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HecMOTpst Ha TO YTO TOJIEPAHTHOCTD K TMIIOKCUY BO MHOTOM ONpeNeisieTCs TeHeTUUeCKUMU (hakTopaMu, aK-
TyaJlbHbIM SIBJISIETCSI M3yY€HWE WHAVMBUIYAJIbHBIX OCOOEHHOCTEH OpraHu3Ma sl BbISIBIEHUST (PaKTOpoB
YCTOMUYMBOCTH XXMBOTHBIX K TMTIOKCMYECKOMY Bo3aeicTBuI0. st uaeHTUUKauy rmokasareieii Kak rpeavk-
TOPOB, TTIO3BOJISIIOIIUX PA3AETUTD MOMYJISLINIO XXMBOTHBIX IO MPU3HAKY TOJIEPAHTHOCTU K TUTIOKCHU, B paboTe
HCCIIENOBAIN KJIETOUHBINA COCTaB M KOAryJSIIMOHHYIO CUCTEMY Tepudepuyeckoil KpoBu Kpbic Buctap. Jloka-
3aTeIbCTBOM 0OOCHOBAaHHOCTH BbIOOPA MPEANKTOPOB CIYKUJIO COBITaICHUE pa3ieSIeHUS MOTYJISILIMU 1O UJIeH -
TUGOULUPOBAHHBIM MTePCOHUMUIIMPOBAHHBIM ITOKAa3aTeJsIM U PE3YJIbTaTOB TECTUPOBAHMSI JKUBOTHBIX B 0apo-
KaMepe, Ilie Co30aBalii pa3peXeHle BO3Myxa, COOTBETCTBYIoIIee “TioabeMy Ha BeIcOTy” 11 500 M Hag ypoBHEM
Mopsi. o 1 1mocie ruImoKCUYecKoro BO3AeMCTBUSI MTPOBOIUIN KOJIUYECTBEHHOE OIpeaesieHrue (popMeHHBIX
3JIEMEHTOB TNepudepruyeckoil KpoBU MO BOCEMHAILATU TMapaMeTpaM. BBISBIEHBI OTIMYMS MEXIy HU3KO-
ycroitunBbiMu (HY), BeicokoycToitunBbiMu (BY) u cpenneyctoitunBbiMu (CY) K THIIOKCHUU KMBOTHBIMU 1O
MSTH TapaMeTpam: aOCOTIOTHOMY KOJTMYECTBY JIEUKOILIUTOB, TPAHYJIOLIMTOB, 9PUTPOLIMTOB, IPOLIEHTY PETUKY-
JIOLUTOB OT OOIIIETo YMCJIa 3PUTPOLIUTOB U CPEAHEMY COIEPXKaHUIO TeMONIOOMHA B 3PUTPOLIUTE. 3HAYCHUS
a0COJIIOTHOTO KOJIMYECTBA SPUTPOLIUTOB, MPOLIEHTA PETUKYJIOLIMTOB U CPETHETO COAEPKAHNS TeMOITIO0NHA B
sputpoiure y BY kpbic 66N 3HauuMMO BhIlIe, yeM Y HY kxuBoTHBIX (B 1.4, 1.9 1 1.1 pa3a COOTBETCTBEHHO).
IMoka3zarenu abCOMIOTHOTO KOJMYECTBA JIEMKOLUMTOB U TpaHyJIoIUTOB Y BY ocobeit okazanuch HUXe, YeM y
HY xpsic. [To opurrnHanbHOi hopMyJie BEIYMCIISIIN MHIEKC yeToiunBocTH K runiokcuu (MYT). YeraHoBeHo,
gyro UYT HY kpeic £0.203, BY 2>0.335, a CY <0.335, Ho >0.203. 3HaueHNsT aKTUBUPOBAHHOTO YaCTUYHOTO
TpoMboruiactTuHoBoro (AYTB), tpombunoBoro (TB) u nmporpomouHoBoro (I1B) BpemMeHM CHMXKaIUCh, a
YpOBHsI (hruOpUHOTEHA — MOBBIIIATIMCH MOCJIe TECTUPOBaHUs B 6apokaMmepe. HY XXuBoTHbIe XapakTepu3oBa-
Juch HauMeHbIMHU 3HadeHusiMu AYTB, TB u 1B 1 HaubonbiinMu — ypoBHs ¢pubpuHoreHa. B pesynbraTe
MPOBeNeHHOI pPabOThI OMpPENEeHO, YTO OMHUM U3 BaXKHEHWIIINX MEXaHM3MOB, 00yCIOBIMBAIOIINX BHICOKYIO
TOJIEPAHTHOCTD K TUIIOKCUH, SIBJISIETCSI MEXaHU3M MOAAEPKAHUS PELIUTTPOKHBIX B3aUMOOTHOILIEHUI MEXIY
KOMIUIEKCOM MOoKa3aTesieil 9pUTPOUTHOTO Psifia, KOTOPBIM MPU TMITOKCUU CBOMCTBEHHO MOBBIIIATHCS, U T10-
KazaTeJieil rpaHyJOLIUTAPHOTO Psiaa, 1151 KOTOPBIX XapaKTEePHO MOHUXEHUE.
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BBEAEHWE

JlocTaTOYHO HABHO M3BECTHO, UTO MPaKTUYECKU
pU BCexX 3a00J1eBaHUSIX MH(MEKIIMOHHOM 1 HeMH(pEK-
LUOHHOI MPUPOIHI, a TAKKE B 9KCTPEMaJIbHBIX CTPEC-
COBBIX COCTOSIHUSIX (POpMHUpPYETCS ITaToJOorudeckasi
SHJIOTeHHAsI TUIIOKCHSI (HU3KHUI YPOBEHb COMIEPKAHMS
kuciopozna) [1, 2]. B yacTHOCTH, TUMIOKCHUS SIBJISIETCS
OIHUM M3 ITAaTOT€HETMYECKMX MEXaHM3MOB, a TaKXKe
dakTOpOM, OOYCIIOBINBAIOIINM YCTOMUNBOCTD K CTaH-
IapTHBIM METOAaM JICYCHUST OHKOJIOTMYECKUX 3a00J1e-
BaHuii [3]. CHUXXeHUue 10 TeM WJIM UHBIM NpuYruHaM
3¢ HEKTUBHOCTH ITOAAYH KUCIIOPOAAa TKAHSIM 00YCIIOB-
JIMBaET HapyLIEHUE PETYIALUUU MUKPOLIUPKYIATOPHO-
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ro pycJia, 9KCTpaBa3alliy ¥ aKTUBALUU JICUKOILIUTOB B
30HE TUIIOKCHMYECKOM MHMKpocpeabl. MHOrme pasHo-
BUIHOCTU MH(MWIBTPUPYIOIINX 3Ty 30HY UMMYHHBIX 1
IIPOBOCITAIUTEIBHBIX PE3UACHTHBIX KJIETOK B COCTOSI -
HUY aKTUBALMK MPOAYLUPYIOT 3HAUYUTEIbHbBIC KOJIM-
YyecTBa aKTUBHBIX (DOPM KMCIOPOIA, YTO TIPUBOIUT K
OKUCJIUTEJIbHOMY MOBPEXICHUIO U OKHUCIUTEIILHOMY
CTpeccy, CIOCOOCTBYIOIIEMY PA3BUTUIO MUTOXOHIPH-
aJlbHOM MUCHYHKUMU OOJIBIICH YacTU OKPYKAIOIINX
KieToK. Bénbmiyio 4yacte MHPUIBTPUPYIOIINUX 30HY
TUITOKCUU KJIETOK COCTaBJISIIOT aKTUBUPOBaHHBIE HEM -
TpOMMIBI, BEICBOOOXIAIOIINE BO BHEKJIETOIHOE MPO-
CTPAHCTBO IIPOKOAryJISTHTHbIE OMOJOTMYECKM aKTUB-
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HBIe BenecTBa [4]. B 11e;1oM Bce mpoliecChl, BEI3BaH-
Hble TUIOKCUEH, OKMCIUTEIbHBIM CTPECCOM W
HapylieHneM (GYHKIUIT MUTOXOHAPUIA, IPOBOLUPYIOT
CEKpEeILIMI0 CUTHAJbHBIX MOJEKYN, OONOJIHUTEIHLHO
CTUMY/IMPYIOIIMX BOCIIAJIMTEIBHYIO peakuuio [5, 6].
Takass cuTyanusi 4acTO COIIPOBOXIACTCS ITOBPEXIC-
HHUEM DHIOTEINAIbHOIO IIIMKOKAJIMKCA, BBIIIOJHSIIO-
IIEr0 aHTUKOATYISIHTHYIO (YHKIIUIO, B pe3yabTaTe
MPOMCXOAUT BHICBOOOXIEHUE TaKMX ITPOKOATYIISHT-
HBIX 3HOOTEIMAILHBIX MPOAYKTOB, KaK HIOTEINH- 1,
CYNepOKCUIHBIX aHUOHOB, TPOMOOKcaHa A2, a TakxKe
CHITXeHWEe OMOIOCTYITHOCTH okcrma a3ota (NO) [6, 7].
B pesynpraTe KOHCOMMIALIMM IIPOTPOMOOTUIECKUX
3¢ deKkToB HEHTPODMIOB U FHIOTEIUS HOPMUPYETCS
“IOpOYHBINA Kpyr” MPOLIECCOB, YCUJUBAIOIIMUX IUC-
(YHKIMIO OPOTUBOCBEPTHIBAIOIIE CHUCTEMBI, OOY-
CJIOBJIMBAIOLIMX TOMMHUPOBAHUE KOATyISLIMOHHOM’
CUCTEMEI KPOBU M BO3MOXKHOCTH ITepexojia MECTHOI
BOCITJIMTEILHOM peakllMy Ha CHCTEMHBIA YPOBEHb
[4].

ITpomoKNTeTbHOCTh M TSKECTh 3a00JIeBaHUT BO
MHOIOM OIPEACSIOTCS UHIAUBUAYAJIbHBIM TOPOTOM
YyBCTBUTEILHOCT K HEOOCTAaTKy KHUCIOPOIa, KOTO-
PBIii HEIIOCPEACTBEHHO CBSI3aH C TEHETUISCKUMMU (haK-
Topamiu [8, 9]. M3ydyeHue cBI31 YCTOMUMBOCTH K TUITO-
KCHM C 0COOEHHOCTSIMUA OMOXUMMYECKUX, KJIETOYHBIX,
OpraHHBIX WM (PEHOTUNHNYECKUX CBOMCTB OpraHM3Ma
>KUBOTHBIX C LIEJIbIO SKCTPAIIOJISILIUY MTOJTYYSHHbBIX CBe-
JIIEHWiII Ha YeIoBeKa BaXKHO IJISI pelleHUs IIPOOJIeMBbl
CTapeHMsI, a TAK:Ke ITOBBIIIEHMS PE3UCTEHTHOCTH K T -
MTOKCUU TIPpYU Pa3INYHbIX 3a00JIEeBAaHUSX U pabOTOCHO-
COOHOCTM JIIOJEi, 3aHSITHIX B IPOMECCHsIX, CBI3aHHBIX
¢ OOJIBIINMM IICUXO(PU3NOIOTUIECKUMU 1 SKOJIOTUYIE-
CKMMU Harpy3kamMu. DKOJOTMYECKUEe HArpy3KH 4Yallle
BCETO OOYCJIOBJICHBI aHTPOIOTEHHBIMU BO3IeACTBUSI-
MU, CBSI3aHHBIMM C 3arpsi3HEHUEM BO3[IyXa, OOHUM U3
3(h(hEKTOB KOTOPOTO SBJISIETCS CHUXKEHNE KOHIIEHTpa-
U1 KMCIIOPOaA.

B HacTosee BpeMs1 IpUOPUTETHBIM HaIlpaBJICHU -
€M B DKCIIEpUMEHTAJIbHOI OMOJIOTUY U MEIUILIHE SIB-
JISIETCS TIOUMCK OMOMapKePOB, YCTOMUMBBIX K TUIIOKCHUN
KUBOTHBIX, C LICJIbIO OMpeaeICHUs] TepaleBTUYEeCKUX
MUIIICHE ITpY MOACINPOBAHNY PAa3JIMYHBIX 3a00JIeBa-
HUIi YeJIoBeKa 1 pean3aliiu IIepCOHU(PUIIMPOBAHHO-
ro moaxoja K jiedeHuto. B OONBIIMHCTBE CIydaeB 0
Hayajia 3KCIIEPMMEHTOB BO3HMKAET HEOOXOIMMOCTH
pa3nenauThb MOIYJISIINIO Ta0opaTOPHBIX XKMBOTHBIX Ha
HuskoyctoiiuuBbix (HY), cpenneycroiiuuBbix (CY) u
BhICOKOYcTOIUMBEIX (BY) kK runokcum ocobeii. Yame
BCETO HCCIea0BaTe I paboTaloT C rpynnaMu pe3Ko OT-
JIMYAIOIIMXCS IO BCeM MapaMeTpaM XKMBOTHBIX, T.€. C
HY u BY. B HacTosiee Bpems u3BectHo, uto HY oco-
OM XapaKTepu3yrTCsI HEOKOHOMUYHBIM PacXOI0BaHM-
€M KH1CJIopoaa — Ha €IMHUILY MacChl TKAHU B €IUHUILY
BpPEMEHM OHM TPATAT KHUCJIOpoAa 3HAYUTEIbHO OOJIb-
me, 9eM BY ocobu. Torna kak y BY >XuBOTHBIX pa3Bu-
Thl MEXaHU3MBI OoJiee 3(pHEeKTUBHOM aganTalluu K TU-
MOKCUH, II03TOMY OHU CIOCOOHBI IIEPEHOCUTH [IJIM-
TenbHOE Bo3nelicTBue nedunnrta kucaopona [10]. das
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paszneiaeHusT NOMYJISIIUM J1a0OpPaTOPHBIX >KMBOTHBIX
MIPUMEHSIOT TECTUPOBAaHME 110 OMMHOYKE B OapoKaMe-
pe, TOe CO30arTCs YCIOBUS OCTpoii runokcuu. B 6uo-
MEIULIMHCKUX MCCIEI0BaHUSIX BOCIIPOU3BOIUTCS HE-
CKOJIBKO pa3IUIHbIX BUAOB IT'MIIOKCUM, CPEAN KOTOPBIX
HamnOboJIee YaCTO UCITIOIb3YeTCS MMUTAIIUSI 9K30TeHHOMN
rurodapuyeckoit runokcuu [11]. DTy cutyanuio uc-
KYCCTBEHHO BOCIIPOMU3BOIST ITyTEM YIIPaBJISIEMOTO OT-
KauMBaHUS BO3dyxa U3 OapoKaMephl, IIpA 3TOM CHH-
XKEeHHE COoAepKaHUS KMCIOPOAa B OKpyKalolllell cpee
MPUBOIUT K YMEHBIIECHUIO HAIIPSDKEHUSI KHUCJIopoaa
(pO,) B aIbBEOJIIPHOM BO3/IyXE U apTepUaAIbHOM KpPO-
Bu. [lociienHee 00ycCnOBIMBAET MaAecHNE HAIPSISKEHUS
KMCJIOpOAa B KPOBU U TKAHSIX IO YPOBHEI HIKE KpU-
TUYECKUX, T.€. TAKUX, NP KOTOPHIX HAYMHACT CHU-
KaThCsl CKOPOCTh YTWIM3ALUK (TOTPEeOIeHMs) KUCTIO-
pona TKaHsSIMM, B pe3yJIbTaTe y XKUBOTHBIX Pa3BUBACTCS
BTOpMYHAasl TKaHeBas runokcus. Eciam cuna u/wnm
INTEJIbHOCTh TUIIOKCUYECKOTO BO3IEHCTBUS MPEBbI-
[Ial0T afganTallMOHHbIE BO3MOXHOCTU OpraHu3Ma, B
OopraHax ¥ TKaHsIX IIPOMCXOISIT HeOOpaTUMbIE U3MEHE -
HUS U XXUBOTHBIC TUOHYT.

BroisiBiieHre B3aMMOCBSI3U TeX WM MHBIX (DU3MOJI0-
TMYEeCKUX MoKa3aTeseil B MpearuimoKCu4ecKoM Iepuo-
JIe C YPOBHEM TMIIOKCUYECKON YCTOMYMBOCTU MO3BO-
JIWJI0 OBl IIPOTHO3MPOBATh MHIWMBUIYAJIBHYIO pPE3U-
CTEHTHOCTb JIaOOPaTOPHBIX KMBOTHBIX K THUIIOKCUM
0e3 Mcnob30BaHUSI TECTUPOBAHMS B OapoKkaMepe, pu
KotopoM npoucxoaut nmospexaeHue LIHC, Bo3amokHa
ri0eb XKMBOTHBIX, a JJISI BBLKUBIIMX 0COOEH TP IIPO-
BeICHUHU NaJbHEHIINX UCCIeAOBaHUI TpeOyeTC s MM -
TeJIbHOE (He MeHee | Mec) BOCCTaHOBJIEHUE OpraHu3Ma
[9, 12]. JTto6o€e ruroKcu4ecKoe COCTOSTHIE UHAYLIUPY-
€T CJIOKHBIII KOMILUIEKC OTBETHBIX PEaKlinii, B KOTO-
PBIii BKIIIOUEHHBI Bce (PyHKIIMOHAILHEBIE CUCTEMbI Opra-
Hu3Ma. OCHOBHBIM M HauboJiee XOPOIIO U3YYEHHBIM
¢dakTopoM, oOmoOCpenylonuM B3TOT OTBET, SIBJSIETCS
TpaHcKpunuoHHbI komiuieke HIF-1 (HIF-lo u
HIF-1B cyGbennHMIIbI), BHIpAGATHIBAEMbIiA GOJTBIITH-
CTBOM KJIETOK B OTBET Ha HEIOCTAaTOK KHCJIOpOoIa.
HIF-1B — 5TO0 KOHCTUTYTMBHO 3KCIpeccupyemast
cyobeqununa, torma kKak HIF-loo — perymmpyemast
KuciiopogoM cyosenuHuiia [13]. IlokasaHo, 4To ypo-
BeHb aKcnpeccuu HIF-1ow B neiikonuTax y goaeil u
SKMBOTHBIX 3HAYUTEIbHO BapbUpPYyeT, UTO CBUIETEIb-
CTBYET O (P€HOTUITMUECKMX PA3IUIUIX €0 PEeTYISILIUN
[14, 15]. Ongnako HIF-10 cioxHo McIionb30BaTh B Ka-
YeCTBE MPEIUKTOPa YCTOMYMBOCTU K TUTIOKCUM B CBSI-
31 C U3BMEHEHUEM €ro YPOBHSI B 3aBUCUMOCTH OT MHO-
XecTBa pakTopoB. Jlaxe Bormpoc o TapreTHoOM dpapMa-
KojormdueckoM Bo3aeiictBuu Ha HIF-1ot ¢ mensio
HamnpaBJIECHHOTO PEeTyJIUpPOBaHMsS MPOIECCOB CPOUYHOI
1 TOJITOBPEMEHHOI afanTaliiy >KUBOTHBIX M YeJI0BEKa
K TMIIOKCHHU PacCMaTPUBAETCS HEOMHO3HAYHO, TaK KaK
pkirag HIF-1o B maToreHes moboro 3a00JIeBaHUS, KaK
MIPaBUIIO, TOCTOSTHHO MeHsIeTcs [ 16]. DTo e TIpaBUiTo
KacaeTcss MHOTMX HEMPOUMMMYHOIHIOKPUHHBIX MOKa-
3aTelIei.
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beccmopHo Hambonee TIpHUBICKATEIILHBIM OOBEK-
TOM MCCJIeIOBaHMW, HallpaBJIECHHbIX Ha OOHapy:KeHUe
MPEIUKTOPOB TUIIOKCUM, IIPEACTABISICTCSI KPOBb, SIB-
JISTIONIASICSI OCHOBHBIM ITyTEM II€peHOCa KMCIOPOaa OT
JIETKUX K TKaHSIM M TpaHCIIOpTa YIJIEKMCJIOTO Tra3za B
obpaTtHOM HarpaBieHUU. [1pu T0OBIX BBI30BaX BHEIII -
HEeWl cpenpl, B TOM YKCJI€ U IIPU TUIIOKCHHU, KJICTKU
SPUTPOUIHOTO psifa, U3MEHSISCh B UMCIIE, pa3Mepax,
collepXXaHUU KUCJI0poaa U Jp., IIPOAOIKAIOT BBIIOJ-
HATBH CBOM crietindndeckne GyHKIINH. B yciooBusgx ru-
MOKCUM JIEUKOIIUTHI, OOJBIIYIO YaCTh KOTOPHIX Y MeJ-
KMX JIJaOOPaTOPHBIX I'PBI3YHOB COCTABIISIIOT HEUTPOhU-
JIbI, aKTUBU3UpPYIOTCA. OIpeneieHo, YTO OOTHUM U3
akTuBaToOpoB JeikouuToB spiserca HIF-1o, korto-
pBIii UTpaeT pellaloNlyio Pojb B PETYJISLAM KJIETOU-
HBIX OTBETOB Ha TUIIOKCHUIO. AKTUBUPOBaHHbIE JICKO-
LIUTHI MOTYT BJIMSTH Ha KOATYJISLIMIO HANIPSIMYIO, TIPO-
OyLUpysT IIPOKOATY/ISHTHBIE M aHTUKOATYJISTHTHEIC
MOJIEKYJIbl, /WM KOCBEHHO, BO3ICUCTBYS HAa TPOM-
OoumMTHl U OSHAOTeJualbHble KiaeTku. IlosiBiaeHue
0OJIBIIIOTO KOJIMYECTBA aKTUBUPOBAHHBIX JIEMKOILIMTOB
CIIOCOOHO 3aMEeIJISITh ABVZKCHNE 3PUTPOLIMTOB, CTaTh
HEMOCPEACTBEHHOI MPUUYMHOM 3aKYyIIOPKU MUKPOCO-
CyOB M CHIDKeHUS 3(pHEKTUBHOCTU TPAHCIOPTUPOB-
KM KMCJI0OPOa KPOBBIO, UTO IIPOBOLUPYET TUIIOKCHUIO B
Mukpoumpkyassuuu [17, 18].

MBI IPeAnoa0XKUIN, YTO aHAINU3 ITOKa3aTeNleil Kie-
TOYHBIX 3JIEMEHTOB KPOBU B MPEATUIIOKCUYECKOM ITe-
puo/€e TTO3BOIUT YCTAHOBUTH MPEAUKTOPHI YCTONYHUBO-
CTU K OCTPOi TMIOKCHYEeCKOi rumnokcuu. [lostomy
LICJIbIO HACTOSIIIETO UCCICIOBAHUS IBUJIOCHh U3YYCHUE
KJIETOYHOTI'O COCTaBa U KOATY/ISIIUOHHOMN CUCTEMBI TIe-
pudepuryecKoit KpoBu Kpbic Bucrap mo u mocie TecTu-
poBaHUs B 6apoKaMepe C MOCASAYIOLIUM BhIIeJICHUEM
pgaa 1mokasaTesieil B BUAE MPEIUKTOPOB, MTO3BOJISIO-
LIUX Pa3geIuTh NOIMYISIINIO JKUBOTHBIX IO MIPU3HAKY
TOJICPAHTHOCTH K TUTIOKCHUH.

METOABI UCCIIEJOBAHHNA

Uccnenosanue npopoauiau Ha 40 KpbIcax-caMIax
Bucrap (bmwman “CronboBass” HayuyHoro mneHTpa
OMOMEOULIMHCKUX TexHouornii MenepajibHOIO MeIun-
KO-010JIornueckoro areHrcrea Poccun) ¢ maccoii Te-
ma 180—200r.

Bce skcneprMeHTabHEBIE TIPOLIETYPHI BEITIOTHSIIN
B COOTBETCTBUM C ITMpeKTUBOI EBpomneiickoro mapia-
meHTa 2010/63/EU “O 3amuTe XXMBOTHBIX, UCIIOJIb3Ye-
MBIX B 3KCHEPUMEHTAIBHBIX 1Ieisix” (oT 22.09.2010 r.).
Ha npoBenenme paboThl OBIIIO TTOJIYYEHO pa3pelIecHUe
ounosTuueckoit komuccun P®IbHY “HayuHo-uccie-
IOBaTEJIbCKUI MHCTUTYT MOP(POJOruy YenaoBeka”
(rmpotokoi Ne 20 ot 12 mapta 2019 1.).

KUBOTHBIX, IIpOIIENINMX KapaHTUH HE MeHee
14 nHeit, comepXaiu B CTAaHIAPTHBIX YCIOBUSIX BUBA-
pus, paccaxkuBas B KJIETKM o 10 ocobeii caydyaiiHbIM
o0pa3oMm, IIp1 €CTECTBEHHOM OCBEIIIEHUU, TEMIIEpaTy-
pe 20—22°C. JocTyIl K BOJIE 1 MOJHOLIEHHOMY I'paHy-
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mmpoBanHoMy KopMmy (I'OCT 34566-2019) Gbln cBO-
OOIHBIM.

INepcoHnpUIMPOBAaHHYIO YCTOWUYMBOCTb >KUBOT-
HBIX K TUITOKCUM OIPEaeIIsI, MOASINPYSI OCTPYIO TH-
MOKCUYECKYIO TUIIOKCHUIO TIPU IMOMOIIU 0apoKaMepHhl.
st TOCTUXKEHUSI CXOACTBA YCIOBUI pEerucTpaliim, ee
MIPOBOIMIN B yTpeHHHMEe Jachl (¢ 9 mo 11 4), a Takxke
YIUTBIBAIU a3y MHPpaguaHHbIX OMOPUTMOB — MHO-
TOJIHEBHBIX MEPUOINYECKU MOBTOPSIOLIUXCS U3MEHE-
HUII XapakTepa W MHTCHCUBHOCTH OMOJIOTHMYECKUX
MPOLIECCOB, KOJIeOAHMI pa3IMUHBIX TTOKa3aTeseii XXu-
BOTHBIX U YeJI0BEKa, MO HAIllUM JaHHBIM, B OCHOBHOM
4-CcyTOYHBIX, IIPOBOIS TECTUPOBAHME MEXIy akpoda-
301 1 6aTnda30ii — HAaMOOJIBIIIMMA ¥ HAMMCHBIITNMA
3HAYEHUSIMU TOKa3arejeil YpOBHSI KOPTUKOCTEPOHaA,
JIOKOMOTOPHOIT aKTUBHOCTH U Ap. [9, 19].

CoszmaBaeMoe B OapokaMepe pa3peskeHHe BO3Iyxa
COOTBETCTBOBAIO “moabemMy Ha BhicoTy” 11500 M Hax
ypoBHeM Mops. “IlombeM” OCYIIECTBIISLIM CO CKOPO-
cteio 80 M/c. K BBICOKOYCTOMYMBBIM K TUIIOKCUM OT-
HOCWJIM KPBIC, BPEMsI MOTEPU T103bl KOTOPBIX (BpeMsi
OT MOMEHTa OKOHYaHMS “mogbeMa” 10 IPUHSITUS K1 -
BOTHBIM OOKOBOTO ITOJIOXKEHMSI) “Ha BBICOTE” COCTaB-
Jsuto 6osee 9 MUH, K HU3KOYCTOMYMBBIM — MEHEe
3 MHMH, K CPETHEYCTOMYUBEIM — OoJiee 3 MUH, HO Me-
Hee 9 muH [20].

3abop nepudepruIecKoil KpOBU U3 XBOCTOBOI BEHBI
MMPOU3BOAWIN IO 30JIeTWJIOBBIM Hapko3oM (5 mr/100 T,
Virbac Sante Animale, ®paHuus) B mpooupku ¢ DA TA
B Kau€CTBE aHTUKOATYJISIHTA 3a CYTKM O MOAEIMPOBa-
HUSI OCTPOM TMIOKCUYECKOW TMIMOKCUM U uepe3 S5—
10 M mocnie. Ucnonb3yst aBTOMaTUYECKUI reMaToJio-
rudeckuit ananuzatop Mindray BC-2800 Vet (KuTtaii)
¢ TIporpaMMHbIM obecrieyeHruem Rat, mpoBoauin Ko-
JIMYECTBEHHOE omnpeaeaeHe (OPMEHHBIX JIEMEHTOB
kpoBu 110 18 mapamerpam (WBC, Lymph#, Mon#,
Gran#, Lymph%, Mon%, Gran%, RBC, HGB, HCT,
MCV, MCH, MCHC, RDW, PLT, MPV, PDV, RTC).
ITokazaTtenu KoaryJassiMOHHOIO reMoCcTa3a OIpenessi-
JIU, UCIIOJIb3YS TOJyaBTOMaTUYECKUIA aHaIu3aTop re-
mocraza monenu KC4 Delta (Tcoag, Mpnanous). Kon-
LIEHTPAlIMIO KOPTUKOCTEPOHA B CHIBOPOTKE KpPOBU
OIpeaessiu METOIOM UMMYHO(hEPMEHTHOIO aHaInM3a
¢ ucnojb3oBaHueM Habopa peareHToB (IBL, I'epma-
HUST).

CratucTU4eCcKMii aHaIM3 JaHHBIX TPOBOJIUIIY C TTO-
MOIIIBIO MporpaMMbl Statistica 8.0. Xapakrtep pacripe-
JleJIeHUs1 IPU3HAKOB OlIEHMBaJIU 110 KpuTteputo lanu-
po—VYuika. BbUIO yCTaHOBJIEHO, UTO SMITUPUYECKOE
pacnpenesaeHue MoJydeHHbIX HaM1 JaHHBIX OTJIUYaeT-
CsI OT HOpMaJIbHOTO. JIJ1 cTaTuCTUYeCcKO 00paboTKI
KCIIOJIb30BAJIM HeTlapaMeTpUUYeCKUil MeTod MapHbIX
cpaBHeHuii — U-kputepuit ManHa—YutHu T-kpurte-
puit YunkokcoHa—MaHH—YutHu. Pe3ymbraThl BeIpa-
>KaJIv B BUJIE MEIMaHbl U MHTEPKBapTUJILHOTO pa3Maxa
(Me (25—75%)). Pasnumuus cautaiy 3HAaYNMBIMU TIPU
p <0.05.

Ne 6

TOM 57 2021



478

Ta6mmma 1. TemMatoornyeckue nmoxkasareiu BeiIcOKoycTounBbIX (BY) 1 Hu3koycroitunBeix (HY) K TMIIOKCUY KpPBIC 10 U

KOHIOAIIIEBCKASA u np.

nocie TecTupoBaHusi B 6apokamepe (b), Me (25—75%)

(RBC) A6comotHoe | (RTC) Petu- (MCH) Cpemnee (WBC) A6comoTHoe | (Gran#) AGCOTIOTHOE
®deHo- colepxkaHue .
VcinoBust | KOJIMYECTBO SPUTPO- | KYJIOLUTHL, % KOJIMYECTBO JIEUKO- |KOJIMYECTBO ITPaHyJIO-
THUTIBI 0 or RBC reMonIooMHa % 10° 2 10°
uutoB X10'~/n 8 RBC, nr LIUTOB, /1 LIUTOB, /1
BY (1)| HoBb (3) 9.2 3.2 20.1 8.8 2.9
(4.7-11.7) (1.8—4.4) (19.7-21.2) (4.3—-12.9) (2.3-3.6)
pl1—2<0.001 pl—-2<0.001| pl-2<0.001 pl—2<0.001 pl—2<0.001
p3—4<0.001 p3—4<0.001| p3—4<0.001 p3—4 < 0.001 p3—4>0.05
IMocne b (4) 12.3 9.2 22.1 13.1 5.1
(9.2—13.9) (5.1-12.6) (21.8-31.1) (8.8—16.6) (3.3-6.1)
p1-2<0.001 p1-2<0.001| pl-2<0.001 pl1—2<0.001 p1-2<0.001
HY (2)| Ho B (5) 6.4 1.7 19.1 19.2 3.7
(3.9-9.3) (0.8-2.6) (18.5—-19.7) (11.9-29.8) (3.8—4.6)
p5—6<0.001 p5—6 < 0.001 p5—6>0.05 p5—6 < 0.001 p5—6 < 0.001
IMocne b (6) 8.5 4.8 19.9 36.6 7.4
(5.9-11.9) (1.6—5.2) (18.9-21.5) (22.9-54.7) (5.9-8.9)
PE3YJIBTATEI HOpME KOJIMYECTBO JielikoluToB y BY ocobeii 6b110

AHanu3 Bcex ImapaMeTpoB KpoBH ¢ nuddepeHIma-
Hyeit cyornonysasiiuii KJIETOYHBIX 3JIEMEHTOB ITO3BO-
JIWJI YCTAHOBUTh CTATUCTUYECKM 3HAUYMMBbBIC OTINYMS
Mexay Hu3koycTouuBbiMM (HY), BbicOKOycTOUM-
BboiMU (BY) u cpenneyctoiiuuBbiMu (CY) K TMIIOKCUM
KpbICAMM TOJIBKO IIO IISITU ITapaMeTpaM: aOCOIOTHOMY
KOJIMYECTBY JIEMKOIIUTOB, TPAHYJIOIIUTOB, 3PUTPOIIM-
TOB, TIPOLIEHTY PETUKYJOLMTOB OT OOIIEro 4ucia
SPUTPOLIUTOB U CPEeIHEMY COAEPKAaHUIO TeMOITIO0MHA
B sputponurte. Kak BUTHO M3 MpeAcTaBIeHHBIX B Ta0. 1
IaHHbIX, y BY Kpbic 3HaYeHUsT aOCOIOTHOTO KOJIUYe-
CTBa 3pUTPOLIUTOB, IIPOLIEHTA PETUKYJIOLIMTOB 1 CPe/l-
HETO CoIIep>KaHMs TeMOIJIOOMHA B 3PUTPOIINTE OBLINA
CTaTUCTUYECKU 3HAYUMO BbIlIe, yeM Y HY XUBOTHBIX
(B 1.4, 1.9 u 1.1 paza coOTBETCTBEHHO) KakK 10, TaK U
mocJjie TeCTUpoBaHUs B Oapokamepe (tadi. 1). B aTux
K€ YCJIOBUSIX TTOKa3aTeau abCOIIOTHOrO KOJIWdecTBa
JIEMKOLIMTOB U TpaHyJIounTOB Y BY ocobeit oka3aanuchk
ropasno Huxe, yeM y HY kppic (ta6a. 1). Tak, eciu B

HIKe B 2.2 pa3a, a TpaHyJIolIMToB — B 1.3 pa3a, To 1mo-
cJie TECTUpPOBaHUS B bapoKaMepe pa3Inuusl COCTaBJIsI-
i 2.8 u 1.5 paza coorBeTcTBeHHO (Tabi. 1). B nienom
cpasy IIocjie TeCTUPOBaHMSI KphIC B Oapokamepe Ha-
O1101aJIOCH YBEJIMYEHUE BCEX MCCIeNyEeMbIX MapaMeT-
POB KJIETOK KPOBM Y BCeX XXKMBOTHBIX (Ta0. 1). 3Haue-
Hus nokaszateneit CY kpoic O6butH Bbilie HY XuBoT-
HBIX, HO HIXe BY ocobeit. MHorue mamepsieMble
reMatoyiornyeckue nokaszaresu CY Kpbic HE MMeIU
CTAaTUCTUYECKU 3HAUYMMBIX OTJIMUMiA KaK oT HY, Tak u
BY XMBOTHEIX, B CBSI3W C 3TUM MBI HE CTaI IPUBO-
IUTH UX 3HAaYEHUS B TaOJIULIE.

BBuay pasdpoca aMIUTUTYd U €IUMHUILL U3MEPEHUS
M3ydaeMbIX HAMHU TIoKa3aTejieil KpoBM HaropHeBbIM
M COaBT. ObL1a pa3padboTaHa popMyJsia MHIEKCA YCTOM-
yuBocTH K rurnokcuu (MYT) Ha ocHoBe hopmyitsl mrst
MHTETPAaTUBHOM OLIEHKU (PYHKIIMOHAJBHBIX PE3EPBOB
opranusMa [21]:

AAKD ACI'D

AITPD

2 2
nyr=i/ ( ) +( ) +(
\/ AK3doH CI'Ddon

rae A — IpUPOCT BBIYUCISIEMBIX TTOKa3zaTeel KpoBU
IO CPaBHEHMIO CO CPEeOIHUM 3HAYC€HHEM B HCCIIeIye-
Moii rpymnre, GOH — cpelHee 3HaYEeHUE BIYUCISIEMbIX
mokasaTelieii KpoBU B ucciemyeMoi rpymme, AKD —
a0COJIIOTHOE KOJIMUECTBO 3puTpounToB, CI'D — cpen-
Hee colepKaHUs reMorIoOnHa B apurpouure, [I1PD —
MPOLEHT PETUKYJIOLIMTOB OT OOIIIETO YMCJIa SPUTPOLIM-
T0B, AKJI — abCoJitoTHOE KOJIMYECTBO JIEMKOLIMTOB,
AKIT — abcomoTHOE KOJIMYECTBO TPAaHYJIOIIUTOB.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

jz +( AAKJT Jz +( AAKT jz
TIPDdon AKJTpon AKT don

briio ycraHoBieHo, yto B HopMe MYI Hu3ko-
YCTOMUYMBEIX KPBIC XapaKTEepU3YIOTCS 3HAYCHUSIMU,
paBHbIMH, nian HmKe 0.203, BBICOKOYCTOMYMBBIX —
paBHbIMU unau Bbire 0.335, a cpeqHEyCTOMYUBBIX —
amke 0.335, Ho BeIIIE 0.203.

BaxxueimmmM noka3aTeabCTBOM TOTO, YTO aOCOJTIOT-
HO€ KOJIMYECTBO JIEMKOLMTOB, TPAaHYJIOLMUTOB, DPUT-
POLIUTOB, MPOLIEHT PETUKYJIOLMTOB OT OOIIEero yucia
SPUTPOLIUTOB, a TAKXKE CPEMHEE COAECPKAHUE TEMOTJIO-
OMHA B PUTPOLNTE MOTYT SIBISTHCS TPEIUKTOPaAMU
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Ta6mmma 2. [Toka3zaTenun KoaryasiIMOHHOTO TeMOCTa3a U YPOBHS KOPTUKOCTEpOHa y BhICOKOycTOumBBIX (BY) 1 HU3KO-

ycroitunBbix (HY) K rUmoKcuu Kphic 10 U Mocjie TecTupoBaHust B 6apokamepe (B), Me (25—75%)

®deHotunbl| YciaoBust AUYTB, cex TB, cex I1B, cex ®dubpuHoreH, r/i| KopTuKocTepoH, HI/Mi
BY (1) o b (3) 17.3 38.4 18.6 2.3 255.6
(15.9—18.3) (32.9—-44.1) (17.9—19.2) (2.1-2.4) (226.2—286.7)
pl1—=2>0.05 p1—-2>0.05 pl1—=2>0.05 pl1—2>0.05 pl1—2>0.05
p3—4>0.05 p3—4>0.05 p3—4>0.05 p3—4 < 0.001 p3—4 < 0.001
IMocne b (4) 16.4 34.6 18.3 2.5 425.3
(12.7-17.5) (33.3-37.1) (17.6—19.3) (2.2-2.7) (361.4—489.2)
p1-2<0.001 | p1-2<0.001 | p1—2<0.001 »1-2<0.001 p1-2>0.05
HY (2) o b (5) 15.6 36.7 17.9 2.3 250.3
(11.5—18.4) (31.8—40.9) (16.5—19.1) (2.1=-2.7) (227.5—-267.9)
p5—6<0.001 | p5—6<0.001 | p5—6<0.001 p5—6 <0.001 p5—6 <0.001
IMocne b (6) 10.3 21.8 14.7 3.7 436.4
(8.5—12.1) (19.8—24.4) (13.7—16.1) (3.4—4.1) (335.1-531.6)

TOJIEPAHTHOCTU KPBIC K TUIIOKCUM, OBLIIO TeCTUPOBa-
HUE XWBOTHBIX B Oapokamepe. Hamu oOHapyxkeHO,
4TO npH “rogbeme 10 BeicoThl” 11 500 M Bpems 10 mo-
Tepu o3bl HY kxpric 6p10 MeHee 4 MuH. OTMEUeHO,
YTO MOYTHU BO Bcex ciydasix HY >KMBOTHbIE HAaUMHAIU
MeTaThcs 0 0apoKaMmepe, He JOCTUrasl YPOBHS IIpe-
IEeTbHOM “BBICOTHI”, Y HEKOTOPBIX 13 HUX HAYMHAJINCh
MPU3HAKU MPOSIBJICHUST CyIOPOT, 3 KPbICHI yMEPJIU MO~
ciie rectupoBaHusi. CY XKMBOTHEIE BbIIEPXXUBaIA MaK-
cuMaJibHyl0 “BbicoTy” He Oosiee 9 mMuH. IloBegeHue
3TUX KPBIC XapaKTepU30BaJIOCh OECIOKOMCTBOM U
SHEPIrUYHBIMM MO0EXKaMU B Hadaje TOCTUKCHMS
MaKCHUMAaJIbHOTO YyPOBHS$I, YCIIOKauBasCh uepe3 4—
5 muH. BY ocobu oTnnyanuck BeIpakeHHbIM CIIOKOM -
CTBHMEM U CIIOCOOHOCTBHIO NIpeObIBaTh Ha “BHICOTE”
11 500 m 6071ee 9 muH. Beero B momnysaium u3 40 Kpbic
30% oxaszainoch BY, 40% — HY u 30% — CY. Heo0xo-
IMMO IIOMYEePKHYTh, YTO MHANBUIYAJIbHbIC IIPU3HAKA
TonepanTHocT K Tumnokcum BY, CY m HY xpric,
omnpeaeaseMbie TIpU TECTUPOBAaHUU B Oapokamepe,
cosBnainu 110 3HaveHussM UYT B HopMme (10 TecTupoBa-
HUS).

Takre KOMITOHEHTHI KPOBH, KakK JICHKOIIUTHI, B
YaCTHOCTU TPaHYJIOLMTBI, BHOCSIT 3HAYUTEIbHBIN
BKJIaJl B COCTOSTHME TeMOCTa3a, KOTOPBIii OKa3hIBaeT
Cepbe3HOE BIMSHUE Ha TPAHCIIOPT W YTUJIM3AIIMIO
KHMCJIOpOoJa TKaHSIMU M, COOTBETCTBEHHO, Ha ToJe-
PaHTHOCTb K TUITOKcUM [22—24]. B cBsI3U ¢ 3TUM MBI
M3y4Yaad KOaryJIsSIIMOHHBIN TeMOCTa3 y KPhIC 10 U IT0-
cJie TeCTUPOBaHUs B bapokamepe.

OOHapyXeHO, YTO B HOpME 3HAaUYEHUSI UCCIIEAYEeMbIX
mokasaTelieii reMocra3a HE MMEIU CTaTUCTUYECKU
3HAYMMBIX pa3InaInuii MeXny rmokasarenasmu BY, m HY
un CY Kkpbric, TOrIa Kak Mocjae TeCTUpOBaHUS B 0apoKa-
mepe 3HaueHus1 AYTB, TB u I1B cHuxanuce, a ypoBHS
¢ubpuHoreHa — nosbianuch (Tada. 2). IlokazaHo,
yro miasi HY XUBOTHBIX XapaKTepHbl HaMMEHbIIINE
sHauyeHuss AYTB, TB u I1B u Haubonbime — ypoBHS
¢ubpuHoreHa (tabsn. 2).

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

YpoBHUM KOPTUKOCTEPOHA, ONpeIesieMble B CHIBO-
pOTKe KPOBU B HOpME U IIOCJIe TeCTUPOBAHMSI KPBIC B
OapokaMepe, He MMEIN CTATUCTUYECKHN 3HAYMMBIX OT-
JIMYUIN MEXAY XKUBOTHBIMU C Pa3JIMYHON TOJEPAHTHO-
CThIO K Tunokcuu (Tad:a. 2). be3sycioBHO, conepxaHue
KOPTUKOCTEpOHA CYIIECTBEHHO ITOBHIIIAJIOCH IIOCHE
OapokaMephl, KaK M B JJI0OOM ciIydae OCTPOTO CTpecca
[25] (Taba. 2).

OBCYXIEHWE PE3VIIbTATOB

O1ueHMBAasI B HACTOSIIEM MCCICHOBAaHUU KJIETOY-
HBII cocTaB nepudeprdIeckoit KpoBru KpbIc Bucrap B
MepUO, IIPEAIICCTBYIOIINY TMITOKCUYSCKOMY BO3ICi -
CTBMIO M TIOCJIE HETO, YCTAHOBJIEHO, YTO ITOKa3aTen
a0COJIIOTHOTO KOJMYECTBA JIEMKOIIUTOB, TPaHYJIOLN-
TOB, 3pUTPOLIMTOB, IIPOLIEHT PETUKYJIOLIMTOB OT OOIIIe-
ro Y1CJia SpUTPOLUTOB, a TAKKE CPeIHee CoIepKaHue
reMonIo01HAa B 3pUTPOLIUTE MOTYT OBITh MCIIOJIb30Ba-
HBI B Ka4eCTBE NPEIUKTOPOB YCTOMYMBOCTU K THUIIO-
kcuu. Ilo cpaBHeHuto ¢ HY kpricamu BY xXuUBOTHEIE B
HOpME XapaKTepU3YIOTCs 3HAYMTEJIbHO 0O0Jiee BBICO-
KMMU ITOKa3aTe/IsIMU aDCOTIOTHOI'O KOJIMYECTBA DPUT -
pOLIMTOB, MPOILEHTa PETUKYJIOLMUTOB U CPEIHETO CO-
JIep>KaHWs TeMOINIOOMHA B 3pUTPOIINTE, a TAKKe OoJiee
HU3KUMM 3HAYEHUSIMM aOCOJIIOTHOIO KOJIMYeCcTBa
JIEMKOLIMTOB U TpaHyJIOLUTOB. Takue XKe COOTHOIIIE-
HMS BCEeX YKa3aHHBIX 3JIEMEHTOB KPOBU COXPaHSIIOTCS
M ITOCJIe TECTUPOBAHMS KpbIC B 0apokamepe. [TonyueH-
Hble HaMU JaHHbIE TNEPEKIMKAIOTCSI CO CBEACHUSIMU
JILA. I'punuHa, KOTOPBIM YCTAHOBWJI, UTO THUITOKCHS,
KakK CHelU(UIECKUiII CTUMYJISITOP 3PUTPOINO33a, aK-
TUBU3UPYET MEXaHU3MBbI, IIPUBOIAIINE K KOMIICHCA-
TOPHOMY, amalnTallMOHHOMY, CHIDKEHUIO BOCIIPOM3-
BOJICTBA KJIETOK O€jioif KpOBU B KOCTHOM Mo3re [26].
B Hamem wmccienoBaHuM ObLIa 3aperMCTpUpOBaHa,
BO3MOXHO, T€HETUYECKU 3aKpeIUICHHasl, ITOBBIIICH-
Hasi MOOWJIM3AaLlMOHHAsI TOTOBHOCTb oOpraHusma BY
KpBIC K peaKIIM1 Ha TUIIOKCHIO, WM IPYTHUe CTPECCop-
HBI€ BO3IEMICTBHS B BUIe MEXaHM3Ma MOAaBISHMS BOC-
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MPOU3BOACTBA KJIETOK IpaHyJIOLIUTAPHOTO psifia U UH-
TeHCU(UKALTUN TPUYMHOXEHMUS KJIETOK 3PUTPOUTHO-
ro psima. Bo3aMoxHO, 3TO OOBSICHSIETCSI TeM, UYTO B
cllydyae 3HAYUTENLHOTO TpeoOiagaHus JeidKouTap-
HOTO 3B€HAa, HECMOTPSI Ha €ro 3alllUTHYI0 (yHKIIUIO,
MOXET MTPOU3OUTHU KaTtacTpoda, TaK KaK TpaHyJIOLM-
Thl, COCTaBJISIIOLIME OOJIBITYIO YACTh JIEHKOILIMTOB Y Jia-
OOpaTOPHBIX TPHIZYHOB, MTHOBEHHO pEarupyloT Ha
9KCTPEHHYIO CUTYallU10 BHIOPOCOM OOJIBIIIOTO KOJUYe-
CTBa TOKCHUYHBIX [UJISI ajlbTEPUPYIOLIUX areHTOB Be-
11IECTB, HO OKa3bIBAIOIIUX HETaTUBHOE BO3JEUCTBUE
Takke U Ha opraHusMm xo3siuHa. [1pu 3ToM MoxeT no-
BPEXAATbCSl SHAOTEJUIN KPOBEHOCHBIX COCYIOB, UTO
BBI3BIBAET aKTUBALIMIO CBEPTHIBAIOIIIEN CUCTEMBI. YKa-
3aHHble 3dEeKThl HEUTPODUIOB, MPEACTABISIONINX
3HAYMTEJbHYIO YaCTh TPAHYJIOLUTAPHOTO 3B€HA MOITy-
JISIAMW JIEMKOLIMTOB, TEMEPb XOPOIIO U3BECTHBI MPU
U3Y4eHUU UX JercTBUs npu 3aboneBanuun COVID-19
[27, 28].

Cpenu NpuuuH CHUXEHWS TOJIEPAHTHOCTU K TUITO-
KCUHU, TOBBIIIEHUE CBEPTHIBAEMOCTH KPOBU UIrpaeT
3HAYUTEIbHYIO pojib [29, 30]. B Haleil pabote ycra-
HOBJIEHO, YTO TIOCJIe TIPeObIBaHUSI B YCJIOBUSIX OCTPOIA
rATnIoKcudeckoi rmmokcnu, y HY kpwic Habmonamochk
COCTOSIHME TUIMEPKOATryJsSIlIMM 110 BHYTPpEHHEMY (CO-
kpaimeHue BpemeHn AUYTB) u BHemHemy (cokpaiie-
HUE TPOTPOMOMHOBOIO BPEMEHM) MYTU aKTUBALMU
CBEpPTHIBAHUSI KPOBU, UTO YCYT'YOJISUIOCH MOBBIIICH-
HbIM YpOBHeM (pubpuHoreHa. [IpyuyrnHamMu 3TOro Mor-
JI OBITh MOBPEXIEHUE COCYNUCTON CTEHKM aKTUBHBbI-
MU (popMaMU KHUCIOPOAA U MOBBIIIEHHOE 0 CpaBHE-
Huto ¢ BY KonnyecTBo aKTMBUPOBAHHBIX I'MIIOKCUEN
JIEHKOLIMTOB (TPaHyJIOUTOB B YAaCTHOCTH), BBICBO-
Ooxxmaromux MpoKoaryJIsiiMoHHbIe (akTopsl [17, 24,
31]. IMonyyeHHBIE HAMM JAHHBIE COIIACYIOTCSI C daH-
HBIMHU OpyTux uccienosateieit [32—34]. [1oBeimeHne
coaepxaHusl puOpMHOTreHa B KPOBU B OTBET HA YBEJIU -
YyeHUe KOPTUKOCTepOHa B pe3yJibTaTe cTpecca, BeposiT-
HO, SBJISIIOCh NMPUYMHON COKpallleHWsI MoKa3aTess
TPOMOMHOBOTO BpEMEHH, KOTOPOE OTpaxkaeT MpeBpa-
meHue ¢pudpuHOreHa B GUOPUH U 3aBUCHUT OT KOJIMYe-
cTBa pMOpMHOTreHa B KpoBH [35].

JlokazaTeJIbCTBOM TOTO, YTO Mo 3HadyeHusiMm MUYT
BO3MOXHO OIIPEIEeIIsiTh MHANBUIYAJIbHYIO TOJIEpPaHT-
HOCTb KPBIC K TUTIOKCUM, OBUIO TECTUPOBAHUE KPHIC B
bapokamMepe. Kak m3BecTHO, KpoMe TMIIOKCHUYECKUX
CTHUMYJIOB, HA XWBbIE OPTAaHU3MEBI B OapoKaMmepe aeii-
CTBYIOT (bakTOphl cTpecca. B ¢puznonorum mpuHSITO
BBIAEIISITh IBE€ KAYECTBEHHO pa3IndaolInecs TAKTUKI
amarnTalyy K He0J1aronpusiTHLBIM YCJIOBUSIM CPEJIbI, Xa-
paKTepHbIE IS BCEX ATAIOB 3BOJTIOLIMU — PE3UACHT-
HYI0, XapaKTepU3YIOIIYIOCS aKTUBHBIM IIPEOA0JICHUEM
IEUCTBUSI CTPECCOPHOTo (hakTopa, W TOJEPAHTHYIO,
0OYCJTOBJIEHHYIO CITOKOWHBIM BOCHPUSITUEM BMeIlla-
TEJILCTBA pa3apakKUTeNIsI. DTU TAKTUKHU OOCIIyKMBaIOT-
¢S pa3IMYHBIMUY HEMPOMMMYHORHIOKPMHHBIMH MeXa-
HusMamu [36, 37]. Cyast mo HalIuM JaHHBIM, B 6apo-
kamepe HY KpbICBHI OeMOHCTPUpPOBAIM  SPKO
BBIPAXXEHHYIO PE3UASCHTHYIO TaKTUKY, KOTOopas o0y-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

KOHIOAIIIEBCKASA u np.

CJIOBJIMBAJja Mepepacxol 3amacoB KHMCIOpoda, M KM-
BOTHBIE OBICTPO YTPAUMBaIM CLIOCOOHOCTD MOMIEPKM -
BaTh 103y Ha 4-X KOHeUHOoCTsX. B To BpeMsi kak BY
KPBICHL XapaKTepU30BaIMCh TOJEPAHTHON TaKTUKOM,
KOTOpasi CrlocoO0CTBOBaIA AIUTEIbHOM 9 KOHOMUMU pac-
x010B Kucjoponaa. CY KpbICH JEMOHCTPUPOBAIN CME-
HY 3THUX TaKTUK, YTO IETEPMUHUPOBAJIO IIPOMEXYTOU -
Hble Mexny BY u HY pesynbrarsl BpeMeHU coxpaHe-
Hust 1o3bl. CuurTaercss, 4YTO TaK Xe, KaKk U
TOJIEPAHTHOCTh K TUITOKCUM, IIPOSIBJICHUE TAKTUK MO~
BelIEHUS 3aKpernjieHo reHeTudyecku [37, 38]. B Hammx
peapIayInX paboTax Ha Kpbicax Bucrtap 6bUIO moka-
3aHO, YTO MCIIOJIb30BaHUE YMEPEHHOU (pU3MUecKoi
Harpy3ku B BUJE IJIaBaHUS MO3BOJSIET JOOUTHCS BbI-
paboTKM TOJIEPAaHTHOIO ITOBEICHUS Y OOJbIIECH YacTu
nonyiaauuu. OMHOBPEMEHHO C 3TUM, YAAJI0Ch YCTaHO-
BUTb, YTO >KMBOTHBIE, YCBOUBIILIME TOJIEPAHTHYIO TaK-
TUKY TIOBEJEeHUS, CTaHOBUINUCH BY, a He oOyumBILINeE-
cs ocranuch HY. YuuteiBast cBegeHus: O TOM, 9TO TO-
JIEPAHTHOCTb K TMITOKCUM 3aKperjeHa reHeTUYeCKH, a
CY ocobu, BeposiTHEE BCETO, YCTOMYMBBI K TUITOKCUMU,
TO MOXHO ITojaraTb, 9YTo K BY ocobsaMm mpmMKHyIH
CY, ycBOUMBIIINE TOJIEPAHTHYIO TAKTUKY KaK OCHOBHOM
npuHUMNO noBeaeHus. IIpoBeneHHBIE MCCIECIOBAHUS
JIal0T OCHOBAHME IIJISI TOCTAHOBKM ITPOOJIeMbI BKITIOUE -
HUSI TTOBEIEHYECKMX MEXaHM3MOB B MHTErpaTHBHBIN
OTBET OpraHu3Ma XXMWBOTHLIX U 4YeJIOBEKa Ha OCTPYIO
TUITOKCHIO.

Takum oOpa3oM, B NMpOBEIEHHOM HCCIEIOBAaHUN
3aperucTpupoBaHa, BO3MOXHO, TEHETUUECKU 3aKpern-
JIEHHasI, TOBHIIIIEHHAsI MOOMIN3alIMOHHAsI TOTOBHOCTD
oprann3Ma BY KkppIC K peakiiny Ha TUTIOKCHIO B BUJIE
MeXaHM3Ma MoAaBJIeHUsI BOCIIPOU3BOACTBA KJIETOK Oe-
JIOII KpOBU Y YCUJICHMSI SPUTPOII0332a, a TAKXKE OIpeie-
JIEHBI IPEIUKTOPHI TOJIEPAHTHOCTU K TUIIOKCHUM: a0CO-
JIIOTHOE KOJUYECTBO JIEHKOLUTOB, TPaHYJIOLMTOB,
SPUTPOLIUTOB, MPOLIEHT PETUKYJIOLMTOB OT OOIIEro
yurciaa apuTpounToB. Pa3zpaborana popMysa mjist BbI-
YUCJICHUS UHAEKCA YCTOMYMBOCTH K ruriokcuu (UYT),
MO3BOJISTIONIASI TIPOM3BECTU pa3le/ICeHUE IIOIYISLIUUA
kpeic Ha BY, HY u CVY 6e3 ncronb30BaHus TECTUPO-
BaHMs B OapokaMepe. YcTaHoBeHo, yTo MYT HuU3Ko-
YCTOMUYMBEIX KPBIC XapaKTEepU3YIOTCS 3HAYCHUSIMU,
paBHBIMH 1K HIEKe 0.203, BBICOKOYCTOMYMBBIX — BBI-
e 0.335, a cpenHeycToituuBbiX — HUKe 0.335, HO BbI-
me 0.203. IIporHo3upoBaHWE WHIUBUAYaIbHOI
YCTOMYMBOCTU J1a0OPATOPHBIX JKUBOTHBIX K TUITOKCUH
B MIPEATUIIOKCUYECKOM TEpUOJIe TIPEACTaBIsIeT UHTE-
pec KaK ¢ TeOpETUYECKOM, TaK M C IPaKTUISCKOM TO-
YeK 3pEHUSI, IIOCKOJIbKY B CUTYallMd OCTPOIl TUIIOKCH -
YeCKOM TMIMOKCUM Mpoucxonut mnospexaeHue ILHHC,
BO3MOXHA TMOEIb XKMBOTHEIX, a IJIsI BBDKUBIIIMX OCO-
Oeifi pM NpOBEACHUM NAJBHEHUINNX WCCIeIOBaHUIA
TpedyeTcs JuTenbHOe (He MeHee | Mec) BocCTaHOBJIe-
HUE opraHu3Ma. BrIsgBlIeHUE B3aMMOCBSI3U TEX WIN
WHBIX (PU3UOJOTMUECKMX IMOKa3aTeJieid B IPEaruiio-
KCMYECKOM TIepuole C YPOBHEM T'MIIOKCUYECKOI
YCTOMYMBOCTHU IIO3BOJISICT YJIYYIIUTh TOYHOCTH HPO-
rHo3a 00 MCXOAE OCTPOIO T'MIIOKCHMYECKOro BO3IEii-
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CTBMSI, YTO MMEET BaXKHOE 3HAUSHME IJIsI IIPEACTaBUTE -
Jei mpodeccuii, OesTeIbHOCTh KOTOPBIX CBsI3aHaA C
PUCKOM pa3BUTHUS TUIIOKCUYECKUX COCTOSTHUI. KpoMe
TOTO, 3TO BaXKHO I IOMCKA TePaeBTUISCKIX MUIIIE-
Hell Mpu MOASIMPOBAHMM Pa3INYHBIX 3a007eBaHUIA
yeJoBeKa C LeJblo pa3paboTKU MepCcoOHUMUIIMPOBaH-
HOTO II0AX0/1a K JICYCHUIO.
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INDICATORS OF HYPOXIA TOLERANCE ARE DETERMINED
BY THE CELLS OF RAT BLOOD

M. V. Kondashevskaya**, K. A. Artemieva?, V. V. Aleksankina®,
N. B. Tikhonova“, and M. N. Boltovskaya“*

% A. P. Avtsyn Research Institute of Human Morphology, Moscow, Russia
#e-mail: marinavladi2177@yandex.ru

Even though hypoxia tolerance is mainly determined genetically, the research of the individual variability in the
tolerance to hypoxia is important. In this study, we investigated the numbers of circulating blood cells and the
coagulation system in Wistar rats as predictors that allow splitting the animal population between hypoxia toler-
ant and non-tolerant. The proof of the choice of reasonable predictors was the matching population split in ac-
cordance with detected individual parameters and the results of testing in a pressure chamber with rarefied air
corresponding to the altitude of 11500 m above the sea level. The quantitative assessment of circulating blood
cells was performed according to eighteen parameters before and after hypoxic exposure. The differences between
low-tolerant (LT), high-tolerant (HT) and medium-tolerant (MT) animals to hypoxia were identified by five pa-
rameters: white blood cell counts (WBC), granulocyte counts (Gran#), red blood cell counts (RBC), % reticu-
locyte (RTC) and mean corpuscular hemoglobin (MCH). The values of RBC, RTC, and MCH in HT rats were
significantly higher than in LT animals (by 1.4, 1.9, and 1.1 times, respectively). The values of WBC and Gran#
in HT rats were lower than in LT individuals. The hypoxia tolerance index (HTI) was calculated using the original
formula. It was found that HTT in LT rats is £0.203, in HT rats >0.335, and in MT rats <0.335 but >0.203. The
activated partial thromboplastin time (APTT), the thrombin time (TT), and the prothrombin time (PT) de-
creased, but the fibrinogen level increased after testing in a pressure chamber. LT rats were characterized by the
lowest values of APTT, TT, and PT and the highest values of the fibrinogen level. As a result of the study, it was
determined that one of the most important mechanisms causing a high tolerance to hypoxia is the maintenance
mechanism of reciprocal relationships between the complex of the RBC indicators, which tend to increase with
hypoxia, and the indicators of granulocytes, which are characterized by a decrease.

Keywords: hypoxia tolerance, blood cells, Wistar rats, coagulogram
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