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0630p nocBsiLieH COBPEMEHHbIM MOAX0AaM K M3YYEHUIO naTtoreHesa nepuHaTaibHOro rmrnoOKCHUYECKM-UILIEMUYECKOro
MOBPEXAEHNS LIEHTPabHOM HEPBHOM cucTeMsbl. [lpeacTaBaeHa Kaaccupukaums u onncaHue crocoboB MOAEINPOBaHNS
TMMOKCHUYECKM-ULLIEMNYECKOM NaTo/IoMMn LIEHTPaIbHON HEPBHOM CUCTEMbI Ha 3KCNEPUMEHTAsIbHbIX UBOTHbIX. OnucaHbl nx
npenmyujecTBa U Hegoctatkn. OTMEYEHO, YTO OTCYTCTBYET €AMHCTBEHHAs MaeasibHas dKCrnepuMeHTalbHasi MOAEe/b MMNoK-
cUM-nemMmn in vivo. 1o 3Ton NpuYnHe nccaenoBaTeIn CTalKMBaKTCs C HEOOX0AMMOCTbIO Bbi6opa aJeKBaTHOM 3KCIEPUMEH-
TaJIbHOM MOAEN NEPUHATaIbHOIr0 rMNOKCUYECKNU-ULLIEMUYECKOIO NOPaXKEHMs LIeHTPpabHON HEPBHOM CUCTEMbI Y YE/I0BEKA.
KnroueBbie cnoBa: rosioBHOV MO3r, NepuHaTasabHas naTosiorus, rMnoKCUs, MLLIEMMS, MOAE/Tb, 1ab0PaTOPHbIE UBOTHbIE.
(Bonipocki coBpemeHHow neanatpmn. 2014; 13 (5): 31-36)

BBEAEHUE

lpo6bnema nepuHaTanbHOro MOPa*KEHUA TON0BHOIO
MO3ra TMNOKCUYECKU-UWLEMNYECKOrO reHe3a ocTaeTcs
aKTya/lbHOM W HaxoAMTCA B LEHTPe BHUMaHWA Hay4HbIX
nccnefoBaHMM MeAMLMHCKOrO M COoLMabHOro Hanpasie-
HUK. 3TO OBYCNOBMEHO BbLICOKOW NETalbHOCTbIO U WMHBa-
nMausauunen npu aTUx NoparKeHUsx, BAUSHWEM Ha HepB-
HO-MCUXMYECKOE M COMaTU4ecKoe pas3BUTUE [eTen, WX
couuanbHylo aganTtaumio B AanbHENWeM, COXPaHSAIOLWMMK-
€Al 3HAYUTENbHbIMU TPYAHOCTAMWU B AMArHOCTUKE U feye-
Huu [1, 2]. Mpu 3TOM NPOBOASLLMECH B HACTOSILLEE BPEMS
TepaneBTUYECKME MEPONPUATUA Y AETEN C NepUHaTalIbHbIM
TMNOKCUYECKU-ULLIEMUYECKUM MOPAXKEHWEM LIEHTPAIbHOM
HepBHOM cuctembl (LLHC) B psige cnyy4aeB OKasbiBaloTCH
HefoCTaTOYHO 3PDEKTUBHBIMU.

TaxecTb MeAMKO-CoLMasbHbIX MOCNELCTBUM NepuHa-
TaNbHOW TUMNOKCUYECKU-UILEMUYECKOU naTtonorum LIHC
AVKTYeT Heo6X0AMMOCTb MCMONb30BaHUA HOBbIX MOAXO-

0B K M3Yy4eHWI0 OCOOEHHOCTEN MnaToreHesa U MexaHW3-
MOB penapaumnun nospexaeHHon Tkaum LUHC, onpeagenenus
cTeneHn MopdONorMyecKUX U3SMEHEHUM Ha MONEKYNSPHO-
KNETOYHOM YPOBHE M BO3MOXHOCTEN OrpaHUyeHust odara
NMOBPEXKAEHUS C COXPAHEHMEM XU3HECMOCOBGHOCTU KNETOK
HEPBHOW TKaHW U MX GYHKLMOHANIbHON aKTMBHOCTH, a TaK-
e paHHeN, B T.Y. OJOK/IMHUYECKON, ANArHOCTUKMN U pa3pa-
6OTKM TepaneBTUYECKMX MEPOMNPUATUIA B NEPUO MHTEHCHUB-
HOro CO3pEBaHUA U Pa3BUTUS MO3ra.

OaHako npv npoBefeHun PyHaaMeHTaNbHbIX Uccneno-
BaHui natonoruun LLHC HoBOpOXKAEHHOIO MMEDTCH onpeae-
JIEHHbIE COXHOCTH:

e OuonorMyeckme (aHaTtomo-OU3NONOrMYECKNne OCOOEH-

HOCTU AeTen);
® 3TUYecKMe (HEBO3MOMKHOCTb MPOBEAEHWUS UCcneaoBa-

HWUW y aeTen U nosyyeHus GUMONCUMHOro Matepuana,

HefoMnyCTUMOCTb TECTUPOBAHUS NEKAPCTBEHHbIX Mpe-

naparos).
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Review describes modern approaches to the study of pathogenic mechanisms of perinatal hypoxic-ischemic brain injury. The
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0630p NUTepaTyphbl

[ns pelweHUs Ha3BaHHbIX BbilWe 3ajay BO3MOXHO
MCcnonb3oBaHWe mMopenen in vivo ¢ y4eToM 0COBEHHOCTEMN
pas3BMBatoWEerocs Mo3ra, a TakXe COOTBETCTBUSA Moaenew
YMBOTHbIX BO3pacTy 4yenoBeKka [3-6].

McenepoBaHMa pasnnyHbIX acrneKkToB MNepuHaTanbHo-
ro rMNOKCUYECKU-ULIEMMYECKOro nopaxeHunsa LLIHC nposo-
AT Ha npumatax, CBMHbSX, OBL@X, KPONMKaX M rpbi3yHax
[7-11]. YunTbiBass foCTaTOMHO 60/bLUIOE CXOACTBO KPOBO-
CHabXXEeHUS FON0BHOIO MO3ra U HEMPOOMONOTrUKU rPbI3YHOB
W BbICLIMX MIEKOMUTAIOWMX, @ TaKKe NpaKTU4YeCKne 1 aKo-
HOMMYECKME MPEUMYLLECTBA IKCNEPUMEHTANbHbIX MOAENEN
TMNOKCHMYECKU-ULLeMHYecKoro nopaxkenus LIHC, mogenu
C MCMONb30BaHMEM TpPbIBYHOB (MbIWK, KPbICbl, MOPCKKUE
CBMHKM) B HacTosLLee BPeEMS UCMONb3YIOT Yallle, YeM Moge-
1 C 3aleNCTBOBAHNEM KPYMHbIX }UBOTHbIX [12-14].

Beaywnmun npuynHamMun nepuHatanbHOW JHuedanona-
TUM ABNSIOTCA HapyweHus deTonnaleHTapHoro M Martou-
HO-NJaLEeHTapHOro KPOBOTOKA, AblXxaTeNbHas U cepaeyHas
HeJOCTaTOYHOCTb, a BefylWMMKN 3BEHbSIMW MaToreHesa —
TMNOKCUS U UlEMKUSA Mo3ra, eHOMEH penepdy3nmn n akcan-
TOTOKCUYHOCTH, AHEpPreTM4eckum gucbanaHc U oKcmaaTmBs-
Hbl CTPECC Ha KJIEeTOYHOM YpOBHE. MCX0OO0M YKa3aHHbIX
npoueccoB gBngetcsa rméenb kKnetok LLHC [15]. Mpu atom
naTtoMopdONOrn4ecKkMe U3MeHeHUs B TKaHW TOS0BHOrO
MO3ra (MNepuBEHTPUKYNSIpHAa NEeMKOMansauus, BHYTpUKe-
NYAOYKOBbIE W MNEPUBEHTPUKYISPHbIE KPOBOMUINUAHUS,
HEKpPO3 BellecTBa MO3ra, MIWEMUYECKUA U reMopparnye-
CKMI MHCYNbT) 3aBUCAT OT XapaKTepa v AMTENbHOCTM NaTo-
NIOrMYECKOro BO34ENCTBUSA, a TakKe 3penoctu LIHC.

KnuHuyecKkass KapTuHa nepuHaTanbHbIX TMAOKCUYe-
CKU-ULemMn4yeckmx nopaxkenun UHC y neten npeacrasne-
Ha 4acTo BCTpeYaloWUMUCH KIMHUYECKUMWU CUHAPOMaMM
(yrHeTeHus, BO36YXKAEHUSA, CYAOPOXKHbIM, MWUHWUMabHOM
Mo3roBon gucoyHkumen) [16], HO MONKeT OoTnnYaTbCs
OT TaKOBOW Yy NabopaTopHbIX XMBOTHbIX, HECMOTPSA Ha TO,
4TO MCXOAOM NepuHaTaNbHOM 3JHUedanonatum M y Yeno-
BEKa, W NabopaTopHbIX MKMBOTHbIX SBASETCA pa3BUTUE
ncUxoHeBponornyeckoro peduumnta. MMeHHO noaTomy
npu MOAENMPOBaHWM TMNOKCUYECKU-ULEMMUYECKOrO Nopa-
wennsa UHC Heob6xoamMmo AO6GUTBCA HE MPOCTO CXOACTBa
KNMHUYECKMX MPOSIBAEHUI, HO MaKCMManbHOMO TOXAecTBa
OCHOBHbIX MEXaHW3MOB pPa3BUTUS TUMNOKCUMYECKU-ULLIEMMU-
4YECKOro NoBpPEXAEHUS Y YelOBEKA M IKCMEPUMEHTAbHbIX
XUBOTHbIX [3].

B pamkax HacToswero o63opa npoaHanuM3upoBaHbl
OCHOBHble Cnoco6bl MOAeNnupoBaHus robanbHOW Lepe-
6panbHOM MTMNOKCUU-ULLEMUUN Ha NabOPaTOPHbIX }KUBOTHbIX.

OBLLASI XAPAKTEPUCTUKA CNMOCOB0OB

MOJAE/IMPOBAHUA TMMNOKCUYECKHU-

MILEMMWYECKOIO NOPAXXEHUSA LLEHTPAJIbHOM

HEPBHOM CUCTEMbI

B uenom akcnepumeHTanbHble Moaenun uepebpanb-
HOWM MMMOKCUU-ULLEMMUM MOXKHO OXapaKTepmn3oBaTb KakK rno-
6anbHble, GoKanbHble U MynbTUdOKanbHble. OCHOBHblE WX
OT/IMYMA COCTOAT B TOM, YTO MpU rM0GanbHOM TUMNOKCUK-
UWEMUU MPOUCXOAUT YMEHblleHne LepebpanbHOro Kpo-
BOTOKa BO BCEM FONOBHOM MO3re (nonHas rno6anbHas
TMNOKCUSA-ULEMUS) UK B BOJbLIEN €ro 4acTu (HenosnHas
rno6anbHas rTMNOKCUSA-UILEMUS); NpK GOKanbHOW Habaaa-

€TCS YMEeHbLUEHME NMPUTOKA KPOBW K PasnnYHbIM, HO onpe-
JeneHHbIM pernoHam Mo3dra. O4yeHb BaKHbIM MOMEHTOM
npu MOAENUPOBAHUM TUMOKCUU-UILEMUN SBNSETCH BUA
M BO3pacT NabopaTopHbIX KMBOTHbIX. TakuM 06pa3om,
Heo6X0AMMO Y4MTbIBaTb COOTBETCTBME BO3PaCcTHOM MOp-
GODYHKLUMOHANbHOMW OpraHM3auum Mo3ra nabopaTopHbiX
YUBOTHbIX MO3TY HOBOPOXXAEHHOro [17].

B 3aBMCMMOCTM OT noaxoda K MOAEeNMpoBaHUIO Lepe-
O6panbHOM TUNOKCUU-UILEMUN KNacCUbUKaLMIO IKCNepu-
MEHTaNbHbIX MOAENIEN MOXHO MPEeACTaBUTb B Celylolem
BUAe.
¢ [nobanbHas (o6uas) uepedbpanbHas rMNOKCUSA-ULLIEMMUS.

e [lonHas.

— HaknagblBaHWe XKryta Uan MaHeTbl Ha Lelo.
— [ekanuTauums.
— OcTtaHoBKa cepaua (Gubpunnaums KenyaoyuKkos).
— OKK1103K1s a0pTbl UK MOJION BEHDI.
— [MNoKcMYyecKasa aHOKCHUS HOBOPOXKAEHHbIX.
— BHyTpuyTpOGHasa MWeMUS (aHOKCKS) Naoaa.
e HenonHas uepebpanbHas rMNOKCUSA-ULLIEMMUS.
— [MnNoKcuyecKkas nwemus.
— [lByxcocyamucTtas OKKI3MSA 06LWMX COHHbIX apTe-
PUA U TUNOTEH3KUS.
— YeTblpexcocyamcras OKKIO3MS (OBOLMX COHHbIX
M MO3BOHOYHbIX apTepun).
¢ @dokanbHasa uepebpanbHas rMNOKCUA-ULLEMUS.
e OKK/03US CpeaHen MO3roBoMn apTepun.
e  JHAOTENUH-1-MHAYLMPOBAHHOE CYXXEHWEe apTepun
W BEH.

e 3Ombonunsaumsa (Makpochepamu).
¢ MynbTudoKanbHasa LepebpanbHas rMNoOKCUSA-ULEMUS.

e  Tpomb6oambonus.

e 3Ombonunsauma (MMKpochepamu).

e  DOTOMHAYLMPOBAHHbIN TPOMBO3.

C y4yeToM 3TMONaToOreHeTUYeCKUX 0COBEHHOCTEN UMEH-
HO nepuHaTanbHoro nopaxeHus LIHC HuxKe npuBeneHsbl
OCHOBHble Mogenu rnobanbHoM LepebpanbHOW ULLe-
MWW in vivo.

MOJE/IU NOJIHOW MMOBA/IbHOM

LEPEEPAJIbHOM ULUEMMH

HaknagbiBaHMe XXryta uav MaHKeTbl Ha weto. OgHa
M3 nepBbiX MoAeNnen rnobaabHOM WIWEMUU — HaKNagbl-
BaHWE MaHXeTbl Ha LIE Y KPYMHbIX XMBOTHbIX. Ha ocHo-
BE 3TOM MOAenu M3yvyeHbl NOCNEACTBMS OCTPOro KpaTKo-
BPEMEHHOr0 NpeKpaLLeHns KpoBOOGPaLLEHUS B FOIOBHOM
MO3re, 0COOEHHOCTN NOBEAEHYECKMX pPeaKLMn U HEBPOIIO-
TMYECKUX PACCTPOMUCTB XMBOTHbIX B PaHHWW M NO3HUIM BOC-
CTaHOBWUTENbHbIN NMepUoa, a TakKe 3addEKTbl ANUTENbHOM
rMNoKcumn (6onee 8 MUH) [18]. HECKONBLKO MNO34HEE TEXHMU-
Ka HaKnajblBaHWS MaHXeTbl Ha LWel ¢ MoaMdUKaLMaMHU
(apTepuanbHas rMNOTEH3Ms) UCNOob30Banach Ha NnpuMaTax
[19] n cBuHbSX [20]. B uenom ata mMogenb Nyyue BCEro
NOAXOAUT AN MU3YyYeHUs OCOBEHHOCTEW HapyleHWUs Kpo-
BOOGpalLEeHUs B rMMNMNoKammne 1 CTBosie roIOBHOro mMo3ara.
OCHOBHbIM HeAOCTaTKOM yKa3aHHOW MEeTOOMKU ABISETCS
TO, YTO MO3BOHOYHbIE apTEPUMN MOABEPratOTCSH HE MOSHOWM
OKKJ/IO3MK, T.K. OHW MPOXOAAT BHYTPU MO3BOHKOB. Takum
o6pa3om, Ana OOCTUMKEHUS MOJIHOM OCTAaHOBKM KPOBOTO-
Ka Heob6Xxo4MMO MNPOW3BOAWTL OMepaTUBHOE BblAeneHue



apTepun ¢ nocneayolen ux nepeBaskon. Y Menkux nado-
pPaTOPHbIX XMBOTHbIX TaKasi METOANKA NPaKTUYECKU He Npu-
MeHSeTCa BCneAcTBME aHaTOMO-bGU3UONOIrMYECKNX OCOOEH-
HOCTEN WX CTPOEHUS U Pa3BUTUS Pa3/IMYHbIX OCNOKHEHUN
(noBpexaeHne MO3BOHKOB, CMMHHOIO MO3ra, caaBfieHue
6nygatmouwero Hepsa).

OeKkanutauma. Mojgenb rmnoKCUYECKU-ULLEMUYECKOTO
nopayKeHus Ha OCHOBEe [feKanuTauuu 6Gbina MnpeasioxKeHa
B 60-x rogax XX B. U B HacTosiliee BpeMsa NPUMEHSAET-
Ccsl [OCTATOMHO pPEeAKo, B OCHOBHOM ANa MCcnefoBaHus
natoreHesa rno6asbHON UWEMWUKU, a TaKKe MexaHW3MOB
OENCTBUS pa3nnyHbIX ObICTPOAENCTBYIOWMX pa3pabaTbl-
BaeMbIX JleKapCTBeHHbIX cpeacTts [21, 22]. OgHako npw
JeKanuTauuMm HEeBO3MOXHO uccnegoBaTb 3ddeKT pas-
JIMYHBIX MOLYNATOPOB NEeKapCTBEHHbIX BELWLECTB, a TaKke
0COBGEHHOCTU JIOKAJIbHbIX PaCCTPOMUCTB KPOBOCHAOGMEHUS
n addeKta penepdysumn. Tem He MeHee rOoN0BHOW MO3r
nocne AeKanuTauun MOXET XPaHWUTbCS ANUTENbHOE Bpems
B 3aMOPOXKEHHOM BWAE WM FTOMOreHM3NPOBaHHOM COCTO-
AHUKU NS NOCNeayLnX GUOXMMUYECKUX UCCIEA0BaHNUNM.

OctaHOBKa cepaua (buopunnauusa XenypouvyKkos).
YKasaHHyl0 MeTOAMKY O6bl4HO MPUMEHSAT A8 MMUTa-
LUMN KITMHUYECKOW CUTyauMKn OCTaHOBKM cepaua. MMeHHo
ee WUCMoNb30Bann MHOrMe uccnegoBatenu Ans UM3yyYeHus
3PPEKTUBHOCTU CEPAEYHO-IETOYHOM peaHumauun u ee
nocneactemn ana UHC [23-27]. Mo pe3ynbratam uccne-
[OBaHMM Ha 3TOWM MOAENU B MNPaAKTUYECKYID MeOULUHY
BHeApEeHbl MNpaBufia CepaevHO-Nero4HON peaHumaLuu,
B T.4. TponHOM npuem Cadapa. Moagenb cymtaeTcsa gocrta-
TOYHO C/IOKHOW C TOYKM 3PEHUST TEXHWYECKOro MCnof-
HEHWUSs, a TaKXe SKOHOMMYECKM 3aTpaTHOW, BCeAcTBUE
4Yero MUCMonb3yeTcsd B OCHOBHOM Ha KPYMHbIX YXMBOTHbIX.
OOHaKo cyllecTByeT TeEXHUKa MoAennpoBaHuns rnobasbHON
TMAOKCUM-UILEMUN NYTEM OCTAHOBKWM CepaLa y Mbllen,
4YTO ONTUMANbHO ANF U3YYEeHUS UBMEHEHMI B TMNNOKamMne,
nepegHen mn 3agHen ckopnyne [28]. C ncnonb3oBaHWeEM
JaHHOM MOAenu MNpoAO/MKAlTCH WMCCNefOBaHUS MOSEKY-
NSIPHBIX 0COBEHHOCTEN MnaToreHesda rMNoKCUYEeCKU-UILEMMU-
yeckoro nopaxenumsa UHC, a Takke TecTMpyloTcs HOBbIE
NleKapcTBeHHblEe Npenapartbl An8 Tepanuu NOCTrUnoKcuye-
CKoM aHuedanonatmmn [29-31].

OKKNIO3UA aopTbl WM NOJIOW BeHbl. B pesynbrate
OCTaHOBKM cepAaLa HabnogaeTcs UwemMus BCero opraHms-
Ma W BOBJEYEeHUe B MNaToNOrMYEeCKMin MpoLLecc BCEX ero
OpraHoB U CUCTEM, YTO YTSXKENAET NOBPEKIEHNE FONOBHOIO
MO3ra M He NMO3BONSET OLEHWUTb U30/MPOBAHHOE BANUSHUE
rMnokcuu-mwemun Ha LHC. Bblan npeanoXKeHbl pasnuy-
Hble BapuaHTbl MoAenu rno6anbHOM TMNOKCUU-ULLEMUK
Ha OCHOBE OKK/I03MM KPYMHbIX COCYA0B, B MEPBYIO o4epelb
aopTbl U/MAN MONOW BEHbI, 4TO NO3BOUIO0 MUHUMU3UPO-
BaTb BHeuepebpanbHble NPOSBAEHUS UWEMUMN.

Mcnonb3ys TEXHUKY OKK/IO3MM KPYMHbIX COCYAoB, yCTa-
HOBWAMK, 4TO rMNep6apuyecKas KUCNopoaHas Tepanus, Npo-
BOAMMAs B PaHHUM NOCTULIEMMUYECKUI MEPUOA, OKa3blBa-
€T NOoNOXKUTENbHOE TepaneBTUYEeCKoe AeNCTBME: yCKopseT
HEBPOSIOrMYEeCcKoe BOCCTAHOBEHME M YAYyYLIAET BbiXKMBae-
MOCTb Aaxe nocne naTHagUaTUMUHYTHOM rno6anbHOM nwe-
Muu [32, 33]. OCHOBHbIM HEAOCTATKOM OKK/TIO3UKN KPYMHbIX
COCyaoB ABASIETCA OonepaTMBHas CAOXHOCTb W BbiCOKas
NeTanbHOCTb 3KCNEPUMEHTAbHbIX }KUBOTHbIX.

MMnokcnMyecKkas aHOKCUA HOBOPOMAEHHbIX. 3TO
[OCTATO4HO NPOCTOM Cnoco6 MoLeNMpoBaHUA TUMOKCHYe-
ckoro nopaxenusa UHC, npeanoxeHHbin B Havane 90-x IT.
XX B. [34]. MeToa OCHOBaH Ha TOM, YTO MOC/E POXKAEHMS
(1-2-e CyT WM3HU) XMBOTHbIX MOMELLAIOT B repMETUYHbIN
cocya co 100% a3oTHoM aTMoCchEpPOn. BbIXKUBLLMX MBOTHbIX
BO3BpallaloT K KopMallen camke. Mcnonb3oBaHue yKasaH-
HOW MoZesiv NMO3BOJIUI0 NPOBECTU UCCIIEA0BAHUE POJIN TaKKUX
6enkoB-muweHen, kak PARP-1, XRCC1, AHK-nuraza llle,
OHK-nonumepasa B, ERCC2, AHK-3aBuCMMasa NPOTEUHKU-
Ha3a, a TaKXe aHTMOKCMAAHTOB M BUTAMUWHOB JJ19 Tepanuu
rMNoKcH4ecKom aHuedanonatuun [35—-37]. YcTaHoBNEHa pOsb
aHOKCUU B Pa3BUTUKU CUHAPOMA IMMepPaKTMBHOCTHU, CO3pEBa-
HWUW HEPBHOWM TKaHW, BIUSHWW Ha NPOCTPAHCTBEHHYIO NamsTb
[38]. JoKka3zaHO M3MEHEHWEe 4YMCna KOPKOBbLIX M TMMMOKam-
najbHblX HEWPOHOB B MOPaX}EHHOM MO3re, YCTaHOBJIEHA
poJib TMMNMNOKaMna B peann3aunn NpOCTPaHCTBEHHON NaMATH
[39]. HecmoTps Ha NpPOCTOTY MOAeNMn, oHa o6nagaeT psaaom
HEeJOoCTaTKOB: B NEPUOL aHOKCUU nornbaeT 60/blloe YUCIO
MBOTHbIX, B 3KCNEPUMEHT BBOAAT HOPMasIbHO POXAEHHbIX
MBOTHbIX, UCMbITaBLIKWX GU3MONOTMYECKUI POAOBOWM CTpecc,
KOTOPbIM HEMOMHO COOTBETCTBYET 3TMONATOreHe3y rMMnoKCH-
YeCKu-uwemmyeckoro noparkenusa LHC y yenoseka [40].

BHyTpuyTpoGHaa uwemua (aHoKcua) nnopga. [ng
HUBENWPOBAHUA HeAOCTaTKOB MNpeablayllen moaenn B
1997 r. 6bl1 NPENOKEH METO BHYTPUYTPOOHOM MMMNOKCUK
nnoga. B nocnegHui aeHb recrauuu 3abmBaloT 6epeMeH-
HbIX KpbIC M MPOM3BOAAT FMCTEPIKTOMUIO. BblaeneHHyto
MaTKy C niojamMu nomeLLatoT B BOAAHYO 6aHio ¢ TeMnepa-
Typon +37°C Ha 5-20 MUH, Nocne Yero U3BJIEKAIOT Maoabl
M3 MaTKu, nepeBs3biBaloT MyNoBUHY M MEPEHOCAT MIo4bl
B MHKy6aTop Ha 1 4 npu +37°C [41].

MonaratoT, 4TO AaHHaa MoAeNb SBASETCH OAHOW N3 Hau-
60/1ee afIeKBaATHbIX peasibHbIM YCTIOBUSAM aCOUKCUM B poaax
y yenosekKa. C ee NOMOLLbIO NPOBELEHbI UCCELOBAHUSA:

° crneunduyeckux GMOMapKepPoOB TUMNOKCUYECKU-ULLEMMU-
YyecKkoro nopaxexus LUHC ana paHHero nporHosuposa-
HUS UCXOJ0B;

® KpaTKOCPOYHbIX U JONTOCPOYHbIX MOCNEACTBUIN NepuHa-
TanbHOM aCOUKCUM (NeTasbHbIM UCXO[, 3aAepiKKa Ncu-
XOMOTOPHOr0 pa3BuTUs, AedULUT BHUMAHUSA, CUHAPOM
rMNepaKkTUBHOCTH);

® pOJIN 3HEPTreTUYECKoro aeduumTa n jeduunta Kanbumus
B MnaTtoreHese rMUMOKCUYECKU-ULLEMUYECKOTO MNopaxe-
Hua LUHC;

® OCOGEHHOCTEN MEXK/IETOYHbIX B3aUMOLENCTBUM W
anonto3a (FGFR, Spry, Sef, FLRT3, BDNF, EGF, NGF,
CNTF, GDNF);

® penapaTuMBHbIX NPOLIECCOB, B T.4Y. aKTUBU3aLMUKN HENPO-
reHesda (PARP-1; XRCC1; AHK-nuraza llla; AHK-nonu-
Mepasa B, ERCC2, AHK-3aBucMmas npoTeMHKUHasa,
6enkn MAPK, ERK);

® [OCTULIEMUYECKOIrO HEMPOBOCMANEHNS;

® TepaneBTUYECKUX MONEKYNAPHbIX MULLEHEN ANS NpeaoT-
BpaleHNa WM YMEHbLIEHUSA CTEeNeHU BbIPaXKEHHOCTU
nocneactBum acPukcumn (610KaTopbl MEMKKIETOYHbIX
KaHanoB, MHIMOUTOPLI anontosa, peLenTopbl K GaxTo-
pam pocTa);

®  BAUAHWUSA TUNOTEPMUU MNPU TUNOKCUYECKU-ULLEMUYE-
CKOM rnopaxeHun UHC [41-43].
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K OCHOBHbIM HegocTaTkaM OnMcbiIBaeMon MOAENN OTHO-
CAT TPYAHOCTH, CBA3aHHbIE C ONpeAeneHnemM TOYHOro recta-
LLMOHHOIO BO3pacTa KpbIC, @ TaKXe BbICOKYIO IETalbHOCTb
MBOTHBbIX.

MOJENY HEMOJIHOW MMOBA/IbHOM

LEPEBPAJIbHOM ULLEMUMH

M'noKkcu4yecKkaa uwemusa. 3t1a Moaenb ABISETCS O4HON
M3 Haubonee 4acTto UcCNonb3yembix. B nutepatype o6biy-
HO BCTpeyvaloTCqd CMHOHUMbI «Moaenb no Rice» n «moaenb
Rice—Vannucci». Bnepsble 6bl1a npeanoxeHa B 1961 .
[44], no3xe popaboTaHa [45] U NpUMEHSETCA A0 HacTo-
fWero BpeMeHW ANa M3y4yeHus natoreHesa, OCOBEHHO-
CTEN MEXKNETOYHbIX B3aUMOAENCTBUM, YIYyHLIEHUS AUarHo-
CTUKM, MPOrHO3MPOBAHMA MCXOAO0B, a TaKKe pas3paboTKu
HOBbIX MOAXOAOB K Tepanuu nepuHaTanbHOro rmnoKcuye-
CKU-uwemnyeckoro nospexaeHnsa LUIHC [46-50]. TexHuKa
nonyyYyeHmUs MoAeNIn COCTOMUT B MOCTOSIHHOM OKKJTI03UK O4HOM
0o6LLeN COHHOM apTePUn Yy CEMUCYTOYUHbBIX KPbIC C NOCeayto-
WMM nomeleHnemM nx B aTMmocdepy C HUSKUM COAEPKaHU-
em Kucnopoaa (He 6onee 8%).

OOHUM W3 BapuaHTOB TUMOKCUYECKOW ULIEMUU ABNSA-
eTCcs MEeToA C ABYXCTOPOHHEW OKK/IO3MEN OOBLLUMX COHHbIX
apTepun M NOMELLeHMEM KpbiC B aTMocdepy C HU3KUM
cogeprkaHmem Kucnopoda [51]. B uenom moaenb runoKcu-
YECKOW ULIEMMU COoHETaeT B cebe 3/IeMEeHTbl KaK MMMOKCUH,
TaK M UWEMMUU, YTO COOTBETCTBYET 3TMONATOreHe3dy nepuHa-
TallbHOrO FMMOKCUYECKU-ULLEMMUYECKOro nopaxenmnsa LHC.
Mogenb npocta B NOAyYEHUNU, MMEET XOPOLLYD BOCNPOU3-
BOAMMOCTb MOPGDONIOTMYECKMX UBMEHEHUN TKaHEW Mo3ra.
O6bI4HO TMNOKCUYECKYIO ULWIEMUIO MPUMEHSIOT AN KpaTKo-
BPEMEHHbIX 3KCMEPUMEHTOB MO U3Yy4eHU 0 9ODEKTUBHOCTH
HEMPOMNPOTEKTOPOB Ha PaHHMUX CPOKax Mocne runokcuye-
CKM-ULIEMMNYECKOrO BO3AENCTBUS.

OgHaKo fdaHHas mMojenb He BOCMPOM3BOAMT Mpexo-
O9WKMX HapyLWeHWn MO3roBOoro KpoBOOOpalleHMus, T.K.
OTCYTCTBYET MOpaxeHne cpeaHen MO3roBoM apTepuu, 4To
HabnogaeTcs npy NepuvHaTanbHOM TMMOKCHUYECKU-ULLEMMU-
yeckom nopaxkeHuu LUHC y yenoBeka u, Takum obpasom,
He fABnseTcs B MOJAHOM Mepe agekBaTHou [52]. Kpome
TOro, 0CO6EHHOCTM KPOBOCHABKEHUA MO3ra KpbIC (HanmMyme
OBYX BepTebpanbHbiX apTepuUin), BEPOSTHO, HE MO3BONSAIOT
30 PEKTUBHO MHULIMMPOBATL MATONOrMYECKUE U3MEHEHUS,
a camo ornepaTMBHOE BMellaTeNbCTBO MOMET MNPUBECTU
K 4aCTMYHOMY NMOBPEKAEHMIO FONOBHOIO Mo3ra. Elle ogHum
HEeAOCTaTKOM MoJenu ABnseTcs 60nblon 06beM nopaxe-
HUS MO3ra W BblCOKas NeTaNbHOCTb KMUBOTHbLIX B MepBble
Yyacbl MOAENMPOBAHMA NATONOMMUM.

AByxcocyauctasi OKKJIO3UA OOGLLMX COHHbIX apTe-
pun U runoteHsus. Oco6eHHOCTM METOANKM 3aK/toYatoTCs
B BbIMONHEHUN ABYXCTOPOHHEN OKK/IO3MMU OOLUMX COHHbIX
apTepui ¢ OAHOBPEMEHHbLIM CHUMKEHWEM apTepuanbHOro
[aBneHUs pasNnyHbiMK cnocobaMu (ynpaBnsemoe KpoBoO-
TeyeHne UNn MeguKamMmeHTo3Has runotoHuns) [53-55]. Mpu
3TOM B OCHOBHOM Hab6M04aloT NOBpEeXAeHMEe TUNNoKaMm-
na. [lByxcocyauctasi OKK/I03MA C TMNOTEH3MEN OnTUMasb-
HO MOAXOAMT ANS M3Y4YeHUS MOCNEACTBUMA NepeHeceHHowm
TMNOKCUU-ULLEMUK, addeKTa penepdy3nn, oCoOBEHHOCTEN
BOCCTaHOBUTENbHOrO nepuoga. C Mcrnonb3oBaHWeEM 3ToW
MOAENN N3y4yeHbl 0CO6EHHOCTU GOCHOANNUAHOIO U IHepre-

TMYyecKoro metabonuama, AENCTBUS HEMPOTPAHCMUTTEPOB,
MOPdONOrMyecKne U3MeHeHUs BCNEeACTBME UILEMUU, BNNS-
HWE pasNMYHbIX TEMNEePaTYPHbIX PEXMMOB Ha UCXOAbl MepU-
HaTallbHOr0 TUMNOKCUYECKU-ULEMUYECKOrO MOPaXKeHUs
LIHC [20, 56]. CnoxHocTb onpeaenseTcs Heo6XoAMMOCTbIO
TOYHOrO KOHTPOAS CUCTEMHOIO apTepuanbHOro AaBfieHuUs,
LNUTENBbHOCTU UlWEeMUK, TemnepaTtypbl Tena, UCNoab30Ba-
HUS OMNPEAEeNeHHOro peXKMMa aHecTe3nn, a TaKKe Hafd-
fexalero nocneonepaumoHHoro yxoaa. CywecTBEHHbIH
HeJOCTaTOK [ABYXCOCYAMCTOM OKK/IO3UM C TUMOTEH3UEN
3aKn4yaeTcs B TOM, YTO NPU CUCTEMHOMN TMMOTOHWUM Pa3BU-
BaloTCA reHepanuM3oBaHHble MeTabonnyecKkrue HapylleHus
B YXM3HEHHO Ba)KHbIX OpraHax, BK/o4as MO3T.
YeT1bipexcocyguctass OKK/IIO3UA (OOWMUX COHHbIX
WU NO3BOHO4HbIX) apTepuil. TexHWKa BbINONHEHUS YKa3aH-
HOW MOAenn 3aKlyaeTcs B OLHOBPEMEHHOW OKKIO3UK
MO3BOHOYHbIX U OBLWMX COHHbIX apTepuin ¢ 06enx CTOPOH.
OKK/t03KSI MOXKET ObITb MOCTOAHHOM WK BPEMEHHOW. Kak
npaBuWno, yKkalaHHas MOAeNb BbINOMAHSAETCA B ABa 3JTana
M TEXHUYECKU SBNSeTCS 60nee CMOXKHOM MO CpaBHEHMIO
C ABYXCOCYAMCTON OKKO3MEN. HeTbipexcocyancTas OKKo-
3Us Nydlle BCEro NoaxoauT ANs U3y4eHns noparKeHns Kopbl,
CTBOJMIA, TMNMNOKamna, nosocatoro Tefia rojloBHOrO0 Mo3ra,
0coB6eHHOCTEN MeTabonM3amMa Npu BbIMOJIHEHWUM aHECTE3NO-
NIOTMYECKNX NOCOBUN, a TakKe 3PPEeKTOB NEeKapPCTBEHHbIX
BelecTB. Mogenb NO3BOASET WccnefoBaTb OTAaNEHHblE
MCXOAbl, HapylweHUs MOBEAEHYECKMX peakuui M namstu.
OCHOBHbIMK HeJoCTaTKaMW YETbIPEXCOCYAUCTON OKKIIIO-
3UN ABAKIOTCS TNYOOKMA TpaBMaTUYECKUN XMPYPTrUYECKUM
[LOCTyn, ABYX3TAMNHOCTb BbINOJIHEHUS MOAENN, BEPOSTHOCTb
HErMoJIHOM OKKJ1I03MM NO3BOHOYHbIX apTePUI, PUCK MacCHB-
HOMO KPOBOTEYEHMS U BbICOKOW N€TanbHOCTU KMBOTHbIX,
a TaKXKe HM3Kas BOCNPON3BOAMMOCTb pe3ynbratoB [57-59].
HecmoTpa Ha TO, YTO OCHOBHblE MPUHLMMbI MOAENU-
poBaHWA MnepuHaTaibHOW TUMNOKCUYECKU-ULLEMUYECKOM
natonorun LHC npeanoxeHbl gaBHO, MPOAOXKaTCH WX
aKTMBHOE W3Yy4YeHWe, ONTUMMU3aLUMA U TEXHUYECKOoe YCo-
BepleHcTBOBaHWe. B HacToslee BpemMs npeasioxeHa
Mogenb [60] rMNOKCUYECKU-ULLIEMUYECKOTO MOBPEXAEHNS
rONOBHOMO MoO3ra 6€3 MCNoMb30BaHUA XMPYPruyecKux
BMELWaTeNbCTB Y MUBOTHbIX. ABTOPbI MPOBENN CPaBHEHUE
MOJEeNn C KNaCCUYECKOW TUMNOKCUEeN-ULLIEMUEN METOAO0M
Rice [44]. 9KcnepuMMeHTaNbHbI€ }XMBOTHbIE (CEMUCYTOYHbIE
KpblcsTa) 6bI11 pasgeneHbl Ha TpY rpynnbl: 1) KOHTpOAbHas
rpynna — J0XHOOMEPUPOBAHHbIE KWUBOTHbIE; 2) rpynna
CpaBHEHU — MOAENMPOBaHMUE TMMOKCUYECKU-ULLEMMYE-
cKkoro nopaxkenus LLHC metogom Rice; 3) onbiTHaga rpyn-
na — HaxoxgeHue B aTmocdepe ¢ HU3KMM CoAeprKaHUEM
Kucnopoda (8%) Ha 1,5 4 6e3 OOMNOJIHUTENbHbIX BMeLla-
TeNbCTB Ha cocyaax. HeBponormyeckne HapyweHus, guHa-
MWKa BOCCTaHOBJ/IEHUA HEPBHO-pPePNEKTOPHON AesTeNb-
HOCTW, FMCTOSIOrMYECKas KapTMHa ronoBHOro mMosra Ha 1,
3 1 21-e cyT aKCnepuMeHTa, aKTUBHOCTb KpeaTUHKMHa3bI,
NaKTataernaporeHasbl, MeanmaTopoB BocnaneHns — odak-
TOpa HeKPo3a OMnyxo/iv o, MHTEP/IENKNHA 13, MeTannonpo-
TenHad (MMP 9) y XXMBOTHbIX OMbITHOW TFPynMbl U rPynmnbl
CpaBHeHUs Obln COMOCTaBUMbI, OTIMYAACb OT KOHTPO-
nq. BblpaxeHHocTb anonto3a (4ncno TUNEL-no3nTUBHbLIX
KNeToK, aKcnpeccusa c-fos u p-ERK B TKaHu rosoBHOrO
Mo3ra) B 06eux rpynnax CTaTMCTUYECKM 3HA4YUMO OT/IM-



Yanacb OT rpynnbl
MeXay CoOO0N.

HoBasa mopenb vmeeT psag NpeuMmylecTs: npoueay-
pa mogenupoBaHusa 6onee npocTtas, gewesas u ObicTpas,
MeHee MHBa3MBHas M MeHee TpaBMaTU4Has ANns *KUBOTHbIX.
[Mpn 3TOM OCHOBHbIE KIMHUYECKNE, BUOXMMUYECKUE, MOP-
donornyeckme M rUCTONOrMYECKME M3MEHEHUS COOTBET-
CTBYIOT TMMOKCUYECKU-UILEMUYECKUM nopaxeHuam LHC
y yenoBeKa.

KOHTpONs, HO Oblla cornocTtaBuma

3AK/IIOYEHUE

B HacTosiliee BpeMs Ans co3gaHusa rnobanbHOW uepe-
6pafibHOM TUMOKCUU-ULLIEMUN CYLLECTBYIOT pPa3/inYHbIe
MoandUKaLunKn Modenen, KoTopble OTINYaloTCS CNOXKHOCTbIO
BbIMO/IHEHWS, BOCMPOM3BOAMMOCTLIO PEe3ybTaToB, NPenmy-

KOH®JIMKT MUHTEPECOB

LLEeCTBEHHbIM MOPaXKEHMEM TEX MW WHbIX OTAENOB MO3ra.
B uenom ato no3sonseT uccnegosaTensam BblbpaTtb Haubo-
nee afeKBaTHyl0 Mofesb NepuHaTanbHOr0 MMMNOKCUYECKHU-
nwemun4yecKkoro nopaxenus LHC. PaccmoTpeHHble Mogenu
nepuHaTanbHOrO TMMOKCUYECKU-UWEMUYECKOIO MOopaXe-
HWS TO/IOBHOMO MO3ra No3BOMSAIOT UCCNeAoBaTb OTAe/bHble
MeXaHM3Mbl pasBUTUS 3aboneBaHusl, penapaluum, Henpo-
NPOTEKLMWN, METOAbI NPeaynpeXaeHns, AMarHoCTUKK, npo-
rFHO3MPOBAHMUSA UCXOAOB U NEYEHUS, B T. 4. Ha MONEKYISPHOM
W FeHeTM4ecKoMm ypoBHe. OgHaKo HeobXxoAMMO MOHWMMATb,
4YTO He BCS MHPOpMaLMs 0 BO3MOXKHOCTSAX HEMPOMPOTEKLINK
M Tepanuu, Noay4eHHas in vivo, MOXKeT BblTb 3KCTPanoanpo-
BaHa Ha 4YenoBeKa, T.K. B HacToslee BPeMs HET HU O4HOM
WAeanbHOM 3KCNepUMMEHTanNbHOM MOoAenun, Kotopas nosiHo-
CTblO UMWUTUPYET NaTONOrMI0 YeNoBeKa.

Pa6oTa BbiNoNHEHA NpW NoAAepPKKe rpaHTa PoccuiicKoro HaydHoro doHaa (mpoeKt N2 14-25-00054).
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