special table. The skin with wool in the
area of the abdominal wall was treated with a cotton
swab moistened with 70° ethyl alcohol, ascitic flu-
id was taken with a sterile syringe using transperito-
neal access.

Table 1
Experiment Design
Groups of . . .
. Ehrlich ascites carcinoma (ACE) Drug
animals
I 3-10° cells/ml intraperitoneally in a Isotonic sodium chloride solution intramuscularly on
volume of 0.5 ml days 2 and 4 in a volume of 0.2 ml
I 3-10°cells/ml intraperitoneally in a Doxorubicin 3.5 mg/kg intraperitoneally on days 2 and 4
volume of 0.5 ml in a volume of 0.2 ml
. . . Doxorubicin 3.5 mg/kg intraperitoneally and “Submas-
. 6
III 3:10% cells/ml intraperitoneally in a tin-KRS” 0.1 ml/kg intramuscularly on days 2 and 4 in a
volume of 0.5 ml
volume of 0.2 ml
3-109 cells/ml intraperitoneally in a “Submastin-KRS” 0.1 ml/kg on days 2 and 4 in a volume
v
volume of 0.5 ml of 0.2 ml
v o Isotonic sodium chloride solution intramuscularly and
intraperitoneally on days 2 and 4 in a volume of 0.2 ml

The total concentration of tumor cells and their
viability were determined in the Goryaev chamber by
trypan blue dye exclusion (0.23 %) [12]. The number
of leukocytes in the blood was determined in the Go-
ryaev chamber after lysis of erythrocytes with a 2.5 %
solution of acetic acid [13].
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Ascitic fluid, blood and tissues of the spleen, liv-
er, kidneys and bone marrow were taken for cytologi-
cal examination. Cytological specimens were stained
according to Pappenheim [14]. Microspecimens were
studied using a Bioscope-1 microscope (LOMO, Rus-
sia) at a magnification of x1000. To determine the pro-
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portion of cells of various types, 200 cells were count-
ed in the specimen.

To assess the survival of mice (the cumulative pro-
portion of survivors), Kaplan — Meier survival anal-
ysis was used, groups were compared using the Log-
rank test [15]. The Mine — Whitney U-test was used
to compare other studied indicators among groups of
animals using the STATISTICA 10 program (Stat-
soft, USA).

STUDY RESULTS

According to the results of the experiment, we ob-
tained survival curves for mice from groups that re-
ceived ACE cells inoculation (groups [—IV). The av-
erage life expectancy of tumor-bearing mice from
group [ was 19.7 + 6.71 days. The use of doxorubicin
(group II) caused a statistically significant increase in
the average lifespan of mice by 57.2 % (p < 0.05), the
lifespan in such animals was 30.8 + 9.62 days (Fig. 1).
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Fig. 1. Kaplan — Meier survival curves of experimental groups of mice with Ehrlich ascites carcinoma

The use of doxorubicin together with “Submas-
tin-KRS” also led to an increase in the average lifes-
pan by 45.7 % (p < 0.05) relative to mice with ACE
(group 1), the average lifespan of mice in group III
was 28.7 = 10, 73 days, however, did not differ sta-
tistically significantly from this indicator of group II.
The use of “Submastin-KRS” in mice with ACE with-
out an antitumor drug (group 1V) did not cause a sig-
nificant increase in the life expectancy of mice, it was
21.67 £ 4.42 days, and was by 29.71 % (p < 0.05) low-
er than in group IL

Bulletin of Veterinary Pharmacology « No. 1 (22) « 2023

Thus, the use of “Submastin-KRS” together with
doxorubicin caused an increase in the life expectancy
of mice with ACE.

In the experiment, we determined the concentra-
tion of cells in the ascitic fluid of mice of the studied
groups. About 80—90 % of the cells in it were carci-
noma cells, but there were also lymphocytes, mono-
cytes, neutrophils and erythrocytes (Fig. 2). The via-
bility of tumor cells on day 10 of tumor progression
had no statistically significant differences in all mice
with ACE and was close to 100 %.
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Fig. 2. Concentration of cells in the ascitic fluid of mice with Ehrlich carcinoma on day 10 of tumor progression

In group I, the number of cells in the ascitic flu-
id was (189.0 &+ 18.9)-10° cells/ml. The use of doxo-
rubicin led to a statistically significant decrease in
the concentration of cells in the peritoneal cavity by
91.9 % (p <0.005), the number of cells in group II
was (15.4 +£3.11)-10° cells/ml. The use of “Submas-
tin-KRS” together with doxorubicin also significantly
reduced the content of cells in the ascitic fluid in mice
of group III by 96.2 % (p < 0.005) relative to the ani-
mals of group I. At the same time, the number of cells
in the ascites of mice of group Il was (7.17 + 2.27)-10°
cells/ml and was by 2.2 times lower than that in mice
of group II. On day 10 of tumor growth, the number of
cells in the ascitic fluid in the mice treated only with
“Submastin-KRS” (group IV) was (179.6 + 14.25)-10°
cells/ml and did not statistically significantly differ from
that in the animals of group I. Thus, the drug “Sub-
mastin-KRS” did not cause a delay in tumor progres-
sion when it was used on tumor-bearing mice without
an antitumor drug, however, it led to a decrease in the
number of tumor cells in ascites when it was combined
with doxorubicin.

We also determined the number of leukocytes and
their populations in the blood of mice of the studied
groups on day 10 of tumor growth (Table 2, Fig. 3).

In group I, by day 10 of tumor growth, an increase
in the content of leukocytes was observed by more than
six times (p < 0.005), relative to the number of leuko-
cytes in healthy mice (group V). At the same time, pro-
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nounced granulocytosis and monocytosis were observed
in the blood of mice with ACE. The number of granulo-
cytes and monocytes in group I increased by 33.5 and
6 times (p < 0.005 and p < 0.05), respectively, relative
to control animals. The use of doxorubicin, both sep-
arately (group II) and in combination with “Submas-
tin-KRS” (group III), reduced the concentration of leu-
kocytes by 44.7 and 60.8 % (p < 0.05 and p < 0.005)
due to a decrease in the proportion of granulocytes by
46.3 and 64.7 % (p < 0.05 and p < 0.005), respectively,
relative to mice with ACE. The main proportion of gran-
ulocytes were segmented neutrophils. At the same time,
the use of “Submastin-KRS” together with doxorubi-
cin (group III) led to a decrease in the number of leuko-
cytes by 34.3 % (p < 0.05) due to a decrease in granulo-
cytes by 29.2 % (p < 0.05) in the blood of tumor-bear-
ing mice relative to the mice treated with doxorubicin
alone (group II). The use of only “Submastin-KRS” to
animals with ACE (group IV) did not cause statistically
significant changes in leukocytes and their populations
in the blood of mice relative to the animals of group 1.

In all groups of mice with ACE (groups [—IV), no
statistically significant changes in monocytes were de-
tected. At the same time, we did not establish statisti-
cally significant changes in the blood content of lym-
phocytes in the animals of all the studied groups. Thus,
tumor progression was accompanied by granulocyto-
sis-mediated leukocytosis, and, in particular, neutro-
philia.
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Blood content of leukocytes and some of their populations in experimental mice fable
Group Leukocytes C-10° Lymphocytes C-10° Monocytes C-10° Granulocytes C-10°
cells/ml cells/ml cells/ml cells/ml
I 22.5+£2.62 1.9+0.44 2.0+0.82 18.6 +£2.64
I 124 +£1.194% 1.9+£0.35 0.6+0.22 9.9+ 1.13'%
I 8.8 1.21"% 1.5+0.26 0.7+£0.17 6.6 £ 1.0
v 18.9 £2.58% 2.7+0.79 1.3+0.23* 14.9 £2.40"
\% 3.6+0.72" 1.6 £0.30 0.3 +£0.20" 1.7+0.48"

Note: M + SE (arithmetic mean + standard error); C-106 cells/ml — cell concentration- 106 cells/ml
! statistically significant differences at p < 0.05 relative to group I

1%

at p < 0.005 relative to group I
2 at p <0.05 relative to group II
3 at p <0.05 relative to group V

3 at p < 0.005 relative to group V
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Fig. 3. Blood concentration of leukocytes in the mice of the studied groups on day 10 of tumor growth

The study of specimens of smears-prints of or-
gans such as bone marrow, liver, spleen, kidneys in
tumor-bearing mice revealed increased production of
granulocytes and activation of extramedullary hema-
topoiesis, as well as metastatic tumor cells in groups
—IV.

The accumulation of granulocytes and, in partic-
ular, neutrophils in the blood of mice with ACE could

Bulletin of Veterinary Pharmacology « No. 1 (22) « 2023

be caused by the secretion by carcinoma cells of a
number of factors such as granulocyte-macrophage
colony-stimulating factor, granulocyte colony-stim-
ulating factor, and inflammatory mediators (prosta-
glandin E2) [16]. Despite the ambiguous role of neu-
trophils in tumor pathogenesis, a number of research-
ers have identified blood neutrophilia and leukocyte
count inversion as a biomarker associated with the de-
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velopment of inflammation, metastasis, the formation
of a protumor microenvironment, a decrease in sur-
vival time, the efficacy of antitumor therapy, relaps-
es and poor prognosis [17, 18]. Therefore, a decrease
in the number of granulocytes due to a decrease in the
blood concentration of neutrophils in the tumor-bear-
ing mice with the introduction of doxorubicin togeth-
er with “Submastin-KRS” (group III) relative to the
animals treated only with an antitumor drug (group II)
may indicate an immunomodulatory effect of “Submas-
tin-KRS” in combined anticancer therapy. This effect,
possibly, can be observed in connection with the re-
combinant cytokines included in the drug. For exam-
ple, it is known that IFN-y can reduce the inflamma-
tory process and suppress the production of granulo-
cytes in the bone marrow [19]. IFN-a has been shown
to have direct antitumor and immunomodulatory ac-
tivities [20]. Antiproliferative and cytostatic effects of
IFN are known for both normal and tumor cells [1].
Vitamin A, which is part of the drug we are studying,
also has an immunomodulatory effect, since it is a key
regulator of the functions of various innate and adap-
tive parts of the immune system and promotes immune
homeostasis [21]. It was noted that a decrease in the
concentration of leukocytes was observed only in the
groups that were given injections of doxorubicin, and
the greatest decrease in the number of leukocytes due
to a decrease in the number of granulocytes was ob-
tained by us with a combination of doxorubicin and
a cytokine-containing drug. Indeed, other studies us-
ing combined antitumor therapy with doxorubicin and
various immunomodulators have also demonstrated a
decrease in the number of neutrophils up to neutrope-
nia [8]. This effect is probably observed in connection
with the synergistic effect of the interferon-containing
drug and doxorubicin in relation to tumor cells and the
immune system of mice.

CONCLUSION

Based on the experimental data obtained by us,
we can conclude that the drug “Submastin-KRS” did
not show a direct antitumor effect, however, in com-
bination with doxorubicin, it had an antitumor effect,
expressed in a decrease in the content of tumor cells
and an increase in the life expectancy of tumor-bear-
ing mice. In addition, the combined use of doxorubicin
and “Submastin-KRS” caused a decrease in the con-
centration of leukocytes, due to a decrease in the num-
ber of neutrophilic granulocytes in the blood of mice
with tumors, which may be a consequence of the im-
munomodulatory effect of “Submastin-KRS” in com-
bined therapy.
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TOKCHUKOJIOT'HYECKASA XAPAKTEPUCTUKA BOAHOI'O
PACTBOPA ®YJUIEPEHA C_, PECBEPATPOJIA U BETAUHA
I'MAPOXJIOPUJIA HA IABOPATOPHBIX ’KUBOTHBIX

Auekceii Aslekcanaposuy AjiekceeB, Cepreii JImutpueBuu Kirokux,
Hukouaii Anexcanapouy IyroBxun™=

Capamosckuil 20cy0apcmeentblil YHUGEPCUMEeNn 2eHEMUKU, GUOMEXHONOSUU U UHIICEHePUlL
umenu H. U. Basunosa, Capamos, Poccus, e-mail: niko-pudovkin@yandex.ru®™

AHHOTanus. B craTthe N30KEHBI PE3yabTaThl UCCIEA0BAHUN OCTPOM TOKCUYHOCTH COEIMHEHUI BOIHOIO pac-
TBOpa (ymaepera C60, pecBeparporna u OeTanHa THAPOXJIOPUAA I Ta00PATOPHBIX JKUBOTHBIX, a TAKXKE BIUS-
HUE TaHHOTO COEJMHEHMS Ha ITPOIIECCHI TEPEKUCHOTO OKHCICHUS JINIIH/0B U aKTUBHOCTh aHTHOKCHIAHTHOM CH-
CTEMBI 3aIUThI opraHu3Ma. OCTpyI0 TOKCHYHOCTh COSANHEHHS Ha OCHOBE BOAHOTO pacTBopa ¢ymiepena C60,
pecseparposa 1 OeTanHa THIPOXJIOPHIA ONPENEIIsUIN Ha OeNbIX KpbIcax M OCNBIX MbIIIax, KOTOPBIE TpeIBapH-
TEeJIHO OBIIM Pa3/eNIeHbl Ha 5 OMBITHBIX TPYIIT U KOHTPOJIBHYIO, KPBICAM TIPENapaT BBOAUIN MOAKOKHO B 00be-
Me 1,0 mu1, MpIIaM BHYTpHXKeTyIo9HO B oO6beme 0,5 mur. HaOmromenue 3a KMBOTHBIMH TIPOBOAMIIN B TCUCHHE
14 cytok mocne BBeACHUs coequHEHNs. JKUBOTHBIE, TOMy4aBe (GapMaKoJIOTHIECKY0 KOMITO3HIIHIO HA OCHO-
Be BOIHOTO pacTBopa ¢ymiepena C60, pecBeparporna u OeTanHa THAPOXJIOPUAA B M3YIa€MBIX 033X B TCUCHHE
Bcero neproaa Habmonenus (14 cyTok) akTHBHO MEPEABUTANCEH O KIETKaM, [0 HIIEBOMY M TUTHEBOMY ITOBE-
JICHUIO MaJIO OTIIMYAIUCh OT KPbIC KOHTPOJIBHOM T'PYTIIE, a/ICKBATHAS PEAKIIHS HA BHEIIHUE Pa3ApakUTeNH (3BYK,
cBeT) OblIa Ha YPOBHE KOHTPOJISl. Y MBIIIEH B IIEPBBIE CyTKHU ITOCIIE BBEACHHS N3y4aeMOTO COETUHEHHS OTMEYa-
JIOCh YTHETEHHE, OTKa3 OT KOpMa 1 BoJbl. Ha IpoTshkeHnn BCEro SKCIEPUMEHTa OTMEYaIH COTJIACOBAHHBIE, CKO-
OpAWHUPOBAHHBIC ABIKCHUS, OTCYTCTBHE Mapanndeil. CTu3nucThie 000J09KH OBLIH PO30BOTO I[BETa O€3 MaToio-
TMYECKUX U3MEHEHHH. B TeueHne omnbiTa )KUBOTHBIC pearupoBajIl Ha BHEIIHKE (3BYKOBBIC) paszapakurenu. Tak
K€ B CBIBOPOTKE KPOBH OIBITHBIX KMBOTHBIX MTPOBOJMIIN HCCIIEIOBAHUE YPOBHSI TUCHOBBIX KOHBIOTATOB, MaJo-
HOBOTO JHAJIbJCTH/Ia U aKTUBHOCTHU KaTaJia3bl ISl OLIEHKH U KOHTPOJIS YPOBHSI OKCHJIaTUBHOTO cTpecca Ha (hoHe
MIPUMEHEHHS COSAMHEHHS Ha OCHOBE BOTHOTO pacTBopa dymiepena C60, pecBepaTrporna n OeTanHa THAPOXIOPH-
J1a. YCTaHOBJICHO, UTO MIPH TOAKOKHOM BBEICHUH OeIBIM KpbicaM B 103e 5000 MI/Kr n3ydaeMoe COeTMHEHNE BhI-
3bIBAET HE3HAYNTEIHHOE MOBBIIIEHHE COIEPKAHISI MAJIOHOBOTO JTNAJIbJIETH/IA U AUECHOBBIX KOHBIOTATOB B CHIBO-
POTKE KPOBH, & TaK e aKTHBHU3AIMIO ()epMEHTa KaTana3bl. Pe3ynbraTel HCCIIEIOBAaHUN W HAOMIONEHUH 32 MOf-
OTIBITHBIMH JKUBOTHBIMH B TedeHHUE 14 1HEH MO3BOSIOT HAM OTHECTH Pa3pabOTaHHYI0 HHBEKIIMOHHYIO (hopmy
k IV Kknaccy omacHOCTH | K TPYyTIIE MaJTOTOKCHYHBIX BEIECTB.

KaroueBble cjioBa: BOAHBINA pacTBOp (hyniaepeHa, ocTpasi TOKCHYHOCTb, MAJIOHOBBINA JMAIbICTH I, AUCHOBBIC
KOHBIOTATHI, KaTajasa.

BaarogapHocTh: paboTa BeITONHEHA TPH Toaepkke rpanTa PH® Ne 22-26-00019 «Pa3paboTka aHTHOKCHIAHT-
HBIX U IPOTUBOOITYXOJIEBBIX BETEPUHAPHBIX ITPENApaTOB HA OCHOBE HAHO(YIICPEHOBY

BBEJEHUE

QyriepeHs MPeICTaBIAI0T CO00I HOBYIO TPYIIITY
MOJIEKYII, COCTOATIYO 13 yriiepona. OHu OBIBAIOT Ce-
pudeckuMu (0aKuOOIIBI ), HIUTATICOUTaTHbHBIMH WITH 1T -
JUHAPUYSCKUMU (YIJIEPOIHBIC HAHOTPYOKN) U UMEEOT
LIUPOKUI CIIEKTP TEXHOJIOTHUSCKUX U METUIIMHCKIX
npuMeHeHui. OJHAKO POCT UX MPOU3BOJICTBA U HUC-

TMOJIb30BaHUS BbI3BAJI OITACCHU A 110 IMTOBOAY MUX IMOTCH-
[IHATHLHON TOKCUIHOCTH [5].

DyruiepeHbl TPENCTABIIIOT COO0N TPyIITy MO-
JIeKyJl, 1 X TOKCHYHOCTb MOXKET pa3inyarbcs, IMo-
CKOJIbKY OHa 3aBUCHT OT pa3Mepa MOJIEKYJIbl, COCTaBa,
CBOWCTB MOBEPXHOCTH M pyHKIHOHamu3amu. Kpome
TOT0, TOKCHYHOCTbH (DYJUIEPEHOB MOXKET OBITh CBSI3aHA
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C UCTIOJIb3YEMbIMH PACTBOPUTENSMHU U UX TOOOYHBIMHU
MIPOAYKTaMH, a TaKXKe C MPUMECSIMHU METaJlIoB [6, 9].

B noctynHoit tuteparype BcTpedaroTcst IpOTUBO-
peuMBbBIC JaHHBIE IO MEXaHU3MY TOKCHUECKOTO AeH-
cTBHA QysiepeHoB. Bbicokue 10351 cCOeTMHEHUH CII0-
COOHBI BBI3BIBATh OKUCIUTEIBHBIN CTPECC 3a CUeT 00-
pa3oBaHHUs aKTUBHBIX (opM Kuciopoaa. pyrumu
MeXaHU3MaMH SIBJISIOTCS aKTUBALMs Kacnasbl 3/7, Ko-
TOpast MOJKET IPUBECTH K arlonTo3y, 1eCTa0mIn3auu
JIM30COMAJIbHON MEMOpPaHbl U CHIKCHHIO MTOTEHIIHA-
J1la MUTOXOHJIPHAJILHOM MeMOpaHbl, MOBPEKACHHUIO
MeMOpansl 1 JIHK. Oynnepens! Takxke MOTYT yCHITH-
BaTh 3KCIIPECCHUIO TEHOB, CBSI3aHHBIX C BOCIMAIUTEb-
HBIM IIPOLIECCOM, aKTUBHOCTBIO METAJUIO3HIOICTITHU-
J1a3 ¥ peakuueil MMMyHHOU cuctembl. Kpome Toro,
HapyueHue (aronnuTosa u3-3a BOJIOKHUCTOW (hOPMBI
JUIMHHBIX YIJIIEPOIHBIX HAHOTPYOOK MOJKET PUBECTH
K HEraTMBHBIM TocaeAcTBUsIM [2, 11].

OnHako apyrue UCciaeaoBaHus coo0maT 00 0OT-
CYTCTBMH JIETAJILHOTO MCXOZa IOCJIE€ BO3IEHCTBUS
BBICOKMX 7103 KOJUIOWIHBIX (YJUIEPEHOB Ha SIHIEP-
MaJbHbIE U OaKTepHadbHbIC KJIETKH YeJIOBEeKa, OT-
CYTCTBHHU OCTPOH WJIM MOJOCTPON TOKCUYHOCTHU (yJI-
JIEpEHOB W AHTUOKCHUIAHTHBIX CBOMCTB, a TaKkke 00
OTCYTCTBHH T€HOTOKCHYHOCTH, (DOTOTOKCUYHOCTH
1 IPOOKCHUAAHTHONH aKTUBHOCTH BOAOPACTBOPUMBIX
(ymnepenos [1, 11].

Takum 0Opa3om, HEOOXOAMMBI JalbHEHIINE HC-
CIIEIIOBAHNS, YTOOBI OTIPEICITUTh TOYHYIO TOKCHUYHOCTD
Ka)KJI0¥ MOJIEKYITbI (DYIUICPEHOBOM IPYTIITHI JJIST JKHBOT-
HBIX, IIOCKOJIBKY MX HMCIOJIb30BaHUE CTAHOBUTCS BCE
Oonee u OoJee pacIpOCTpPaHEHHBIM, a TEKYIIUE JTaH-
HbIC HEYOCTUTEIbHBI U IPOTUBOPCUHBBL.

Hcxonst U3 BBILIEH3IIOKEHHOTO, HEJbI0 paboThI
SIBUJIOCH U3y4eHHE TOKCUKOJIOTHYECKUX CBOUCTB pac-
TBOpa (hyJuIepeHa, pecBeparpoia 1 OeTarHa rHIpOXII0-
puza Ha 1abOPATOPHBIX KUBOTHBIX.

Uccnenosanus npoBoamiu B 2022 romy Ha Kade-
ape «Mopdosorus, naToaorust )KUBOTHRIX U OMOJIO-
rusi» GI'BOY BO «CaparoBckuil rocy1apcTBEHHBIN
YHHUBEPCUTET TeHETHKH, OMOTEXHOJIOTHU U MHKCHE-
puun umenu H. V1. BaBunosay.

MATEPHUAJBI U METObI
NCCIEJOBAHUA

OcTpyto TOKCHYHOCTH COSAMHEHUS HA OCHOBE BOJ-
Horo pacteopa Qymnepena C,, pecseparpona u Oe-
TanHa TUPOXJIOPHJIA ONPEACISUIN Ha OCIIBIX MbIIIaxX
1 OeJIbIX KphICax.

benbm kpeicaM COSTMHEHHUE BBOIMIHN TTOKOKHO
B mo3ax 550, 825, 1100, 2500, 5000 mr/KT 110 IEHCTBY-
FOII[EMY BEIIECTRY, OCJIBIM MBIIIIaM — BHY TPHIKEITYI0Y-

HO B TE€X XK€ J103aX. 3a )KUBOTHBIMH HAOIIONAIH B TEUe-
Hue 14 cyTok mocie BBemeHus mpemapara. O0beM BBO-
JIIMMOTO PacTBOpa COCTABIISUT OeabIM KpbicaM 1,0 mit,
6enbM MpimaM — 0,5 M. CpesHIo cMepTeNbHYIO
no3sy (LD, ) paccuntsianu no merony Kepbepa. B ka-
YeCTBE KOHTPOJIS CIIYKHUJIN )KUBOTHBIE, KOTOPBIM BBO-
JIJTH CTEPWILHBIA BOIHBIA pacTBop dysiepena C .

Huenossie konwtoratsl (JIK) mccnenoBamm ¢ mo-
MOIIBIO CIEKTpodoTOMETpa MpH YPOBHE MOTIIOIIE-
HUH yapTpaduosera B Aana3oHe [UIMHBI BOJTHBI 232—
234 um [8]. ConmeprkaHue MalOHOBOTO AMANBACTUIA
(MJ1A) onpenensiiiv THOOapOUTYPOBBIM METOJIOM B ChI-
BOpOTKE KpOBH [7]. AKTUBHOCTH KaTaja3bl HCCIIEIOBA-
JIU ¢ TIOMOIIIBIO CIIEKTPOPOTOMETPHIECKOTO CIIocoda
TIpH HarpeBaHWU B BoAsgHOM Oane [4]. KpoBb y Oembix
KpbIC Opann Ha 1 cyTkH, 7 cyTku U 14 CyTKH mocie
BBE/ICHHS H3ydaeMoro coenHenus B o3¢ S000 Mr/Kr.
Acnupanuio KpoBu Ha 1 U 7 CyTKHM OCYILIECTBIISUIN U3
0OKOBOI XBOCTOBOM BeHbl B KojuuectBe 0,5 mi. Ha
14 cyTK¢ TIPOBOIMIIM IEKATIUTAIIUIO KUBOTHBIX B CO-
oTBeTCTBUM ¢ EBpomnelickoll TUPEKTUBOU MO 3allu-
T€ ’KUBOTHBIX, UCIIOJIb3YEMBIX B Hay4HBIX 1essx [10].

Hudposoii Marepuan moaBeprajicsi CTaTUCTHYE-
CKOI 00paboTKe ¢ BeruHciIeHneM KpuTtepust CTbIojieH-
Ta Ha IEPCOHATEHOM KOMITBIOTEPE C HCIIOTIB30BAHUEM
CTaHJIapTHOM MPOrpaMMbl BApUAIIMOHHON CTaTUCTUKHI
Microsoft Excel.

PE3YJIBTATHI HCCJEJIOBAHUM

PesynpraTs! nccaenoBaHuii Mo OnpeneacHuIo OCT-
PO¥ TOKCHIHOCTH M3y4aeMOTO COSTUHEHUS JTSI J1a00-
PaTOPHBIX YKHBOTHBIX IPEICTABICHBI B Ta0MMIaX 1 11 2.

KrnrHMKa TOKCHYeCKOTO ISHCTBUS TIPH ITOJIKOKHOM
BBEJICHUH COC/IMHEHUS Ha OCHOBE BOJHOTO pacTBOpa
¢ynnepena C,, pecBeparposa ¥ OeTanHa THAPOXJIO-
puia y OeNbIX KPBIC COMPOBOKIANACH CICAYOIIUMU
CUMITOMAaMHU: JXUBOTHBIC, MOJIy4aBIIne (HapMakosio-
FHYECKYI0 KOMIIO3HIIMIO B U3y4aeMbIX J103aX TCUCHUE
Bcero neprona HaomoneHus (14 cyTok) akTUBHO Tie-
PENBUTANCH IO KJIIETKaM, O IMUIIEBOMY ¥ ITUTHEBO-
MY TIOBEJICHUIO HE OTIIUYAIUCH OT KPhIC KOHTPOJIBHOU
TPYIIIbI, PeaKIMs Ha BHEIITHUE Pa3IpaXKUTeu (3BYK,
cBeT) OblIa aIeKBaTHON M Ha YPOBHE KOHTPOJISL.

IIpu BHYTPHKEITyTOYHOM BBEICHUHU COCAMHCHIIS
B 103€ 5000 MT/KT OeJIble MBITIIH B TEUEHHE ITEPBBIX CY-
TOK OBLITM YTHETEHBI, MAJIOTIOJIBM)KHBI, OTKa3bIBAINCH
oT KopMa. Peakiiusi Ha BHEIITHHE pa3IpaKUTeNn ObLia
noHmwkeHa. Ha Bropbie CyTKH 1OCIIE BBEJCHHS COC/IH-
HEHUS BOCCTAHABIMBAIOCE ITHUIIIEBOE M IIMTHEBOE [TOBE-
JIeHWe, peaKINy Ha BHEITHUE pa3apakuTein. B Tede-
HUe 14 cyTOK Mccie10BaHMi THONN OTIBITHBIX )KUBOT-
HBIX HE OTMEYEHO. B cBsi3u ¢ 9TMM ycTanosuth LD, He
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MPEACTABIIIOCH BO3MOKHBIM. DTO MTO3BOJISIET CUUTATH Taxxe OBUIO TIPOBENICHO MCCIICAOBAHHUE YPOBHS
M3ydaeMoe COEMHEHNE Ha OCHOBE BOJJHOTO PACTBOpa  TMEHOBBIX KOHBIOTAaTOB, MAJIOHOBOTO JHAIBICTH/IA
¢ynnepena C, pecBeparposia u OeTavHa THAPOXJIO- W AKTHBHOCTH KaTasasbl B CBIBOPOTKE KPOBH. Pe3yiib-
pHUIa HETOKCUYHBIM B HCITBITAHHOM JHaIla30He J103. TaThl UCCIIEIOBAHH MTPEJICTABIICHBI HA pUC. 1.

Taoauna 1
Ocmpast moKcu4HOCMb coeOunenus Ha ocHoge 600Ho20 pacmeopa gyrnepena C60),
peceepampona u bemauna cuopoxao0puda 0 Oevix Kpbic NPu NOOKOHCHOM 68€0eHUU

KonuaecTBo XUBOT- HaGmonagiumiics >ppekr
I'pynma Hosa, mr/kr HBIX B OIIBITE
Hano BBDKIJIO
1 550 6 0 )
) 825 6 0 °
3 1100 6 0 0
4 2500 6 0 )
5 5000 6 0 °
6 Kontpons 6 0 6
Tabaumna 2

Ocmpas moKcuuHOCMb COCOUHEHUS HA 0CHOBe 600H020 pacmeopa gyiieperna C60, peceepampona
u bemauna 2uopoxIopuda st 6ebiX MbluLeli NPU GHYMPUICETYOOUHOM 66€0CHUU

KOMIeCTE HKIBOT Habmonasmmiics adppext
I'pynna Hosa, mr/kr HBIX B OIIBITE
1ajio BBIXKHJIIO
1 550 6 0 ¢
5 825 6 0 ¢
3 1100 6 0 0
4 2500 6 0 ¢
s 5000 6 0 ¢
6 Kontpons 6 0 6

50 -
22,96+0,66* 13*
45 1 20,53%1,13
40 -
35 -
30 -
e KaT., MMOJIB/JT
25 -~ 11,95+0,18* 12,04+0,73*
10,65+0,84 H M>MJIA, HMOIB/T
20 4 uf
a=gam ][ K, MKMOJTB/MJT
15 -+
10 4 *
5 | 9,0120,33 10,03+0,61* 9,9520,26%
O T T 1
1 cyTkn 7 CyTKH 14 cyTku

Puc. 1. KI/IHCTI/IKa MPOAYKTOB OKUCJICHUA JIMITUI0B 1 aKTUBHOCTHU KaTajla3dbl B KDOBU 6en1)1x KPBbIC TOCJIC BBEACHU
COCIIMHEHUS Ha OCHOBE BOJHOTO pacTBopa ¢ymuiepena C60, pecBeparposia u OcTanHa THAPOXIOPUIA
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Toxcuxonozuueckas xapakmepucmura 600H020 pacmeopa gyinepena C60, peceepampona u bemauna uopoxiopuod...

[Ipu omenke ypoBHS KaTanxa3bl B CBIBOPOTKE KPO-
BH OIBITHBIX JKHBOTHBIX OTMEUAHU CIICTYIOIIee: aK-
THBHOCTH ()epMeHTA Ha 7 CyTKH YBEIUYUIACH TIO
22,96 Mmmonb/1, uto Ha 11,8 % BbIIIIe IEpBOHAYATIHLHOTO
3HaueHwus1, Ha 14 cyTku — 110 23,13 MMOJIB/J1, 4TO O0JTh-
e Ha 12,6 % OTHOCHUTENBHO MEPBBIX CYTOK OIbITA.

[Ipu u3ydeHnn TMHAMHUKU MAJOHOBOTO JTHUAJBIIC-
ruaa Ha oHe MPUMEHEHUS BOIHOTO pacTBOpa Qyii-
nepena C,, peceparposa u GeTanHa rHAPOXJIOPH-
Jla YCTAHOBJICHO YBEJIMYEHHE €T0 KOHIIEHTPAIHU JI0
11,95 aMonb/n HA 7 CYyTKM HCCIEIOBAaHHUS U CTAOWIIH-
3aluto 3Ha4eHu i Ha ypoBHe 12,04 Hmonb/n Ha 14 cyT-
xu, yTo Ha 12,2 % 1 13,1 % COOTBETCTBEHHO BBIIIIE IO~
KaszaTeJiel NEPBBIX CYTOK OMbITA.

ConepxaHue THEHOBBIX KOHBIOTATOB B CHIBOPOT-
K€ KPOBH OITBITHBIX )XUBOTHBIX Ha 7 1 14 CyTKH OmbITa
Bo3pactaio 10 10,03 MkMosb/Ma 1 9,95 MKMOITB/MII,
yto Ha 11,3 % u 10,4 % COOTBETCTBEHHO BHIIIE 3HA-
YEHUH, 3aPETUCTPUPOBAHHEIX B MEPBHIC CYTKH.

B namrem nccnenoBaHUN MBI OOHAPYKIIIH TTOBEI-
IIIeHNe TI0Ka3aTesIel MePeKUCHOTO OKUCIICHUS JTUTIH-
JIOB B CBIBOPOTKE KPOBHU OEIBIX KPBIC MOCIE BBEIC-
HUS U3y4aeMOro COCTUHEHUS, O YEM CBUICTEIBCTBYET
KOHIICHTPAIUS MPOTyKTOB, OTPAKAIOIINX HAYATHHYIO
(ha3y mepeKucHOTO OKWCICHUS JIUIHUIOB, & HIMEHHO
MaJIOHOBOTO JHAJBJICTHAA M TUCHOBBIX KOHBIOTATOB.
C npyro¥i CTOpOHBI, MBI YCTaHOBHJIH ITOBBIIIICHHUE aK-
TUBHOCTH (DEpMEHTa KaTana3bl B CHIBOPOTKE KPOBH.
DTO MOXKHO paccMaTPHUBATh KaK KOMIIEHCATOPHYIO pe-
AKIIMIO 3aIUTHI OPTaHU3Ma, TaK KaK KaTrajia3a paciier-
JISIET MOJICKYJTBI CBOOOIHBIX PAMKAIOB HA OJTHY MOJIC-
KyJly KHCJIOPOJIa U JIBE€ MOJICKYJIBI BOJIBI, TEM CaMbIM
CHIDKasl YPOBEHb CBOOOIHBIX PaJMKaIOB B KpOBH [3].

3AKJIIOYEHHUE

Takum oOpa3om, pazpaboTaHHOE COEIMHEHUE Ha
OCHOBE BOIHOTO pactBopa (ymepena C,, pecepa-
Tposa u 6eTanHa ruAPOXJIopHIa OTHOCUTCS K [V Kimac-
CY OTIACHOCTH M K TPyIIe MaJlOTOKCHYHBIX BEIIECTB.
[Ipu moakoHOM BBeleHHH O€lbIM KphICaM B JI03€
5000 MI/Kr BBI3BIBACT HE3HAYUTEIBHOE MOBBHIILICHHE
COZepKaHUA MAJIOHOBOTO JHAIbIEIUa U JUEHOBBIX
KOHBIOTATOB B CHIBOPOTKE KPOBH, a TAK)KE aKTHBU3a-
uro pepMeHTa KaTajasbl.
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TOXICOLOGICAL CHARACTERISTICS OF AN AQUEOUS
SOLUTION OF FULLERENE C_, RESVERATROL AND
BETAINE HYDROCHLORIDE ON LABORATORY ANIMALS
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Abstract. The article presents the results of studies of the acute toxicity of compounds in an aqueous solution of
fullerene C60, resveratrol and betaine hydrochloride for laboratory animals, as well as the effect of this compound
on the processes of lipid peroxidation and the activity of the antioxidant defense system of the body. The acute
toxicity of a compound based on an aqueous solution of fullerene C60, resveratrol and betaine hydrochloride was
determined on white rats and white mice, which were previously divided into 5 experimental groups and a con-
trol group, the drug was administered subcutaneously to rats in a volume of 1.0 ml, to mice — intragastrically in
a volume of 05 ml. The animals were observed for 14 days after administration of the compound. The animals
that received a pharmacological composition based on an aqueous solution of fullerene C60, resveratrol and be-
taine hydrochloride in the studied doses during the entire observation period (14 days) actively moved around the
cages, did not differ much in their eating and drinking behavior from the rats of the control group, an adequate
response to external stimuli (sound, light) was at the control level. In mice, depression, unwillingness to eat and
drink were noted on the first day after the introduction of the studied compound. Throughout the experiment, co-
ordinated movements and the absence of paralysis were noted. The mucous membranes were pink in color with-
out pathological changes. During the experiment, the animals reacted to external (sound) stimuli. The blood se-
rum level of diene conjugates, malondialdehyde and catalase activity in experimental animals was also studied to
assess and control the level of oxidative stress against the background of the use of a compound based on an aque-
ous solution of fullerene C60, resveratrol and betaine hydrochloride. It has been found that when subcutaneous-
ly administered to white rats at a dose of 5000 mg/kg, the compound under study causes a slight increase in the
content of malondialdehyde and diene conjugates in blood serum, as well as activation of the catalase enzyme.
The results of research and observations of experimental animals for 14 days allow us to attribute the designed
injectable form to hazard class IV and to the group of low-toxic substances.

Keywords: fullerene aqueous solution, acute toxicity, malondialdehyde, diene conjugates, catalase.
Acknowledgments: the work was supported by the Russian Science Foundation grant No. 22-26-00019 Design
of Antioxidant and Antitumor Veterinary Drugs based on Nanofullerenes

INTRODUCTION

Fullerenes are a new group of molecules made up
of carbon. They are spherical (buckyballs), ellipsoi-
dal or cylindrical (carbon nanotubes) and have a wide
range of technological and medical applications. How-
ever, the growth in their production and use has raised
concerns about their potential toxicity [5].

Fullerenes are a group of molecules and their tox-
icity can vary as it depends on molecular size, com-
position, surface properties and functionalization. In
addition, the toxicity of fullerenes can be associated
with the solvents used and their by-products, as well

© Alekseev A. A., Klyukin S. D., Pudovkin N. A., 2023
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as with metal impurities [6, 9]. The available literature
contains contradictory data on the mechanism of the
toxic action of fullerenes. High doses of compounds
can cause oxidative stress due to the formation of re-
active oxygen species. Other mechanisms are activa-
tion of caspase 3/7, which can lead to apoptosis, de-
stabilization of the lysosomal membrane and a de-
crease in the potential of the mitochondrial membrane,
membrane and DNA damage. Fullerenes can also en-
hance the expression of genes associated with the in-
flammatory process, the activity of metalloendopepti-
dases, and the response of the immune system. In ad-
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dition, disruption of phagocytosis due to the fibrous
shape of long carbon nanotubes can lead to negative
consequences [2, 11].

However, other studies report the absence of a le-
thal outcome after exposure to high doses of colloi-
dal fullerenes on human epidermal and bacterial cells,
the absence of acute or subacute fullerene toxicity and
antioxidant properties, and the absence of genotoxici-
ty, phototoxicity and prooxidant activity of water-sol-
uble fullerenes [1,11].

Thus, further research is needed to determine the
exact toxicity of each fullerene group molecule for ani-
mals as their use becomes more and more common and
current data is inconclusive and contradictory.

Based on the foregoing, the objective of the work
was to study the toxicological properties of a solution
of fullerene, resveratrol and betaine hydrochloride on
laboratory animals.

The studies were carried out in 2022 at the De-
partment of Morphology, Animal Pathology and Bi-
ology of FSBEI HE “Saratov State University of Ge-
netics, Biotechnology and Engineering named after
N. . Vavilov”.

MATERIAL AND METHODS
The acute toxicity of a compound based on an
aqueous solution of fullerene C_, resveratrol and be-
taine hydrochloride was determined on white mice
and white rats.
In white rats, the compound was administered
subcutaneously at doses of 550, 825, 1100, 2500,

5000 mg/kg of the active substance, white mice — in-
tragastrically at the same doses. The animals were ob-
served for 14 days after drug administration. The vol-
ume of the injected solution was 1.0 ml for white rats
and 0.5 ml for white mice. The median lethal dose
(LD,,) was calculated using the Kerber method. The
animals that were injected with a sterile aqueous solu-
tion of fullerene C, served as the control.

Diene conjugates (DC) were studied using a spec-
trophotometer at an ultraviolet absorption level in the
wavelength range of 232—234 nm [8]. The content of
malondialdehyde (MDA) was determined by the thio-
barbituric method in blood serum [7]. Catalase activity
was studied using a spectrophotometric method when
heated in a water bath [4]. Blood was taken from white
rats on day 1, day 7 and day 14 after administration of
the studied compound at a dose of 5000 mg/kg. Blood
aspiration on days 1 and 7 was carried out from the lat-
eral tail vein in the amount of 0.5 ml. On day 14, the
animals were decapitated in accordance with the Eu-
ropean Directive for the Protection of Animals Used
for Scientific Purposes [10].

The digital material was subjected to statistical
processing with the calculation of the Student’s crite-
rion on a personal computer using the standard varia-
tion statistics program Microsoft Excel.

STUDY RESULTS
The results of studies to determine the acute tox-
icity of the studied compound for laboratory animals
are presented in Tables 1 and 2.

Table 1
Acute toxicity of a compound based on an aqueous solution of fullerene C60, resveratrol
and betaine hydrochloride for white rats when administered subcutaneously

Number of animals in Observed effect

Group Dose, mg/kg the experiment . .
mortality survived

1 550 6 0 6
2 825 6 0 6
3 1100 6 0 6
4 2500 6 0 6
5 5000 6 0 6
6 Control 6 0 6

Clinical toxicity after subcutaneous administration
of'a compound based on an aqueous solution of fuller-
ene C, , resveratrol and betaine hydrochloride in white
rats was accompanied by the following symptoms: an-
imals that received the pharmacological composition
at the studied doses during the entire observation peri-
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od (14 days) actively moved around the cages, did not
differ much in their eating and drinking behavior from
the rats of the control group, an adequate response to
external stimuli (sound, light) was at the control level.

During the intragastric administration of the com-
pound at a dose of 5000 mg/kg, white mice were de-
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pressed, inactive, and demonstrated unwillingness to
eat during the first day. Reaction to external stimuli
was reduced. On the second day after the administra-
tion of the compound, eating and drinking behavior
and reactions to external stimuli were restored. With-
in 14 days of research, the death of experimental ani-
mals was not observed. In this regard, it was not possi-

ble to use LD, . This allows us to consider the studied
compound based on an aqueous solution of fullerene
C,» resveratrol and betaine hydrochloride as non-tox-
ic in the tested dose range.

The blood serum level of diene conjugates,
malondialdehyde and catalase activity were also stud-
ied. The research results are presented in Fig. 1.

Table 2
Acute toxicity of a compound based on an aqueous solution of fullerene C60, resveratrol
and betaine hydrochloride for white mice after intragastric administration
Number of animals in Observed effect
Group Dose, mg/kg th ment
¢ experimen mortality survived

1 550 6 0 6

2 825 6 0 6

3 1100 6 0 6

4 2500 6 0 6

5 5000 6 0 6

6 Control 6 0 6
50 -

22.96+0Q.66* 23.13+1.13*
45 1 20.53+1.13
40 -
35 4
30
@ Cat., mol/L
25 - 11.95+0.18%* 12.04+0.73*
10.65+0.84 H >MDA, nmol/L
204
e DC, pmol/ml
15 -
10
5 | 9.0140.33 10.0340.61% 9.954+0.26*
0 T 1
Day 1 Day 7 Day 14

Fig. 1. Kinetics of lipid oxidation products and catalase activity in the blood of white rats after administration of

a compound based on an aqueous solution of fullerene C

When assessing the blood serum level of catalase
in the of experimental animals, the following was not-
ed: on day 7, the activity of the enzyme increased up
to 22.96 mmol/L, which was by 11.8 % higher than
the initial value, on day 14 — up to 23.13 mmol/L,
which was by 12.6 % more relative to day 1 of the
experiment.

When studying the dynamics of malondialdehyde
against the background of the use of an aqueous solu-
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«» Tesveratrol and betaine hydrochloride

tion of fullerene C_, resveratrol and betaine hydrochlo-
ride, an increase in its concentration up to 11.95 nmo-
I/L on day 7 of the study and stabilization of values at
the level of 12.04 nmol/L on day 14, which was high-
er by 12.2 % and 13.1 %, respectively, than on day 1
of the experiment.

The blood serum content of diene conjugates in
the of experimental animals on days 7 and 14 of the
experiment increased up to 10.03 pmol/ml and 9.95
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umol/ml, which was higher by 11.3 % and 10.4 %, re-
spectively, than the values recorded on day 1.

In our study, we found an increase in lipid perox-
idation in the blood serum of white rats after the ad-
ministration of the studied compound, as evidenced
by the concentration of products reflecting the initial
phase of lipid peroxidation, namely malondialdehyde
and diene conjugates. On the other hand, we found an
increase in the activity of the catalase enzyme in the
blood serum. This can be considered as a compensa-
tory defense reaction of the body, since catalase splits
free radical molecules into one oxygen molecule and
two water molecules, thereby reducing the level of free
radicals in the blood [3].

CONCLUSION

Thus, the designed compound based on an aque-
ous solution of fullerene C,, resveratrol and betaine
hydrochloride belongs to the hazard class IV and to
the group of low-toxic substances. When administered
subcutaneously to white rats at a dose of 5000 mg/kg,
it causes a slight increase in the content of malondi-
aldehyde and diene conjugates in the blood serum, as
well as the catalase enzyme activation.
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AnHoTtanus. [lepBoouepeaHoi 3aaueil JOKIMHUYECKUX UCCIIEA0BAaHUI JIEKAPCTBEHHBIX CPEJICTB SIBIISIETCS OIIpeE-
JIeJICHUE TIOTEHIMAIbHBIX TOKCHIECKNX CBOIMCTB, B TOM UHCIIE IIPH MHOTOKPATHOM BBEJICHUH B Pa3HbIX /103X —
TEpareBTUIECKOI M KPaTHO ee IpeBblmaonieii. [103ToMy nenbio JaHHOTO HCCIEeN0BAHUS ABISIIOCH H3yUEHUE TOK-
cuueckux 3¢ GeKToB npenapara HHTephepoHa IIMOa P MHOTOKPATHOM BHYTPHUMBIIIEYHOM BBE/ICHHH, A TAK-
K€ MCCIIEIOBAHNE BOZMOKHOCTH 00PAaTHMOCTH BBI3BIBAEMBIX MOBPEKACHUNA. /it 3TOT0 OBLIH CHOPMUPOBAHBI
3 rpymisl 6ebIX Ta00opaTOPHBIX KpbIC, Maccolt Tena 190—210 . mo n = 12 B kaxm0ii. JKHMBOTHBIM IpyIIITEI KOH-
TpoJIsi, B TeueHHe 14 1Hel ofuH pa3 B CyTKH MPUMEHSUIN CTEPHIIBLHBIN H30TOHNYECKUI PacTBOP XJIOpHIa HATPHs
B o0beme 0,25 Mt BHYTpUMBIIIedHO. KpbIcaM ONBITHBIX TPYII HCCIIEAYeMBIH Mperrapar B TAKOH e MOCIIeI0Ba-
TenpHOCTH B 103ax 0,1 mur/kr (ycimoBHO-TepameBTrueckas) u 1,0 mur/kr (B 10 pa3 mpeBsImmaromnas TeparneBTHye-
ckyro) B o0beme Benenus 0,25 mir. [Toce 14-gaeBHOTO Kypca mpuMeHeHus mpenapata u 10 1Hei mocie mpoBo-
JIuIIcs 0TOOp 00pas3loB KPOBH, KOTOPBIE HCCIEIOBAINCH T€MATOJIOTHUECKIMU W OMOXNMHYECKIMHU METOJaMU.
Jst MopdoMeTpuH ¥ THCTOJIOTHYECKOTO UCCIIEA0BAHNS BHYTPEHHUX OPTraHOB YacTh TPHI3YHOB M3 KaXK10H IPyTI-
ITBI ITOAIBEPTaJIM 3BTaHA3MHU. YCTAHOBJIEHO, YTO MHOT'OKPaTHOE BHYTPUMBIILICYHOE BBEJICHNE TIpeTIapaTa HHTepde-
poHa J1iMO/1a B yCIIOBHO-TE€PANEBTHUECKON 1 JIECATUKPATHO €€ MPEBBIIIAIOIIEH 103aX BBI3BAJIIO HEKOTOPHIE HEXKe-
JaTenbHble T000YHbIe 3(D(HEKTHI, BEIpayKaroNINecs: B TENaTOTOKCHYECKOM JIeHCTBIH. Tak y KpbIC, KOTOPBIM BBO-
JVJIN TIperiapar uHTepdepoHa asMO1a B JECSITUKPATHON TeparneBTHYECKOW 03e, HaOII0anoch yBEIUICHNE
akTHBHOCTH amuHoTpaHc(epa3 (AcAT Ha 21,8 %, AnAT Ha 14,8 %) u xonnuecTsa oOmero OmmnpyonHa B 2,2
pasa, a IIpu TUCTOJIOTNIECKOM HCCIIEA0BAHUH OTMEUAINCH CTPYKTYPHBIC N3MEHEHHS (YMEPEHHAs TUM(POTUCTHO-
LUTapHAs MHOUIBTPALHS IEPUIOPTAIBHBIX TPAKTOB, AUIUIOUAHOCTS s/IEp TenaTonuToB). CTOMT OTMETHUTH, YTO
TaKHe e CTPYKTYPHBIC I3MEHEHHs HaOJIIOaliCh Y KPBIC, KOTOPBIM IIpeTiapaT BBOAWIICS B TEPAIIEBTHYECKOH /103€,
IIPY OTCYTCTBUU U3MEHEHHH B OMOXUMHUYecKoM cTaryce. OJHaKo, TaHHBIH Mponecc ObLT 00paTUMbIM 1 HUBEIIH-
poBasics B TeueHue 10 aHel nocie 0TMEHBI Ipenapara B Kax10i rpynime.

KiroueBble c10Ba: TOKIMHUYECKUE NCCIIEOBAHNS, TOKCHKOIIOTHS, HHTEp(EepOH J1siMOza, Oerble KPhIChI, TeMa-
TOJIOTHSI, OMOXUMHS KPOBH, MacCOBBII K03 (UITHEHT OopraHa

BBEJEHUE

KJIaCC JICKApCTBCHHOI'O BEIIIECTBA, €Iro CIIOCOOHOCTD

K KyMyJIALIMU, BUJ, TI0J, BO3PAcT, YPOBEHb MPOAYK-

ITepBoouepenHoii 3a1aueit JOKIMHUYECKUX UCCIIe-  TUBHOCTH >KMBOTHBIX.

JIOBaHUH JIEKapCTBEHHBIX CPENICTB SIBISIETCS OIpeie-
JICHHE NTOTEHIUAIBHBIX TOKCHYECKUX CBOICTB, B TOM
YHCJIe TPY MHOTOKPAaTHOM BBEJIEHUHM B Pa3HBIX [0-
3aX — TeparneBTUUECKON U KPaTHO €€ MPEBHIIIAOLIEH.
[Tpu 5TOM 0CcOO0OE BHUMAHKE YIENSETCS BBISBICHHIO
HEXKeNaTeIbHBIX TOOOYHBIX PPEKTOB C yUETOM BIIHSI-
Hus psifa GakToOpoB: 1033 U KPAaTHOCTh IPUMEHEHUS,

TIpoToKO NOKIMHUYECKUX UCCIIEIOBAHUM BKITIO-
YyaeT psij 00s3aTeNbHBIX MUCIBITAHUA, B TOM YHCIIE
ompe/eJeHue TOKCUYeCKHX 3(PPEKTOB MPU MHOTO-
KpaTHOM IOBTOPHOM BBEACHHH, a TAKXKE BBIIBICHUC
OpFaHOB-MHHICHCfI n O6paTI/IMOCTI/I BBI3BIBACMBIX I10-
BpexaeHU. Bce 3TO MO3BOMAET OLCHUTH PUCK TIO-
TEHIIMATBHBIX HETATUBHBIX TIOCIICACTBUHN €T0 TprUMe-
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HEHHS Y 1IeTIeBBIX BUJIOB KMBOTHBIX B X0JI€ KIIMHUYE-
CKOTO dTamna ucublTanuit [1—35].

B coBpeMeHHBIX YCIOBUSAX BEICHHSI J)KHBOTHOBO/I-
CTBa aKTyaJIbHOM 3a/1a4eii ABIseTCs pa3paboTka HOBBIX
0e30macHbIX 1 3 PEKTHBHBIX JIEKAPCTBEHHBIX CPEIICTB
JUIs1 TIOBBIILICHHS €CTECTBEHHOW PE3UCTEHTHOCTH Op-
raHu3ma )XuBOTHBIX. OJJHUM M3 HalpaBJICHUH TTOUCKA
SIBIISIETCSI CO3/TaHNE U BCECTOPOHHSS (PapMaKo-TOKCH-
KOJIOTHYECKast OIIEHKA IIPETIapaToB Ha OCHOBE PEKOM-
OMHAHTHBIX MHTEPPEPOHOB, KOPPUTHPYIOIIUX UM-
MYHHBIE AUCHYHKLIUH TOCPEACTBOM HUBEIMPOBAHHS
neduimTa SHIOTEHHBIX PETYIISTOPHBIX MOJICKYJI U BOC-
npousBeaeHust ux 3dhdexros [6—7].

WuTtepdepons (MDH) npeacrarisiroT coboii ce-
MEHCTBO CEKPETHPYEMBIX OEJKOB, KOTOPBIE BIHUSIOT
Ha IIUPOKHUH CHEKTP (U3MOJIOTHIECKUX MIPOLECCOB,
PETYIUPYIOIIUX BPOXKICHHBIA U aIalTHBHBIA UMMY-
nutet [8]. UnTepdeponsl moapasnensiorcs Ha TpH
noarpymnmsl: uHTephepons tuna | (MdHa, UOHP,
NdHe, U®Hk 1 UDPHw), uatepdeponsr tuma 11
(M®Hy) u unarepdeponsr tuma [ (MDPH A). UnTep-
¢eponbl Tuna 11 ABASIIOTCS OTHOCUTEIBHO HOBBIM J10-
MOJIHEHUEM K CEMEHCTBY HHTEP(PEPOHOB U 0COOCHHO
Ba)KHBI JUII MIMMYHHOHU 3alIThI 0apbePHBIX TOBEPX-
Hocteit [9]. UDH-A BeIMOMHAIOT (QyHKIINH, CXOXKHE
¢ ceMelicTBOM HHTEep(EepoHOB | THIIa, HO IMEIOT BECO-
MbI€ OTIIUYHS OT IMOCIETHHX: JCHCTBYIOT ITPEK/IE BCe-
IO B KJIETKaxX SMHUTEINAIBHBIX 0apbepoB U, Onaroaaps
Oosiee 1eNIeHaNPaBICHHOW TIepe/iaye CUTHAJIOB, 001a-
JIAFOT CYIIECTBCHHBIMHU TEPATICBTUUECKUMH MIPEUMY-
[IECTBAMH BCIIEICTBHE UCKITIOUSHHS Psa TTOOOIHBIX
3¢ (HeKTOB, TMMUTHPYIOIIHX KIMHUYECKOE UCTIOIB30-
panue M®H I tumna [10].

Lenbio JaHHOTO UCCIENOBAHUS SBISUIOCH U3yde-
HUE TOKcHuecKux 3¢ dekros npenapara uaTepdepoHa
JSIMOJTa TIPYU MHOTOKPATHOM BHY TPHMBIIIIEYHOM BBEJIe-
HUU OeITBIM Ta00PaTOPHBIM KPBICAaM, BEISIBIICHUE HaH-
0oJiee YyBCTBUTEIBHBIX OPTAHOB U CUCTEM OPTaHU3-
Ma, a TaK)Ke UCCIIe0BaHUE BO3MOKHOCTH 00paTuMo-
CTH BBI3BIBAEMBIX MOBPEKICHHH.

MATEPHAJIBI U METO/bI
UCCJIEJOBAHU M

J1J1s1 OLIEHKH BO3MOYKHOTO TOKCHYECKOTO ICHCTBUS
npemnapara uaTeppepoHa JsIMO1a P MHOTOKPATHOM
BBEJICHUH B cCOOTBETCTBUHU C [ 11] OB pazpaboran au-
3aiiH 9KCIIEPUMEHTA, 0I00PEHHBINH OMOATHYECKOH KO-
muccueid ®I'BHY «BHUBUII®OUT». B ycnoBusix Bu-
Bapus ObUTH C(OPMUPOBAHBI 3 TPYIIIIEI OCTBIX J1a00-
paTopHbIX Kpbic, Maccoi Tena 190—210r. o n =12
B Kax101. CozieprkaHNe TOIOTIBITHBIX JKUBOTHBIX U BCE
MaHUMYJIALNU ¢ HIMH B paMKax SKCIIEpUMEHTa COOT-

BETCTBOBAJIM TPEOOBAHUSIM MEKIAYHAPOAHBIX U POC-
CHUCKNH 3akoHomarenbHbIX akToB (ETS123, Stras-
bourg, 1986; Hupexrusa 2010/63/EU o1 22.09.2010T;
I'OCT 33216—2014, 'OCT 33215—2014).

Kpbicam onbITHBIX IPYIIIT HCCIIENYEMBII TpenapaT
BBOJWJIM BHYTPUMBIILIEYHO OAMH Pa3 B CyTKU IPUMEp-
HO B OJIHO U TO %€ BpeMsl B TeueHue 14 nHeil B 103ax
0,1 mu/kr (ycioBHo-TepaneBruueckas) u 1,0 mi/kr
(8 10 pa3 mpeBblILIAIOIIAS TEPANIEBTUYECKYIO) B 00be-
Mme BBeaeHus 0,25 mi. JKMBOTHBIM TPYIIIBI KOHTPO-
JI5, KOTOPBIE COMEPKAINCh B aHAJIOTHYHBIX yCIIOBHU-
SIX, MPUMEHSUIN CTEPUIIHbHBIM MU30TOHUYECKUM pacTBOP
xJopua Hatpus B o0beme BBeneHus 0,25 M1 BHYTpH-
MBILIEYHO.

WHTerpansHbIME XapaKTepUCTUKAMH OOIIETOKCH-
YeCKOro JICHCTBHS Mpernapara CIyKUJII BHEIIHUH BU/,
MOBEJICHHE, TOEJAEMOCTh KOpMa U TIPHEM BOJIbL; THA-
MHKa MacChl T€JIa )KMBOTHBIX IIPU B3BELIMBAHUHU 1 pa3
B 7 THEl; reMaToNIorHueckue 1 OMOXMMHUIECKHE TIOKa-
3aTequ KpoBU, MOPPOMETPHSI U THCTOIOTHIECKOE HC-
clieioBaHre 00pa3oB BHYTPEHHHUX OPraHOB.

Mopdonoruueckue XapakTepuUCTUKH Teprdepu-
YECKOM KPOBH OINPENEIIsUIN C IIOMOILBIO I'€éMaTOoI0I U~
geckoro ananmu3atopa (ABX Micros 60 CT/OT, ®@pan-
1Hsl), a TaKXKe M0 CTAaHJAPTHOM METOIMKE MOoJCcYeTa
KJIETOK B Kamepe [opsieBa.

Broxummueckue moxkaszarein orpeiesuii B 00pas-
[1aX CHIBOPOTKM KPOBH: KOHIIEHTPAIUIO 0011ero Oern-
Ka, OOIIUX JMINAOB, MOUYEBUHBI, IJIIOKO3bI, KpeaTu-
HUHA, XOJIeCTepHHA, OMIUpyOrHa, aKTHBHOCTH (ep-
MEHTOB acnapTaT— 1 anannHamuHoTpachepas (AcAT
u AnAT) — nabopamu ¢pupmsl «Burtam» (Cankr-Ile-
TepOypr); Gppakuuu Oejka — 3MeKTpoPope3oM B ara-
PO3HOM reue.

OOpa3smsl KpoBH OTOMpaANU Yepe3 CYTKH ITOocie
14-1HeBHOTO Kypca NPUMEHEHUs Ipernapara 1 OKOH-
yanus 10-AHEBHOTO BOCCTAHOBHUTEJILHOTO MIEPHOA.

st MOpOMETpHH U TUCTOJIOTHYECKOTO HCCIIEI0-
BaHHS BHYTPEHHHX OPTaHOB YaCTh IPHI3YHOB U3 KaXK-
JIOW TPYTITBI TIOJABEPTalid dBTAHA3HH IEPEI03UPOB-
KOM YINIEKUCIIOTO ra3a B CIELUaIbHOW KaMepe yepes
15 1 25 gHell oT Havana SKCIEePUMEHTA.

Craructuueckast 00padOTKa NOITyUSHHBIX JTAaHHBIX
MPOBEJCHA C TIOMOIIBIO KOMITBIOTEPHOT'O TTaKeTa Mpo-
rpamm Statistica 8.0 u npencTaBieHa B BUJIE CpeAHEH
apupMETHICCKON W ONTHOKN CpemHel apudmMernde-
ckoii (M + m). Pa3maust cauTaim CTaTHCTHICCKH 3Ha-
yuMbIMU 11pu p < 0,05.

PE3VYJBTATHI UCCJIEJTOBAHUM

IIpu MHOrOKpaTHOM BHYTPHUMBIIIEYHOM BBEJE-
HUU TIperapata uHTepdepona maMbaa U B TEUCHHE
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Toxcuxonozuueckoe ucciedo8anue npenapama uHmep@Hepora ismo0a npu e2o MHO2OKPAMHOM 6e0eHUU OElbIM KPbLCAM

BOCCTaHOBUTEJILHOTO MEPHO/a THOETH MOJOIBITHBIX
KpbIc 3adukcupoBano He ObUT0. Tak ke He Halmrona-
JIM OTKJIOHCHHUH B TIOBEICHUECKUX PEAKLHSIX, PEaKLIUU
Ha BHEIIHUE Pa3IpaXUTEJN U ABUIaTEIIbHONW aKTHB-
HOCTH, HapylIeHWH KOOpAMHAUUU ABMKeHu. Kopm
1 BOY KpBICHI IPUHUMAIIH 0XOTHO. COCTOSIHME IIepCT-

HOT'0 IIOKPOBA U CITU3UCTHIX 000JI0UEK COOTBETCTBOBA-
70 (pU3HONOTHYECKUM HOPMaM, KaK B OIBITHBIX, TaK
Y B KOHTPOJILHOU TPyTIIax.

B TeueHne sKcriepiMeHTa Macca Teja MOIOTbIT-
HBIX J)KUBOTHBIX YBEJIMYMBAJIach BO BCEX TPyIIax, HO
JIMHAMUKA UMeJia OTpeeNieHHbIe pa3nuyus (puc. 1).

100% 1/\

80%

60% -

40% -

20%

0%

7 nHen .
14 nueit

W I'pynna Kontposns
B ['pynna 1,0 ma/kr

B ['pynma 0,1 mi/kr

24 nasa

Puc. 1. BnusiHue MHOTOKpaTHOTO BBEIGHUS ITpenapara «JIssmOna-naTepdepon» Ha AMHAMUKY Macchl Tea y KpBIC
(% x McxoHOM Macce Tena 0 Hadasa SKCIIePUMEHTA)

HauOonpmmii npupocT Macchl Teia gaboparop-
HBIX KPbIC OTHOCHUTEJIFHO MCXOIHBIX TaHHBIX (110 Ha-
yana 3KclepuMeHTa) ObUl 3a)UKCUpOBaH B IpyIIIIE,
KOTOPOM MPUMEHSIIN UCCIEyeMBIH Mpernapar B 103€
0,1 mu/kr. B rpymnme KpbIC, KOTOPBIM IPUMEHSIIH HC-
clelyeMbli IIpenapar B I€CSITUKPATHOU TepareBTHYe-
CKOH J103€, IPUPOCT MacChl Tena OblT UIEHTUYEH Ta-
KOBOMY B I'pyTIIie KOHTPOJIS.

Taxkum 00pa3om, B UCTIBITAHHBIX JI03aX NPH BHY-
TPUMBIIIEYHOM BBE/ICHUH KMBOTHBIM Iperapara uH-
Tepdepona msMOa 00TIEeTOKCHIEeCKUX 3P (heKkToB
y KpbIc He 0OHapyskeHo. [Ipu 3ToM B rpymie Kpbic, KO-
TOPBIM IPUMEHSIIN yCIOBHO-TEPAIIEBTUYECKYIO J103Y,
MIPUPOCT Macchl Tela uMen 0ojiee BBIPaKEHHYIO -
HaMHUKy OTHOCHUTEJIBHO JPYTUX TPYII MOJOMBITHBIX
JKHUBOTHBIX.

JUIsl OLICHKU COCTOSIHUSI BHYTPEHHUX OPraHOB
B TOKCHUKOJIOI'MYECKHX HCCIIEIOBAHUAX HMCIIOIb30Ba-
JM TaKOM WHTErpalbHBIA MOKa3aTelb KaK MacCOBBIH
ko3¢ ¢punment opranos (MKO) — npoueHTHOE OTHO-
LIIEHHE MacCchl OpraHa K Macce TeJa.

Pesynprater pacuera MKO, npeacraBieHHBIC
B Tabmiuie 1, yka3pIBaloT HA TO, 4TO 14-THEBHOE BHY-
TPUMBILIEYHOE BBEICHUE MperapaTa B UCTIBITAHHBIX
J103aX HE BBI3BIBAET Y OMBITHBIX KPBIC TOCTOBEPHBIX

W3MEHEHUH OTHOCHUTENBHON Macchl BHYyTPEHHUX Op-
TaHOB 10 CPaBHEHHIO C TAKOBBIMHU y KUBOTHBIX KOH-
TPOJIBHOM TPYIIIIBIL.

AHaJIM3 THCTONPENaparoB BHYTPEHHUX OPraHOB
OT TIOJIOTIBITHBIX KPBIC MOKa3aj, 4To uepe3 14 nHeut
BBE/ICHUS Npenapara uHTepdepona aimMOaa B UCTIbI-
TaHHBIX J103aX B MIEYEHU OBUIM OTMEYEHBI CTPYKTYP-
HbIE M3MEHEeHUs (yMepeHHast TMM(OTUCTHOLUTApHAS
WHQHUIBTPALUS IEPUITOPTAITBEHBIX TPAKTOB, IUTUIOH/T-
HOCTb SIZIep TeIaTOIUTOB), YTO MOXKET OBITH CBSI3aHO
C B3aUMOJICHCTBHEM PEAKTUBHBIX METaOOJIUTOB Ipe-
napara co CTPyKTYpHBIMH KOMIIOHEHTaMU HEYEHOY-
HOH TKaHH U HapyLIEeHHUEM CTPYKTYPHO-(YHKIIMOHAIb-
HOU LIEJIOCTHOCTH TeMaTOIMTOB M KJIETOK CTPOMalib-
HOTO OKPYXEHHS C pa3BUTHEM remaronuctpoduu [12].
JlaHHbIEe M3MEHEHHUS YKa3bIBaIOT HA HAIUYIHE OIpeie-
JICHHOTO TOKCHUYECKOT'O BIMSHUS Ipenapara npyu MHO-
TOKPAaTHOM €ro NPUMEHEHHUH, OTHAKO, OHO OBLIO Mpe-
XOIIINM, U yepe3 10 qHel BOCCTaHOBHUTENBHOTO T1e-
puoja yKa3aHHbIE U3MEHEHHs 3a(pUKCHpPOBAHBI HE
OBUIM HH B OJTHOW U3 TIOJIOTIBITHBIX IPYIIIL.

T'emaTonorudeckoe uccienoBanue (Tadm. 2) Kpo-
BU KPBIC [T0KA3aJ10, YTO Nocie 14 1HEBHOTO BBEICHUS
nsimMOna-unTepdepon B no3e 0,1 Mi/Kr oTMedanu Jo-
CTOBEPHOE CHHYKCHHUE KOJTMUECTBA SPUTPOIIUTOB U 00-
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miero remorno6una Ha 11,4 u 10,1 %. YpoBeHs seii-
KOITUTOB ¥l TPOMOOIIMTOB ITPH STOM Bo3pacTtaji Ha 47,7
n 25,2 %, coorBeTcTBeHHO. [IpH yBeamaeHnn 10361 10
1,0 mu/kr HaOJIFOMAJIaCh aHAJIOTMYHAs TeHAeHIuA. Tak
JTAaHHBIC J)KUBOTHBIC B CPABHCHHH C KOHTPOJIEM UME-
JIM TIOBBILICHHBIA YPOBEHb JICHKOIIMTOB, TPOMOOLH-
TOB M CErMEHTOS/ICPHBIX HelTpoduiios Ha 45,8, 16,5
u 18,3 %, COOTBETCTBEHHO, a KOJIMYECTBO OOIIETO re-
MOIII0OMHA OBLIO TOHMKeHO Ha 6,4 %. CTouT OTMe-

THUTb, YTO TAKKE H3MCHEHHSI XapaKTEPHbI IIPU PA3BUTUN
BOCITAJIUTEIBHO-ICTEHEPATUBHBIX TPOIICCCOB; B aH-
HOM CITy4dae TaKOBOH HaOIroacs B IeUeHH, 9TO TIO/I-
TBEPXKJIAIOCH PE3YIIETATOM TUCTOJIOTUIECKUX HCCIIe-
noBaHuil. OqHako mo npouectsuu 10-THEBHOTO BOC-
CTaHOBUTEIHHOTO MEPUOJIA TOCTOBEPHBIX U3MEHEHUI
IO BBIIIIEYKA3aHHBIM T€MATOJIOTHICCKUM TIOKA3aTeIsIM
3aUKCHPOBAHO HE OBIJIO, UYTO yKa3hIBAET Ha 00paTu-
MOCTH ITPOIIECCOB MPH OTMEHE TIpernapara.

Tabnnna 1
Maccosvie ko3gppuyuenmer snympentux opearos (MKO) xkpwic npu mHo2okpamuom
BHYMPUMBIULEYHOM 868e0eHUU npenapama unmepgepona iamooa (M + m)
['pynma >KMBOTHBIX
Oprassbl
Kontponb 0,1 1,0
Uepes 14 nueit
Tumyc 0,09 + 0,012 0,08 + 0,006 0,08 £ 0,001
Cenesenka 0,32 + 0,024 0,26 £ 0,004 0,29+ 0,011
[euens 2,99+ 0,114 3,07 +£0,146 2,97+0,127
[Moukn 0,57+ 0,014 0,59 £ 0,033 0,60 + 0,034
Hanmoueunuku 0,02 + 0,002 0,02 +0,002 0,03 +£0,003
Cepaue 0,34 +0,017 0,33 + 0,006 0,35+0,019
Jlerkue 0,67 0,063 0,68 +£0,052 0,69 +0,072
CeMeHHHUKA 1,20 £ 1,126 1,30 £ 0,060 1,13+ 0,070
UYepes 10 nHelt BOCCTAaHOBUTENBHOIO IEpUOJa
Tumyc 0,07 £ 0,007 0,06 = 0,003 0,06 + 0,005
Cene3enka 0,26 + 0,006 0,29 +£0,015 0,26 +£0,023
ITeuens 3,60+0,151 3,57+0,195 3,37+0,169
IMouxn 0,58 £ 0,031 0,63 + 0,066 0,55+ 0,020
Hannoueununku 0,03 +£0,003 0,02 £ 0,002 0,02 + 0,002
Cepane 0,37 £ 0,026 0,32+0,015 0,34 +0,019
Jlerkue 0,69 + 0,038 0,60 + 0,057 0,68 £ 0,018
CeMeHHUKH 0,97 £ 0,072 0,96 + 0,063 1,06 + 0,047

[loaTBepkaeHNEM pa3BUTHS TENATOTOKCHYECKO-
To HeﬁCTBHH npu JJIUTCIIbHOM IMPUMEHCHUU IIPCIia-
pata uHTEep(epoHa IIMOIa cTaIo yBeIudIeHne (hpak-
MU anb(a-rIo0yTHHOB, BXOASIINX B COCTaB OEIKOB
octpoii ¢asbl. Tak y KpbIc, KOTOPBIM IIpenapar BBO-

qunn B o3e 0,1 mur/kr, HaOIH0an0Ch yBEIHMYCHUE
¢pakuun Ha 18,1 % B cpaBHEHHH C KOHTPOJIEM, U Ha
48,4 % y KpbIC, KOTOPBIM ITpernapar MpUMEHSIICA B 103
1,0 M/kr (Ta6. 3). JanbHel e OHOXUMHUIeCKUE HC-
CJIeIOBAHHMSI TIOKA3aITH, YTO Y KPbIC ocie 14-THeBHOTO
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BBEJICHUSI TIpernapaTa HHTepQepoHa JsamMoO/1a B yCIOB-
HO-TEPareBTHYECKOM J103€ IPOUCXOANIIO YBEINICHHE
COOTHOLICHUS JIaKTaTa K nupysary Ha 12,1 %, a Tak-
K€ YMEHbBLICHNE KOJMYECTBA OOLINX JIUIHUIOB U TPU-

(oHe ATOTO YPOBEHb X0JeCTepruHa ocTaBaics 0e3 J10-
CTOBEPHOT'O U3MEHEHHUSI, HO UMEJI TeHJICHIIMIO K YBe-
JUYEHUIO KOJMYecTBa 00IIero OMmnpyorHa B KPOBH,
YTO MOXKET OBITh CBSI3aHO C M3MEHEHHEM Mpolecca

muuepunoB Ha 16,7 u 36,5 %, coorBercTBeHHo. Ha  >xemueoTBeneHus.
Taoaunma 2
Mopdghonozuueckue nokazamenu Kpogu 6envix Kpbic npu MHO2OKPAMHOM
BHYMPUMBIUIEYHOM NPUMEHEHUU npenapama unmep@epoua iamooa (M + m)
OTMBITHBIE TPYIITBI
[Tokazarenu KounTponb
0,1 mi/kr 1,0 Mir/kr
Uepes 14 nueit
Dpurpouutsl, 102/ 7,18 £ 0,29 6,36 £ 0,36 6,97 £0,19
Jletikonutel, 10°/1 5,35+0,39 7,90 +£0,79" 7,80 +£0,42"
T'emornoOuH, /11 116,8 £ 2,7 105,2 +£5,8" 109,0 £2,3"
EZJ‘?ZEE?:;;‘;;Z; 1,75 0,41 1,25+ 0,31 1,75 0,31
CerMmeHTosi/IepHbIE 29,0+ 1,7 28,0+2,2 343+21°
DosuHoduibl, % 0,50+0,19 1,00 £ 0,27 0,75+0,31
bazoduisl, % — — —
Jlumdoruter, % 66,0 +2,3 66,3+2,1 60,8 +2,8
MownouuTsl, % 3,0+ 0,05 3,5+0,6 2,5+0,3
Tpom6oruter, 10°/1 925.8 + 66,4 1158,8 +81,4" 1079,7 £ 50,2
UYepes 10 nHelt BOCCTAaHOBUTENBHOIO MEpUOJa
DputporwmTsl, 102/ 6,94 +0,12 6,42 +0,28 6,31 +£0,27"
JletikonuTsr, 10%/1 6,35+ 0,46 7,27 £0,45 7,05+ 0,68
T'emornoOuH, /11 119,7+ 1,3 113,8 £ 3,1 117,0+ 3,9
Ezizzzg’:;‘;;lz"e 1,75 0,31 1,33 40,21 1,25+ 0,31
CermeHTOsIICpHBIE 30,5+2,5 28,0+1,9 32,5+2,3
Dosunodusl, % 0,50+ 0,19 0,67 0,21 2,25+0,31
Bbazogwer, % — — —
Jlumdoruter, % 63,8+2.3 66,7+ 1,8 61,8+3,5
MomnouuTsl, % 3,5+0,54 3,3+0,21 2,3+0,51
Tpom6Goruter, 10°/1 893,3 +75,7 850,8 £ 27,4 775,3 £ 56,4
* p < 0,05 OTHOCHTEIIBHO IPYIIIIBI KOHTPOJIISE
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Tabauna 3
Bruanue mno2oxkpammnozo ésedenus npenapama unmeppepona aamooa
Ha buoxuMuiecKe nokasamenu Kposi Kpwic 6 sxcnepumenme (M +m)
I'pynna xMBOTHBIX
ITokazarenu Kontpoins

0,1 mu/kr 1,0 mur/kr
AJIT, E/n 76,4 +3,6 65,1+78 854 +2.1"
ACT, E/n 100,1 = 6,1 110,8£9,2 121,9£9,1°
I'nroxo3a, MM/n 42+0,14 4,0+0,20 3,9 +0,08"
Jlakrat, MM/t 0,85 £ 0,044 0,86 £ 0,072 0,95 £ 0,036
IMupysar, MKM/1 129,3 £5,1 116,8 £9,2 107,8 £ 7,9*
11 0,66 + 0,015 0,74 £0,011" 0,88 £ 0,023
OO0 6enoxk, r/n 66,8 £ 1,8 64,7 £ 0,28 68,2+ 1,7
AnpOymuHBL, % 459+2,7 46,1 £ 1,6 472+1,8
Togﬁjg‘;"" 7 9.2+ 0,45 10,9 £ 0,8’ 13,7+0,5°
— Oeta 21,5+ 04 20,7+0,4 20,6 0,6
— ramma 222+1,5 21,2+0,7 18,5+ 1,4
Kpearuaun, MkM/nt 26,0+ 2,1 28,5+2,7 263 +1,7
MoueBuna, MM/ 5,22+ 0,378 5,69 + 0,387 5,39+ 0,228
Tpurutiepu s, MM/ 0,96 + 0,07 0,61 +£0,054" 0,48 +£0,044"
OO01L. JTUIHIBL, T/IT 1,62 + 0,082 1,35 +£0,084" 1,26 £ 0,050"
Xomnecrepur, MM/ 1,43 £ 0,039 1,53 +0,092 1,42 +0,119
Bumupy6un, MKkM/ 5,75+ 0,42 9,32+1,56 10,5 £ 2,60
O6mme UT, mr/ma 154+1,14 13,3+0,73 14,7 £ 1,46

* p <0,05 OTHOCHUTENBHO TPYIIIBI KOHTPOJIS

B cBo0 0o4epens y KpbIc, KOTOPBIM BBOJMIIH IIpe-
napar uatepdepona nsimMOaa B IeCATHKPATHON Tepa-
MIEBTUYECKOM J103€, HaONII0AAI0Ch YBETHUEHNE aKTHB-
Hoct amuHoTpancdepas (AcAT na 21,8 %, AnAT Ha
14,8 %) n xonngecTBa obmiero OwnnpyOuHa Ha 2,2
pasa, 4TO yKa3bIBacT Ha MOSBICHUE MEPBHIX MIPHU3HA-
KOB CHH/IPOMa X0JIECTa3a, BHI3BAHHOTO Pa3BUTHEM T'e-
NaToAUCTPOGUH, YTO TAKKE TMOITBEPIKIACTCS THCTO-
JIOTUYECKUMH HcCiieIoBaHuAMU. BerencTBue renaro-
TOKCHYECKOro JEeHCTBUS Ipenapara y HOAONBITHBIX
KUBOTHBIX OTMEYaJIH CHIDKEHHE KOJIMYEeCTBa IUIIO-
KO3bl U ITMPOBUHOTIPAJHON KUCIIOTHI B KPOBU Ha 7,2

u 16,6 %, a Taxxke OOUUX JUMHIOB U TPUTIUALICPH-
noB Ha 50,0 u 22,2 % cOOTBETCTBEHHO. YPOBEHb MO-
JIOYHOM KHUCIIOTHI TIPY 3TOM yBennuuBancsa Ha 11,8 %,
YTO OTPaXKaJO0Ch Ha COOTHOLLICHUH JIAKTaTa K TUpPyBa-
Ty, KOTOpOE OBUIO BBIIIE YPOBHSI KOHTpOIst Ha 33,3 %,
YTO YKa3bIBaeT Ha CMEIIeHHe MeTabonu3ma ¢ aspo0-
HOTO Ha aHadPOOHBIN MyTb.

Uepes 10 nHelt mocie OKOHYAHHUS MPUMEHEHUS
npernapara y OOJBIIMHCTBA 3aJIeHICTBOBAaHHBIX B HC-
CJICZIOBAaHMH KMBOTHBIX HAOIIOAAIN BOCCTAaHOBJICHHUE
reMaToJIOIMYeCKuX U OMOXMMHMUYECKUX IapaMeTpoOB
KPOBH JI0 YPOBHSI KOHTPOJIBHOW rpynmsl (Tadm. 4).
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Y KpbIC, KOTOPBIM BBOAMJIU Mpenapar uHtepdepoHa
JIIMO/1a B IECATUKPATHOM TepareBTUIECKON J103€, TaK-
’Ke HaOJIIoa)IM BOCCTAHOBJIEHHE OOJIBIINHCTBA OHO-
XUMHUYECKHX TTOKa3aTeseil, YTO yKa3bIBaeT Ha pa3pe-

IIeHHE TeMaTOKCHYeCKHUX mpoieccoB. OgHaKo ypo-
BEHB OOIINX JIMIH/IOB U TPUTIHIIEPHIOB BCE erre ObLT
HUXE YPOBHS KOHTPOJIbHOU rpynnsl Ha 16,9 u 31,5 %
COOTBETCTBEHHO.

Taoauna 4
Buoxumuueckue u ummyHonocuuecKkue nOKazamenu Kpogu Kpulc @ IKCNePUMeHme
uepes 10 ownetl goccmanogumenvrozo nepuoda (M + m)
I'pynna xMBOTHBIX
ITokazarenu Konrtposnb
0,1 mi/kr 1,0 mur/kr
AnAT, E/n 88,5+ 1,0 86,6 £5,3 80,9 +5,0
AcAT, E/n 110,9+7,3 93,7+9,3 98,1 +7,1
I'nroxo3a, MM/n 4,8+0,04 4,9+0,13 4,5+0,20
Jlakrat, MM/n 0,87 £ 0,09 0,63 + 0,09 0,91 +0,12
[Mupysar, MKM/1 130,0+ 7,2 138,3+4,3 129,3+10,4
I 0,67+0,014 0,46 +0,018" 0,71 £ 0,025
OO0mw1. 6eoK, /11 69,9+ 1,3 66,1 £1,8 67,2+0,9
AnpOymuHBL, % 46,0+ 2,7 50,1 £0,7 47,8+ 1,0
203232“’ % 9,9+0,9 9,6:+0,3 10,8+ 0,9
— Gera 225+12 20,4 £ 0,6 21,4+0,8
— ramMma 21,6 £0,6 19,9+0,8 20,0 £ 0,6
Kpearunun, MkM/n 23,3+2,1 26,0+ 1,5 25,0+ 1,2
MoueBuna, MM/ 6,52 +0,27 7,03 +£0,5 6,51 +0,18
Tpurnurepuabl, MM/ 0,92 + 0,089 0,80 + 0,052 0,63 +0,68"
OO6m1. TUNHIBL, T/ 1,77 £0,130 1,53 £ 0,068 1,47 £0,103"
Xomnecrepun, MM/ 1,32+ 0,09 1,28+ 1,15 1,26 £ 0,07
Bunupyoun, MKkM/n 6,7+0,57 7,8+0,71 6,6 £ 1,50
O6ue UT, Mr/mi 17,8 £ 1,96 18,8 £0,87 20,8 £ 1,97

* p <0,05 OTHOCHTEIBHO IPYIIIIBI KOHTPOJISE

3AKJTIOUEHUE
[IpoBenenHbIe UCCTIEI0BAHUSA [TOKA3aJIH, YTO MHO-
TOKpaTHOE BHYTPHUMBILICUHOE BBEICHHUE Tpenapara
uHTepdepoHa sMOa B YCIOBHO-TEPANIeBTUYECKOM
W JICCSITUKPATHO e¢ MPEBBIIAIICH J103aX BHI3BAIIO
HEKOTOpBIE HeKelaTeIbHbIC TOO0YHBIE 3(DPEKTHI, BHI-
paXKaroIuecs: B TenaToTOKCHYSCKOM JeiicTBuu. JlaH-

HBI 3P PeKT OBLT A0303aBUCHMBIM, U OoJiee BBIpa-
JKCHHO TPOSBUIICS TIPU UCTIOJIb30BAHNH 3aBbIILICHHOM
JI03BI Iperapara, 4YTo OTPasmiIoCh B M3MEHEHHH OT-
JIENTBHBIX TeMaTOJIOTMYECKUX ¥ OMOXUMHUYECKUX TO-
KazaTesield KpOBU U THCTOCTYKTYpbI nedeHu. OiHaxo,
JTAaHHBIH Tporiecc OBUT OOPaTUMBIM U HUBEITHUPOBAJICS
B Teuenue 10 nqHel mociie OTMEHbI Ipenapara.
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TOXICOLOGICAL STUDY OF THE INTERFERON
LAMBDA PREPARATION AT ITS MULTIPLE
ADMINISTRATION TO WHITE RATS
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Abstract. The primary task of preclinical studies of drugs is to determine potential toxic properties, including
those with repeated administration at various doses (therapeutic and a multiple of it). Therefore, the objective of
this research was to study the toxic effects of the interferon lambda preparation with repeated intramuscular in-
jection, as well as to study the possibility of reversibility of the damage caused. For this, 3 groups of white labo-
ratory rats were formed, weighing 190—210 g, n = 12 in each. The animals of the control group were intramus-
cularly administered a sterile isotonic solution of sodium chloride in a volume of 0.25 ml for 14 days once a day.
The rats of the experimental groups, were administered the study preparation in the same sequence at doses of
0.1 ml/kg (conditionally therapeutic) and 1.0 ml/kg (10 times higher than the therapeutic dose, tenfold dose) in
the injection volume of 0.25 ml. After a 14-day course of the preparation and 10 days after, blood samples were
taken, which were examined by the hematological and biochemical methods. For morphometry and histological
examination of the internal organs, a part of the rodents from each group were subjected to euthanasia. It has been
established that repeated intramuscular administration of the interferon lambda preparation at conditionally ther-
apeutic and tenfold doses caused some undesirable side effects, expressed in hepatotoxicity. So, in the rats, which
were injected with interferon lambda at a tenfold therapeutic dose, there was an increase in the activity of amino-
transferases (AST — by 21.8 %, ALT — by 14.8 %) and the amount of total bilirubin — by 2.2 times, and histo-
logical examination showed structural changes (moderate lymphohistiocytic infiltration of periportal tracts, dip-
loidy of hepatocyte nuclei). It should be noted that the same structural changes were observed in the rats, which
were administered the preparation at a therapeutic dose, in the absence of changes in the biochemical status. How-
ever, this process was reversible and leveled off within 10 days after the preparation withdrawal in each group.
Keywords: preclinical studies, toxicology, interferon lambda, white rats, hematology, blood biochemistry, organ
mass coefficient

INTRODUCTION

The primary task of preclinical studies of drugs
is to determine potential toxic properties, including
those with repeated administration at different dos-
es (therapeutic and a multiple of it). At the same time,
special attention is paid to the identification of unde-
sirable side effects, taking into account the effect of a
number of factors: the dose and frequency of use, the
class of the medicinal substance, its ability to accumu-
late, species, gender, age and the level of animal pro-
ductivity. The protocol of preclinical studies includes
a number of mandatory tests, including the determi-
nation of toxic effects with repeated administration,
as well as the identification of target organs and the

reversibility of the damage caused. All this makes it
possible to assess the risk of potential negative conse-
quences of its use in target animal species during the
clinical stage of testing [1—35].

In modern conditions of animal husbandry, an ur-
gent task is the development of new safe and effec-
tive drugs to increase the natural resistance of the an-
imal organism.

One of the research areas is the design and com-
prehensive pharmaco-toxicological evaluation of drugs
based on recombinant interferons that correct immune
dysfunctions by leveling the deficiency of endoge-
nous regulatory molecules and reproducing their ef-
fects [6—7].
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Interferons (IFN) are a family of secreted proteins
that affect a wide range of physiological processes that
regulate innate and adaptive immunity [8]. Interferons
are divided into three subgroups: type I interferons
(IFNa, IFNB, IFNeg, IFNk and I[FNw), type Il interfer-
ons (IFNy) and type III interferons (IFN A). Type III
interferons are a relatively new addition to the inter-
feron family and are especially important for the im-
mune defense of barrier surfaces [9]. IFN-A perform
functions similar to the type I interferon family, but
have significant differences from the latter: they act
primarily in epithelial barrier cells and due to more
targeted signaling have significant therapeutic advan-
tages and can eliminate a number of side effects that
limit the clinical use of IFN I type [10].

The objective of this research was to study the tox-
ic effects of interferon lambda after repeated intramus-
cular administration to white laboratory rats, to identi-
fy the most sensitive organs and systems of the body,
and to study the possibility of reversibility of the dam-
age caused.

MATERIAL AND METHODS

To assess the possible toxic effect of the inter-
feron lambda preparation upon repeated administra-
tion, in accordance with [11], an experiment design
was developed, approved by the bioethical commis-
sion of FSBSI “ARVRIPP&T”. In vivarium condi-
tions, 3 groups of white laboratory rats were formed,
weighing 190—210 g, n =12 in each. The keeping
of experimental animals and all manipulations with
them within the framework of the experiment com-
plied with the requirements of international and Rus-
sian legislative acts (ETS123, Strasbourg, 1986; Di-
rective 2010/63/EU of 22.09.2010; GOST 33216—
2014, GOST 33215—2014).

The rats of the experimental groups were injected
intramuscularly once a day at approximately the same
time for 14 days at doses of 0.1 ml/kg (conditionally
therapeutic) and 1.0 ml/kg (10 times higher than ther-
apeutic, tenfold) in the injection volume of 0.25 ml.
The animals of the control group, which were kept in
similar conditions, were intramuscularly administered
a sterile isotonic solution of sodium chloride in the in-
jection volume of 0.25 ml.

The integral characteristics of the general toxic ef-
fect of the preparation were appearance, behavior, food
intake and water intake; dynamics of body weight of
animals when weighing 1 time in 7 days; hematolog-
ical and biochemical blood indicators, morphometry
and histological examination of internal organs spec-
imens. Morphological characteristics of peripheral
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blood were determined using a hematological analyzer
(ABX Micros 60 CT/OT, France), as well as accord-
ing to the standard method for counting cells in a Go-
ryaev chamber.

Biochemical indicators were determined in blood
serum samples: the concentration of total protein, to-
tal lipids, urea, glucose, creatinine, cholesterol, bili-
rubin, the activity of enzymes of aspartate- and ala-
nine aminotransferases (AST and ALT), using Vital
kits (St. Petersburg); protein fractions — by electro-
phoresis in agarose gel.

Blood samples were taken one day after a 14-day
course of preparation use and the end of the 10-day
recovery period.

For the morphometry and histological examina-
tion of internal organs, some of the rodents from each
group were euthanized by an overdose of carbon di-
oxide in a special chamber 15 and 25 days after the
experiment onset.

Statistical processing of the data obtained was car-
ried out using the Statistica 8.0 software package and
presented as the arithmetic mean and arithmetic mean
error (M £ m). Differences were considered statistical-
ly significant at p < 0.05.

STUDY RESULTS

With repeated intramuscular administration of the
interferon lambda preparation and during the recov-
ery period, the death of experimental rats was not re-
corded. There were no deviations in behavioral reac-
tions, reactions to external stimuli and motor activity,
and impaired coordination of movements. The rats ate
food and drank water willingly. The state of the coat
and mucous membranes corresponded to physiologi-
cal norms, both in the experimental and control groups.

During the experiment, the body weight of experi-
mental animals increased in all groups, but the dynam-
ics had certain differences (Fig. 1).

The largest increase in body weight of laboratory
rats relative to the initial data (before the experiment
onset) was recorded in the group, the animals of which
were administered the study preparation at a dose of
0.1 ml/kg. In the group of rats treated with the study
preparation at a tenfold therapeutic dose, body weight
gain was identical to that in the control group.

Thus, in the tested doses with intramuscular ad-
ministration of the interferon lambda preparation to
animals, no general toxic effects were found in rats.
At the same time, in the group of the rats, which were
administered a conditionally therapeutic dose, the in-
crease in body weight had a more pronounced dynam-
ics relative to other groups of experimental animals.
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Fig. 1. Effect of repeated administration of the preparation “Lambda-interferon” on the dynamics of body weight
in rats (% to the initial body weight before the experiment onset)

To assess the state of internal organs in toxicologi-
cal studies, such an integral indicator as the organ mass
coefficient (OMC) was used — the percentage ratio of
organ mass to body mass.

The results of the OMC calculation presented in
Table 1 indicate that the 14-day intramuscular admin-
istration of the preparation at the tested doses does not
cause significant changes in the relative mass of inter-
nal organs in experimental rats compared to those in
the animals of the control group.

The analysis of histology specimens of internal or-
gans from experimental rats showed that 14 days after
the administration of the interferon lambda prepara-
tion at the tested doses, structural changes have been
noted in the liver (moderate lymphohistiocytic infil-
tration of the periportal tracts, diploidy of hepatocyte
nuclei), which may be associated with the interaction
of reactive metabolites of the preparation with struc-
tural components of hepatic tissue and violation of the
structural and functional integrity of hepatocytes and
cells of the stromal environment with the hepatodys-
trophy development [12]. These changes indicate the
presence of a certain toxic effect of the preparation with
its repeated use, however, it was transient, and these
changes were not recorded in any of the experimental
groups10 days after the recovery period.

A hematological study (Table 2) of rat blood
showed that 14 days after the administration of inter-
feron lambda at a dose of 0.1 ml/kg, a significant de-
crease in the number of erythrocytes and total hemo-
globin by 11.4 and 10.1 % was noted. The level of leu-
kocytes and platelets at the same time increased by
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47.7 and 25.2 %, respectively. When the dose was in-
creased up to 1.0 ml/kg, a similar trend was observed.
So these animals, compared with the control, had an
increased level of leukocytes, platelets and segment-
ed neutrophils by 45.8, 16.5 and 18.3 %, respectively,
and the amount of total hemoglobin was reduced by
6.4 %. It should be noted that such changes are typi-
cal of the development of inflammatory and degener-
ative processes; in this case, it was observed in the liv-
er, which was confirmed by the result of histological
studies. However, after a 10-day recovery period, no
significant changes in the above hematological indica-
tors have been recorded, which indicates the reversibil-
ity of the processes after the preparation withdrawal.
An increase in the fraction of alpha-globulins that
make up acute phase proteins was confirmed by the de-
velopment of a hepatotoxic effect with prolonged use
of the interferon lambda preparation. Thus, in the rats,
to which the preparation was administered at a dose of
0.1 ml/kg, an increase in the fraction by 18.1 % was
observed compared to the control, and by 48.4 % —in
the rats, to which the preparation was administered at a
dose of 1.0 ml/kg (Table 3). Further biochemical studies
showed that in the rats after a 14-day administration of
interferon lambda at a conditionally therapeutic dose,
there was an increase in the lactate to pyruvate ratio by
12.1 %, as well as a decrease in the amount of total lip-
ids and triglycerides by 16.7 and 36.5 %, respectively.
Against this background, the cholesterol level remained
without significant changes, but tended to increase the
amount of total bilirubin in the blood, which may be as-
sociated with a change in the process of bile excretion.
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Internal organs mass coefficients (OMC) of rats after repeated intramuscular fabled
administration of the interferon lambda preparation (M £+ m)
Group of animals
Organs
Control 0.1 1.0
In4d
Thymus 0.09 +0.012 0.08 £ 0.006 0.08 £0.001
Spleen 0.32+£0.024 0.26 £ 0.004 0.29+£0.011
Liver 299+0.114 3.07+£0.146 2.97+0.127
Kidneys 0.57+0.014 0.59+£0.033 0.60 +0.034
Adrenal glands 0.02 +0.002 0.02 £ 0.002 0.03 £0.003
Heart 0.34+£0.017 0.33 +0.006 0.35+0.019
Lungs 0.67 £0.063 0.68 £0.052 0.69 £0.072
Testicles 1.20+1.126 1.30+0.060 1.13+0.070
10 d after the recovery period
Thymus 0.07 £ 0.007 0.06 £ 0.003 0.06 £ 0.005
Spleen 0.26 £ 0.006 0.29+£0.015 0.26 £ 0.023
Liver 3.60+£0.151 3.57+0.195 3.37+0.169
Kidneys 0.58 £ 0.031 0.63 £0.066 0.55+0.020
Adrenal glands 0.03 £0.003 0.02 £0.002 0.02 £ 0.002
Heart 0.37+£0.026 0.32+£0.015 0.34+0.019
Lungs 0.69 £0.038 0.60 +0.057 0.68+0.018
Testicles 0.97+£0.072 0.96 £ 0.063 1.06 £ 0.047
Table 2
Morphological blood indicators of white rats with repeated intramuscular
use of the interferon lambda preparation (M + m)
Experimental groups
Indicators Control
0.1 ml/kg 1.0 ml/kg
1 2 3 4
In14d

Erythrocytes, 10'%/L 7.18 £0.29 6.36+0.36" 6.97+£0.19
Leukocytes, 10°/L 5.35+0.39 7.90 +£0.79 7.80 +£0.42"
Hemoglobin, g/L 116.8 £2.7 105.2 +5.8" 109.0 = 2.3
Neutrophils, % 1.75+£0.41 1.25+£0.31 1.75+0.31
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Table 2 (the end)

1 2 3 4
stab 29.0+1.7 28.0+2.2 343+£2.1
segmented 0.50+0.19 1.00£0.27 0.75+£0.31
Eosinophils, % — — —
Basophils, % 66.0+2.3 66.3+2.1 60.8+£2.8
Lymphocytes, % 3.0+ 0.05 35+0.6 25+0.3
Monocytes, % 925.8 £ 66.4 1158.8 £81.4" 1079.7 £ 50.2"

10 d after the recovery period
Erythrocytes, 10'%/L 6.94£0.12 6.42 +£0.28 6.31+0.27
Leukocytes, 10°/L 6.35+£0.46 7.27+0.45 7.05 £ 0.68
Hemoglobin, g/L 119.7+1.3 113.8+3.1 117.0+£3.9
Neutrophils, % 1.75 £0.31 1.33+£0.21 1.25+0.31
stab 30.5+2.5 28.0+1.9 325423
segmented 0.50 +0.19 0.67+0.21 2.25+0.31
Eosinophils, % — — —
Basophils, % 63.8+2.3 66.7 £ 1.8 61.8+£3.5
Lymphocytes, % 3.5+0.54 3.3+0.21 2.3+0.51
Monocytes, % 893.3+£75.7 850.8 £27.4 775.3 £56.4
*at p <0.05 relative to the control group
Table 3
Effect of repeated administration of the interferon lambda preparation on the
biochemical blood indicators of the rats in the experiment (M +m)
Group of animals
Indicators Control
0.1 ml/kg 1.0 ml/kg

1 2 3 4
ALT, U/L 76.4+3.6 65.1+7.8 854 +2.1"
AST, U/L 100.1 £ 6.1 110.8 9.2 121.9+9.17
Glucose, mM/L 42+0.14 4.0+0.20 3.9+0.08"
Lactate, mm/L 0.85 +0.044 0.86 +0.072 0.95+0.036"
Pyruvate, uM/L 129.3+5.1 116.8£9.2 107.8+7.97
L/P ratio 0.66 £0.015 0.74£0.011" 0.88 £ 0.023"
Tot. protein, g/L 66.8+ 1.8 64.7+0.28 68.2+ 1.7
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Table 3 (the end)

1 2 3 4
Albumins, % 459+2.7 46.1+ 1.6 472+1.8
iloz’f;}ilgs’ v 9.2+0.45 10.9+0.8° 13.7£0.5"
— beta 21.5+04 2.07+04 20.6 £0.6
— gamma 222+1.5 21.2+0.7 18.5£1.4
Creatinine, pM/L 26.0+£2.1 28.5+2.7 263+1.7
Urea, mm/L 5.22+0.378 5.69 +£0.387 5.39+0.228
Triglycerides, mM/L 0.96 £0.07 0.61 £0.054" 0.48 £ 0.044
Tot. lipids, g/L 1.62 £ 0.082 1.35+£0.084" 1.26 +0.050
Cholesterol, mM/L 1.43£0.039 1.53 £0.092 1.42+£0.119
Bilirubin, uM/L 5.75+0.42 9.32+£1.56 10.5 +£2.60"
Total Igs, mg/ml 154+1.14 13.3+0.73 14.7 £ 1.46

* p <0.05 relative to the control group

In turn, in the rats, which were injected with inter-
feron lambda at a tenfold therapeutic dose, there was an
increase in the activity of aminotransferases (AST —
by 21.8 %, ALT — by 14.8 %) and the amount of total
bilirubin by 2.2 times, which indicated the appearance
of'the first signs of cholestasis syndrome caused by the
development of hepatodystrophy, which was also con-
firmed by histological studies. Due to the hepatotoxic
effect of the preparation in the experimental animals,
a decrease in the amount of glucose and pyruvic acid
in the blood by 7.2 and 16.6 %, as well as total lipids
and triglycerides — by 50.0 and 22.2 %, respectively,
was noted. At the same time, the level of lactic acid
increased by 11.8 %, which was reflected in the lac-

tate to pyruvate ratio, which was higher than the con-
trol level by 33.3 %, that indicated a shift in metabo-
lism from aerobic to anaerobic pathway.

Ten (10) days after the end of the preparation use,
most of the animals involved in the study showed the
restoration of hematological and biochemical blood
indicators to the level of the control group (Table 4).
In the rats, which were injected with interferon lamb-
da at a tenfold therapeutic dose, recovery of most bio-
chemical indicators was also observed, which indicat-
ed the resolution of hepatotoxic processes. However,
the level of total lipids and triglycerides was still be-
low the level of the control group by 16.9 and 31.5 %,
respectively.

Table 4
Biochemical and immunological blood indicators of the rats in the experiment 10 days after the recovery period (M + m)
Group of animals
Indicators Control
0.1 ml/kg 1.0 ml/kg
1 2 3 4
ALT, U/L 88.5+1.0 86.6 5.3 80.9+5.0
AST, U/L 110.9+7.3 93.7+9.3 98.1+7.1
Glucose, mM/L 4.8+0.04 49+0.13 45+0.20
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Table 4 (the end)

1 2 3 4

Lactate, mm/L 0.87 +0.09 0.63 +0.09" 0.91+0.12
Pyruvate, uM/L 130.0+7.2 138.3+4.3 129.3+10.4
L/P ratio 0.67+0.014 0.46 £ 0.018" 0.71 £0.025
Tot. protein, g/L 69.9+1.3 66.1 £1.8 67.2+0.9
Albumins, % 46.0 £2.7 50.1+0.7 47.8+1.0
G_lot:;ll;}?; % 9.9+0.9 9.6+0.3 10.8+0.9
— beta 225+1.2 20.4+0.6 21.4+0.8
— gamma 21.6 £0.6 19.9+£0.8 20.0 £0.6"
Creatinine, pM/L 23.3+2.1 26.0£1.5 250+1.2
Urea, mm/L 6.52+0.27 7.03+0.5 6.51 £0.18
Triglycerides, mM/L 0.92 +£0.089 0.80 +0.052 0.63 +0.68"
Tot. lipids, g/L 1.77 £ 0.130 1.53 +£0.068 1.47 +£0.103"
Cholesterol, mM/L 1.32 +0.09 1.28 +1.15 1.26 +0.07
Bilirubin, uM/L 6.7+0.57 7.8+£0.71 6.6+ 1.50
Total Igs, mg/ml 17.8 +£1.96 18.8 +0.87 20.8 +1.97

* p <0.05 relative to the control group

CONCLUSION

The conducted studies have shown that repeated
intramuscular administration of the interferon lamb-
da preparation at conditionally therapeutic and tenfold
doses caused some undesirable side effects, expressed
in the hepatotoxic effect. This effect was dose-depen-
dent and more pronounced when using an overesti-
mated dose of the preparation, which was reflected in
the change in individual hematological and biochem-
ical blood indicators and liver histostructure. Howev-
er, this process was reversible and leveled off within
10 days after the preparation withdrawal.
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AHHoOTanusl. B crarbe npencTaBieHbl pe3ynbTaThl HCCIIEI0BaHMS 110 U3YUCHUIO KIMHIYECKoH 2P (eKTHBHOCTH
JIEKaPCTBEHHOTO Tperiapara Jijisi BETepHHAPHOTo MTpuMeHeHHs ['aburadc npu uauonaTuyeckoM IUCTUTE KOLIEK.
DKCIepUMEHTHI OBUTH TIPOBE/ICHBI B YCIOBHSX BETEpUHAPHOM KIMHUKK A#iGonuT (1. KpacHonap) Ha 1ienieBbIX BU-
JlaX JKUBOTHBIX — KOIIKax (n = 16) ¢ TMarHo30M WAMOMATHYECKUN IUCTUT. YCTAaHOBJICHO, UTO JICUEHUE HANOTIA-
THUYECKOTO IIMCTHTA KOLIEK C TPUMEHEHHEM B CXeMe JICUCHHsI BETEpUHAPHOTO npemnapara ['aburadc B 103upoBKe
10 mr/kr B TeueHne 7-MH JHEH 2 paza B CyTKH CIIOCOOCTBOBAJIO BBI3ZIOPOBICHUIO )KUBOTHBIX OIBITHOM IPYIIIIBI
3a 8,75 £ 0,90 cyr. nporus 14,12 + 0,81 cyT. B koHTpOIE, 4TO Ha 61,4 % 3hhexTrBHEE B O3y ONBITHOW IPyII-
nbl. [Ipy u3yueHnu nokasarenei o0IIEro aHagu3a MOYM OTMEUEHO JIOCTOBEPHOE CHMKEHHE COIepKaHus Oelika
y )KMBOTHBIX 00€UX I'PYIII K KOHILY OIBITA, C MPEUMYIIecTBOM B 17,8 % B 110J1b3y )KUBOTHBIX, ITOJYYaBIIHNX B CXE-
Me Jiedenus mpenapar ['aburadce. B pesynbrarax ynbrpa3ByKoBOTO HCCIIEI0BAHMS MOYEBOTO ITy3bIpPs KOIIEK, & TaK-
e B OMOXMMHYECKOM 1 TeMaTOJIOTMYECKOM aHaJIM3€e KPOBH MOCIIE Kypca JICUSHHUS UIMONAaTHYECKOTO [IUCTHTA Me-
JKIY KMBOTHBIMU OIIBITHOM U KOHTPOJIBHOU I'PYII CTaTUCTUYECKU JTOCTOBEPHOU U JUArHOCTUYECKU 3HAYMMOU
Pa3HUIIBI OTMEYCHO HE OBLIO.

KuroueBble ciioBa: komku, uanonaruueckuit uctut, FIC (MIIK), rabaneHTrH, JeKapCTBEHHOE CPEICTBO, 3(-

(bextuBHOCTD, Y3U, OHOXUMUS KPOBH, FEMATOJIOTHS KPOBH, aHAJIU3 MOYU

Onnoit 13 Hamboyee pacpoCTpaHEHHBIX IATO-
JIOTUMA HUKHETO OTZEJIa MOYEBBIACIUTEILHOU CUCTE-
MBI Y MOJOABIX JOMAIIHUX KOIIEK SIBJISICTCS UANOIA-
tudyeckuil nuctut (FIC). Jlonroe Bpemsi atuonorus
UIIK Oplina HEM3BECTHON U TEPANIEBTUUCCKHUE ITOIXO0-
JIbl CTPOMJINCH HA YCTPAHEHUH KPUCTAILIIYpUH, U3ME-
HeHuM pH Mo4M 1 MPUMEHEHNN aHTHOAKTEPHATBHBIX
[penaparos.

BrniocnenctBum npu 6osee myOOKoM paccMoTpe-
HUH TPOOJIEeMBbI OBLIO 3aMEUEHO, YTO TPUTTEPOM JIJIsI
Pa3BUTHS IUCTHUTA BBICTYIAET CTPECC. YCTAHOBIIEHO,
gT0 y komrek ¢ FIC Goree kpymHbIE CEHCOpHBIE HEl-
POHBI B CIIMHHBIX POTax, U OHU, KaK IPaBUJIO, BbIIEIISI-
FOT OOJTBIIIE HOPAIPEHATNHA, YeM HOPMAJTbHBIC KOIIIKH.
VY komek, npeapacnonokeHHbix kK UK Habmomaercs
JieCeHCHOMIM3aIus ajib(a-2-perenTopoB B IIEHTPAIb-
HOM HEPBHOM CHUCTEME, UTO IIPUBOJUT K MEHBILIEMY HH-
rHOMPOBaHUIO HOpAIpeHATNHA U BRIOPOCY TOPMOHOB
CTpecca B OpraHu3M.

Takue KOLIKM HAaXOIATCsl B MOCTOSHHOM THUIEp-
BO30YIMMOM COCTOSIHUM OOpBOBI, OETCTBA WM 3aMU-
panust. Y komek ¢ FIC HaOmoaercs maTonorusi, CBsi-
3aHHas C HApPYUICHHEM CJIOS TJIFOKO3aMHHOTIIMKAHOB
ypoTelusi, KOTOPBIM 3alllMIIaeT ero oT BO3JAEHCTBUS
TOKCHYECKUX NMPOAYyKTOB MouM. Hapymienue B cioe
IJTFOKO3aMHUHIJIMKAHOB CBS3aHO C BBICBOOOXKICHUEM
BeniecTBa P, 0JHOro M3 OCHOBHBIX HEHPOTPAHCMUT-
TEPOB, OMOCPEAYIOMUX 00b, TpeBory u crpecc. Ho-
BOoe MoHMMaHue MexanusMma pa3sutus FIC y xomex
OTKpPBUIO IIMPOKKE BO3MOXHOCTH /IS yCIIELIIHO KOp-
PEKIMN COCTOSIHUS uepe3 OJIOKUPOBAHUE TPEBOXKHO-
CTH M CTPECCOBOM peaKkIiu.

Hamu Obta mpoBeeHa KJIMHUYECKas anpooanus
npernapara Ha OCHOBE ra0arneHTHHA B TePAITUH KOIIEK
C MIMOTAaTHYECKUM IIUCTUTOM. ['abameHTnH MUPOKO
MPUMEHSTCS B TYMAaHHOM MEIULIMHE KaK aHTUKOHBYIIb-
CaHT B KyIIMPOBAaHUH HeHpornaTuyeckoi 0011 y manu-
eHTOB. OJIHaKO B HACTOSIIIEE BPEMsl OH Y¥KE 3apeKo-
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MEH/I0BaJI ce0si B BETEPHHAPHON MEIUIIMHE KaK Ipe-
napar g yCTpaHEHHUs MOBBIIIEHHOW TPEBOXKHOCTH
y cobak u komek [ 1—4].

MATEPUAJIBI U METO/IbI
HUCCJIEJOBAHUM

HccnenoBanue 3pGeKTUBHOCTH MpernapaTa Ha 0c-
HOBe rabareHTruHa (nainee — ['aburadc) mpu uarona-
THUYECKOM LIUCTHUTE KOLIEK IIPOBEIIH C (heBpasIsi [0 Maii
2022 t B BeTepuHapHOU KiuHUKe A#bomut, T. Kpac-
HoOJap.

[To mpuHIMIY MapHBIX aHAJIOroB OBUIO cdop-
MHPOBAHO 2 TPYMNIBI JOMAIIHUX KOIIEK (KOHTPOIb-
Has W OMBITHAs) MO 8 B KaXXIOH, CPSTHUM BECOM
4,26 = 0,25 xr B Bo3pacte oT 1 1. 2 mec. go 11 zer
¢ cumnromamu ructuta [2, 7). [Ipu nepsuaaom oopa-
LICHUH y )KUBOTHBIX COOMpaii aHaMHe3, OOLIHii aHa-
JIU3 MOYH, TPOBOWIIN YIABTPA3BYKOBYIO TUATHOCTHKY
MOYEBOTO Ty3bIpsi, OHOXUMHUYECKHIE 1 MOPQoIoruye-
ckue aHanmu3el KpoBU [5—7]. [IoBTOPHO KUBOTHBIX
HCCIIEIOBAIIH IIPY BBI3JOPOBJICHHH.

VYIIBTpa3ByKOBOE HCCIIEJOBAHUE MOYEBOTO ITy3bI-
ps ocymecTBisu Ha annapate Mindray BC-2800 Vet,
HMHTEPIPETALHNIO OTYYESHHBIX JAHHBIX COITIACOBbIBA-
JIU C TUTEpaTypHBIMA UCTOUHUKaMU [§—10].

Co6o0p MouH 17151 0OIIIETO aHATH3a MTPOBOIIITH C TT0-
MOIIBIO IIMCTOLEHTE3a, aHaJIU3 IPOBOIWIN P IO-
MOIIH BU3yaJIbHBIX TECT-TIOJIOCOK JJISl aHATIHM3a MOYH
«Ypunonuas-11A» (buocencop AH, Poccus), minot-
HOCTh onpenensiin Ha Pedpakromerpe RZ-128 (RZ,

Kwurait), Takyke nMpoBOAWIN MHUKPOCKOIHIO OCAaJKa
Y IIUTOJIOTUIECKOE MCCIIEIOBAHNE MOYH.

s Mop(omornyecKux MCCIeA0BaHUN IeTbHON
KPOBHU HCIIOJI30BAIH POOUPKU BaKyyMHBIC 00be-
MoMm 2,0 mi1, ¢ peareaToM DJITA-K2 (MunuMen, Poc-
cusi). st GMOXUMHYECKUX CCIIEJOBAHUH CHIBOPOTKH
KPOBH UCTIOIB30BAIN TPOOHPKHU BAKyyYMHBIE 00HEMOM
2,0 M1, ¢ peareHToM (KioT-akTuBarop Si02) (Munu-
Men, Poccus).

Mopdonoruueckre Ucciie0BaHus KPOBU IIPOBO-
JATUCH HA aBTOMATHYECKOM T'€MaTOJIOTHIECKOM aHa-
nuzarope Mindray DC-T6, a Takyke UCIIONB30BaUCh
CTaHIapTHBIE TEMaTOJIOTMYECKUE HCCIIEOBAHS, TPH-
HSTBIC B BETEPUHAPHON JMArHOCTUYECKON TPAKTHKE.

buoxummueckue rccieoBaHus oKa3areseid Kpo-
B IIPOBOJIMIIN Ha dKcnpecc-aHanu3arope MNCHIP V2
(Tianjin MNCHIP Technologies Co., Ltd, Kuraif) ¢ Ha-
0OOpPOM TUCKOB TSI OMOXUMHUIECKOTO IKCIIPECC-aHAIH-
3aropa Pointcare (Tianjin MNCHIP Technologies Co.,
Ltd, Kurait). [TorygaeHHbIe JaHHBIE IO TEMATOJIOTHYE-
CKHM HCCJICJIOBAaHUSIM CPaBHUBAJIM CO 3HAYHUSMU JI0
Hayajia Teparuy KUBOTHBIX U C pe(EePEHCHBIMHU T10-
Kazarenu s suga [11—13].

Bce )xuBOTHBIC, yIaCTBYIOIINE B OIBITE, COACPIKA-
JUCh B KBAPTUPHBIX YCIOBUAX Oe3 BhITyna. Kopmie-
HUe ObLTO 2-pa30BhIM, B OCHOBE PaIlOHA — ITPOMBIIII-
JICHHBIE CyXHUe KOpMa IPEeMUyM-KJiacca, BOAa y BCeX
JKUBOTHBIX HAXOIUJIACH B TIOCTOSIHHOM CBOOOJTHOM JI0-
cryne. CXeMbl JICUCHHUS JIJISI OTIBITHON U KOHTPOJIBHON
TPYIIIIBI PEACTABIICHEI B Ta0HIIe 1.

Taoauna 1
Cxema nevenust UOUONAMUYECKO20 YUCTIUMA KOUEK
I'pynna Ha3nauenue
l'aburade 10 mr/kr, 2 p/nens, 7 mHeH

OmneITHAS .

KotDpBuH, nepopansto, 2 M 2 p/neHs, 7 qHel

KorDpsuH, nepopansio, 2 M 2 p/neHs, 7 nHeR
KonrposnbHas PBHH, . P I? ’ p/a A
CronCrpecc /2 — %4 Tabn., 2 pa3a B AeHb, 14 qHei

PE3YJIBTATHI UCCJETOBAHUMI

Ha ocHOBaHMM JaHHBIX KIMHHYECKOTO OCMOTDA,
pE3yNIbTaTOB aHAIN3a KPOBH U MOYH OBLIO YCTAaHOB-
JIEHO, YTO IPUMEHEHHE ITpenapara ['aburade B cxeme
JICYCHHS MIOIIaTHIECKOTO IIUCTHUTA KOIIIEK SBIISAETCS
Ooiee 3P peKTUBHBIM, UeM aHAJIOTHYHOE JIeueHue 0e3
€ro UCIOJIb30BaHUs. YCTAaHOBIIEHO, YTO CPOKH Jieue-
HUS HUONATUYECKOTO IMCTHTA KOIIEK KOHTPOJIBHOM
TPYHIBI OBUIH BBIIIE, YEM B OIIBITHOI IpyIIe, Hoiry-
yapmrel rabarnenTrH (puc. 1). Bpems, morpedosasiiee-
CsI JUTsl IOJTHOTO BBI3/IOPOBIICHNUS )KUBOTHBIX OTIBITHON

rpymisl, coctaBuiio 8,75 = 0,90 cyT., B KOHTPOJIBHON
14,12 £ 0,81 cyt. Pa3nunia mexay rpynmamMu Obuia
CTaTUCTHYECKHU HocTtoBepHOi (p < 0,001) u cocTaBu-
na 5,37 cyt. unu 61,4 %.

AHanu3upys JaHHbIE TUHAMUKH )KHBOW MacChl
TeJa MOMOMBITHBIX KOIIEK (pUC. 2) BUIHO, YTO U3ME-
HEHHMS )KUBON MacChl Teja )KMBOTHBIX B TEUCHHUE BCe-
TO TIepUO/ia WCTIBITAHUN B pa3pe3e TpymIl ObUTH He-
3HAYNUTENBHBIMA. [[py M3MepeHnr JaHHOTO IMOKa3aTe-
mu B 1-ii IeHp OMbITa, CPEAHETPYIIIoBas Macca Tela
KOILIEK OMbITHOM rpynnsl coctaBuia 4,40 + 0,34 kr,
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B koHTpoJe 4,17 + 0,34 kxr, mpu KOHTPOJIHHOM B3Be-  JlaHHBIE U3MEHEHHUS Y )KMBOTHBIX KOHTPOJIBHOU IpyTI-
IIMBaHUH OBLIO OTMEYEHO, YTO MACCa Tea JKUBOTHBIX  ITHI MOTYT OBITH CBSI3aHBI C 00JI€€ UTNTEIBHBIM IIEPUO-
OIBITHOM Ipynibl yBesnuniack Ha 0,7 % u cocTaBU-  JOM JICUEHUS], OJHAKO CTATHCTUYECKON I0OCTOBEPHO-
na 4,43 + 0,32 xr, Torga Kak B KOHTPOJILHOM IPyMNIle  CTU MOJIYYEHHBIX HU(POBBIX 3HAYCHHUH 3a(hUKCHPO-

obu10 3adukcuposano cHwkenue Ha 0,1 xr (2,4 %). BaHO He OBLIO.
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Puc. 2. lunamuka cpeHel AKUBOW MACChl TeJa MOJONBITHBIX KOIIEK, KI'
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[Ipu mpoBeneHUN yabTPa3BYKOBOTO HMCCIIEA0BA-
HUSL MOYEBOTO My3bIPS Y KOIIEK C WIANOMATHYECKUM
LUCTUTOM, YCTAHOBJICHO, YTO IIPY IEPBUYHOM HCCIIE-
JIOBAaHWH, y KUBOTHBIX BCEX I'PYII MOYEBOH Iy3bIPb
BU3YaJIN3UPOBAIICS, TONOrpaduiIecKoe MOoJI0KEHHE CO-

OTBETCTBOBAJIO aHATOMUYECKUM HOpMaM, OTMEUaIOCh
YTOJIICHHUE CITU3UCTOTO CII0s, AU dhepeHITHAITIS CII0-
€B CTEHKH ObllIa He YeTKOH (puc. 3).

AHaIK3 TOMIIMHBI CTEHKH MOYEBOTO My3bIPs MPE/I-
CTaBJICHA HAa PUCYHKE 4.

Puc. 3. Y3U mouesoro my3sips npu MK
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1-it geHs
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1,83 172

KonTponsHoe H3MepeHHE

#Onerraas rpynma # Kontpoassas rpynma

Puc. 4. TOJ'[HII/IHa CTCHKU MOYCBOTI'0 ITy3bIPs KOMICK HNPU UANONATUYCCKOM HUCTUTE U MOCJIC JICUCHUSA

[Ipu mpoBeneHUN yabTPa3BYKOBOTO HMCCIIEA0BA-
HUSL MOYEBOTO ITy3BIPSl KUBOTHBIX YCTAHOBMJIIH, YTO
TOJILIMHA CTEHKHU MOYEBOIO ITy3bIPsl Y KOILEK OIIBIT-
HOW TIpymIibl B I€Hb OOpAIleHUs! B KIMHHUKY COCTa-

Bmia 4,35 £ 0,34 MM, B KOHTPOJIBHOH Tpynie —
3,72 £ 0,24 MM (ipu HOpME OT 1 1O 2,3 MM B 3aBH-
CUMOCTH OT HAIMOJHEHHOCTH MOYEBOTO MY3BIPS).
'YBeNMYeHNE TONIMHBI CTEHKHA MOYEBOTO ITy3BIPS CBH-
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JIETENbCTBYET O Pa3BUTHH BOCHAIUTEIHLHOTO TpOLIeC-
ca. [Ipu npoBeieHUH OBTOPHOTO M3MEPEHUSI MOYe-
BOTO TY3BIPsI Y KOIIEK (pUC. 5) yCTAaHOBIEHO, YTO BO
BCEX TPyIIax MOYEBOH My3bIPh XOPOLIO BU3YaIH3H-
pyercsi, ObUT pa3HOM CTETIEHH HATOJTHEHHOCTH, SXOTeH-
HOCTb CTCHKH He Obla TTOBBILICHA, U PepeHInaIHs

CJIOEB Y€TKasl, CJIM3UCTBIN CJIIOW HE YTOJIIEH, COJEp-
JKMMOE OHOPOIHOE, XOI'€HHOE, HE COIEPKUT Ocal-
ka. TonmuHa CTEeHKH MOYEBOTO ITy3bIPsl Y )KUBOTHBIX
OTBITHOM TPYIIIBI yMEHbIIMIIACH HAa 57,9 %, cocTaBUB
1,83 + 0,13 MM, y KOIlIEK KOHTPOJIBHOM TPYIIIBI U3MeE-
HeHus coctaBuiu 53,7 % (1,72 = 0,09 mm).

Puc. 5. Y31 mouesoro my3bips nocne jgeueHust MK

Pesynbrars! 0011ero aHain3a MO4U HOAONBITHBIX
KOILEK MpPH NEPBUYHOM HMCCICAOBAHMM TAKXKe Je-
MOHCTPHPOBAJIN U3MEHEHUs, XapaKTepHbIe Ul IIH-
CTUTA. YPOBEHb JICHKOLUTOB y KUBOTHBIX OIBITHOU
rpynmsl coctaBui 5,75 + 2,11 en/m.3., B KOHTPOIb-
HoOM Tpymme 2,62 + 1,45 en/m.3., ypoBeHb Oenka co-
ctaBwi B onbiTHOM rpynme 20,00 = 5,08 1/11, B KOH-
TponbHOU rpynme 13,12 + 3,39 1/n, pH y »kHBOTHBIX
OIIBITHOM TPYMITBI HAXOAMJIOCH B Mpeaenax GU3noo-
TUYECKOU HOPMEI U coctaBmia 5,46 £ 0,83 en, B KoH-

TPOJBHOHN TpyIIie — MpeBbIal pedepeHCcHOe 3Ha-
yeHnue, coctaBuB 7,31 + 0,16 en. KonuuectBo 3pu-
TPOIUTOB B MOYE >KUBOTHBIX OTIBITHOW T'PYIIIBI
cocraBmwiio 106,25 + 35,50 ex/B 1. 3., B KOHTPOJILHOU
36,87 £24,18 en/s 1. 3.

IIpr MUKPOCKOTIMH OcalKa y XKHBOTHBIX O0EHX
rpynn 0OHAPYKEH IIOCKHMA SITUTENNH, SPUTPOIIHUTHI,
€AMHUYHBIC TeUKOIUTHL. [Ipy muTONnornyeckom uccre-
JIOBAaHUHU MOYH BEISIBJICH TUIOCKUH SIUTEIUHN U SAUHIY-
HBIC JICHKOIMTHI (Ta0J1. 2)

Taonuna 2
Pesynemamor 06weco ananuza moyu koutex ¢ FIC
1-e u3amepenue KonrponbHoe usmepenue
IToka3arens Hopwma
OnsITHAS KonTponsHas OmnsITHAS KonTtponsnas
1 2 3 4 5 6

Jetionst, 575+2,11 2,62+ 1,45 1,50 + 0,50 1,00 £ 0,56 0,0—3.,0
en/. 3.

KeTonbl, MMOITB/IT 0,25 +0,25 0,00 £+ 0,00 0,00 = 0,00 0,00 + 0,00 0,0
YpobmmHOoTreH 0,00 £ 0,00 0,00 £+ 0,00 0,00 = 0,00 0,00 £ 0,00 0,0
Bunupyoun 0,62 £ 0,62 0,00 £+ 0,00 0,00 = 0,00 0,00 £ 0,00 0,0
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OxoHuyanue Ta0.J1. 2

1 2 3 4 5 6
Bestok, /1 20,00 + 5,08 13,12 43,39 0,25 +0,25" 2,50 £ 1,33 0,002
Tmoxosa, 2,50 +2,50 0,00 + 0,00 0,00 % 0,00 0,00 % 0,00 0,0
MMOJIB/JI

:;’iff’m’m BOC, 1,018 £ 0,005 1,014 + 0,002 1,021 £ 0,004 1,017+0,001 | 1,020—1,025
OPHTPOIHTI, 106,25 + 35,50 36,87 + 24,18 5,62 +3,19 8,12+ 6,11 0,0
el/11.3.

pH, e 5,46 + 0,83 731+0,16 5,68+ 0,81 6,37+0,12" 5065

" P<0,001 — 110 cpaBHEHHUIO C )KUBOTHBIMU KOHTPOJILHOM IPYIIIIbI

[Ipu mOBTOpHOM HCCIEOBAaHUM MOYU JIUCH-
HBIX KOMICK, OBLJIO YCTAHOBIEHO, YTO KOJIUYECTBO
JICHKOIIUTOB Y KOIIEK OIMBITHOW TPYIIBI CHU3WIOCH
mo 1,50 = 0,50 en/B 1. 3. U B KOHTPOJBHOW TpyIITIe
g0 1,00+ 0,56 en/B m. 3. OTMEUEHO CHUKEHHUE Oell-
Ka B ONBITHOM rpymnne Ha 98,75 % u B KOHTpoJe Ha
80,95 %. DpUTpOIUTHI B MOUE KUBOTHBIX HCIIBITYE-
MBIX TPYIHII [IOCIIE Kypca JICYCHHUs eIlle TPEBBIIIaIH
3HAU€HMs HOPMBI, OZIHAKO CHIDKECHHME JIaHHOT'O II0Ka-
3arens coctaBuio 94,71 % B onbITHOM TpymIe U Ha
77,98 % B KOHTpOJIE. Pe3ynbTaTel MUKpPOCKOIIMH OCa/I-
Ka ¥ LUTOJIOTUH HE BBISIBUIIM OTKJIOHEHUH 0T pede-
PEHCHBIX MTOKa3aTesneil )KUBOTHBIX.

Mopdosnoruueckue mokasaresd KpOBH MOIOIBIT-
HBIX KOILIEK HAXOJWJINCh B IIpezienax (HU3H0I0rMueCcKuX
HOpM (Tabm. 3). OMHAKO CTOUT OTMETHTH HEKOTOPHIE 13-

MEHEHUS: KOJMYECTBO JIEHKOLMTOB Y KOILIEK OMBITHOMN
TpYIIIbI 10 JiedeHust cocTaBuiio 12,31 + 1,73 Teic/MK1,
amociie aeuenus 10,65 £ 0,64 TbIC/MKII — CHUIKEHHE
coctaBmiio 13,48 %, B KOHTPOJIBHOH IpyNIe JaHHBINA
IoKazareinb CHU3WICS Inib Ha 9,46 %. beuio orme-
YEHO CTAaTUCTUYECKU JOCTOBEPHOE CHIDKECHUE KOJU-
YeCTBA IPUTPOIMUTOB Y KUBOTHBIX OMBITHOW TPYyII-
MBI K KOHITY OTbITa Ha 25,76 %, B KOHTpPOJIE CHUXKE-
HHE JAaHHOTO ITOKa3aTesl cocTaBuiio 6,94 %, ogHako
JTAHHOE M3MCHEHHE HE SIBIIAJIOCH CTATUCTUYCCKHU JI0-
CTOBEPHBIM. YPOBEHb S03UHO(UIIOB B OIIBITHOW IPYTI-
Ie B Hayajie omnbita coctaBmi 1,75 £ 0,36 %, K KOH-
Iy ONBITA JAaHHBIA TOKa3aTeNlb CHU3WiICS Ha 7,43 %,
B KOHTPOJIBHOH TPYIIITEe OTMETHIIHN IIPOTHBOIIOIOKHYTO
CUTYAIIHIO: K KOHITY SKCIIEpUMEHTa Y03HHO(PHITBI yBe-
IUarIuch Ha 33,69 %.

Taoauna 3
P€3y]lbmambl 061/{4620 aHaau3a Kposu nOdOI’lblmelx Koutek
1-e u3mepenue KonrponbHoe usmepenue
[MTokazarens Hopma
OnbITHAA KonTponpHas OmnbITHAS Kontponsnas
1 2 3 4 5 6

JlerKonuTeL, 12,31 +1,73 13,22 +134 10,65 + 0,64 11,97 + 0,78 55185
TBIC/MKJI

OpHTPOLHTEL, 7,57 + 0,68 7,92 +0,25 5,62 40,43 7,37+ 0,19 5,3—10,0
MJTH/MKJI

TpomGorus, 4332543289 | 497,25+ 1834 | 422,62+15550 | 471,50 +14,49 | 300,0—630,0
TBIC/MKJI

I'emaroxpur, % 36,87 £ 2,46 36,25+ 1,89 39,00+ 0,70 40,12 £ 1,74 26,0—48,0
T'emorno6uH, 1/11 117,25 £ 8,26 111,25+ 6,17 127,00 + 3,25 124,12 +£ 5,53 80,0—150,0
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Oxonuyanue Ta0J1. 3

1 2 3 4 5 6
Cpen. o0bem
SPHUTPOIUTOB, 47,37 +1,33 46,87 £ 1,38 49,37 £ 0,62 47,75 +1,13 43,0—53,0
MKM3
Cpell. KOHILIEHTP.
reMornoouHa 32,87 £0,58 36,25+ 1,93 32,87 £ 0,44 37,75 £ 0,99 31,0—36,0
B spurpouure, %
Cpen. conepxa-
HHE FEMOTIOONHA | 15 75, () 55 16,87 £ 0,58 15,37 £ 0,46 15,25 +0,25" 14,0-19,0
B DPHUTPOIIMTE,
Ir
Tumdorutsl, % 42,50 + 2,44 31,00 £ 2,48 42,75+ 1,13 36,25+ 1,81 36,0—51,0
CermMeHTos1ED-
Hble HeifTpo- 58,25 + 5,62 51,87 + 6,65 56,62 + 3,53 55,12 +3.22 35,075,0
¢buisl, %
HasotkosAepHbie 2,75+ 0,36 1,50 + 0,56 2,12+ 0,35 1,75+ 0,25 0,030
HeHTpouis, %
Dosunodusy, % 1,75 0,36 1,87 £0,81 1,62 £ 0,32 2,50 + 0,46 0,040
* P <0,05 — 1o CpaBHEHUIO C )KHBOTHBIMH KOHTPOJIBHOU TPYIIITBI
Tabauua 4
Pesynomamol 6UOXUMUYECKO20 AHAIU3A CHIBOPOMKU NOOONBIMHBIX KOULEK
1-e usmepenue KoHTposibHOE U3MepeHue
Iloxkazarens Hopma

OnslITHAA KonTponbnas OnbITHast Kontponbsnas
AJIT, En/n 35,75 +2,52 3525 + 3,663 34,87 + 1,46 4125 +2,47 8,0—60,0
ACT, Ex/n 40,32 £2.91 33,37 + 2,46 41,00 + 1,68 42,75 + 2,40° 12,0—45,0
D, Ex/n 91,75 + 6,86 93,62 + 8,39 90,50 + 3,44 105,37 + 4,86 49,0—90,0
Movuesuna, 9.81+2,34 726+ 121 6,92+ 0,14 4,92 +0,20 5.4—12,1
MMOJIb/JT
Tmoxoza, 4,86+ 021 4,87+ 0,29 4,70+ 0,19 741+024 3,3—6,3
MMOJIB/JT
Kpeari, 142,37 £47,58 | 108,62+ 1844 | 10575+7.26 | 102,87 +533 70,0—165,0
MKMOJIB/JT
OO0mmii 6eoK,
o 73,37 £ 2,69 64,50 £ 1,21 68,37 +0,75 66,12 £ 1,21 54,0—79,0
OO6muit Gumupy-

8,02 +0,53 7,41 +0,42 7,47 +0,42 7,66 + 0,24 2,0—12,0

OMH, MKMOJIB/JI

* P <0,01 — 110 CpaBHEHHUIO C KUBOTHBIMH KOHTPOJIBHOM TPYIIIIBI
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buoxumuueckue mokaszareiau KpoBH, IPEACTaB-
JICHHBIE Ha TAOJHIIE 4, B3STHIE Y TIOOTBITHBIX KOIIIEK,
COOTBETCTBOBAIN (DU3HOIOTUYECKOI HOPMBI IS JaH-
HOTO BHUJIa ¥ BO3PACTHOM TPYIIBI )KUBOTHBIX. OHa-
KO, UMENTUCh HEe3HauuTeNbHble paznuuus. Tak, ypo-
BeHb AJIT y KoIlleK ONMBITHOW TPYIIIBI A0 JICUEHUs
coctaBui 35,75 £2,52 En/n, k KOHIy OINbITA JIaH-
HBIA TTOKa3aTeIh He3HAYUTEIHHO CHU3HIICS M COCTa-
Bun 34,87 + 1,46 En/n, B KOHTPOIBHOHN TpynIe ypo-
BeHb AJIT k KkoHIly omblTa yBenuunics Ha 17,02 %.
Taxke ObUIO OTMEUEHO JOCTOBEPHOE YBEIUUYCHHE
ACT B KOHTpOJIBHOW TpyIllie: B Hayaje OMbITa €ro
ypoBeHb coctaBmi 33,37 +£2,46 Ex/n, kK KOHILY OITbI-
ta 42,75 + 2,40 En/n, usmenenue coctapuio 28,11 %,
B OIBITHOHM T'pyIIe K KOHITy OTBITa OTMETHIIN HE-
3HAYUTEIILHOE YBEIMYEHUE JaHHOIO IOKa3aTels Ha
1,69 %. Br110 0TMEUEHO 3HAYNTEILHOE CHHIKEHHE
YPOBHSI MOYEBUHEI K KOHILY OIIBITA Y )KHBOTHBIX OITBIT-
HOM M KOHTpOJBHOU rpymnm Ha 29,46 % u 32,23 % co-
OTBETCTBEHHO.

3AKJIFOYEHHUE

[To pesynapTaTaM UCCIEJOBAHHA MPUMECHCHUE
npenapara ['adbutade, paspadorannoro OO0 «AIIU-
CAH» (Poccust) mast MENKUX JTOMAITHUX XUBOTHBIX
B CX€Me JIeYeHUS MINOMATHIECKOTO ITUCTHTA KOIIEeK
ob110 3(hhekTnBHBIM. HazHaueHne rabareHTHHA CIIo-
cOOCTBOBAJIO YCKOPEHHIO BBI3ZIOPOBIICHUS JKUBOTHBIX
Ha 61,4 %, B CpaBHEHUHU C KOILIKAMH, HE TIOTyYaBIIU-
Mu nipernapar. Takum o0pa3zom, ['aburadc MoxkeT ObITh
PEKOMEH/IOBaH B KJIMHUYECKON MPAKTHUKE BeTEpPHHAP-
HOTO Bpaya B TPOTOKOJIE JICYCHHUS HIUOTIAaTHIECKOTO
LUCTHUTA KOIIICK.
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GABITABS — A NEW APPROACH TO THE
TREATMENT OF FELINE IDIOPATHIC CYSTITIS

Nikolay Olegovich Kostyanko®, Azamat Khazretovich Shantyz"®, Inna Sergeevna Zholobova“,
Yuriy Andreevich Lysenko®, Evgeniy Yuryevich Marchenko’, Olga Vladislavovna Petrova™

‘Kuban State Agrarian University named after I. T. Trubilin, Krasnodar, Russia
“Apicenna, Moscow, Russia, e-mail: shah_8383@mail.ru™

Abstract. The article presents the results of a study on the clinical efficacy of the drug for veterinary use Gabit-
abs in case of feline idiopathic cystitis. The experiments were carried out in the conditions of the veterinary clin-
ic “Aybolit” (Krasnodar) on the target animal species — cats (n = 16) with an idiopathic cystitis diagnosis. It was
established that the treatment of idiopathic cystitis in cats with the use of the veterinary drug Gabitabs in the treat-
ment regimen at a dosage of 10 mg/kg for 7 days 2 times a day contributed to the recovery of the animals of the
experimental group in 8.75 + 0.90 days versus 14.12 & 0.81 days in the control one, which was by 61.4 % more
effective in favor of the experimental group. When studying the indicators of the urinalysis, a significant decrease
in the protein content in the animals of both groups by the end of the experiment was noted, with an advantage of
17.8 % in favor of the animals that received Gabitabs in the treatment regimen. In the results of ultrasound exam-
ination of the bladder of cats, as well as in the biochemical and hematological blood analysis after the course of
treatment of idiopathic cystitis, there was no statistically significant and diagnostically significant difference among
the animals of the experimental and control groups.

Keywords: cats, idiopathic cystitis, FIC, gabapentin, drug, efficacy, ultrasound, blood biochemistry, blood hema-

tology, urinalysis

One of the most common lower urinary tract pa-
thologies in young domestic cats is feline idiopathic
cystitis (FIC). For a long time, the etiology of FIC was
unknown and therapeutic approaches were based on the
elimination of crystalluria, changes in urine pH and the
use of antibacterial drugs. Subsequently, with a deeper
consideration of the problem, it has been noticed that
the trigger for the development of cystitis is stress. It
has been found that cats with FIC have larger sensory
neurons in their dorsal horns and tend to release more
norepinephrine than normal cats. Cats predisposed to
FCI show desensitization of alpha-2 receptors in the
central nervous system, resulting in less norepineph-
rine inhibition and release of stress hormones into the
body. Such cats are in a constant hyperexcitable state
of fight, escapement or freezing behavior.

Cats with FIC have an abnormality in the glycos-
aminoglycan layer of urothelium, which protects it
from exposure to toxic urine products. The disruption
in the glycosaminoglycan layer is associated with the
release of substance P, one of the main neurotrans-
mitters mediating pain, anxiety and stress. New un-

derstanding of the mechanism of FIC development in
cats has opened up great opportunities for successful
correction of the state through blocking anxiety and
stress response.

We have conducted a clinical approbation of the
drug based on gabapentin in the treatment of cats with
idiopathic cystitis. Gabapentin is widely used in hu-
man medicine as an anticonvulsant in the management
of neuropathic pain in patients. However, at present,
it has already established itself in veterinary medicine
as a drug for the elimination of increased anxiety in
dogs and cats [1—4].

MATERIAL AND METHODS

The study of the efficacy of a drug based on ga-
bapentin (hereinafter referred to as Gabitabs) in case
of feline idiopathic cystitis was conducted from Feb-
ruary to May, 2022 at the veterinary clinic “Aybolit”,
Krasnodar.

According to the principle of paired analogues,
2 groups of domestic cats (control and experimental)
were formed, 8 in each one, with an average weight of
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4.26 £ 0.25 kg, aged from 1 year and 2 mths up to 11
years of age with cystitis symptoms [2, 7].

Anamnesis, urinalysis, ultrasound diagnostics of
the bladder, biochemical and morphological blood
analyses were performed at the initial visit to the vet-
erinarian [5—7]. The animals were re-examined upon
recovery.

Ultrasound examination of the bladder was per-
formed using a Mindray BC-2800Vet apparatus, the
interpretation of the data obtained was consistent with
the literature [8—10].

Urine collection for general analysis was car-
ried out using cystocentesis, the analysis was per-
formed using visual test strips for urine analysis Urip-
olian-11A (Biosensor AN, Russia), the density was de-
termined on the Refractometer RZ-128 (RZ, China),
sediment microscopy and urine cytology were also
performed.

For morphological studies of whole blood, 2.0 ml
vacuum tubes with EDTA-K?2 reagent (MiniMed, Rus-
sia) were used. For biochemical studies of blood se-

rum, 2.0 ml vacuum tubes with a reagent (clot-activa-
tor Si02) (MiniMed, Russia) were used.

Morphological blood analyses were carried out on
an automatic hematological analyzer Mindray DC-T6,
and standard hematological tests accepted in veterinary
diagnostic practice were also used.

Biochemical studies of blood indicators were per-
formed on MNCHIP V2 express analyzer (Tianjin MN-
CHIP Technologies Co., Ltd, China) with a set of disks
for the Pointcare biochemical express analyzer (Tian-
jin MNCHIP Technologies Co., Ltd, China). The ob-
tained data on hematological studies were compared
with the values before the start of animal therapy and
with the reference values for the species [11—13].

All animals participating in the experiment were
kept in apartment conditions without walking. Feed-
ing was 2 times a day, the diet was based on premi-
um industrial dry food, water was in constant free ac-
cess for all animals.

Treatment regimens for the experimental and con-
trol groups are presented in Table 1.

Table 1

Treatment regimen for feline idiopathic cystitis

Group

Therapy

Experimental

Gabitabs 10 mg/kg, 2 t/d, 7 d
KotErvin, orally, 2 ml 2 t/d, 7 d

Control

KotErvin, orally, 2 ml 2 t/d, 7 d
StopStress 2 — Y tab., 2 t/d, 14 d

STUDY RESULTS

Based on clinical examination data, blood and
urine analyses, it has been found that the use of Ga-
bitabs in the treatment regimen for feline idiopathic
cystitis is more effective than similar treatment with-
out its use. It was established that the terms of treat-
ment of idiopathic cystitis in the cats of the control
group were higher than in the experimental group that
received gabapentin (Fig. 1). The time required for
complete recovery of the animals of the experimen-
tal group was 8.75 + 0.90 days, in the control group it
was 14.12 + 0.81 days.

The difference between the groups was statisti-
cally significant (p <0.001) and amounted to 5.37 d
or 61.4 %.

Analyzing the data on the dynamics of the body
weight of experimental cats (Fig. 2), it can be seen that
changes in the body weight of animals during the en-
tire period of testing in the context of groups were in-
significant. When measuring this indicator on day of
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the experiment, the average group body weight of the
cats of the experimental group was 4.40 + 0.34 kg,
in the control — 4.17 £+ 0.34 kg, during the control
weighing it was noted that the body weight of the an-
imals of the experimental group increased by 0.7 %
and amounted to 4.43 £ 0.32 kg, while in the con-
trol group a decrease by 0.1 kg (2.4 %) was record-
ed. These changes in the animals of the control group
may be associated with a longer period of treatment,
but the statistical significance of the obtained numer-
ical values was not recorded.

When conducting an ultrasound examination of the
bladder in cats with idiopathic cystitis, it was found that
during the initial study, in the animals of all groups, the
bladder was visualized, the topographic position cor-
responded to anatomical norms, thickening of the mu-
cous layer was noted, differentiation of the wall layers
was not clear (Fig. 3).

An analysis of the thickness of the bladder wall is
presented in Fig. 4.
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Fig. 2. Dynamics of the average live body weight of experimental cats, kg
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Fig. 3. Ultrasound of the bladder in case of FIC
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Fig. 4. Bladder wall thickness in cats with idiopathic cystitis and after treatment

When conducting an ultrasound examination of the
bladder of animals, it was found that the thickness of
the bladder wall in the cats of the experimental group
on the day of visiting the clinic was 4.35 = 0.34 mm, in
the control group — 3.72 £ 0.24 mm (with a norm from
1 up to 2.3 mm depending on the fullness of the blad-
der). An increase in the thickness of the bladder wall
indicates the development of an inflammatory process.

When re-measuring the bladder in cats (Fig. 5),
it was found that in all groups the bladder was well
visualized, it was of varying degrees of fullness, the
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echogenicity of the wall was not increased, the dif-
ferentiation of the layers was clear, the mucous layer
was not thickened, the contents were homogeneous,
echogenic, did not contain sediment. The bladder wall
thickness in the animals of the experimental group de-
creased by 57.9 %, amounting to 1.83 = 0.13 mm, in
the cats of the control group the changes were 53.7 %
(1.72 £ 0.09 mm).

The results of the urinalysis of experimental cats
at the initial examination also showed changes typ-
ical of cystitis. The level of leukocytes in the an-
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imals of the experimental group was 5.75 £ 2.11
U/v.f. (v. f. — visual field), in the control group —
2.62 £ 1.45 U/v.f,, the protein level in the experimen-
tal group was 20.00 = 5.08 g/L, in the control group —
13.12 £3.39 g/L; pH in the animals of the experimental
group was within the physiological norm and amount-
ed to 5.46 £ 0.83 units, in the control group it exceed-
ed the reference value, amounting to 7.31 £ 0.16 units.

The number of erythrocytes in the urine of the animals
of the experimental group was 106.25 + 35.50 U/v.f,,
in the control group — 36.87 = 24.18 U/v.f. Micro-
scopic examination of the sediment in the animals of
both groups revealed squamous epithelium, erythro-
cytes, single leukocytes. Cytological examination of
urine revealed squamous epithelium and single leu-
kocytes (Table 2)

Fig. 5. Ultrasound of the bladder after FIC treatment

Table 2
Results of a urinalysis of cats with FIC
1st measurement Control measurement
Indicator Norm
Experimental Control Experimental Control
Leukocytes, 575+2.11 2.62 % 1.45 1.50 +0.50 1.00 + 0.56 0.0—3.0
Ut
Ketones, mmol/L 0.25+0.25 0.00 £0.00 0.00 £ 0.00 0.00 £0.00 0.0
Urobilinogen 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00 0.00 +0.00 0.0
Bilirubin 0.62 £0.62 0.00 £ 0.00 0.00 = 0.00 0.00 +0.00 0.0
Protein, g/L 20.00 £ 5.08 13.12+3.39 0.25+0.25" 2.50 +1.33" 0.0—0.2
Glucose, mmol/L 2.50+2.50 0.00 + 0.00 0.00 + 0.00 0.00 +0.00 0.0
:}’ﬁ‘ﬁc gravity, 1.018 + 0.005 1.01440.002 | 1.021+£0.004 | 1.017+0.001 | 1.020—1.025
Erythrocytes,
Unf 106.25 £ 35.50 36.87 £24.18 5.62+£3.19 8.12+6.11 0.0
pH, U 5.46+0.83 7.31+£0.16 5.68 +£0.81 6.37+0.12" 5.0—6.5
" P<0.001 — compared with the animals of the control group
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When re-examining the urine of treated cats, it was
found that the number of leukocytes in the cats of the
experimental group decreased to 1.50 = 0.50 U/v.f. and
in the control group — up to 1.00 £+ 0.56 units/v.f. A
decrease in protein by 98.75 % was noted in the exper-
imental group and in the control group — by 80.95 %.
Erythrocytes in the urine of the animals of the exper-
imental groups after the course of treatment still ex-
ceeded the normal values, however, the decrease in
this indicator was 94.71 % in the experimental group
and by 77.98 % in the control one. The results of sed-
iment microscopy and cytology did not reveal devia-
tions from the reference indicators of animals.

The morphological blood indicators of the experi-
mental cats were within the physiological norms (Ta-
ble 3). However, it is worth noting some changes: the

number of leukocytes in the cats of the experimental
group before treatment was 12.31 + 1.73 ths/uL, and
after treatment — 10.65 + 0.64 ths/pL, the decrease
was 13.48 %, this indicator in the control group de-
creased only by 9.46 %. A statistically significant de-
crease in the number of erythrocytes by 25.76 % in the
animals of the experimental group by the end of the
experiment was noted. In the control one, the decrease
in this indicator was 6.94 %, however, this change was
not statistically significant.

The level of eosinophils in the experimental group
at the beginning of the experiment was 1.75 + 0.36 %,
by the end of the experiment this indicator decreased
by 7.43 %. In the control group, the opposite situation
was noted. By the end of the experiment, eosinophils
increased by 33.69 %.

Table 3
Results of a clinical blood analysis of experimental cats
st measurement Control measurement
Indicator Norm
Experimental Control Experimental Control

Leukocytes, 1231+ 1.73 1322+ 1.34 10.65 + 0.64 11.97+0.78 55—18.5
ths/pL
Erythrocytes, .

7.57 £ 0.68 7.92 £0.25 5.62+£0.43 7.37+0.19 5.3—10.0
mlin/uL
Platelets, ths/uL 433.25+32.89 497.25+18.34 422.62 +15.50 471.50 + 14.49 300.0—630.0
Hematocrit, % 36.87 £2.46 36.25+1.89 39.00 +0.70 40.12+1.74 26.0—48.0
Hemoglobin, g/L 117.25 + 8.26 111.25 £ 6.17 127.00 + 3.25 124.12 £ 5.53 80.0—150.0
Mean corpuscu- | 47 37, 33 46.87 +1.38 49.37 +0.62 47.75+1.13 43.0—53.0
lar volume, pm
Mean corpuscu-
lar hemoglobin 32.87+0.58 36.25+1.93 32.87+0.44 37.75+0.99 31.0—36.0
concentration, %
Mean corpuscu-
lar hemoglobin, 15.75 £0.55 16.87 £0.58 15.37+0.46 15.25+0.25" 14.0—19.0
pg
Lymphocytes, % 42.50+2.44 31.00+2.48 4275+ 1.13 36.25 +1.81 36.0—51.0
Segmented 58.25+5.62 51.87 % 6.65 56.62 +3.53 55.12+3.22 35.0—75.0
neutrophils, %
OS/Otab neutrophils, 275+ 036 1.50 £ 0.56 2124035 1754025 0.0—3.0
Eosinophils, % 1.75+£0.36 1.87 £0.81 1.62+0.32 2.50 +£0.46 0.0—4.0

* P <0.05 — compared with the animals of the control group
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Table 4
Results of a biochemical blood serum analysis of experimental cats
1st measurement Control measurement
Indicator Norm

Experimental Control Experimental Control
ALT, U/L 35.75+£2.52 35.25+£3.663 34.87+1.46 41.25+2.47 8.0—60.0
AST, U/L 40.32+2.91 33.37+£2.46 41.00 = 1.68 42.75 £2.40° 12.0—45.0
ALP, U/L 91.75+6.86 93.62 +8.39 90.50 + 3.44 105.37 £ 4.86 49.0—90.0
Urea, mmol/L 9.81+£234 7.26 £1.21 6.92+0.14 4.92+0.20 5.4—12.1
Glucose, mmol/L 4.86+0.21 4.87+0.29 470+£0.19 7.41+£0.24 33—6.3
Creatinine, 14237+£47.58 | 108.62+ 1844 | 10575+7.26 | 102.87+533 70.0—165.0
umol/L
Total protein, g/L 73.37+£2.69 64.50 + 1.21 68.37+£0.75 66.12+1.21 54.0—79.0
Total bilirubin, 8.02 +0.53 7.41 +0.42 7.47 +0.42 7.66 +0.24 2.0—12.0
umol/L

* P <0.01 — compared with the animals of the control group

The biochemical blood indicators presented in Ta-
ble 4, taken from experimental cats, corresponded to
the physiological norm for this species and age group
of animals. However, there were minor differences.
Thus, the level of ALT in the cats of the experimen-
tal group before treatment was 35.75 + 2.52 U/L, by
the end of the experiment this indicator slightly de-
creased and amounted to 34.87 + 1.46 U/L. In the con-
trol group, the level of ALT by the end of the experi-
ment increased by 17.02 %. A significant increase in
AST was also noted in the control group: at the be-
ginning of the experiment, its level was 33.37 £ 2.46
U/L, by the end of the experiment it was 42.75 = 2.40
U/L, the change was 28.11 %. In the experimental
group, by the end of the experiment, there was not-
ed a slight increase in this indicator by 1.69 %. There
was a significant decrease in the level of urea by the
end of the experiment in the animals of the experi-
mental and control groups by 29.46 % and 32.23 %,
respectively.

CONCLUSION

According to the results of studies, the use of Gab-
itabs, designed by “API-SAN” LLC (Russia) for small
pets in the treatment of feline idiopathic cystitis, was
effective. The administration of gabapentin contributed
to the acceleration of recovery of animals by 61.4 %,
in comparison with the cats that did not receive the
drug. Thus, Gabitabs can be recommended in the clin-
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ical practice of a veterinarian in the protocol for the
treatment of feline idiopathic cystitis.
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AnHoTanus. Llens uccnenoBaHus — U3y4NTh TPOPUIAKTUIECKOE IEHCTBHE MUHEPAIbHO-0EIKOBONH KOPMOBOM
J00aBKM OCTEOMHH IPU AIMMEHTAPHOH 0CTEOAMCTPO(UH IAKTUPYIONIMX KOPOB B 3MMHE-BECEHHUI TIEPHOJI TO/1a.
Jlns nccrnenoBanus ObIII0 OTOOPAHO JBE TPYIIIHI KOPOB B IEPHOA pa3os, o S0 ronos B kaxkaoil. JKUBOTHBIE KOH-
TPOJIBHOM TPYTITEI MOTyYasld KOpMa OCHOBHOTO parpioHa u 100 r MuHepasibHON J00aBKH MOHOKaJIbIHKdochar
B CyTKH. JKMBOTHBIE BTOPOIi IPYIIIbI K OCHOBHOMY PAIMOHY TIOJIy4alli KOPMOBYIO JI00aBKYy OCTEOMHH JIBa pas3a
B CyTKHM B J103€ | T/KI Macchl Tela )HUBOTHOTO. JKHBOTHBIE 00EUX IPYIII pa3 B IECITh CYTOK MapeHTEPaIbHO T0-
JIy4aJiy TIpernapar TeTpamar, CoepKalllnil IpyIiy )KUPpOpacTBOPUMBIX BUTAMUHOB. [IpOIOKUTENBHOCTD OIIBITA
cocraBmiia 60 cyTok. B KoHIIE 9KCIIEpUMEHTA Y dKHUBOTHBIX OIBITHOM IPYIIIbI YBEJINYUIOCH KOJIMUECTBO APUTPO-
uToB Ha 8,8 %, remorioouna — Ha 33,2 %, rematokputa — Ha 5,0 %, cpeaHero oobeMa SPUTPOITUTOB — Ha
6,0 %, cpeaHero coaepKaHusi TeMOTIIOONHA B apuTponute — Ha 15,2 %, obmiero kaneitus — Ha 14,7 %, a ypo-
BeHb Heopranuyeckoro ¢pochopa ymenbmmics — Ha 17,5 %.

Kpowme Toro, Takue rokasareny, Kak raMMa-rioOyJIHMHbI CBIBOPOTKH KPOBH U (harolutapHasi akTHBHOCTh HEUTPO-
(UIIOB y OIBITHBIX KOPOB HAXOIMIIUCh HA CTAOMIILHOM YPOBHE B TEUEHHE BCETO OIIbITA, @ Y KOHTPOJIbHBIX KHUBOT-
HBIX OTMEYAJIOCh UX CHIDKCHHE. YCTAHOBIICHO, YTO y KOPOB OIBITHOM IPYIIIBI YBEIUUUIIACh MOJIOYHASI IPOIYK-
TUBHOCTH Ha 35,0 %, a B MOJIOKE BO3POCIIO KOTMYECTBO OejKa, JKHUpa, CyXrUX BelecTB. TakuM 00pa3om, cucTema-
THYECKOE MCIIOJIb30BaHUE B pallMOHE KOPOB, HaXOJSIIUXCS B CTaJUM MHTCHCHUBHOW JIaKTallUH,
MHUHEPaJIbHO-0CIKOBON J00aBKH OCTEOMHUH, MPOGUITAKTUPYET Pa3BUTHE aTMMEHTAPHOW 0CTEOAUCTPODUH.
KuroueBble cjioBa. AmuMeHTapHas 0CTEONUCTPO(H, TAKTUPYIOIIHNE KOPOBEI, HAPYIIEHHE MHHEPAJIHFHOTO 00Me-
Ha, MUHEpaJIbHO-0eIIKOBast 100aBKa, MOJIOYHAS! ITPOYKTHBHOCTh, OMOXHMHUS KPOBU

CornacHo CBCACHUAM M3 JIMTCPATYPHBIX HCTOY- AKTHBHOI'O MOITMOHA. OZ[HaKO TJIABHOU B IICPBOCTECIICH-

HUKOB, aIAMEHTapHAas 0CTECOAUCTPOPHUS y TaKTHPYIO-
LIMX KOPOB Yallle BCETO Pa3BUBAETCS B IIEPUO HHTEH-
CHBHOI MOJIOKOOTIa4H M OTpakaeTcs Ha Bcex cepax
JKusHenesTenbHoctu [2, 3]. Takoe cocTosHue cyiie-
CTBEHHO YMEHBIIIAET PE3UCTECHTHOCTh OPTaHU3Ma K 3a-
OosieBaHUSIM MH(DEKIIMOHHOTO XapakTepa M CIIoco0-
CTBYET I1OSIBJICHUIO MacCOBBIX CIIy4aeB THHEKOJIOTHYe-
CKOM1 I1aTOJIOTHH Y B3POCIIBIX )KUBOTHBIX X HEM30€KHO
BJICUET 32 COOO0M CHIKEHUE MOJIOYHOH MPOJYKTUBHO-
ctu [6]. B pa3BuTum npudmH 3TOrO0 3a00JI€BaHMS pac-
CMAaTpPUBAIOT COBOKYITHOCTH (DaKTOPOB: HeOIaronpu-
STHBIC YCIIOBHSI OKPYIKAIOIICH CpeJibl, HEYIOBIETBO-
pUTENIbHBIE TapaMeTPbl MUKPOKJIMMATa, OTCYTCTBUE

HOH MPUYMHOM sABIIseTCS TUcOaIaHC MNTATEIbHBIX Be-
IIECTB B pallMOHAX KUBOTHBIX, HECOOIIOICHUE pa3pa-
0OTaHHBIX HOPMATHBOB IMOJIHOLIEHHOTO COATaHCUPO-
BAaHHOTO MUTaHMA. Taxke OONBIIOE 3HAYCHUE UMEET
CTpecc, CBS3aHHBIN C HAPYIIEHHEM TEXHOJIOTHHU COJIep-
YKaHWS, TIEPHOIOM a/IaNTalliH, KOPMIIEHHEM U ap. [5].

Hecmotps Ha [utnTensHOE pa3BUTHE JAHHOTO 3a-
OoneBaHMS U HE BBIPAKEHHOCTh KIMHHYECKUX IPO-
SBJICHUH Ha HAaYaJbHBIX 3TAax Pa3BUTHUS NATOJIOTHH,
ocTeonucTpousl aJMMEHTAPHOTO XapakTepa U CH-
CTEMHOE HapyllleHHe MUHEPaIbHOro OOMEeHa IMpH-
BOJISIT K CYIIECTBEHHOMY CHHIKEHUIO TPOJYKTHBHO-
CTH OOJBHBIX XKMBOTHBIX, JOMOJHUTEIBHBIM TpaTaM
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Ha JICUCHUE, JUTUTSIILHOMY [IEPHOLy BOCCTAHOBJICHUS
" pa3sBUTUIO BTOPHUYHBIX MATOJIOTHYCCKUX SIBIICHUM.
Ucxons u3 atoro, criepyeT ynensTh 0co00oe BHUMA-
HUE CBOEBPEMEHHOU NMpo]HIIaKTHKe HAPYIICHUH MH-
HEpaJILHOTO 00OMEHA C YYETOM BCEX OCHOBHBIX (Dak-
TOpOB pucka [4, 7].

Hcxons u3 aToro pa3paboTka HaydHO 000CHOBAH-
HBIX, 00JIaJaI0IUX KIMHUYECKOH M dKOHOMUYECKOM
3(h(PEKTUBHOCTBIO CPEACTB JICUCHHUS M TPODHUIAKTH-
KH aJTIMEHTapHOH OCTEOMUCTPO(PHNA MOJIOYHBIX KOPOB
SIBIISICTCS] OJJTHOM U3 aKTyaJbHbBIX 3a/1a4 COBPEMEHHOM
BerepuHapuu [11].

Lens uccnemoBaHus: yCOBEPIICHCTBOBAHUE TIPO-
(hUIaKTHIECKIX MEPOTPUITHH TPU aTUMEHTapPHOU
OCTEONUCTPOGUN MOIOYHBIX KOPOB.

B 3angaun uccnemoBaHusi BXOIWIO: U3YYUTH MPO-
(butakTHYECKOE JISHCTBIE MUHEPATLHO-0CITKOBOW KOP-
MOBOH JJOOABKH OCTEOMHMH ITPH AIMMEHTAPHOMN 0CTEO-
TUCTPO(DHH JTAKTUPYIOMINX KOPOB B 3UMHE-BECECHHUI
MIepPHOJ TO/A.

MATEPUAJI U METO/1bI
HUCCJIEJOBAHUSA

OcCTeOMHH NOTYy4aloT IyTeM CMEITUBaHMSI HCXO/I-
HBIX COCTaBJISIFOIIMX : OCHTOHUT, MOHOKaJIbIIUH(ochaT,
MeJI KOPMOBOM, aBTOJIU3AT JIPOIKIKEH.

st uccienoBaHus ObIJIO OTOOPAHO JBE TPYIIIBI
KOpOB B IEpuoj pa31od, o 50 To0B B KaXX10M IpyIIIe.
JlaGoparopHsle HcciaeoBaHus TpoBoawInuch y 10 ro-
JIOB U3 KaXK10# rpymmbl. OOBIT 110 W3y4YeHUIO podu-
JTAKTHYeCcKor 3((heKTUBHOCTH JOOABKH OCTEOMHUH CO-
craBui 60 nHEN.

[lepBas rpymnma Oblia onpeeneHa Kak KOHTPOJIb-
Hasl. JKUBOTHBIE 3TOH IPYMIIBI TOIYYaId TOJIBKO KOpMa
OCHOBHOTO paIllioHa, UCTI0JIb3yeMOro B JAHHOM IpeJi-
npusiTHY, a Taroke 100 T MUHEpaIbHON 100aBKH MOHO-
kanpnuidocdar B cyTku. JKHBOTHBIE BTOPOU TPYIIITHI
K OCHOBHOMY PallMOHY HOJIy4ald KOPMOBYIO 100aB-
Ky OCTEOMHH JIBa pa3a B CYTKH B J103€ | I/KI' Macchl
TeNa KUBOTHOTO.

B xone sxcniepuMeHTalIbHOTO MEePHOo/ia KUBOTHBIE
BUTaMUHU3MPOBAJIKCH MIPENapaToM TeTpamar UMero-
MK B CBOEM COCTaBE PETHHOJI, XOJIeKalbLuepo,
TOKO()EpOJI U HEHACHILIEHHBIC KUPHBIC KMCIOTHI (JIU-
HOJIEBYIO, INHOJICHOBYIO M apaxuA0HOBYI0). Terpamar
MIPUMEHSIIN HHBEKIIMOHHO BHYTPUMBIIIIEUHO OJTUH pa3
KayK/IbIe JIeCATh CYTOK.

B rpynmer 66111 TomoOpaHHbIe 310pPOBBIE JKUBOT-
HBIE, CBOEBPEMEHHO IPOILEALIINE BCE HEOOXOIUMBbIE
BEeTEpHUHApHbIE MeponpusaTua. B Teuenne sxcnepu-
MEHTOB 32 KUBOTHBIMH MPOU3BOIMIOCH CUCTEMATH-
Yyeckoe KIMHUYeckoe HabOmonenue. st oneHku co-

CTOSTHUSI )KHBOTHBIX B HauaJIe SKCIIepUMeHTa 1 Ha 60-¢
CTYKH IPOU3BOIMIH B3STHE KPOBU M MOJIOKA JJIS Jia-
0OOpaTOPHBIX UCCIICIOBAHUM.

MopdodyHKIHOHANTEHBIE TIOKA3aTeId KPOBH OLle-
HUBAJIN Ha TeMaTOJIOTMYE€CKOM BETEPHHAPHOM aHaJIH-
3arope MindrayBC-2800 Vet. [ToacueT reiikorpaMMel,
MocJe MpeABapUTEIbLHON OKpacku Ma3koB 1o Ilanen-
revimy [1], mpoBOAMIM ITyTEM MHUKPOCKOITUYECKH 00-
HICTTPUHATBHIME CIIOCOOAMH.

[Tpu olieHKEe OMOXUMHYECKHUX TTapaMeTPOB CHIBO-
POTKH KPOBH B Ka4€CTBE MapKEPOB UCITOIB30BAIN KO-
JMYECTBEHHOE OIpeesieHne oouiero Oenka, Mo4eBHU-
HBbI, KPEaTHHUHA, OOIIEr0 KaJIbLHsl, HEOPTaHUYECKOTO
docdopa, TITIOKO3bI; aAKTUBHOCTH aMUHOTpaHChepas:
acmapratamuHoTpaHcdepassl (AcAT) U anaHuHaMu-
HoTpanchepassl (ATAT). OnpeneneHue KoMM4ecTBEeH-
HBIX 3HAUCHHI 3asBJICHHBIX TApaMETPOB IIPOU3BOJIH-
JIM Ha aBTOMAaTH4E€CKOM OMOXMMHMYECKOM aHaJIM3aTo-
pe Mindray BS-380 (KHP).

Onpenenenne GppakIHOHHOTO COCTaBa CHIBOPO-
TOYHBIX 0€JIKOB (0-, B- U Y-TIIOOYIMHOB, aTbOYMHUHOB)
MIPOU3BOAMIIN C UCTIONB30BaHUEeM HedmmomeTpuu [ 10]
Ha C® Omroopar-02 ABJIO-T (Poccwms).

B kauecTBe KpuTEepHst OLICHKH AKTUBHOCTH HECTIE-
IU(PHUUIECKON PEe3UCTECHTHOCTH OpPraHU3Ma HUCIOJIb30-
BaU (paroUTapHyI0 aKTHBHOCTb HEUTPOPHIIOB KPO-
BU [8]. MonouHyt0 NMPOAYyKTUBHOCTH MOJOMBITHBIX
JKUBOTHBIX YYHMTBIBAJIN MO PE3YJIbTaTaM KOHTPOJIBHBIX
3aMepOB MOJIOKA HE PEXE OTHOTO pa3a B Mecsil. B Mo-
JIOKE OLICHUBAJIOCH KOJIMYECTBEHHOE COJECPIKaHUE Cy-
XOro BellecTBa, Oenka u xupa. VccnenoBanus mpo-
BOJMJIMCH Ha aBTOMAaTHYECKOM aHAJIM3aToOpe MOJIOKA
Milkoscan Minor (Foss, Jlanus).

Craructudeckas 00paboTka MOITy4YEeHHBIX CBejIe-
HUH, IPOU3BOAMIACH HA [IEPCOHAIBHOM KOMIIBIOTE-
pe mpu oMoty npunokenus: Microsoft Office Excel
2010 ¢ ucnonb3oBaHUEM CTAaHAAPTHBIX METOJOB Ba-
PUALMOHHON CTAaTUCTUKU. /LISl OLIEHKU JOCTOBEPHO-
CTH npuMeHsuics Kkpurepuit CteionenTa [9].

PE3YJBTATBI UCCJIIEJOBAHUSA

Komrnekc nmpuymH, B pe3ynnbTare KOTOPhIX pa3BH-
BaeTCs OCTEOUCTPOPHUECKOE COCTOSIHUE, CKIIa (bIBA-
eTCs U3 JAe(PUIIMTA KOMIUIEKCa MUHEPATBHBIX, OIIKO-
BBIX U BUTAMUHHBIX KOMIIOHEHTOB B PAIIMOHE KUBOT-
HBIX. IMEIOT 3HaYeHNe TeXHOIOTUIECKIE HapyIIIeHNS,
CTPECCOBBIE COCTOSHHS, CE30H rofia U T. A. Mcxons u3
paHee MPOBENICHHBIX HCCIEAOBAHUI M3BECTHO, YTO
OCTEOUCTPOPUS AITUMEHTAPHOTO MPOUCXOKICHUS
Y MOJIOYHBIX KOPOB HAUOOJIEE OCTPO MPOSIBIIAETCS B I1e-
pUO MHTEHCHBHOM JIAKTAITUH, YTO CBS3aHO C CUCTEMa-
THYECKOH TIOTEPEH OPTaHN3MOM KHUBOTHBIX psia OMO-
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THUYECKUX IEMEHTOB U ITACTHYSCKUX COCTABJISFOLIIX
B pe3yabTare 00pa3oBaHUs MOJIOKA.

[Ipu popmupoBaHNH HEOOXOAMMBIX YCIOBHA IS
MTPOBEICHHS HAYYHOTO OTIBITa YYUTHIBAIACH COBOKYTI-
HOCTh (PaKTOPOB, MPUBOASIIUX K HAPYIICHUIO MUHE-
paibHOro oOMeHa. MIHTeHCHBHOCTh MUHEPAJIbHOTO
oOMeHa CYIIECTBEHHO 3aBUCHUT OT JIOJITOTHI JIHS U T10-
9TOMY Hallle BCETO pa3BUTHE AIWMEHTapHOH 0CTeo-
nucTpodur mproOpeTaeT MaCCOBBIN XapakTep B 3UM-
He-BECEHHUM nepuof rona. s oLeHKH U3MEHEeHU!

B XOJI€ 3KCIIEPUMEHTA YYUThIBAIU MOPPODYHKIHO-
HaJIbHBIE ¥ OMOXMMHUYECKUE ITOKA3aTeNId KPOBH, NMe-
IOIIHME 3HAUYCHHE B PA3BUTUH HAPYIICHUS MUHEPAIb-
HOTO OOMeHa.

Pe3ynbTarsl HCCIETOBAHUS MPEICTABICHBI B TA0-
nune. B pesynaprare NpoBEIEHHBIX UCCIEIOBAaHUN
OBLJIO YCTAHOBJICHO, YTO B KOJMYECTBEHHOM BhIpa-
skeHnn Mop(hodyHKITHOHATBHBIC TTOKa3aTeTH KPOBU
y JKMBOTHBIX OIBITHOW IPYMITbl ObLIM OOJbINE KOH-
TPOJIbHBIX 3HAUCHHHU.

Taoauna 1
Jlunamuxa nokazamerneti Kposu u monoka kopog (M £ m; n = 10)
I'pynmbt
[Tokazarenu DOHOBBIEC 3HAUCHUS
KonTponeHas OmnbITHAS
1 2 3 4
MopdodhyHKIIHOHATBHBIC TOKA3aTEIA KPOBU
Dpurpouutsl, 10'%/1 6,1 +£0,23 5,7+0,27 6,2+0,36"
I'emonoOuH, /11 93,6 £1,59 80,6 £ 5,60 1074 £ 6,67
Cpeaitii 0Gbem oputpo- 48,3 +0,76 48,1 + 0,87 51,0+0,71°
UTOB, (I
Cpennee conepkanue
reMOrIO0ONHA B DPUTPO- 14,8 + 0,16 13,1 +£0,65 15,1 +0,03
LUTE, T
I'emaroxpur, % 29,4+ 0,93 27,9+ 1,14 32,9+ 1,84
Tpom6oruter, 10°/1 382,8 + 35,46 408,7 + 34,41 500,3 +19,27"
arouTapHas AKTHBHOCTS 20,45+ 1,1 27,05 + 1,98 29,32 42,54
HeTpoduios, %
BruoxuMuuecKue nokasaresidi KpoBu
OO6mmit 6eroxk, /11 78,3 £1,50 75,4 +1,20 79,8 £1,32
OOmmit KaJbIUiA, MMOJIB/TI 2,45+0,012 224 +0,12 2,57 £0,045"
Heopranuueciuit gocpop, 2,15+ 0,45 2,40 + 0,070 1,98 +0,174°
MMOJTB/JT
ACT, En/n 103,5+ 5,45 101,9 +£2,48 98,9 + 2,46
AJIT, En/n 30,1 +£1,99 29,9 +£2.01 31,3 +2,67
AnpOymMuHBL, % 38,41 +£2,15 39,01 £2,01 38,84 +£ 2,04
o-ro0ymuHbI, % 15,13+ 1,16 15,12 +£2,53 14,83 £ 1,56
B-ro0Oymnunsl, % 12,15+ 1,57 12,81 +0, 33 12,49 £ 0,43
y-T100yIIuHBI, % 38,99 +£ 2,15 28,36 + 1,66 37,14+ 1,10
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Oxonuyanmue Ta0.1. 1

1 2

3 4

Monounas MPOAYKTUBHOCTL U OHMOXMMHUECKHUE [TOKa3aTelId MOJIOKA

IpoyKTHBHOCTB, KT 10,7 £0,05 10,3 £0,836 13,9+ 0,53
Kup, % 3,64+ 0,63 3,49 +0,53 3,69+0,19
Bestok, % 3.36+0,16 3,39+0,12 3,53+ 0,06
Cyxue BemiecTBa, % 12,75 £0,48 12,80 = 0,32 12,88 £ 0,78

*P<0,05
" P<0,01 B cpaBHEHHH C KOHTPOJIBHOU TPYIIION

B nawane ombiTa B 00eux TpyImmax KOJMYECTBO
SPUTPOIUTOB COOTBETCTBOBAIO (PU3HUOIIOTHUCCKUM
HopMmaM u coctasmiio 6,1 = 0,23 10'%/n. B mporecce
OINBITA OTMEYAETCSl YCTOWYMBOE CHIDKEHHUE MTOKa3aTe-
JICH B TPYIIe KOHTPOJIBHBIX JKUBOTHBIX OTHOCHTEIb-
HO OTBITHBIX 3HaYeHM. K KOHITy OTTbITa pa3HHIa B KO-
JITYECTBE KPACHBIX KJIIETOK KPOBH B TPYIIIIE OMBITHBIX
YKUBOTHBIX K ITOKA3aTeJIsIM KOHTPOJILHOM TPYTIIIBI PaB-
Ha 8,8 % (P < 0,05). IIpn 3TOM KOTMUECTBO IPUTPOLIH-
TOB OCTABaJIOCh B Ipe/iesiax (GU3HOIOTHUSCKON HOPMBI.

YpoBeHb reMOrIoOnHa B KPOBH B Ha4aJe UCCIIe-
JIOBAaHUS BO BCEX TPyMITax ObUT OIM30K K MHHAMAJb-
HO¥ TpaHuIle HOpMEL. B miporiecce HaOMOIeHHUS OTMe-
4aJIOCh CHU)KEHUE YPOBHSI 3TOTO ITapamMeTpa y )KUBOT-
HBIX B KOHTPOJILHOM TpyIie. 3HaUYeHHE TeMOTIOONHA
B KOHIIE OITbITa B ONBITHOM IPYIIIE YBEIHIMIOCH OTHO-
CUTEIHPHO UCXOMHBIX 3HaueHui Ha 14,7 % (P < 0,05),
B KOHTPOJIHOM TPYIITIE TaHHBIH ITOKa3aTeh UMeI TeH-
JICHIIMIO K CHI)KEHUIO. B uTore pasHuIia Mex 1y 3Haue-
HUSIMU TEMOTTIOONHA KOHTPOJIBHOU U OIMBITHOM IpyTI-
nioit cocraBmina 33,2 % (P < 0,01) B momb3y BTOPOH.

Bonblioe 3HaueHHE UMEIOT 3PUTPOIIMTAPHBIC HH-
JIEKCHI, OHH OTPakaroT GYHKIIMOHAIEHOE B3aUMOICH-
CTBHE 3PUTPOIIUTOB, KaK OTJEIBHBIX KIETOK, C COJEP-
YKaHMEeM TreMorIo0uHa B KpoBu. OHUM U3 Haubosee
MH(OPMATUBHBIX CUUTACTCS CPEIHEE COJICPIKAHUE I'e-
MOTJIOOHMHA B 3PUTPOLIUTE U CPEIHUI 00BEM SPUTPOITH-
Ta. B Hauase sKkcepuMeHTa CpeTHuil 00beM IPUTPO-
LIMTOB Y )KHBOTHBIX 00EUX I'PYTIIT HAXOUIICS B PAMKax
pedepeHCHBIX 3HAUYeHHWH. Y JKUBOTHBIX B KOHTPOJb-
HO¥ I'pyTIie K KOHILY OIbITa O0Ka3aTeilb He UMEIT BhI-
PaKE€HHBIX OTKJIOHEHUH.

Hanpotus, y >KMBOTHBIX OIBITHOW I'PYIIbBI JaH-
HBIM TTOKa3aTesib B KOHIIE OIbITa yBenuuuics. B pe-
3yAabTaTe CPEIHHUA 00BEM SPUTPOLIUTOB OBLT OOJIBIIE
KOHTPOJIbHBIX MTOKa3aTenei B koHIe onbiTa Ha 6,0 %
(P <0,05). Cpennee copepikaHue reMOIrIO0MHA B DPH-

TPOLIMTE B HadaJle OMNbITa HAXOAMUJIOCHh B Mpeaenax
¢dusnonornueckrux 3HadeHui. B KoHIE dKcIIepuMeH-
TaJbHON pabOTHl B KOHTPOJIBHON TpyIIe ITOT MOKa-
3arenb UMell TEHACHIUIO K YMEHBIICHHIO, a B OIIBIT-
HOU TpyTIIe IPOU30IIUIO €0 HE3HAUUTEIBHOE yBEIHYE-
Hue. B utore onbITHBIE 3HaUEHUS JAHHOTO ITapamMeTpa
OBLIM BBIIIE, YEM Y )KUBOTHBIX B KOHTPOJIBHOU IpyTI-
e Ha 15,2 %.

I'emaroxpuTHAs BEMMYMHA B HAYaJIe OMbITa B 00enX
rpynmnax Oblia HUKe MUHAMaJIbHBIX 3HAY€HUH HOPMBI.
B mponecce onblta B KOHTPOJIBHOW TpyMIe MPOU30-
IIJIO HECYIIECTBEHHOE CHUYKEHHE JJAHHOTO IT0Ka3aTe-
Jis1. B ONBITHOI IpyIie KOpOB reMaTOKpUTHAs BEJIU-
YHHA K KOHILY OMBITHOTO TIEpHo/ia UMeja TEHACHITUIO
K yBeNM4eHHIO. [10 OTHOIIEHHIO K TTOKA3aTeNsIM KOH-
TPOJIBHOM IpyHIibl oTinuust coctaBuin S % (P < 0,05).

BHrauane skcniepuMeHTa coaepkanue TpoMOOLH-
TOB B KPOBH HaXOJIWJIOCH B ITPEZETax IOMyCTUMBIX I'pa-
Hu1l. B xozie ombITa B 00eHx rpymmnax mpucyTCTBOBA-
J1a TeHJSHIMS K YBEITMYEHHUIO KOJIMYECTBA KPOBSIHBIX
IUTACTUHOK, C BBIPA)KEHHBIM IIPUOPUTETOM B TpYTIIE
OIBITHBIX JKMBOTHBIX. B KOHIIE DKCIIEpUMEHTAIBHO-
O MepHojia KOJIMYECTBO TPOMOOIIMTOB ObUIO OOJbIIe
B OIBITHOM TPyIIE MO CPaBHEHUIO ¢ KOHTPOJIbHBIMU
3rHageHusIMu Ha 22,4 % (P < 0,05), a 0 OTHOIICHUIO
K oy — Ha 30,6 % (P < 0,05).

Amnanm3 riokazaresneii 6eoi KpoBH O3BOJHIT yCTa-
HOBUTb OTCYTCTBHE BBIPAQ)KCHHBIX M3MEHEHHMH, CBs-
3aHHBIX C MCIOJIBb30BaHUEM KOpMOBOH 00aBku. Ko-
JIMYECTBO JICHKOIMTOB BApbUPOBAJIO B 00EHX TPyMIax
B mpejienax Hopmsl (7,5—8,2*10%/m). B mokazaresnsix
JeKouuTapHOH (OPMYNbI U3MEHEHUI He OBIIO BBI-
SIBJICHO.

[Tpu onieHKe pe3yapTaToB OMOXUMHYECKUX MOKa3a-
TeNel ChIBOPOTKH KPOBH OBIJIO YCTAHOBIIEHO, YTO YPO-
BeHb 001Iero Oeyika B TEUEHUE BCEro HKCIIEPUMEHTA
HaXOJWJICS B JOIYCTHUMBIX I'paHulax. B rpymmne koH-
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TPOJIBHBIX KOPOB IOKa3aTelu OeJika B KOHIIE OIIbITa He
HUMEJIM CYLIECTBEHHBIX U3MEHEHUH. Y KOPOB B OIbIT-
HOW T'pyTIIe B KOHIIE YKCTIEPIMEHTAIBHOTO IIWKJIa 3HA-
yeHus Oellka ObUIH OOJIbINIe TIOKa3arenell KOHTPOIb-
HBIX JKUBOTHBIX Ha 5,8 %.

[Tpu orieHKe METa0OIUTOB OEIKOBOTO 0OMEHa, Ta-
KHX KaK MOYCBHHA U KPEATUHUH, HE YOBLJIO OTMEUCHO
3HAYUMBIX U3MeHeHnH. Takke He OBITO YCTaHOBICHO
3HAYMMBIX M3MEHEHUI TpU OIEHKE TWHAMUKH TITFO-
KO3BI CHIBOPOTKH KpOBH. JlaHHBIN MOKa3aTellb Baph-
MpOBaJ Ha YPOBHE CPEJHUX HOPMATHBHBIX 3HAYCHUN
B mpejenax 3,39—3,98 mmonb/.

B xome uccnemoBaHust ObUTH yCTAHOBJICHBI BBI-
paXeHHBbIe M3MEHEHHUs TOKa3aTelel, XapaKkTepu3y-
romux GpochopHO-KaIbIeBsli 0OMeH. KoHieHnTpa-
st oOIIero KajubIUs B CHIBOPOTKE KPOBU B Hayale
OmbITa OBLI B MpejesiaX CPEAHUX 3HAYCHUH HOPMBI
(2,45 £ 0,012 mmounb/i1), TOrAa KaK mokasaresin ¢oc-
(dhopa mpeBbIIaId BEPXHUE HOPMATHBHbBIC T'PAHHUIIBI
(2,15 + 0,45 mmoms/m). B utore cootHOImeHue ¢oc-
(hopa u kanbms coctasmwio 1/1,14 mpu onTuMaNbHBIX
3Ha4eHUsAX — 1/1,5, 9TO TOBOPUT O COCTOSTHHH, OJIH3-
KOM K HapyIIICHUI OOMEHA BEIIECTB.

K koHIly OmbiTa B KOHTPOJBHOU T'PYIIIE COACP-
JKaHHE O0IEro KajbIMsl OKa3aJl0Ch HECKOJIBKO HUKE
MUHUMAJIbHBIX TPaHHIl HOPMBL. B OMBITHO#H rpyme,
Ha00O0pOT, OTMEYANIaCh YCTOMYNBAs JMHAMHUKA POCTa
rokasaressi. B urore y KOpoB B OIBITHOM I'pyTIIIE 10-
Kazareu OOIIEro KaJibliusl ObLIH OOJIbIIe 3HAYCHUMN
KOHTPOJIBbHBIX aHanoros —Ha 14,7 % (P < 0,05) u Ha-
XOIIMJTACH B TIpezieniaX (PU3MOIIOTUIECKUX MTPEIENOB.

Konrnenrparms Heopranmdeckoro gochopa B kpo-
BH K KOHILY OIIbITa B 00€UX rpyIiax uMena 00paTHyIo
quHAMUKy. Uepes JBa Mecsla 3KCIepUMEHTaIbHO-
IO MEePHUOja B ONBITHOMN IPYIIIE MPOUCXOAUT CHUKE-
HUE IaHHOT'O ITOKa3aTeisi OTHOCUTEIBHO M3HAYaIbHbBIX
3HAUEHUM, B KOHTPOJILHOH %Ke IPyIIe 0TMEYAIOCh €T0
yBenundenne. [Ipu 5ToM pa3nuuus B 3HAUCHUSIX Y KH-
BOTHBIX KOHTPOJIBHOHM W OIBITHOHM T'PYII COCTaBHIIN
17,5 % (P < 0,05). Cnemyetr OTMETUTH, UTO MTOKa3aTe-
T YPOBHSI HEOpraHuueckoro ¢pocdopa y KHUBOTHBIX
OIBITHOM TPYIIITbI B KOHIIE SKCICPUMEHTAJILHOTO T1e-
pHoZa HaxOMWIICS Ha OTMETKaX MaKCHMAaJbHOH Tpa-
HUIIBI HOPMBL.

[Tony4yeHHbIE TUHAMUYECKHE M3MEHEHUS IOKa-
3aTelneil KOHIEHTpauK Kaiblus v pocdopa B KpOBH
OTPa3HIUCh HA KO3 PUIIMEHTaX Kaibluidi Gochop-
HOI'O OTHOUIEHUS. B KOHIIE OIbITa JUIsl KOHTPOJIbHON
rpymibl oHO cocTaBmito 1/0,93, 9To KpUTHYECKN HUKE
3HAYCHUH HOPMBI, a JIJIsi KOPOB OIBITHON TPYTIITBI —
1/1,4, uTo ONM3KO K CPEHUM 3HAYCHUSM pedepeHc-
HOTO TOKa3aTeJs.

IIpu orieHKe coCTOSTHUS (DEPMEHTHBIX CHCTEM ObITa
yCTaHOBJIEHA CIIe/ytolas KapTuHa. M3Ha4anpHO B 00e-
UX TPYIIax perucTpupoBajach BHICOKast AaKTHBHOCTD
AcAT (103,5 + 5,45 En/n) 1, COOTBETCTBEHHO, BBICO-
kuii koadunmeHt ne Putuca (3,4), 4To BeCbMa Xapak-
TEPHO IJIsl HApYIICHUS IITOCTHOCTH KapAHOMHOIH-
TOB Yy KOpOB Ha (DOHE MHTEHCUBHOM JTakTanyu. B xoHIe
9KCIIEPUMEHTA U3MEHEHUH Y )KUBOTHBIX KOHTPOJIBHOM
TPYIIB! He OBLIO BBISIBJICHO, a B TPYIITIE OMBITHBIX K1~
BOTHBIX OTMEYAETCsl HE3HAYUTEILHOE CHU)KEHHE T10-
Ka3areJs [0 OTHOIIEHUIO K KOHTPOJIbHBIM U ()OHOBBIM
3HaYeHUAM. Takum 00pa3oM, MCIIOIB30BaHIE OCTEO-
MHHA OTIOCPEIOBAHHO CO3/1a€T YCIOBHUS JIJIS YITydllie-
HUSI KauecTBa (PYHKIIMOHUPOBAHMS CEPACYHON MBIII-
upl. HecMoTpst Ha TO, 4TO B JaHHOM CJIy4ae OTCYT-
CTBYET CTAaTHCTHYECKas! IOCTOBEPHOCTh M3MEHEHUH,
aHaJOTHYHAs KapTWHA HaOJroganach B MOCIEI0Ba-
TEBHOCTH HECKOIBKHX IKCIIEPUMEHTAITFHBIX IIUKIIOB.

AHanu3 cOOTHONICHUs (PPaKIuili CHIBOPOTOUYHOTO
OeJKa ImoKa3aJ, YTo OHH B IIPOIIECCE BCEX CEPHIA OTIbI-
Ta UMEJHM B3aMMO3aBHCHUMbIE U3MEHEHHs. Pazmmuus
MEXJy 3HAYCHUSMH Y KOPOB KOHTPOJBHOW U OMBIT-
HOW TpyI OBUIH HECYIIECTBEHHBIMH, 38 MCKITIOYSHH-
€M HECKOJIbKHX CITyJaeB.

VYpoBeHb aJIbOyMHUHOB B 00eHX rpymmax Obul Ha
YpOBHE pedepeHCHBIX 3HAYEHUH U KoJeOasics B mpe-
nenax 38,41 £2,15—39,15 + 2,16 %. YposeHs Oeta-
TIOOYJIMHOB OCTABAJICA B TIpeesiaX (PU3NOIOTHIECKON
HOPMBI, HO IMEJT TEH/ICHITUIO K YBEJTMUEHHUIO. Y UNUTHI-
Basi CTaOMIIBHOCTh TEHACHIINHN 110 PSTy APYTHUX TOKA-
3arenieil B JaHHOM CIy4ae CJIOXKHO 3al0I03PUTh pas-
BUTHE NIATOJIOTHUECKOM peakuuu. JlanHoe N3MEHEeHue,
BEPOSATHO, CBS3aHO C aKTHBAIMEH CHHTE3a TPAHCIIOPT-
HBIX OCJIKOB B KJIETKaX TeueHH Ha (hoHe MeTabomu-
YECKUX M3MEHEHUH. AJb(a-TiioOyiInHbI, Kak OelKn
ocTpoii (ha3pl BOCHANCHHS, OCTABAINCh PaBHO3HAY-
HBIMH B 00CHX TpyINax W BapbHUpPOBAJIH B Mpeesiax
14,93 £1,25—15,13 + 1,16 %.

Haunboisee mokasarenbHbIMHU OBIIIN U3MEHEHUS TS
y-T100yTMHOB. B Hagae ormbITa X MPOIICHTHAS OIS
M3 BCEX CHIBOPOTOYHBIX OEJNIKOB COCTaBWIIM B KOH-
TposbHOH rpynne 35,2 + 3,15 %, a B rpymnmne omnbIT-
HBbIX KopoB — 37,4 + 2,25 %. B koHIle SKCIIepUMEH-
Ta y )KMBOTHBIX B KOHTPOJILHOM TpyMIie MOKa3areib
UMeIl TEHJICHIIMIO K CHU)KEHHIO, Y KUBOTHBIX OIBIT-
HOW TPYIITBI OTMEYAJIOCh HE3HAYUTEIFHOE TTOBBIIIIE-
HHUE JIaHHOTO Tapamerpa. Takum o0pa3oMm, Impenmy-
[IECTBEHHO, 32 CUET CHIKCHMS JaHHOTO MOKA3aTes
B TPYIIIE KOHTPOJIbHBIX KUBOTHBIX, Y OIBITHBIX aHa-
JIOTOB JI0J1s1 Y-TII00Y IMHOB cTasia Oonbie Ha 8,78 %.

benku xpoBU U3 Kiacca Y-IIIOOYJHHOB SIBIISFOT-
Cs1 OCHOBHBIMHU T'YMOPaJIbHBIMU (DaKTOpaMu, KOTOpPBIS
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00eCIeunBaroT CeU()PUISCKYHO Pe3UCTEHTHOCTh Op-
raHu3Ma KUBOTHBIX. VICXO[s U3 3TOro, UCIOJIb30Ba-
HHE YKCIIEPUMECHTAIBHON MUHEPAITbHO-0ETKOBOM 10-
0aBKH CITIOCOOCTBYET COXpaHEHHIO (hpaKIuul y-Ti1o0y-
JMHOB Ha CTa0MIIEHOMY YPOBHE.

Jlyist olleHKU MpO(HIIAKTUYECKOTO BIUSHUS HC-
MOJIb3yeMO# JT0OABKM Ha CTATyC HECHEIU(PUUICSCKOTO
MMMYHHTETA B Ka9€CTBE OIEHOYHOTO KPHUTEPHS HC-
TTOJTH30BAJTH TTOKA3aTeIH aKTUBHOCTH (ParoIurosa Hel-
TpoduioB. B Hauane uccienoBanus B 00€UX rpymnmax
JKUBOTHBIX (parorurapHas akTHBHOCTh HEUTPO(DUIIOB
coctaBuna 29,5 £ 1,15 %. Uepes nBa mecsiia dKcme-
PUMEHTAJIBHOTO IEPHO/Ia B KOHTPOJILHOU IPYIIIIE IPO-
M30MII0 CHIDKEHNE HEe3HAYMTEIhHOE JAaHHOTO IMOKa-
3aress, TOT/a KaK B TPYIIIEe OMBITHBIX JKHBOTHBIX HE
OBLIIO YCTAHOBJICHO BHIPAYKEHHBIX U3MEHEHUH. B nto-
re, B KOHIIC OMbITa (ParoruTapHas akTHBHOCTh HEHTPO-
(bUIIOB y JKUBOTHBIX YIOTPEOJISBIINX JI00aBKY OCTEO-
MHH ObIJ1a OOJIBIIE, YeM Y KOHTPOJIBHBIX aHATIOTOB Ha
2,3 %. Takum 006pa3zoM, NCTIOTH30BAHNE HKCTICPUMEH-
TaJBHOTO CPEJICTBA OITOCPETOBAHHO OKA3hIBAET CTA0H-
JTU3UPYIOIIEe BIUSHIE HA (haroluTapHy aKTUBHOCTh
HEHTPO(DUIOB KPOBH.

[IpodunakTuyeckoe UCIIOIb30BaAHUE MUHEPAIIb-
HOHM J00aBKH OCTECOMHH B PAI[MOHE JIAKTHPYHOIIMX
KOpOB B pe3yJbTaTe COXPaHEHHUS TOMEOCTaTHIECKOTO
COCTOSIHHS )KUBOTHBIX B TIEPEXOIHBIN CE30H rojia Mo-
JOXKHUTEIBHO OTPA3UIOCH M Ha TPOIYKTHBHOCTHU HKH-
BOTHBIX. B Hauasie 3KkCriepuMeHTaILHOTO [IEPUO/Ia IPO-
JTYKTUBHOCTH XHUBOTHBIX cocTaBimsuia 10,7 = 0,05 xr
MOJIOKa B CYTKH. B KOHIIE SKCTIEepUMEHTAIFHOTO Tie-
pHO/Ia TTOKa3aTel MPOAYKTHBHOCTH Y YKUBOTHBIX KOH-
TPOJBHOM TPYIIIBI HECKOJIBKO CHU3WIMCH IO OTHO-
LICHHUIO K UCXOJHBIM 3HaYeHHsIM. Torja Kak B rpyrie
OTBITHBIX KHBOTHBIX, OTMEYAJIOCh YBEIUYCHHUE TIO-
KasareJist 110 OTHOIIeHHIO K GoHy Ha 3,2 kr (32,3 %,
P <0,01), a mo oTHOIIEHUIO K 3HAYCHUSIM KOHTPOJIb-
HBIX )KUBOTHBIX — Ha 3,6 kT (35,0 %, P <0,01).

BenenctBue olieHKM Ka4eCTBEHHBIX COCTAaBIISIO-
IIMX MOJIOKA OBIIO YCTAHOBJICHO, YTO B HAYaJIC YKCIIC-
PUMEHTAJILHOTO TIepUO/ia YPOBCHB OEJIKa, JKUpPa U Cy-
XHMX BEIIECTB B Moyioke coctaBui 3,36 + 0,057 %,
3,64+ 0,63 % u 12,75 £ 0,28 %. B koHIe omnbiTa co-
JepKaHWe TaHHBIX MMapaMeTPOB B MOJIOKE Y YKHBOT-
HBIX B OIIBITHOMW TPYIITIE TAHHBIN TOKA3aTellb ObLT He-
CYIIECTBEHHO BBIIIE KOHTPOJIbHBIX U (POHOBBIX 3HAYE-
Huil. HecMoTps Ha TO, UTO U3MEHEHMS Kau€CTBEHHBIX
IoKa3aTesieil MOJIOKa He MMEH CTaTHCTUYECKH 3Ha-
YUMOTO XapakTepa, OHH YCTOHYMBO PHUCYTCTBOBAIN
JUTSL BCEX OI[CHMBAEMBIX TIOKa3aTeNeH.

[To pe3ynbraTam HCCIIEOBaHMS CTAJIO BO3MOXK-
HO OIICHUTH MPOPUIAKTUUCCKYIO 3PPEKTUBHOCTD

UCIOJIb30BAHNUS OCTEOMUHA. YUHTHIBAsl, YTO OLCH-
Ky KJIMHUYECKOH KapTHHBI HE BCErJa BO3MOXKHO BbI-
PasuTh B TOUHBIX 3HAYCHUSX, AJIsl ONPEIEICHUs PO-
¢dunakTryeckoro dpQexra ObUIM UCIIONB30BaHBI Jia-
OGopaTopHBbIE ITOKa3aTeNH, M0 OTKIIOHEHUSAM KOTOPBIX
ObUIN PaH)KUPOBAHBI 3I0POBBIE U OOJIbHBIE JKUBOTHbIE
B rpynnax. B nrore, 3a0oneBaeMocTh Ha KOHEI] OIIbI-
Ta B Tpymnne KoHTpois cocraBuia 50 %, B ONBITHOU
rpynne — 7,5 %.

3AKJTIOYEHUE

W3 nanHOTO MCCIeI0BaHNS BUAHO, YTO BHECEHUE
B PaIlOH JIAKTUPYIOIIIUX KOPOB MUHEPAITLHO-0SITKOBOH
J00aBKH A1l NPOPUIAKTUKY HapyeHus GpochopHO-
KaJIbLMEBOr0 OOMEHA B TEUEHHUE LIECTUAECITH THEN
CIOCOOCTBYET YIYUIIEHHIO KOJMYECTBEHHBIX M Kaue-
CTBEHHBIX IMOKa3arelieil, XapaKTeprU3y X COCTOs-
HHE KPACHOM KPOBH, CBSI3aHHOE C aKTHBALIUEH MpoIiec-
COB KpOBETBOpEHUs. B 4acTHOCTH, ITOKa3areneii reMo-
100MHa, FeMaTOKPUTHOM BETMYMHBI X KAYECTBEHHBIX
W3MEHEHUM B OpUTPOLIUTAX.

Taxkxe MOXHO 3aCBHJIETEIHCTBOBATh COXpaHe-
HUE YCTOWYUBOTO CONEPKAHUS Y-TIIOOYINHOB B CHI-
BOPOTKE KPOBU M (parolUTapHON aKTUBHOCTH HEW-
TPO(UIOB, YTO B COBOKYITHOCTH OTPaKaeT OIOCPEI0-
BaHHBIM XapaKkTep MeXaHU3Ma JIeHCTBUS, CBI3aHHBIHI
C yNny4llIeHHEM TMHIIeBAPUTEFHON (QyHKIINH, MTOBBI-
IMEHUEM KadeCTBa YCBOCHHUA NHUTATCIBHBIX U MHUHEC-
pabHBIX BEMIECTB, HOpMaJH3aueid oOMeHa BEeIeCTB,
oborareHreM panuoHa OelKaMu, TPUPOAHBIMHU Ma-
KPO- U MUKPO3JIEMEHTaMU. JTO e Ka4eCTBO CIIOCO0-
CTBYET CYyIIECTBEHHOMY YIyUYLICHHIO NTapaMeTpOB,
orpaxkaromux (GochopHO-KaIbIMeBblii 0OMEH U COo-
XpaHEHHWIO TIOCTOSHCTBA MeTabonm3Ma Ha (U3NO0II0-
rugeckoM ypoBHe. OnTuMu3anus MeTadoIrmdecKoro
cTaryca MOJIOTBITHBIX YKUBOTHBIX TTPUBOJIUT K YBEIIH-
YEHHUIO CyTOYHBIX HaJOEB MOJIOKA, TOBBIIICHUIO YPOB-
Hs MOJIOYHOTO XUpa, 6CHK3 " CyXHX BCUICCTB. B xon-
TPOJIBHOW TpyMIe, B KOTOPOl B Ka4eCTBE CpPEACTBa
MUHEpaTN3alii K PAlMOHY HCIIOIB30BaJICH TOIBKO
MOHOKaIbIIn(ochaT 1 mapeHTepaIbHOe BBEACHUE
JKUPOPACTBOPUMBIX BUTAMHHOB, OTMEUAJIOCh TIOSIB-
JICHHE U TIOCTIeayIolIee HapacTaHue IPU3HAKOB Hapy-
IICHUST MUHEpaJIBbHOTO 0OMeHa. Takum o0paszom, pe-
T'yJSIPHOE BBEICHUE B PALlMOH JIAKTUPYIOIIHUX KOPOB
MHHEPaTbHO-0CIKOBOM H00aBKM OCTECOMHH, MPOQH-
JAKTUPYET Pa3BUTHE aTUMEHTApPHOW OCTEOIHUCTPO-
(UM Ce30HHOTO XapakTepa.
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OSTEODYSTROPHY IN LACTATING COWS

Aleksey Vladimirovich Savinkov’, Elena Igorevna Lapteva™,
Elena Mikhaylovna Nagovitsina®, Ivan Denisovich Puzikov"

*Samara State Agrarian University, Kinel, Russia
“Samara State Medical University of the Ministry of Health of the Russia,
Samara, Russia, e-mail: e.i.lapteva@samsmu.ru™

Abstract. The aim of the research was to study the preventive effect of the mineral and protein feed additive os-
teomin in case of alimentary osteodystrophy of lactating cows in the winter-spring period of the year. For the
study, two groups of cows were selected during the milking period, 50 animals in each. The animals of the con-
trol group received the basic diet and 100 g of the mineral additive monocalcium phosphate per day. The animals
of the second group received the feed additive osteomin twice a day at a dose of 1 g/kg body weight in addition
to the basic diet. The animals of both groups parenterally received Tetramag containing a group of fat-soluble vi-
tamins every ten days. The duration of the experiment was 60 days. At the end of the experiment in the animals
of the experimental group, the number of erythrocytes increased by 8.8 %, hemoglobin — by 33.2 %, hemato-
crit — by 5.0 %, the mean corpuscular volume — by 6.0 %, the mean corpuscular hemoglobin — by 15.2 %, to-
tal calcium — by 14.7 %, and the level of inorganic phosphorus decreased by 17.5 %.

In addition, such indicators as blood serum gamma globulins and neutrophil phagocytic activity in experimental
cows were at a stable level throughout the experiment, while they decreased in the control animals. It was found
that the cows of the experimental group increased their milk productivity by 35.0 %, and the amount of protein,
fat and dry matter in milk increased. Thus, the systematic use of the mineral and protein additive osteomin in the
diet of cows at the stage of intensive lactation prevents the development of alimentary osteodystrophy.
Keywords: alimentary osteodystrophy, lactating cows, mineral metabolism disorder, mineral and protein addi-

tive, milk productivity, blood biochemistry

According to the information from literary sourc-
es, alimentary osteodystrophy in lactating cows most
often develops during the period of intensive milk flow
and affects all spheres of life [2, 3]. This state signifi-
cantly reduces the body’s resistance to infectious dis-
eases and contributes to the emergence of mass cas-
es of gynecological pathology in adult animals and
inevitably leads to a decrease in milk production [6].
When this disease develops, a combination of factors
is considered as the causes: unfavorable environmen-
tal conditions, unsatisfactory microclimate parameters,
lack of active movement. However, the main and pri-
mary reason is the imbalance of nutrients in the diets
of animals, non-compliance with the developed stan-
dards for a complete and balanced diet. The stress as-
sociated with the violation of the keeping technology,
the period of adaptation, feeding, etc. is also of great
importance [5].

Despite the long development of this disease and
the lack of clinical manifestations severity at the initial
stages of the pathology development, alimentary osteo-
dystrophy and systemic disturbance of mineral metab-
olism lead to a significant decrease in the productivity
of sick animals, additional expenses for treatment, a
long recovery period and the development of second-
ary pathological phenomena. Based on this, special
attention should be paid to the timely prevention of
mineral metabolism disorders, taking into account all
the main risk factors [4, 7]. Based on this, the devel-
opment of evidence-based, clinically and economical-
ly effective means of treating and preventing alimen-
tary osteodystrophy of dairy cows is one of the urgent
tasks of modern veterinary medicine [11].

The aim of the research is the improvement of
preventive measures in case of alimentary osteodys-
trophy of dairy cows.
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The objectives of the research were to study the
preventive effect of the mineral and protein feed addi-
tive osteomin in case of alimentary osteodystrophy of
lactating cows in the winter-spring period of the year.

MATERIAL AND METHODS

Osteomin is obtained by mixing the initial com-
ponents: bentonite, monocalcium phosphate, fodder
chalk, yeast autolysate.

For the study, two groups of cows were selected
during the milking period, 50 animals in each group.
Laboratory studies were carried out on 10 animals from
each group. The experiment of studying the prophylac-
tic efficacy of the additive osteomin continued 60 days.

The first group was defined as the control group.
The animals of this group received only the feed of the
main diet used at this enterprise, as well as 100 g of
the mineral additive monocalcium phosphate per day.
The animals of the second group received the feed ad-
ditive osteomin to the main diet twice a day at a dose
of 1 g/kg of body weight of the animal.

During the experimental period, the animals were
vitaminized with the drug tetramag, which contains ret-
inol, cholecalciferol, tocopherol and unsaturated fatty
acids (linoleic, linolenic and arachidonic). Tetramag
was administered intramuscularly once every ten days.

The groups were formed from healthy animals,
timely passed all the necessary veterinary measures.
During the experiments, the animals were subjected to
systematic clinical observation. To assess the state of
the animals at the beginning of the experiment and on
day 60, blood and milk were taken for laboratory stud-
ies. Morphofunctional blood indicators were evaluat-
ed on a hematological veterinary analyzer Mindray-
BC-2800 Vet. The counting of the leukogram, after
preliminary staining of smears according to Papen-
heim [1], was carried out microscopically with con-
ventional methods. When assessing the biochemical
blood serum indicators, quantitative determination of
total protein, urea, creatinine, total calcium, inorganic
phosphorus and glucose were used as markers; activ-
ity of aminotransferases: aspartate aminotransferase
(AST) and alanine aminotransferase (ALT). The de-
termination of the quantitative values of the declared
parameters was carried out on an automatic biochem-
ical analyzer Mindray BS-380 (PRC).

Fractional composition of serum proteins (a-, -
and y-globulins, albumins) was determined using ne-
phylometry [10] on SF Fluorat-02 ABLF-T (Russia).

The neutrophil phagocytic activity was used as a
criterion for assessing the activity of nonspecific re-
sistance of the organism [8].
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The milk productivity of experimental animals was
taken into account according to the results of control
measurements of milk at least once a month. In milk,
the quantitative content of dry matter, protein and fat
was evaluated. The studies were carried out on an au-
tomatic milk analyzer Milkoscan Minor (Foss, Den-
mark).

Statistical processing of the obtained information
was carried out on a personal computer using the Mi-
crosoft Office Excel 2010 application and standard
methods of variation statistics. To assess the reliabili-
ty, Student’s t-test was used [9].

STUDY RESULTS

The complex of causes, as a result of which the
osteodystrophic state develops, consists of a deficien-
cy of a complex of mineral, protein and vitamin com-
ponents in the diet of animals. Technological distur-
bances, stress states, the season of the year, etc. matter.
Based on previous studies, it is known that osteodys-
trophy of alimentary origin in dairy cows is most acute
during the period of intensive lactation, which is asso-
ciated with the systematic loss of a number of biotic
elements and plastic components by the body of ani-
mals as a result of milk formation.

When forming the necessary conditions for con-
ducting a scientific experiment, a combination of fac-
tors leading to a violation of mineral metabolism was
taken into account. The intensity of mineral metabo-
lism significantly depends on the length of the day, and
therefore, most often the development of alimentary os-
teodystrophy becomes widespread in the winter-spring
period of the year. To assess changes during the exper-
iment, morphofunctional and biochemical blood indi-
cators, which are important in the development of min-
eral metabolism disorders, were taken into account.

The results of the study are presented in Table 1.
As aresult of the studies, it was found that in quanti-
tative terms, the morphological and functional blood
indicators in the animals of the experimental group
were higher than the control values.

At the beginning of the experiment in both groups,
the number of erythrocytes corresponded to physiolog-
ical norms and amounted to 6.1 £ 0.23 10'%/L. During
the experiment, there was a steady decrease in indica-
tors in the group of control animals relative to the ex-
perimental values. By the end of the experiment, the
difference in the number of erythrocytes in the group
of experimental animals compared to the control group
was 8.8 % (P < 0.05). At the same time, the number
of erythrocytes remained within the physiological
norm.
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Table 1
Dynamics of blood and milk indicators of cows (M £m; n = 10)
Groups
Indicators Baseline values
Control Experimental
Morphofunctional blood indicators
Erythrocytes, 10'%/L 6.1+0.23 57+0.27 6.2 +0.36"
Hemoglobin, g/L 93.6+1.59 80.6 +5.60 107.4 + 6.67"
E’Ieaﬂ corpuscular volume, 483+0.76 48.1+0.87 51.0+0.71"
ggg?nfg“““lar hemo- 14.8+0.16 13.1+£0.65 15.1+0.03
Hematocrit, % 29.4 +£0.93 279+ 1.14 32.9+1.84"
Platelets, 10°/L 382.8 £35.46 408.7 +34.41 500.3 £19.27"
Neutrophil phagocytic 2945+ 1.1 27.05+ 1.98 2932 +2.54
activity, %
Biochemical blood indicators
Total protein, g/L 78.3+1.50 75.4+1.20 79.8 +1.32
Total calcium, mmol/L 2.45+0.012 2.24+0.12 2.57 £0.045"
Eﬁfﬁ‘ﬁic phosphorus, 2154045 2.40+0.070 1.98 +0.174"
AST, U/L 103.5+5.45 101.9 +2.48 98.9+£2.46
ALT, U/L 30.1£1.99 29.9+2.01 31.3+2.67
Albumins, % 38.41+£2.15 39.01 £2.01 38.84 £2.04
a-globulins, % 1513+ 1.16 15.12+2.53 14.83 £ 1.56
B-globulins, % 12.15+1.57 12.81+0.33 12.49 £0.43
v-globulins, % 38.99 +2.15 28.36 + 1.66 37.14+1.10
Milk productivity and biochemical indicators of milk

Productivity, kg 10.7 £ 0.05 10.3 +0.836 13.9+0.53"
Fat, % 3.64+0.63 3.49+0.53 3.69+0.19
Protein, % 3.36+0.16 3.39+0.12 3.53+0.06
Dry matter, % 12.75 +0.48 12.80 +0.32 12.88 +0.78

*P<0.05

" P <0.01 in comparison with the control group

72

Bulletin of Veterinary Pharmacology « No. 1 (22) « 2023



Preventive efficacy of the mineral and protein additive osteomin in case of alimentary osteodystrophy in lactating cows

The level of hemoglobin in the blood at the begin-
ning of the study in all groups was close to the min-
imum limit of normal. During the observation, a de-
crease in the level of this parameter in the animals of
the control group was noted. The hemoglobin val-
ue at the end of the experiment in the experimental
group increased relative to the initial values by 14.7 %
(P < 0.05), in the control group this indicator tended to
decrease. As aresult, the difference between the values
of hemoglobin in the control and experimental groups
was 33.2 % (P < 0.01) in favor of the second group.

Erythrocyte indices are of great importance, they
reflect the functional interaction of erythrocytes, as in-
dividual cells, with the blood content of hemoglobin.
One of the most informative is the mean corpuscular
hemoglobin and the mean corpuscular volume. At the
beginning of the experiment, the mean corpuscular
volume in animals of both groups was within the ref-
erence values. In the animals in the control group, the
indicator had no pronounced deviations by the end of
the experiment. On the contrary, in the animals of the
experimental group, this indicator increased at the end
of the experiment. As a result, the mean corpuscular
volume was by 6.0 % more than the control values at
the end of the experiment (P < 0.05). The mean cor-
puscular hemoglobin at the beginning of the experi-
ment was within the physiological range. At the end of
the experimental work in the control group, this indica-
tor tended to decrease, and in the experimental group
it slightly increased. As a result, the experimental val-
ues of this parameter were higher by 15.2 % than in
the animals of the control group.

The hematocrit value at the beginning of the ex-
periment in both groups was below the minimum nor-
mal values. During the experiment in the control group
there was an insignificant decrease in this indicator. In
the experimental group of cows, the hematocrit value
tended to increase by the end of the experimental pe-
riod. In relation to the indicators of the control group,
the differences were 5 % (P < 0.05).

At the beginning of the experiment, the blood con-
tent of platelets was within acceptable limits. During
the experiment in both groups there was a tendency
to increase the number of platelets, with a pronounced
priority in the group of experimental animals. At the
end of the experimental period, the number of platelets
in the experimental group was by 22.4 % (P < 0.05)
higher, compared to the control values, and by 30.6 %
(P <0.05) in relation to the baseline values.

The analysis of white blood indicators made it pos-
sible to establish the absence of pronounced changes
associated with the use of the feed additive. The num-
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ber of leukocytes varied in both groups within the nor-
mal range (7.5—8.2*10°/L). The changes were not de-
tected in the leukocyte formula indicators.

When evaluating the results of biochemical blood
serum indicators, it was found that the level of total
protein during the entire experiment was within accept-
able limits. In the group of control cows, protein indi-
cators at the end of the experiment did not have signif-
icant changes. In the cows of the experimental group
at the end of the experimental cycle, the protein values
were higher by 5.8 % than those of the control animals.

When evaluating metabolites of protein metabo-
lism, such as urea and creatinine, no significant changes
were noted. No significant changes were found when
assessing the blood serum dynamics of glucose. This
indicator varied at the level of mean standard values
within 3.39—3.98 mmol/L.

In the course of the study, pronounced changes in
indicators characterizing phosphorus-calcium metabo-
lism were established. The blood serum concentration
of'total calcium at the beginning of the experiment was
within the mean normal values (2.45 = 0.012 mmol/L),
while the phosphorus values exceeded the upper stan-
dard limits (2.15 £ 0.45 mmol/L). As a result, the cal-
cium-phosphorus ratio was 1/1.14, while the optimal
values were 1/1.5, which indicated a state close to met-
abolic disorders.

By the end of the experiment in the control group,
the content of total calcium was slightly below the min-
imum limits of the norm. In the experimental group, on
the contrary, there was a steady increase in the indica-
tor. As a result, in the cows in the experimental group,
the indicators of total calcium were higher than the val-
ues of the control analogues — by 14.7 % (P < 0.05)
and were within the physiological limits.

The blood concentration of inorganic phosphorus
by the end of the experiment in both groups had a re-
verse trend. Two months after the experimental peri-
od in the experimental group, this indicator decreased
relative to the initial values, while in the control group,
its increase was noted. At the same time, the differenc-
es in the values in the animals of the control and ex-
perimental groups amounted to 17.5 % (P < 0.05). It
should be noted that the level of inorganic phospho-
rus in the animals of the experimental group at the end
of the experimental period was at the maximum lim-
it of the norm.

The obtained dynamic changes in the indicators
of the blood concentration of calcium and phosphorus
were reflected in the coefficients of the calcium-phos-
phorus ratio. At the end of the experiment, it was 1/0.93
for the control group, which was critically below the
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norm, and for the cows of the experimental group —
1/1.4, which was close to the mean values of the ref-
erence indicator.

When assessing the state of enzyme systems, the
following picture was established. Initially, high AST
activity (103.5 + 5.45 U/L) and a high de Ritis ratio
(3.4) were recorded in both groups, which was very
typical of violation of the integrity of cardiomyocytes
in cows against the background of intensive lactation.
At the end of the experiment, no changes were detect-
ed in the animals of the control group, and in the group
of experimental animals there was a slight decrease in
the indicator in relation to the control and baseline val-
ues. Thus, the use of osteomin indirectly creates con-
ditions for improving the quality of the heart muscle
functioning. Despite the fact that in this case there is
no statistical significance of changes, a similar pat-
tern was observed in the sequence of several experi-
mental cycles.

The analysis of the ratio of serum protein fractions
showed that they had interdependent changes during
all series of experiments. Differences between the val-
ues in the cows of the control and experimental groups
were not significant, with the exception of a few cases.

The level of albumins in both groups was at
the level of reference values and fluctuated within
38.41 +2.15—39.15 £ 2.16 %. The level of beta-glob-
ulins remained within the physiological norm, but tend-
ed to increase. Considering the stability of trends in a
number of other indicators, in this case it is difficult
to suspect the pathological reaction development. This
change is probably associated with the activation of
the synthesis of transport proteins in liver cells against
the background of metabolic changes. Alpha globu-
lins, as proteins of the acute phase of inflammation,
remained equivalent in both groups and varied within
14.93 £ 1.25—15.13 £ 1.16 %.

The most significant were the changes for y-glob-
ulins. At the beginning of the experiment, their per-
centage of all serum proteins was 35.2 £ 3.15 % in the
control group, and 37.4 = 2.25 % in the group of ex-
perimental cows. At the end of the experiment in the
animals in the control group, the indicator tended to de-
crease, in the animals of the experimental group there
was a slight increase in this parameter. Thus, mainly
due to a decrease in this indicator in the group of con-
trol animals, in the experimental analogues, the pro-
portion of y-globulins increased by 8.78 %.

Blood proteins from the class of y-globulins are
the main humoral factors that provide the specific re-
sistance of the animal organism. Based on this, the use
of an experimental mineral and protein additive con-
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tributes to the preservation of the y-globulin fraction
at a stable level.

To assess the preventive effect of the additive used
on the status of nonspecific immunity, indicators of
the activity of neutrophil phagocytosis were used as
an evaluation criterion. At the beginning of the study
in both groups of animals, the phagocytic activity of
neutrophils was 29.5 £ 1.15 %. Two months after the
experimental period, a slight decrease in this indica-
tor occurred in the control group, while no pronounced
changes were found in the group of experimental ani-
mals. As a result, at the end of the experiment, neutro-
phil phagocytic activity in the animals that were given
the additive osteomin was by 2.3 % higher than in the
control analogues. Thus, the use of an experimental
means indirectly has a stabilizing effect on the phago-
cytic activity of blood neutrophils.

The prophylactic use of the mineral additive os-
teomin in the diet of lactating cows, as a result of main-
taining the homeostatic state of animals in the transi-
tional season of the year, had a positive effect on the
productivity of animals. At the beginning of the ex-
perimental period, the productivity of the animals was
10.7 = 0.05 kg of milk per day. At the end of the ex-
perimental period, the productivity indicators in the
animals of the control group slightly decreased in re-
lation to the initial values. Whereas in the group of
experimental animals there was an increase in the in-
dex in relation to the baseline one by 3.2 kg (32.3 %,
P <0.01), and in relation to the values of control ani-
mals — by 3.6 kg (35.0 %, P <0.01).

As aresult of assessing the quality components of
milk, it was found that at the beginning of the exper-
imental period, the level of protein, fat and dry mat-
ter in milk was 3.36 = 0.057 %, 3.64 £ 0.63 % and
12.75 £ 0.28 %. At the end of the experiment, the con-
tent of these parameters in the milk of the animals in the
experimental group, this indicator was slightly higher
than the control and baseline values. Despite the fact
that changes in the quality indicators of milk were not
statistically significant, they were consistently present
for all assessed indicators.

According to the results of the study, it became pos-
sible to evaluate the prophylactic efficacy of the use of
osteomin. Taking into account that the assessment of
the clinical picture is not always possible to express
in exact values, laboratory indicators were used to de-
termine the prophylactic effect, and healthy and sick
animals in groups were ranked according to the devi-
ations of them. As a result, at the end of the experi-
ment, the incidence in the control group was 50 %, in
the experimental group — 7.5 %.
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CONCLUSION

From this study, it can be seen that the introduction of
the mineral and protein feed additive into the diet of lac-
tating cows to prevent violations of the phosphorus-cal-
cium metabolism for sixty days improves the quantita-
tive and qualitative indicators characterizing the state of
red blood associated with the activation of hematopoietic
processes. In particular, indicators of hemoglobin, hema-
tocrit value and qualitative changes in erythrocytes. It is
also possible to speak about the preservation of a stable
content of y-globulins in the blood serum and neutrophil
phagocytic activity, which together reflects the indirect
nature of the mechanism of action associated with im-
proving the digestive function, improving the assimila-
tion quality of nutrients and minerals, normalizing me-
tabolism, enriching the diet with proteins, natural mac-
ro- and micronutrients. The same quality contributes to
a significant improvement in the parameters reflecting
the phosphorus-calcium metabolism and maintaining
the constancy of metabolism at the physiological lev-
el. Optimization of the metabolic status of experimen-
tal animals leads to an increase in daily milk yield, an
increase in the level of milk fat, protein and dry matter.
In the control group, in which only monocalcium phos-
phate and parenteral administration of fat-soluble vita-
mins were used as a mineralization agent for the diet, the
appearance and subsequent increase in signs of mineral
metabolism disorders were noted. Thus, the regular in-
troduction of the mineral and protein additive osteomin
into the diet of lactating cows prevents the development
of alimentary osteodystrophy of a seasonal nature.
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TEPAIIEBTUYECKASA DOPPEKTUBHOCTD
I'EHTABU®EPOHA-b TP MACTUTE Y KOPOB

Bacuimna Anexcanaposna I'pumiox™, I'annna AnaronbeBHa BocTtpounsioa,
JInaus BanepbeBna Yecknnosa, Buranunii UBanoBny 3MMHHKOB

Bcepoccuiickuti nayuno-ucciedosamenbekutl 6emepuHapHulil UHCIUmMym namaosocull,
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AHHoTanusl. B HacTosmee BpeMst IMMyHOTepaIisi HHTephepOHaMU UCTIONB3YETCsl MPU PA3IMYHbIX 3a00IeBa-
HUSIX. MHOTOYHMCICHHBIMH OTIBITAMH YCTaHOBJICHO, YTO IPH NPUMEHEHNH HIMMYHOTPOTIHBIX CPEJICTB TTOBBIIIACT-
cs1 9 EKTUBHOCTD ATHOTPOITHOTO JICYEHHUSI MACTUTA M aHTUMHUKPOOHBIX TpenaparoB. L{esbio 1anHOrO Hecneno-
BaHMs ObUTO ompereneHne >pHEeKTHBHOCTH KOMIUIEKCHOTO penapara ['enradbnugepon-b, Bimoyaroniero reHra-
MUIIVH ¥ peKOMOMHAHTHBIC HHTEP(EPOHBI, IPH TEPAITMH MAaCTUTA Y KOPOB. B kadecTBe KOHTPOIBLHOTO Ipenapara
JUI UHBEKIUH MCIONb30BaNM FeHTaMUIMH 4 %. Pe3ynbraTsl MpOBENIEHHBIX HCCIENOBAHUNA CBHIAETEIBCTBYIOT
0 TOM, 4TO TOCJIE JICYCHHS B 00EHX IPyMIax B Mpodax MOJIOKA CHHKACTCS CTEIICHb MUKPOOHOH KOHTaMUHALIUH
1 KOJIMYECTBO COMAaTHYECKUX KJICTOK JI0 HOPMAaTHBHBIX 3HaUeHUH. OTHAKO Y JKHBOTHBIX, KOTOPBIM BBOAMIN [ eH-
Tabugepor-b aTn M3MeHeHns Hocnim OoJjiee BEIpaKeHHBIN Xapakrep. Tepanesruueckas 3(dexrnBHoCTh [eHTA-
6ugepona-b mpu cyOkIMHUUECKOM MacTUTE ObliIa BBINIE Mpenapara CpaBHEHHS 1 cocTaBmia 95,5 %, a npu ka-
TapaigbHoM — 91,1 % mpu CHIDKEHNHM KpaTHOCTH BBEICHUS mpernapara. [loBblmenne TepaneBTuaecKoi s dex-
TUBHOCTH TIpu npuMeHeHnH [enrabudepona-b cBsi3aHO ¢ HamuumeMm B Tpemnapare MHTEP(EPOHOB, KOTOpPHIE
YCHIIMBAIOT aHTUMHUKPOOHOE JIEHCTBHE TeHTaMHUIINHA, YBEITMUNBAIOT aKTHBHOCTh MMMYHHBIX KJIETOK U CHIKAIOT

BOCITAJIUTCIIBHYIO PCAKIIUIO B MOJIOYHOM Keese.

KuroueBble ciioBa: mactut, [ enTadbnudepon-b, rearamuiing, Tepaneriuyeckas 3(p(HEeKTHBHOCTh, KOPOBBI

BBEJAEHUWE

MacTuT y KOpOoB SIBJIIETCS. OCHOBHOW NMPUYMHOU
SKOHOMHYECKHX MOTEPh B MOJOYHOM CKOTOBOJICTBE
BO BceM mupe [6]. He 3aBuCHMO OT TeueHUs MacTH-
Ta (CKPBITHIN WIIH KIIMHUYECKHU BRIPAKEHHBIN ) TPAYH-
HOM €ro pa3BUTHS SIBIISIOTCS MATOT€HHAS M YCIOBHO-
natoreHHasi MUKpoduiopa. Cpenu rpaMIoI0KUTEb-
HBIX MUKPOOPTaHH3MOB HanOoJee pacipoCTPaHSHBI
Staph. aureus, Streptococcus uber, Streptococcus dys-
galactiae, Streptococcus agalactiae, koaryma3oHeraTus-
HBIA CTa(IIIOKOKK, a CpPeAr TPaMOTPHUIIATEbHBIX —
Escherichia coli, Enterobacter spp., Proteus vulgaris,
Pseudomonas aeruginosa u npyrue [8, 11, 14, 15]. 1o
ATOM MPUYMHE OCHOBHBIM METOIOM JICUCHHSI MACTHUTA
y KOpOB SIBJIsIETCS TapeHTepaIbHOE U (UITH) HHTpAIH-
CTepHAJIbHOE BBEACHNE aHTHOAKTEPUAJIbHBIX CPEICTB.

B nacTositiiee BpemMsi MHOTHE y4Y€HBIE CUHTAIOT,
YTO HEOOXOIMM KOMIUIEKCHBIM TOAXOA K W3YyYEHHUIO

MEXaHHU3MOB Pa3BUTHSA BOCHAIUTEIBHOTO Mpolecca
B MOJIOYHOH ’kejie3e. B 4acTHOCTH, HE CTOUT HEJO-
OIIEHMBAaTh B3aUMOCBSI3b JIOKAIBHBIX (DAKTOPOB 3aIlH-
Tl BEIMEHA 1 UMMYHHOU CUCTEMBI OPTaHU3Ma, U IIPU
co3nanuu Oonee 3(h(PEeKTUBHBIX MpermapaToB CIeayeT
YUHUTBIBATH IMMYHOJIOTHUYECKHE aCTIEKThI TaTOreHe3a
MacTHUTa y KOpPOB.

PesynbrarTs! HCNbITaHUH, IPOBEACHHBIX PAHEE [10-
Ka3aJiy, 9TO IPUMEHEHUE OOJIHHBIM MaCTUTOM JIaKTH-
PYIOIIUM KOPOBaM OJHOTO HMMYHOCTUMYJIATOPA, SIB-
nsiercst Mano3ddexruBHpIM. [lanbHeHIMMEU uccie-
JOBAaHHUSIMU OBLIO JOKA3aHO, YTO IPH UCTIOIB30BAHUH
KOMIUIEKCHOM Tepanui, BKJIIOYAroIell HMMYHOTPOTI-
HBIE CPENICTBA U AHTUMHKPOOHBIE MpenapaThl, yAaeT-
sl TOBBICUTH 3(PPEKTUBHOCTH MPOBOANMBIX JIEIEOHBIX
MepotpusaTuii [3, 4].

WnTepdeponsl npeacTaBisioT co00H Ki1ace Iu-
KOIIPOTEMHOB, CBOMCTBA KOTOPBIX BKJIIOYAIOT MPOTH-

© TI'pumrok B. A., Bocrpounona I'. A., Yeckunona JI. B., 3umanxos B. 1., 2023
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BOBHPYCHOE, UMMYHOMOIYJIHPYIOIEe U aHTUIIPOJIH-
(eparuBHoe nefictBue. CriocodHOCTH HHTEP(DEPOHOB
JIOKaJIbHO MOJYJIMPOBATh Pa3INYHbIC BUAbI AKTUBHO-
CTH UIMMYHHBIX KJICTOK MOXKET 00€CIIeUUTh HECTICLH-
(uyuecKyro 3alUTy OT IIUPOKOTO CHEKTpa OpraHus3-
MOB, KOTOPBIM TOCTOSIHHO ITOJBEPraeTcs MOJIOUHAs
xKenesa. B cBsi3u ¢ 3THM, A CHIKEHHS 3a00JeBae-
MOCTHU U JIaKe JIETAJIbHOCTH PEKOMEHAYETCs IIpUMe-
HEeHHEe HHTEePPEPOHOB [5].

B pesynprare B OOO «Hayuno-IIponsBoacrsen-
weiit Lentp «lIpobuoTex» (PecnyOnuka benapycs)
ObLT pa3paboTaH HOBBIN KOMILJIEKCHBIH npenapart [ eH-
TabupepoH-b, KOTOPHIH B COCTaBE B KAUSCTBE JCHCTBY-
FOIUX BEMIECTB COMEPKUT 40 MI/MJI TeHTaMHIIIHA
cynbdar, He meree 10 000 ME/mit cymmapHoit anTH-
BUPYCHOI aKTUBHOCTH CMECH OEJIKOB 0 M Y-UHTEepde-
POHOB OBIYBHX PEKOMOMHAHTHBIX, & TAK)KE BUTAMHHBI
A, E, C u BcriomorarejbHbIe BEIeCTBa.

Llenpro HamIero mccienoBaHus OBLIO OTpeene-
HHUE TepareBTUIECKON d(DPEKTUBHOCTH KOMILICKC-
Horo npenapara [enradudepon-b npu cyoxnmmanYe-
CKOM M KIIMHMYECKH BBIPAKCHHOM MACTUTE Y JIAKTH-
PYIOIIUX KOPOB.

MATEPUAJBI U METO/ bl
HCCJIEJOBAHUSA

Ucnwrtanus aphektnBHOCTH TPUMEHEHHS TTpeTia-
para ['enrabudepon-b nposeneHs! Ha KopoBax 00Jb-
HBIX MacTUTOM. [locie mocTaHOBKY JMarHo3a >KUBOT-
HbIe OBUIH pa3/esICHbI 110 MPUHIUITY aHAJIOTOB HA J[BE
rpymsl. KopoBam repBoii rpymiibl ¢ CyOKITHHUYECKAM
(44 TonOBBI) M KIMHUYECKU BBIPAKEHHBIM KaTapallb-
HBIM MaCTUTOM (42 TOJI0BbI) BHYTPUMBIIIEYHO BBOIH-
s ['earamunun 4 % i MHbEKIUNA B 103€ 3 Mr/1 kr
MacChl Tella KaKapie 12 4acoB B TeUeHHE 3—35 CyTOK
B 3aBHCHMOCTH OT TSKECTH IPOTEKaHHs 3a00IeBaHMS.
Kopos BTOpoOi#i rpymmsl aeuniau [ eHradnudeporom-b.
[Ipenapar BBOAWIM BHYTPUMBILIEYHO B 103€ 20 M1 Ha
YKUBOTHOE C CyOKIIMHUYECKUM (45 TOJIOB) M KITMHUYE-
CKH BBIpQ)KEHHBIM KaTapajJbHbIM MacTUTOM (44 rono-
BBI) /IBa pa3a B JICHb.

JlmarHo3 Ha MacTUT CTAaBMJIM KOMILJIEKCHO C yde-
TOM aHAMHE3a, 00IIET0 KIIMHIYECKOTO 0CMOTpa JKUBOT-
HBIX, OIEHKH BHEIIHETO BU/Ia BEIMEHH U €T0 IajbIia-
LIMH, OTIPEIEIIEHNS] MECTHON TEMIIEPATYPBI, PE3YJIbTa-
TOB IPOOHOTO IOCHHS U Ta00PAaTOPHOTO HCCIISIOBAHMUS
MoJioka [2]. Yder peakiuu npod cekpera U3 J0iel
MOJIOYHOM JKE€JIE3bl C TNAarHOCTUYECKUM PEaKkTHBOM
Macrrect-A® npoBOIMIH ITO0 0OPA30BAHUIO JKETIC00-
Pa3HOTo CTyCTKa WM U3MEHEHUIO 1[BeTa cMecH. OrieH-
Ky 3 peKTHBHOCTH JIeueHHS OCYIIECTBISIN Ha OCHO-
BaHHUHM MCCIIEJOBAHHS MOJIOKa, OTOOPAHHOTO A0 U TO-

CJIe 3aBepIIeHHs Kypca Teparuu, C THarHOCTHKYMOM,
0aKTEepPHOIIOTUIECKHX MCCIIeIOBAaHUH COTIIACHO yTBEP-
JKJICHHBIX METOJIUK 1 MOJICUeTa COMaTHYECKUX KIIETOK
B CBIPOM MOJIOKE C MOMOIIBIO IKCTIPECcC-aHaIn3aTopa
®doccomaruk [1, 2].

PE3YJbBTATBI UCCJEJAOBAHUSA
N OBCYKJEHHUE

B Teuenue ombiTa THIATEIBHO KOHTPOJIMPOBAIN
TIOATOTOBKY MOJOIBITHBIX KOPOB K JIOEHHUIO, BKITIOYAI0-
IIyI0 MacCak BBIMEHH, C/TaBaHUE IEPBBIX CTPYEK MO-
JI0Ka, 00pabOTKY COCKOB H IMOICPKAHUE COOTBETCTBY-
IOLIET0 CAHUTAPHOTO COCTOSIHHUSI MOJIOUHBIX JKEJIe3.

Ot 16 KOpOB ¢ 1MarHo30M CyOKIMHUYECKHN Ma-
cTUT (110 8 TOJIOB M3 KaXKI0H rPYIIIBI) A0 U ITOCIIE Kyp-
ca JieueHus Opanu mpoObl MOJIOKA sl U3yUYeHHsI Oa-
KOOCEMEHEHHOCTH U OTPEAeNICHIs KOJIMYeCTBa COMa-
THUYECKUX KJIETOK. Pe3ynbraTsl 0aKTepHoIOrniecKkoro
HCCIIEJOBaHUs CEKpeTa BHIMEHH KOpoB (puc. 1) cBuze-
TEJILCTBYIOT O TOM, YTO Iociie jedeHus [ enramunu-
HOM 4 % cTeneHb MUKPOOHO!H KOHTaMHUHAIIMN CHU3H-
nach B 8,7 pa3a, a ['enrabudeponom-b — 8 10,1 pasa.

Psin aBTOPOB CUMTAET, UTO ONPEAEIIEHHBIN YPOBEHb
y-uHTEepPEepOoHa MOKET HHTHOUPOBATH Pa3MHOKEHUE
OakTepHii M CHIKaTh PUCK MH(DUIMPOBAHUS MOJIOYHOM
xkenessl [9, 10]. B ombrrax Sordillo L. M. u ap. (1991)
y-uHTep(EPOH 3HAUUTEIBHO YBEINUMBAI haronuTap-
HYIO ¥ OaKTEpPHUIIUIHYIO aKTHBHOCTh IMMYHHBIX KJle-
TOK [17]. Takum 006pazom, CHIDKEHHE KOJTMIeCTBa Oak-
TEpUaAJIbHBIX KJIETOK B MOJIOKE KOPOB, KOTOPBIM IPHU-
MeHsun ['enTadbudepoHn-b, Mo cpaBHEHUIO ¢ TPYIIION,
B KOTOPOH MPUMEHSUTH TeHTaMHULIMH, BEPOSITHO, CBSI3a-
HO C HaJJMYKMeM B TIpenapare y-uHTepepoHna. Pe3ynb-
TaThl TIOAICYETa COMAaTHYECKHUX KJIETOK B MOJIOKE KO-
poB 10 1 mocne npuMenenns [ earamutnaa 4 % pac-
TBOpa U [ eHTadbudepona-b mpencrasieHs Ha puc. 2.
Kak cnenyer U3 noixy4eHHBIX AaHHBIX, Y )KUBOTHBIX
00eHx TPyl IPH BBI3IOPOBICHUH OTMEYaIH YMEHb-
IIEHHE KOJIMYECTBAa COMAaTHYECKUX KJIETOK: B IEPBOH
rpymrme B 6,6 pa3a, a BO BTopoii — B 9,8 pasa, 4To co-
OTBETCTBOBAJIO IIOKA3ATEISIM 37JOPOBBIX KUBOTHBIX.

Psx aBTOpPOB cuMTaeT, UTO BOCCTAHOBIIEHHE OP-
raHM3Ma mnocie 3a00JIeBaHMsI BKIIOYAET B ceOs psij
CJIOXKHBIX B3aMMOJICUCTBUN MEXKIY crienu(uuecKu-
MU KJIETKaMH HIMMYHHOW CHCTEMBI, MHOTHE M3 KOTO-
PBIX OITOCPE0BAaHBI INTOKMHAMH, KOTOPBIE MOTYT aK-
TUBUPOBATH 3TH KJIETKU IJIS1 YHUUTOXKEHUS UM CHU-
JKEHUSI CKOPOCTH pEIUIMKaluu natoreHa [5]. Hpyrue
MOJIaraloT, 4TO JACHCTBHE MHTEPPEPOHOB OCHOBAHO
Ha MOJIaBJICHNUHN Pa3BUTHS BOCTIAIUTENLHONW PEaKIUH,
YTO MOYKET YMEHBIINTh MMaTOJIOTHYECKHE U3MEHEHUS
B ITAPEHXUMATO3HOHW TKaHM MOJIOTHOH kele3sl [16].
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Tepanesmuueckas sppexmuenocme I enmabughepona-b npu macmume y Kopog

) 794.8+56.0
800 736.4451.9

700
600
500
400
300
200
100

85,0+6,0 78,6+5,68

Jlo neueHus Ilocne neuenus
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Puc. 2. ComeprkaHne COMATHUCCKUX KIIETOK B CEKPETE BHIMEHH JI0 U MOCIIE JICUCHHS CYOKITMHIYESCKOTO MACTHTA
(TBIC./MIT)

Takum 00pa3oM, CHI)KEHHE KOJIMYECTBA COMATH- ¢ HanndueM uHTepdepoHos B [enrabudepone-b, ko-
YECKUX KJIIETOK B MOJIOKE KOPOB BTOPOW TPYMIIBI IO  TOpBIE HE TOJBKO YCHIIMBAIOT aHTHMHKPOOHOE aeii-
CPaBHEHHIO ¢ NepBoi Ha 29,2 %, BO3MOXKHO CBA3aHO  CTBUE IpENapara, HO U CHUKAIT BOCIAIUTEIBHYIO
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peaxkuuio B MOJIOYHOM skene3e. B TeueHue ombita 3a
JKMBOTHBIMM BEJIU €XKEAHEBHOE KIIMHUYECKOE HAOIIIO-
JIEHUE, BbI3IOPOBEBLIMMU CYUTAIN KOPOB, Y KOTOPBIX
HE PErUCTPUPOBAIIU KIIMHUYECKUE IPU3HAKU MACTUTA,
a TaKke OblJIa OTPHIIATSIILHON PEaKIis MOJIOKa C pac-
TBOpoM Macrtrecra.

AHanu3upys noyryueHHbIe JaHHbIE, CIeyeT OTMe-
TUTb, YTO NIPU IPUMEHEHUHU KOMIUIEKCHOTO Ipernapa-
Ta BBI3IOPOBIIEHNE HacTymnaeT OpicTpee. Tak, Ha Kypc
JICYCHUS] KOPOB TIEPBOW OIMBITHOM TPYIIBI MPH CYO-

100 -
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

95,5

82,9

KJIMHUYECKOM MAacCTHTE B CpPEeIHEM IOTpeOOoBanoCh
2,29 + 0,02 BBenenwmii I enradbudepona-b, a mpu kara-
paigsHOM — 3,96 + 0,12. B TO %€ Bpemst ['eHTamMunu-
Ha 4 % pacTBOp UHBELMPOBAIH B cpeiHeM 4,65 + 0,04
1 6,51 + 0,15 pa3a, 4To NIpUBENO K YBEIUUEHHUIO KpaT-
HOCTH BBeeHMI nipemnapata B 2,0 u 1,6 paza cooTeT-
CTBEHHO.

Tepanepruueckas > hexTuBHOCTH [eHTabMbe-
poHa-b u I'enramuunna 4 % pacTBopa mpezacrasie-
Ha Ha puc. 3.

91,1

79,5

0
CyOKIMHUYECKUA MAaCTUT

Ol'enTaMuLIUH

KarapanbHblid MaCTUT

B enrabudepon-b

Puc. 3. Pe3ynbrarsl NpOoM3BOACTBEHHBIX NCTIBITAHUN TepareBTnieckoil addpexrnHocTH [enTabnudepona-b npu
Mactute y KopoB (%)

Kak ciienyer u3 mpencTaBIeHHBIX Ha PUCYHKE 3
JIAaHHBIX, TepaneBTUYecKas 3pPeKTUBHOCTh [ eHTa-
oudepona-b mpu cyOKITMHIYECKOM MacTUTE COCTABU-
na 95,5 %, a npu karapanbaoM — 91,1 %, uTo OBLIO
BBIIIIE ITpenapara cpaBHeHus Ha 12,6 % u 11,6 % co-
OTBETCTBEHHO.

Takum 0Opa3om, MpUMEHEHHE KOpOBaM st JIede-
Hus MmactuTa [eHTabudepona-b obecrieunBaet BbICO-
KHIA TepareBTHYeCKUH AP PEKT MPU CHIKSHUN CPOKOB
BBEICHUS JICKAPCTBEHHOTO ITperapara.

[lony4yeHHble HAMH JJTaHHBIE COBHAAIOT C PAIOM
HAyYHBIX MCCIIEIOBAHUHN M0 UMMYHOMOYIHPYIOIIe-
My JEeHWCTBHIO MHTEepP(EpOHOB HA OOIIME M JIOKAJb-
HbIE (PAKTOPHI 3aIMUTH MOJIOYHOH Jkee3bl. L{uToku-
HBI, BBIpa0aThIBaeMble MaKkpoQaraMu 1 TUMQOITAMH,
MOOWIIN3YIOT UMMYHHYIO CUCTEMY B OTBET Ha HH(EK-

IIMI0, & TAKYKE UTPAIOT POJIb B Pa3IMUHBIX ATOPU3UO-
JIOTHYECKUX MPOIIeccax B OpPraHu3Me, YTO MOYKHO UC-
MOJIb30BATh JIJIsl OIIEHKH TIOBPEXKICHUS TKAaHEH BhIMe-
HU, OIPEENICHNs MPOTHO3a U ucxofa tedenus [7, 13].
[Tpu aTOM MHOTHE aBTOPBI CYUTAIOT, YTO Y-HHTEPPEPOH
JIEHCTBYET KaK PeryIsITOpHbIN HUTOKUH [12].

3AKJIIOYEHUE

B pesynbrare nmpoBeIeHHbBIX HCCICAOBAHUN yCTa-
HOBJICHO, YTO BHYTPHMBIIIEUHOE IprMeHeHue [ enTa-
oudepona-b obecnieunBaeT 6osiee BLICOKUH Tepares-
THYECKUH dPQEKT 10 CPaBHEHHIO C BBEJICHHEM ITpe-
napara, COAEpKallero OJWH aHTHOMOTHK, a TaKkKe
CIOCOOCTBYET CHMYKEHUIO MUKPOOHOM KOHTaMUHAIINN
MOJIOKA U HOpMaJTU3alluH B HEM COJIepIKaHHsI COMATH-
Yyeckux Ki1eTok. Takum o6paszom, [enrabudepon-b mo-

80 BerepunapHsiii papmakomornaeckuii BecTHUK o No 1 (22) « 2023



Tepaneemuuecxas s¢pghexmusnocmo I'enmabudepona-b npu macmume y kopos

JKET OBITh IIIMPOKO UCTIOJIb30BaH B IIPOU3BOICTBEHHBIX
YCIIOBUSX YKHBOTHOBOAYCCKUX XO3SICTB MPH JICUCHUN
MacTHTa y KOPOB.
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Abstract. Currently, immunotherapy with interferons is used in case of various diseases. Numerous experiments
have established that the use of immunotropic agents increases the efficacy of the etiotropic treatment of mastitis
and antimicrobial drugs. The objective of this research was to determine the efficacy of the complex drug Genta-
biferon-B, including Gentamicin and recombinant interferons, in the treatment of bovine mastitis. Gentamicin
4 % was used as a control injection. The results of the conducted studies indicate that after the treatment in both
groups, the degree of microbial contamination and the number of somatic cells in milk samples decrease to the
normative values. However, in the animals treated with Gentabiferon-B, these changes were more pronounced.
The therapeutic efficacy of Gentabiferon-B in case of subclinical mastitis was higher than the therapeutic effica-
cy of the reference drug and amounted to 95.5 %, and in case of catarrhal mastitis — 91.1 % with a decrease in
the frequency of drug administration. The increase in therapeutic efficacy with the use of Gentabiferon-B is asso-
ciated with the presence of interferons in the drug, which enhance the antimicrobial effect of Gentamicin, increase

the activity of immune cells and reduce the inflammatory response in the mammary gland.
Keywords: mastitis, Gentabiferon-B, Gentamicin, therapeutic efficacy, cows

INTRODUCTION

Bovine mastitis is the main cause of economic loss-
es in dairy farming worldwide [6]. Regardless of the
course of mastitis (latent or clinically pronounced),
the cause of its development is pathogenic and condi-
tionally pathogenic microflora. Among gram-positive
microorganisms, Staph. aureus, Streptococcus uber,
Streptococcus dysgalactiae, Streptococcus agalacti-
ae, coagulase-negative staphylococcus are most wide-
spread, and among gram-negative ones — Escherich-
ia coli, Enterobacter spp., Proteus vulgaris, Pseudo-
monas aeruginosa and others [8, 11, 14, 15]. For this
reason, the main method of treating bovine mastitis is
parenteral and (or) intracisternal administration of an-
tibacterial agents.

Currently, many scientists believe that an integrat-
ed approach is needed to study the mechanisms of the
inflammatory process development in the mammary
gland. In particular, one should not underestimate the
relationship between local udder protection factors and

the body’s immune system, and when designing more
effective drugs, one should take into account the im-
munological aspects of bovine mastitis pathogenesis.

The results of trials conducted earlier showed that
the use of one immunostimulant for lactating cows with
mastitis is ineffective. Further studies have shown that
when using complex therapy, including immunotropic
agents and antimicrobials, it is possible to increase the
efficacy of ongoing therapeutic measures [3,4].

Interferons are a class of glycoproteins, the prop-
erties of which include antiviral, immunomodulatory
and antiproliferative effects. The ability of interfer-
ons to locally modulate various types of immune cell
activity can provide non-specific protection against a
wide range of organisms to which the mammary gland
is constantly exposed. In this regard, the use of inter-
ferons is recommended to reduce morbidity and even
mortality [5].

As aresult, LLC “Scientific and Production Cen-
ter “ProBioTech” (Republic of Belarus) has designed
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a new complex drug Gentabiferon-B, which contains
40 mg/ml of Gentamicin sulfate as active ingredients,
at least 10000 IU/ml of the total antiviral activity of
the mixture proteins of recombinant bovine interferons
-a and -y, as well as vitamins A, E, C and adjuvants.

The objective of our research was to determine the
therapeutic efficacy of the complex drug Gentabifer-
on-B in case of subclinical and clinically pronounced
mastitis in lactating cows.

MATERIAL AND METHODS

Trials of the efficacy of the use of the drug Gentab-
iferon-B were carried out on cows with mastitis. After
the diagnosis was made, the animals were divided ac-
cording to the principle of analogues into two groups.
The cows of the first group with subclinical (44 cows)
and clinically pronounced catarrhal mastitis (42 cows)
were intramuscularly injected with Gentamicin 4 % for
injection at a dose of 3 mg/1 kg of body weight every
12 hours for 3—35 days, depending on the severity of
the disease course. The cows of the second group were
treated with Gentabiferon-B. The drug was adminis-
tered intramuscularly at a dose of 20 ml per animal
with subclinical (45 cows) and clinically pronounced
catarrhal mastitis (44 cows) twice a day.

Mastitis was diagnosed in a complex manner, tak-
ing into account the anamnesis, general clinical exam-
ination of animals, assessment of the udder appearance
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and its palpation, determination of local temperature,
results of test milking and laboratory testing of milk
[2]. Accounting for the reaction of secretion samples
from the mammary gland lobes with the diagnostic re-
agent Masttest-AF was carried out by the formation of
a jelly-like clot or a change in the color of the mixture.
The efficacy of treatment was assessed on the basis of
a study of milk taken before and after the completion
of the therapy course, with a diagnosticum, bacterio-
logical studies according to approved methods, and
counting somatic cells in raw milk using the Fosso-
matic express analyzer [1, 2].

RESULTS AND DISCUSSION

During the experiment, the preparation of experi-
mental cows for milking was carefully controlled, in-
cluding udder massage, milking of the first streams of
milk, teat treatment and maintenance of the appropri-
ate sanitary state of the mammary glands.

From 16 cows diagnosed with subclinical mastitis
(8 cows from each group) before and after the course
of treatment, milk samples were taken to study bacilli
and to determine the number of somatic cells.

The results of a bacteriological study of cow ud-
der secretion (Fig. 1) indicate that after treatment with
Gentamicin 4 %, the degree of microbial contamination
decreased by 8.7 times, and with Gentabiferon-B —
by 10.1 times.

85.0+6.0 78.6+5.68

0
Before treatment

O Gentamicin

After treatment

E Gentabiferon-B

Fig. 1. Bacterial contamination of the udder secretion before and after treatment of subclinical mastitis (ths. CFU/ml)
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A number of authors believe that a certain level of
interferon-y can inhibit the reproduction of bacteria and
reduce the risk of mammary gland infection [9, 10].
In the experiments of Sordillo L. M. et al. (1991) in-
terferon-y significantly increased the phagocytic and
bactericidal activity of immune cells [17]. Thus, the
decrease in the number of bacterial cells in the milk of
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cows treated with Gentabiferon-B, compared with the
group in which Gentamicin was used, is probably due
to the presence of interferon-y in the drug.

The results of counting somatic cells in cows”
milk before and after the application of Gentamy-
cin 4 % solution and Gentabiferon-B are shown in
Fig. 2.

2968.7£307.3

425.7+44.1

Before treatment

O Gentamicin

After treatment

E Gentabiferon-B

Fig. 2. Content of somatic cells in the udder secretion before and after treatment of subclinical mastitis (ths/ml)

As follows from the data obtained, in the animals
of both groups during recovery, a decrease in the num-
ber of somatic cells was noted: in the first group — by
6.6 times, in the second — by 9.8 times, which corre-
sponded to the indicators of healthy animals.

A number of authors believe that the recovery of
the body after a disease involves a number of complex
interactions between specific cells of the immune sys-
tem, many of which are mediated by cytokines that
can activate these cells to destroy or reduce the rate
of pathogen replication [5]. Others believe that the ac-
tion of interferons is based on the development sup-
pression of an inflammatory reaction, which can re-
duce pathological changes in the parenchymal mam-
mary gland tissue [16].

Thus, the decrease by 29.2 % in the number of so-
matic cells in the milk of cows of the second group
compared to the first one is possibly due to the presence
of interferons in Gentabiferon-B, which not only en-
hance the antimicrobial effect of the drug, but also re-
duce the inflammatory response in the mammary gland.

84

During the experiment, the animals were daily
clinically observed, cows were considered recovered
if clinical signs of mastitis were not registered in them,
and if there also was a negative reaction of milk with
the Masttest solution. Analyzing the data obtained, it
should be noted that when using a complex drug, re-
covery occurs faster. Thus, for the course of treatment
of cows of the first experimental group with subclin-
ical mastitis, an average of 2.29 + 0.02 injections of
Gentabiferon-B was required, and with catarrhal —
3.96 + 0.12. At the same time, Gentamicin 4 % solution
was injected on average 4.65 = 0.04 and 6.51 = 0.15
times, which led to an increase in the frequency of in-
jections of the drug by 2.0 and 1.6 times, respectively.

The therapeutic efficacy of Gentabiferon-B and
Gentamicin 4 % solution is shown in Fig. 3.

As follows from the data presented in Fig. 3, the
therapeutic efficacy of Gentabiferon-B in case of sub-
clinical mastitis was 95.5 %, and in case of catarrhal
mastitis — 91.1 %, which was higher than the refer-
ence drug by 12.6 % and 11.6 %, respectively.
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Fig. 3. Results of industrial trials of the therapeutic efficacy of Gentabiferon-B in case of bovine mastitis (%)

Thus, the use of Gentabiferon-B in cows for the
treatment of mastitis provides a high therapeutic ef-
fect while reducing the period of drug administration.

The data obtained by us coincide with a number of
scientific studies on the immunomodulatory effect of
interferons on general and local mammary gland pro-
tection factors. Cytokines produced by macrophages
and lymphocytes mobilize the immune system in re-
sponse to infection, and also play a role in various
pathophysiological processes in the body, which can
be used to assess damage to udder tissues, determine
the prognosis and outcome of treatment [7, 13]. At the
same time, many authors believe that interferon-y acts
as a regulatory cytokine [12].

CONCLUSION

As aresult of the studies, it has been found that the
intramuscular use of Gentabiferon-B provides a high-
er therapeutic effect compared to the administration of
a drug containing one antibiotic, and also helps to re-
duce the microbial contamination of milk and normal-
ize the content of somatic cells in it. Thus, Gentabifer-
on-B can be widely used in the production conditions
of livestock farms for the treatment of bovine mastitis.
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AHHoTanusl. 3a007€BaHMs KOXKU y MEJIKHX JIOMAITHUX KUBOTHBIX ABJISIOTCS aKTyaJIbHOM MPoOiIeMoii B COBpe-
MCHHOW BETEPUHAPHOI 1€pMATONIOTHH, TIO3TOMY 3TO TpeOyeT 0co00ro BHUMAHUS KaK IJIaHE Pa3BUTHS AUATHO-
CTHKH, TaK U B IIJIAHE COBEPIICHCTBOBAHHS TEPANIEBTHUECKIX METOAOB JIeueHHs. HapyIieH st IeT0CTHOCTH KOX-
HBIX TTOKPOBOB TIPH AJUIEPTHUYECKOM JIEPMATHTE HE TONBKO BIUSIOT HA BHEIIHUN BHJ] JKHBOTHOTO, HO M TIPUYUHS-
10T 3HAUUTEIbHBIH JUCKOM(POPT U MOTYT CIYKHUTh NPUYMHON PAa3IUUHBIX OCIOXHEHHUH, HallpUMeED,
BO3HHMKHOBEHHS MUOAEPMEL. [103TOMYy Ipu IepMaTuTax, COMPOBOXKAAIOIINXCS TOBPEXKICHUEM KOKH B COCTaBE
KOMIIJIEKCHOHM TEPaIMK UCTIONb3YIOTCSl HAapY>KHBIE CPECTBA Pa3NniHbIX (papmakonmorndeckux rpymim. [Ipenapar
BertJlan npeacrapisieT co00i Ma3eBy10 KOMITO3UINIO, BKITIOYAIOITYIO B c€0s THAPO(UIbHYIO THIPOKCHITHII-LIEIN-
mono3y mapkn B30K, manouactuipr ZnO B Ka4eCTBE aKTHBHOTO BEMIECTBA W OKcHa JanTana (La,0,). B pesyib-
TaTe MPOBEACHHOTO HCCIIEIOBAaHNS yCTAaHOBICHO, YTO IIPUMEHEHHE npernapara BetJlan KIMHUYECKH 310pOBBIM
KOIIIKaM B TeueHue 14 nHel He 0Ka3ajao OTPUNATEIbHOTO BIMAHUS Ha (PU3MOIOTHYECKUH CTATyC KUBOTHBIX. [1o
JIAHHBIM TE€MaTOJIOTNYECKNX U OMOXUMHYECKHUX NCCIETOBAaHUI CHIBOPOTKH KPOBH HE YCTAHOBJIEHO CTaTUCTHYE-
CKH JIOCTOBEPHBIX OTIMUHH OIPEAEIAEeMbIX TIOKa3aTenei 10 U TOocie MPUMEHEHHs perapara u OTIAMYHN OT Mo-
Ka3areseil )KUBOTHBIX KOHTPOJIbHOM IPYIIIBL.

KroueBble ci10Ba: 1epMaTUTHI, KOIIKA, IEPEHOCUMOCTh, MOP(OIOrHIecKre, OMOXMMUYECKUE MTOKA3aTeNH, J10-

KIIMHUYCCKUEC UCCICIOBAHUA

JlepMaTHTBhI, CBSI3aHHBIC C PEAKLIUSIMH TUIIEPUYB-
CTBHTEJILHOCTH, TMATHOCTHPYIOTCS y KOLIEK JJOBOJIb-
HO 4acTo, COMPOBOXKIASCH BO MHOTHX CITy4asix IOBpe-
JKICHHUEM KOKHOTO TToKpoBa [ 1—3].

OCHOBHBIMHM IIpenapaTaMu BbIOOpPa AJIsI KOHTPO-
JIs1 ATUIEPTHYECKHUX PEaKMH y MEJIKHUX JTOMAIIHUX KU~
BOTHBIX Ha JaHHBIA MOMEHT SIBIISIOTCS TIIFOKOPTHUKO-
crepousisl (I'KC), nuknocnopun, oknaruiand. ['KC
SIBJISIFOTCS BBICOKO 3((EKTUBHBIMU U151 KyIIMPOBaHUS
3yJa U CHATHSA BOCIAIUTENLHON PEAKINH, CBSI3aHHON
C aJUIEPTHSIMU ¥ PEKOMEHAYETCs AJIsl NCIIOIb30BaHMs
Ha dTare IMarHoCTUKU KOPOTKUMHU Kypcamu. [Ipu He-
00XOIMMOCTH JJTUTEIBHBIX KYPCOB JICUCHUS JaHHOM
IPYIION MpernapaTtoB CTOMT PaCCMOTPETh allbTePHa-
THUBHBIE PEILICHNU, [103BOJISFOLINE N30€KaTh TOOOYHBIX
a¢¢pexro. Komrku, B omimyme ot codbak, 00br9HO 00-
Jiee TOJIEPAHTHBI K TEPAIlUK C TIIIOKOKOPTUKOCTEPOU-
JaMH, OHAKO IMPH JUIUTEILHOM NMPUMEHEHUH M HC-
MIOJIB30BaHUU BBICOKUX /103 11000YHBIE 3 (dekThl Bce
’Ke BO3MOXKHBI. Vcronb30BaHue IIMKIIOCIIOPUHA MOYKET
OBITH ONPABIAHO B CIIydae OCTAHOBKH JHArHO3a KO-

© bymmvmHa A. A., Opober B. A., 2023

1Ia4nii aTONMMYeCcKui KOKHBIA CHHIPOM U 00ecIieun-
BaeT XOPOIIHHA TeparneBTrudeckuii 23 dexT, HO s 1o-
CTIDKEHHST HEOOXOIMMOTO pe3yIlibTaTa UKIOCTIOPHH BO
MHOTHX CITydasiX HeOOXOUMO MPUMEHSATh B TEUCHHE
3—4 "epnenp, 4TO 3aTPYAHSET CHATHE OCTPOM CUMITO-
Matuky. OKJIaTUIUHUO HE JTUIICH3UPOBAH ISl KOIICK
U TP HEOOXOAMMOCTH MPUMEHSETCS BHE MHCTPYK-
M1, TaK KaK B UCCIICOBAHMSIX TTOKa3al ceds dhdex-
TUBHBIM M O€30TIaCHBIM ISl KOHTPOJIS 3yAa Y AaHHO-
ro BUJa )KUBOTHBIX [4—6].

Hapymienus nenoCTHOCTH KOXKHBIX MOKPOBOB
MpU AJUICPTUYECKOM JIEPMATUTE HE TOJIBKO BIUSIOT
Ha BHEIIHUHA BUJ )KUBOTHOTO, HO U TIPUIUHSIOT 3HA-
YUTETHHBIN AUCKOM(OPT ¥ MOTYT CITY)KUTh PUUNHON
pa3IMYHBIX OCJIOKHEHUH, HaITpUMeP, BOSHUKHOBEHUS
nuonepmsl. [loaToMy, mpu nepmMaTuTax, ConpoBOKIa-
IOIIUXCS] TOBPEXKICHUEM KOXKU B COCTABE KOMILJICKC-
HOM Tepamnuu NCTONb3YIOTCS HAPYKHBIC CPEIICTBA Pa3-
JUIHBIX (papMaKoJIOTHIeCKuX rpym [7].

MecTHOe IpUMEHEHNE TIPErapaToB MOXKET obec-
TIEYNBaTh PE3YJbTAT HE TOJIBKO MPH JIOKAIEHOM ITOpa-
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YKEHUH KOXKH, HO 1 B 3HAUUTEIBHOM CTETIEHH MOBbITIIA-
eT 3 PEeKTHBHOCTH KOMIUIEKCHOTO JICYCHUSI JKHBOTHBIX
pu  IepMaTopuTo3e, OAKTCPHATEHON U IPONKIKEIIO-
JNOOHOM HH(EKINN KOJKU U TIPH MYTBTHUPE3UCTEHTHBIX
ITaMMaX MHUKPOOPTaHNU3MOB [§].

Hapy>»xHble cpeicTBa MpUMeHsIeTCs JOMOTHUTEb-
HO K CUCTEMHOMY JICUCHHIO, COKpAIasi CPOKHU BBI3/I0-
POBJICHUS U 1aBasi Bpauy BO3MOKHOCTb CHU3UTD JJ03bI
1 4acTOTY HCIOJIb30BAHHUSA OCHOBHOI'O CHCTEMHOIO
npenapara. [ Ipyu BOSHUKHOBEHNH KOXHBIX HH(EKINH,
KaK OCJIOKHEHUS! aJUIEPTHYECKOTO JepMaTHTa, Y KO-
LIeK MPEANOYTHTENLHO HCIIOIh30BaTh MECTHOE JIeue-
HUE JIOKAJILHO, TEM caMbIM H30erasi Ha3HAYCHUS CH-
CTEMHBIX AaHTHOMOTHKOB U CHUKasl PUCKU BO3HUKHOBE-
HUS CITy9aeB YCTOMUNBOM OaKTepraTbHON MH(EKITHH.

BwMmecre ¢ Tem, MeCTHOE TpUMEHEHUE aHTHOAKTe-
PHAabHBIX IPENapaToB MOYKET BBI3BIBATH HEXKEJIATEIb-
Hble 9P PEKTHI B BHJIE KOHTAKTHOTO IEPMATUTA, TUTIe-
pemun u 3yna. Kpome atoro, mpu TpaHcepMalbHOM
MIOCTYIIJICHUH IIpernapara B OpraHu3M KUBOTHBIX BO3-
MOXHO €ro cucTeMHoe BozzelicTaue. [loaTomy usyue-
HHUE NEPEHOCUMOCTH HOBBIX JICKAPCTBEHHBIX CPEIICTB
SIBIISIETCS. HEOOXOMMBIM M BaKHBIM STaroM onpese-
neHuss 0€30MaCHOCTH UX NMPUMEHEHHUsS Ha LEICBBIX
JKHUBOTHBIX.

Hamm 6wt pazpaboran npenapar BerJlan npen-
CTaBISIIOIINKA cOOOM Ma3eBYI0 KOMIIO3UIIHIO, BKIIIO-
Yarouyio B ce0s ruApo(QUIbHYIO THAPOKCUITHII-LEN-
mono3y mMapku B30K, nanouactuiibl ZnO B KauecTBe
aKTUBHOTO BenlecTsa u okcuj iantana (La,0,). Opra-
HUYECKHE COCAMHEHHS JTAHTaHA TIOTEHIIUPYIOT B KOM-
MO3UIIMU TIPOTUBOBOCIIATIUTEIBHOE, OAKTEPHUIIUTHOEC
U paHo3axupstoniee aeicreue. CoelMHEHUs JJaHTa-
Ha 001a1a10T 0CMOTHYECKOH aKTUBHOCTBIO (IOACYIIH-
BalolIee JCHCTBIE, YMEHBIIEHHE OTEKOB), YCKOPSIOT
pernapanuio 1 3aKMBJICHHE KOKHOTO MOKpoBa, oba-
JIAfOT POTUBO3YNHBIM 3(p(HEeKTOM, 4TO 0COOCHHO BaK-
HO B JICYEHUH J€PMATUTOB KolIeK. FIoHbI IMHKA, BXO-
JsIIMe B COCTaB IIpernapara, 00ecrednBaroT IpoLec-
CBI pETeHEPALIUH TTOBPEKICHHON OBEPXHOCTH KOXKH.

B cBsizu ¢ 9THM, LENbIO TaHHOTO WCCIIEIOBAHUS
OBLIO ompe/ieNieHre IePEHOCUMOCTH Tpenapara Bert-
JlaH Ha KolIKax.

MATEPUAJ U METOJbI
NCCIEJOBAHUSA
HccrnenoBanusi Ha KUBOTHBIX HMPOBOAMIIHN B CO-
OTBETCTBUU C 3aKOHOAArenbcTBOM Pocculickoil De-
JIepalliy COIVIaCHO IpaBHJIaM, MPUHATHIM JupexTH-
Boit 2010/63/eu EBpomneiickoro napinamenta u CoBe-
ta EBpomneiickoro Coroza ot 22 centsiops 2010 roxa,
10 OXpaHe XKUBOTHBIX, HCTIOJIb3YEMbIX B HAYYHBIX Lie-

ns1x 2010 1. 0 3amuTe JKUBOTHBIX, UCTIOIB3YIOIITIXCS
IUIST HAy9HBIX menet [9].

[Ipy MOKIMHUYECKUX UCCIIEIOBAHUAX IIpernapa-
ta BerJlan pykoBoactBoBanuck [Tpukazom MCX PO
No 101 ot 06.03.2018 1., pyKOBOACTBOM I10 MIPOBEIE-
HUIO JTOKJIMHUYECKUX UCCIICIOBAHMI JICKAPCTBEHHBIX
cpencts (A. H. Muponos, H. /. byrarsa u ap. 2012)
[10], ITpuka3zom Muncensxo3a Poccun Ne 4 ot 10 stH-
Baps 2018 roxa.

Nzyuenne nepenocumoctu mpemnapara BerJlan
MIPOBOJIMIIA HA KIIMHUYECKH 37I0POBBIX OECIIOPOIHBIX
KOIIIKaX pa3InyHOro rosa u Bo3pacrta (n = 10). XKu-
BOTHBIE OBUIM pa3/eleHbl 10 MPUHITUIY aHAJIOTOB,
C YYETOM BO3pacTa, Macchl ¥ I0Jia Ha JBE TPYIIIHI IO
5 KOILIEK B KaXKIOM.

B nepuon npoBeneHus onbiTa Mo U3y4eHUIO BIUs-
Hus npenapara BerJlan apyrue gekapcTBeHHbIE Cpe-
CTBa KUBOTHBIM He npuMmensuin. [Ipenapar BerJlan
HAHOCWITH KOIIIKaM Ha BBICTPHKEHHBIE y9aCTOK TeJa,
IUTOIIAABI0 3 X 3 ¢cM B 00JIaCTH CIIMHBI B TeueHue 14
JIHEH — CpeJHUlN CPOK JICUEHUs] MECTHBIMU Mpera-
paraMu M OLEHKU JTUHAMUKHU dPPEKTUBHOCTH C BO3-
MOXKHOH HEOOXOJMMOCTBIO TIPOJUICHHSI Kypca ¢ yue-
TOM OCOOEHHOCTEH TedeHHs 3a00IeBaHUS ¥ WHINBH-
JyaJIbHBIX XapaKTepUCTHK TMAIMeHTa 10 PEelIeHUI0
BETEPHHAPHOTO cCriennanucTa. JKHBOTHBIM KOHTPOJIb-
HOM TpYIIIbI aHAJIOTUYHO MPUMEHSIIH U30TOHUYECKUI
pacTBOp XJIOpHUAa HATPUSL.

B xozne npoBeaeHns HCTIBITaHUS TIPeTapara 3a K-
BOTHBIMH BEJIN €KeTHEBHOE HAOMIONICHNE, OTIPEAesis
o01mee KIMHUYECKOE COCTOSHUE, TIOBEJICHHUE, arlle-
THUT, TEMIIEpATypy Tella, YaCTOTY IyJIbCa U JIbIXaHHS.
Jo Hauana npuMmeHeHus npemnapara, 3atem uepes 14
1 21 neHb oTOMpany MpoObl KPOBU AJISI UCCIIEJOBAHUS
MOP(OTOTHIECKIX U OMOXMMHUYECKHX MOKa3aTelnei.
Mopdornorudeckre ucciae10BaHu KPOBU TPOBOIMITN
Ha TeMaTOJIOTHYECKOM BETEPUHAPHOM aHAIIN3aTope
DF50 Vet (Dymind, KuTaif) ¢ ncnionb3oBaHneM MeToz1a
koHtyKTOMeTpuu s onpenenenus RBC u PLT; ¢o-
TOMeTpuuecKoro Metoza onpezaenenus HGB u nazep-
HOM IPOTOYHOH ITuTOMeTpHH 111 onipenencHus WBC.

buoxumnueckoe ucciaeaoBaHuEe KPOBHU JKHUBOT-
HBIX BBITTOITHEHBI C TTIOMOIIIbI0 aBTOMATHYECKOTO OMO-
XUMHYECKOTO ¥ MMMYHO(EPMEHTHOTO aHAJIM3aTopa
CHEM WELL 2910V (Awareness Technology, Inc.
CUIA) ¢ HE OTpaHUYECHHBIM KOJMYECTBOM yCTaHAaB-
JIMBAE€MBbIX MOJI30BaTeNIeM PO uIeii >KNBOTHBIX. J{0-
CTOBEPHOCTD PE3YIBTATOB, TIOJYYEHHBIX B XOJE MPO-
BEJICHHBIX HCCJIEOBaHUN 00padaThIBai C TIOMOIIb
craructuueckux nporpamMm Microsoft Excel 2007,
STATISTICA 7,0 npu noBepUTEIbHON BEPOATHOCTH
3naueHuii 0,95.
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PE3YJIBTATHI UCCJETOBAHUN

B pesynbrare mpoBeneHHBIX UCCIIETOBaHIH OBLIO
OIIpEeZEeNIEHO, YTO MECTHOE NMPHUMEHEHHE Ipenapara
BerJIaH KTMHAYECKH 310pOBBIM KOIIKAM HE TIOBIIHAIIO
Ha o011ee KIMHUYECKOE COCTOSHUE )KUBOTHBIX OITBIT-
HOH I'pyMIIbl — aKTUBHOCTb, 3aKPEIUICHHBIE IIOBE/ICH-
YeCKUe Peakiuy, almeTuT, Anypes3, AedeKaluo, pe-
AKIIMIO Ha BHEIIHKE pazapaxkurend. [Ipu ucnons3osa-
HUU IIperapara MECTHBIX — CYXOCTH, pPa3IpaKeHHUs,

AJJIEPrHYECKOro KOHTAKTHOTO JePMAaTHTa, Mallepain
KOXH, aTpO(pUH KOKH M CHCTEMHBIX TOOOYHBIX peak-
1uil He ycraHosleHo. [Ipu orneHke pyHKIIMOHATBEHO-
TO COCTOSIHHSA (TeMIieparypa, 4acToTa JbIXaTeIbHBIX
JBIKCHUN U CEPACUYHBIX COKPAILICHUN) OTKIOHECHUHN
OT HOPMBI JUIsl TAaHHOTO BU/IA )KUBOTHBIX HE 3a(UKCH-
poBaHo. Pe3ynsrarsl MOp(hOIOrHYeCcKOro aHaIu3a Kpo-
BH KOIIIEK J0 MPUMEHEHUS TIpemnapara, uepes 14 u 21
JIeHb TIPEJICTABICHEI B Ta0muIe 1.

Tabnnna 1
Mopdgonoeuueckue nokazamenu kposu koutex (n = 10), M +m
[Toxasarens Jlo npumeHeHus UYepes 14 nueit UYepes 21 nenp
OmnbITHas rpynmna
I'emaroxpur, % 36,8 5,49 35,6 £4,07 35,6 +4,49
I'emornoOuH, /11 1224 +£542 123,8 £ 8,51 122,2 + 893
Dputpouutsl, 102 /n 7,21 +£0,55 7,24 +0,73 7,53 £ 0,64
Jletikonutel, 10° /1 11,3+2,78 11,1 £2,53 10,9 +£2.38
Tpom6Goruter, 10° /1 388,9 £ 87,7 384,7+92,6 377,4 + 83,0
Dosunopuiel, % or WBC 22+0,74 2,0+0,63 22+0,75
KonTponbHas rpymnma

Iematokpur, % 33,6 +5,31 33,8 +£5,11 33,8+5,15
I'emornoOuH, /11 120,2 £ 17,51 120,2 £ 18,32 119,4 + 18,09
Dpurpouutsl, 102 /1 6,88 £1,17 6,84 +1,15 6,90 £ 1,18
Jletikonutel, 10° /1 9,70 + 3,22 9,63 + 3,10 9,62 £2,92
TpombGoruter, 10° /1 407,8 £91,2 408,8 + 86,3 413,4 £ 85,7
Dozunopuiel, % or WBC 1,6 £1,01 1,8 +£0,40 1,8+ 1,16

[Ipu conocraBieHUH MOITYYEHHBIX JAHHBIX 001I1e-
r0 aHaJK3a KPOBH KUBOTHBIX ONBITHBIX M KOHTPOJIb-
HBIX I'PYII HE YCTaHOBJIEHO JOCTOBEPHBIX OTIMYUUI
[0 KOJIMYECTBY T'€MOIIOOMHA, SPUTPOIUTOB, JICHKO-
LIUTOB, TPOMOOITMTOB, Y03MHO(HUIIOB, TPOIICHTHOMY
COOTHOLICHUIO 00BbEeMa IIJIa3Mbl M SPUTPOLIUTOB, KaK
B HayaJie 3KCIIEpUMEHTa, TaK U uepe3 14 mpuMeHeHus!.
Uepes 7 aHel mociie NocieAHero NpuMeHeH!s pena-
para 1o moka3areisiM KOJHYeCTBa FeMOTIIO0NHA, dPH-
TPOIMTOB, ICHKOIIUTOB, TPOMOOITUTOB, 203UHO(DHUIIOB
JIOCTOBEPHBIX U3MEHECHHI 3a(PUKCHPOBAHO HE OBLIO.

B nporpamme OMOXMMHYECKOTO HCCIEIOBaHUS
OIIPEENsUIN aKTUBHOCTh (PEPMEHTOB aJlaHMHAMHHO-

TpaHcdepassl (ACAT) U acnapraraMHHOTpaHchepa-
3bl (AJIAT), KOTMUECTB 00IIero Oemnka, o0Iero OuIu-
pyOurHa, IJTFOKO3bI, KpeaTHHUHA U MOYEBHHBI. BBIOOD
napamMeTpoOB HCCIICIOBAHMUS ObLT OIPEJICIICH C YyUETOM
HEOOXOIMMOCTH WCKIIIOUYCHHSI HETaTUBHOTO BO3JEH-
CTBHS HCIIBITYEMOTO IIperapara Ha HeKOTOpbIE TI0Ka-
3arenu OMOXUMHUYECKOTO Mpoduis Komek (Tadi. 2).
BaxupIM mapamMeTpoMm sl HCKITIOUEHHS TTaToJI0-
T'HU [ICUCHH SBJISIETCS ONPEeNICHUE AKTHBHOCTH aMU-
HOTpaHchepa3. AMHUHOTpaHC(hepa3bl KaTaTu3upyoT
MEKMOJICKYJISIPHBIH TIEPeHOC aMHUHOTPYIII ¢ aMHHO-
KHUCIIOT Ha KETOKHCIIOTHI, KOTOPBIE BBICTYIIAIOT HCTOY-
HUKOM 3HEPTHHU JUII MHOTOUYHCIICHHBIX PEaKUid B Op-
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raHu3Me KUBOTHBIX. [Ipy mopakeHnu neveHu MOoBbI-
aeTcs ypoBeHb aKTHBHOCTH 000ux depmeHTOB. [pn
3TOM 3Hau€HUE yBelnuueHUs ACAT Bblle, YeM ANAT.
Bmecre ¢ TeM, HEOOXOAMMO YYHTBIBAaTh, YTO OJHO-
3HAYHBIM KPUTEPHEM MOPAKEHUS IEUEHN MOYKHO CUH-
TaTh MPHU yBETHMYCHUN aKTUBHOCTH 3THX (DEPMEHTOB

B 10—20 pa3 oTHOCUTENIbHO pehePEHCHBIX 3HAYCHH.
B Hamux uccnenoBanusx yepes 7 AHEH mocie Kypca
npuMmeHeHus npenapara BetrJlan mokazarenu AcAT
1 ATIAT B CBIBOPOTKE KPOBH KOIIEK OTIBITHOW TPYIIIIBI
JIOCTOBEPHO HE OTIMYAIUCH OT TOKa3aTesel KUBOT-
HBIX KOHTPOJIbHOM TPYyIIIbI.

Tabauna 2
buoxumuueckue noxazamenu kposu kowex (n = 10), M+ m
[Toxazarens Jo npumeHeHus Uepes 14 muei UYepes 21 nenp
OmnsITHAS Tpyma
ANAT, En 24,8 + 6,28 24,7+ 7,09 25,5+ 6,45
AcAT, En 15,0 £5,72 15,3+5,84 15,2+ 5,74
OO0mmii 6enoK, /1 62,9 + 8,83 63,2+9,18 62,7+9,76
ﬁﬁ;”;‘ffm“pym*’ 5444241 546+2,13 5,64+ 2,97
I'mrox03a, MMOJIB/JT 4,98 +£0,92 5,05+ 1,07 4,98 £0,97
Kpearunus, MKMOJIB/JT 96,4 £ 18,5 94,9 + 16,07 93,8 +£ 14,24
MoueBrHa, MMOJIL/JI 7,29 + 1,34 7,27+ 1,29 7,19+ 1,18
KonrtponbsHas rpynma

AnAT, En. 29,7+6,21 29,8 +5.98 29,8 +£6,26
AcAT, En. 17,9+ 5,17 18,1 £5,03 17,6 +5,02
OOwuii 6eNokK, r/a 59,7 +9,85 59,1 £10,67 59,4 +10,07
gﬁ?ﬂi‘fj“‘py@‘*’ 6,40 + 1,86 6,12+ 1,55 6,20 + 1,84
I'mroko3a, MMOJIB/JT 5,34+ 1,21 5,48 +£1,13 5,36 £1,22
KpearuuuH, MKMOJIB/JT 98,4 £ 14,97 99,6 + 16,39 99,2 £ 14,46
MoueBuHa, MMOJIbL/JT 7,70 £ 1,48 7,77 £ 1,48 7,60+ 1,51

[Tokazarens oOmiero Oenka XapakTepu3yeT COBO-
KYIMHOCTb TPYMIbI T€TEPOTeHHBIX OCIKOB IIa3MBbl,
40—60 % koTOpBIX cocTaBiseT abOyMuH. B naHHOM
Cllydae AMarHOCTHYECKOEe 3HAYeHUE MOXKET UMETh a0-
COJIIOTHAsI THIIONIPOTEHHEMHUSI, CBUICTEIbCTBYIOIIAS
0 HapyLICHUH CUHTE3a OeJIKa B rernarouuTax. YpoBeHb
o01ero Oenka y )KMBOTHBIX OINBITHOW IPYIIIBI Yepes
7 nHel mocie Kypca NpUMEHEHHs Ipenapara cocTa-
BUII 62,7 + 9,76 1/11, 4TO COOTBETCTBYET pehepeHCHBIM
3HAYEHUSIM IS IAHHOTO BHJIA JKUBOTHBIX. Jlost -
(epeHInaNBHON THAarHOCTHKH MEXIY OTHOCHTENb-
HBIM ¥ a0COJIIOTHBIM U3MEHEHUEM JTOTO MOKa3aTelis

NIPY UHTEPIIPETALMH COAEPKaHMs 001Iero 6enka yuu-
TBIBAEM COCTOSIHUE BOTHOTO OOMEHA MO MPOIICHTHOMY
COOTHONICHHIO 00BbeMa TUIa3Mbl 1 SpUTPOIUTOB. [1o-
Ka3aTeslb FeMaTOKpUTa BO BCE THU UCCIIEIOBAHUS Ha-
xoauiics B penenax 35,6—36,8 %, 4To COOTBETCTBY-
eT peepeHCHBIM 3HadeHusIM [11].

OCHOBHO# MUTMEHT — OMIMPYOHH 0Opazyercs
B KJIETKaX PeTUKYI03HA0TeNnnanbHoii cuctemsl (POC)
CeJIe3eHKH U TIEYCHH B PE3YNBTATe paciajia TeMoryio-
OMHA 110 UCTEYEHUIO CPOKA )KU3HU 3PUTPOLIUTOB.

Kpome 3T0ro nctouHnKoM 00pa3oBaHus OUITUPY-
OMHa SBISIOTCS IPyTUe FeMOCOAepIKaIue OCIKH, KO-
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Topele pacmagaiorcs B kietkax POC. IloBeimenue
YpOBHSI OMnupyOMHa HAOIIOMaeTCs MpU HAPYIICHUH
(hyHKIIMH TemaToUTOB, KOT/Ia 3aTPYIHSETCS €ro pas-
pylIeHue ¢ 00pa3oBaHHUEM MOHO- U JTUIHPPOITHHBIX
coeauHeHui. [lo naHHBIM OMOXMMHUYECKOTO aHaIH-
3a CBIBOPOTKH KPOBH YPOBEHb OMIIMPYOHHA HAXOHJI-
csl B IpaHUNax (U3NOIOTHYECKOH HOpMBI — 3,0—
12,0 mmoms/m [11].

[laronorus neyeHn MOXKET COIIPOBOXKIATHCS TAKKE
MTOBBIIIICHHEM KOHIICHTPAIIHH TITFOKO3bIL. [Ipu ncnomis-
30BaHuM npenapara BetrJlan ypoBeHs Ii1t0K03b1 BO BCe
JTHU MICCIIE/IOBaHMSI M HE UMEJT JIOCTOBEPHBIX OTINYNI
OT I10KAa3aTesei )KUBOTHBIX KOHTPOJILHOM TPYIIIIBIL.

N3BecTHO, 9YTO KOHEYHBIMH TPOTYKTaMH a30TH-
CTOT0 OOMEHa MIIEKOTTUTAIOIINX SIBIISTFOTCS KPEaTHHUH
n MoueBHuHa. [lo mokazarensaM coiepxaHus KpeaTH-
HUHA U MOYEBUHBI MOJKHO CYJTUTH O COCTOSIHUU MTOYEK
JKUBOTHOTO. YPOBEHb KPETUHHHA B CBIBOPOTKE KPOBU
OTIBITHBIX JKUBOTHBIX uepe3 14 u 21 nenp mocie Hava-
Ja mpuMeHeHus npemnapara BerJlan He umen nocro-
BEPHBIX OTIINYHIA OT UCXOAHBIX 3HAYCHHU U TI0Ka3aTe-
JIe¥ JKUBOTHBIX KOHTPOJBHON TPYIIIBL.

3AKJIIOYUEHUE

B pe3ynprare mpoBeneHHOTO UCCIICIOBAaHUS yCTa-
HOBJIEHO, YTO MpUMEeHeHue npenapara BerJlan kinmuHu-
YECKU 3I0POBBIM KOLIKaM B TeueHue 14 nuei He oka-
3aJ10 OTPULIATEILHOTO BIVMSHUS Ha (PU3UOIOTHYSCKUN
CTaTycC >KMBOTHBIX. [0 MaHHBIM reMaTOIOTUUYECKUX
1 OMOXUMHUYECKHUX MCCICAOBAHUN CHIBOPOTKUA KPOBH
HE BBISBIICHO CTATUCTUYECKH JIOCTOBEPHBIX OTIIHINH
OTIpeNIeNsIeMbIX MTOKa3aTesei /10 U MTOCiIe MPIUMEHEHUS
rperapara u OTJIMYHMIA OT aHAJOTHYHBIX TIOKa3aTesen
JKUBOTHBIX KOHTPOJIBHOU TPYIIIIBI.
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VETLAN DRUG TOLERANCE DETERMINATION ON CATS
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Abstract. Skin diseases in small pets are an urgent problem in modern veterinary dermatology, so this requires
special attention both in terms of the diagnostics development and in terms of improving therapeutic methods of
treatment. Violations of the skin integrity in case of allergic dermatitis not only affect the appearance of the ani-
mal, but also cause significant discomfort and can cause various complications, such as pyoderma. Therefore, in
case of dermatitis accompanied by skin damage, external agents of various pharmacological groups are used as
part of complex therapy. The drug VetLan is an ointment composition that includes hydrophilic hydroxyethyl cel-
lulose grade B30K, ZnO nanoparticles as an active substance and lanthanum oxide (La,0,). As a result of the
study, it was found that the use of VetLan in clinically healthy cats for 14 days did not adversely affect the phys-
iological status of animals. According to hematological and biochemical blood serum studies, there were no sta-
tistically significant differences in the determined indicators before and after the use of the drug and differences

from the indicators of animals in the control group.

Keywords: dermatitises, cat, tolerance, morphological, biochemical indicators, preclinical studies

Dermatitises associated with hypersensitivity re-
actions are diagnosed in cats quite often, accompanied
by skin damage in many cases [1—3].

Currently, the main drugs of choice for controlling
allergic reactions in small pets are glucocorticoste-
roids (GCs), cyclosporine, and oclacitinib. Corticoste-
roids are highly effective in relieving itching and re-
lieving the inflammatory reaction associated with al-
lergies and are recommended for use at the diagnostic
stage in short courses. If a long-term treatment with
this group of drugs is needed, alternative solutions to
avoid side effects should be considered. Cats, unlike
dogs, are usually more tolerant of glucocorticosteroid
therapy, however, with long-term use and high doses,
side effects are still possible. The use of cyclosporine
may be justified in the case of a diagnosis of feline
atopic skin syndrome and provides a good therapeu-
tic effect, but to achieve the desired result, cyclospo-
rine in many cases must be used for 3—4 weeks, which
makes it difficult to relieve acute symptoms. Oclaci-
tinib is not licensed for use in cats and is used without
prescribing information when needed, as the studies
have shown it to be effective and safe for controlling
pruritus in this species [4—6].

Violations of the skin integrity in case of allergic
dermatitis not only affect the appearance of the animal,
but also cause significant discomfort and can cause
various complications, such as pyoderma. Therefore,
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for dermatitis accompanied by skin damage, external
agents of various pharmacological groups are used as
part of complex therapy [7].

Topical application of drugs can provide results
not only in case of local skin lesions, but also signifi-
cantly increase the efficacy of complex treatment of
animals with dermatophytosis, bacterial and yeast-like
skin infections, and with multidrug-resistant strains of
microorganisms [8].

External agents are used in addition to systemic
treatment, reducing the recovery time and giving the
doctor the opportunity to reduce the dose and frequen-
cy of use of the main systemic drug. When skin infec-
tions occur as a complication of allergic dermatitis in
cats, it is preferable to use topical treatment locally,
thereby avoiding the prescription of systemic antibi-
otics and reducing the risk of cases of resistant bacte-
rial infection. However, local application of antibac-
terial drugs can cause undesirable effects in the form
of contact dermatitis, hyperemia and itching. In addi-
tion, when the drug enters the body of animals trans-
dermally, its systemic effects are possible. Therefore,
the study of the tolerability of new drugs is a neces-
sary and important step in determining the safety of
their use in target animals.

We have designed the drug VetLan, which is an
ointment composition that includes hydrophilic hy-
droxyethyl cellulose grade B30K, ZnO nanoparticles
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as an active substance, and lanthanum oxide (La,0,).
Organic lanthanum compounds potentiate anti-inflam-
matory, bactericidal and wound healing effects in the
composition. Lanthanum compounds have osmotic
activity (drying effect, reduction of edema), acceler-
ate the repair and healing of the skin, have an antipru-
ritic effect, which is especially important in the treat-
ment of cat dermatitis. Zinc ions, which are part of
the drug, provide the processes of regeneration of the
damaged skin surface.

In this regard, the objective of this study was to de-
termine the tolerability of VetLan in cats.

MATERIAL AND METHODS

Animal studies were carried out in accordance with
the legislation of the Russian Federation in accordance
with the rules adopted by Directive 2010/63/EU of the
European Parliament and the Council of the European
Union dtd. September 22, 2010 on the Protection of
Animals Used for Scientific Purposes [9]. In preclini-
cal studies of VetLan, we were guided by the Order of
the Ministry of Agriculture of the Russian Federation
No. 101 dtd. March 6, 2018, the Guidelines for Con-
ducting Preclinical Studies of Drugs (A. N. Miron-
ov, N. D. Bunyatyan et al. 2012) [10], the Order of
the Ministry of Agriculture of Russia No. 4 dtd. Jan-
uary 10, 2018.

The study of the tolerability of VetLan was carried
out on clinically healthy outbred cats of different gen-
der and age (n = 10). The animals were divided accord-
ing to the principle of analogues, taking into account
age, weight and gender into two groups of 5 cats each.
During the experiment to study the effect of VetLan,
no other drugs were used in animals. The drug VetLan
was applied to cats on a shorn area of the body, with a
back area of 3 x 3 ¢cm for 14 days — the average du-
ration of treatment with local drugs and evaluation of
the efficacy dynamics with the possible need to extend
the course, taking into account the characteristics of

the course of the disease and the individual character-
istics of the animal, as decided by a veterinary special-
ist. The animals of the control group were similarly ad-
ministered isotonic sodium chloride solution. During
the trial of the drug, the animals were observed daily,
determining the general clinical state, behavior, appe-
tite, body temperature, pulse rate and respiration. Be-
fore the start of using the drug, then 14 and 21 days
after, blood samples were taken for the study of mor-
phological and biochemical indicators. Morphological
blood analyses were performed on a DF50 Vet hema-
tological veterinary analyzer (Dymind, China) using
conductometry to determine RBC and PLT; photomet-
ric method for determining HGB and laser flow cytom-
etry for determining WBC. Biochemical blood analy-
sis was performed using an automatic biochemical and
enzyme immunoassay analyzer CHEM WELL 2910V
(Awareness Technology, Inc. USA) with an unlimit-
ed number of animal profiles set by the user. The reli-
ability of the results obtained in the course of the stud-
ies was processed using the statistical programs Mic-
rosoft Excel 2007, STATISTICA 7.0 at a confidence
level of 0.95.

STUDY RESULTS

As aresult of the studies, it was determined that the
local application of VetLan to clinically healthy cats
did not affect the general clinical state of the animals
of the experimental group — activity, fixed behavior-
al reactions, appetite, diuresis, defecation, reaction to
external stimuli. When using the local drug, dryness,
irritation, allergic contact dermatitis, skin maceration,
skin atrophy and systemic adverse reactions have not
been detected. When assessing the functional state
(temperature, respiratory rate and heart rate), no de-
viations from the norm were recorded for this type of
animal. The results of the morphological blood anal-
ysis of cats before the use of the drug, 14 and 21 days
after are presented in Table 1.

Table 1
Morphological blood indicators of cats (n = 10), M +m
Indicator Before the use In14d In21d
1 2 3 4
Experimental group

Hematocrit, % 36.8+5.49 35.6+4.07 35.6+4.49

Hemoglobin, g/L 122.4+5.42 123.8 +8.51 122.2 +8.93

Erythrocytes, 10'%/L 7.21£0.55 7.24+0.73 7.53 £0.64
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Table 1 (the end)

1 2 3 4
Leukocytes, 10° /L 11.3+2.78 11.1+2.53 10.9 £2.38
Platelets, 10° /L 388.9 £87.7 384.7+92.6 377.4+83.0
Eosinophils, % of WBC 2.2+0.74 2.0+0.63 2.2+0.75
Control group
Hematocrit, % 33.6+£5.31 33.8+5.11 33.8+5.15
Hemoglobin, g/L 120.2+17.51 120.2 +18.32 119.4 £ 18.09
Erythrocytes, 10'*/L 6.88+1.17 6.84+1.15 6.90+1.18
Leukocytes, 10° /L 9.70 £3.22 9.63+£3.10 9.62+2.92
Platelets, 10° /L 407.8 £91.2 408.8 + 86.3 413.4+85.7
Eosinophils, % of WBC 1.6 £ 1.01 1.8 +0.40 1.8+ 1.16

When comparing the data obtained from the gen-
eral blood analysis of the animals from the experimen-
tal and control groups, no significant differences were
found in the amount of hemoglobin, erythrocytes, leu-
kocytes, platelets, eosinophils, the percentage of plas-
ma volume and erythrocytes, both at the beginning of
the experiment and after 14 applications. In 7 days af-
ter the last use of the drug, no significant changes were
recorded in terms of the amount of hemoglobin, eryth-
rocytes, leukocytes, platelets, eosinophils.

The enzyme activity of alanine aminotransfer-
ase (ALT) and aspartate aminotransferase (AST), the
amounts of total protein, total bilirubin, glucose, cre-
atinine and urea were determined in the biochemical
study program. The choice of study parameters was de-
termined taking into account the need to exclude the
negative effect of the test drug on some indicators of
the biochemical profile of cats (Table 2).

An important parameter for excluding liver pa-
thology is the determination of aminotransferase ac-
tivity. Aminotransferases catalyze the intermolecular
transfer of amino groups from amino acids to keto ac-
ids, which act as an energy source for numerous reac-
tions in the animal body. With liver damage, the lev-
el of activity of both enzymes increases. At the same
time, the value of the increase in AST is higher than
that of ALT. At the same time, it should be taken into
account that an unambiguous criterion for liver damage
can be considered with an increase by 10—20 times in
the activity of these enzymes relative to the reference
values. In our studies, 7 days after the course of using
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the drug VetLan, the indicators of AST and ALT in the
blood serum of cats of the experimental group did not
significantly differ from those of animals in the con-
trol group. The total protein index characterizes the
totality of a group of heterogeneous plasma proteins,
40—60 % of which is albumin. In this case, absolute
hypoproteinemia may be of diagnostic value, indi-
cating a violation of protein synthesis in hepatocytes.
The level of total protein in the animals of the exper-
imental group 7 days after the course of the drug was
62.7 £9.76 g/L, which corresponded to the reference
values for this type of animal. For differential diagno-
sis between the relative and absolute changes in this
indicator, when interpreting the content of total pro-
tein, we take into account the state of water metabo-
lism in terms of the percentage of plasma volume and
erythrocytes. The hematocrit index on all days of the
study was in the range of 35.6—36.8 %, which corre-
sponded to the reference values [11].

The main pigment (bilirubin) is formed in the cells
of the reticuloendothelial system (RES) of the spleen
and liver as a result of the breakdown of hemoglobin
after the expiration of the life of erythrocytes. In ad-
dition, other heme-containing proteins, which are de-
graded in RES cells, are a source of bilirubin forma-
tion. An increase in the level of bilirubin is observed
when the function of hepatocytes is impaired, when its
destruction with the formation of mono- and dipyrrole
compounds is difficult. According to the biochemical
blood serum analysis, the level of bilirubin was with-
in the physiological norm — 3.0—12.0 mmol/L [11].
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Table 2
Biochemical blood indicators of cats (n = 10), M +m
Indicator Before the use In14d In21d
Experimental group
ALT, U 24.8+6.28 24.7+7.09 25.5+6.45
AST, U 15.0+£5.72 153+5.84 152+5.74
Total protein, g/L 62.9 +£8.83 63.2+9.18 62.7+£9.76
Total bilirubin, mmol/L 544 £2.41 546+2.13 5.64+2.97
Glucose, mmol/L 498 +0.92 5.05+1.07 498 +0.97
Creatinine, pmol/L 96.4 £ 18.5 94.9 +16.07 93.8+14.24
Urea, mmol/L 7.29+1.34 7.27+1.29 7.19+1.18
Control group
ALT, U 29.7+6.21 29.8£5.98 29.8+6.26
AST, U 17.9£5.17 18.1 £5.03 17.6 £5.02
Total protein, g/LL 59.7+9.85 59.1+10.67 59.4+10.07
Total bilirubin, mmol/L 6.40 £ 1.86 6.12+1.55 6.20+1.84
Glucose, mmol/L 534+1.21 548 +1.13 536+1.22
Creatinine, pmol/L 98.4 +14.97 99.6 +£16.39 99.2+14.46
Urea, mmol/L 7.70 £ 1.48 7.77 £ 1.48 7.60 £1.51

Liver pathology may also be accompanied by an
increase in glucose concentration. When using the drug
VetLan, on all days of the study, the glucose level did
not have significant differences from the indicators of
the animals in the control group.

It is known that the end products of nitrogen me-
tabolism in mammals are creatinine and urea. Accord-
ing to the indicators of the creatinine and urea content,
one can judge the state of the animal’s kidneys. The
blood serum level of creatinine in the experimental an-
imals 14 and 21 days after the start of VetLan use did
not have significant differences from the initial values
and indicators of animals in the control group.

CONCLUSION
As a result of the study, it was found that the use
of VetLan in clinically healthy cats for 14 days did not
adversely affect the physiological status of animals. Ac-
cording to hematological and biochemical blood se-
rum studies, there were no statistically significant dif-
ferences in the determined indicators before and after
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the use of the drug and differences from similar indi-
cators in the animals of the control group.
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AnHoTtanus. L{enpro ucciaenoBanuii ObUT aHAIN3 SKCTpeccur Mapkepa Ki-67 nmpu npeHaTabHOM BO3IEHCTBUY pa3-
JIUYHBIX 103 CHHTETHYECKOTO aHAJIOTa SCTPOreHa CHHACTPOJIa Ha CEMEHHUKH ITOTOMCTBA OeJIbIX O€COPOTHBIX JIa-
OOpaTOPHBIX MBIIIEH. DKCIIEPUMEHT BBITTOJHEH Ha IIOTOMCTBE MBIIIIEH, MaTepsM KOTOpPBIX Ha 11 cyTku OGepeMeH-
HOCTH BHYTPHUMBIIIEYHO OJHOKPATHO BBOIMJIM IKCIICPUMEHTAJIBHBIC 103l CHHTETHYECKOTO aHaJIora 3CTPOreHa
CHHACTpoOJa B BHAE 2 % MacisaHoro pactBopa. [lomydeHHOe TOTOMCTBO pa3ieNiiId Ha TPYMIEI O 5 KUBOTHBIX
B KQKJION: MHTAKTHAsI TPyIIa — 0e3 BO3IeHCTBYSI, TIepBast OKCIIEPUMEHTAIIbHASI IPYIIIIa — CHHACTPOJ B 103€ 25 MKT/
Kr «C-25y, BTOpast 3KCIepUMEHTaIbHAs TPyIIa — CHHICTPO B 03¢ 40 MKI/KT «C-40%». IMMYHOTHCTOXUMHYEC-
CKUl aHaJIM3 TIPOBOJIVIIN HA Cpe3ax C Mapa(uHOBBIX OJOKOB CEMEHHUKOB IIOTOMCTBA, IPEAHA3HAYCHHBIX [T CTaH-
JIAPTHOTO MOP(OJIOrNUECKOro ucciienoBanus. IMMyHOTHCTOXMMHUYECKHM METOJIOM OITPEIEIISUIA MapKep MpoJIH-
(eparuBHO# akTUBHOCTH K Oenky Ki-67, Ha CTpyKTypax CeMEHHHKOB [TOTOMCTBA: CIIEPMATOIOHUH, CIIEPMAaTOLIH-
TBI, CTIEPMATH/IBI, CIIepMaTO30UIbl, KieTku Jletaura. HaGmonanucs n3MeHeH!s B CTOPOHY YBEITMYCHHUS TIO3UTUBHO
OKpAIIeHHBIX KIEeTOK B criepMaruaax Ha 11,3 % (p < 0,05) u 4,1 %, COOTBETCTBEHHO MO CPAaBHEHUIO C MHTAKTHON
rpynmnou. A Taxxe 0TME4aJIoCh 3HaUUMOE YMEHbIIEHUE KOJIMYECTBA MO3UTUBHO OKpPAILIEHHBIX KJIeToK Jlelura Ha
52,0 % (p <0,05) 1 48,0 % (p < 0,05) cCOOTBETCTBEHHO IO CPABHEHHIO C MHTAKTHOW TPYyTIION. Pe3ysTars! uccie-
JIOBaHMS CBUICTEIILCTBYIOT 00 aKTyaJIbHOCTHU MPOOIEMBI TUMUTHPOBAHHUS J03a3aBUCUMOTO BO3TICHCTBHS CHHTETH-
YEeCKOTO ACTPOTeHa CHHACTPOIA B MEPUOJ IIPEHATATLHOTO PAa3BUTHS OPTAHOB IUIOJA, YTO MTO3BOJIUT M30eKaTh He-
OmaronpusiTHOTo 3(hekra Ha pa3BUTHE U CTPYKTYPHO-(DYHKIIMOHABHYIO OPTraHU3aIUI0 CEMEHHUKOB TIOTOMCTBA.
KutioueBble ciioBa: Oenble OeciopoaHble 1a00paTOpHBIE MBIIIIH, TPEHATaIFHOE BBEICHNE, TOTOMCTBO, CHHACT-
poi, cemeHHUKH, Mapkep Ki-67

BBEJEHUE

Ocoboe BHIMaHWE B HAYYHOW WHITyCTPUU Y/IeIsAeT-
Csl TOPMOHAJIBHOMY 0aJIaHCy ¥ BOIIPOCY ITPEHATAILHO-
r'O BO3ACHCTBUS TOPMOHOB U UX aHAJIOTOB HA YEJIOBE-
Ka U JKUBOTHBIX. BepeMeHHOCTb BBI3BIBACT (1)1/131/10.]10-
THYECKOE MTOBBIIICHUE TOPMOHOB, IEHCTBHE KOTOPBIX
BIIMSIET HE TOJBKO HA OPTaHU3M MaTepH, HO M BIIEYET
3a 000l M3MeHeHus B (PyHKIIMOHATBHOM pPa3BHTHUU
y opmupyromierocs miona. Beicokast KOHIIEHTpaLUs
TOPMOHOB ¥ UX IIPOU3BOJHBIX B MaTE€pPHUHCKON KpPO-
BH HE 3aBUCHT OT T10J1a pa3BUBaromerocs mioxaa [3].

VYV noroMcTBa NpU NMAaTOTEHHOM BO3/IEHCTBUU Be-
IIECTB Pa3IMYHON MPUPO/IHI UCTOIIAIOTCS KOMIIEHC A~

© Kgsouko A. H., Cymnaiimanosa P. T., 2023

TOPHbIE BO3MOXKHOCTH, IPUBOASIINE K HEBOCIIOIHU-
MOMY pacray cyOKI€TOUHBIX CTPYKTYP, HAPYLICHHIO
¢byHKuni, EcTpoduUecKoMy mporeccy ¥ ruOesu Kie-
ToK [7]. [IpeHaranbHbI CTpecc BBI3BIBAET KOMILIEKC
Pa3sHOOOpa3HBIX MOP(HOIOTHICCKIX, HEHPOXUMHYC-
CKHUX, 9HIOKPUHHBIX, META0OJIMUECKUX M3MEHEHUII,
MPOSIBIISIIOIIMXCS] B TOCTHATaNbHOH *)u3Hu [6]. [Ipe-
HaTaJIbHas CTEPOM/IHAS SICTPOTEHHAs Harpy3Ka corpo-
BOXKIAaeTcs MapajleIbHbIM POCTOM 3HAYUTEIBHO I10-
MOJIOZIEBIIIMX CITy4aeB paKa MOJIOYHOM KeJe3bl, paka
SANYHHUKOB, paKa CEMEHHUKOB, paKa IIPOCTaThl U JPYTHUX
CTEepOU03aBUCUMBIX OpraHoB [12]. Pak suuka nme-
€T IIMKOBYIO YaCTOTYy CPEld MYXXUHH B BO3pacTe oT 25
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10 34 niet. Cy1iecTByeT rurore3a 00 3THOJIOTHH paKa
CEMEHHHKOB, KOTOpAsl TJIACHT, YTO PHCK €ro Pa3BUTHUS
B 3HAYUTEJIBHON CTENEHN WM UCKIIIOUHUTENILHO OIpe-
JIeNseTcsl BHYTPUYTPOOHBIM TieproaoM [13].

Pemenre mpoGiaeMbl penposyKTHBHOTO MYXKCKO-
T'0 37I0POBbSI ¥ JIOJITOJICTHS SIBIISICTCS )KH3HEHHO HE00-
xonumoii 3aiadeii [8, 14]. Konuenus nemorpaduye-
ckoil monutuku Poccuiickoit denepanu Ha MepUo
no 2025 roma Obuta yTBepkAeHa Yka3oMm lIpesnnen-
ta Ne 1351 ot 9 okt6ps 2007 rona, koTopas onpezne-
JuJia YKpeIUIeHue penpoAyKTHBHOTO 3/J0POBbS M MH-
CTUTyTa CEMbH B KaUeCTBE IPUOPUTETHBIX HalpaBiie-
HUH rocygapcTBeHHON noiauTukd [10].

B coBpemeHHO# OHOIOTHH TTOSBHIACH BO3MOXK-
HOCTh UMMyHOTITOXUMIYeckn (UI'X) MmapkupoBarb
KJIETKU MPH Pa3inuHBbIX (hazax KIETOUYHOrO LHUKJIA.
Bonbioe BHUMaHue yaemnsieTcs U3y4YEHUIO MOJICKY-
JSIPHO-OMOJIOTHYECKUM MapKepam, XapaKTepu3ylo-
mrue npommdepanuto — 6enok Ki-67 [8].

MonenupoBaHnue MaTOJOTHUYECKUX COCTOSHUN
y 71a00paTOPHBIX >KUBOTHBIX SIBIISICTCS Ba)KHBIM pa3-
JIeJIOM IKCTIEPUMEHTAIBHON MEIHLIMHBI, TOCKOJIBKY
OT Ka4uecTBa U BOCIPOU3BOUMOCTH MOJIEJIN 3aBUCUT
HE TOJILKO 000CHOBaHHOCTh (PyHIAMEHTAIBLHBIX BBIBO-
JIOB O MEXaHM3Max Pa3BUTHs 3a00J€BaHU, HO U pe-
3yJbTaThl AOKIMHUYECKUX HCHBITAHUNA MEAMKaMEeH-
TO3HBIX MpenaparTos [9].

B nacrosiee BpeMs KOIMYECTBO CYILIECTBYIOLINX
MOJIEJIEN TPOBOLUPYIOLLETO JEHCTBUS BELECTB € 3CT-
pPOTEHOIOJOOHBIM JIeHCTBHEM Ha OpPTaHW3M YelloBe-
Ka U J)KUBOTHBIX He3HauuTenbHO. [IpeHaranbHoe BO3-
JeiCTBUE MPENapaToB ¢ 3CTPOTEHHONW aKTUBHOCTBIO,
a TaKKe M3y4eHHE MOCICACTBUI UX NMPUMEHEHUS Ha
MIOTOMCTBO, SIBJISIETCS] aKTyaJbHON U Malou3y4eHHOM
po6IeMoi.

Lens nccnenoBanus: aHAIN3 SKCIIPECCHN MapKe-
pa Ki-67 nmpu npeHaraaIsHOM BO3ACHCTBUN Pa3IMIHBIX
7103 CHHTETHUYECKOTO aHaJIora 3CTPOreHa CHHICTPOIa
Ha CEMEHHMKH NTOTOMCTBA OeJIbIX O€CIOpOJHBIX 1a00-
PaTOPHBIX MbILIEH.

MATEPUAJBI U METOJbI
HCCIUIEJOBAHUSA

Uccnenosanue nposenensl ¢ 2014 no 2020 rog
B ycnoBusix kadenps! ructonoruun ®I'bOY BO «bam-
KHPCKUH TrOCy1apCTBEHHBIN METUIIMHCKUN YHUBEPCH-
TeT» MuHucTepcTBa 3paBooxpanenus PO. Dxcnepu-
MEHT BBITIOJIHEH Ha MTOTOMCTBE OebIX OeCTIOPOIHBIX
71a00paTOPHBIX MBIIIEH, MaTepsIM KOTOPHIX Ha 11 CyTKH
OepEeMEHHOCTH BHYTPUMBIIIIEYHO OTHOKPATHO BBO/IH-
JIM 9KCTIEPUMEHTAJIBHBIE 103bI CHHTETHUECKOTO aHAJIO-
ra 3cTporeHa CHHICTpoJia B BUie 2 % MacisHOTO pac-

TBOpa. [lomydeHHOEe TOTOMCTBO pa3IeHiIy Ha TPYIIIHI
IO 5 )KUBOTHBIX B K&KIOW: MHTAKTHAS TpyIIa — 0e3
BO3/JIEHCTBUSA, NEPBOI IKCIEPUMEHTAIBHON TpyIIe
BBOJIMJIM — CHHACTPOJI B J103¢€ 25 MKT/KT «C-25%, BTO-
POI1 AKCIIEPUMEHTATILHOM Py BBOIANUIN — CHH3CT-
pon B mo3e 40 Mkr/krT «C-40». PacueTs! a¢ddhekTuBHO-
CTH JI03 TIpeTiapaTa MpOrU3BOIIITN B COOTBETCTBUH C KO-
a¢dunrenTaMu i epepacueTa 103 BemecTB B MKT/
Kr JUis Mblmieit [2, 4, 11].

BriBoj1 3 3KcniepuMenTa Jab0opaTOpHbIX KUBOT-
HBIX TIPOM3BOAMIHN B (pasy mudctpyca Ha 90 cyTKu.
DcCTpanbHBIN UK Y TOTOMCTBA OMPEEISIA C HC-
MOJIb30BAHMEM BJIATaIMIHBIX Ma3KOB, OKPAIIEHHBIX
o kputepusm M. C. Cora [15]. UccnenoBanuto noa-
BEprajfch CEMEHHUKU TOTOMCTBA J1a00PaTOPHBIX MbI-
nrei, pukcarys ¥ THCTOIOTHYECKas IIPOBOAKA OCYIIIe-
CTBJISUIACH 110 cTaHAApTHOU cxeme. [loncuer cTpykTyp
CEMEHHHKOB MOTOMCTBA MPOU3BOMIICS ITOJI UMMED-
CHOHHBIM OOBEKTUBOM Ha CTaH/JAPTHBIX MOJSAX 3pe-
Hus 90% [1].

OKcnepyUMeHTalbHas 4YacTh MCCIIEOBAaHUS BBI-
nojiHeHa B cooTBeTcTBuu ¢ JJupexrusoit 2010/63/EU
EBpomneiickoro mapiamenTa u CoBeTa eBpPOIEHCKOTO
COF03a 10 OXpaHe KUBOTHBIX, UCTIOIB3YEMBIX B HAYY-
HBIX TICTISIX.

MIMMyHOTHCTOXMMHUYECKUH aHAJIN3 IPOBOIMIIN Ha
cpe3ax ¢ mapauHOBBIX OJIOKOB CEMEHHUKOB MTOTOM-
CTBa, MPEeJHA3HAYEHHBIX IJIs1 CTAHAAPTHOTO MOpdoIto-
TUYecKoro mccienoBanus. [lapaduHoBEIe cpe3sl ae-
napapUHIPOBAIHM U PETUAPATHPOBAIHN IO CTAHIAPT-
HOU MeToauke. IMMYyHOTHCTOXUMHUYECKUM METOAOM
OTpeneNsiii MapKepbl NPoIuQepaTuBHON aKTHBHO-
ctu Oenka Ki-67. Mcnonbs3oBany HENPsSIMYIO CTperiTa-
BHJINH-OMOTHHOBYIO cucTeMy AeTekinu Leica BOND
(Novocastra™, I'epmanms) aiist Meitma (Mouse Mono-
clonal Antibody Ki-67 Antigen. Kimon MIB-1; pa3-
Beaenue: 1:300; Mouse Monoclonal Antibody Bcl-2
Oncoprotein. Kion N-19, pa3senenue: 1:300) no pe-
koMeHanuu npoussoaurens Santa Cruz Biotechnol-
ogy (CLIA).

l'ucronoruueckue cpesbl TOMIMHON 4 MKM OKpa-
MBI C TIOMOIIBEI0 UMMYHOTHCTOCTeHHepa Leica
Microsystems Bond™ (I'epmanust). O1ieHKy OKpariieH-
HBIX MpenapaToB MPOBOAMIIHU C UCTIOIb30BAHNUEM CBE-
TOBOTO MHKpockora Leica, B 10 moJsix 3peHus Kax-
nmoro obpasma mpu yBemudeHHH * 100 mpon3BoarIH
MOJICYET CPEIHETO YMCIIa UMMYHHOIIO3UTUBHBIX KITe-
TOK C TIOJIOKUTENbHOU peakiueil. CpenHee 4nucio no-
JIO)KATENBHBIX K AHTUTE€HAM KJIETOK BBIYMCIISUIN COOT-
HOILIEHUEM C KJIETKaMH, B KOTOPbIX 3TH aHTUTEHBI HE
onpenemnsuick (Ha 100 mpocuntanHbIx KIeTok) [12].
DKCIPECCHIO aHTUTEN OLIEHIBAJIH B CIIETYFOIINX KIIET-
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Kax CEMEHHUKOB ITOTOMCTBA: CIIEPMATOTOHUSIX, CIIep-
MaToIUTaX, CliepMaTuaax, CrepMaTo30uaax, KieT-
kax Jleiinura.

Craructuueckyto 00paboTKy OCYIIECTBIISUIN C HC-
MOJIb30BaHUEM IporpaMMel Statistica 7.0 (StatSoft,
CIIA). [To xaxaomMy mapameTpy BBIUUCISUIA Cpejl-
Hee apu(MeTHYECKOe 3HAUCHHE W €T0 CTaHIaPTHYIO
omuoky (M = SD). JlocTOBepHOCTh U3MEHEHUH OI1e-
HUBAJIY ¢ momotibio MeToja Kpackena — Yomuca, pas-

JIMYUA ONIPEACIIAIN ITPU JOCTUTHYTOM YPOBHE 3HA4YH-
moctu p < 0,05.

PE3YJBTATHBI U OBCYXKJAEHUE
Okcrpeccust Mmapkepa Ki-67 ceMEHHUKOB ITOTOM-
CTBa JIAOOPATOPHBIX MBIIICH MPH MPEHATAILHOM O]~
HOKpaTHOM BHYTPUMBIIICYHOM BBE/ICHUH CHHTETHYE-
CKOTO TIperapara CHHICTPOII TIPEACTABIEHBI B TaOIH-
ue | u Ha pucynkax 1—3.

Taoauna 1

Konuuecmeo Ki—67uMMyH0n03umu6Hblx KIemoK 68 CeMEHHUKAX NOMOMCMEa Oelblx 6ecn0p00Hblx
ﬂa6opam0prlx Mbllax npu npeHamalbHom 686€0eHUU CUHMEMUYECKO20 npenapama CUHICmMpOo

Ilokazarenu urakTHas C-25 C-40

K.]'IeTKI/I CIIEPMATOI'OHUEB B SIIUTCIIUU U3BUTOI'O CECMCH-

P 27,6 +1,7 254+1,8 294+ 1,1
HOI'O KaHaJiblia
K.TICTKI/I CIICPMATOLIUTOB B SIIUTCIINU U3BUTOI'O CECMCH-

pMaton 292413 29,6+2,1 278+ 1,5
HOI'O KaHaJiblia
K.TICTKI/I CIIepMaTua B SIIUTCIINU U3BUTOI'O CEMECHHOI'O *

PMATHI 24,8+0,8 276+ 1.1 258+0.8
KaHaJibLa
KJ'ICTKI/I CIIEpMATO30HU 0B B ITPOCBETEC U3BUTOI'O CCMCH-

P A P 121,7403 120,9+0,1 119,3 + 0,4
HOI'O KaHaJiblia
Kunerku Jleigura B COEAUHUTEIILHOTKAHHOM CTPOME . B

A A P 50+ 1,0 2,6+0,5 2,440,5
Me)KZ[y H3BUTBIMHU CEMCEHHBIMU KaHaJIbLlaMU

* B cpaBHEHWH C MHTAKTHOW TPYIIION BBISIBICHBI PA3IAYHSI CO CTATHCTHICCKOM 3HauMMOCThIO p < 0,05

B pesynberare ananmsa sxcripeccun Mmapkepa Ki-67
B OKCIEpUMEHTANBHBIX rpynmax «C-25» u «C-40» mo-
3UTUBHO OKPALIEHHBIX KJIETOK B CLIEPMATOTOHUSX, 110
CPaBHEHHIO C UHTAKTHOM I'PyMIOil, 3HAUUMBIX pa3iin-
Yyuii He BbIsIBIIEHO. CpaBHUTENIbHBIN aHAIN3 HHTAKTHON
TPYHIbI C 9KCIIEPUMEHTANbHBIME TrpynnamMu «C-25»
n «C-40» KIeTkax CIIepMaTOIIUTOB B DIHUTCIUUA H3-
BUTOTO CEMEHHOTO KaHajblla Pa3IMyuid He MOKa3ajl.
VYposens skcnpeccuii Mapkepa Ki-67 B kneTkax cnep-
MaTHJIOB B JIUTENINN U3BUTOIO CEMEHHOI'O KaHalb-
L1a B 9KCIIepUMEHTANIBHBIX rpynnax «C-25» u «C-40»
yBemmauiiochk Ha 11,3 % (p < 0,05) u 4,1 %, cooTBeT-
CTBEHHO, 110 CPAaBHEHUIO C MHTAKTHOM rpymnmoi. B skc-
nepuMeHTaNbHbIX rpymnmnax «C-25» u «C-40» no3utus-
HO OKpAIIIEHHBIX KJIETOK CIIEPMaTO301/10B B IPOCBETE
M3BUTOTO CEMEHHOTO KaHaJblla 3HAYMMBIX pazIudnii
He oOHapyxeHo. CreneHb akcripeccun Oenka Ki-67
YMEHBIINIACH B 9KCTIEPUMEHTAIBHBIX rpymmax «C-25»
n «C-40» B xnetkax Jleiiaura B CIOSIX COEJUHUTEIILHOM
TKaHHU MEX]ly U3BUTHIMU CEMEHHBIMH KaHAJIbIIaMHU Ha
52,0 % (p <0,05) 1 48,0 % (p < 0,05) COOTBETCTBEHHO.

Puc. 1. CemeHHUK NOTOMCTBA HHTAKTHOM TPYTIIBI.
UI'X-peaxnus na mapkep Ki-67. Jlokpacka sinep
reMaTokcuiInHOM. X100

Takum oOpa3zom, B pesyasrare MOppoMeTprde-
ckoro anamuza MI'X-mapkepa Ki-67 npu BBeneHHH
CHHTETHUYECKOTO Ipernapara CHHACTPOI B 03ax 25
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1 40 MKI/KT IO3UTHBHO OKpAIIEHHBIX KJIETOK B CIep-
MaTOTOHHMSX, CIEPMATOIMTAX U B CIIEPMATO30M1aX IO
CPaBHEHUIO C MHTAKTHOM IPyINION pa3iuyuil HE BbI-
sBiieHo. HaOuonanyce n3MeHeHus1 B CTOPOHY YBEJIH-
YEHMsI IO3UTUBHO OKPAIIEHHBIX KJIETOK B CIIEpPMaTH-
nmax Ha 11,3 % (p < 0,05) u 4,1 %, COOTBETCTBEHHO 110
CPaBHEHHIO C MHTAKTHOM IpymIoil. A Takke oTMeda-
JIOCh 3HAYMMOE YMEHbIICHNE KOJIMUECTBA IIO3UTHBHO
oKpamieHHbIX KieTok Jleraura Ha 52,0 % (p < 0,05)
u 48,0 % (p < 0,05) cOOTBETCTBEHHO 1O CPABHEHHIO
C UHTAKTHOM rpynmoi.

Puc. 2. CeMEHHUK ITOTOMCTBA SKCIICPUMECHTAITBHOM
rpymmsl C-25 mir/kr. UT'X-peakuns Ha mMapkep
Ki-67. lokpacka simep reMaTokCHimHOM. X 100

Puc. 3. Oxcnpeccus Oenka Ki-67 B ceMeHHHUKax

MMOTOMCTBA dKcIepueHTanpHoi rpynner C-40.

VIMMYHOTHCTOXMMHUYECKasi PEaKIusi ¢ MOHOKJIO-

HanbHEIM aHTUTENoM Ki-67. Jlokpacka simep reMa-
TOKCHITMHOM. X100

3AKJAIOYEHHUE
Taxum 00pazoMm, CTPYKTYpHBIC U3MCHECHHS B Ce-
MCHHHKAX ITOTOMCTBa OeNbIX OeCTOpOIHBIX Jabo-
pPaTOPHBIX MbIIIEH ONMpPENEsOTCS BBOAUMON 10301

CHHTETHYECKOI0 aHajiora 3CTpOreHa CHHACTpOIa,
B MEPHOJ IPEHATATHLHOTO PA3BUTHSI OPTAaHOB ILIOMNA.
JlumuTHpOBaHKE 10303aBHCHMOCTH BBOJUMOTO TIpe-
rapara B MpeHaTajJbHBIN TIEpUOJ TO3BOIUT H30exKaTh
HeOmaronpusaTHOTo 3(h(ekTa Ha pa3BUTHE U CTPYKTYP-
HO-(DYHKIIMOHAJIbHYIO OPTaHU3aIIUI0 CEMEHHHUKOB I10-
TOMCTBA, O UeM CBHUJIETENIbCTBYET Mapkep Ki-67.
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Abstract. The objective of the study was to analyze the expression of the Ki-67 marker during prenatal exposure
to various doses of the synthetic estrogen analog synoestrol on the offspring testes of outbred laboratory mice.
The experiment was performed on the offspring of mice, whose mothers on day 11 of gestation were injected in-
tramuscularly with experimental doses of the synthetic estrogen analogue synoestrol in the form of'a 2 % oil solu-
tion. The obtained offspring was divided into groups of 5 animals each: intact group — without exposure, the an-
imals of the first experimental group were administered synoestrol at a dose of 25 pg/kg — S-25, the animals of
the second experimental group were administered synoestrol at a dose of 40 ug/kg — S-40. Immunohistochemi-
cal analysis was performed on sections from paraffin blocks of offspring testes intended for standard morpholog-
ical studies. An immunohistochemical method was used to determine the marker of proliferative activity to the
Ki-67 protein on the structures of the offspring testes: spermatogonia, spermatocytes, spermatids, spermatozoa,
Leydig cells. There were changes towards an increase in positively stained cells in spermatids by 11.3 % (p < 0.05)
and 4.1 %, respectively, compared with the intact group. There was also a significant decrease in the number of
positively stained Leydig cells by 52.0 % (p < 0.05) and 48.0 % (p < 0.05), respectively, compared with the in-
tact group. The results of the study indicate the relevance of the problem of limiting the dose-dependent effect of
the synthetic estrogen synoestrol during the prenatal development of the fetal organs, which will allow avoid an
adverse effect on the development and structural and functional organization of the offspring testes.

Keywords: outbred laboratory mice, prenatal administration, offspring, synoestrol, testes, Ki-67 marker

INTRODUCTION

Particular attention in the scientific industry is paid
to hormonal balance and the issue of prenatal effects
of hormones and their analogues on humans and ani-
mals. Gestation causes a physiological increase in hor-
mones, the action of which affects not only the moth-
er’s body, but also entails changes in the functional
development of the fetus. The high concentration of
hormones and their derivatives in maternal blood does
not depend on the gender of the developing fetus [3].

In offspring, under the pathogenic effect of sub-
stances of various nature, compensatory capabilities
are depleted, leading to irreparable decay of subcellu-
lar structures, dysfunction, dystrophic process and cell
death [7]. Prenatal stress causes a complex of various
morphological, neurochemical, endocrine and met-
abolic changes that manifest themselves in postna-
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tal life [6]. Prenatal steroid estrogen load is accompa-
nied by a parallel increase in significantly rejuvenated
cases of mammary gland cancer, ovarian cancer, tes-
ticular cancer, prostate cancer and other steroid-de-
pendent organs [12]. Testicular cancer has a peak in-
cidence among men at the age ranging from 25 to 34.
There is a hypothesis about the etiology of testicular
cancer, which states that the risk of its development
is largely or exclusively determined by the intrauter-
ine period [13].

Solving the problem of male reproductive health
and longevity is a vital task [8, 14]. The concept of the
demographic policy of the Russian Federation for the
period up to 2025 was approved by Presidential Decree
No. 1351 dtd. October 9, 2007, which determined the
strengthening of reproductive health and the institu-
tion of the family as priority areas of state policy [10].

Bulletin of Veterinary Pharmacology « No. 1 (22) « 2023



Immunohistochemical analysis of the testes of white laboratory mice with prenatal estrogen administration

In modern biology, it has become possible to label
cells immunohistochemically (IHC) at different phases
of the cell cycle. Much attention is paid to the study of
molecular biological markers that characterize prolif-
eration — the Ki-67 protein [8].

Modelling of pathological states in laboratory ani-
mals is an important branch of experimental medicine,
since not only the validity of fundamental conclusions
about the mechanisms of disease development, but also
the results of preclinical trials of drugs depend on the
quality and reproducibility of the model [9].

Currently, the number of existing models of the
provocative action of substances with estrogen-like
effects on the human body and animals is insignifi-
cant. The prenatal effect of drugs with estrogenic ac-
tivity, as well as the study of the consequences of their
use on offspring, is an urgent and insufficiently stud-
ied problem.

The objective of the study was to analyze the ex-
pression of the Ki-67 marker during prenatal expo-
sure to various doses of the synthetic estrogen ana-
log synoestrol on the offspring testes of outbred lab-
oratory mice.

MATERIAL AND METHODS

The study was carried out from 2014 to 2020 at
the Department of Histology of FSBEI HE “Bashkir
State Medical University” of the Ministry of Health
of the Russian Federation. The experiment was per-
formed on the offspring of outbred laboratory mice,
whose mothers on day 11 of gestation were once in-
tramuscularly injected with experimental doses of the
synthetic estrogen analogue synoestrol in the form of
a 2 % oil solution. The obtained offspring was divid-
ed into groups of 5 animals each: the intact group —
without exposure, the animals of the first experimen-
tal group were administered synoestrol at a dose of
25 pg/kg — S-25, the animals of the second experi-
mental group were administered synoestrol at a dose
of 40 pg/kg — S-40. Calculations of the efficacy of
drug doses were made in accordance with the coeffi-
cients for recalculating doses of substances in pg/kg
for mice [2, 4, 11].

The withdrawal of laboratory animals from the ex-
periment was carried out in the diestrus phase on day
90. The estrous cycle in offspring was determined using
vaginal swabs stained according to M. C. Cora [15].
The testes of the offspring of laboratory mice were
subjected to the study, fixation and histological wiring
were carried out according to the standard scheme. The
structures of the offspring testes were counted under an
immersion lens in a standard field of view of 90x [1].
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The experimental part of the study was carried
out in accordance with Directive 2010/63/EU of the
European Parliament and the Council of the Europe-
an Union on the Protection of Animals Used for Sci-
entific Purposes.

Immunohistochemical analysis was performed on
sections from paraffin blocks of offspring testes intend-
ed for standard morphological studies. Paraffin sec-
tions were deparaffinized and rehydrated according
to standard procedures. The markers of the prolifera-
tive activity of the Ki-67 protein were determined by
the immunohistochemical method. We used an indi-
rect streptavidin-biotin detection system Leica BOND
(Novocastra™, Germany) for mice (Mouse Monoclo-
nal Antibody Ki-67 Antigen. Clone MIB-1; dilution:
1:300; Mouse Monoclonal Antibody Bcl-2 Oncopro-
tein. Clone N-19, dilution: 1:300), as recommended by
the manufacturer Santa Cruz Biotechnology (USA).
Histological sections 4 um thick were stained with a
Leica Microsystems Bond™ immunohistotainer (Ger-
many). The evaluation of stained specimens was car-
ried out using a Leica light microscope, in 10 fields of
view of each specimen at a magnification of X100, the
average number of immunopositive cells with a posi-
tive reaction was counted. The average number of an-
tigen-positive cells was calculated as the ratio with
cells, in which these antigens were not detected (per
100 counted cells) [12].

The expression of antibodies was evaluated in the
following cells of the offspring testes: spermatogonia,
spermatocytes, spermatids, spermatozoa, Leydig cells.

Statistical processing was carried out using Statis-
tica 7.0 program (StatSoft, USA). For each parameter,
the arithmetic mean and its standard error (M + SD)
were calculated. Significance of changes was assessed
using the Kruskal — Wallis test; differences were de-
termined at the achieved significance level p < 0.05.

RESULTS AND DISCUSSION

The expression of the Ki-67 marker in the offspring
testes of laboratory mice after prenatal single intramus-
cular administration of the synthetic drug synoestrol
is presented in Table 1 and in Fig. 1—3.

As a result of the analysis of the expression of the
Ki-67 marker in the experimental groups S-25 and S-40
of positively stained cells in spermatogonia, compared
with the intact group, no significant differences were
found. Comparative analysis of the intact group with
the experimental groups S-25 and S-40 showed no dif-
ferences in spermatocyte cells in the epithelium of the
convoluted seminiferous tubule. The expression level
of the Ki-67 marker in spermatid cells in the epithe-
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lium of the convoluted seminiferous tubule in the ex-
perimental groups S-25 and S-40 increased by 11.3 %
(» £0.05) and 4.1 %, respectively, according to com-
pared with the intact group. No significant differences
were found in the experimental groups S-25 and S-40
of positively stained spermatozoa cells in the lumen

of the convoluted seminiferous tubule. The degree of
expression of the Ki-67 protein decreased in the ex-
perimental groups S-25 and S-40 in Leydig cells in
the connective tissue layers between the convoluted
seminiferous tubules by 52.0 % (p < 0.05) and 48.0 %
(p <0.05), respectively.

Table 1
Number of Ki-67 immunopositive cells in the offspring testes of outbred laboratory
mice after prenatal administration of the synthetic drug synoestrol
Indicators Intact S-25 S-40
Spe@atogonlan cells in the epithelium of the convoluted 276417 254418 2944 1.1
seminiferous tubule
Spe@atocyte cells in the epithelium of the convoluted 299413 296421 278415
seminiferous tubule
Spe@atld cells in the epithelium of the convoluted 248408 276+ 1.1° 258408
seminiferous tubule
Sperm cells in the lumen of the convoluted seminiferous 1217403 1209+ 0 1 119304
tubule
Leydig cells in t'hc-j: connective tissue stroma between the 50410 26405 24405
convoluted seminiferous tubules

* In comparison with the intact group, there were differences with statistical significance p < 0.05

Fig. 1. Testis of the offspring of the intact group.
IHC reaction to the Ki-67 marker. Nucleus staining
with hematoxylin. X100

Thus, as a result of the morphometric analysis of
the IHC marker Ki-67, with the administration of the
synthetic drug synoestrol at doses of 25 and 40 pg/kg,
positively stained cells in spermatogonia, spermato-
cytes and spermatozoa, compared with the intact group,
did not reveal any differences. There were changes to-
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wards an increase in positively stained cells in sperma-
tids by 11.3 % (p < 0.05) and 4.1 %, respectively, com-
pared with the intact group. There was also a significant
decrease in the number of positively stained Leydig
cells by 52.0 % (p < 0.05) and 48.0 % (p < 0.05), re-
spectively, compared with the intact group.

Fig. 2. Testis of the offspring of the experimental
group S-25 pg/kg. IHC reaction to the Ki-67 mark-
er. Nucleus staining with hematoxylin. x100
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Fig. 3. Ki-67 protein expression in the offspring
testes of the experimental group S-40. Immunohis-
tochemical reaction with monoclonal antibody
Ki-67. Nucleus staining with hematoxylin. X100

CONCLUSION

Thus, structural changes in the offspring testes of
white outbred laboratory mice are determined by the
administered dose of the synthetic estrogen analog sy-
noestrol during the period of prenatal development of
fetal organs. Limiting the dose-dependence of the ad-
ministered drug in the prenatal period will allow avoid
an adverse effect on the development and structural
and functional organization of the offspring testes, as
evidenced by the Ki-67 marker.
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AHHOTanMs1: AKTyalbHOCTB IIOMCKA HanOoJsIee MepCIeKTHBHBIX CII0COO0B rapMOHH3AIIH TOME0CTa3a, Yepe3 Ol-
TUMM3AIIIO TeMATOJIOTHYECKOT0 MPOQHIISI OpraHu3Ma NTHIIBI, KaK 3aJ10Ta TIOBBIIICHHS PE3YIbTaTUBHOCTH HHKY-
0anuu He BRI3BIBACT COMHEHHUN. BBICOKYTO 3(h(heKTHBHOCTE B 9TOM OTHOIICHUH TI0KA3aJIi TPAaHCOBApHAIEHBIE 00-
pabOTKN MHKYOAIIMOHHBIX SUII PA3IMIHBIMU OMOCTUMYIISITOPAMU-aHTHOKCHAAHTAMH. JleTambHOEe M3ydeHHE MX
CBONCTB 1 MEXaHU3MOB JICHCTBUSI C BBIBIEHHEM TEX BEIIECTB, KOTOPHIE TO3BOJIAT MOIYYNTh HAMTYIIIHNA Pe3yilb-
TaT — BayKHAs 33/1a9a ITUIIEBO/ICTBA. B 3TO# CBA3M KOJIEKTHBOM aBTOPOB ObIJIa TOCTABICHA IIETIb: OIICHHUTH BITHS-
HHUE aHTHOKCHAHTa — IIUTPATa IIMHKA Ha TeMATOJIOTMYECKUN TPOQHIb Y MOJIOAHSIKA CyTOYHOTO BO3pacTa. JDKc-
TIepUMEHT OBLT MpoBeneH Ha 6a3e CelneKInOHHO-TeHETHYECKOTO IIeHTpa 3aropckoe DKcrepuMenTansHoe [1e-
MeHHoe Xo3siicTBO Bceepoccuiickoro HayuHno-uccinenoBarenbckoro u TexHonoruyeckoro MHctuTyTa
[TTuneBoncTBa Ha Kypax kpocca «CMmeHa-9». Pe3ynbraTsl IPOBEICHHBIX HCCIEA0BAHUN TTOKa3allH, YTO [IUTPaT
IIMHKA B ONTHMAJIbHOI KOHIIEHTPANH BCJICICTBHE yUacTHs B CHHTE3€ TeMa, TIOBBIIICHHS aKTUBHOCTH psizia dep-
MEHTOB (TaKHX KaK KapOOaHTH/Ipa3a M ajib0i1a3a), a TAKXKe ONTHMHU3AINN YHEPTeTHUECKHUX POIIECCOB 3a CUET
IIUTpaTa CIOCOOCTBYIOT TaAPMOHH3AIIUH T€MAaTOIOTHIECKOT0 PO mIIst opraHu3Ma, Co3aBas yCIoBHsI ATl CTaOH-
JU3AIAA TOMEOCTa3a. 3asBICHHOE OIPEICITHIIO MTOBHIIIICHIE YMOPHOHAIBEHOH YKH3HECITOCOOHOCTH (BBIBOIUMOCTH
SIMIT ¥ BBIBOJ IIBITUIAT TMTOBBICKIIHCE Ha 4,42 % 1 Ha 3,59 %, COOTBETCTBEHHO) W Ka4eCTBA MOJIOAHAKA CYTOYHOTO
Bo3pacta (OampHas oreHka 1o mkaixaM [IACTAP u OIITUCTAPT B ombITHO#H rpymiiie IpeBOCXOINIa KOHTPOIb
Ha 2,4 u 2,2 Gana, COOTBETCTBEHHO). VICXOA M3 3TOTO, KOJIJICKTHB aBTOPOB CUMTACT IIUTPAT INHKA MIEPCIICKTHB-
HBIM OHOCTHMYJISTOPOM IMOPHUOTEHE3a KYP.

KaioueBble cioBa: remaronoruueckuii GoH, sMOpHOTeHe3, SMOPHOHBI, aHTHOKCHIAHT, IIUTPAT IUHKA, BBIBO-
JMOCTh

I'emaTonorunyeckuii HpO(bI/IJ'H: BO MHOTOM OIIpe-

JIeTIsieT COCTOSTHIE TOMEOCTasa B OpraHnu3Me, Kak JKu-
BOTHBIX, TaK U 4yesoBeka. CTaOMIU3UPOBATh ITO CO-
CTOSIHME — Ba)KHAs 33j1a4a BETCPUHAPHH U MEJIUIH-
HBI. DTO ITO3BOJIUT OPTaHU3MY PEaln30BBIBATH CBOU
(hyHKIIMM KauecTBEHHO U Oojee moiaHo. He BbI3biBaeT
COMHEHHUH, 4TO 0COOYI0 3HAUMMOCTb CTaOMITH3aLHs [O-
MeocTasa npuoodperaeT At SMOPHOHOB, Kak Hanbo-
Jiee YS3BUMBIX BHEITHUM BO3ACUCTBHSM cucteM [1].
Kak m3BecTHO, Ka4eCTBO M MHTEHCUBHOCTH Pa3BUTHUS

3apoblIIa ONPEENIAIOT €ro CyIleCTBOBAaHUE B Jallb-
HEHIIEM OHTOIEHE3€E, a BMECTE C TEM CTEIIEHb peallu-
3alIMU XO35IIICTBEHHO-ITOJIE3HBIX TPU3HAKOB.

Kak Ob110 yka3zaHo paHee, reMaToJOTHIECKAN
PO I OMpeNeNsieT yCIOBHS IS CTAOWIH3AIUN
romMeocTasa yepe3 psal napameTpoB. Tak, TOJIBKO OT
a/IeKBaTHOTO CMHTE3a U CTPYKTYPHI TeMOITIO0NHA 3a-
BUCHT peanu3zanus QyHKUui nonaep:xkanust pH, xon-
JIOUJTHOH 3aIlIUThl, Fa30TPAaHCIIOPTHAS, TEPMOPETYJIsI-
W, UMMYHHAS B psI APYTUX [9].
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B 371011 CBsI31, O4EBHIHO, YTO HCITOJIb30BaHHE OHO-
CTUMYJISITOPOB, CIOCOOHBIX ONITUMHU3UPOBATH FEMATO-
JIOTHYECKUH (POH, a BMECTE C TEM CTaOMIM3UPOBATH
TrOMeOCTa3 SBJSETCS MEPCIIEKTUBHBIM HAIPaBICHUEM
MEIMIIUHBI, BETEPUHAPHUH U TIPOU3BOJICTBA JKUBOTHO-
BOJYECKON IPOIYKILIHUH.

MHOruMHU aBTOpaMH JI0OKa3aHO, YTO SIMOPHOH TITHIL
Ham0OoJee TMOABEPKEH eCTa0MIN3allid TOME0CcTas3a
BCJIEJICTBUE TOTO, UTO SHIIO TIOCTIE CHECEHUS OT Opra-
HU3Ma KypHIIbl CYIIECTBYeT HE3aBHCHMO U TOCTYTI-
JICHHE HEOOXOIMMBIX BEIIECTB B ITOCJICJCTBUH B HETO
HEBO3MOXXHO.

B nuteparype ommcaHo MHOTO Pa3IWYHBIX OHO-
CTUMYJISITOPOB IMOpPHOTEHE3a, OKA3BIBAIOIINX OJI1aro-
MIPUSITHOE BIUSHHE HAa TE€MAaTOJIOTHYECKHE TTOKa3aTe-
T ¢/X TTHIIBI, OTHAKO MTOUCK HanOOJIee MePCIIeKTHB-
HBIX ¥ 3()(HEKTUBHBIX OCTACTCS OTKPBITHIM.

MorTuBaluel K BbIOOPY LUTpaTa I[MHKA ISl MC-
[10JIb30BaHUsI B AIMOPHOTEHE3€e C/X MTHUIbI CIYKUIO
ciemytomiee. Kak m3BeCTHO, 3asIBIICHHBIN METaJLT HE00-
XOIIUM 7151 JOPMEHHBIX 3JIEMEHTOB KPOBH, B YaCTHO-
CTH, 3PUTPOIIMTOB, YTO B TICPBYIO OYEPE/b aKTyaIbHO
JUIsl CHaOXKEHUS TKaHEH KHCIIOPOJIOM, & BMECTE C TEM,
(DYHKIIMOHUPOBAHHS MUTOXOHIPHAILHOU JIBIXAaTEIIb-
HOM LIeTH, KaK BaXXHEHIIEro mpoiiecca, onpenessto-
ero CUHTE3 dHepruu [17]. DTOT acmekT Takke Ba-
JKEH JUTS TPOMUIAKTHKY 3a/ICPIKKH (PU3HOIOTHIECKU
00YCJIOBJICHHBIX TUTIOKCUYECKUX SIBIICHUH, COIIPOBO-
KIAIOMIMX MHKYOAIHIo B Havase, Koraa euie He chop-
MUPOBaH aJUTAHTOUC 3MOPHOHA U B KOHIIE- IIEPE]] Ha-
KJIEBOM IIBITIJICHKA.

Hapsiny ¢ aTim, 3asBI€HHBIA METaJT BXOIUT B CO-
ctas Oonee 200 pepmentos [ 14]. Tak, Hanpumep, TUHK
MIPEJICTABJICH B COCTaBE METAIUIO(EPMEHTOB, B YacCT-
HOCTH — KapOOHOBBIX aHTHApa3 [15]. Otu dpepmen-
ThI B3aMMOITPEBPAIIIAIOT YTOJIbHYI0 KHCIOTY U YIJIe-
kucnpii ras: H,CO,—~CO, 1t + H,0. YronbHas kucnora
SIBJISICTCSI KJTFOUEBBIM KOMIIOHCHTOM OWKapOOHATHO-
ro Oydepa, ygacTByIomeM B moaaepkanuu pH kpo-
BH B ONITHMAJILHOM Janaria3one (s nrur 7,36—7,4)
[18]. Tax:ke 3asBIEHHBINA JIEMEHT BXOJUT B CTPYKTY-
PY aJIbJI0J1a3b1, KAaTAJTU3UPYIOLICH ITpeBpalieHue PpyK-
T030-1,6-1udochara B purnapokcuaietTondpochar
U THtepansaerua-3-gocdar B mporiecce TIIMKOII3a,
o0ecrnieunBasi OCyIIECTBICHNE BayKHEHIIIETo mporec-
ca YIJIeBOIHO-OHEPTETHYECKOTO OOMEHa.

B cBoto ouepeib, TMMOHHAS KUCIIOTA SIBIISICTCS MH-
TepmeanaroM nukia Kpebca. Takxke nurpar ciocodeH
AJUTOCTEPUUYECKH PEryIUpOoBaTh aneTui-KoA-kapOok-
cunasy [19]. DToT dpepMeHT HeoOXomuM I ONOCHH-
Te3a KUPHBIX KUCIIOT, TAK KaK KaTATM3UPYET PeaKIHIo
cuHTe3a MaoHuI-KoA.

Psi10M aBTOPOB OBLIIO MTOATBEPIKICHO TO3UTHBHOE
BIIMSTHHE 3a5IBIIEHHOTO OMOCTUMYIISITOPA Ha C/X ITHITY
B mocTaMOprorenese. Tak, 1o0aBieHne UTpaTa IiH-
Ka, B Ka4eCTBE JOOABKH K KOMOMKOPMY IITHI] OBLJIO OCY-
miectBiaeHo Manyksaom A. B. (2008) [11]. IIpu atom
OBUTN TOTYYEHBI CICAYIONINE PE3Y/IbTaThl: yBEIHYe-
HUE CPEAHECYTOUHBIX PUPOCTOB IBITUIIT OPOIIIepOB
coctaBuio — 12,4 %, cHmkeHue 3arpar kopMa Ha 1 kr
pHupocTa )KUBOM Maccsl — 12,2 %. B cBoro ouepens,
KouerkoBa H. A. (2009) ucnonp3oBana B pamuoHe
UBIIIST-OpOMIIEPOB pa3IMYHbIC XEIATHBIE KOMILICK-
ChI [IUHKA, YTO 00YCJIOBUIIO IOBBIIIEHUE COXPAHHOCTH
ntutel Ha 2—6 % [7]. Cnemyetr OTMETUTh, 9TO JaH-
HBIE O TPAHCOBAPUATHHOM BBEICHUH MPEIOKEHHON
COJIM B HAyYHOH JINTepaType 0OHAPYKEHBI HE OBLITH.

COBOKYITHOCTh ONHCAaHHBIX CBOWCTB, KakK I[UH-
Ka, TaK U LUTpaTa, a TakKe UCCIEeNOBATEIbCKHUE pa-
OOTHI MPEAIICCTBEHHIUKOB, OCYIIIECTBICHHBIC B MTOCT-
sMOpHOTreHe3e, HECOMHEHHO, TIPEACTABISIOT HHTEPEC
B pa3pese ONTHMH3AINY TeMaTOIIOTUIECKOTO podu-
ISl ¥ CTa0WIIM3aliY TOMEOCTa3a, a BMECTE C TeM, I10-
BBIIIICHUSI HHTEHCUBHOCTH POCTA, KAYECTBA U )KU3HE-
CIOCOOHOCTH 0COOH.

B »TO# cBsI3M 1edab PadoOThI: OICHUTH BIHSTHUE
[IUTpaTa IIMHKA Ha TeMaTOIOTHYeCKUH TPOHITb Y MO-
JIOAHSIKA Kyp B pAHHEM OHTOTEHE3e.

MATEPHUAJIBI U METO/bI
HCCJEJTOBAHHUN

DKcTepuMeHT ObLT TIpoBeneH Ha Oa3e Cenekim-
OHHO-T'€HETHYECKOI'0 LIEHTPa 3aropckoe 3KCHEepH-
MEHTAJIbHOE IJIEMEHHOE X035HCcTBO Beepoccuiicko-
TO Hay4YHO-HMCCIIEI0BATENBCKOTO  TEXHOJIOTMUECKOTO
MHCTUTYTa nTuleBoncTsa. [Ipu sTom Obutn chopmu-
pOBaHbI | KOHTPOJIbHAS U 4 ONBITHBIE MAPTHH IO 252
stifiia B kKaxknoit. [locnemnne 6putH TOMOOpAHEI OT OJI-
HOTO POAUTENIBCKOTO cTajla kpocca «Cmena 9» mo
NPUHIMITY aHAJIOTOB C YYETOM: BPEMEHH CHECEHUS,
CPOKOB XpaHeHus1, Macchl. ONBITHBIE IPYIIIBI OpOILa-
JM PacTBOPaMHU OMOCTHUMYJISTOPA B KOHIICHTPALHUSIX,
JIOTTYCTUMBIX IJISl MPEIBIHKYOAIIMOHHON 00paboTKH
[5]. KorTponmbHYIO mapTuio 00paboTKe He moxBepra-
. B manHO# cTarhe OymyT MpencTaBiIeHbl pe3yibTa-
ThI UCCJICOBAHUS JIy4llIeH 10 COBOKYIHOCTH IOJY-
YEHHBIX OMONOrHYeCcKUX 3(P(HEKTOB (KAUSCTBY U KH3-
HECTIOCOOHOCTH) ¥ KOHTPOJILHOW TPYTIIL.

B xone mccnemoBaHuit ObUT M3YUYEH MIMPOKUN
CIEKTp PA3JIUYHBIX IOKa3aTejiel, B YaCTHOCTH 300-
TEXHUYEeCKUX (OMOKOHTPOIF HHKYOAIlMU) B COOTBET-
cTBUH ¢ pykoBoacTBoM Jsnnukunoit JI. @. [3], kpu-
tepun [TACT'AP u OIITUCTAPT c ncnonszoBaHueM
nocobus Ennmaxosoii E. 3. [4].
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Y OpoiiiepoB ydiei ONbITHON TPYIITBI K KOHTPO-
7151 ObUTa B3SITa KPOBBH IyTEM JIEKAITUTAIINH, TIPH 3TOM
KOJJIEKTUB PYKOBOJCTBOBAJICS MPUHLUIIAMH T'yMaH-
HOCTHU B COOTBETCTBUH C MEXKTyHAPOIHON KOHBEHLIU-
ell «O 3amure N03BOHOYHBIX KUBOTHBIX, HCIIOIb3ye-
MBIX JJISl SKCTIEPUMEHTOB MJIM B MHBIX HAy4YHBIX Iie-
nsx» ot 1986 roxa.

Ha ocHoBe npoBeI€HHBIX T€MAaTOIOTHYECKUX UC-
ClIeoBaHUH, OBUTH pacCUUTAHBI JICHKOITUTapHBIC WH-
JeKchl, a uMeHHO: Kpebca, nefKoruTapHblii HHTOK-
cuxauun (JIMN), numdonurapHo-rpanyio-uuTapHbIH
(MJIT), kpoHO KiteTounbli okazarens (KKII) u siep-
Held Jlamrasama [10].

ITonydeHHbIH B X0ll€ AKCIEPUMEHTA MaTepuail
MTOJIBEPTalId CTATHCTHUECKOH 00pabOTKe C UCTIOIB30-
BaHHeM Kputepus: CThIOICHTA C HOMOLIBIO IPOrpaMM
Microsoft Excel. Pesynbrar cunrancst 10CTOBEpHBIM
npu p < 0.05 (* <0.05; **<0.01)

PE3YJIBTATHI I/ICCJIEI[OBAHI/Iﬁ
AHanu3 reMaToJIorHueckux rnokasareiei yka3pbipa-
€T Ha TOT (haKT, 4TO OMOCTUMYIISITOP OKAa3bIBAIl TIO3H-
THUBHOE BO3JICHCTBUE Ha TEMATOJIOTUICCKHUI TPOPHITH
OpraHu3Ma MOJIOJIHSIKa CYyTOYHOTO BO3pacTa, 00yciiaB-
JIMBasi CTa0MIIN3ALIMIO TOMeocTa3a (Tadi. 1).

Tadonuua 1
Toxazamenu cemamonocuyecko2o npoghuiisi Kposu Yvbliisim Cymouno2o eospacma (n = 5).
I'pynmst
ITokazarenu
KonTponbHas OnslITHAA
Iematokpur, % 24,42 £2,57 25,96 + 3,01
I'emorno6uH, r/n 98+5 131 £ 8"
DpurpouunTst, 1 012/ 4,5+0,11 74+0,15
MCH, nr 58,4+1,12 652+14
MCHC, % 44,6 +0,9 50,3+1,5
MCYV, mxm3 13,1£0,8 12,9+ 0,55
RDW, % 14,5+ 0,35 11,4+£0,2
Jletikoruter (WBC), 10%/7 6,8+0,7 4,8 +0,4"
IceBnoso3unoduibl, % or WBC 42+£20 33+2,5
Dosunopuisl, % or WBC 2+0 240
Momnouutsi, % ot WBC 3+0 4+1
Jlumdorurer, % ot WBC 53+3 61+2
Tpom6orutsel, % ot WBC 86+ 4 56+4

" p<0,01 (3mech u nanee)

MCH — cpennee conepxanne remorioomnna B sputporure; MCHC — cpenHsis KOHIIGHTpalus reMOorIoOnHa B 9pH-

tpouute; MCV — cpemganii 00beM sputporiutoB; RDW — cremnens pazdpoca SpUTPOIUTOB 110 00BEMY

3asBICHHOE BBIPA3UJIOCH B IOBBILICHUH B OIIBIT-
HOM TpyIme B npeaenax pedepeHTHbIX 3HaYCHUH KO-
JIM4eCTBa SPUTPOLUTOB B 1,6 pa3a, 4TO MO JaHHBIM
Kysuenona B. B. (2012) cBunerenscTByeT 00 ycuie-
HUH 3PUTPOITI033a U BOZMOKHOCTH JTIYYIIer0 HACHIIIIe-
HUSI KUCJIOPOZIOM KJIETOK OpPraHu3Ma, a BMECTE C TeM
0 BO3MOXKHOCTH 00Jiee OBICTPOTO U MaCIITa0OHOTO T1e-

pexona oT aHa’poOHOTO K 0o0jIee YHEPTETUUECKH BbI-
TOTHBIM — a3pOOHOMY IIIMKOJIN3Y, [3-OKUCICHHUIO KUP-
HBIX KHCJIOT B paHHUI MMOCTBBIBOJITHOW MEpHO. 3asiB-
JICHHOE TaKKe CBUJICTEIBCTBYET O BO3MOXKHOCTH OoJiee
3¢ (HEeKTHBHOM W CBOCBPEMEHHOH pean3aii MeXa-
HU3MOB aJanTally, HeOOXOAUMBIX Ul KOPPEKLUH
CTPECCOBBIX BO3AECHCTBHIM, COTPOBOMKAAIOLINX MOJIO/-
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HSIK B TIEPBBIE CYTKH KU3HHU, 2 BMECTE C TEM O CTabu-
nmu3anuu romeocrasa [8]. B cBoro ouepens yBennde-
HUE KOHIIEHTpaIuy remorinoouHa Ha 33,6 % monrsep-
KJIaeT BBIILICTIPUBEICHHBIE YTBEPKACHUS, IIPU ITOM
TaK)Ke CBS3aHO C MHTCHCU(UKALUEH CHHTE3a rema
BCJIE/ICTBUE HETIOCPECTBEHHOIO Y4acTHsl COCTaBIISI-
OImux o0cyxaaemMoro onoctumyisropa [14]. Crnemy-
€T OTMETHUTb, YTO IIOBBILICHUE CPEAHETO COAEPIKAHUS
remorniobunna B sputpouute (MCH) Ha 11,6 % Haps-
Jy C POCTOM CpeAHEH KOHLEHTpalHuu reMOorio0nHa
B spurpouute (MCHC) Ha 12,8 % cBuIeTenbCTBY-
€T He TOJIBKO O KOJIMYECTBEHHOM, HO U O Ka4eCTBEH-
HOM COCTaBe 3PHUTPOIUTOB, YTO omnpeaessier dhdex-
TUBHOCTb peaiu3alliy, IPEXkK/IE BCETO, TPAaHCIIOPTHBIX
(hyHKIMIA KPOBH.

@daKT ONTUMHU3ALMU [EMATOJIOTHYECKOTO Podhu-
TSl TaK)Ke JEMOHCTPHUPYIOT 3a(pUKCUPOBaHHBIC HAMHU
YHUCIICHHBIC 3HAYCHUS UHCKCOB 0eoii kpoBu. B mpen-
ctaBineHHOM dkcniepumente JINU 6pu1 Hike KOHTPOIIS
Ha 10,9 %, uto B cooTBeTCcTBHU ¢ pabotamu A. U. Jlet-
kuHa (2022) cBHAETENHCTBYET 00 YMEHBIIICHUH, TI0
CPaBHEHUIO C KOHTPOJIEM, HAMTPSKEHHOCTH a/lanTalt-
OHHBIX peakiuii, mpu aToM cHkeHue KKII na 32,9 %
00YCIIOBJICHO TI0 JJAHHBIM TOTO € aBTOpa (YHKIIHO-
HaJHHON aKTHBHOCTHIO HEUTPO(MUIIOB M YMEHBIIICHH-
€M KOJIMUeCTBa JUM(OLMUTOB, YTO SIBISETCS BaXKHBIM
MoKa3zaTeJeM MHAaKTUBalUu cTpecc-peakuuu [10].

B cBoro odepens paccunTanHbil HamMu nHIEKC Kpeo-
ca, CHU3UBILUNCA Y IPEICTABUTEIECH ONBITHON IrpyIl-
bl IO OTHOILIEHUIO K KOHTponto Ha 31,6 %, cBune-
TEJBCTBYET O MOBBIIICHHH PEAIU3aIIMOHHBIX BO3MOXK-
HOCTEH alanTalluOHHBIX peakiuii (Tadm. 2).

3auKCHUpPOBaHHbBIC MapaMeTPbl reMaTOJOTHYE-
CKOTO TIPOGIIIST Y 0COOEH OMBITHON TPYIIIBI, OUEBU/I-
HO, ObUTH OoJiee (PU3NOIIOTHYECKH ONpPaBIaHHBIMU,
TaK KakK ee IMPeJCTAaBUTENn ObLIN OoJiee KUZHECIIO-
COOHBI IPAKTUYECKU Ha BCEX 3Tamax 3MOpHOTeHe3a.
Tax, mpoleHT cpenHel SMOPUOHATHFHON CMEPTHOCTH
(6—16 nenp) B BuIe 3amepiIux ObUT HIDKE, HA 2,78
1 1,98 % COOTBETCTBEHHO IO CPABHEHHUIO C KOHTPO-
neM. 3asBIIeHHOE OOYCJIOBHJIO TIOBBIIIICHHE BBIBOJIA
LBIIAT ¥ BEIBOAUMOCTH stiil Ha 4,42 % n 3,59 % co-
OTBETCTBEHHO (Tabi. 3).

[ToBbIIeHIE SMOPHOHATBEHOM )KU3HECTIOCOOHOCTH
COTIPOBOXKIAJIOCH IMTOBBIMIEHUEM KaueCTBA MOITyIacMO-
TO MOJIOJTHSIKA CYTOYHOTO Bo3pacTta. bamipHas oreH-
ka no mkanam [TACTAP u OIITUCTAPT B onbiTHOI
rpymIe NpeBOCXoAnIa KOHTpoib Ha 2,4 u Ha 2,2 co-
OTBETCTBEHHO. Hanbosbinne pas3iauuus MKy OIbI-
TOM U KOHTpPOJIEM (DUKCUPOBAIIU IO KPUTEPHUAM: «pe-
¢irexc moBeneHws» (0,8) (TA0I. 4), «TUTFOCHBI TATBIIEB)
(0,8) (Tabm. 5), Torma KaKk «KIJIFOB» W «MBIIIECYHBIN TO-
HYC IIer» PEBOCXOIMIIH ITOCIICAHUN PABHO3HAYHO Ha
0,6 COOTBETCTBEHHO.

Tabnuna 2
JletikoyumapHsie UHOEKCbl KPOBU Y YblNIAM-OPOLLIepos
JlelikonuTapHbIE WHIEKCHI
I'pynnsl nTun
Wunexc Kpebea JINMU nJIr KKII SIN JlamrasiHia
Kontposnb 0,79 1,38 1,21 0,79 0,06
OnbITHAS 0,54 1,23 1,56 0,53 0,12
Taoauna 3
Buonocuueckuii konmpons unkyoayuu (M +m, n = 252)
] <
= &
2 = — N S é E
= | 28| 5 | £ |gg|l¢gs| £ | g |¢ -
2 5 % g o S| E¢ = 2 : = 2
=N = 3 a = a = x 3 g
g 2o g 2 Sa | & g g 5 & =
Q Q
= E 2 = & = B2 = B2 = O & 2
= T =) < < » = =
5 2 |5 | @ 2 Z
) 4
Kon- | 2,78+ 0 0 595+ | 3,57+ | 1,59+ | 0,40+ | 88,05+ 85,71 +
TPOJb 1,04 1,49 1,17 0.79 0,40 2,07 2,21
OnmwiT- | 3,17+ 3,17+ | 1,59+ | 1,98+ | 0,79+ | 9247+ 89,3 +
Hast 1,10 0 0 1,10 0,79 0,88 0,56 1,65 4,42 1,92% 3,59
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Taonuna 4
Kauecmeo yvinissm cymounozo sospacma no wixane IHHACIAP, 6annot (M +m, n = 10)
Pecexc [Tymounoe [TrocHB Kotion Kutsor COBOKYITHBII
TIOBE/ICHUS KOJIBIIO TAJIBIEB Gamn
KonTpomns 1,2+0,3 1,6 £0,2 1+0 1+0,1 1,8+0,2 6,6 £0,3
OmbITHAs 240" 1,8+0,1 1,8 0,1 1,6 £0,2 1,8+0,1° 9,0+0,2
Taoauna 5
Kauecmeo yvinnsim cymounozo eospacma no wikaie OIITUCTAPT, 6annvt (M +m, n = 10)
MpleuHbIit Pedmexc IIynounoe Ktion KHBoT COBOKYIHBIN
TOHYC IIeH TIOBE/ICHUS KOJIBLIO Oamn
KonTpomns 1,2+0,29 1.2+0,3 1,6 £0,2 1+0,1 1,8 0,2 6,8 +0,2
OmnpbITHAs 1,8+£0,2 2+0 1,8 0,1 1,6 £0,2 1,8+0,1" 9,0+0,1
3AKJIOUYEHUE OpOIJICPOB U KAYECBTO IMOIYYaeMOM MPOMYKIIMU: aBTOpE-

[MuTpar nuHKa B ONTUMAJIbHOW KOHLIEHTpAIUU
CTUMYIIUPYET SPUTPOIIOA3, ONITUMHU3UPYS COOTHOIIIE-
HUE (POPMEHHBIX AIIEMEHTOB KPOBH, OTIPEICIISS YCIIO-
BHS ISl CTA0WIIM3AIMK TOMEOCTa3a y 0COOCH OIbIT-
HOW rpyIiibl. 3asBICHHOE CO3/1aeT YCIIOBUS JIJIsl Ooiee
Ka4eCTBEHHOTO Pa3BUTHsI IMOpPHOHA 1 00JIee BRICOKOH
€r0 KU3HECITOCOOHOCTH.
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Abstract. The relevance of the search for the most promising ways to harmonize homeostasis, through the opti-
mization of the hematological profile of the poultry’s body, as a guarantee of increasing the efficacy of incuba-
tion, is beyond doubt. High efficacy in this regard was shown by transovarial treatments of hatching eggs with
various biostimulants-antioxidants. A detailed study of their properties and mechanisms of action with the iden-
tification of those substances that will allow to get the best result is an important task for poultry farming. In this
regard, a team of authors set an objective to evaluate the effect of the antioxidant (zinc citrate) on the hematolog-
ical profile in young poultry at the age of one day. The experiment was carried out on the basis of the Breeding
and Genetic Center “Zagorsk Experimental Breeding Farm” — the All-Russian Poultry Research and Technolog-
ical Institute of Poultry Farming” on hens of the cross Smena-9. The results of the studies showed that zinc ci-
trate at the optimal concentration for participation in the synthesis of heme, increased activity of a number of en-
zymes (such as carbonic anhydrase and aldolase), as well as optimization of energy processes, due to citrate con-
tribute to the harmonization of the hematological profile of the body, creating conditions for homeostasis
stabilization. The claimed determined the increase in embryonic viability (hatchability of eggs and hatching of
chickens increased by 4.42 % and 3.59 %, respectively) and the quality of young poultry at the age of one day
(points according the PASGAR and OPTISTART scales in the experimental group exceeded the control by 2.4
and 2.2 points, respectively). Based on this, the team of authors considers zinc citrate to be a promising biostim-
ulator of hen embryogenesis.

Keywords: hematological background, embryogenesis, embryos, antioxidant, zinc citrate, hatchability

The hematological profile largely determines the
state of homeostasis in the body, both animals and hu-
mans. Stabilizing this state is an important task of vet-
erinary and medical science. This will allow the body
to implement its functions qualitatively and more ful-
ly. There is no doubt that the stabilization of homeo-
stasis acquires special significance for embryos, as sys-
tems most vulnerable to external influences [1]. As it
is known, the quality and intensity of the embryo de-
velopment determine its existence in further ontogen-
esis, and at the same time the degree of realization of
economically useful traits.

As stated earlier, the hematological profile de-
termines the conditions for stabilizing homeostasis

through a number of parameters. Thus, the implemen-
tation of the functions of maintaining pH, colloidal pro-
tection, gas transport, thermoregulation, immune and
a number of others depends only on adequate synthe-
sis and structure of hemoglobin [9]. In this regard, it is
obvious that the use of biostimulants capable of opti-
mizing the hematological background, and at the same
time stabilizing homeostasis, is a promising direction
in medicine, veterinary medicine and animal products.

Many authors have proved that the poultry embryo
is most susceptible to destabilization of homeostasis
due to the fact that the egg, after being laid, exists inde-
pendently from the body of the hen, and subsequently
it is impossible to add the necessary substances into it.
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The literature describes many different biostimu-
lants of embryogenesis that have a beneficial effect on
the hematological indicators of poultry, but the search
for the most promising and effective remains.

The motivation for choosing zinc citrate for use
in poultry embryogenesis was the following. As you
know, the claimed metal is necessary for blood cells,
in particular, erythrocytes, which is primarily import-
ant for supplying tissues with oxygen, and at the same
time, the functioning of the mitochondrial respiratory
chain, as the most important process that determines
energy synthesis [17]. This aspect is also important for
preventing the delay of physiologically caused hypox-
ic phenomena accompanying incubation at the begin-
ning, when the allantois of the embryo has not yet been
formed, and at the end, before the chicken is pipping.

Along with this, the claimed metal is a part of more
than 200 enzymes [14]. For example, zinc is present
in the composition of metalloenzymes, in particular,
carboxylic anhydrases [15]. These enzymes intercon-
vert carbonic acid and carbon dioxide: H2CO3 -
CO0O21 + H20. Carbonic acid is a key component of
the bicarbonate buffer involved in maintaining blood
pH in the optimal range (7.36—7.4 for poultry) [18].
The claimed element is also included in the structure
of aldolase, which catalyzes the conversion of fruc-
tose-1,6-diphosphate into dihydroxyacetone phosphate
and glyceraldehyde-3-phosphate during glycolysis, en-
suring the implementation of the most important pro-
cess of carbohydrate-energy metabolism.

In turn, citric acid is an intermediate of the Krebs
cycle. Citrate is also able to allosterically regulate ace-
tyl-CoA carboxylase [19]. This enzyme is necessary
for the biosynthesis of fatty acids, as it catalyzes the
malonyl-CoA synthesis reaction.

A number of authors confirmed the positive effect
of the claimed biostimulator on poultry in postembryo-
genesis. So, the addition of zinc citrate, as an addi-
tive to the feed of poultry, was carried out by Manuk-
yan A. V. (2008) [11]. At the same time, the following
results were obtained: an increase in the average daily
weight gain of broiler chickens was 12.4 %, a decrease
in feed costs per 1 kg of live weight gain was 12.2 %.
In turn, Kochetkova N. A. (2009) used various zinc
chelate complexes in the diet of broiler chickens that
led to an increase in the poultry’s livability by 2—6 %
[7]. It should be noted that the data on the transovari-
al administration of the proposed salt were not found
in the scientific literature.

The combination of the described properties of
both zinc and citrate, as well as the research work of
predecessors carried out in postembryogenesis, is un-
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doubtedly of interest in terms of optimizing the hema-
tological profile and stabilizing homeostasis, and at the
same time, increasing the intensity of growth, quality
and viability of the individual.

In this regard, the objective of the work is to eval-
uate the effect of zinc citrate on the hematological pro-
file in young chickens in early ontogenesis.

MATERIAL AND METHODS

The experiment was carried out on the basis of the
Breeding and Genetic Center “Zagorsk Experimental
Breeding Farm” — the All-Russian Poultry Research
and Technological Institute of Poultry Farming”. At
the same time, 1 control and 4 experimental batches
of 252 eggs each were formed. The latter were select-
ed from one parental flock of the cross Smena 9 ac-
cording to the principle of analogues, taking into ac-
count the time of laying, storage periods, weight. The
experimental groups were irrigated with biostimulant
solutions at concentrations acceptable for pre-incu-
bation treatment [5]. The control batch was not pro-
cessed. This article will present the results of a study
of the best in terms of the totality of biological effects
obtained (quality and viability) and control groups.

In the course of the research, a wide range of var-
ious indicators was studied, in particular, zootechni-
cal ones (biocontrol of incubation) in accordance with
the guidance of Dyadichkina L. F. [3], PASGAR and
OPTISTART criteria using E. E. Epimakhova’s man-
ual. [4].

Blood was taken from broilers of the best experi-
mental group and control one by decapitation, and the
team was guided by the principles of humanity in ac-
cordance with the international convention On the Pro-
tection of Vertebrate Animals used for Experiments or
for other Scientific Purposes dtd.1986.

Based on the conducted hematological studies, leu-
kocyte indices were calculated: the Krebs index, leu-
kocyte intoxication index (LII), lymphocytic-granu-
locytic index (LGI), blood cell index (BCI) and the
Dashtayants nuclear [10].

The material obtained during the experiment was
subjected to statistical processing using Student’s cri-
terion using Microsoft Excel programs. The result was
considered significantat p < 0.05 (* < 0.05; ** < 0.01)

STUDY RESULTS
The analysis of hematological indicators indicates
the fact that the biostimulator had a positive effect on
the hematological profile of the organism of young
poultry at the age of one day, causing the stabilization
of homeostasis (Table 1).
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Hematological blood profile indicators of day-old chickens (n = 5) e
Groups
Indicators
Control Experimental

Hematocrit, % 24.42 £2.57 2596 +£3.01
Hemoglobin, g/L 98+5 131 £8™
Erythrocytes, 10'%/L 45+0.11 7.44+0.15
MCH, pg 58.4+1.12 652+14
MCHC, % 44.6+0.9 50.3+1.5
MCV, um? 13.1£0.8 12.9+0.55
RDW, % 14.5+0.35 11.4+0.2
Leukocytes (WBC), 10°/L 6.8+0.7 4.8+04"
Pseudo-eosinophils, % of WBC 42+2.0 33+£2.5
Eosinophils, % of WBC 2+0 2+0
Monocytes, % of WBC 3+£0 4+1
Lymphocytes, % of WBC 53+3 61+2
Platelets, % of WBC 86+ 4 56+4

" p<0.01 (hereinafter)

MCH — mean cell hemoglobin; MCHC — mean corpuscular hemoglobin concentration; MCV — mean erythrocyte
volume; RDW — red blood cell (erythrocyte) distribution width

The declared resulted in an increase in the experi-
mental group within the reference values of the num-
ber of erythrocytes by 1.6 times, which according to
Kuznetsov V. V. (2012) indicates an increase in eryth-
ropoiesis and the possibility of better oxygenation of
the body cells, and at the same time, the possibility of
a faster and more extensive transition from anaerobic
to more energetically beneficial — aerobic glycolysis,
B-oxidation of fatty acids in early post-release period.
The stated also indicates the possibility of a more effec-
tive and timely implementation of the adaptation mech-
anisms necessary to correct the stressful effects that ac-
company young poultry in the first day of life, and at
the same time to stabilize homeostasis [8]. In turn, an
increase in hemoglobin concentration by 33.6 % con-
firms the above statements, while it is also associated
with the intensification of heme synthesis due to the
direct participation of the components of the discussed
biostimulator [14]. It should be noted that an increase
in the mean cell hemoglobin (MCH) by 11.6 %, along
with an increase in the mean corpuscular hemoglobin

Bulletin of Veterinary Pharmacology « No. 1 (22) « 2023

concentration (MCHC) by 12.8 %, indicates not only
the quantitative, but also the qualitative composition
of erythrocytes that determines the effective realiza-
tion of blood transport functions.

The fact of optimizing the hematological profile
is also demonstrated by the numerical values of white
blood indices recorded by us. In the presented ex-
periment, the LII was lower by 10.9 % than the con-
trol, which in accordance with the works of A. 1. Let-
kin (2022) indicates a decrease, compared to the con-
trol, in the intensity of adaptive reactions, while the
decrease in the BCI by 32.9 % according to the same
author is determined by the functional activity of neu-
trophils and a decrease in the number of lymphocytes,
which is an important indicator of the stress response
inactivation [10].

In turn, the Krebs index calculated by us, which
decreased by 31.6 % in the representatives of the ex-
perimental group in relation to the control, indicates
an increase in the implementation possibilities of adap-
tive reactions (Table 2).
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Table 2
Leukocyte blood indicators in broiler chickens
Leukocyte indices
Group of poultry
Krebs index LIl LGI BCI Dashtayants
nuclear
Control 0.79 1.38 1.21 0.79 0.06
Experimental 0.54 1.23 1.56 0.53 0.12

The recorded parameters of the hematological pro-
file in the individuals of the experimental group were
obviously more physiologically justified, since its rep-
resentatives were more viable at almost all stages of
embryogenesis. Thus, the percentage of average em-
bryonic mortality (6—16 days) in the form of dead-in-
shell was lower by 2.78 and 1.98 %, respectively, com-
pared to the control. The declared led to an increase in
the hatching of chickens and the hatchability of eggs
by 4.42 % and 3.59 % respectively (Table 3).

An increase in embryonic viability was accom-
panied by an increase in the quality of the resulting
day-old young poultry. The points according to the
PASGAR and OPTISTART scales in the experimen-
tal group exceeded the control by 2.4 and 2.2, respec-
tively. The greatest differences between the experiment
and the control were recorded according to the crite-
ria: “behavior reflex” (0.8) (Table 4), “metatarsal pad”
(0.8) (Table 5), while “beak” and “neck muscle tone”
exceeded the latter by 0.6 respectively.

Table 3
Biological control of incubation (M + m, n = 252)
= |28 B | g, |fegin fo | « | B Y 2L
S |82 5 | 22258258 22| 3 | 22 5% 8
m =3 = ME |Sc5|d<c | &= = g 0° 2 °
= N m AP alQ»al A = 2 anliNS)
Control 2.78 + 0 0 595+ | 3.57+ | 1.59+ | 040+ | 88.05+ 85.71 +
1.04 1.49 1.17 0.79 0.40 2.07 2.21
Experi- | 3.17 + 317+ | 1.59+ | 198+ | 0.79+ | 9247+ 89.3 £
mental 1.10 0 0 1.10 0.79 0.88 0.56 1.65™ 442 1.92* 3:39
Table 4
Quality of day-old chickens according to the PASGAR scale, points (M =m, n = 10)
Bfgg:;or Umbilical ring | Metatarsal pad Beak Abdomen Total points
Control 1.2+03 1.6£0.2 1+£0 1+£0.1 1.8+0.2 6.6+£0.3
Experimental 2+0" 1.8 +0.1 1.8+ 0.1 1.6 +0.2 1.8+0.1° 9.0+0.2
Table 5
Quality of day-old chickens according to the OPTISTART scale, points (M + m, n = 10)
Neck muscle Behavior Uml?lhcal Beak Abdomen Total points
tone Reflex Ring
Control 1.2+0.29 1.2+£03 1.6+0.2 1+£0.1 1.8+0.2 6.8+£0.2
Experimental 1.8+0.2 2+£0" 1.8+0.1 1.6+£0.2 1.8£0.1" 9.0+£0.1
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CONCLUSION
Zinc citrate in the optimal concentration stimulates
erythropoiesis, optimizing the ratio of blood cells, de-
termining the conditions for stabilizing homeostasis in
individuals of the experimental group. The claimed
creates conditions for better embryo development and
its higher viability.
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AHHOTanus. B crarse npezcTaBieHs MaTepruasl n3y4eHuss MOp(GoOHOXMMHUYECKOTO M IMMYHOJIOTHYECKOTO CTa-
Tyca KpPOBH KOPOB I10CJIE OTeJIa C MTOJTHOIEHHBIM IPOSIBICHUEM ITOJIOBOH IUKIMYHOCTH, a TAK)KE C THIO(QYHKIIHO-
HAJIHBIM COCTOSIHUEM SIMYHHUKOB, COIPOBOXKIAIOIIMMCS SIBICHUSIMH aHa(pOJU3UN U aHOBYJSIIuH. ['urnodynk-
LIMOHAJIBHBIC COCTOSTHMS SIMYHNKOB XapaKTEePU3YIOTCs OJIM3KUMH IO CBOEMY XapaKTepy MOP(OIIOTHIECKUMH U UM-
MYHOOMOXMMHUYECKUMH W3MECHEHHSIMH PA3JIMYHOI CTENEHH BBIPAXCHHOCTH. bosee 3HaYNTEIbHBIE M3MEHEHUS
MIPOMCXO/SAT NMPH THNOQYHKIMN IMYHUKOB, MTPOSIBIISIIONIEHCS aHaQpoaAn3nei, CBUCTENLCTBYIONINE O CHIKCHUT
MHTEHCHBHOCTH SPUTPOII033a, TYMOPAIBLHOTO U KJIETOYHOIO 3BeHa HeCHEenU(pHIECKOH PE3UCTEHTHOCTH, CHHTE-
3a IOJNOBBIX cTepouIoB B 1,87—7,92 pasa, copepkaHusi IPOTUBOBOCMAIUTENBHBIX IUTOKUHOB Ha 28,7—29,2 %
TIPY TIOBBIIICHUN YPOBHS POBOCTIANNTENbHBIX Ha 50,2—74,3 %. [opMOHanbHbIH cTaTyc KOPOB ¢ THHOQYHKIIH-
el SIMYHKMKOB, CONPOBOXKAAOLIEHCS aHOBYIIALUEH, XapaKTepU3yeTCsa CHIKCHHEM YPOBHS IOJOBBIX CTEPOHIOB
B MEPHOJ IPOSBICHUS aHOBYJISITOPHOTO MoJIoBoro mukia B 1,33—4,11 pasa, yTo KIMHUYECKH TPOSABISAETCS OT-
CYTCTBHEM B SIMYHMKAaX (yHKIMOHAIBHO aKTHBHOTO JKEJTOTO TeJa.

KioueBble ci10Ba: KOPOBBIL, SMUHUKH, THIOQYHKIHS, aHADPOIU3HS, aHOBYIIALHSI, MOPPOONOXNUMHYECKHN U M-

MyHOHOFI/I‘ICCKI/Iﬁ cTaryc

Bricokast MOIOUHASI TPOYKTHBHOCTB, SIBJISTFOIIAS-
CsT HCOOXOUMBIM yCIIOBUEM PEHTA0CITFHOTO BEICHHS
CKOTOBO/ICTBA, OKa3bIBACT OTPUIIATENILHOE BITUSIHUE HA
BOCHPOM3BOAUTEIbHYIO (DYHKIIMIO KUBOTHBIX, 0CO-
OEHHO COCTOSIHUE TOPMOHAJILHOTO TOMEOCTa3a, Ompe-
JensieMoro QYHKIMOHATBHOM e TeIbHOCTHIO SIMYHU-
KOB. B OonbIIMHCTBE CiyyaeB HApyIICHUS] TOPMOHO-
npoaynupyromeid QyHKIUU STUYHUKOB Y MOJIOYHBIX
KOPOB KIIMHUYECKHU MPOSIBISIFOTCS B (JOPME UX THIIO-
¢ynkunn — 32,7—42,9 %. 'ino¢dyHKunoHambHOE
COCTOSTHHE TTOJIOBBIX TOHAJ Hanboee 4acTo AUarHo-
CTUPYETCS Y KOpOB-TIepBOTEIOK [1—3].

[Iupokoe pacnpocTpaHeHre AUCHYHKIHOHATb-
HBIX PAcCTPOMCTB SUUHUKOB Y KOPOB M HAHOCHMBIi
MU 3HAUUTENbHBIA SKOHOMHYECKUN yIIepO >KUBOT-
HOBOAUYECKHM XO03siicTBaM 00yclaBIMBaeT HEOOXO-
JUMOCTH JIETAIBHOTO W3yYSHHs dTHONATOTeHETHYe-
CKUX MEXaHU3MOB.

Ilo MHEHMIO MHOTOYHCIIEHHBIX HCCIEN0BATENCH,
TUNOQYHKIUS SIMUHUKOB SIBJISICTCS TIOJIMATHOJIOTHY-
HOM marosyorueil. Bmecre ¢ TeM, B OCHOBE pa3BUTHUS
TUMOQYHKIIMOHAIBHBIX PACCTPOUCTB THUHUKOB SIBIISI-
€TCsI He TOJILKO MTOHM)KEHHAsl X (PyHKIIMOHAIbHAS aK-
TUBHOCTH, HO ¥ CHI)KEHHE TOPMOHOITI033a B THUITOTO-
JaMO-TUIIO(pHU3apHON CUCTEME, COIIPOBOXKIAIOLICECS
Pa3BUTHEM aHOBYJITOPHBIX OJIOBBIX HUKIIOB [4—7].

Kpowme Toro, moMrMo roHaIoTporHbIX TOPMOHOB,
KOTOPBIM OTBOJMJIACH IOMUHHUPYIOIIAsl POJIb B Pa3BU-
THU TUCPYHKIUOHAIBHBIX PACCTPOMCTB SHYHHUKOB,
B OTHOJIOTHH TUTTOQYHKITUH UTPAIOT POITH METa0OIH-
YECKHUEe FOPMOHBI (MHCYJINH, TUPOKCUH, MHCYIHHO-
MOI0OHBIN (hakTOp pocTa, KOPTU301), HHTEPICHKH-
HBI U 1. [8, 9].

AJNMMEHTapHbIe PUYUHBI (00ECIIEYEHHOCTh OC-
HOBHBIMH THUTATEIbHBIMH BEIIECTBAMH, BUTAMHUHA-
MU, MUHEPAJaM{ U Jp.) B 3TUOJIOIMU TUHO(QYHKIUH

© Crenanos E. M., Muxanes B. 1., Cxopuxor B. H., Cammranna JI. FO., Uycosa I. I'., CynetimanoB C. M., Aanpua-
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SIMYHUKOB Y KOPOB BBICTYTIAIOT B KAY€CTBE MPeIpacIio-
nararonmx ¢paxTopoB. Bmecre ¢ Tem, pe3ynsrarsl 61o-
XMMHYECKHUX UCCIIEOBAHUHM KPOBHY KOPOB C TMITO(YHK-
LUOHAJIBHBIM COCTOSIHUEM SIMYHUKOB CBUETEIbCTBY-
0T 0 TyOOKHX HapylieHusx oomena Bemects [10, 11].

[TosToMy m3ydeHue nokaszareneid MophoOHuoxu-
MHYECKOTO0 ¥ UMMYHOJIOTHYECKOT0 CTaTyca KpOBHU
KOPOB IIpU T'MIIO(QYHKIHOHAIBHOM COCTOSHUM SIMY-
HUKOB SIBJISICTCS aKTYaJIbHBIM M TpeOyeT AajbHei1e-
IO M3y4CHHUS.

Heuas ucciaenoBanuii — u3yunTb Mopdoduoxu-
MHYECKUA 1 UMMYHOJIOTMYECKUN CTaTyC KPOBU KOPOB
pu TUNO(QYHKIUY SUIHUKOB.

MATEPUAJ U METO/1bI
HUCCJIEJOBAHUM

OOBEKTOM UCCIIETOBAHUHN CITY>KUIIU JIAKTUPYIOIINE
OecruioHbIe KOPOBBI uepe3 40—45 nHeil moce orena,
KOTOPBIE 10 pe3yJibTaTaM aHAMHECTUYCCKHUX U KITMHH-
KO-3XOTpadhIIeCKIX UCCIICIOBAHIM OBIITH pa3IeIICHBI
10 TIPUHIIMITY aHAJIOTOB Ha TPH TPYIIIHL: MPOSBIISIO-
K€ ITOJIOBYIO UKIMYHOCTH (1 = 12), ¢ runoyHKITH-
eil SIMYHUKOB, COMPOBOXKAAIOUIYIOCS aHAPpPOIU3UCH
(n =12), c runopyHKIHMEH SUIYHUKOB, COMTPOBOXKIAF0-
rytocs aHoBymsAnyeH (omukyna (n = 12). 3a )KUBOT-
HBIMH TTPOBOIMIIN HAOMIONICHNE, YIUTHIBAIN BCE CITY-
Yau MPOSBJICHUS TIOJI0BOM UKINIHOCTH.

OT KUBOTHBIX, BKITFOYCHHBIX B OIBIT (110 7—8 U3
Ka)XJI0} IPYIIBl) OTOOpaHbl MPOOBI KPOBH /IS POBE-
JieHus TabopaTopHbIX MccieoBaHmii. B kpoBu omnpe-
JIETIEHO COJIEpIKAHUE IPUTPOIIUTOB, IEUKOIIUTOB, JIEH-
ko opmyIia, TeMOTIIOONHA, TTOKa3aTe Il TeMaTOKPHTa,
o0rmiero Oenka u ero Qpakiuid, 0OIMKUX UMMYHOTJIO-
OyJIMHOB, IUPKYJIUPYIOIIUX UMMYHHBIX KOMIUIEKCOB
(IUK), bakTepuuaHy 0 akTHBHOCTh CBIBOPOTKHU KPO-
BU (BACK), Tu301IMMHYIO aKTHBHOCTH CBIBOPOTKH
kpoBH (JIACK), paronurapHyto akKTUBHOCTE JICHKOIIH-

ToB (DAK), parrommrapusrii uagekc (OU), dharomm-
tapHoe uncio (OPY). Kpome Toro, B kpoBH onpeere-
HO coziepKaHKe MporecTepoHa, 3CTPaanoia, TeCTOCTe-
poHa, neruaposnuanapocrepona cyibdara (I3AC),
KOpTH307a, uHTepneiikuna — 1B, 2, 4, 10 u dakropa
HeKpo3a omyxonm anbda (PHO ).

Mopdonoruueckuii coctaB KpOBU U3yUYeH Ha Ie-
MatosorudeckoM ananuzatope «ABX MICRO S60y,
OMOXMMHUYECKHE ITOKa3aTeIn — Ha aHanm3arope «Hita-
chi-902» n Habopamu hupmbl «Butamy cormacHo ycra-
HoBJIeHHBIM MeTogukam, BACK — mo O. B. Cmup-
HoBoil n T.A.. Ky3zpmunoii (1966), JTACK — mno
K. Karpomanogoii, 3. B. EpmonbseBoii (1966), DAJT—
¢ aatureroM Staph. aureus o B. C. I'octey (1950).
Conep:xaHue rOpMOHOB B CBIBOPOTKE KPOBH OIIpeie-
neHo MerogoM MDA ¢ ucnonb3oBaHUEM TECT-CUCTEM
3A0 «HBO Mmmynotex» (Poccus), a ypoBeHb uH-
TEpIEUKNHOB — C UCTIOIb30BaHUEM BUIOCTICIU(UY-
Heix TecT-cucteM Elisa Kit (Cloud-Clone Corp., USA).

ITomyuennbrit ndpoBoi Marepuan MOIBEpraIH
CTaTUCTUYECKON 00padOTKe C UCTIOIb30BAHUEM ITaKe-
Ta NPUKJIAAHBIX mporpamm Statistica 6.0.

PE3VJBTATHI UCCJIEJTOBAHUM

Mopdonorudeckre mokazaread KpoBH KOPOB
C Pa3IMYHBIM (DYHKIIMOHAJIBHBIM COCTOSTHUEM SIMUHU-
KOB Ipe/icTaBieHbI B Tabnuue 1.

VYCTaHOBJICHO, YTO B KPOBH KOPOB C THIO(YHK-
UMEN SAUYHUKOB, CONPOBOXKAAOUIEHCS aHOBYJSALIM-
eil, colep)kanue JeHkonuToB Oonpiie Ha 9,8 % Mo
CPaBHEHHUIO C JKUBOTHBIMH, MPOSBISIONIMMHU IOJIO-
BYIO IIMKIMYHOCTb, B TOM YHCJIE MAJOYKOSIAEPHBIX
HelTpodpmioB — B 1,62 paza (P < 0,001), s03uHodu-
noB — B 2,68 paza (P < 0,001), mororuroB — B 2,31
paza (P < 0,001) npu cHU>KEHHU YPOBHS JINMQPOIUTOB
Ha 12,8 % (P < 0,05) 1 BenuunHBI reMaTOKpuTa — Ha
16,9 % (P < 0,05).

Taoauna 1
Mopdghonoeuueckue noxkasamenu Kpogu KOpoe Npu pasiuiHoM QYHKYUOHALILHOM COCIMOSHUU SULHUKOS
TTpostBAsoNIHe MOTOBYIO T'unodynkuwms, conpo- l'umodyHkIwms, conpo-
TToxazarenu - BOXKIAtoMIasicss aHAPPOIH- BOYKIAFOIIAsICS AaHOBYIIS-
OUKIAYHOCTD, 1 = 8 - .
3ueit, n =17 oueit, n =7
1 2 3 4
Dpurpouuntsl, 102 /1 6,48 £0,31 5,94 +£0,29 6,32 +0,24
I'emornoOuH, /71 121,6 £ 6,7 110,2+7,9 114,3 £ 10,2
I'emaroxpur, % 432 +2,1 37,1 +1,5" 359+ 1,3"
Jletikonutsl, 10°/1 7,54 +0,31 8,61 +0,34" 8,28 + 0,33
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Oxonuyanmue Ta0.1. 1

1 2 3 4
MaJI0YKOsIIepHbIE, % 5,5+0,19 7,7+0,21" 8,9+0,23"
CEerMEeHTHOsAepHBIE, %0 45,1+ 2,1 41,5+2,2 40,3+ 1,9
Do3uHOPHITEL, % 2,2+0,11 4,4 +0,14™ 5,9+0,16"
MownoruTsl, % 2,6 +0,13 4,8+£0,11™ 6,0£0,12""
Jumdonuter, % 44,6 +1,9 416+1,9 389+1,7

*P<0,05

sekeok

Y *KHBOTHBIX C THITOQYHKIIMOHAIEHBIM COCTOSHH-
€M SIMYHHKOB, COMPOBOXKIAIOIICHCS aHaQpoIu3neH,
B KPOBH YCTaHOBJICHO CHU)KEHHE YPOBHS SPUTPOIIUTOB
Ha 8,3 % 1O CpaBHEHHUIO C KOPOBAMH, TPOSBISIFOIIINX
MTOJIOBYIO ITUKJIMYHOCTH, TeMorinoonna — Ha 9,4 %,
BeJMYUHBI reMatokputa — Ha 14,1 % (P < 0,05), uto
CBHJICTENILCTBYET O CHIPKEHUH HHTEHCHUBHOCTH SPUTPO-
1mo33a. B To e BpeMsi B KDOBH ATHX JKUBOTHBIX YCTa-
HOBJICHO NoBbIIIeHHOE Ha 14,2 % (P < 0,05) conepxa-
HUE JICUKOLIUTOB, MAJOYKOSACPHBIX HEUTPOPUIOB —
Ha 40,0 % (P <0,001), so3unopmnoB — B 2,0 pasza
(P <0,001), mororroB — B 1,85 paza (P < 0,001).

[Ipu n3ydeHun nokazareneil KICTOYHOTO U TYMO-
PaJBHOTO 3BEHA HeCTeU(PUICCKON Pe3UCTEHTHOCTH
yCTaHOBJIEHO (TalJ1. 2), 4TO Y )KUBOTHBIX C TUTTIO(QYHK-
LUel SIMYHUKOB, KIIMHUYECKHU COIPOBOXKIAIOIIEHCS
AHOBYJIAIIMCH, (paroruTapHasi akKTUBHOCTD JICHKOITH-
ToB HMXKE Ha 6,9 % (P < 0,05), 4eM y KOpOB C MOJIHO-
LIEHHBIMHU TIOJIOBBIMU ITUKJIAMH, (aronuTapHBIA WH-

P < 0,001 — mo cpaBHEHHUIO C JKHBOTHBIMH, MTPOSIBIISIOIIMMH TOJOBYIO ITHKINIHOCTD

nexc—Ha 15,8 % (P < 0,05), paronurapHoe ynucio —
Ha 20,9 % (P <0,01), BACK—mna 7,7 %, JIACK — Ha
10,7 % (P < 0,05), npu MOBBIICHUH YPOBHS OOIIUX
umMmyHoTIIoOymHOB Ha 17,5 % (P < 0,05) u umpky-
JUPYIOUMX UMMYHHBIX KOMILJIEKCOB — B 1,86 pasa
(P<0,001).

Y *KHBOTHBIX C THITOQYHKITUOHAIBHBIM COCTOSHH-
€M TIOJIOBBIX TOHAJI C SIBJICHUEM aHa(DPOIU3UU U3MEHE-
HUSl IMMYHOJIOTMYECKUX TTOKa3aresiel UMEIOT OoJee
BBIp@XCHHBIN XapakTep. Tax, (parorurapHbIii HHIEKC
y HuX cHkeH Ha 19,7 % (P <0,01), daronmmuraproe
yucino — Ha 24,2 % (P < 0,001), conepxanwue od1ie-
ro 6enxka — Ha 8,2 % (P < 0,05), BACK —na 11,0 %
(P <0,05), TACK — na 14,3 % (P < 0,05), ipu 110-
BBIIIICHUN KOHIICHTPAIMH O-TIo0ymrHOB Ha 28,7 %
(P <0,05) 1 mUpKyIUPYIOMHUX UMMYHHBIX KOMILICK-
coB — Ha 50,0 % (P <0,001), cBuaeTenpCcTByIOIIEE
O CHIDKEHHUH TYMOPAJILHOTO M KJIETOYHOTO 3BEHA HE-
crenu(rueCcKol Pe3UCTCHTHOCTH.

Taoauma 2

Tlokazamenu kiemounozo u cYMOpAlbHO2O 36€HA Hecnel,;uqbuuecmﬁ pesucmenmHocmu
Kopoe npu pas3iuiHom ¢yHKZ4uOHaJZbHOM COCMOAHUU AUYHUKOB

l'unodynkuus, corpo- lunodynkums, conpo-
IIposBistoue nonoByro
ITokazarenu - BOYKIArOIIAsICST aHAPPOIH- BOYKIAFOIIASICS AHOBYJISI-
LUKIAYHOCTD, 11 = 8 . o
3uei, n =17 uuen, n="7
1 2 3 4
DAL, % 81,4+ 1,6 76,5+ 14" 75,8 +£1,3"
DU 7,6 £0,21 6,1 £0,33" 6,4+0,37
oY 6,2+0,19 4,7+0,21™ 4,9 +0,26™
OO0mmii 6enoK, /1 79,6 £2,1 73,1 +£1,9° 77,8 +3,8
AnbpOymuHBL, % 43,6+ 1,9 38,1 +1,5° 42,7+ 1,7
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Oxonuyanue Ta0.J1. 2

1 2 3 4
0-T100yTHHEL, %0 10,8 £0,7 139+1,1° 11,3+£0,7
B-ro0ymnuusl, % 18,6 £0,9 19,9+ 1,1 20,7+ 1,3
y-Ti1o0yuHbI, % 27,0+ 1,3 28,1+1,5 253+1,4
Ob6mue Jg, r/n 22,8+ 1,4 249+1,3 26,8 +1,1°
UK, r/n 0,22 £0,01 0,33+0,01™ 0,41 +£0,02"
BACK, % 84,4 £3.8 75,1+29" 77,9 +3,1
JIACK, MKr/mia 2,8+0,11 2,4+0,13" 2,5+0,09"

*P<0,05
" P<0,01

** P <0,001 — 1Mo cpaBHEHHIO C KUBOTHBIMH, TIPOSBIISFONIAMH TTOJOBYIO IIMKINIHOCTD

nTOKMHOBBIN POQHIH KPOBH KOPOB C pasind-
HBIM TIPOSBJICHUEM IOJIOBOW HUKINYHOCTH IPEJ-
cTaBiieH B Tabnune 3. YCTaHOBJIEHO, YTO IMIIO(YHK-
LIAOHAJIBHOE COCTOSIHUE SUYHUKOB, IIPOSIBIISIOLICECS
AHOBYJIILIMEH, XapAKTEPU3YETCS ITOBBIIIEHUEM YPOB-
H1 ®HO-0 12 19,1 % (P < 0,05), MJI-2 —na 30,4 %
(P <0,05), WI-1p —na 24,6 % (P < 0,05), npu cHu-
wennn WJI-4 ma 17,7 % (P <0,05) u MJI-10 — Ha
19,4 % (P < 0,05).

YV )KUBOTHBIX C SIBICHUSIMH aHAPPOIU3UH H3MEHE-
HUS ITUTOKHHOBOTO MPOQHUIISI UMEIOT CXOXKHUH Xapak-
tep. Tak, B KpOBH KOPOB C TUMO(YHKIHEW STUIHUKOB,
KIIMHUYECKH TIPOSIBIISIFOICHCS aHadpoau3ueii, ycra-
HOBJICHO TOBBIIICHUE YPOBHS MPOBOCIAIUTEIBHBIX
(®HO-0—mna 50,2 %, P < 0,001; NJI-2 —na 74,3 %,
P <0,001; WI-1 —mna 57,9 %, P < 0,001) mpu can-
JKeHNH TIpoTHBOBOCcTIanTeNnbHBIX (MJI-4 —nHa 29,2 %,
P <0,001, 1JI-10—mna 28,7 %, P < 0,01) HIUTOKUHOB.

Taoauna 3
CoOepoicanue yumoKuUHO8 8 KposuU KOpPO8 Npu Pa3iuiHOM (QYHKYUOHATbHOM COCMOAHUU AUYHUKO8
TTposBAsIoNHe MOTOBYIO Tunodyskus, conpo- l'unodyHKIMs, conpo-
ITokazaTenu - BOYK/TArOIIAsiCST aHAPPOTH- BOXKTAFOIIASICS AHOBYJISI-
LMKINYHOCTD, 11 = § . "
3ueit, n =17 muen, n =7

DOHO-a, rr/mia 132,4 + 6,6 198,8 10,3 157,7+7,7"
WJI-2, nr/min 42,1+33 73,4+ 4,1 54,9+ 34"
WJI-1B, or/mn 18,3 +1,1 2890+1,9" 22.8+1.2"
WJI-4, ur/mn 62,3 +3,5 44,1 £2.2™ 51,3+24"
WJI-10, or/ma 66,9 +4,2 47,7 +£3,1" 53,9 +2,2"

*P<0,05

" P<0,01

sekok

lopMoHanbHBIN cTaTyC KOPOB C TUMOQYHKIIHO-
HaJIBHBIM COCTOSHHUEM SIHMYHUKOB W ITIOJTHOLICHHBIM
MPOABICHUEM MOJIOBOM HUKINYHOCTH IpEACTaB-
JieH B Tabnune 4. YCTaHOBJIEHO, YTO Y KOPOB C TH-
no(yHKIHEH SUYHHUKOB, KIMHUYECKU MPOSBISAIO-

P < 0,001 — mo cpaBHEHHUIO C )KHBOTHBIMH, MTPOSIBIISIONIMMH TOIOBYIO ITUKINIHOCTD

nieiics anadpoausuei, coaepkaHue MporecTepoHa
Huxe B 7,92 paza (P <0,001), sctpaguona-17p —
B 1,87 paza (P <0,001), rectocrepona — B 2,55 paza
(P<0,001), A3AC — B 2,84 paza (P <0,001), xop-
tnzona — B 1,61 paza (P <0,001), cBunerenpcTByrO-
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iee O MOJHOMW Aenpecchy (QYHKIMH MOJTOBBIX KeJe3.
l'umodyHKIMSA, COMPOBOXKIAIOMIAACS aHOBYISALIUEH,
XapaKTepu3yeTcs CHUKEHUEM YPOBHs IPOTeCcTepo-
Ha B NEPHUOA MPOSIBICHHUS aHOBYJISITOPHOTO TOJIOBO-
ro nukina B 4,11 paza (P < 0,001), actpagnona-17 —
B 1,33 paza (P <0,001), recrocrepona — B 1,51 paza

(P<0,001), I3AC—8 1,69 paza (P < 0,001) u kopTu-
3oma— B 1,30 paza (P < 0,01). [Ipu mpoBeneHUH KITH-
HHUKO-2XOTpahUUECKUX UCCIICIOBAHUN ITHX )KUBOTHBIX
Ha 6—8 JIHU MOCIIE OCEMEHEHHS KOHCTATHPYETCS OT-
CYTCTBUE B SMYHUKAX (PYHKIIMOHAILHO aKTUBHOTO eI~
TOTO TCJia, YTO NMOATBEPKAACT ABJICHUC aHOBYJIALINU.

Tabmuna 4
Konyenmpayus 20pmonos 6 Kposu Kopos npu pasnuyHoM QYHKYUOHAbHOM COCMOSHUU AUYHUKOS
TTpostBAsoNHe MOTOBYIO I'mmodynkums, conpo- I'mmodyskms, conpo-
TTokazarenu - BOXJIaronasicst anapposm- BOX/TAIOIIASICS] AHOBYJIsI-
LUKIAYHOCTE, 11 = § . o
3ueit, n =17 muen, n =7
Iporectepon, HMonb/m 152+ 1,0 1,92 +0,11" 3,7+£0,16™
Dcrpaanon-17p, HMoms/ 0,28 £ 0,01 0,15+0,01™ 0,21 £0,01™
TecrocTepoH, HMob/i 1,07 £ 0,06 0,42 +£0,02"" 0,71 £ 0,04™"
JDAC, aMonb/1 0,54 + 0,03 0,19+0,01™ 0,32+0,01"
Koptuzosn, EMosib/in 2193+ 124 135,9 £ 9.4 1684+ 114"

" P<0,01

sk

3AKJIIOUEHHUE

I'unodyHKIIMOHATILHBIE COCTOSIHUS SITYHUKOB, CO-
MPOBOXK/IAIOIIMECS SIBICHUSIMA aHA(POAU3UU U aH-
OBYIISIIIAH, XapaKTEPHU3YIOTCs OJIM3KUMHU MO CBOEMY
XapakTepy MOP(OIOrHIYECKUMUA U UMMYHOOUOXUMHU-
YECKUMH M3MCHCHHSIMH PA3JIMYHON CTEICHU BhIpa-
KEHHOCTH. bojiee 3HaYNTENbHBIE U3MEHEHUSI TIPOHUC-
XOJAT MPH TUHOQYHKIIUK SIMYHUKOB, MPOSIBIISIOIICH-
cs1 anapon3ueit, CBUCTENbCTBYIOIINE O CHUKCHUH
WHTEHCUBHOCTH PUTPOII033a, TYMOPAILHOTO U KJIe-
TOYHOTO 3BEHA HECHEIU(PUICCKON PEe3UCTCHTHOCTH,
CUHTE3a MOJIOBBIX CTEPOHJIOB, COJICPIKAHUSI TPOTHUBO-
BOCTIATTUTEBHBIX ATOKUHOB MPHU MOBBIIIIEHUH YPOB-
HS TIPOBOCTIATTUTEbHBIX.
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MORPHOBIOCHEMICAL AND IMMUNOLOGICAL BLOOD
STATUS OF COWS WITH OVARIAN HYPOFUNCTION
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Abstract. The article presents the material on studying the morpho-biochemical and immunological blood status
of cows after calving with a full manifestation of sexual cyclicity, as well as with a hypofunctional state of the
ovaries, accompanied by the phenomena of anaphrodisia and anovulation. Hypofunctional states of the ovaries
are characterized by similar morphological and immunobiochemical changes of varying severity. More signifi-
cant changes occur in case of ovarian hypofunction, manifested by anaphrodisia, indicating a decrease in the in-
tensity of erythropoiesis, humoral and cellular non-specific resistance, synthesis of sex steroids by 1.87—7.92
times, the content of anti-inflammatory cytokines — by 28.7—29.2 %, with an increase in the level of pro-inflam-
matory ones by 50.2—74.3 %. The hormonal status of cows with ovarian hypofunction accompanied by anovu-
lation is characterized by a decrease in the level of sex steroids during the manifestation of the anovulatory sex-
ual cycle by 1.33—4.11 times, which is clinically manifested by the absence of a functionally active corpus lute-
um in the ovaries.

Keywords: cows, ovaries, hypofunction, anaphrodisia, anovulation, morphobiochemical and immunological status

High milk productivity, which is a necessary con-
dition for profitable livestock breeding, has a negative
effect on the reproductive function of animals, espe-
cially the state of hormonal homeostasis, determined
by the functional activity of the ovaries. In most cas-
es, violations of the hormone-producing function of
the ovaries in dairy cows are clinically manifested in
the form of their hypofunction — 32.7—42.9 %. The
hypofunctional state of the gonads is most often diag-
nosed in first-calf cows [1—3].

The widespread prevalence of dysfunctional ovari-
an disorders in cows and the significant economic dam-
age they cause to livestock farms necessitates a detailed
study of etiopathogenetic mechanisms.

According to numerous researchers, ovarian hy-
pofunction is a polyetiological pathology. At the same
time, the development of hypofunctional disorders of
the ovaries is based not only on their reduced function-
al activity, but also on the decrease in hormonopoiesis
in the hypothalamic-pituitary system, accompanied by
the development of anovulatory sexual cycles [4—T7].

Moreover, in addition to gonadotropic hormones,
which were assigned the dominant role in the devel-
opment of dysfunctional ovarian disorders, metabolic
hormones (insulin, thyroxine, insulin-like growth fac-
tor, cortisol), interleukins, etc. play a role in the etiol-
ogy of hypofunction [8, 9].

Alimentary causes (sufficiency of basic nutrients,
vitamins, minerals, etc.) in the etiology of ovarian hy-
pofunction in cows act as predisposing factors. At the
same time, the results of biochemical blood studies of
cows with a hypofunctional state of the ovaries indi-
cate profound metabolic disorders [10, 11].

Therefore, the study of indicators of the morpho-
biochemical and immunological blood status of cows
with a hypofunctional state of the ovaries is relevant
and requires further study.

The objective of the research is to study the mor-
phobiochemical and immunological blood status of
cows with ovarian hypofunction.

© Stepanov E. M., Mikhalev V. 1., Skorikov V. N., Sashnina L. Yu., Chusova G. G., Suleymanov S. M., Andrian-
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MATERIAL AND METHODS

The object of the research was lactating infertile
cows 40—45 days after calving, which, according
to the results of anamnestic and clinical echograph-
ic studies, were divided according to the principle of
analogues into three groups: exhibiting sexual cyclic-
ity (n = 12); with ovarian hypofunction, accompanied
by anaphrodisia (n = 12); with ovarian hypofunction,
accompanied by anovulation of the follicle (n = 12).
Animals were observed, all cases of manifestation of
sexual cyclicity were taken into account.

Blood samples were taken from the animals includ-
ed in the experiment (7—S8 from each group) for labora-
tory tests. The content of erythrocytes, leukocytes, leu-
koformula, hemoglobin, hematocrit, total protein and its
fractions, total immunoglobulins, circulating immune
complexes (CIC), serum bactericidal activity (SBA),
serum lysozyme activity (SLA) were determined in the
blood, leukocyte phagocytic activity (LPA), phagocyt-
ic index (PhlI), phagocytic number (PhN). In addition,
the content of progesterone, estradiol, testosterone, de-
hydroepiandrosterone sulfate (DHEAS), cortisol, inter-
leukin — 1§, 2, 4, 10 and tumor necrosis factor alpha
(TNF ) was determined in the blood.

The morphological blood composition was stud-
ied on an ABX MICRO S60 hematological analyz-
er, biochemical indicators — on a Hitachi-902 ana-

lyzer and Vital kits according to established methods,
SBA — according to O. V. Smirnova and T. A. Kuz-
mina (1966), SLA — according to K. Kagromanova,
Z. V. Ermolyeva (1966), LPA — with Staph. aureus
antigen according to V. S. Gostev (1950). The serum
content of hormones was determined by ELISA using
the test systems of CJSC “NVO Immunotech” (Rus-
sia), and the level of interleukins was determined us-
ing the species-specific test systems Elisa Kit (Cloud-
Clone Corp., USA).

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

STUDY RESULTS

Morphological blood indicators of cows with vari-
ous functional state of the ovaries are presented in Ta-
ble 1.

It has been found that in the blood of cows with
ovarian hypofunction, accompanied by anovulation,
the content of leukocytes is by 9.8 % higher compared
to the animals exhibiting sexual cyclicity, including
stab neutrophils — by 1.62 times (P < 0.001), eosin-
ophils — by 2.68 times (P < 0.001), monocytes — by
2.31 times (P < 0.001), with a decrease in the level of
lymphocytes by 12.8 % (P < 0.05) and hematocrit —
by 16 .9 % (P < 0.05).

Morphological blood indicators of cows with a various functional state of the ovaries e
Indicators Exhibiting sexual cyclicity, Hypofunction, accompa- Hypofunction, accompa-
n=3_8 nied by anaphrodisia, n =7 | nied by anovulation, n =7

Erythrocytes, 10'%/L 6.48 £0.31 5.94+0.29 6.32+0.24
Hemoglobin, g/L 121.6 £ 6.7 110.2+7.9 1143 +£10.2
Hematocrit, % 432 +2.1 37.1+1.5" 359+ 1.3"
Leukocytes, 10°/L 7.54+0.31 8.61 +0.34" 8.28+0.33
stab, % 55+0.19 7.7+£021™ 8.9 +0.23™
segmented nuclear, % 45.1+2.1 41.5+22 403+19
Eosinophils, % 22+0.11 44+0.14™ 5.9+0.16™
Monocytes, % 2.6+0.13 48+0.11™ 6.0+0.12"
Lymphocytes, % 44.6+1.9 41.6+1.9 389+ 1.7

*P<0.05

seokok
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In the animals with a hypofunctional state of the
ovaries, accompanied by anaphrodisia, a decrease in
the level of erythrocytes by 8.3 % was found in the
blood compared to the cows exhibiting sexual cyclic-
ity, hemoglobin — by 9.4 %, hematocrit—by 14.1 %
(P <0.05), which indicated a decrease in the intensi-
ty of erythropoiesis. At the same time, in the blood
of these animals, the content of leukocytes increased
by 14.2 % (P < 0.05), stab neutrophils — by 40.0 %
(P <0.001), eosinophils — by 2.0 times (P < 0.001),
monocytes — 1.85 times (P < 0.001).

When studying the indicators of the cellular and
humoral link of non-specific resistance, it has been
found (Table 2) that in the animals with ovarian hypo-
function, clinically accompanied by anovulation, the
phagocytic activity of leukocytes is lower by 6.9 %
(P <0.05) than in the cows with full sexual cycles,

phagocytic index — by 15.8 % (P < 0.05), phagocyt-
ic number — by 20.9 % (P < 0.01), SBA—by 7.7 %,
SLA—by 10.7 % (P < 0.05), with an increase in the
level of total immunoglobulins by 17.5 % (P < 0.05)
and circulating immune complexes — by 1.86 times
(P <0.001).

In the animals with a hypofunctional state of the go-
nads with the phenomenon of anaphrodisia, changes in
immunological indicators are more pronounced. Thus,
their phagocytic index is reduced by 19.7 % (P < 0.01),
phagocytic number — by 24.2 % (P < 0.001), total pro-
tein content— by 8.2 % (P < 0.05), SBA—Dby 11.0 %
(P <0.05), SLA— by 14.3 % (P < 0.05), with an in-
crease in the concentration of a-globulins by 28.7 %
(P <0.05) and circulating immune complexes — by
50.0 % (P < 0.001), indicating a decrease in the humor-
al and cellular link of non-specific resistance.

Table 2

Indicators of the cellular and humoral link of nonspecific resistance of
cows in case of various functional states of the ovaries

Indicators Exhibiting seigual cyclicity, Hypofunction, a'ccfompi- Hypofunction, a'ccomp_a—
n=_8 nied by anaphrodisia, n =7 | nied by anovulation, n =7
LPA, % 81.4+1.6 76.5+1.4" 75.8+1.3"
Phl 7.6+£0.21 6.1+0.33" 6.4+037"
PhN 6.2+0.19 47+£021™ 49+0.26"
Total protein, g/L 79.6 £2.1 73.1+£1.9° 77.8+3.8
Albumins, % 43.6+1.9 381+ 1.5 42.7+1.7
a-globulins, % 10.8 £0.7 13.9+1.1° 11.3+0.7
B-globulins, % 18.6 £0.9 19.9+1.1 20.7+1.3
y-globulins, % 27.0+1.3 28.1+£1.5 253+14
General Jg, g/ 228+ 1.4 249+1.3 26.8+ 1.1
CIC, g/L 0.22+0.01 0.33+£0.01™ 0.41+0.02"™
SBA, % 84.4+38 75.1+£29" 779 £3.1
SLA, pg/ml 2.8+0.11 24+0.13" 2.5+£0.09"
*P<0.05
" P<0.01

sekeok

P <0.001 — compared to the animals exhibiting sexual cyclicity

The cytokine blood profile of cows with various
manifestations of sexual cyclicity is presented in Table
3. It has been established that the hypofunctional state
of the ovaries, manifested by anovulation, is charac-

126

terized by an increase in the level of TNF-a by 19.1 %
(P <0.05), IL-2—by 30.4 % (P < 0.05), IL-1B — by
24.6 % (P < 0.05), with a decrease in IL-4 by 17.7 %
(P <0.05) and IL-10 — by 19.4 % (P < 0.05).
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In the animals with anaphrodisia, changes in the
cytokine profile are similar. Thus, in the blood of cows
with ovarian hypofunction, clinically manifested by
anaphrodisia, an increase in the level of pro-inflam-
matory (TNF-a — by 50.2 %, P <0.001; IL-2 — by
74.3 %, P<0.001; IL-1p — by 57.9 %, P <0.001)
with a decrease in anti-inflammatory (IL-4 — by
29.2 %, P <0.001, IL-10 — by 28.7 %, P <0.01) cy-
tokines.

The hormonal status of cows with a hypofunction-
al state of the ovaries and a full manifestation of sex-
ual cyclicity is presented in Table 4. It has been found
that in the cows with hypofunction of the ovaries, clin-
ically manifested by anaphrodisia, the content of pro-
gesterone is by 7.92 times lower (P < 0.001), estradi-

0l-17p — by 1.87 times (P < 0.001), testosterone —
by 2.55 times (P < 0.001), DHEAS — by 2.84 times
(P <0.001), cortisol — by 1.61 times (P < 0.001), in-
dicating a complete depression of the gonad function.
Hypofunction, accompanied by an anovulation, is
characterized by a decrease in the level of progester-
one during the manifestation of the anovulatory sexu-
al cycle by 4.11 times (P < 0.001), estradiol-17p — by
1.33 times (P < 0.001), testosterone — by 1.51 times
(P <0.001), DHEAS — by 1.69 times (P < 0.001) and
cortisol — by 1.30 times (P < 0.01). When conducting
clinical and echographic studies of these animals for
6—38 days after insemination, the absence of a function-
ally active corpus luteum in the ovaries is ascertained,
which confirms the phenomenon of an anovulation.

Table 3
Blood content of cytokines in cows with various functional states of the ovaries
. Exhibiting sexual cyclicity, | Hypofunction, accompa- Hypofunction, accompa-
Indicators . . . .
n=3_8 nied by anaphrodisia, n =7 | nied by anovulation, n =7
TNF-a, pg/ml 1324+ 6.6 198.8 £10.3" 157.7+7.7"
IL-2, pg/ml 42.1+33 73.4£4.17 549+34"
IL-1B, pg/ml 18.3£1.1 28.9+1.9™ 22.8+1.2"
IL-4, pg/ml 62.3+3.5 44,1 £2.2™ 51.3+£24"
IL-10, pg/ml 66.9+4.2 477 +3.1" 53.9+22"
" P<0.05
* P<0.01
" P<0.001 — compared to the animals exhibiting sexual cyclicity
Table 4
Blood concentration of hormones in cows with various functional states of the ovaries
. Exhibiting sexual cyclicity, | Hypofunction, accompa- Hypofunction, accompa-
Indicators . . . .
n=3_8 nied by anaphrodisia, =7 | nied by anovulation, n =7
Progesterone, nmol/L 152+1.0 1.92+£0.11" 3.7+0.16™
Estradiol-17f, nmol/L 0.28 £0.01 0.15+0.01™ 0.21+£0.01"™
Testosterone, nmol/L 1.07 £0.06 0.42 £0.02" 0.71 £0.04"
DHEAS, nmol/L 0.54+0.03 0.19+0.01™ 0.32+0.01™
Cortisol, nmol/L 2193+ 124 1359 +9.4™ 168.4 £ 11.4"

" P<0.01

ok
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CONCLUSION

Hypofunctional states of the ovaries, accompanied
by the phenomena of anaphrodisia and anovulation, are
characterized by similar morphological and immuno-
biochemical changes of varying severity. More signif-
icant changes occur in case of ovarian hypofunction,
manifested by anaphrodisia, indicating a decrease in
the intensity of erythropoiesis, humoral and cellular
nonspecific resistance, synthesis of sex steroids, and
the content of anti-inflammatory cytokines with an in-
crease in the level of pro-inflammatory ones.
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AnHoTanms. B craree mpencTaBlieHbl pe3ylbTaThl H3yUeHUs] TUTOKHHOBOTO NPOGHIS y CBUHOMATOK B pa3HbIe
MIEPHOABI PEIPOIYKTHBHOIO IIMKIIA. B KpOBH CBHHOMATOK IIOMECHBIX OPOA (KpyIHast Oenast + JaHapac + II0poK)
3—4 omopoca 3a 5—7 nmHeit 1o oceMeHenus, Ha 37—39 u 78—80 cyTku cynmopocHocTH, 5S—7 1 18—20 mHE mak-
TaIUy OTIPEEIISUTH COMePKAHNE TTPOBOCIIATUTENBHBIX ITUTOKNHOB: nHTepneliknaa — 1 (IL-1P), naTepneiiku-
Ha — 2 (IL-2), dpaxropa Hekposa omyxomu-o (TFN-a), y-uaTepdpepona (IFN- y) n mpoTHBOBOCTIATUTEIHHBIX M-
nuatopoB: nHTepieliknaa — 4 (IL-4), natepneiikuaa —10 (IL-10). YcTaHOBIEHO, UTO Y )KHBOTHBIX C PUCKOM pa3-
BUTHS TIOCIIEPOJOBOI TATOJIOTHH IUTOKUHOBEIA MPOQIIIb 110 CPABHEHHIO C TAKOBBIM Y KIMHHYECKH 310POBBIX
CBHHOMATOK JI0 OCEMEHEHUSI, B IEPHO/IBI CYIIOPOCHOCTH H JIAKTALIMU XapaKTePU3YeTCsl OTHOCHTEIBHO BHICOKHM
YPOBHEM IIPOBOCIIATUTEIILHBIX IUTOKUHOB U HU3KUM COZICP KaHUEM POTHBOBOCIIAIUTEIBHBIX MEIHATOPOB, CBH-
JeTEeIbCTBYIOIUMH O BOCTIATUTENBHBIX ITPOLECcaX B TEYEHHE BCETO PENPOAYKTUBHOTO LMK, KIIMHUYECKH IIPO-
SIBIISTFOILIXCS TTOCIIE OITOpOca.

KroueBble c10Ba: CBHHOMATKH, OCEMEHEHHE, CYTIOPOCHOCTB, JIAKTAINS, IUTOKHHBI, BOCIIAIUTEIILHEIE IIPOLEC-

CBI, TIOCJIEPOIOBBIE OONIC3HN

N3yueHnro MU TOKMHOB, SBJISIOMINXCS PETYIATOPA-
MU MHOTHUX IMMYHOJIOTHYECKUAX U (PU3NOTTOTHIECKIX
MIPOIIECCOB Y YEIOBEKa M KUBOTHBIX TIPH TOJIepKa-
HUU TOMeOoCTa3a U 0OphOe C MmaToreHaMu, IOCBSIIIe-
Hbl MHOTOYMCJICHHBIE HccienoBanus [1—6]. Yuact-
By B PEryJSILMHM BOCHAJIEHUS U UIMMYHHOI'O OTBETA,
LIUTOKUHBI 3alIMIIAI0T OPTaHU3M OT MH()EKIIMOHHBIX
areHTOB W CIIOCOOCTBYIOT BOCCTAHOBJICHHIO MOBpE-
JKJIEHHBIX TKaHew [2, 7, §].

Bonbkmioe BHUMaHHE yhensieTcsl POJU ITUTOKHU-
HOB B CHCTEME€ MaTb-IUIAlleHTa-IUI0N pu (HU3H0II0-
THYECKOM M MaTOJOTMYECKOM TeUeHHH OepeMEeHHO-
ctu [9—12]. YcTaHOBICHBI MMOBHIIICHUE YKCIIPECCHH
MTPOBOCHANTENBHBIX INTOKIMHOB B HAYAJILHBIN TTEPH-
o 6epemeHHocTH [9, 13] 1 perratorast poib MPOTUBO-
BoCTIaJUTENbHBIX MeauaTopoB MJI-4 u JI-10 B obec-
MIEYCHUU €€ (PU3HOJIOTUIECKOTO TeueHus [ 14].

Uro kacaeTcss UIMMYHOJIOTHH PENPOAYKIINH, IIUTO-
KHHOBOTO MPOMWIIS Y )KUBOTHBIX, TO IO 9TOH nipo0ite-
Me UMEFOTCS JINIITh eIMHIUYHBIE coobmenns. Mcenemo-

BaHusmu A. H. BiacoBoii u coaBt. [15] yctanoieHo,
YTO HA PAaHHUX CTaAUsIX OEPEMEHHOCTH y KPYIIHOIO
pOraToro CKOTa MPOMCXOAAT CIOXKHBIE TOPMOHAIIb-
HbI€ 1 UMMYHHBIE C/IBUTH U, B YACTHOCTH, MOBBIIIIA-
ercst ypoBeHb nutokuHos MJI-10 u NJI-15, a B koHLe
CTENTbHOCTH OTMEUYAETCSI MIMMYHOCYTIPECCHS M CHUKA-
ercst konmmaectBo UDH-y. A. T IllaxoB u coaBT. [5]
y CBUHOMATOK B KOHIIE (PM3HOJIOTHYECKHU IIPOTEKAIO-
Iel CyITOPOCHOCTH PETUCTPUPOBAIIA OTHOCHUTEIBHBIN
nepunut UJI-1B n ®HO-a, mpu koTopom HabIrogaeT-
Csl CyIIPECCUsl IMMYHHOM CUCTEMBI, U BBICOKUI ypo-
BeHb IDH-y, yyacTByIOLIEro B pOIOBOM ACSTEIBHO-
CTH, a II0CJIE OIIOPOCAa — BOCCTAHOBIICHUE COAEPIKaA-
Hust WI-1B, ®HO-o u UDH-y, cHmkeHne ypoBHEH
NJI-2 u NJI-4, perynupyronmx cOOTBETCTBEHHO KJie-
TOYHBIN ¥ TYMOPaJIbHBIH UIMMYHUTET.

‘VeraHosiieHb! Hasmure nUTokuHoB WJI-6, DHO-0.,
NnJ-10, NJI-4, UOH-y B MOJI0O3UBE OMOPOCHUB-
IIUXCsl CBUHOMATOK M Iepefada UX MOTOMCTBY
[16—18].
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Ilenb ncciienoBaHUil — WM3YYUTh LUUTOKUHOBBIN
npodIh Y KIWHUYESCKH 3JOPOBBIX U CBHHOMATOK
C PUCKOM Pa3BUTHS MOCIEPOJIOBOM aTOJIOIMU B pas-
HbIE NEPUOJIbI PENPOAYKTUBHOTO LIUKIIA.

MATEPHUAJIBI U METO/ bl
HUCCJIEJOBAHUM

HccnenoBanust MPOBEACHBI B YCIOBUAX IPOMBIIII-
JICHHOT'O CBUHOBOJYECKOI0 KOMILIEKca BopoHexckoi
oOmactu Ha 12 CBUHOMAaTKax IOMECHBIX TIOPOA (KPyTI-
Has Oenas + nanzgpac + 1opok) 3—4 onopoca, B3s-
TBIX B OTIBIT B MOCJICOTheMHBIHN repuoja. Kopmienue
U YCJIOBHUS COJICPKAHUE )KUBOTHBIX COOTBETCTBOBAJIU
HOPMaM, TPETyCMOTPEHHBIM MPOMBIIIJIEHHON TeX-
HOJIOTHEH.

KpoBw mnst onpenenenust ypoBHSI TUTOKWHOB OT
CBUHOMATOK Opasiu 3a 5S—7 JHEH 10 OCEeMEHEeHHsI, Ha
37—39 u 78—80 cyTKku cynopocHocTd, 5—7 u 18—
20 mau maktanuy. OMBIT TPOBOIUIN B COOTBETCTBUHU
¢ TpeOOBaHUSAMH AEHCTBYIOMNX MEXIYHAPOTHBIX
W POCCUICKHX 3aKOHOMATEeNbHBIX akToB (/lupexrnBa
2010/63/EU ot 22.09.2010, EBponeiickoit KOHBEHIIUA
(ETS123), Strasbourg, 1986), a Taxxe TpeOoBaHMI
komuccu 1o onosruke ®I'BHY « BHUBUIIDuT».

Conepxanune unrepneiiknaa — 10 (IL-1p), marep-
netikuaa — 2 (IL-2), narepnetikuna — 4 (1L-4), wa-
tepneiikuHa-0 (IL-10), dakTopa HEKpO3a OIMyXOIH-0.
(TFN-a), y-untepdepona (IFN-y) onpenensiaun meto-
oM uMMyHOpepMenTHoro ananuza (MMDA) c moce-

IYIOMIMM YYETOM pE3yJbTaToOB Ha CIEKTPOooTOME-
Tpe «YHumian-TM» B COOTBETCTBUU C YTBEP)KICH-
HBIMH HACTABIICHUSIMH K TUATHOCTHYECKUM HabopaM.

PesynbTars! nccneioBaHmii MOABEPIIIN PETPOCTIEK-
THBHOMY aHAJM3Y U B 3aBUCUMOCTH OT XapakTepa Te-
YeHHsI Y KMBOTHBIX MOCJIEPOIOBOTO MeproAa Obun
pasnenensl Ha 2 Tpymibl. B I rpymmy (n = 5) oTHece-
HBI pE3YyJIbTaThl UCCIIEOBAaHUHI KPOBU OT CBUHOMATOK,
OCTaBIIUXCS KITMHUYECKH 310pOBBIMU, BO I (n = 7) —
OT JKUBOTHBIX, Y KOTOPBIX IIOCJIE OIIOPOCA PETUCTPHU-
POBAJIU MTOCJIEPOIOBBIC OOJIC3HH: OCTPHII THOHHO-Ka-
TapaJbHBIN SHAOMETPUT 1 MMA.

CrarucTHYecKuii aHaIU3 MONYYeHHBIX JaHHBIX
1 JIOCTOBEPHOCTH PA3IMUUi OCYIIECTBISITN C TIOMO-
UIbI0 MPUKIIAIHBIX KOMIBIOTEPHBIX MporpamMm Sta-
tistica 6.0 (Stat Soft Inc., CIIIA) u Microsoft Excel.

PE3YJBTATHI UCCJIEJIOBAHU
N OBCYXKJIEHHUE

[{uTOKMHOBBIN TIPOPMITE Y CBUHOMATOK C PUCKOM
PasBUTHS BOCHAINTENBHBIX IPOLIECCOB B PEIPOAYK-
TUBHBIX OpPraHax Mo CpaBHEHHUIO C TAKOBBIM y KIIMHU-
YECKH 3/I0POBBIX )KHBOTHBIX /IO OCEMEHEHHUSI XapaKTe-
pH30BaICS TPEBBIIIIEHUEM KOJIMYECTBA MTPOBOCIIANIH-
TenbHBIX ITUTOKKUHOB: MJI-1B HA 17,9 %, NJ1-2—4.9 %,
unrepdepona-y — 4,3 % n ®HO-a va 16,0 %. Oxno-
BPEMEHHO Y HUX PETUCTPHPOBAIN OTHOCUTEIBEHO HU3-
KWW YPOBEHb MPOTHBOBOCHAIUTEIbHBIX [TUTOKHHOB:
NJI-4 na 19,2 % u NJI-10 Ha 9,2 % (Tabm. 1).

Taoauma 1
Lumoxunoguiili npoghuis y ceunomMamorx 00 ocemenenus
ITokazarenu I rpynmna II rpynna
WJI-1B, ir/mi 5,6 +0,12 6,6 £0,15™
WNJI-2, nr/min 6,1 £0,18 6,4+0,12
NJI-4, r/mn 6,1 £0,29 5,2+0,22°
WJI-10, or/mo 6,3+0,41 5,7+ 0,26
®HO-a, rir/mn 2,5+0,50 2,9+0,03
W®H-y, rr/mi 102,2 £ 0,22 106,6 = 1,16™
' p<0,05
" p<0,005

*

ok
2 <0,001 oTHOCUTENBHO 310POBBIX CBUHOMATOK

B nepuon cynopocuoctu (37—39 aHM) y CBUHO-
MaToOK 00erX TPYI OTMEYEHO (Tabi. 2) MOBBIIICHUE
YPOBHS TIPOBOCTIANUTENBHBIX ITUTOKNHOB MJI-1P Ha
24,8 u 28,3 %; ®HO-a na 24,7 u 36,4 %, UOH-y Ha

14,5u120,0 %, HeoOXoauMOE JIJIs1 UMITJIAHTAIIMH 1 T1J1a-
LCHTALIMH, TIPH 3TOM aKTHBHUPYIOTCS MPOLIECCHI HEO-
BaCKYJISIPU3AIUK ¥ KPOBOCHAOKEHUS B SHIIOMETPUH,
(hOpMHPYIOTCSI KPOBEHOCHBIE COCY/IBI JUTsl 0Oecreue-
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HUS /ICKBaTHOTO KPOBOCHA0KEHHUSI TUTAIICHTHI U T1J10-
na[9, 13].

[Ipu 3TOM KOJIMYECTBO MIPOBOCIAINUTENBHBIX 1IH-
TOKMHOB y cBUHOMAToK Il rpynmsl Ob110 BhILIE, YeM
y KITMHUYECKH 3710pOBBIX KUBOTHBIX UJI-1B Ha 27,6 %,
WJI-2 ua 5,6 %, ®PHO-o Ha 28,3 % u UDH-y Ha 9,4 %.

HecMmotpst Ha 0011y 0 TEHICHIINIO MTOBBIICHUS Y CBH-
HOMAaTOK OOCHX TPYIIT COAEPIKAHUS TPOTHBOBOCIIAITH-
TenbHBIX IUTOKMHOB NJI-4 Ha 9,3 u 10,5 %, WJI-10
Ha 8,8 1 3,5 %, UX KOIMYECTBO y KUBOTHBIX C PHUC-
KOM Pa3BHUTHS ITOCIEPOOBOI MATOJIOTUHU OBbLJIO MEHb-
me Ha 21,2 u 20,6 %.

Taoauna 2
Lumokunogowlii npoghuie y CynopocHvix CGUHOMAMOK
37—39 cytku 78—80 cyTku
ITokazarenn
1 11 1 11

WJI-1B, r/mn 7,0+0,28 8,5+0,25" 6,4+0,36 7,6 £0,26"
WJI-2, nr/mn 6,0+0,21 6,4+0,10 6,5+0,11 6,7+0,15
WJI-4, rr/ma 6,7+0,56 5,7+0,24 7,1 £0,23 6,1 £0,11"
MJI-10, rir/mi 6,8 +0,27 5,9+0,30" 7,3+0,18 6,3 +0,28"
®HO-0, 1/Mmi 3,0+0,19 3,9+0,33" 2,8+0,21 3,2+0,18"
NOH-y, nr/min 117,0 + 3,66 128,0 = 1,20" 103,5+2,38 111,7 £ 1,65"
' p<0,05

™ p < 0,005 OTHOCUTEIBHO 3[0POBBIX CBUHOMATOK

Bo BTOpoii monoBuHe cymopocHocTH (78—80 mHm)
Yy CBUHOMATOK 00€HX TPyTIIT OTMEYEHO (Talll. 2) CHIDKe-
HHUE YPOBHS NPOBOCHATUTEIbHBIX HIUTOKHHOB NJI-113
Hal11,7u9,7 %, ®DHO-ana 17,9 u 12,2 %, UOH-y Ha
12,7 u 11,5 % Ha ¢doHe TOBBIIICHUS] KOHIICHTPAIH
MIPOTUBOBOCIIATTUTEIBHBIX MenuaTtopoB NJI-4 Ha 3,8
u 2,7 % u NJI-10 na 24,1 u 7,3 %, 4TO yKa3pIBaeT Ha
CMEIIEHUE IIMNTOKUHOBOTO OalaHCca B CTOPOHY UMMY-
HOCYIIPECCUBHBIX MEIMATOPOB, UHTHOMPYIOIINX PEaK-
LMY KJIETOYHOTO UMMYHHTETA, OKa3bIBAIOIINX TPOTEK-
TUBHOE BJIMSHNE Ha B3aMMOOTHOIIICHNE MaTepy U TUIO-
Jla ¥ CTIOCOOCTBYIOIMNX (DU3UOTIOTHIECKOMY TCICHHTO
oepemennoct [19, 20].

OpnHako y cBuHoMarok Il rpynmnel ypoBeHs npo-
BOCTIAJIMTENLHBIX HTUTOKMHOB ObL BbItie — MJI-1P Ha
25,5 %, UJI-2 na 2,9 %, ®HO-a Ha 19,9 % u UOH-y
Ha 7,9 %, a MpOTHUBOBOCTIATUTENBHBIX — HIXKE: NJI-4
Ha 18,8 % u NJI-10 ma 7,7 %, CBUOETENBCTBYIONTHH
0 IPEUMYIIECTBEHHO KJIIETOYHBIX PEaKIIUIX UMMYHH-
TETa, OKA3bIBAIOLINX LIUTOTOKCHYECKOE U LIUTOCTATHU-
YEeCKoe JIeMCTBHA, YTO MOXKHO PacClEHUBATh KakK JI0-
KJIMHUYECKUH ATall BOCIIAJIUTEIbHON PEAKIIUH, ITPOSIB-
JISIOMIEHCS MPH OCIA0IEHUH 3aIIUTHRIX MEXaHU3MOB
OpraHmu3Ma.

Kiunnueckumu nccnenoBaHusiMu y cBUHOMATOK 11
TPYIIIBI TOCIIE POJIOB PETUCTPUPOBAIIH OCTPBIH THOM-

HO-KaTapajabHblid sHAOMETpUT U MMA. B pe3ynbrare
MIPOBEACHHON Tepanyy )KHBOTHBIX 110 CXEME, UCTIONb-
3yeMOH B XO3SWCTBE, K MATOMY JTHIO JAKTAI[AOHHOTO
Mepro/a y HUX OTCYTCTBOBAJIM MTPU3HAKH MPOSBICHUS
MOCIIEPOIOBOM MATOJIOTHH.

IIpu cpaBHUTENBHOM aHAN3€E YPOBHS HUTOKUHOB
MOCJIe OIOpOca Ha 5S—7 CYTKH y 1mepeOOoIeBIINX KH-
BOTHBIX OTMEUYEHO TMOBBIILIEHHOE COZIEpKaHKe TPOBOC-
nanutenbHbIX uTokuHOB UJI-1P Ha 18,0 %, MJI-2 Ha
16,7 %, ®HO-a na 23,5 %, UOH-y Ha 13,0 %, urpa-
FOLLMX KJIHOYEBYIO POJb B PErySILUU T'YMOPAJIBHOTO
U KJIETOYHOTO OMOCPEJOBAHHOTO MMMYHHOI'O OTBE-
Ta, U ONpPEIesomuX GyHKIHOHAILHOE B3auMOICH-
CTBUE KJIETOK MPH peann3alyy peakiiiy BOCHIalIeHUs
(tabmn. 3), Ha GoHE MOHIKEHHOW KOHIIGHTPAIMH TPO-
THBOBOCHATUTENBHBIX MenuaTopoB NJI-4 u NJI-10 Ha
3,1 % u 8,1 % COOTBETCTBEHHO, YTO CBHJICTEIHCTBY-
€T O BBIPOXEHHOM CMEIIEHUHU OaraHca MpORyKIHUU
LUTOKHHOB B CTOPOHY MTPOBOCTIAIUTEIBHBIX, & TAKKE
0 TIOBBIIEHHON akTUBHOCTH TUMporuToB Th-1 Tuna.

Ha 18—20 nenp nmakTanuu y CBHHOMATOK 00enx
TPYIII CHU3WIOCH COAECPKAHUE MMPOBOCHAIUTEIbHBIX
nurtoknaoB MJI-1B ma 10,8 u 12,2 %, WNJI-2 wHa 3,5
17,8 %, ®DHO-a Ha 15,51 12,9 %, a y mepeboneBmmx
JKUBOTHBIX Kpome Toro, MIDH-y na 7,0 % u npotuso-
BocnanurenbHoro Menuaropa MJ1-4 va 25,9 % npu He-
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3HAYUTEIHHOM MOBbIeHnH Koinuuectsa MJI-10. ITpu
ATOM Y KUBOTHBIX Il TpyIIibl ypoOBEeHH MTPOBOCIIANN-
TEJIBHBIX ITUTOKUHOB ObLT BhIe: MJI-1B Ha 16,1 %,
WJI-2 na 12,8 %, ®HO-o na 27,4 % u UOH-y na
5,9 %, a mpotuBoBocnanutenbHoro NJI-4 nimke Ha
23,4 %, 4TO yKa3pIBaeT Ha aKkTUBAIMIO T-1UM)OITH-
toB Th-1 Tna u noxasneHus cekpeTupyroneit GpyHk-

1y T-mumdornuto Th-2 Trmna u cBUAETENBCTBYET 00
OCTaTOYHBIX SIBICHUSX ITEPEHECCHHBIX 3a00JICBAHU.
BeposiTHO [uIs1 ITOJIHOTO BOCCTAHOBJICHUS XapakTepa
MPOIYKIIMH MPO- ¥ IPOTHBOBOCTIATUTEIBHBIX ME/IHA-
TOPOB B UMMYHOKOMIIETEHTHBIX KJIETKaX U HOPMaJIu-
3al[M aKTUBHOCTH T- XenmepoB TpedyeTcs bolnee -
TEJIbHBIN MEepUo.

Taoauna 3
L{umokunoswiii npoduis y CUHOMAMOK NOCie ONOPocd
5—7 CyTKM JlaKTaluu 18—20 nens naxkranuu
Ilokazarenn
1 ) 11

WJI-1p, or/mn 7,0+0,22 8,2+ 0,45" 6,2 +0,23 7,24+0,28"

WJI-2, nr/mn 6,3+0,22 7,3+£0,33" 6,1 £0,18 6,8 £0,29"

WJI-4, ur/mn 6,7+0,26 6,5+0,21 6,8+0,12 5,2+£0,14™
NJI-10, /M 7,4 +0,38 6,8 +0,32 7,2+0,21 7,0+£0,17
DHO-0, rir/mn 2,8+0,33 3,4+0,39 2,3+0,21 3,0+£0,32
WNdH-y, nr/mn 101,9 + 1,37 115,1 £1,94™ 101,6 = 1,91 107,6 +£1,50"

" p<0,05
™ p<0,005

" p<0,001 OTHOCHTEJBHO 3/I0POBBIX CBUHOMATOK

3AKJIIOYEHHUE

[IpoBeeHHBIMH HCCIETOBAHUSMHU YCTaHOBIIEHO,
YTO y CBHHOMATOK C PUCKOM Pa3BHUTHS ITOCIEPOAOBBIX
3a00JeBaHMi, TAKUX KaK OCTPBII MOCIEPOIOBBIN IH-
JOMETPUT ¥ METPHUT-MACTUT-araaKTHs, KITHHIYECKN
MIPOSIBUBIIMXCS TOCJE ONOPOCa, B MEPUO]] CYIIOPOC-
HOCTH MMEIOTCSI pa3indMsi B IUTOKMHOBOM CTaTyce
C KJIIMHUYECKHU 3/I0POBBIMHU KUBOTHBIMU B BHJI€ ITOBBI-
IIIEHHOTO COZIePKaHus IIPOBOCTATUTEIHHBIX MEINATO-
POB ¥ CHIDKEHHOTO YPOBHS ITPOTHBOBOCIIATTMTEIHHBIX
IIMTOKMHOB B CHIBOPOTKE KPOBH.

BrlsiBiieHHBIE 0COOEHHOCTH IIUTOKHMHOBOTO IIPO-
¢Guis B mepuos CymopoCHOCTH MOTYT CIIY>KHUTh Map-
KepaMH Pa3BUTHS MOCIEPOIOBON MAaTOJIOTHH U OBITH
WCTIOJIb30BAHBI [T IPOTHO3a BOSHUKHOBEHHUS TTOCTIe-
POIOBBIX OOJIE3HEH U pa3pabOTKH MPODUITAKTHIECKIX
Mep C IPUMEHEHHEM TpenaparoB Jyis (hapMaKOKOpPeK-
LMY UIMMYHHOTI'O CTaTyca.
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CYTOKINE PROFILE IN SOWS WITH THE RISK OF THE
POSTPARTUM PATHOLOGY DEVELOPMENT DURING
DIFFERENT PERIODS OF THE REPRODUCTIVE CYCLE
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Abstract. The article presents the results of the study of the cytokine profile in sows at different periods of the re-
productive cycle. In the blood of sows of cross breeds (Large White + Landrace + Duroc) with 3—4 farrowings,
5—7 days before insemination, on days 37—39 and 78—380 of gestation, 5—7 and 18—20 days of lactation, the
content of pro-inflammatory cytokines was determined: interleukin-1f (IL-1p), interleukin-2 (IL-2), tumor necro-
sis factor-a (TFN-a), interferon-y (IFN-y) and anti-inflammatory mediators: interleukin-4 (IL-4), interleukin-10
(IL-10). It has been established that in animals with a risk of the postpartum pathology development, the cytokine
profile compared to that in clinically healthy sows before insemination, during periods of gestation and lactation,
is characterized by a relatively high level of pro-inflammatory cytokines and a low content of anti-inflammatory
mediators, indicating inflammatory processes throughout the entire reproductive cycle, clinically manifested af-

ter farrowing.

Keywords: sows, insemination, gestation, lactation, cytokines, inflammatory processes, postpartum diseases

Numerous researches have been devoted to the
study of cytokines, which are regulators of many im-
munological and physiological processes in humans
and animals while maintaining homeostasis and fight-
ing pathogens [1—o6]. Participating in the regulation
of inflammation and immune response, cytokines pro-
tect the body from infectious agents and promote the
restoration of damaged tissues [2, 7, 8].

Much attention is paid to the role of cytokines in
the mother-placenta-fetus system during the physio-
logical and pathological course of gestation [9—12].
An increase in the expression of pro-inflammatory cy-
tokines in the initial period of gestation [9, 13] and the
decisive role of anti-inflammatory mediators IL-4 and
IL-10 in ensuring its physiological course have been
established [14].

As for the immunology of reproduction, the cy-
tokine profile in animals, there are only a few reports
on this problem. A. N. Vlasov et al. [15] have found
that in the early stages of gestation in cattle, complex
hormonal and immune changes occur and, in particu-
lar, the level of cytokines IL-10 and IL-15 increases,
and at the end of gestation, immunosuppression is not-

ed and the amount of IFN-y decreases. A. G. Shakhov
et al. [5] have found that in sows at the end of physi-
ological gestation, a relative deficiency of IL-1f and
TNF-a has been recorded, in which suppression of the
immune system is observed, and a high level of [FN-y
involved in farrowing, and after farrowing, restoration
of IL-1B, TNF-o and IFN-y content, a decrease in IL-2
and IL-4 levels, which regulate cellular and humoral
immunity, respectively.

The presence of cytokines IL-6, TNF-a, IL-10,
IL-4, IFN-y in the colostrum of farrowing sows and
their transmission to offspring have been established
[16—18].

The objective of the research is to study the cyto-
kine profile in clinically healthy sows and sows with
the risk of the postpartum pathology development in
various periods of the reproductive cycle.

MATERIAL AND METHODS
The studies were carried out on 12 sows of cross-
bred breeds (Large White + Landrace + Duroc) with
3—4 farrowings, taken in the experiment in the
post-weaning period, in the conditions of an industri-
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al pig-breeding complex in Voronezh region. Feeding
and keeping conditions of the animals corresponded
to the norms stipulated by the industrial technology.

Blood to determine the level of cytokines from
sows was taken 5—7 days before insemination, on
days 37—39 and 78—280 of gestation, 5—7 and 18—
20 days of lactation. The experiment was carried out
in accordance with the requirements of the current
international and Russian legislative acts (Directive
2010/63/EU dtd. September 22, 2010, the Europe-
an Convention (ETS123), Strasbourg, 1986), as well
as the requirements of the Bioethics Commission of
FSBSI “ARVRIPP&T”.

The content of interleukin-1 (IL-1p), interleukin-2
(IL-2), interleukin-4 (IL-4), interleukin-10 (IL-10), tu-
mor necrosis factor-o (TFN-a), interferon-y (IFN-vy)
was determined by enzyme-linked immunosorbent as-
say (ELISA), followed by taking into account the re-
sults on the Uniplan-TM spectrophotometer in accor-
dance with the approved instructions for diagnostic kits.

The results of the studies were subjected to a retro-
spective analysis and, depending on the nature of the
course in animals of the postpartum period, were di-
vided into 2 groups. Group I (n =5) included the re-
sults of blood tests from sows that remained clinically
healthy, group Il (n = 7) — from animals in which post-

partum diseases were recorded after farrowing (acute
purulent-catarrhal endometritis and MMA).

Statistical analysis of the data obtained and the
significance of differences were carried out using Sta-
tistica 6.0 software (Stat Soft Inc., USA) and Micro-
soft Excel.

RESULTS AND DISCUSSION

The cytokine profile in sows with the risk of the
inflammatory processes development in the reproduc-
tive organs, compared with that in clinically healthy
animals before insemination, was characterized by
an excess of pro-inflammatory cytokines: IL-1p —
by 17.9 %, 1L-2—4.9 %, interferon-y — 4.3 % and
TNF-a — by 16.0 %. At the same time, they recorded
arelatively low level of anti-inflammatory cytokines:
IL-4 — by 19.2 % and IL-10 — by 9.2 % (Table 1).

During gestation (37—39 days) in sows of both
groups, an increase in the level of pro-inflammato-
ry cytokines IL-13 — by 24.8 and 28.3 % was noted
(Table 2); TNF-0— by 24.7 and 36.4 %, IFN-y — by
14.5 and 20.0 %, necessary for implantation and pla-
centation, while neovascularization and blood supply
processes in the endometrium are activated, blood ves-
sels are formed to ensure adequate blood supply to the
placenta and fetus [9, 13].

Table 1
Cytokine profile in sows before insemination
Indicators Group I Group 1I
IL-1B, pg/ml 5.6+0.12 6.6+0.15™
IL-2, pg/ml 6.1+0.18 6.4+0.12
IL-4, pg/ml 6.1+0.29 52+0.22°
IL-10, pg/ml 6.3+0.41 5.7+0.26
TNF-0, pg/ml 2.5+0.50 2.9+0.03
IFN-y, pg/ml 102.2£0.22 106.6 = 1.16™
" p<0.05
" p<0.005

" p <0.001 relatively to healthy sows

At the same time, the amount of pro-inflammato-
ry cytokines in the sows of group II was higher than
in clinically healthy animals: IL-1p — by 27.6 %,
IL-2 — by 5.6 %, TNF-a — by 28.3 % and IFN-y —
by 9.4 %. Despite the general trend of increasing the
content of anti-inflammatory cytokines IL-4 — by 9.3
and 10.5 %, IL-10—by 8.8 and 3.5 % in sows of both
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groups, their number in animals with the risk of the
postpartum pathology development was less by 21.2
and 20.6 %.

In the second half of gestation (78—80 days), sows
of both groups have shown (Table 2) a decrease in the
level of pro-inflammatory cytokines IL-13 — by 11.7
and 9.7 %, TNF-a. — by 17.9 and 12.2 %, IFN-y —
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by 12.7 and 11.5 % against the background of an in-
crease in the concentration of anti-inflammatory me-
diators IL-4 — by 3.8 and 2.7 % and IL-10 — by 24.1
and 7.3 %, which indicates a shift in the cytokine bal-

ance towards immunosuppressive mediators that inhib-
it cellular immune responses, have a protective effect
on the relationship between mother and fetus and con-
tribute to the physiological course of gestation [19, 20].

Table 2
Cytokine profile in farrowing sows
d37—39 d 78—80
Indicators
| II I II

IL-1B, g/ml 7.0+£0.28 8.5+0.25" 6.4+0.36 7.6 +0.26"
IL-2, pg/ml 6.0+0.21 6.4+0.10 6.5+0.11 6.7+0.15
IL-4, pg/ml 6.7+0.56 57+£0.24 7.1£0.23 6.1+£0.11"
IL-10, pg/ml 6.8+£0.27 5.9+0.30" 7.3£0.18 6.3 +0.28"
TNF-a, g/ml 3.0+0.19 3.9+0.33" 2.8+0.21 3.2+40.18"
IFN-y, pg/ml 117.0 £ 3.66 128.0 +1.20" 103.5+2.38 111.7+£1.65"
' p<0.05

** p <0.005 relatively to healthy sows

However, in the sows of group II, the level of
pro-inflammatory cytokines was higher: IL-13 — by
25.5 %, IL-2 — by 2.9 %, TNF-a — by 19.9 % and
IFN-y — by 7.9 %; and the level of anti-inflammatory
cytokines was lower: IL-4 — by 18.8 % and IL-10 —
by 7.7 %, indicating predominantly cellular immune re-
sponses that have cytotoxic and cytostatic effects, which
can be regarded as a preclinical stage of the inflamma-
tory reaction that manifests itself when the body’s de-
fense mechanisms are weakened.

Clinical studies in the sows of group II after farrow-
ing recorded acute purulent-catarrhal endometritis and
MMA. As aresult of the treatment of animals according
to the scheme used at the farm, by day 5 of the lacta-
tion period, they had no signs of postpartum pathology.

In a comparative analysis of the level of cytokines
after farrowing on days 5—7 in recovered animals,
there was recorded an increased content of pro-in-
flammatory cytokines: IL-1B — by 18.0 %, IL-2 —
by 16.7 %, TNF-0.— by 23.5 %, IFN-y — by 13.0 %,
which play a key role in the regulation of the humoral
and cellular mediated immune response, and determine
the functional interaction of cells in the implementa-
tion of the inflammatory response (Table 3), against
the background of a reduced concentration of anti-in-
flammatory mediators IL-4 and IL-10 — by 3.1 % and
8.1 %, respectively, which indicated a pronounced shift
in the balance of cytokine production towards pro-in-
flammatory, as well as an increased activity of Th-1
type lymphocytes.

Table 3
Cytokine profile in sows after farrowing
d 5—7 of lactation d 18—20 of lactation
Indicators
I I I II
1 2 3 4 5
IL-1pB, pg/ml 7.0+0.22 8.2+0.45" 6.2+0.23 7.2+0.28"
IL-2, pg/ml 6.3+0.22 7.3 +£0.33" 6.1+0.18 6.8 +£0.29"
IL-4, pg/ml 6.7+0.26 6.5+0.21 6.8+0.12 5.2+0.14™
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Table 3 (the end)
1 2 3 4 5
IL-10, pg/ml 7.4+0.38 6.8 +0.32 7.2+0.21 7.0+0.17
TNF-0, pg/ml 2.8+0.33 3.4+0.39 2.3+0.21 3.0+£0.32
IFN-y, pg/ml 101.9+1.37 115.1 +£1.94™ 101.6 £ 1.91 107.6 = 1.50"
" p<0.05
" p<0.005

** p <0.001 relatively to healthy sows

On day 18—20 of lactation in sows of both groups,
the content of pro-inflammatory cytokines IL-1 de-
creased by 10.8 and 12.2 %, IL-2 —by 3.5 and 7.8 %,
TNF-a — by 15.5 and 12.9 %, and in recovered ani-
mals, in addition, IFN-y — by 7.0 % and anti-inflam-
matory mediator IL-4 — by 25.9 % with a slight in-
crease in the amount of IL-10. At the same time, in the
animals of group II, the level of pro-inflammatory cy-
tokines was higher: IL-18 — by 16.1 %, IL-2 — by
12.8 %, TNF-a — by 27.4 % and IFN-y — by 5.9 %,
and anti-inflammatory IL-4 was lower by 23.4 %,
which indicated the activation of Th-1 type T-lym-
phocytes and suppression of the secreting function of
Th-2 type T-lymphocytes and indicated residual effects
of past diseases. Probably, a longer period is required
for the complete restoration of the nature of pro- and
anti-inflammatory mediators production in immuno-
competent cells and the normalization of the activity
of T-helpers.

CONCLUSION

The studies have shown that in sows with the risk
of the postpartum diseases development, such as acute
postpartum endometritis and mastitis-metritis-agalac-
tia, clinically manifested after farrowing, during ges-
tation there are differences with clinically healthy an-
imals in the cytokine status in the form of an increased
content of pro-inflammatory mediators and a reduced
serum levels of anti-inflammatory cytokines. The re-
vealed features of the cytokine profile during gesta-
tion can serve as markers for the postpartum patholo-
gy development and can be used to predict the onset
of postpartum diseases and develop preventive mea-
sures using drugs for the pharmacological correction
of the immune status.
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AnHoTanus. C HCIIOIb30BaHUEM CIIEKTPOPOTOMETPUISCKOTO METOIa POBEICHBI PETHCTPALIUS ¥ aHAJIN3 KHHE-
THUKHA THIIOOCMOTHYECKOTO TeMOoNn3a nepudepraeckoit Kpou 12 0ecopomHbIX KpbIc-caMIoB. [ nmoocmoTmye-
CKHE YCIIOBHSI CO3IaBaJIH ITyTEM IIOJIOBUHHOTO Pa3BeCHNS HCXOAHOH CyCIEH3UH SPUTPOLUTOB B H30TOHUYECKOM
pactBOpe ¢ onTudeckoil miotHocThio D = 0.8 mpu A =490 um pactBopamu NaCl ¢ konnentpanusmu 0.10 %,
0.12 %, 0.14 %, 0.16 %, 0.18 %, 0.20 % u aquCTHIUIMPOBAHHOM BOAOH. [ €MOIN3 SPUTPOLIUTOB PETUCTPUPOBAIIH
B TedeHue 30 MUH IpH JUTHHE BOITHBI A = 490 HM ¢ HCTIONBb30BaHUEM aHaIOrO-IIH(poBoro MpeodpaszoBarerst E-154
¢upmbl L—Card. YcTaHOBIEHO, 4TO KPUTHYECKAS TOYKAa OCMOTHYECKON PE3UCTCHTHOCTH HHTAKTHBIX SPUTPOLIHU-
TOB niepudepruuecKoil Kpou Kpsic cooTBeTcTBYET 0.55 %-0.54 % pactBopam NaCl. B 3tux ycnoBusix sputporu-
TBHI HAXOAATCS B COCTOSIHUH Cc(hepymsiuH (B MPEAreMOIUTHYECKON CTaINN) U MOTYT CITY’KUTh YAIOOHOM OHONIOTH-
YECKOH MOJENBIO JUIsl OLICHKH aKTUBHOCTH (hapMaKOJIOIHYECKUX MpernapaTtoB, MeMOPaHO- U HUTOTOKCUYHOCTH
KceHOOMOTHKOB. [1o pesymbraram ogHOpakTopHOTO nucnepcroHHoro anamm3a (ANOVA) ycTaHOBIEHBI 1OCTO-
BEpHbIE PA3INYUs B CPEIHEM OTHOCHTEILHOM KOJIMYECTBE TeMOJIN3UPOBAHHBIX KJICTOK B MHKYOAI[MOHHBIX pac-
TBOpPaX pa3HON T'MII00CMOJISIPHOCTH. BEISABICHHBIE pa3IMyHs THIIO0CMOTHYECKONH PE3HCTEHTHOCTH SPHTPOLIUTOB
00yCIIOBJICHBI HX CTPYKTYPHO-()YHKIIMOHAIBHBIMH CBOHCTBAMHU, MOTYT CIIY)KHUTh KPUTEPHSIMH OLIEHKH UX HOITYJIsI-
IIMOHHOT'O COCTaBa M HAKOIUICHHBIX CKPBITBIX MOBPEXKICHHUH MI1a3MOJIEMMBI.

KuroueBble cj10Ba: SpUTPOLMTEL, SPUTPOrpaMma, Iepudeprudeckas KpoBb, CTPYKTYpHO-(QYHKIHOHAIBHEIE CBO-
CTBA IPUTPOLUTOB, ITA3MOJIEMMa, THIIO0CMOTHYECKHH TeMOJIN3, THIIOOCMOTHYECKAs PE3UCTEHTHOCTD, KPBICHI

W3ydenne cTpyKTypHO-(YHKIMOHAIBHBIX CBOHCTB
SPUTPOIUTOB KPOBU Ja0OPATOPHBIX M CEIILCKOXO3SIH-
CTBEHHBIX JKMBOTHBIX B HACTOAIIEE BPEMs aKTyallb-
HO, ITOCKOJIBKY METa0OJINYECKHE MPOLECCHl, IpoTe-
Karomuye B (POPMEHHBIX JIEMEHTaX KPOBH, SIBISIOTCS
HMHTETPaJIbHBIM OTPAKEHUEM peaklMi OpraHn3Ma Ha
JIeiCTBUE CTPECCOPHBIX M MATOTeHHBIX (PaKTOPOB Ha
KJIETOYHOM U TKaHEBOM YPOBHsX [6, 10].

B KIIMHUKO-AMAarHOCTUYECKUX U (papMaKOIOrude-
CKHX HCCIIEA0BAHUIX S3PUTPOLMT PEICTABISAET COOOM
yA0OHYI0 OMOJOTHYECKYI0 MOAETb JUIS IIPOBEICHHS
TOKCHKOJIOTHYECKOTO aHaIM3a U N3y4EHUs NaToreHe-
THUYECKUX MEXaHM3MOB ITPH PA3BUTHH Pa3HOOOPa3HBIX
marojoruii [1,4, 5, 7, 8].

I1o MHEHUIO psiJja aBTOPOB, ILUIA3MOJIEMMA IPUTPO-
IIUTOB SIBJISETCS CTPYKTYPHBIM KOMIIOHEHTOM, BOBJIE-
YEHHBIM BO BCE MPOLECCHl UX KU3HEACATEIbHOCTH.
Mopdonoruueckne 1 OMOXMMHUYECKHUE NEPECTPOii-
KH IJIa3MOJIEMMBI B TEUEHHE )KU3HEHHOTO IUKJIA dPH-
TPOLIMTA SABJISIOTCS NIEMEHTaMHU a/lalTallMOHHBIX Me-
XaHHU3MOB, TIO3BOJISIOIINX MOIEPKUBATh KJIETOUHBIN
romeocTas 1 (QyHKIIMOHATLHYIO aKTHBHOCTB 3THX (op-
MEHHBIX JIEMEHTOB Ha NMPOTSKEHUH UX YEThIpEeXMe-
CSYHOTO MPeObIBaHMUS B KpOBOTOKE [1].

YcTaHOBIIEHO, UTO CTPYKTYpa U LIETOCTHOCTD 1IH-
TOIJIA3MaTHYECKOH MEeMOpaHbl ONpeesieT BsI3KO-
2IACTUYECKHUE CBOWMCTBA IPUTPOLMTOB, UX Aedop-
MHUPYEMOCTh. YHUKAJIBHYIO ABOSKOBOTHYTYIO (pOpMy
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U TJIACTUYECKHE CBOMCTBA HOPMOIIMTOB 00eCIeunBa-
€T 0COOBIN IIUTOCKEINET, OETKH KOTOPOTO UTPAIOT CBA-
3YIOMIYIO POJIb ¢ KOMIIOHEHTaMH MeMOpaHbI U IIUTO-
miasmel [14, 16, 20].

Benok monocer 3 (band3, annonooomenuuk AETL,
SLC4A1 — solute carrier family 4 member 1) siBs-
eTCs OJIHUM M3 OCHOBHBIX OENKOB IuTOoCcKenera. L{u-
TorutazMarndeckuii N-gomen band3 depes aHkupuH

Ankyrin complex

—Z =: S
-I. . ,: r-"'_‘,/ - — —_—
RT pcin kD Topormyos
g Spectrin “— Tropomodulin
i B-Spectrin  galf.association
a-Spectrin
- Horizomal interactions -

CBSI3BIBACT OCNIKM IMTOCKEJNETa C LUTOIUIa3MaTHye-
CKOM MeMOpaHOW M MMEET CalThl CBSI3BLIBAHUS C OK-
CUTeMOITIOOMHOM Y INIMKOJINTUYECKUMU (pePMEHTaMHU.

MemOpanublii C-TOMEH MOXKET BBINOTHATD (PyHK-
iy annoHHoro kanana (AEL, anion exchanger 1),
obecneunBas 00MeH 6ukapbonar-uoHos Ha Cl , a Tak-
xe Tpancnopt O,, CO,, NroKo3bl, CyIb(aTos, OKcasa-
toB, NO 1 BoziblI [ 1, 18] (puc. 1).

Junctional complex

-+ \Jertical interactions ————————=

Source: Kenneth Kaushansicy, Josef T. Prchal, Linda ). Burns, Marshall
A, Licheman, Marcel Levi, David C. Linch: Williams Hematology, 10e

Copyright © McGraw-Hill Education. ANl rights reserved,

Puc. 1. Cxema ctpoenust MeMOpansl sputponuta [26, C. 1433]:

b3 — 6enox mornocst 3, band3, AE1; GPA, GPC — mmkodopuasr A u C; Rh complex — n3oantures pesyc-dakropa; Glutl —
TPaAHCHOPTEP NIFOKO3BL; P55, 4.1, 4.2 — Oesku UTOCKEIeTa MEMOpaHBbI

YCTOMYMBOCTE 3pUTPOLUTOB K OCMOTHYECKOMY
JaBJICHUIO I10JIy4MJIa Ha3BaHUE OCMOTHUYECKOH pe3u-
cTeHTHOCTH. CoIvIacHO OOIIENPUHITOMY IIPEACTaBIIC-
HUIO O KOJUTOUHO-0CMOTHYECKOM JIN3UCE KIETOK, IIPH
MOMEIICHUH SPUTPOLIUTOB B THTIOOCMOTHYECKHUE YCIIO-
BUsI CHauasa MpoucXoauT ux cepymsus (swelling),
32 KOTOPOH CcIieAyeT COOCTBEHHO reMonn3 (popping,
Jormanne 1o Jay A.) Ipu KOTOPOM TPOUCXOTUT BHI-
CBOOOXKJICHNE BHYTPUKJIETOUHOTO MaTepHraia (HOHOB
U reMoryioOnHa) yepe3 neeKTbl MeMOpaHbl HIIH OT-
Bepctus 3, 18, 23, 24].

Kak noka3zany pe3ysbrarsl UCCIICI0BAHUI psijia aB-
TOPOB, TIportecc CHepyIAIIH (THAPATAIINH ) SPUTPOIIH-
TOB OIIPECISIETCS CBOMCTBAMH U AKTUBHOCTBIO MEM-
OpaHHBIX MOHHBIX TpaHCHOpPTHBIX cucteM (Na'/K'-

140

AT®ass1, Ca?-ATdas3e1, Na'/H -mommer, Na+/K+/
Cl-tpancnioprepa, HOTCHITHAIT- 3aBHCHUMBIX aHHOHHBIX
KaHAJIOB) M aKBAaIIOPHHOBBIX BOIHBIX KaHaoB (AQP1
n AQP3) [15, 22]. CkopocTh THTIOOCMOTHYECKOTO Te-
MOJIH3a 3aBUCHT OT HCXOJHOTO 00BEMa SPUTPOLIUTOB,
TUTOIIA/TU TIOBEPXHOCTH M CTPYKTYPHO-(DYHKIIHOHAITb-
HBIX CBOMCTB TUTa3MoJeMMel |17, 22].

Ha ocHoOBe pe3ynbTaToB MCCIIEOBaHUS MOJIEKY-
JISIPHO-KJIETOYHBIX MEXaHU3MOB OCMOTHYECKOH pe3u-
CTEHTHOCTH SPUTPOLIUTOB OBUIO C/ICIAHO ITPEATIONONKE-
HUE, YTO TUTIOTOHMYECKUI TeMOJIH3 KJIETOK 00yCIIOB-
JieH (hopMHUPOBAHKEM B SPUTPOLIUTAPHBIX MEMOpaHax
TEMOJIUTUYECKUX Top pasmMepoMm He MmeHee 300 HM,
B 00pa30BaHNM KOTOPBIX YYACTBYIOT MOJICKYJIBI band3
(puc. 2) [11, 12, 23, 24].
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band3

HOpPMOUMT cthepouut

reMmonuTn4vecKkas

reMonmM3npoBaHHbIN

nopa SPUTPOLMT

Puc. 2. Cxema runoocMOTHUECKOTO TeMOJIN3a SPUTPOLUTOB [110 23, ¢ U3MEHEHUSAMHU |

B coBpeMeHHBIX HCcCeI0BAaHNAX TOCTATOYHO IIH-
POKO HCTIONB3YETCs CIIEKTPOPOTOMETPHUUECKHII METO]
OLIEHKH CTPYKTYPHO-(PYHKIIMOHATIBHBIX CBOWCTB dPH-
TPOILIMTOB YEJIOBEKA M JKUBOTHBIX 110 KOHEYHOW TOYKE
(end point method): mo creneHn TeMOTU3NPOBAHHBIX
KJIETOK TIPH UX WHKyOanuu B TedeHne 20—30 MUHYT
B TMIIOOCMOTHYECKUX PAacTBOpax C pa3HOM KOHIEH-
tpanueit NaCl [2, 7, 9].

Lens Hameil paboThl 3akiodanach B HCCIEHO-
BaHUU KHHETHUYECKHX [1apaMETPOB TMIIO0CMOTHYE-
CKOTO T€MOJIM3a IPUTPOLUTOB LIETBHON KPOBU KPBIC
C MCHOJIb30BaHUEM HU(POBOH CIEKTPOPOTOMETPHH.

MATEPUAJIBI U METO/bI
HNCCIEJOBAHUSA

HccnenoBanue nposeaeHo Ha 12 6eCTIOpOTHBIX
mabopaTopHBIX KpbIcax-camiax maccor 180—200 r,
KOTOPBIX COJEPIKAIH B BUBAPHUH TPU CBOOOHOM J10-
CTyIE K BOJAE U MHILH.

Kposb B 00beme 10 100 MKIT 0TOMpAIH U3 XBOCTO-
BOH BEHBI KPBICHI C ITOMOIIIBIO HHCYJIMHOBOTO IITPHIIA,
TIpeaBapuTEILHO TpoMbIToro remapuaoM (5000 EJI/
M), 1 momemand B 100 mur pusnonormueckoro pac-
1Bopa (0.9 % NaCl) c pH = 7.4.

Hns cozganusa ontuManbHOM pH ncnosb3oBanu
0.1 mmonb docdarusrii 6ydep (K,HPO, u KH,PO,).
CyCIEeH3UI0 SPUTPOLIUTOB JOBOIMWINA (PU3UOIOTHYE-
CKMM PACTBOPOM JI0 ONTUUYECKON MIOTHOCTH, PABHOM
0.8 mpm 4 =490 uMm.

KuHeTnky 0CMOTHYECKOTO TeMOIIN3a SPUTPOIIN-
TOB M3y4aJjH ¢ OMOUIbI0 METOJUKH aBTOMaTHYECKON
perucTpanuy MHTerpaibHbIX 3puTporpamm. s pe-
TUCTPAIH 3PUTPOTPAMM UCIIONB30BAJIH allapaTHo-
MPOTrPAMMHBIN KOMIUIEKC, BKJIFOUAIOIIUH:

— doroanexTpokonmopumerp ®IK-56M co
BCTPOCHHBIM AU PepeHITNATEHBIM yCHITUTEIEM;

— ananoro-undpoBoil npeodbpazosarens E-154
¢upmbr L—Card;

— DBM;

— mudpoBoit BoasTMeTp Mastech Mas830L.

Yactora onpoca AIII cocraBmsuia 10 I'u, peru-
CTPALMIO U 3aIKCh 3PUTPOTPAMM OCYIIECTBIISUIIN C I10-
mouipto mporpammel LGraph2 ¢upmsr L—Card.

I'emonu3 3pUTPOLIUTOB OCYIIECTBISIM B KIOBE-
Tax ¢ pazmepamu 20 x 40 x 10 mm u pabounum oObe-
MoM 4 M. M3MepeHne cBeTONpOIyCKaHuUs IIPOBOIH-
T TIpU JuThHE BOJHBI A = 490 HM ¢ UCTIOJIB30BaHUEM
ceeropunbsrpa NS, T. K. B 3T0ol obnmactu koddpduiu-
eHT MonsApHo# skcTuHKIMKH HbO, Munumanen. Ilpu
WCTIOJIb30BaHUU JAHHOTO CHEKTPO(POTOMETPHUYECKO-
T'0 METO/1a PETUCTPHUPOBAJIHN HE CAM FeMOJIN3, a TIOBpPe-
KJIEHUEe MEMOpaH SpPUTPOIIUTOB: CBETOpPACCESHHUE CyC-
HEH3UH 3PUTPOLIUTOB MEHSUIOCH 33 CUET Pa3pyLLCHUS
MeMOpaH 1 IUTOCKEJIeTa KIETOK.

B3Bech 3puUTpOLUTOB AT U3YyYEHHSI OCMOTHYE-
CKOW PE3UCTEHTHOCTH MOJIy4asld METOZOM IMOJOBHH-
HOTO Pa3BeIEHUS HCXOHOTO PacTBOpPa KIETOK KPOBU
B 0.9 % NaCl (D = 0.8 npu 4 = 490 HM) COOTBETCTBY-
IOLIMMH TUIIOOCMOTHYECKUMH PACTBOPaMHU XJIOPUAA
Harpwus (Tabu. 1) ¢ MOMOIIBIO MEXaHHUYECKOTO JI03aT0-
pa Biohit ¢ mocrosaHBIM 00BeMOM 2000 MKJI.

3a 100 % remonu3 MpUHMMAJIA BEJIMYUHY CBE-
TOpaccessHUsI CycHeH3uu spuTpouuton B 0.45 %
(77.0 mmomns/i) pactBope NaCl, koTopyro u3MepsIu
yepe3 5 muH. nocie nobdasnenns 100 mxir 0.1H pac-
tBopa HCI. B xauecTBe KOHTPOIISl HCIIOIB30BAJIH CYC-
nen3uro putpountos B 0.9 % pactBope NaCl.

Jns aHanu3a CTPYKTYPHO-QYHKIIMOHATIBHBIX
CBOMCTB APUTPOIIMTOB UCTIOIH30BAIN HHTETPATBHYIO
3PUTPOrpaMmy, KOTopasi 0ToOpa)xaeT mpouecc u3Me-
HEHHUSI KOJIMYECTBA MOABEPTHYTHIX [EMOJIM3Y KJIETOK
B enuHuIy Bpemenu (G = f (t), %, puc. 3).
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Tao6auna 1

HOﬂyU@HM@ uHKy6dl4u0HHblx cUNOOCMomudeCcKUux pacmeopoes nymem
NOJI0OBUHHO20 paagedenuﬂ UCXOOHO20 pacmeopa s3pumpoyumoes

KoHueHTpauus HCXoaHoro Gpu3no-
nornaeckoro pactsopa (% / MMOIIb/)

KoHueHTpanus runoocMOTHIECKOTO
pacTtBOpa 1st pazseneHus (%)

KoHueHTpauus nHKyOaloOHHOTO
pactBopa (%, MMOIB/1T)

0,10

0,50/ 85,55

0,12

0,51/87,26

0,14

0,52 /88,98

0,9/154,0

0,16

0,53 /90,69

0,18

0,54 /92,40

0,20

0,55/94,11

100

70

50 -

40 -

30

Puc. 3. aTerpanbHas KpuBas 0CMOTHYECKOTO
TeMOJIN3a JPUTPOLUTOB:
1 — daza chepynsanuu, 2 — MakCUMaIbHas CKOPOCTh
remommsa (V_ ), 3 — Bpems 50 % remonmsa (t, ), 4 —
KoHeuHas ¢asza remonusa. [lo ocu abemuce — Bpems
remonm3a (MuH). [1o ocu opauHAT — CTENeHb TeMOIH3a
3pUTponnTOB (%)

CtpykTypHO-(PYHKITMOHATHFHOE COCTOSHUE DPH-
TPOLIUTOB OIIEHUBAJIU IO CJIEAYIOIIUM IapamMeTpam
WHTETPAITLHON SPATPOTPAMMBI:

t  — JaTEHTHOE BPEMs reMousa (C);

G, — OTHOCHTEIBHOE KOIMYECTBO cheponuTo
(%0);

G,,G,,G,, G, — OTHOCHTEIHHOE KOJIHYIE-

30° 120? 180° 300
CTBO reMoJIM3UpoBaHHbIX KieTok 3a 30 ¢, 120 ¢, 180

¢ u 300 ¢ nakyOaruu (%);

Gcp — cpeaHee OTHOCUTENBHOE KOJTMYECTBO Te-
MOJTU3NPOBAHHBIX KJIETOK (%) 3a IeproJ] HHKyOaun
B muanazone 1200+1800 ¢ (20+30muH).

JlaHHBII METOJ ITO3BOJISIET PETUCTPUPOBATH U aHA-
JU3UPOBATH U3MEHEHUS CTPYKTYPHO-(QYHKIIHOHAIb-
HBIX CBOWCTB 3PUTPOLUTOB C BBICOKOW TOYHOCTBHIO
(G +0.1 %, c TOYHOCTBIO A0 CEKYH/IBI).

Craructudeckas o0paboTKa 3aperucTpUpOBaH-
HBIX TTOKa3aTeliell BKITIoYaia pacyeT CpeAHUX 3Hade-
Hull (M, mean) u cpeTHETr0 KBaJAPATHYECKOTO OTKIIO-
Henus (SD, standard deviation, cTaHIapTHOTO OTKJIO-
HeHus1). [ onpeieieHus CTaTHCTUIECKU 3HAYNMBIX
pasIMuuil MEX1y aHAIU3UPYEMbIMU CPEJHUMH 3Ha-
YEHHUSIMH UCTIONB30BAIIN PE3YIbTaThl OHO(AKTOPHO-
ro aucriepcuoHHoro ananusa (ANOVA) [13]. Crartu-
CTHYECKYI0 00pabOTKy MPOBOAMIIH C TIOMOIIBIO MaKe-
ta nporpamm Microsoft Excel.

PE3YJBTATHI UICCJIEJOBAHUS
U UX OBCYXJAEHUE

[To pe3synbpraram NmpoBEAEHHBIX HCCIEAOBaHUN
YCTaHOBJICHO, YTO MPU WHKYOAIlUU 3PUTPOIUTOB
B 0.54 % pacrBope NaCl npoucxonuna chepyrsuus
IPHUTPOILIUTOB, KOTOPasi B CPETHEM COCTaBHIIA OKO-
710 4 % OTHOCHUTENHHON BEJIMYMHBI CBETOPACCESTHMS.
Crenens chepymanun s3putporutoB B 0.55 % rumo-
ocmotudeckoM pactBope NaCl He mpeBbImana ogHO-
O TpoIieHTa (puc. 2).

3a 30 MUHYT HHKYOALIH S)PUTPOLIUTOB KPOBH KPBIC
B TMIIOOCMOTHUYECKOHN Cpesie CPeIHUM MPOLEHT reMo-
JTU3UPOBAHHBIX DPUTPOIUTOB (ch) coctaBuin 45.44 %
B 0.50 % pactBope NaCl, 23.20 % —g 0.51 % pactBo-
pe NaCl; 15.74 % —18 0.52 % pactBope NaCl u oxomno
4 % — B 0.53 % pactBope xnopuaa Hatpus (puc. 4).
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G,%
50 -

G1200
Gcp=45.44+0.30

0.50% NaCl

40 -

30
0.51% NaCl 96.5% Gep=23.20+0.80

0 96.4% Gep=15.74
0.52% NaCl 470 cp .74+0.66

10
0.53% NaCl 83.0% Gep=3,96+0.45

0
= o G

0.54% NaCl Gcp=-3.92+0.58

-10

-20

0 300 600 900 1200 1 500 1800 c

Puc. 4. Kunernka 0ocCMOTHYECKOTO T'eMONIN3a SPUTPOLNTOB KPOBHU KpbIC 3a 30 MUHYT HHKYOAIHH:

Gcep — cpeliHee OTHOCHUTEIBHOE KOJTMYECTBO TEMOTU3UPOBAHHBIX KIIETOK (%) 32 mepuon nHKyOanuu B uanaszone 1200+-1800 ¢
(10+30mun), G1200 — mpoIEeHT reMOJIN3UPOBAHHBIX KJIETOK 3a 20 MUH HHKYOAIlMu OTHOCHTENIbHO Gep

YUTCJIBHO NPEBLIIIAT KPUTUYCCKOC 3HAYCHUC F JJIsL
ypoBHs 3HaunMOCTH p < 0.001 TIpu COOTBETCTBYIO-
IIUX cTerneHsx cBooonsl (df, Tad. 2).

[lo pesynbraram MPOBEACHHOTO OAHOPAKTOPHO-
ro nucniepcuonHoro ananusza (ANOVA) cpenHux 3Ha-
YEeHUH I'eMOJIM3UPOBAaHHBIX KJIETOK B Pa3HbIX I'MII00C-
MOTHYECKUX YCIOBUSX pacueTHbId F-kputepuii 3Ha-

Taoauma 2
Pesynemamor 00HOpakmopHo2o OucnepcuoHHO20 aHaU3a CPEOHUX 3HAUEeHULL
2eMONUZUPOBAHHBIX IPUMPOYUINOE KPOBUL UCCTEDYEeMBIX KPbLC

VcTounuk Bapuanun SS df MS F F xputnueckoe
Mexny rpynmnamu 22338,94 5 4467,79 44111,21 2,342
BuyTtpu rpynn 7,29 72 0,101

Uroro 22346,23 77

Obo3nauenne: SS — cymma kBajparos (Sum of Squares), df — crenens cBobozp! (degrees of freedom), MS — cpen-
Hs1s1 cyMMBI kBagparoB (Mean Square), F — xputepuit @umepa.

CrenoBarenbHO, B JHANa30He KOHIEHTPAIUN OT
0.55 % 10 0.50 % NaCl 3a 30 MUHYT HHKYOAIIUU CpesI-
HEe OTHOCUTEILHOE KOJTMUYECTBO FeMOTU3UPOBAHHBIX

KIJIIETOK KPOBH MHTAKTHBIX KPBIC JOCTOBCPHO OT/INYA-
mock (p <0.001) B 3aBUCUMOCTH OT THIIOOCMOTHYE-

CKUX YCIIOBUH.
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AHanm3upys KPUBYIO TEMOJIN3a, MOKHO OTMETHUTb,
YTO B TUIIOOCMOTUYECKOHN CpeJie B IPOLIECC FeMOIN3a
IPUTPOLUTHI KPOBU KPbIC B OCHOBHOM BOBJICKAJIUChH
B niepBbie 120 ¢ oT Hauana wHKyOarmu. KonmnyecTBo

TEMOJIM3MPOBAHHBIX SpUTPOLUTOB (G, ,)) K 3TOMY MO-
MeHTy cocTaBmiio 93.9 %, 84.2 %, 67.2 % u 28.8 % ot
cpennux sHadenui (G, ) B AManasoHe KOHIEHTPAIMM
NaCl ot 0.50 % mo 0.53 %, coorBeTcTBEHHO (pHC. 5).

G G120 G300
50 0
93.9% 95.7% 0.50% NaCl
W
40
30
84.2% 94.3% 0.51% NaCl
20 W\A/‘A\M
67.2% 81.5% 0.52% NaCl
IR O e
10
28.8% 51.9% 0.53% NaCl
" T e e i A e e
0.54% NaCl
-10
-20
0 60 120 180 240 300 360 420 480 540 600 C

Puc. 5. Kunetnka 0CMOTHYECKOTO TeMOJTH3a SPUTPOLIUTOB KPOBHU KPBIC 32 5 MUHYT MHKYOAIHH

CKopoCTh IreMoJi3a 3aBUCeNa OT KOHICHTPALUH
THIIO0OCMOTHYECKOTO PacTBOPa M ObljIa MAKCUMAITBHOM
pu 0.50 % NaCl.

AHanu3upys 3pUTPOrpaMMbl B HadaJIbHbIN TIe-
puon remosnuTHYecKoro npouecca (nepsbie 30 ¢ uH-
Ky0alumn), ycTaHOBIEHO, YTO J00aBJICHHE TUIOOC-
MOTHYECKHX PAcTBOPOB K CYCIIEH3UU IPUTPOIMTOB
BBI3BIBAJIO CEpPyIALNI0, CTETIEHb KOTOPOH 3aBHCe-
J1a OT BEJIMYUHBI CHIKEHHMSI OCMOMOJIIPHOCTH pac-
TBOpa 1 ObuTa MakcuManbHa B 0.50 % pactBope NaCl
(Ge =—15.5 %, puc. 6).

Bpems nawana remonusa (t ), KOTOpOE SABJISET-
Csl MEpOil CTOMKOCTH DPUTPOLUTOB, TAKXKE 3aBUCE-
JI0 OT KOHI[EHTPALUU TUIIOOCMOTHYECKHX PACTBOPOB
1 ObLT0 MUHMMAITBHO (cocTaBmiio 4 ¢) B 0.50 % pactBo-
pe NaCl. B 0.53 % pacTBope XJopuaa HaTpusi BpeMs
Hayajia reMOJIM3a S3PUTPOLIUTOB COCTaBISLIO S6—60 c.
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3a 30 ¢ MHKyOaIuu SPUTPOIUTOB B TUIIOOCMOTH-
YECKHUX PacTBOpax INPOLEHT Pa3pyLICHHBIX KIETOK
oT ch cocrasua 87.9 % B 0.50 % NaCl, 71.8 % —
B 0.51 % NaCl u 59.0 % — B 0.52 % NaClL

OCHOBHBIC KHHETHUECKUE MTAPAMETPBI THITO0CMO-
TUYECKOTO TEMOJTN3a HOPMAIIEHBIX SPUTPOIUTOB KPO-
BU KpPbIC-CaMIIOB MPECTABJICHBI B TA0MUIIE 3.

Ha ocHoBe pe3ynbTaroB aHalin3a KMHETHYECKUX
napaMeTpoB OCMOTHYECKOTO IFeMOJIM3a WHTAKTHBIX
SPUTPOIUTOB NEPUPEPHUUECKON KPOBH KPBIC MOXKHO
BBIJICITUTh OMYJISIIIMN HU3KO-, CPEJIHE- U BRICOKOCTOM-
KHX SpUTPOLUTOB (pucC. 7).

Takum 00pa3om, UHKYOAITUS B THTIOOCMOTHYCCKHX
pacTtBopax ¢ pazHoit konnentpanuu NaCl mo3Bonmina
nmudhepeHITNPOBaTh U KOTHYECTBCHHO OIIEHUTH CTPYK-
TYpHO-(DYHKIIMOHAJIHBIC CBOMCTBA SPUTPOIUTOR IO
WX CTEIICHH OCMOTHUYECKOH PE3UCTECHTHOCTH.
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50

40

20

10

tnat
4c

0.50% NaCl

0.51% NaCl

0.52% NaCl

0.53% NaCl

-10

-20

87.0%

72.4%

-

60.6%

055% NaCloweas

30 ¢

0.54% NaCl
S 10 15 20 25
Puc. 6. Kunernka 0ocMOTHYECKOTO TeMOJIN3a SPUTPOLUTOB KPOBHU KpbIC 3a 30 ¢ MHKyOannu
G, %
50% -
Gcp=45.44%
45% A
40% A
35% 1 22,24
30% A
25% A Gcp=23.20%
20% Gep=15.74% 7,46 7,46
15% A
10% - 11,78 11,78 11,78
59% - Gcp=3.96%
0% 3,96 3,96 : 3,96 : 3,96 :
0.53% NaCl 0.52% NaCl 0.51% NaCl 0.50% NaCl

Puc. 7. [TomynanoHHbIH cOCTaB MHTAKTHBIX SPUTPOLMTOB MEpUPEPHIECKON KPOBHU KPBICHI IT0 CTETIEHH OCMOTH-

9eCKOM PE3UCTCHTHOCTHU
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Tadoauna 3
OcHOGHbIE KUHemUYecKUe napamempbl OCMOMUYECKO20 2eMONU3A HOPMATbHBIX IPUMPOYUINOE
PactBop
G, /G G, /G G, /G G, /G G G, +SE
o 30 30otH 120° 1200t 180 1800tH 300 3000tH cp, cb
el B I B 2 NG5 el B A M B0 M T3
1 2 3 4 5 6 7 8
0.50 %,
15,5 4 39,53/87,0 | 42,66/93,9 | 42,94/94,5 | 43,48/95,7 | 45,44 £0,30
85.55 MMOIB/1
0.51 %,
14,2 7 16,87/72,4 19,72/85,0 | 20,30/87,5 | 21,88/94,3 | 23,20+ 0,80
87.26 MMoOmIL/1
0.52 %,
13,0 7 9,54/60,6 10,86/69,0 11,88/75,5 12,83/81,5 | 15,74 £ 0,66
88.98 MMoOmIB/1
0
0.53 %, 12,3 52 — 1,34/34,0 1,57/39,6 2,06/51,9 3,96 £0,45
90.69 MMoJIB/11
0.54 %,
92.40 MMoOJIIB/1T 6,2 o o o —3.92+0,58
0.55 %,
94.11 MMOIB/1 1.8 o o o —0,65+0,21

IIpumeuanue: t — BpeMs JaTEHTHOTO nepuoaa remonusa (c); G
Jlat
G

(%); G, »—— CPGIIHEE KOIMYCCTBO coeporuros (%); G, ., G

¢, 120 ¢, 189 ¢ u 300 ¢ unkyOamuu (%); G G

30°

30ote’ " 1200tH’

120°

1800TH’

— MaKCHUMaJIbHOE KOJIMYECTBO C(EPOIUTOB
cmax
G,,,, — KOJIMYECTBO r€MOJIM3UPOBAHHBIX KJIETOK 32 30
— KOJIMYECTBO T'eMOJIM3HPOBAHHBIX KJIEeTOK 3a 30 c,

180°

3000TH

120 ¢, 189 ¢ u 300 ¢ unky6auuu 8% ot ch; ch — CpeiHee OTHOCUTEIHHOE KOJMYECTBO FeMOJIM3UPOBAHHBIX KIETOK 32
nepuoji nHKyOarmu B auanazone 1200+1800 ¢ (10+30mun) (%)

3AKJIIOYEHUE

[To pesynpraTam HalMX WCCIIEAOBAaHUN MHKYOa-
LUs1 CYCIIEH3UHU 3PUTPOLUTOB Nepudepruueckoi Kpo-
B KpbIc B Teuenue 30 muH B 0.50 % pactBope NaCl
He BbI3bIBasa 100 % remomnuza. C oAHON CTOPOHBL, 3TO
MOYKHO OOBSICHUTH H3MEHEHHEM OCMOMOJISIPHOCTH HH-
KyOaIlmOHHOTO PacTBOpPA B MPOLIECCE TeMOIHN3a HU3KO-
1 CPEIHECTOUKUX KIIeTOK. C APYTOH CTOPOHBI, OTCYT-
CTBHE I'€MOJIN3a BBICOKOCTONKUX SPUTPOLIUTOB MOJKET
OBITH OOYCIIOBJIEHO TaKUM CTPYKTYPHO-(PYHKIIHO-
HaJIBHBIM COCTOSTHMEM IJIa3MOJIEMMBI 3PUTPOLIUTOB,
IIPU KOTOPOM HE MPOUCXOTUT 00pa30oBaHUsI TEMOJIH-
THUYECKOH MOPHI 32 CHET acCOIalui MoJieKyn band3.
MO’KHO IIPEANON0KUTh, YTO BEICOKOPE3UCTEHTHBIMU
KJICTKaMU SIBJISIIOTCSI MOJIOZIBIE SPUTPOLUTHL, HE UMe-
IOLIHE CTPYKTYPHO-(DYHKLIIMOHAIBHBIX TOBPEKICHUH.

W3BecTHO, uTO B TeueHne 3—4 MecsSYHOro Ie-
puoja )KU3HU SPUTPOILIUTOB B KPOBOTOKE ITPOUCXOIUT
WX €CTECTBEHHOE CTapeHHe, BHI3BAHHOE MPOIIECCaMu
CBOOOIHO-PaUKAIbHOIO OKHCIICHUS, BO3IECHCTBU-
€M IIPOBOCIIOIUTENIBHBIX U MHBIX MEMOPaHO- ¥ LIUTO-
TOKcH4eckux ¢axropos [21, 25]. YuuTsiBasi, 4To Te-
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MOJIM3 SPUTPOLIUTOB B HAIIMX HCCICIAOBAHUAX pas-
BuBaJscs B niepBble 120 ¢ Hadajga HHKyOAluu, MOXKHO
MPEATNIONOKNTh, YTO B TEMOJIMTHYECKHUI MPOLIECC BO-
BJICKAJINCDH KJICTKH, Y’KE UMEIOLIHNE «CKPBITHIC)» TOBpEe-
JKACHUA I1JIa3MOJIEMMBI UJIU TaKUE €€ H3MCHCHU S, KO-
TOpBIE CIIOCOOCTBOBaNM accoranuu band3 B remo-
JTUTHIECKYIO TTopy. Takum o0pa3oM, HCTIOIB3yEeMBIi
HaMM KHHETUYECKUH METOJ OIIPEAEICHUSI OCMOTHYE-
CKOHM PE3UCTEHTHOCTH KIJIETOK TO3BOJISIET OLICHUBATh
MOIYJSLMOHHBIN COCTaB 3PUTPOLIUTOB TIepUdepHrye-
CKOHM KpPOBH C Y4E€TOM MX BO3PACTHBIX U MHBIX (DU3U-
KO-XMMHUYECKUX U3MEHEHHH.

Tlo pe3ynbraram HalIMX UCCIEAOBAaHUN YCTAHOB-
JICHO, YTO KPUTHUYECKasi TOUYKAa OCMOTHYECKOH pe3u-
CTCHTHOCTH HOPMAJIbHBIX SPUTPOLUTOB KPOBH KPBIC
cootBercTByeT 0.55—0.54 % pactBopam NaCl. Ha-
X04sACh B 3TUX YCJIOBHUAX B IMPCATCMOJIUTHUYCCKOM
COCTOSIHUH, SPUTPOLIUTHI 00JIaal0T MAaKCUMaIbHOU
YYBCTBHUTEIBHOCTBIO K ICHCTBUIO pa3InuHbIX (husnu-
KO-XMMHYECKUX (PaKTOPOB H SIBIIIOTCS YI0OHO! OMO-
JIOTHYECKOM MOJIENBIO /IJIsl UCCIIeJOBaHHUS MEMOpaHO-
Y IUTOTOKCHYHOCTH.
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EXPERIMENTAL STUDY OF THE STRUCTURAL AND
FUNCTIONAL PROPERTIES OF RAT BLOOD ERYTHROCYTES
BY THE PARAMETERS OF OSMOTIC ERYTHROGRAMS

Aymen Ayad Veli, Valeriy Yuryevich Sulin®, Alla Vitalyevna Martynova,
Pavel Andreevich Parshin, Galina Anatolyevna Vostroilova, Tatyana Igorevna Ermakova,
Elena Yuryevna Veli

All-Russian Veterinary Research Institute of Pathology, Pharmacology
and Therapy, Voronezh, Russia, e-mail: sulinvu@mail.ru®™

Abstract. The spectrophotometric method was used to register and analyze the kinetics of hypoosmotic hemoly-
sis of peripheral blood in 12 outbred male rats. Hypoosmotic conditions were created by half dilution of the ini-
tial suspension of erythrocytes in an isotonic solution with an optical density D = 0.8 at A =490 nm with NaCl
solutions with concentrations of 0.10 %, 0.12 %, 0.14 %, 0.16 %, 0.18 %, 0.20 % and distilled water. Hemolysis
of erythrocytes was recorded for 30 min at a wavelength of A =490 nm using ADC E-154 from L—Card. It has
been established that the critical point of osmotic resistance of intact rat peripheral blood erythrocytes corresponds
to 0.55 %-0.54 % NaCl solutions. Under these conditions, erythrocytes are in a state of spherulation (at the pre-
hemolytic stage) and can serve as a convenient biological model for assessing the activity of pharmacological
agents, membrane and cytotoxicity of xenobiotics. Based on the results of one-way analysis of variance (ANO-
VA), significant differences were established in the average relative number of hemolyzed cells in incubation solu-
tions of different hypoosmolarity. The revealed differences in the hypoosmotic resistance of erythrocytes are due
to their structural and functional properties and can serve as criteria for assessing their population composition
and accumulated latent damages to the plasmolemma.

Keywords: erythrocytes, erythrogram, peripheral blood, structural and functional properties of erythrocytes, plas-

molemma, hypoosmotic hemolysis, hypoosmotic resistance, rats

The study of the structural and functional proper-
ties of blood erythrocytes in laboratory and farm ani-
mals is currently relevant, since the metabolic process-
es occurring in blood cells are an integral reflection of
the body’s response to the action of stress and patho-
genic factors at the cellular and tissue levels [6, 10].

In clinical diagnostic and pharmacological stud-
ies, an erythrocyte is a convenient biological mod-
el for conducting toxicological analysis and studying
pathogenetic mechanisms of various pathologies de-
velopment [1, 4, 5, 7, 8].

According to a number of authors, the erythrocyte
plasmolemma is a structural component involved in all
processes of their vital activity. Morphological and bio-
chemical rearrangements of the plasmolemma during
the life cycle of an erythrocyte are elements of adaptive
mechanisms that allow maintaining cellular homeosta-
sis and functional activity of these formed elements
during their four-month stay in the bloodstream [1].

It has been established that the structure and in-
tegrity of the cytoplasmic membrane determines the
viscoelastic properties of erythrocytes and their de-
formability. The unique biconcave shape and plastic
properties of normocytes are provided by a special cy-
toskeleton, the proteins of which play a binding role
with the components of the membrane and cytoplasm
[14, 16, 20].

The band 3 protein (band3, anion exchanger AE1,
SLC4A1 — solute carrier family 4 member 1) is one
of the main proteins of the cytoskeleton. The cytoplas-
mic band3 N-domain binds cytoskeletal proteins to the
cytoplasmic membrane through ankyrin and has bind-
ing sites for oxyhemoglobin and glycolytic enzymes.

The membrane C-domain can function as an an-
ion channel (AE1, anion exchanger 1), providing the
exchange of bicarbonate ions for Cl , as well as the
transport of O,, CO,, glucose, sulfates, oxalates, NO
and water [1, 18] (Fig. 1).
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Fig. 1. Scheme of the erythrocyte membrane structure [26, p. 1433]:

b3 — band 3 protein, band3, AE1; GPA, GPC — glycophorins A and C; Rh complex — Rh factor isoantigen; Glutl — glucose
transporter; p55, 4.1, 4.2 — membrane cytoskeletal proteins

The resistance of erythrocytes to osmotic pressure
is called osmotic resistance. According to the gener-
ally accepted concept of colloid-osmotic cell lysis,
when erythrocytes are placed in hypoosmotic condi-
tions, their spherulation (swelling) first occurs, fol-
lowed by hemolysis itself (popping, bursting accord-
ing to Jay A.), during which intracellular material (ions
and hemoglobin) is released through membrane or hole
defects [3, 18, 23, 24].

As the results of studies by a number of authors
have shown, the process of spherulation (hydration) of
erythrocytes is determined by the properties and ac-
tivity of membrane ion transport systems (Na"/K™-AT-
Pase, Ca*ATPase, Na*/H*-pump, Na'/K*/Cl-trans-
porter, voltage-dependent anion channels) and aqua-
porin water channels (AQP1 and AQP3) [15, 22]. The
rate of hypoosmotic hemolysis depends on the initial
volume of erythrocytes, surface area and structural and
functional properties of the plasmolemma [17, 22].

Based on the results of studying the molecular and
cellular mechanisms of osmotic resistance of erythro-
cytes, it has been suggested that hypotonic hemolysis
of cells is due to the formation of hemolytic pores in
erythrocyte membranes with a size of at least 300 nm,
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in the formation of which band3 molecules are in-
volved (Fig. 2) [11, 12, 23, 24].

In modern studies, the spectrophotometric meth-
od for assessing structural and functional properties of
human and animal erythrocytes is widely used accord-
ing to the end point (end point method): according to
the degree of hemolyzed cells during their incubation
for 20—30 minutes in hypoosmotic solutions with dif-
ferent concentrations of NaCl [2, 7, 9].

The objective of our work was to study the kinet-
ic parameters of hypoosmotic hemolysis of rat whole
blood erythrocytes using digital spectrophotometry.

MATERIAL AND METHODS

The study was carried out on 12 outbred laboratory
male rats weighing 180—200 g, which were kept in a
vivarium with free access to water and food. Blood in a
volume of up to 100 pl was taken from the rat tail vein
using an insulin syringe, pre-washed with heparin (5000
U/ml) and placed into 100 ml of saline (0.9 % NaCl)
with pH = 7.4. To create the optimal pH, 0.1 mmol
phosphate buffer (K,HPO, and KH,PO,) was used. The
erythrocyte suspension was adjusted with physiolog-
ical saline to an optical density of 0.8 at 1 =490 nm.
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band3
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The kinetics of osmotic hemolysis of erythrocytes
was studied using the method of automatic registration
of integral erythrograms. To register erythrograms, a
hardware-software complex was used, including:

— FEK-56M photoelectric colorimeter with built-
in differential amplifier;

— ADC E-154 from L—Card;

— computer;

— digital voltmeter Mastech Mas830L.

The sampling rate of the ADC was 10 Hz; erythro-
grams were registered and recorded using the LGraph2
software from L—Card.

Hemolysis of erythrocytes was carried out in cu-
vettes with dimensions of 20 x 40 x 10 mm and a
working volume of 4 ml. Light transmission has been

hemolytic pore

hemolyzed
erythrocyte

Fig. 2. Scheme of hypoosmotic hemolysis of erythrocytes [considering 23, with changes]

measured at a wavelength of 4 = 490 nm using an N5
light filter, because in this region, the molar extinction
coefficient of HbO, is minimal. When using this spec-
trophotometric method, it was not the hemolysis itself
that was recorded, but damage to the erythrocyte mem-
branes: the light scattering of the erythrocyte suspen-
sion changed due to the destruction of the membranes
and the cytoskeleton of the cells.

A suspension of erythrocytes for the study of os-
motic resistance was obtained by half dilution of the
initial solution of blood cells in 0.9 % NaCl (D = 0.8
at 2 =490 nm) with the corresponding hypoosmot-
ic sodium chloride solutions (Table 1) using a Bio-
hit mechanical dispenser with a constant volume of
2000 pl.

Table 1
Obtaining incubation hypoosmotic solutions by half dilution of the stock solution of erythrocytes
Concentration of stock physiological Concentration of hypoosmotic Concentration of incubation solution
solution (% / mmol/L) solution for dilution (%) (%, mmol/L)
0.10 0.50/85.55
0.12 0.51/87.26
0.14 0.52/88.98
0.9/154.0
0.16 0.53/90.69
0.18 0.54/92.40
0.20 0.55/94.11

The light scattering value of the erythrocyte sus-
pension in 0.45 % (77.0 mmol/L) NaCl solution, which
was measured in 5 min, was taken as 100 % hemoly-
sis, after adding 100 pl of 0.1N HCI solution. A sus-
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pension of erythrocytes in 0.9 % NaCl solution was
used as the control.

To analyze the structural and functional proper-
ties of erythrocytes, an integral erythrogram has been
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used, which reflects the process of changing the num-
ber of cells subjected to hemolysis per unit time (G =
(1), %, Fig. 3).

G
100

90 -

80 -

70 -

60 -

50 -

40 -

30 -

20 -

Fig. 3. Integral curve of osmotic hemolysis of
erythrocytes:

1 — phase of spherulation, 2 — maximum rate of hemo-

lysis (Vmax), 3 — time of 50 % hemolysis (t50), 4 —

final phase of hemolysis. The x-axis shows the time of

hemolysis (min). The y-axis shows the degree of hemo-
lysis of erythrocytes (%)

The structural and functional state of erythrocytes
was assessed by the following parameters of the inte-
gral erythrogram:

t . — latent time of hemolysis (s);

GSph — relative number of spherocytes (%);

G,y G,y Gy Gy, — relative amount of hemo-
lyzed cells for 30 s, 120 s, 180 s and 300 s of incuba-
tion (%);

G, — average relative number of hemolyzed
cells (%) during the incubation period in the range of
1200+1800 s (20+30 min).

This method allows to register and analyze chang-
es in the structural and functional properties of erythro-

cytes with high accuracy (G £ 0.1 %, up to a second).

Statistical processing of the registered indicators
included the calculation of mean values (M, mean) and
standard deviation (SD, standard deviation, standard
deviation). To determine statistically significant dif-
ferences between the analyzed mean values, we used
the results of one-way analysis of variance (ANOVA)
[13]. Statistical processing was carried out using the
Microsoft Excel software package.

RESULTS AND DISCUSSION

According to the results of the studies, it was found
that during the incubation of erythrocytes in a 0.54 %
NaCl solution, erythrocyte spherulation occurred,
which on average amounted to about 4 % of the rel-
ative value of light scattering. The degree of erythro-
cyte spherulation in 0.55 % NaCl hypoosmotic solu-
tion did not exceed 1 % (Fig. 2).

For 30 minutes of incubation of rat blood erythro-
cytes in a hypoosmotic medium, the average percent-
age of hemolyzed erythrocytes (G, ) was 45.44 % in
0.50 % NaCl solution, 23.20 % —1in 0.51 % NaCl solu-
tion, 15.74 % — in 0.52 % NaCl solution, and about
4 % — in 0.53 % sodium chloride solution (Fig. 4).

According to the results of the one-way analysis
of variance (ANOVA) of the average values of hemo-
lyzed cells under different hypoosmotic conditions,
the calculated F-criterion significantly exceeded the
critical value of F for the significance level p <0.001
at the corresponding degrees of freedom (df, Table 2).

Therefore, in the concentration range from 0.55 %
to 0.50 % NaCl for 30 minutes of incubation, the av-
erage relative amount of hemolyzed blood cells of in-
tact rats differed significantly (p <0.001) depending
on hypoosmotic conditions.

Analyzing the curve of hemolysis, it can be noted
that in the hypoosmotic medium, rat blood erythrocytes
were mainly involved in the process of hemolysis in
the first 120 s from the start of incubation. The num-
ber of hemolyzed erythrocytes (G, ) by this moment
was 93.9 %, 84.2 %, 67.2 % and 28.8 % of the mean
values (G, ) in the range of NaCl concentrations from
0.50 % to 0.53 %, respectively (Fig. 5).

Results of the one-way analysis of variance of the mean blood values of hemolyzed erythrocytes in the studiedrl:zlt);e ’
Source of Variation SS df MS F F critical
Between groups 22338.94 5 4467.79 44111.21 2.342
Within groups 7.29 72 0.101
Total 22346.23 77

Notation: SS — sum of squares, df — degrees of freedom, MS — Mean Square, F — Fisher criterion
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Fig. 4. Kinetics of osmotic hemolysis of rat blood erythrocytes for 30 minutes of incubation:
G,, — average relative number of hemolyzed cells (%) for the incubation period in the range of 1200+1800 s (10+30min),

G,,,, — percentage of hemolyzed cells for 20 min of incubation relative to G,
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Fig. 5. Kinetics of osmotic hemolysis of rat blood erythrocytes for 5 minutes of incubation
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The rate of hemolysis depended on the concentra-
tion of the hypoosmotic solution and was maximum
at 0.50 % NacCl.

Analyzing erythrograms in the initial period of the
hemolytic process (the first 30 s of incubation), it was

found that the addition of hypoosmotic solutions to the
erythrocyte suspension caused spherulation, the degree
of which depended on the magnitude of the decrease in
the solution osmolarity and was maximum in 0.50 %
NaCl solution (G, =—15.5 %, Fig. .6).

G,%
50
87.0%
" 0.50% NaCl
30
= 72.4%
0.51% NaCl
tnart a s
0.52% NaCl 60.6%
0 0.53% NaCl
0.55% NaCl—ou
0.54% NaCl
A0 -
..20 i

0 5 10

15 20 25

30 c

Fig. 6. Kinetics of osmotic hemolysis of rat blood erythrocytes for 30 s of incubation

The onset time of hemolysis (t,_ ), which is a mea-
sure of erythrocyte resistance, also depended on the
concentration of hypoosmotic solutions and was min-
imal (4 s) in 0.50 % NaCl solution. In 0.53 % sodium
chloride solution, the onset of hemolysis of erythro-
cytes was 56—60 s. For 30 s of erythrocyte incubation
in hypoosmotic solutions, the percentage of destroyed
cells from G, was 87.9 % in 0.50 % NaCl, 71.8 % —
in 0.51 % NaCl, and 59.0 % — in 0.52 % NaCl.

The main kinetic parameters of hypoosmotic he-
molysis of normal blood erythrocytes in male rats are
presented in Table 3.

Based on the results of the analysis of the kinet-
ic parameters of osmotic hemolysis of intact rat pe-
ripheral blood erythrocytes, populations of low-, me-
dium-, and highly resistant erythrocytes can be distin-
guished (Fig. 7).

Thus, incubation in hypoosmotic solutions with
different concentrations of NaCl made it possible to
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differentiate and quantify the structural and function-
al properties of erythrocytes according to their degree
of osmotic resistance.

CONCLUSION

According to the results of our studies, incubation
of a suspension of rat peripheral blood erythrocytes
for 30 min in a 0.50 % NacCl solution did not cause
100 % hemolysis. On the one hand, this can be ex-
plained by a change in the osmolarity of the incuba-
tion solution during the hemolysis of low- and medi-
um-resistant cells. On the other hand, the absence of
hemolysis of highly resistant erythrocytes may be due
to such a structural and functional state of the erythro-
cyte plasmolemma, in which there is no formation of
a hemolytic pore due to the association of band3 mol-
ecules. It can be assumed that highly resistant cells
are young erythrocytes that do not have structural and
functional damage.
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Fig. 7. Population composition of peripheral blood intact erythrocytes in rats according to the degree of osmotic

resistance
Table 3
Basic kinetic parameters of osmotic hemolysis of normal erythrocytes
Incubation G
. G, /G G, /G G, /G G, /G ay,
SOluthn (%’ (}s o (%) T . (C) 30" 7 30rel 120 120rel 180° 180rel 300 300rel (}S + SE
mmol/L) ph fat (%/%) (%/%) (%/%) (%/%) Pé‘% )
1 2 3 4 5 6 7 8
0.50 %,
15.5 4 39.53/87.0 | 42.66/93.9 | 42.94/94.5 | 43.48/95.7 |45.44+0.30
85.55 mmol/L
0.51 %,
14.2 7 16.87/72.4 | 19.72/85.0 | 20.30/87.5 | 21.88/94.3 |23.20+0.80
87.26 mmol/L
0.52 %,
13.0 7 9.54/60.6 10.86/69.0 | 11.88/75.5 | 12.83/81.5 | 15.74+0.66
88.98 mmol/L
0.53 %,
90.69 mmol/L 12.3 52 — 1.34/34.0 1.57/39.6 2.06/51.9 | 3.96 +£045
0.54 %,
92.40 mmol/L 6.2 — — —_ -3.92+£0.58
0.55 %,
94.11 mmol/L 1.8 — — — -0.65+0.21

Note: t, — time of the latent hemolysis period (s); G, — maximum number of spherocytes (%); G — average
number of spherocytes (%); G,, G ,» G 4> G,,, — number of hemolyzed cells for 30 s, 120 s, 189 s and 300 s of incuba-
tion (%); G, G aorerr Orsore G0 — NUmMber of hemolyzed cells for 30's, 120 s, 189 s and 300 s from incubation in% of
G, ; G, — average relative number of hemolyzed cells during the incubation period in the range of 1200+1800 s (10+30

min) (%)
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It is known that during 3—4-month period of eryth-
rocyte life in the bloodstream, their natural aging oc-
curs, caused by free-radical oxidation processes, ex-
posure to pro-inflammatory and other membrane- and
cytotoxic factors [21, 25]. Considering that hemoly-
sis of erythrocytes in our studies developed in the first
120 s from the beginning of incubation, it can be as-
sumed that the hemolytic process involved cells that
already had “hidden” damage to the plasmolemma or
such changes in it that contributed to band3 associa-
tion into the hemolytic pore. Thus, the kinetic meth-
od used by us for determining the osmotic resistance
of cells makes it possible to evaluate the population
composition of peripheral blood erythrocytes, taking
into account their age-related and other physicochem-
ical changes.

According to the results of our studies, it has been
found that the critical point of the osmotic resistance
of normal rat blood erythrocytes corresponds to 0.55—
0.54 % NaCl solutions. Being in these conditions in a
pre-hemolytic state, erythrocytes have maximum sen-
sitivity to the action of various physicochemical fac-
tors and are a convenient biological model for study-
ing membrane and cytotoxicity.
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LUAJIMCTOB JJIsl MyOJIMKALUK PE3yIbTaToB SKCIEPUMEHTAIBHBIX UCCIEIOBAaHUN, TEOPETHUECKUX U 0030PHBIX
CTaTeH, KacarolMXcs aKTyaJlbHBIX BOPOCOB BETEPUHAPHOH (papMakosoru.

Leunb sxxypHana «BerepuHapHblil (hapMakoIoruueckuii BECTHUK» — MPEICTaBICHUE OCHOBHBIX HaIlpaBJie-
HUI pa3BUTHsI BeTepUHAPHOU (DapMaKoIIOTHH, IPUBJICYCHNE BHUMAHUS HAyYHBIX PA0OTHHKOB U CIIELIUAIIUCTOB
K aKTyaJIbHBIM TIpo0OJIeMaM, IPOIBMKEHNE MHHOBAIIMOHHBIX pa3paboToK.

OCHOBHBIE TEMaTHYeCKUE HATPABICHUS KypHaIa:

1. DxcniepuMeHTaNbHAS (HapMaKOJIOTHSL.

2. Kinununueckast papmMakoinorusi.

3. buoxumuueckas 1 MOJIEKYJIIpHas (apMaKoJIOTHS.

4. dapmarus.

5. HoBble JiekapCTBEHHBIE CPEIICTBA U IIPENAPaThl Ul TEpAuu U IPOPUIAKTUKY OONIE3HEH.

6. CpezncrBa 300TUTHEHBI, A€3MH(EKLUH, JE3MHCEKIUH U IepaTU3aLuy.

7. JleueOHBIC MPEMHUKCHI U KOPMOBBIE 100ABKH.

8. [Tatodusmnonorus, naToOMOXUMHS U SKCIIEPUMEHTAJIbHAS TEPaTHS.

Temarnueckoe coepxkaHue )KypHaJIa MOKET MEHSITHCS B 3aBUCMMOCTH OT TEKYIIUX 3a/1a4 HAYKH U [IPAKTUKU.

YCJI0OBUA NTYBJIUKALIUHN

ABTOpaM HE0OXOIMMO NPEIOCTABUTH B PEAAKIIMIO CIICAYIOINE MAaTePHAIbL:

1. Crarpto, 0hOpMIICHHYIO B COOTBETCTBHH C TpeOOoBaHUSIMH, Ha mouTy vetfarm.journal@yandex.ru
(«B pemakuuto xxypHana «BeTepruHapHbIi (HapMaKOIOrHYECKHH BECTHUKY ).

Marepuai, npemiaraeMblid s myOJIUKalyy, T0JDKEH OBITh TIIATENIFHO OTPEIAKTHPOBAH M NMOANMCAH
BCEMHU aBTOPAMHU.

Crarbu, HanpasJsieMble B PEIAKLUI0, IPOXOIAT PELIEH3UPOBAHUE U BBIHOCATCS HA PACCMOTPEHUE PEIKOII-
nerun. [Ipu HE0OXOANMOCTH peaKuys CBA3BIBACTCS C aBTOPaMH 110 TenaeOoHy MM 3JIeKTpoHHOH noure. 1o
pesynbrataM 00CyKACHUS] IPUHUMACTCS PEeIIeHHE O BO3MOKHOCTH BKJIIOUEHHUS CTaThbU B JKypHaJl, 00 OTKasze
WM 10paboTKe.

Crarbs, HalpaBlieHHAsI aBTOPY Ha JOPabOTKY, TOKHA OBITH BO3BPAIICHA B HCIPABICHHOM BH/IE B MaKCH-
MaJIbHO KOPOTKHE CpokH. K pyKomnrcH HeoOX0AMMO MPUIIOKUTH MTUCBMO OT aBTOPOB, COJIEPIKAIIUE OTBETHI Ha
Bce 3ameudanust. Ctarbsi, TpeOyrolias IOBTOPHON 10padOTKH, paccMaTprBaeTCs Kak BHOBb nocTynusas. [1pu
9TOM JaTOM MOCTYIUICHHSI CYUTAETCS Jara MOJIyYeHNs PEAAKLNEH OKOHYATeIbHOTO BAPHAHTA CTAaThU.

[Inata ¢ aBTOpOB 32 MyOJINKAIMIO HE B3UMACTCSL.

ABTOpCKOE BO3HATPAXKICHHE 32 pa3MEIlCHUE CTaTel B MEYATHON U DJICKTPOHHON BEPCHUHM >KypHaIa aBTO-
pam crareil He BBITUIAYMBACTCSL.

Marepuasibl, HOCTYIHUBILUE B PEAAKIINIO, aBTOPAM HE BO3BPALLIAIOTCSL.

2. Ceenenus 00 aBTOpax:

damuusi, UMs1, OTIECTBO

VYyeHas cTeneHb

VYueHoe 3BaHUE

JlomKHOCTD

[TonHoe Ha3BaHUE OpraHu3aluu

Anpec, Tenedon, e-mail

OtaenbHO HEOOXOIUMO yKa3aTh JIMLO U €ro KOHTAKTHBIE JaHHBIE, C KOTOPBIM peAaKuus OyaeT BEeCTH mepe-
TOBOPBI M TIEPETINCKY.

158 BerepunapHsiii papmakomornaeckuii BecTHUK o No 1 (22) « 2023



Venosust nybruxayuu u npasuna opopmaenus cmameti

3. HampagsiieHue oT yupex/ieHus, B KOTOPOM BBITIOJIHEHA padoTa 110 Gopme:

B penakuuto xxypHana
«BerepuHapHBIH (hapMaKOJIOTHUESCKUH BECTHUK

[pomnry (mpocum) omyOIMKOBATh B OTKPHITOH IeYaTH MOFO (HAIIy ) CTaThIO «

».

Marepuaisl CTaThH YaCTHYHO WM TIOJTHOCTHIO He OBUTH paHee OmyOIHKOBAHBI .

ABTOPBI TOATBEPKIAIOT JOCTOBEPHOCTh M OPUTHHAIHLHOCTh MAaTEPUAIIOB, U3JIOKEHHBIX B CTAThE; TAOT
cornacue Ha cOop, 00pabOTKy U pacIipoCTpaHEeHNE CBOMX IEPCOHATIBHBIX JAHHBIX B COOTBETCTBHH C TPeOO-
BanusMu denepanbuoro 3akoHa Ne 152-03 ot 27 urons 2006 roga «O nepcoHANbHBIX TaHHBIX)»; TApaHTU-
PYIOT, UTO HE HAPYyIIAOT HUYBUX aBTOPCKUX IPaB; HE BKIIFOYAOT MaTepUAIIb, HE TIOJIeKAIUe K TTyOlTuKa-
LMY B OTKPBITOM N€YaTh B COOTBETCTBUH C JIEUCTBYIOIIMM 3aKoHOAaTenbcTBOM Poccuiickoil @enepanui.

BwmecTe co cTaTtheit aBTop mepenaet penakiiuy Ha HeOTPaHUICHHBIN CPOK CIICAYIONINE TIpaBa: MpaBo Ha
pasMeIeHne, BOCIIPON3BEICHNE U PaCIIPOCTPAaHEHUE CTAThH JIFOOBIM CITOCOOOM; TIPaBO Ha MepepaboTKy cTa-
ThY ¥ BHECEHHE N3MEHEHHI B CTaThIO; MMPaBO Ha MMyOJIMYHOE UCIIOIB30BAHUE MaTePHANIOB CTaThH U JEMOH-
CTpaIuio UX B MH(GOPMAIIMOHHBIX, PEKIAMHBIX U MPOYHX IIEIISAX.

Taxoke aBTOPBI MOJTBEPIKAAIOT, YTO COMIACHBI C MPABIIIAMH PEIAKIUH TI0 ITOJTOTOBKE PYKOITUCH K U3-
nanuto. [Tocne myOnukanuu ee MUTUPOBAHKE BO3MOXKHO TOJIBKO CO CCBUIKOHM Ha *KypHal «BeTepruHapHbIit
(hapMaKkoJIOrMueCKUN BECTHUKY.

NOANHUCH (OAMUCH) aBTopa (aBTOPOB) bamMums, UMs, OTYECTBO

[oanucs (moammcn) 3aBEPSIIO.

nonnuck 1 @O nuua, 3aBepuBILIETO NOAIUCH
ML.II. opranuzanun
« » I.

* Ecin ObLIn 0Hy6J’II/IKOBaHLI YaCTUYHO, TO YKa3aTb Ha3BaHUC U3J1aHUs, I'O[ BbIITYCKa, HOMCP, CTPAHUIIbI.

Jis yckopeHus Iy OIMKaIUY CTaThH B PEAKIIUI0 HEOOXOIMMO MTPEIOCTABUTD PEIICH3UIO JJOKTOpa HAYK, 3a-
BEPEHHYIO B OTJIEJIC KaJIpOB IO MECTY paboThI.

ITPABHJIA O®OPMJIEHUA CTATEN

TexcT craren 06BeMoM 710 15 cTpaHuIl mpegocTaBisercs B mporpamme Microsoft Word: mpudt — Times
New Roman, keribp — 14 1T, MeXXCTpOUHBI HHTEpBal — 1,5, ab3amubrii orctynm — 1,25, 6e3 nepeHocoB. Dop-
MaT CTpaHuIlbl — A4; 1oNst: JIeBoe — 3 CM, BEpPXHEe, IIPaBoe U HUKHEE — 2 CM.

DJeMEeHTaMU M3/1aTeNIbCKOro O(OPMIICHHUS CTATeH SIBJISIFOTCS:

— CcBejieHus 00 U3/IaHUH, B KOTOPOM OIyOJIMKOBaHA CTaThs;

— Ha3BaHUE pyOPUKH WU pa3nesia u3IaHws;

— THII CTaThu (Hay4YHAas CTaThs, 0030pHAs CTaThH, PEJAKIIHOHHAS CTaThs, AUCKYCCUOHHAS CTAThs, IIEPCOHA-
JIUY, pEIaKTOPCKAs 3aMeTKa, PEIICH3Ms Ha KHUTY, PEIICH3HsI Ha CTaThIO, CIIEKTAKIIb U T. I1., KPAaTKOE COOOIICHUE);

— WHJIEKC YHHUBepCalIbHOU necatuuHoi kiaccudukanun (YK);

— mudposoii naenTudurarop oobekra (Digital Object Identifier — DOI); ero mpusogst mo 'OCT P UCO
26324 u pacnonaratot nocie uaaekca YK otnenpHON cTpokoit cieBa. B konme DOI Touky He cTaBsT;

— 3arvyiaBHe CTaThH;

— TIOJ3aTOJIOBOYHEIE TAHHBIE CTATHH;

— cBejieHus 00 aBTope (aBTopax);
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— aHHOTaIus (pe3ome);

— KJIFOYEBBIC CJIOBA (CIIOBOCOYCTAHHMS);

— 0JIarogapHOCTH;

— 3HaK OXPaHbl aBTOPCKOTO MpaBa;

— TIepeYCHb 3aTEKCTOBBIX OMOMMOrpaduecKuX CChUIOK;

— CBEJCHUS O IPOAOJKEHUH WM OKOHYaHUH CTaThU;

— TpUJIOKEHNE (TTPUIIOKEHHS);

— TIPUMEYaHus;

— JaTa mOCTYTUICHHUS PYKOIIMCH B PEIAKITNIO U3/IaHuUs, 1aTa O00pEHHS TTOCIIe PEIIeH3UPOBaHUS, 1aTa MPH-
HSATHUS CTAaThU K OITyOINKOBAHHUIO.

JIONOTHUTENBHO MOTYT OBITH IPUBEACHBI:

— Oubnuorpaduyueckas 3aruch Ha CTaThIO JUIsl TAJIBHEHIIETO IIUTHPOBAHUS;

— CBEJICHUS O BKJIJIC KaXKJIOTO aBTOPA, €CIIU CTaThsl MMEET HECKOJIBKO aBTOPOB;

— yKa3zaH#e 00 OTCYTCTBHH WM HATMYNY KOH(DIMKTA HHTEPECOB U ACTATM3AIHS TAKOTO KOH(IIMKTA B CITy-
Yae ero HaJTuJusl.

CJoBa 1 cJI0BOCOUYETAHUS B AJIEMEHTAX M3/1aTEIbCKOr0 O(OPMIICHHUS CTaTbU HE COKPALIAIOT, KpOME CBejie-
HUI 00 y4eHOH CTENeH! U 3BaHUU aBTOpa, CJIOB U CIOBOCOYCTAHUN B OMOIHOTrpaduyecKiX CChUIKAX U CIHC-
kax mo I'OCT 7.11, TOCT P 7.0.12.

OCHOBHO# TEKCT CTaThH MOXET OBITh CTPYKTYPHUPOBAH U COCTOSITH U3 CIEIYIONINX YaCTEH:

— BBEJICHHUE;

— TEKCT CTaTbhH (C BBIJCIICHHEM pa3/ieioB «MaTtepualibl 1 MeTOAb, «Pe3ymbrarey, «O0CcyKIeHue» u ap.);

— 3aKJIIOYCHHE.

JlonyckaeTcsi ieJIeHue OCHOBHOTO TEKCTa CTaThH Ha TEMaTHYECKUE PYOPHKH U OIPYOPUKH.

Haamucu u moanucy K WUTIOCTPATUBHOMY MaTepualty MPUBOJIAT Ha SI3BIKE TEKCTa CTaThU M, KaK TPaBHIIO,
MOBTOPSIFOT HA aHDIIMHCKOM s13bIKe. OCHOBHOM TEKCT CTAaThU B M3IAHHUH MOXKET OBITh TOJILKO Ha OJTHOM SI3BIKE.
CMemmBaTh B OIHOM cTaThe TEKCT Ha ABYX S3BIKAX HE JIOIYCKaeTCsl.

J10 OCHOBHOTO TEKCTa CTaTbU MPUBOJIAT Ha S3BIKE TEKCTa CTAThH U 3aT€M MOBTOPSIOT Ha AaHTIIMHACKOM SI3bI-
Ke CIICIYIOLINE SIEMEHTHI U3/1aTeIbCKOT0 OOPMIICHHUS: CBEICHHSI 00 N3JaHNH, B KOTOPOM OITyOJIMKOBaHa CTa-
Ths1, HA3BaHKUE PYOPHUKH UK pa3Jielia, THII CTaThU, €e 3aryIaBue 1 M03aroJ0BOYHbIE JaHHbIE, OCHOBHBIE CBEIC-
HUS 00 aBTO-pe (aBTOpax), aHHOTAIUIO, KITFOUEBBIC CJIOBA, OJIarolapHOCTH, OMOIHOrpadUIecKyIo 3aHCh s
nuTHpoBaHms. ViMeHa IpUBOAAT B TpaHCIUTEpUpoBaHHO# popme Ha matuauIle mo ['OCT 7.79 wmm B ToM dop-
Me, B KaKOH €e yCTaHOBHII aBTOP WIJIM PEeIaKINs U3/TaHus.

[Tociie 0CHOBHOTO TEKCTa CTaThU MPUBOIAT HA SI3bIKE TEKCTA CTAThU U 3aTEM MOBTOPSIOT HA aHTIIMACKOM
SI3BIKE CIIEAYIOIINE DIEMEHTHI U3/1aTeIbCKOTO 0(OPMIICHUS: IOTIOTHUTENIbHBIE CBEACHUS 00 aBTOpe (aBTOpaXx),
CBEJICHHSI O BKJIAJ/IC KayK/I0TO aBTOPa, YKa3zaHHe 00 OTCYTCTBUH WM HATMYMH KOH(DIMKTA HHTEPECOB U IeTaH-
3aIUs TAKOTO KOH(IIUKTA B CITydae ero HaJi4Hsl, a TAKKe JIaThl HOCTYIUICHUS PYKOIIMCH B PEIaKIInio, oo0pe-
HUS TIOCTIE PETICH3UPOBAHMS, TPUHATHS CTATHHU K OITyOIIMKOBAHUIO.

OcHOBHBIE cBeZIeHHS 00 aBTOPE COJepPKar:

— UM, OTYECTBO, (haMUIIHIO aBTOpa (ITOJTHOCTHIO);

— HaWMEHOBaHWE OpraHu3aiuu (YUpeKIeHuUs), ee MoApa3AeieHus, rae padoTaeT Wiu yauTcs aBTop (0e3
0003HauCHUsI OPraHU3aMOHHO-TIPaBoBOM (hopmbl ropuanueckoro jiuma: ®I'BYH, ®I'6OY BO, [TAO, AOuT. 1.);

— aJpec opraHu3ayy (YIpexkJIeHus ), ee TOoIpa3IelieHus], I7ie paboTaeT UK YIUTCs aBTOP (TOPOJ] M CTPaHA);

— DJICKTPOHHBIH azxpec aBTopa (e-mail);

— OTKpHITHIA uneHTH(UKaTop yaeHoro (Open Researcher and Contributor ID — ORCID) (npu Hanmuum).
Anpec opranuzanuy (yupexaeHus), Tie padoTaeT Win yYUTCs aBTOpP, MOXKET ObITh yKa3aH B MOJHOM GopMme.
DNeKTPOHHBIA afpec aBTopa MPUBOIAT Oe3 cloBa «e-maily, mocie IeKTPOHHOTO aapeca TOUKy HE CTaBsT.
ORCID npuBoasaT B popme 311ekTpoHHOTO aapeca B cetn Murepner. B xonne ORCID Touky ne crassar. Ha-
MMEHOBaHWE OpTaHU3aIuy (YIpeKICHHS ), e¢ aapec, MeKTpoHHbIH aapec 1 ORCID aBTopa oTHesSioT Ipyr OT
IpyTa 3ansIThIMU.

B ciydae, xoryia aBTop paboTtaeT (YUUTCs) B HECKOJIBKUX OpraHU3aIusiX (YIPEKISHHUIX ), CBEACHUS O KaXK-
JI0M MecTe paboThl (yueObl), YKa3bIBalOT IIOCIIE MUMEHHU aBTOpa Ha Pa3HbIX CTPOKAX H CBSA3BIBAIOT C IMEHEM C IO~
MOIIBIO0 HAJCTPOUYHBIX IUPPOBBIX 0003HAYCHHIA.
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Ecnu y cTathy HECKOIBKO aBTOPOB, TO CBEJICHHS O HUX MPHBOJIAT C YUETOM HHXKECIIEAYIOIUX MpaBuil. Mme-
Ha aBTOPOB MPHUBOJAT B MIPHHSATON UMU MOCIIEIOBATEILHOCTH.

ABTOp, OTBETCTBEHHBIH 32 MIEPEIUCKY, U €r0 AIICKTPOHHBIN aJpec MOTYT ObITh 0003HAYEHBI YCIOBHBIM H30-
OpaskeHHEM KOHBEPTA, B AJIEKTPOHHBIX U3AHUAX — TAKKE U IPYTUMH CPEACTBAMU, PEATU3YEMBIMH ITPOTPAMM-
HBIM O0ecIieueHrEM ITyONUKAMH U3AaHHsL.

Bo3MoxHO nprBeieHHE AIIEKTPOHHOTO aJpeca TOJIBKO OJHOTO aBTOPa, C KOTOPBIM IIAHUPYETCS Mepernuc-
Ka, MJIH OT/ICIIbHOE YKa3aHUe aBTopa JIJIsl KOPPECIOHACHIINH 0 opMe: « ABTOp, OTBETCTBEHHBIH 3a MepernHc-
ky:» («Corresponding author:y).

JlommoTHUTETFHBIE CBEIEHUS 00 aBTOpe (aBTOpax) MOTYT CONIEPKaTh:

— TIOJIHBIC MMEHA, OTUeCTBa U hamunuu, snekTponnbie ajapeca 1 ORCID aBTopoB, eciii OHU HE YKa3aHbI
Ha MepBOH M0JI0CEe CTAThH;

— Y4YCHBIC 3BaHHUS;

— Y4YCHBIC CTCTICHH;

— npyrue, kpome ORCID, mexmyHapomHble HIeHTH()UKAITMOHHBIE HOMEPa aBTOPOB. [lomoTHUTETEHBIE
cBesieHns1 00 aBTOpe (aBTOpax) MPHUBOSAT C MpeaNIecTByomnUMHU cioBamu «Hpopmanmst 06 aBTope (aBTo-
pax)» («Information about the author (authors)») u yka3eiBaroT B KoHIle cTaThu ociie « CIIMCKa HCTOYHHKOBY.

Caezenust 0 mecte padoThl (yueosl), anekTponnbie aapeca, ORCID aBTOpoB yKka3bIBalOT MOCIIE UMCH aB-
TOPOB Ha Pa3HBIX CTPOKAX U CBSI3BIBAIOT C IMEHAMH C TIOMOIIBIO HAJICTPOYHBIX IU(POBLIX 0003HaYeHNH 1H-
nekc YJIK pacriomaraeTcst B I€BOM BepXHEM YTy 0e3 a03aIlHOTO OTCTYIIA.

Janee Oe3 ab3aIlHOTO OTCTYIIA PACIONAraeTCsl HA3BaHHUE CTAaThU — 3aNIaBHBIMU OyKBaMH, OTYKUPHBIM
HIpUQTOM, BHIPABHUBAHHUE 10 LICHTPY.

damunsi, UMs1, 0TYECTBO aBTOpa — 03 a03aIHOTro OTCTYIA, IO LIEHTPY, CTPOYHBIMU OyKBaMH, TIOJTY>KUP-
HBIM IIpHdTOM.

Annoranuio Gopmupytor mo F'OCT P 7.0.99. O6bem annoTanmu He npesbimiaet 250 cios. [lepen anHoTa-
[UeH TIPUBOIAT CIIOBO « AHHOTAIH) («Abstract).

KitroueBble ciioBa (CIIOBOCOYETAHHS) TOJKHBI COOTBETCTBOBATH TEME CTAThU M OTPAXKATh €€ MPEIMETHYIO,
TEPMHHOJIOTHUYECKYI0 005acTh. He ucmnomb3yoT 0000I1IeHHbIe 1 MHOTO3HAUHBIE CJIOBA, & TAKIKE CIIOBOCOYETA-
HUS, COACPIKAIINE TPUYACTHBIE 00OPOTHI.

KonudecTBo KITIOUEBBIX CJIOB (CIIOBOCOYETAHU ) HE JJOJDKHO OBITH MEHbIIE 3 U 0oJibine 15 ciioB (ci10Boco-
yeTaHuit). VIx mpuBoaaT, mpeasapsis cioBamu «Kirouessie cioBa:» («Keywords:»), 1 OTIEISIOT APYT OT IpY-
ra 3ansThIMH. [1oce KITFOYeBbIX CIIOB TOUKY HE CTaBST.

[Mocne KITIOUEBBIX CIIOB TIPUBOAT CJIOBA OJar0IapHOCTH OPraHU3alusIM (YUPEKICHHUSIM ), HAyYHBIM PYKO-
BOJUTEIISIM U IPYTHM JIMIAM, OKa3aBIIIKM TOMOIIlb B MOJITOTOBKE CTAThU, CBEICHUS O IpaHTax, (PUHAHCHPOBA-
HUH TIOATOTOBKH M MyONHKAMK CTAaThU, IPOEKTaX, HAy4HO-UCCIIeJ0BATEIbCKUX Pa0d0Tax, B paMKaxX UM 10 pe-
3yJIBTaTaM KOTOPBIX OMyOJIMKOBaHA CTAThSI.

OTH CBEJIeHUs IPUBOJIST C NPEANISCTBYIONIMM clIoBOM «biaronapHoctu:». Ha aHmmiickoM si3bIKe clioBa
ONarolapHOCTU MPHUBOJAT MOCIE KIFOYEBBIX CIIOB HA aHDIMKWCKOM SI3bIKE C MPEIIICCTBYIOIIUM CIIOBOM
«Acknowledgments:».

TekcT cTaTby JOIKEH BKIIIOYaTh BBeACHHUE (0€3 yKa3aHHUs HAa3BaHHS pasiena), MaTepHuajbl 1 METOABI, pe-
3yJIBTaThl UCCIEIOBAHMMA, 00CYKACHUE U BBIBOJBI (3aKITIOUCHHE).

bubnuorpaduueckyto 3anuch Juist MpucTaTeitHoro oudauorpaduyeckoro crnucka coctapisitor mo 'OCT
7.80, TOCT P 7.0.100.. Cchumkn Ha MCTOYHUKH IAIOTCSA TI0 TEKCTY QPO B KBaJPaTHBIX CKOOKaX M yKa3bIBa-
IOTCSI B TIOPSIJIKE IIATUPOBAHUS. B crivcke UTEpaTyphl )KelarebHO Hanndue Kak MUHUMYM 20 % nHOCTpaH-
HBIX UCTOYHUKOB U BKJIFOYCHHUE B CIICOK COBPEMEHHBIX aBTOPOB.

TaOnmuubl 10KHBI OBITH BEITONHEHB! B Microsoft Word u conepxarh cTaTucTHUECKH 00pabOoTaHHBINA Ma-
tepuan. Kaxxaas Tabnuna JomKHa UMETh HOMEP, TEeMaTHYECKHI 3ar0JIOBOK M CCBHUIKY B TEKCTE.

I'paduxu, muarpammbl, pUCYHKH H (oTorpaduu HeoOX0AUMO MPENOCTABIATL B popmare jpeg, tif mm gif
(c paspemenunem He MeHee 300 TOYCK) C COOTBETCTBYIOIIUMH TTOITUCSIMHA U TTPOHYMEPOBAHHBIMH.

CokpaliieHusl TEePMUHOB, OTIIHYHBIC OT HOPMUPOBAHHBIX, JIOJDKHBI TPUBOJUTHCS TOJNBKO MOCIE YIOMIHA-
HUS B TEKCTE MX MOJHOTO 3HAUCHHS.

Enununet usmepenuii narorca B cooTBeTcTBUU ¢ MesxxknyHapoanoi cuctemoit CU mo 'OCT 8.417—2002
«EnVHMIIBI BETUYUHY.
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