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OnHuM 13 Beaylux (akTopoB pyucKa MOBTOPHBIX HApYLIEHWT MO3roBOro KpoBooopa-
IIEHUST TIoCTIe TIEPEeHECEeHHOI MIIIEMUY TOJIOBHOTO MO3Ta sSIBJISIETCSl TMChYHKITUS COCYIM-
croro sHpotenus. Pakrop Busute6panna (VWF) — o0Luenpu3HaHHbIIA MapKep SHIOTEIU-
aJIbHOM MMCMYHKIMM, CBSI3aHHOI C IMCOAJIaHCOM BbIPAOOTKM 3HIOTEIMEM BEIIECTB C
MPOKOATYJITHTOM aKTUBHOCTHIO. MccenoBannch aktuBHOCTH VWF 1 mokazaTenb re-
MaToOKpUTa y KpbIC BucTap mocje uiieMun roloBHOro Mo3ra, BbI3BAaHHOM 12-MUHYTHOM
OKKJTIO3UEl 00eMX COHHBIX apTepuii C OMHOBPEMEHHOI rurnoTeH3ueit (45 £ 2 MM pT. CT.).
TMocTrmeMuyeckre MI3MEHEHUST OLICHUBAJIM B S-TU TpyTIiax KpbIc: yepe3 1 4 v Ha 3-ii,
7-i1, 14-it u 21-1 nensp nocie nmemun/penHdysun (U/P). Kontponem ciyxunm Kpbi-
cbl IMHUU Bucrap, nepeHecuive Takoe e ornepaTuBHOE BMEIIATeIbCTBO, HO Oe3 nepe-
JKaTUsI COHHBIX apTepyuil U TUMIOTEH3UU. YBenndeHue aktuBHoct VWF miposiBisuioch
yxe yepe3 1 4 mocine U/P. K 3-mMy qHIO MOCTUIIIEMUYECKOTO Mepuoaa KOHLIEHTPALIUS
VWF B mia3me KpoBU yMeHbLIAIach B pe3yJibTaTe TeMOAWIIONNUM, O YEM CBUACTEIb-
CTBOBaJIO CHUXEHUE reMartokputa. Yepe3 7 nHe rocsie MIieMUrd OTMEUYEHO pe3Koe
yBeJIMYeHUEe aKTUBHOCTU Mapkepa. B manbHeiiiem aktuBHOCTh VWF cHUXanach u K
21-my nHio nocie WM/P 3HayeHUs aKTUBHOCTM MapKepa JTOCTUTaJli 3HAYeHUIA Y KOH-
TPOJIBHBIX KpbIC. [ToTydeHHbIe TaHHBIE CBUIECTEIBCTBYIOT O TOM, YTO OMHOKpaTHast 12-mu-
HyTHass /P rojioBHOro Mo3ra MpUBOIUT K Pa3BUTHIO COCYIMCTOM 3HAOTETUATLHOM
IUChHYHKIMM, CBSI3aHHOM ¢ 11cOaaHCOM BhIPAOOTKY HAOTEINEM BELIECTB C MTPOKOa-
I'YJISTHTON aKTUBHOCTBIO, COXPAHSIIOLLIEICSl Ha TTPOTSIXKEHUM 14 qHel rocsie uilleMuu.

Karouesoie croea: vilieMusi ToJIoBHOTO Mo3sra, dakrop BuiuiebpaHaa, sHaOTE IMATbHAS
IUCHOYHKIIUS

DOI: 10.31857/S0869813920080087

CornacHO COBPEMEHHBIM TIPEACTABICHUSIM OIHON M3 INIABHBIX TIPUYUH OCTPOTO Hapy-
1LIEHUST MO3TOBOTO KPOBOOOPAILIEHUS SIBJISIETCS aTEPOCKIIEPOTUYECKOE TTOPAXKEHUE IKCTPa-
Y MHTpaKpaHUaJbHBIX apTepuii [1], mpuBoasiiee K CTeHO3Y (OKJII03UN) MarucTpajbHbIX
apTepuii roJIOBbI WX apTepuii Mo3ra, TpoMO03y U 3MOOJIMHU LiepeOpaIbHbIX apTepuil U
CHUXEHUIO KPOBOCHAOXEHUSI TOJIOBHOTO MO3ra [2], BCAEACTBUE YEro HapyllaeTcsl ero
MeTabom3M, B pe3ysbTare oopasyercs ouar uHdapkra. [Ipobiema rociiencTBuit oCTpbIxX
WIIEMUYECKUX HApYIIEHW MO3rOBOTr0 KpOBOOOpAIlleHUsI ObLiIa M OCTAETCS aKTyaJIbHOM.
BonbmHCcTBO paboT, MOCBSIIEHHBIX N3YYEHUIO 3TOM MPOOJIeMBI, CBSI3aHbBI C MCCJIEIOBA-
HUEM M3MEHEHUI B COCyL[VICTOﬁ CUCTEME I'OJIOBHOTO MO3ra B MOMEHT UILLIEMUU U B TEYEC-
HHE HECKOJIbKUX YaCOB OCTPOro mocTtullieMuyeckoro repuoaa [3, 4]. Ho mporeccsl,
npoucxonsiiue B 6osiee TO3MHUINA MOCTUILIEMUYECKUI TIepUO/, U3yUYeHbl HEIOCTAaTOUHO
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IMMOJIHO, XOTsA OHU UTPAIOT 3HAYUTCIIBHYIO POJIb B BOBHNKHOBCHWU ITOBTOPHbBIX NTIIEMHNYC-
CKMX MOpaKeHU rojloBHOTro mo3ra [1].

B cBsI3u ¢ 3TUM MNpeacTaBiseTcs] MEPCNeKTUBHBIM MCCIeIOBaHUE OCOOEHHOCTEM
(YHKIIMOHUPOBAHUSI MO3TOBOT'O COCYIMCTOTO pycJia B TEUEHUE TOCTATOYHO JIUTEIbHO-
ro Tepro/a Iocje MePeHEeCEeHHOM UIIIEMUH U1 YTOYHEHUST (DU3MOJTOTMYeCKIUX MEXaHW3-
MOB, JeXallluX B OCHOBE IMOBTOPHBIX HWIIEMUYECKUX IMOPaKEHUI TOJIOBHOTO MO3ra.
Bonbioe 3HaueHVE B pa3BUTHUM MOCTUIIEMUIECKUX 1IepeOPOBACKYISIPHBIX HapYIIEHU
UMeeT U3MeHeHne (YHKIIMOHABHBIX CBOMCTB COCYIUCTOM cTeHKU. COCyauCThIi SHIO-
TeJUi y4acTBYeT B MOIAEPXKaHUM (DU3UOTOTUUECKOIO COCTOSTHUSI COCYAUCTOM CTEHKH,
BbIpabaThIBasl pa3jInyHble OMOJIOTMYECKM aKTUBHbBIC BEILIECTBA U MIPOSIBIISIS TIPO- U aHTH-
KOaryJISTHTHYIO aKTUBHOCTb [5, 6]. B HOpMaTbHOM COCTOSTHMU SHAOTEINM, MTOIIePKUBasK
KPOBOTOK, TIPEISITCTBYET KOATYJISILIMU U arperaliuy KJieToK KposH [7]. HapymeHue Kpo-
BOCHAOXEHMST MO3Ta TIPY MIIIEMHUU COITPOBOXKIAETCS Pa3BUTHEM SHIOTEIUAIBHOM IUC-
GYHKIIMMU, B OCHOBE KOTOPOII MOXKET JiexKaTh U3MEHEHHE MTPOKOATYISTHTHOM aKTUBHOCTH
coCcyaucToro sHnorenus [5, 8, 9].

B Hacrosiee BpeMsi OIHUM 13 OOIIeNpU3HAHHBIX MapKepOB HapyllleHUd pyHKINN
9HAOTENUSI, CBSI3AHHBIX C YBEJIMUYEHUEM BbIPAOOTKM SHIOTEJIMEM BEIIECTB C MPOKOaAry-
JISHTOM aKTUBHOCTBIO, siBJsieTcs ¢akrop Buieopanna (VWF) [10—13], npu nmoBpexme-
HUU 3HOOTENIMSI OH CEKPETUPYETCS B CyOIHIOTENMIT 1 m1a3My KpoBH [14]. CBsI3b HOBHI-
LIeHUs] KOHIeHTpauuu VWF B KpoBU CO CTEITEHBIO TTOBPEXKACHUSI COCYTUCTOrO 3HIOTE-
JvsT ObLIa TOKa3aHa B MOZAEJIBHBIX 3KCIIEpMMEHTaX Ha KpbhIcax MPpU dHIOTOKCUHEMHUU U
MeXaHUYeCKOM MoBpexaeHnu sHaotenus eue B 1989 r. Reldy u coasr. [15]. I1pu cocto-
SIHUSIX, COMPOBOXIAIOIIMXCS OCTPHIM WJIM XPOHUUYECKUM MOBPEXIEHUEM SHIOTENUS,
ypoBeHb VWF B KpoBU 3HauUUTEIbHO MOBBIIAaeTcs. [1pu 3ToM HanbGo bW BKJIAA B AUC-
(YHKIIMIO SHIOTEINSI BHOCUT TUTA3MEHHBIN, CUHTE3UpYyeMBblii sHaoTeanonutamMu VWF, B
OTJINYKE OT CUHTEe3UpyeMoro Tpomoonutamu [4]. OCHOBHASI YaCTh UCCIICIOBAHMIA, CBSI-
3aHHBIX ¢ hakTopoM BrunebpaHaa, MoCBsIeHa U3YISHUIO MEXaHU3MOB €T0 IMOBPEXKIa-
IOIIETO NEUCTBUSI U COCOOOB MHTMOMPOBAHUS IMOCIEIHEr0 U BBIMOJHEHA HA MOACIH
GOoKaJIbHON UIIEMUU C UCIIOJb30BAHMEM OKKJIIIO3UM CPEIHEl MO3roBOil apTepuu; Mpu
3TOM ouar MHpapKTa OCTaeTCs JIOKAIbHBIM, a HaOJIOACHUS BHITTOJHEHBI B IEPUOI, KakK
MpaBWJIO, HE MpeBbIIIAIONINi 24 4 TTociie uieMun/perepdysuu [2—4].

Llenbio HacTosiIIeit paboOThl OBUIO OMpeeieHue aKTUBHOCTU (hakTopa BuiiebpaHna
Kak TMokasateisi GyHKIIMOHATBHOTO COCTOSTHUS COCYAMCTOTO 3HAOTEIUS (IHIOTEINATb-
HO#t MUCHYHKIIMU) B OTIAJEHHOM ITOCTUIIIEMUYECKOM TIepHUOJie B TEUEHHUE TpeX Heleb
ocJie IepeHeCeHHOM KpblcaMy KPaTKOBPEMEHHOI TPaH3UTOPHOM II100aIbHOM UITEMUN
TOJIOBHOTO MO3Ta, BBI3BAHHON OMiIaTepalbHOM OKKIIO3Meil COHHBIX apTepuii Ha (hoHe
TMITIOTCH3UMU.

Takast Mmogenp UilleMUM, U3BECTHAsI B aHIJIOSI3bIYHOM JITepaType Kak “2-vessel occlu-
sion + hypotention model” [16], agexBaTHa 11 UCCAEAOBAHNUSI MO3TOBBIX HAPYILIEHUH,
PEaKTUBHOCTH MO3TOBBIX COCYIIOB M HapyllleHU (yHKIIMU SHIOTENS, TOrma KaK Mmpo-
CTOe TepeskaTe COHHBIX apTepuil y KPhIC He MPUBOAUT K CYIIIECTBEHHOMY CHIKEHUIO
KPOBOCHaOXeHUsI Mo3ra. B aToM cilydae KpOBOCHAOXEeHNE MOXET OCYIIECTBIISITLCS IO
BepTeOpaIbHBIM U Oa3WJISIPHOM apTepusM U MHOTOUYMCIEHHBIM KojutaTepaisiM. K Tomy
K€ ayTOPETYJISIUsl MO3TOBOTO KPOBOTOKA TO3BOJISIET COXPAHSITh OTHOCUTEIHLHO HEM3-
MEHHO# 00bEMHYIO CKOPOCTh MO3TOBOTO KPOBOTOKA MPU M3MEHEHUU PAa3HUILIBI MEXIY
CUCTEMHBIM apTepuaibHbIM U BHYTPUUEPETTHBIM JABJICHUEM B IIMPOKUX Mpeaeiax Imo-
CPEICTBOM U3MEHEHMSI TOHYCa PE3UCTUBHBIX IMTHATBHBIX MUKpOCOCynoB [17].

METOAbI MCCIIEAOBAHUA

DKcnepuMeHTHI TIPOBEICHbBI Ha MOJIOBO3PEJIbIX Kpbicax-caMmliiax JuHUM Bucrap mac-
coit 250—280 r B coorBeTcTBMM ¢ npuHLUMIIaMu basenbckoii neknapaiuu, [IpaBuinaMu
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MPOBEICHMST pabOT C UCMOJIBL30BAHUEM DKCIIEPUMEHTAIBHBIX XXUBOTHBIX, IPUHSITHIX EB-
poneiickoii KoHBeHMeil 19.07.2014 u Tpe6oBaHusiMu KoMuccuu 1o KOHTpOJIO 3a CO-
Niep>XKaHWEeM U WCTOJIb30BaHMEM JIaOOPAaTOPHBIX KUBOTHBIX MHCTUTYTA (DU3MOTIOTUU WM.
W.I1. IasnoBa PAH. 2)KuBoTHbIe comepxaiuch o 6 ocobeii B kKieTkax T4 Ha craHaapTHOMR
J1abOPaTOPHOIL IUETE B YCIOBUSIX MCKYCCTBEHHOTO OCBEILIECHMSI C LIMKJIOM 12 1 cBeT/12 U TeM-
HoOTa.

benpenHbie apTepun KateTepu3npoBaId Ha obeux Jarnax 1jisi MOHUTOPUHTA apTepu-
anbHOro aaeineHust (AJl) u 3a6opa/pernHdy3Un KPOBU MPU BOCIIPOU3BEACHUU UILIEMUM.
CpenHee cuctemHoe AJl U3MepsUIM ¢ MOMOILbIO YCTPOMCTBA /JIsi MTHBA3UBHOIO U3MeEpe-
Hust AIl y kpoic (Poccust). Y HapKOTM3UMPOBaHHBIX (XJIOpAJTUAPaT, BHYTPUOPIOIIMHHO,
43 mr/100 T Macchl TeJla) KpbIC OHO COCTaBJIsIo 98.9 + 2.6 MM pT. CT.

Y HapKOTU3UPOBAHHBIX KPHIC UILIEMUIO BOCIIPOU3BOAMIIN ITOCPEACTBOM 12-MUHYTHOM
OKKJTIO3UM 00erX COHHBIX apTepUii C OMHOBPEMEHHOM yIpaBisieMoi runoteH3uei: AJl
CHMXXaJIV U TIOJIEPXXUBAJIM CTPOTO HA YpOBHE 45 + 2 MM PT.CT. ImyTeM 3abopa/penHdy-
3UU KPOBM B TeMapUHU3UMPOBaHHBIN wnpul [9, 18]. s MUHUMU3aLUKU BIUSIHUS Tena-
pUHa Ha KPOBb HCIIOJb30BAIM €r0 MaJible JO3bl: KOJWYECTBO TerapuHa B ILUMPUIIE HE
npesbiiano 20 ME/100 r maccel Testa. DTOro 10CTaTOYHO IJIs1 TIPEAOTBpAIllCHUS KOary-
JSIUWAY BOJM3M KaTeTepa [9].

WccnemoBanue mpoBoaMIoch Ha 82 KpbIcaxX, KOTOPBIE CIy4yaiitHBIM 00pa30oM ObLIN pa3-
neneHbl Ha 11 rpynm: 5 rpynm — onbIT (7 = 32), 5 Tpyln — KOHTPOJIb, JTOXKHOOIIEPUPO-
BaHHbIe KpbIChI (7 = 30) u 1 rpynna KpbIC (MHTaKTHBIE) JJIsI OINpeaeaeHus1 pedepeHCHBIX
3HaueHuit VWF (n = 20). [ToctuiuemMuueckue nusmMmeHeHust aktuBHoct VWF 1 nokasare-
sist remarokputa (Ht) uccrnenoBaniu B ciaeayonux OTAeIbHBIX IpyInax Kpbic: yepe3 1 u
(n=06),na 3-it (n=17), 7-it (n =6), 14-i1 (n = 7) u 21-it (n = 6) OeHb 1OCIIC UILIEMUU.
KoHTposeM K Kaxaoiit rpyrrie 3KCInepuMEHTATbHBIX KPbIC CIIY>KUJIU JIOXKHOOTIEPUPOBAH -
HbIE KPBICHI (5 TPYII): MO 6 KPbIC B KAXKIOM IPYIIE, KOTOPhIC MOABEPIraIuch TAKOMY Ke
orepalilMOHHOMY BMEIIATENIbCTBY, KaK M 9KCIIEPUMEHTAIbHbIC, HO 6€3 TepexXaTusi COH-
HBIX apTepuii u cHukeHus AJl. Onepaiyu U TeCThbl MPOBOAWIIU B OJHU U T€ XK€ CPOKU Y
OIIBITHBIX Y KOHTPOJILHBIX KPbIC MapayiyiesibHO. JIJIsi MpoBeIeHUsI TeCTOB KPOBb M3 COHHOM
apTepuy XKUBOTHBIX Yepe3 KaHIOII0 OTOMPAJIM B TUIACTUKOBBIC TIPOOUPKHM ¢ 3.8 %-HBIM pac-
TBOPOM LIMTpaTa HaTpusl B oTHolIeHuU 9 : 1. JlonosHuTebHO B MpoOoupKy BHOCKIM 0.05 Mt
1%-Horo pacTBopa npotaMuHa cyJibdara iist cBsi3biBaHUs renapuHa. Kposb LieHTpudy-
rupoBaiu B TeyeHue 15 MuH mipu 1500 g 1 Totyac otaensuiu riasMy. Ilokazatens Ht
ONpeIessiiv B IPalyUpOBaHHBIX KAUJUISIpax Mnocije LeHTpUdyrupoBaHusi KpOBU B Teue-
Hue 15 mun nipu 3000 o6opoToB/MuH. Cxema 3KcniepuMeHTa TpuBeieHa Ha puc. 1.

AKTHBHOCTH (hakTOopa BuiuiebpaHna onpenessiii B 6eAHOM TpoMOOLIMTAMU LIUTPAT-
Hoi#i mazMe arrmoruHauuoHHbBIM MeTonoM (PEHAM, Poccust), ocHoBaHHOM Ha CIlo-
cobHoct VWF BbI3bIBaTh arriaioTUHALIMIO TPOMOOIIMTOB B TIPUCYTCTBUM aHTUOMOTHUKA
puctomunimHa. GUKCUpoBaI BpeMsl OT MOMeHTa noGaBiieHusi BuiuiebpaHm-peareHTa
(cMmech PUKCHMPOBAaHHBIX TPOMOOIIUTOB C PUCTOMUIIMHOM) K TIa3Me IO ITOSIBJICHMS ar-
nmotrHaToB. CorjlacHO pekoMeHaauuu npousBoauresisa peareHta (PEHAM) no kanubpo-
BOYHOMY Tpacduky paccuuTbiBasii akTuBHOCTb VWF. /17151 TocTpoeHust KaTnGpOBOYHOTO Tpa-
¢rKa UCTOIB30BAIU CEPUIO PAa3BEACHUI IJ1a3Mbl-KaIMOpaTOpa ¢ aKTUBHOCTBIO OT 50 10
200%, oTknanmpIBas 1O JJorapudMUUYECKOI IKaje Ha OCH OpIMHAT BpeMsl 0Opa3oBaHMS
arriioTUHATOB B CEKYHIAX, a 1o ocu abcimce — aktuBHOCTE VWF B %. PedepeHcHbie
3HauYeHUs 151 akTUBHOCTUM VWF ObUIM onpesesieHbl Y HApKOTU3UPOBAHHBIX XJIOPAITUT-
paTtom (BHYTpHMOpIonHHO, 43 Mr/100 r Mmaccel Tena) kpbic (n = 20) maccoii 250—280r, y
KOTOPBIX TIPOU3BOIWIICS TOJBKO 3a00p KpoBu. CpenHiolo akTMBHOCTh VWF B Kaxnoii
TPYIINE KPbIC PaCCUUTHIBAIM, UCIIOJIb3Ysl €€ cpelHee 3HauUeHue U3 3-X U3MEpeHUil y oT-
NEJTbHBIX 0COOET.

JJ1st yTouyHEeHUsI BOMpoca O MOBBILIEHUY MPOKOATYJISTHTHON aKTUBHOCTU SHAOTE/IUS B
OTBET Ha OlepallMOHHOE BMEIIATeIbCTBO JOIOJHUTEIbHO K VWF onpenensiiu ypoBeHb
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Experiment
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closure and 21st day
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Puc. 1. Cxema sKcnieprMeHTa.

Fig. 1. The scheme of the experiment.

¢ubpuHOreHa B IUTPATHOM I1a3Me KoaryJaoMeTpuyeckKum metoaom no Kiaycy (koary-
nometp CoaDATA 4001, BennkoOpuTaHusl) y MHTAaKTHBIX (# = 5) U y JIO(KHOOIIEpUPO-
BaHHBIX KpbIC (7 = 5) uepe3 1 4 mocJjie KaTeTepr3alnuy 6eApeHHbBIX apTePUId.

CraTucTUYEeCKUI aHATU3 MOJYYeHHBIX JAaHHBIX TIPOBOAMIN C MCTIOIb30BAHUEM MaKe-
Ta cratuctuyeckux nporpamm Microsoft Excel 2003 u nporpammsl InStat 3.02 (Graph-
Pad Software Inc., CIIIA) ¢ npuMeHeHMEM MAapHOTO HEMapaMeTPUYECKOro KPUTEpUs
ManHa—YuTHuU. JlaHHbIE MIPEACTABJSUIM B BUJIE CPEIHEr0 apu(pMeTHIeCKOro 3HauYeHUsI
U ero cpeliHel ommOKu. JJOCTOBEpHBIM YPOBHEM OTJIMYMIA CUMTAIU BEPOSITHOCTb HE Me-
Hee 95% (p < 0.05).

PE3VIJIBTATBI UCCIIEAOBAHUA 1 UX OBCYXIEHUE

OnpeneneHHbIe HAMU pedepeHCHbIE 3HaYeHMST aKTUBHOCTH VWF ISl MHTaKTHBIX (He
MOIBEPrHYTHIX OMEPALIMOHHOMY BMEIIATEIbCTBY) KpbIC cocTaBuwin 55—130%. Yepes 1 u
nocite niemun akTuBHOCTh VWF cocraBuia 209.8 + 4.8% (puc. 2). DTu 3HaYEHUST ObLTA
nocroBepHo Bhile (p = 0.0427, U= 0.5000), ueM y JTOXXHOOIIEpUPOBAaHHBIX KPbIC Yepes3 1 4
nocite onepaunu (192.0 £ 9.6%), xotst u conoctaBuMbI. [ToBbIlIeHe aKTUBHOCTH VWF
OTHOCUTEJIbHO pehepeHCHBIX 3HAYEHHH Y JIOXKHOOITEpUPOBAHHBIX M UIIIEMU3UPOBAHHBIX
JKMBOTHBIX Uepe3 | U mociie onepalioHHOTO BMeIIaTeIbCTBA JTMO0 UIIIEMUYECKOTO BO3-
NeNCTBUS, BEPOSITHO, CBSI3aHO C aKTHUBALIMEl SHIOTENMS B pe3yIbTaTe TTOBPEXKACHUS CO-
CyIIOB TIpU KaTeTepusalnu, BeiieAcTBUe yero VWF, Hapsiny ¢ IpyrMMu MTPOKOAryJIsTHTa-
MM, CEKPETUPYETCSl B CYOIHIOTENINI U MOCcTynaeT B Iuia3my KpoBH [14]. [Tockonbky VWF
y4acTBYeT B TPOMOOLIMTADHOM M KOAryJISIIMOHHOM 3BE€HE TeMOocCTa3a, B YaCTHOCTHU
TpaHcnioptupyeT dakTop VIII K MecTy moBpeXaeHus, CTaOWJIM3UPYET ero 1 3aliuiiaeT
ot nHaktuBauuu [ 19, 20], To moeiteHre VWF cBuneTenbcTByeT 00 aKTUBALIMU TTPOKOa-
TYJISTHTHOM aKTMBHOCTU 3HIOTEIVS B OTBET Ha MoBpexnaeHue cocyna [9]. Mo Hammm
IaHHBIM YPOBEeHb (DUOPUHOTEeHA B TIJIa3Me KPOBM Y JIO(KHOOTIEPUPOBAHHBIX KPBIC Yepe3
1 4 mocne onepauuu cocraBwia 1.50 = 0.07 r/n, a y uHTakTHBIX Kpbic — 1.08 + 0.11 r/n
(»p =0.0106, U= 24.0), yTo yKa3bIBaeT Ha MOBBIIIEHHBII YPOBEHb (PUOPUHOTEHA Y KPBIC C
KareTepusalmeit cocynoB. ABTOpbI paboThl [21] TakKe MPOAeMOHCTPUPOBAIH, YTO SHIIO-
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Puc. 2. AktuBHoCTb (hakTOopa Bunnebpanna y kpbic. 1 — umemust, 2 — KOHTpob. [TyHKTHp — 0061acTh pede-
peHCcHBIX 3HaueHuit (55—130%). *p = 0.0427, U= 0.5, **p = 0.008, U = 1.0, ***p = 0.0001, U = 0.0001, #p =
= 0.0182#, U=42.0, kputepuit MaHHa—YUTHU, OTHOCUTEILHO KOHTPOJIS.

Fig. 2. Activity of von Willebrand factor in rats. 1 — ischemia, 2 — control. The dotted line is the range of refer-
ence values (55—130%).*p = 0.0427, U = 0.5, ** p = 0.008, U = 1.0, ***p = 0.0001, U=0.0001, #p = 0.0182#,
U= 42.0, Mann—Whitney test, relative to control.

BacKyJISIpHbIE BMeEIIATeJIbCTBA BbI3bIBAIM yBeJluueHue ypoBHeil VWF u ¢ubpuHoreHa B
KPOBU MallMEHTOB, YTO MPUBOAUIO K TUCHYHKIIMU IHAOTEIUS U TUTIEPKOATYJISILIUU KPOBM.

Panee mbl mokazanu [22], yto yepes 1 4 mocine uieMun,/peuHdy3uu roJOBHOTO MO3ra
HabJromaeTcsl yBeJlMueHue nepdy3uu, CBI3aHHOE C BO3HMKHOBEHHWEM ITOCTUIIIEMUYE-
ckoii runepemuu [23, 24]. I'unepeMus CIiocOOCTBYET YCUJIEHNIO KPOBOTOKA U, CJIEI0Ba-
TeJIbHO, YBEJIMYCHUIO HATIPSIKEHUSI CIBUTa Ha BHYTPEHHUX CTeHKax cocynoB. Hanmpsike-
HUE CIIBUTA CTUMYJIMPYET BhIPAOOTKY 3[M0POBBIM 3HIOTEIUEM Ba30IMIaTaTOPOB, TIPEXIe
Bcero okcuaa aszora (NO); mpu HapyleHHOM (pyHKIIMY 3HAOTEINS HabaonaeTcs nedu-
mut NO, mpuBomSIInii K U3MEHEHUIO CBOMCTB COCYAMCTOM CTEHKU [7], YTO MOXET CIIy>KUTh
MPUIMHON BEICBOOOXIeHMST VWF 1 MOBBIIIEHUS €70 aKTUBHOCTH Y KPBIC B TIEPBBIE Yachl TTO-
cJie UIIIEeMUU OTHOCUTEJIbHO 3HAYEHU Y JIOXKHOOIEPUPOBAHHBIX XKUBOTHBIX |7, 19].

Yepes 3 mHS TMOcJie orepalunn y JOXKHOOMEPUPOBAHHBIX KPhIC aKTUBHOCTbL VWF 10-
CTOBEPHO CHUXKaJIach MpuMepHo Ha 16% no 162.3 + 5.1% (p = 0.3030, U = 3.0) no cpas-
HEHMIO cO 3HaueHUsIMK depe3 1 1 mocite umemnn (192.0 £ 9.6%). U3meHeHuUs1, BEpOSIT-
HO, CBSI3aHBI C OTHOCUTENIBHBIM AeduiintoM VWF 1o cpaBHEHMIO ¢ er0 MAaCCHUBHBIM BBI-
6pocoM B TIepBbIe Yachl IIOC]e OIEPAllMOHHOTO BO3meicTBMsA. B nanpHeitieM Ha
OpoTsikeHuu 21 THS y T03KHOONEPUPOBAaHHBIX KPBIC HAOIIOAAIOCH CTOMKOE M ITOCTEIEH -
HO€ CHUXKEHHNE aKTUBHOCTU VWF, 4YTO MOXET yKa3bIBaTb Ha IMOCTCIICHHOC YMCHBIICHUEC
cTeneHn OUCHYHKLUU DHAOTEIUST Y 3TUX XKUBOTHBIX (pUC. 2). Y KpPBIC, MEePEeHECIINX
HIIEMUIO, Yepe3 3 IHS IMocje UIIeMUU akKTUBHOCTh VWF Takske CHMXajach MOYTU Ha
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Taoauua 1. [MokazaTenb reMaTOKpUTa Ha MPOTSLKEHUM 21 THS Mocje KpaTKOBPEMEHHOM TpaH3u-
TOPHOI UIIIEMUU TOJIOBHOTO MO3Ta Y KPbIC
Table 1. Hematocrit for 21 days after short-term transient cerebral ischemia in rats

CPOK;JEE?;;;W' Yepes 1 u Ha 3-i1 neun Ha 7-i1 neun Ha 14-it neup Ha 21-it neun
1 . . After 1 hour On the 3rd day On the 7rd day On the 14 day On the 21 day
Terms after surgery/ischemia

Kowrpons, 0.411 £ 0.009 0.417 £ 0.012 0.400 + 0.015 0.408 % 0.004 0.407 £ 0.018
Control

Iocze MiteMuH (OMILIT) 0.415 £ 0.012 0.373 £ 0.009* | 0.389 % 0.008 0.43940.005***|  0.403 £ 0.011
After ischemia (experiment)

B Kax1oii cepru UCTIOJIb30BaHO 10 6 JKUBOTHBIX.

*p<0,05, t-kputepuii CtoioneHta; *** p = 0.0009, U= 2.0, Kputepuit MaHHa—YUTHU OTHOCUTEJIbHO 3HAYCHU I
B KOHTpOJIE.

*p<0.05, ¢ - Student test; *** p =0.0009, U= 2.0, Mann—Whitney test regarding the values in the control.

33% c 209.8 *+ 4.8 (duepe3 1 u mocie umemun) no 141.0 + 3.2% (p < 0.0001, U= 0.0001),
HO 3TO CHIKEHUE ObLTO 00Jiee CUITBHBIM, YEM Y JIOXKHOOTIEPMPOBAHHBIX XKUBOTHBIX (C 209.8 £ 4.8
1o 141.0 = 3.2% u co 192.0 = 9.6 no 162.3 £ 5.1% cootBeTcTBeHHO, p = 0.008, U = 1.0),
KakK IT0Ka3aHo Ha puc. 2. YMeHbIeHUe akTuBHOCTA VWF MoXXeT OBITh CBsI3aHO C pa3baB-
JIEHUEM KPOBHM 3a CYET YBEJIUUECHMSI TTPOHUIIAEMOCTH COCYIOB IJIsi MHTEPCTULIMAIbHOM
JKMIKOCTH, TIPUBOISIINM K CHUKEHUIO KOHIeHTparst VWF, a, ciemoBaTesbHO, U €TO
akTuBHOCTHU [5, 19]. OO0 3TOM CBUIETENBCTBYET OOHAPYXKEHHOE HAMM Y KPbIC, MIEpeHec-
VX WIeMuio, cHkeHue Ht Ha 3-ii meHb moctuimemundeckoro nepuopa (¢ 0.415 £ 0.012
yepes 1 1 mocie nmemuu a0 0.373 £ 0.009, p < 0.05), Torna Kak y J0)KHOOTIEpUPOBAHHBIX
KpbIC B nepron oT 1 4 mo 3 AHeil mocie omepanuu 3TOT MoKasaTelb He U3MEHSJICS
(0.411 = 0.009 u 0.417 £ 0.012 cootBeTcTBeHHO) (Tab. 1). [IpUYMHON yMEHBIIEHUST KO-
JIMYEeCTBA DPUTPOIIMTOB B TIJIa3Me MOXKET OBbITh ITOCTYIUIEHWE B COCYIbl MHTEPCTULIMATb-
HOM XXUIKOCTHU BCJICACTBHE MOBPEXKICHUS DHAOTEAUST (MieMusi/perHby3usi, OKCcHUaa-
TUBHBII CTpecc, MOCTUIIEMUYECKOE BOCTIAJICHUE) U YBEJIUYCHUST €ro MPOHUIIAeMOCTH
[19, 25]. DHOoTeMaNbHAsA TUNIEPIIPOHNUIIAEMOCTh BO3HUMKAET BCJIEACTBUE MOBBILLIEHHOMN
MoJIMMEPU3alIMM aKTUHOBOTO IIMTOCKEJIeTa U, KaK CJIe[CTBUE, 00pa3oBaHUs 3a30pa, Bbl-
3BaHHOTO paspyliieHrneM B-karennHa u VE-KaareprHa B MEXIHIOTETNATBHBIX COSTUHE-
Husx [26, 27].

Ha 7-i1 neHb mocTrIlIeMUYeCcKOro Meproia akTMBHOCTb VWF cyllieCTBEeHHO TIpeBbIliiaia
3HAYEHUE Y JIOXKHOOMEPUPOBAHHBIX KpbIC (227.0 = 3.5 u 160.7 £ 3.2% COOTBETCTBEHHO,
p= 0.0001, U = 0.0001) 1 ObL1a IOCTOBEPHO BHIIIE, YeM 4Yepe3 1 4 Iociae UIleMUuUn
(227.0 = 3.5 n 209.8 + 4.8% cootBeTcTBeHHO, p = 0.459, U = 37.0) (puc. 2), 9TO MOXET
YKa3bIBaThb Ha MOBPEXIEHUE 3HAOTenus. M3BeCTHO, UTO yBeJlMYeHUE KOHILIEHTPALUU
VWF B 11a3sme KpoBU MOXET BOZHMKATh HE TOJBKO MPU CTUMYJISILIMUA SHAOTEIUS, HO U
npu ero ImoBpexaeHuu [28]. B mpeablayliux HaIIMX UCCISIOBAHUSX OBLIA MOJTYyYEeHBI
JNaHHBIE O TOM, YTO Yepe3 7 MHEel Mmocie UlleMun,/penH@y3un y KpbIC B IiepudepudecKoii
KPOBM B CPEJTHEM B 2 pa3a yBeJIUUUBACTCS KOJMYECTBO AECKBAMUPOBAHHBIX DHIOTEIM-
aNbHBIX KJ1eToK [29]. CnenoBartenbHO, pe3koe yBenndeHre aktuBHocTu VWF y KpbIc, Tie-
pEeHEeCIINX MILIEMUIO, MOXET CBUAETEIbCTBOBATh O MPOTPECCUPYIOIIIEM HapacTaHUU Ts-
JKECTU DHAOTEJMAIbHOW AUCHYHKIMU, MPUBONSIIIEH K CTPYKTYPHOMY TOBPEXICHUIO
aHgoTenus. JuchyHKuMs sHA0Te s HAYMHAETCS ¢ nuchanaHca CMHTe3a Ba3oauIaTaTo-
POB M KOHCTPUKTOPOB, MPOKOATYJISILIUOHHBIX M aHTUKOATYJISIHUOHHBIX (DAKTOPOB, MPO-
U TIPOTUBOBOCHIATUTEIBHBIX MEIUATOPOB, W €CIAU CTUMYJISILIMSI DHAOTEIUS CTAHOBUTCS
Ype3MepHOii, HalpuMep, NMPOBOCMATUTEbHBIMU LIMTOKUHAMU U APYTMMU (hakTOopamu,
TO BO3HUKAIOT CTPYKTYypHbIe HapylueHwus [7, 30]. Tak, aBropamu pa6otsl [31] B akcniepu-
MEHTaX Ha MbIIIaxX ObUTM 3aUKCUPOBaHbBI TTOBBIIIIEHHBIE ypoBHU VWF Ha mMomenu re-
MOpPpParu4eckoro MHCyJbTa, a MHBbeKIMS VWF MbllliaM BbI3biBajia MOBBIIIEHHYIO 3KC-
MPECCUIO MTPOBOCTIATIUTEILHBIX MENATOPOB.
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K 14-My nHIO MOCTHUILIEMHYECKOIO Teproaa akTUBHOCTb VWF y KphIc, TIepeHecIIx
WIIEMUIO, OTHOCUTEJIbHO 3HAYC€HUI Y JIOXKHOOIEPUPOBAHHBIX XKMBOTHBIX OCTaBajlach
nosbieHHOM (170.4 £+ 8.1 u 139.7 £ 3.8% cootBeTrcTBeHHO, p = 0.0182, U = 42.0), uto
YKa3bIBaeT Ha COXPAHSIONIYIOCS TUCchyHKIMIO sHaoTenus (puc. 2). Hapsimy ¢ 3TuMm otMmede-
Ho nosbiieHue Ht (0.439 + 0.005 no cpaBHeHuto ¢ 0.408 = 0.004 B koHtposne, p = 0.0009,
U= 2.0), Cocynucrasi cTeHKa UrpaeT BaxkKHYIO0 POJb B 00ECHEUEHUU FeMOCTaTUUYECKUX
peakuuii [32]. YBenuuenue Ht MoxeT oTpaxkatb oOHapy>KeHHOE€ HaMU paHee B 3TOT OT-
PE30K MOCTUIIEMUYECKOTO Teprofa YCUJIGHUE TeMOKOaryJIsiiMOHHBIX TpolieccoB [9].
Tunepkoarynsinust SIBJsiETCs CleACTBUEM (DYHKIIMOHATBbHONH HECOCTOSITEIbHOCTU SHIO-
TeJIUs B pe3y/IbTaTe BOSHMKHOBEHMUS AucOajlaHCca CUHTE3UPYEMbIX TPOTPOMOOTEHHBIX 1
aHTUTPOMOOTEHHBIX COCYIMCTHIX (paKTOpPOB [7].

K 21-My mgHI0 TTocTrieMudeckoro nepuona aktuBHoctb VWF coctabisiia 147.1 + 9.0% wu
JIOCTOBEPHO HE OTIMYAIACH OT 3HAYEHUI Y JIOXKHOOIEPUPOBAaHHbBIX KphIC (136.9 + 10.1%), xo-
TS U IIpeBHIIIaja pedepeHCHbIe 3HaUYeHMs (puc. 2). DT JaHHBIE ITOATBEPXKIAI0TCs pabo-
ToIi [33], B KOTOPOIi yKa3bIBaeTCs, UTO IIOCJIE OCTPOM CTaauM LiepeOpOBaCKY/ISIPHBIX 3a-
OosieBaHMit 3HaueHUs1 VWF nmocTerneHHO yMeHbIIAJIUCh K 3-i1 Heaelle.

3AKITIOYEHUME

Takum obpazoM, aHaIU3 U3MeHeHUsT akTUBHOCTU VWF Kak oqHOTrO 13 o01enpu3HaH-
HBIX MapKepOB SHAOTEIUAIBHON TUCHYHKIIMU, CBSI3aHHOI ¢ AMcOaIaHCOM BbIpaOOTKU
9HIOTEIMEM BEIIECTB C aHTU- M MPOKOATYJISTHTOM aKTUBHOCTBIO, MOKa3aj, YTO OJHO-
KpaTHasl 12-MuHyTHasT MIIeMusI/pernH@y3MsI TOJOBHOrO Mo3ra Ha (poHE THUITOTEH3UU
OPUBOINUT K PA3BUTHUIO COCYIUCTOM SHAOTEINATBHON TUCGHYHKIIMM, COXpAaHSIOLIEHC Ha
OpOTsKeHUM 14 qHE mociie UieMuu.

VYBenuueHne akTUBHOCTU MapKepa MpOosBIIsieTCs yKe yepe3 1 U mocye nepeHeceHHOoi
ninemMun,/penHdy3nu. K 3-mMy nHIO ITOCTUIIIEMUYECKOTO ITeproaa KoHueHTpanust VWF B
Tia3Me KpoOBU YMEHbIIIAeTCs, KaK Mbl MoJjiaraeéM, B pe3ysibTaTe pa30aBjiieHUs] KPOBU 3a
CUeT TOCTYIICHUSI B KPOBEHOCHOE PYCJI0O MHTEPCTULIMATIBHOM KUJIKOCTH, O YeM CBUJC-
TenbcTBYeT cHkeHre Ht. Yepes 7 mHelt mocie uieMuu OTMeYaeTcsl pe3Koe yBeInJyeHue
aktuBHOCTU VWF, yKa3bIBalolliee Ha HapacTaHUe TSKECTU DHAOTETUAIbHON TUCHYHKIIUN.
B nanbHeiiemM aktuBHOCTh VWF TOCTENIEHHO CHUXKAETCS, B pe3yJibTare 4ero K 21-My JHIO
MOCTUIIEMUYECKOTO Tepruoaa 3HaueHus1 akTUBHOCTU VWF nmocTuralor KOHTPOJIbHBIX,
YTO MOXET YKa3blBaTh Ha CHUXXEHUE CTENEHU 3HAOTeNualbHOU nuchyHkuuu. Takum
o6pa3oM, VWF MOXHO MCITIOJIb30BaTh B 3KCIIEPUMEHTE B Ka4eCTBE TeCTa IJisi ObICTPOTO
onpeneyieHUs1 GyHKIIMOHAbHBIX HAPYLLICHU I SHAOTEIMSI.

Pa6ora BoimmosiHeHa Ha kuBoTHBIX 13 LIKIT buokomnexkuusa M®D PAH.
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The Von Willebrand Factor Activity in Rats after Short-Term Cerebral Ischemia

V. N. Shuvaeva® * and O. P. Gorshkova“

4 Pavlov Institute of Physiology of the Russian Academy of Sciences, St. Petersburg, Russia
*e-mail: shuvaevavn @infran.ru

The von Willebrand factor (vVWF) is a recognized marker of endothelial dysfunction as-
sociated with an imbalance in endothelial production of substances with procoagulant
activity. VWF activity and hematocrit index in Wistar rats after 12 min occlusion of both
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carotid arteries with simultaneous controlled hypotension to 45 + 3 mm Hg, was investi-
gated. Post-ischemic changes were evaluated in 5 groups of rats: 1 hour and 3, 7, 14 and
21 days after ischemia. An increase in the activity of vVWF was manifested as early as
1 hour after ischemia. By the 3rd day of the post-ischemic time, the concentration of
vWEF in the blood plasma decreased as a result of hemodilution, as evidenced by hemato-
crit decrease. After 7 days there was a sharp increase in the activity of the marker. In the
future, the activity of vVWF decreased and by 21 days after ischemia, the values of the
VvWEF activity reached values in control rats. It was established that cerebral ischemia led
to the development of vascular endothelial dysfunction associated with an imbalance of
endothelial production of substances with procoagulant activity, which persists for
14 days after ischemia.

Keywords: cerebral ischemia, von Willebrand factor, endothelial dysfunction
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