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OcCHOBHOIA 3afjaueli theHoMeHa ayToperynsiuMm MO3roBOro KpoBoOGpalleHUs SiBNSeTCA NOAAEp>KaHWe nocTo-
SHHOW CKOPOCTMW MO3rOBOr0 KpOBOTOKA MPU M3MEHEHUAX CUCTEMHOr0 apTepuanbHOro AaBneHus B AuanasoHe 0T
50 mmpT. CT. 0 150 Mm pT. CT. 419 N3y4eHNs1 [AHHOTO ABNEHNS CyLLeCTBYeT [Ba NoAX04a: AUHAMWNYECKUI N CTa-
TWueckuii. MI3BeCTHO, YTO AMHAMUYECKMNIA NOAXOA U3YUeHUs ayTOPEerynsauuun Mo>KeT Npy NOMOLLM pacyeTHbIX Mo-
KasaTeneli KOCBEHHO 0XapaKTepu30BaTb [JaHHbI (heHOMEH, a OnucaHHble CTaTNYeCKue MeTO/bl TONbKO HUXKHUIA
npegen ayToperynauuMu Mo3roBoro KpoBoToka. Lienbio nccnefosaHua sasunach paspaboTka MeTona onpeseneHus
3HaueHUs faBeHNst B TOUYKE «CpblBa» BEPXHEr0 NpeAena ay Toperynaunu LuepebpanbHoii remoguHaMuku. MaTepuanbl
MMeTOAbl. KCNepUMeHT 6blN BbINONHEH Ha Kpbicax caMmuax 200-250 ramHun Wistar, cogep>kaliuxcsa B CTaH4apTHbIX
ycnosusix BuBapuss. CyTb MeTO/a yCTaHOBNEHUS BepPXHel TOUKM «CpblBa» ayTOPErynsToOpHbIX MEXaHN3MOB MO3r0-
BOr0 KpPOBOOGPALLEHNS 3aK04aeTCA B HarHe TaHuy Npy MOMOLLM NePUCTanb TUYECKOr0 Hacoca KpoBu U3 6eapeHHO
apTepuu B 06e COHHble, KOHTPONNPYSA NpY 3TOM AaBneHne 1 CKOPOCTb MO3roBOro KpoBoToKa. B o n3be>kaHue noTe-
pu KpOBMW B pesynbTaTe rnepepacnpesencHns KpoBOTOKa NepeBasbiBanyi Hapy>KHble COHHble apTepuun. [JaBneHune us-
Mepsan NPAMbIM MeTOAOM. Tak Kak [aB/eHne Co34aeTCs CONnpoTMBAEHNEM COCYI0B M0/IOBHOTO MO3ra, TO ero MOXHO
M3MepUTb B MeCTe BXOAa CrneuuansHo CMOAEMPOBAHHbIX KATEeTEepOoB B COHHbIe apTepun. CKOpPoCTb MO3roBOro Kpo-
BOTOKa M3MEPSAAN yNbTPa3ByKOBbIM gonnneporpadom, ncnonbsys nporpammy MM-A-K-MinimaxDoppler v.2.1. [ ns
YCTaHOBNEHNS BO3SMO>KHOCTMU WUCMOMb30BaHWA LAHHOTO METOAA B U3yYeHMe BAMSAHWA BELLECTB Ha ayToperynsuuio
MO3r0oBOr0 KpoBOOOGpaLLeHNst Obi N3yYEeHO BAWSIHUE HULLEPrONMHA Ha faHHblii heHoMeH. MpenapaT BBOAWIM B BUAE
CYCMEeH3UN MHTaparacTpanbHO Kpbicam 3a 1 4ac 40 CHATUA NoKasaHuii. Pe3ynbTaThbl U 06CY>KAEHNE 3KCNepUMeH-
Ta nokasain, YTOY UHTAKTHbIX KPbIC TOUYKA «CpbIBa» BEPXHEr0 Npejena ayToperynauum 6oina 3athmkerpoBaHa Ha
165,01 3,4mmpT. CT. T). CMwa™imcmnyeckas 06pabo”™Hka NoMyYeHHbIX JaHHLTX CBUAE ENbC MBYE™ M o HOP.Ma/lbHO-
CTU pacnpejeneHuns nofy4yeHHOR BbIGOPKM 1 BaIMAHOCT M pa3paboTaHHOro MeToaa. BeeaeHve HULeproamHa npuseno
KYBE/IMYEHNIO AABNEHNS NPU KOTOPOM HabnAancs «CpbiB» MeXaHU3MOB ayToperynauyum go 181,7 £4,7 mm pT. CT.,
4TO 6bII0 JOCTOBEPHO BbILLE 3HAYEHUA UHTAKTHONW rpynnbl. 3aknoyeHne. B pesynbTaTe 3KCNEPUMEHTA Ha Kpbl-
cax camuax 6bina paspaboTaHa BanmgHas MeTOAMKA ONpPeAeneHNs 3HaYEeHNS KPOBSIHOTO AaBNeHUs B BEPXHEH Touke
«CPbIBa» ayTOperynauum LepebpanbHoi reMoLMHAMUKN M YCTaHOBEHO, YTO HULEPTrOVH CABUraeT rpaHuLy (yHK-
LIMOHMPOBaHUA (heHOMeHa ay Toperynsaumn k 601ee BbICOKUM 3HAUYEHUAM.

KnioueBble cnoBa: ayTOperynsuun LiepebpansHoii reMoAvHaMuUKKM, BepXHWiA Npeden, AMHaMu4eckas ayToperyns-
umud, cTaTuyeckas ayToperynauns, Touka «CpbliBa», HULEPTONNH
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Medical University, 11, Kalinin ave., Pyatigorsk, Russia, 357532
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The main objective ofthe phenomenon ofcerebral autoregulation is to maintain a constant cerebral bloodflow
rate with changes in systemic arterial pressure in the range 0f50 mmH up to 150 Mmhg. To study this phenomenon,
there are two approaches: dynamic and static. The dynamic approach is known to the study autoregulation, can indi-
rectly characterize thisphenomenon with the help ofcalculated indicators, and the described static methods can char-
acterize only the lower limit o fautoregulation ofcerebral bloodflow. The aim ofthe study was to develop a method
for determining the value ofpressure at the “breakdown”point ofthe upper limit o fcerebral hemodynamics autoreg-
ulation. Materials and methods. The experimentwas carried out on male rats ofthe Wistar line weighing 200-250 g,
kept in standard vivarium conditions. The essence ofthe method o festablishing the upper “breakdownpoint ofthe
autoregulatory mechanisms ofcerebral circulation is pumping bloodfrom thefemoral artery to both carotid arteries
by means ofa peristaltic pump, while controlling the pressure and cerebral bloodflow velocity. In order to avoid
blood loss as a result ofbloodflow redistribution, external carotid arteries were ligated. The pressure was measured
by the direct method. Since the pressure is created by the resistance ofthe cerebral vessels, it can be measured at the
entrance by specially modeled carotid catheters. Cerebral bloodflow velocity was measured by an ultrasound doppler
scanner using MDK-Minimax Doppler v .2.1 program. To establish the possibility o fusing this method in the study of
the influence o fsubstances on the autoregulation ofcerebral circulation, the effect o fnicergoline on thisphenomenon
was studied. The drug was administered as a suspension intragastrally to rats 1 hour before metering. The results and
discussion ofthe experimentshowed that in intact rats the “breakdown”point ofthe upper limit o fautoregulation was
recorded at 165.0 £ 3.4 Mmhg (M £ m). Statistical processing ofthe obtained data indicates the normal distribution
ofthe sample and the validity o fthe developed method. The introduction ofnicergoline led to the increase in pressure
at which there was a “breakdown’ ofthe autoregulation mechanisms to 181.7 + 4.7 Mmhg, which was significantly
higher than the values ofthe intactgroup. Conclusion. As a result o fthe experiment on male rats, a valid method was
developedfor determining the blood pressure value at the highestpoint of “breakdown’ of cerebral hemodynamics
autoregulation and it was established that nicergoline shifts thefunctioning limit ofthe autoregulation phenomenon
to higher values.

Keywords: cerebral hemodynamic autoregulation, upper limit, dynamic autoregulation, static autoregulation,
«breakdown» point, nicergoline

BBEOEHWE. Oco6eHHOCTbIO KpPOBOCHaGXeHUA
roN0BHOr0 Mo3ra ABNseTcs (heHOMeH ayToperynsuuu,
KOTOpbLIA WrpaeT KAKOYEBOE 3HAYEHWEe B MOAJepXKaHue
MOCTOAHHOIO Mepy3nNOHHOr0 AaBNneHns B COCyax MO3-
ra npy U3MeHsIOLLEeMCs CUCTEMHOM apTepuanbHOM AaB-
NeHun B gmanasoHe ot 50 MM pT. cT. o 150 MM pT. CT.
[1-4]. Ona n3yyeHns faHHOro (heHOMeHa U BAUSAHWME Ha
HEro pasfinyHbIX /IEKAPCTBEHHbLIX CPEACTB CYLLECTBYeT
[Ba MeTofa: AMHaMUYeCKUiA n ctaTuueckuii [5, 6]. Au-
HaMW4ecKuii MeTof Bnepsble 6bin onucaH Rune Aaslid
et al. B 1989 rogy [7]. B ganbHeiiwwee Bpems 3TOT METOA
nonyynun NpusHaHMe y4eHbIX BCEro Mupa u npuMeHseT-
ca noscemecTHo [8-10]. CyTb MeToda 3aknio4aeTcs B
N3MepeHUN He rpaHiL, ayToperynaumm, a pacyeTHbIX no-
KasaTtenen, xapakTepusyowmx aToT geHomeH [11]. Mpu-
Mepamy MOryT CNY>XUTb KOMMPECCUOHHBIA TecT, UHra-
NALUN ra3aMu, TECT C 3a[ePXKOM AblXaHUA, MaHXeTHbIN
TecT U T.4. [12-14]. B pe3ynbTaTte NpoBeAeHUN AaHHbIE
MaHUNyNALMn MO3BONAIOT MaTemMaTUYecKn paccuuTaTb
KO3 (hULIMEHTbI XapaKTepu3ytoLne COCTOAHNE CUCTEMDI
ayToperynaumm uepebpanbHoil remoguHamuku. CtaTu-
Yyeckuii MeTof Obln OTKPbLIT ropasfo paHblue AvHaMK-
YecKoro, ero CyTb 3aK/t04aeTCA B M3YUYeHUU He napa-

MEeTPOB, XapaKTepu3ylLnX CUCTEMY CaMOoperynaumm,
a rpaHuu, B npegenax KOTOpbIX 3Ta CMCTEMa CMOco6Ha
(hYHKLMOHUPOBaTb, YAOBAETBOPAS NOTPEOGHOCTU rON0B-
HOTFO MO3ra B KWC/OpOAe W NUTaTeNlbHbIX BeLLecTBax
[15]. Ana onpefeneHWs HWXKHero npefena ayToperysns-
LMW MNCNOMb3YIOTCA MHOXECTBO METOAWK OCHOBAHHbIX
Ha CHMXEHUW apTepuanbHOro AaBieHus nyTeM nopuu-
OHHOro 3abopa KpoBWM M3 CUCTEMbl KPOBOOOpaLLeHUs U
M3MepeHns CKOPOCTU MO3rOBOr0 KPOBOTOKA pas3finyHbI-
MW METOAMKaMU: UHTaNALMN 3aKUCK a30Ta, BOLOPOAHbIN
KMWPEHC, BHYTPUBEHHOE BBeLeHWE pPafMOHYKIenioB
(Xe133), ynbTpo3ByKOBas fonnjaeporpagus, nasepHas
ponneporpacgua n 1.4. [16, 17]. OgHaKo COBpeMeHHbIX
MeTOJ0B OMnpefefieHnst BepXHero npegena ayToperyns-
LMK B M3BECTHOM HaM nUTepaType 06HAPYXXEHO He ObI0.

LLENb NCCNELOBAHWSA - pa3paboTka meTofa
onpefenieHNs BepxHero npegena aytoperynsuum uepe-
6panbHOl reMoAgvHaMMKU.

MATEPUAbI U METO /b

XnsoTHble. Pa3paboTka Mmetofa 6blna npoBefe-
Ha Ha Kpblcax camuax nuHum Wistar maccoin 200-250
I, COAEpPXalLMxXcs B CTaHAAPTHbLIX YCNOBUAX BUBapUA.
YCnoBus COAepXaHUA >KMBOTHbIX COOTBETCTBOBA/M
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Tpe6oBaHMAM NOCTaHOB/EHWUS [1aBHOIO rocyfapCTBeH-
HOro caHmTapHoOro Bpava P® ot 29.08.2014 Ne51 «O6
yTBepxaeHun CI 2.2.1.3218-14 «CaHUTapHO-3aNuaemMm-
onoruyeckune TpeboBaHUA K yCTPOMCTBY, 060pYA0BaHUIO
M COfEPXaHWIO  3KCMEepPUMEHTaNbHO-6MON0rNYECKNX
KNNHWUK (BUBApUEB)».

MaHunynaums ¢ aKCnepuMeHTaNbHbIMU YXUBOTHbI-
MW BbINOMHANUCL B COOTBETCTBMU C OOLLENPUHATLIMM
3TUYECKMMWN HOpPMaMW, NPUHATbIMU EBponelickoii KoH-
BEHUMEN MO 3alinTe NMO3BOHOYHbIX XMUBOTHbIX, UCMO/Ib-
3yeMbIX A1 3KCMePUMEHTaNbHbIX M UHBIX HAYUHbIX Lie-
nei (1986) un c yyetom MexayHapofHbIX peKoMeHAaLni
EBponeincKoil KOHBEHLUN MO 3auTe MNO3BOHOYHbIX XU-
BOTHbIX, MCNOMb3YEMbIX MPU 3IKCMEPUMEHTaNbHBLIX UC-
cnegoBaHusx (1997). Bce maHMNynsiuum cOOTBETCTBOBA-
NN HauuoHanbHOMY cTaHgapTy Poccuiickoin ®epepaumm
FOCT P-53434-2009 «[MpuHumMnbl Hagnexatlen nabopa-
TOPHOW NPaKTUKN».

MeTog. [N ycTaHOBMEHWUSA TOYHOrO 3HAYEHUA AaB-
NeHuns, KoTopoe OyAeT COOTBETCTBOBATb BEPXHEN TOUKe
«CpblBa» ayToperynaumm uepebpanbHOW reMogMHamu-
KN OCYLLeCTBAANCA P ONepauuoHHbIX BMELLATEe/bCTB.
Kpbicam nog xnopanrmgpatHbiM Hapko3om (400 mr/kr)
NPOBOAWUAN TpenaHauuio Yepena B MPOEKLMU CpefHel
MO3roBO/ apTepuy LN KOHTPOAA CKOPOCTW MO3rOBO-
ro KpoBOTOKa W KaTeTepusuposanu (katetep Flexicat
APEXMED G24) npaByto 6eipeHHYI0 apTeputo. 3aTem
NPOBOAUAN NepeBA3KY 06enX HapY>KHbIX COHHbIX apTe-
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puiA, uTo6LI N36EXaTL MOTEPM KPOBK BO BPEMS repepac-
npegeneHus KpoBoToka. Mpu 3Tom 06e 06LiMe COHHble
apTepun KaTeTepusMpoBanu CneyuanbHO CMOAENUpo-
BaHHbIMU Tpy6KaMW MO HanmpaBieHUo K ronoee. [anee
Mpy NOMOLLM CU/IMKOHOBOW TPYGKM, KPpaHOB A1t UHAY3U-
OHHoI Tepanuun n moHmTopuHra (DiscofixR B|BRAUN)
M CreunasbHO CMOAENMPOBaHHbIX MY(T COeAUHSIN
KaTeTep (CToAWMA B GeapeHHOW BeHE) U Tpy6KM (CTOA-
LMe B COHHbIX apTepusix). Camy CUNMKOHOBYO TPy6Ky
nponyckanu yepes nepucTanbTUYecKUiA Hacoc Ismatec
IP Peristaltic Pump. Bcsa cuctema Tpy60K 3anonHsnach
pacteopom renapuHa (5000 ME/mMn) B COOTHOLLIEHMM
1/10 Ha m3monornyeckom pactsope. Takum 06pasom,
BOCMPOW3BEAEHHas CUCTeMa NO3BOJISET U3MEHATL [aB-
NleHUe KPOBOTOKA B COHHbIX apTepusx, peryampys Konu-
4ecTBO 060pOTOB BapabaHa Hacoca. A TaK Kak AaB/eHue
B CUCTEMe 3aBUCWT OT COMPOTWB/IEHUS COCYAOB rO/0B-
HOrO MO3ra, TO U3MEPUTb ero MOXHO Ha MecTe CoeAuHe-
HWS1 CUIMKOHOBOW TPY6KU 1 TPYBOK, CTOALLMUX B COHHbIX
apTepusix, Kyaa M nogknoyanca MaHomeTp. KoHTponb
CKOPOCTM MO3r0OBOr0 KPOBOOOPALLEHNS OCYLLEeCTBASM
npy MOMOLLM YNbTPa3ByKOBOro gomnnneporpada, MM-
[-K-MinimaxDoppler v.2.1. (CaHnkT-IMeTepbypr, Poc-
cust). MonyyeHHas cucTemMa MO3BONSET UCCMEeOBATENHO
perynupoBatb [aBfeHWE B COHHbIX apTepusiX, KOTOpoe
He 3aBMCUT OT CUCTEMHOrO apTepuranbHOro AaBfieHus, 1
HabngaTb NpyM 3TOM WM3MEHEHWsI CKOPOCTU MO3rOBOro
KpPOBOTOKa (pumc.1).

PucyHok 1 - CxemaycTaHOBKM AN1si ONpefeeHns BEPXHEro npefena ay Toperynsyumy Kpbic
(thoTO aBTOpA)

[ns onpepeneHns BO3MOXHOCTU UCMOJb30BaHMUSA
[aHHOro MeToja B W3yYeHWe BAWUAHUA 6Guonoruye-
CKM aKTMBHbIX BeLlecTB Ha CUCTeMY ayToperynaumm
LuepebpanbHOl remoguHaMuMKn 6bif0 BbIMOSHEHO UC-
CnefoBaHNe BAVSHWUSA HULEProfiMHa Ha 3TOT (PEeHOMEH.
HuLepronnH BBOAMAM XWMBOTHbIM B BUAe CYCMeH3UM
MHTparacTpa/lbHO 3a 1 4yac [0 3KCMepuMmeHTa B [03e
10 mr/kr. Bbi6op npenapata 6b11 060CHOBaH €ro BAus-
HYeM Ha camoperynsLuio MO3roBoro KpoBoobpalleHuns
COrNacHoO NUTepaTypHbIM AaHHbIM [18].
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CTaTuncTunyeckas obpaboTka faHHbiX. CTaTu-
CTUYECKYI0 06paboTKy AaHHbIX NPOBOAUAN NPU NOMOLLM
nporpammsl StatPlus20009.

PE3Y/IbTATbl N OBCYXAEHWE. B pe3ynb-
TaTe OnpefeneHns TOYKW «CpblBa» BEPXHEro npegena
ayToperynauuy no paspaboTaHHO HaMW MeTOAMKE Mbl
CTO/IKHYNIUCb C OAHOIN Npo6nemMoil, faxe umes LuMgpo-
Bbl€ 3HaYeHMs 3aBNCMMOCTM CKOPOCTU MO3r0BOr0 KPOBO-
TOKa OT AjaBNieHnsl, onpefeinTb TOUKY BepXHero npegena
ayToperynaumm He Bo3MOXHO (Tab. 1).
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Ta6n|/|u,a 1- 3aBuMcuMMOCTb CKOpPOCTWN MO3rosoro KpoeoToka OT faB/lieHuA,
nepBunYHbLIE AaHHbIE NO MHTaKTHOIA KpbiCe

[asneHune, Mm pT. CT. CMK, ye.
80 2321
90 2331
100 2341
110 2430
120 2433
130 2582
140 2641
150 2930
160 2865
170 3429
180 3561
190 3631

MpumeyaHne: CMK - CKOpOCTb MO3rOBOro KPOBOTOKA

KakBugHo n3Tab. 1oAHO3HAYHO CKasath, B KaKoii MOMeHT

MPOU30LLIEN «CPbIB» ayTOPEryNATOPHBIX MEXaHU3MOB Heflb3s,
MO3TOMY Hamu 6bIfI0 PeLLEHO NepeinTm K rpagmueckoin obpa-

5500
5000
4500
£ 4000

3500
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3000
*
2500 >>

2000

50 100 150

[asneHune, Mm pT. CT. CMK, ye.
200 3795
210 3793
220 4074
230 4146
240 4262
250 4262
260 4329
270 4462
280 4462
290 4727
300 4914

6oTKe (pUC. 2), HO M 3TOT BapUaHT MO3BO/ISET SILLbL ONpefe-
JTb ANana3oH 3HaYeHMA JaBNeHUs, B KOTOPOM Hab/HoAaeTCs
pe3sKoe YBe/MUeHe CKOPOCTY MO3rOBOMO KPOBOTOKA.
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S ol P <
e
<><M >
200 250 300 350

[aBneHune, MM pT. CT.

MpumeyaHne: CMK - CKOpPOCTb MO3rOBOr0 KPOBOTOKA

PUcyHoK 2 - Mpadivk 3aBUCMMOCTM CKOPOCTM MO3rOBOro KpOBOO6palLLeHUs
OT [aBNeHNsy UHTaKTHOIO0 YXMBOTHOTO

Ha puc. 2 BMAHO, YTO TOYKA «CPbIBa» BEPXHEr0
npegesia ayToperynsaymm HaxoguTcs B AnanasoHe Aas-
neHusa ot 150 mMm pt. cT. o 170 MM pT. CT., YTO Bbl-
paxanocb B PE3KOM YBE/IMYEHMNE CKOPOCTM MO3rOBOro
KpPOBOTOKa. NS TOro, 4tobbl TOYHO ONpefenuTb 3Ha-
YeHue [aB/IeHUs Mpu KOTOPOM MexaHW3Mbl ayTOpery-
NAUUN He CMOT/I KOMMEHCMPOBATb YBENMUMBaloLLee-

csl AaBfieHWe, HaMU Obln NPeAnoXeH MaTeMaTUYeCKuit
noaxod. Ecnv npumeHUTb MeTO YMCNEHHOTO Audde-
PEHLMPOBaHUS (BYHKLMU W MO MOAYYEHHbIM JaHHbIM
nocTponTb AnddepeHUManbHblii rpaguK, TO MOXHO
TOYHO OMNpeAenuTb 3HAa4YeHWEe [AaB/EHUS B CUCTEME,
npu KOTOpOM (DEHOMEH ayTOperynauum yxxe He cpaba-
TbiBaeT (puc. 3).
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MpumMeyaHue: J1n - pasHOCTb Me>K iy nocnefosaTenbHbIMU n3mepeHuamm CMK;
AP - pa3HOCTb Me>XKy NocnefosaTeNbHbIMU TOUYKaMMN aBNeHns

PucyHok 3 - AncepeHunansHblit rpadnk, NOCTPOEHHbIA N0 MEPBUYHLIM AAHHbIM,
NONYYEHHbIM OT WHTAKTHOI KPbIChbl

Ha puc. 3 BUAHO, YTO MaKCUMaNbHbIV MUK auddepeH-  TakuM 06pasoM, U TOUKa «CpbiBa» BEPXHEro npeaena ayTope-
LManbHOIi KpKBOIA COOTBETCTBYET AaBNieHMIo 170 MM pT. CT.,  Fy/siLumn Gy eT COOTBETCTBOBATL TOMY 3HAUEHMIO JaBIEHUS,

Ta6nuua 2 - 3HaYeHUs1 HEKOTOPbIX NapaMeTPOB ONUCATENbHON CTaTUCT KN

YpoBeHb 3HaYUMOCTU (aba) 0,5%
Pasmep BbIGOPKM 10
CpegHee 165,0
Jucnepcus 116,666
CTaHgapTHOe OTK/IOHEHWE 10,801
CtaHpgapTHas owunbka (cpefHero) 3,415
KoadumeHT Bapraumm 0,065
MuHUMym 150,0
Makcrmym 180,0
Pa3max 30,0
MegunaHa 165,0
Owmnbka MeamaHbl 1,353
AB6CONOTHOE OTKIOHEHME OT MegnaHbl (MAD) 15,0
KoathdmuymeHT gucnepcmm (COD) 0,054

B pesynbTate cTaTUCTMYeCcKol 06paboTKu gaHHbiXx  (M#T), 1650 + 10,8 (M % ¢). [pyrue nokasarenu onu-
(n=10) 6b1N10 YCTAHOBNEHO, YTOY MHTAKTHbLIX KPbIC laBfe-  CaTeNbHON CTaTUCTUKM 06paboTaHHbIX [aHHbIX CBU-
HUWe, NPY KOTOPOM Hab04aeTCs «CPbIB» ayTOPerynaumm  LeTenbCTBYHT O BaJIMAHOCTY JaHHOro Metoga (Tab. 2)
LlepebpanbHO reMogUHaMUKM paBHO 165,0+ 3,4MMPT.CT. 1 HOPMa/IbHOCTU pacnpefenieHns JaHHbIX (Tab. 3).

Ta6nuua 3 - CTaTUCTUYECKME JaHHbIE 0 MPOBEPKM HA HOPManbHOCTb pacnpeseneHus

Pasmep BbI6GOPKYM 10 CpefHee 165,0
CrtaHfapTHOe OTK/IOHEeHMe 10,8 MegunaHa 0,0
YpoBeHb
3HayeHune CTaTUCTUKN 3HaYMMOCTH Boisog: (5%)

KpuTepuii Konmoroposa-

CmupHoBa/finnaugopca 0.0 10 HopmasnbHOCTb NpuHATA

Kputepuii Konmoroposa- Hunkakux noaTBepXAeHNI
0,0 0,150

CmupHoBa/CTtudeHca NpPOTVB HOPMa/IbHOCTK

Kputepuii Lanupo-Yunka 0,906 0,258 HopmanbHOCTb NpUHATA
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Y KMBOTHbIX, KOTOpble 3a 1 4yac A0 3KCMepuMeH-
Ta Nofyvyaln HUUEPrOMH, TOYKa «CpblBa» BEPXHe-
ro npegena ayTtoperynsuuu 6bina 3agukKcupoBaHa Ha
181,7 £ 4,7 mm pT. cT. (M £ T, n = 6), 4yto 6bINO fO-
CTOBEPHO Bbllle 3HAYEHWI Yy MHTAKTHbIX Kpbic (P<0,05,
KpuTepuii CTblOfeHTa).

BAK/TIOYEHWME. Takum o6pa3om, Hamu 6bina
paspaboTaHa BanugHas MeTOAMKa ANs onpefeneHus
TOUYKM «CPbIBa» BEPXHEro npejena ayToperynsiyun Le-

INTRODUCTION. A peculiarity of cerebral blood
supply is the phenomenon of autoregulation, which plays a
key role in maintaining a constant perfusion pressure in the
vessels of the brain with varying systemic arterial blood
pressure in the range of 50 Mmhg up to 150 Mmhg [1-4].
To study this phenomenon and the effect of various drugs
on it, there are two methods: dynamic and static [5, 6]. The
dynamic method was first described by Rune Aaslid et al.
in 1989 [7]. Later this method was recognized by scien-
tists all over the world and has been applied everywhere
[8-10]. The essence of the method consists in measuring
not the limits of autoregulation, but the calculated indices
characterizing this phenomenon [11].

There can be the following examples: compres-
sion test, gas inhalation, breath hold test, cuff test, etc.
[12-14]. As a result of these manipulations, mathemati-
cal calculation of the coefficients characterizing the state
of the system of cerebral hemodynamics autoregulation
is possible. The static method was discovered much ear-
lier than the dynamic one. The essence of this method is
to study not the parameters characterizing the self-reg-
ulation system, but the limits within which this system
is able to function, satisfying the brain’s oxygen and
nutrient demands [15]. To determine the lower limit of
autoregulation, a variety oftechniques are used. They are
based on lowering blood pressure by dose blood sampling
from the circulatory system and measuring the cerebral
blood flow velocity by various methods: nitrous oxide
inhalation, hydrogen clearance, intravenous injection of
radio-nuclides (Xel33), ultrasonic dopplerography, laser
dopplerography, etc. [16, 17]. However, modern methods
for determining the upper limit of autoregulation have
not been found in the literature so far.

THE AIM of the study was to develop a method for
determining the upper limit of cerebral hemodynamics
autoregulation.

MATERIALS AND METHODS. Animals. The
development of the method was carried out on male
Wistar rats weighing 200-250 g, kept in standard vivar-
ium conditions. The animal welfare was in compliance
with the Resolution of the Chief State Sanitary Doctor
of the Russian Federation of August 29, 2014 No. 51
“On Approval of JV 2.2.1.3218-14 “Sanitary and Epi-
demiological Requirements for the Device, Equipment

DOI:10.19163/2307-9266-2018-6-5-488-498

pebpanbHOW reMOAVHAMWNKN Y MHTAKTHbIX KpbiC. [aH-
HbIiAi METOL MOXET 6biTb MCMOMb30BaH AN U3YUYeHUs
B/INSIHUSA NIEKAPCTBEHHbIX CPEACTB Ha 3TOT MOKa3aTenb.
TakXe YCTaHOB/IEHO, YTO MPVMMEHEHMWE HULEProfnHa
CNoco6CTBYET YBENNYEHWNIO 3HAYEHUSA AaBNEHMS, Mpw
KOTOPOM Hab/ofaeTcsl «CPbIB» ayTOPerynsyuu Lepe-
OpaibHOl reMofMHAMWKKM, T.e. YBENUUYMBAET LUMPOTY
[mnana3oHa AaBfieHus (40 MaKCMMasbHO BbICOKOr0), CO-
XpaHAs HeHOMEH.

and Maintenance of Experimental Biological Clinics
(Vivariums)”.

Manipulations with experimental animals were car-
ried out in accordance with the generally accepted ethical
standards adopted by the European Convention for Pro-
tection of Vertebrate Animals used for experimental and
other scientific purposes (1986), taking into account the
International Recommendations of the European Con-
vention for the protection of Vertebrate Animals used
in experimental studies (1997). All manipulations met
the national standard of the Russian Federation GOST
R-53434-2009 “Principles of good laboratory practice”.

Method. To establish the exact value of the pressure,
which will correspond to the upper point of “breakdown”
of cerebral hemodynamic autoregulation, a number of sur-
gical interventions were carried out. The rats under chloral
hydrate anesthesia (400 mg/ kg) were trepanned in the pro-
jection of the middle cerebral artery to control the cerebral
blood flow velocity, and then their right femoral artery was
catheterized (Flexicat APEXMED G24 catheter). Thenboth
external carotid arteries were ligated to avoid blood loss
during the blood flow redistribution. Hereby, both common
carotid arteries were catheterized by specially modeled
tubes towards the head. Then, the catheter in the femoral
vein and the tubes in the carotid arteries were connected
by a silicone tube, taps for infusion therapy and monitoring
(Discofix- BIBRAUN) and specially modeled couplings.
The silicone tube itself was passed through the Ismatec IP
Peristaltic Pump peristaltic pump. The whole system ofthe
tubes was filled with the solution of heparin (5000 1U/ml)
at the ratio of 1/10 in physiological salt solution. Thus, the
reproduced system makes it possible to change the pressure
of blood flow in the carotid arteries, adjusting the number
of revolutions ofthe pump drum. And since the pressure in
the system depends on the resistance of the vessels of the
brain, it can be measured at the junction ofthe silicone tube
and the tubes in the carotid arteries, where the manometer
was interconnected. The velocity control of cerebral circu-
lation was carried out by ultrasonic dopplerography, MM-
D-K-v MmimaxDoppler.2.1. (St. Petersburg, Russia). The
resulting system makes it possible to regulate the pressure
in the carotid arteries which does not depend on the system
blood pressure, and observe the changes in the velocity of
cerebral blood flow (Fig. 1).
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Figure 1 - Installation diagramfor determining the upper limit o fautoregulation in rats
(authorphoto)

To determine the possibility of using this method in
studying the influence of biologically active substances
on the system of cerebral hemodynamics autoregulation,
a study of the effect of nicergoline on this phenomenon
was performed. Nicergolin was administered to the ani-
mals as suspension intragastrally 1 hour before the ex-
periment at the dose of 10 mg/kg. The choice of the drug
was justified by its effect on the cerebral hemodynamics
autoregulation according to the literature data [18].

Statistical data processing. Statistical data process-
ing was performed using StatPlus2009 program.

RESULTS AND DISCUSSION. As a result of de-
termining the “breakdown” point of the upper limit of
autoregulation by our methods, we faced the following
problem: even with digital values of the dependence of
the cerebral blood flow velocity on pressure, it is not pos-
sible to determine the point of the upper limit of autoreg-
ulation (Table 1).

Table 1 - Dependence ofcerebral bloodflow velocity on pressure, primary data on intact rats

Pressure, mmhg CBFV, r.v. u.
80 2321
90 2331
100 2341
110 2430
120 2433
130 2582
140 2641
150 2930
160 2865
170 3429
180 3561
190 3631

Pressure, mmhg CBFV, r.v.u.
200 3795
210 3793
220 4074
230 4146
240 4262
250 4262
260 4329
270 4462
280 4462
290 4727
300 4914

Notes: CBF V- cerebral bloodflow velocity; rv.u. - relative value units

It is evident from Table 1, that it is impossible to
say unambiguously, at what point the “breakdown”
of the autoregulatory mechanisms occurred, there-
fore we decided to switch on to graphical process-
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ing (Fig. 2), but this option only makes it possible
to determine the range of pressure values in which
a sharp increase in cerebral blood flow velocity is
observed.
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Figure 2 - Diagram o fdependence ofthe cerebral circulation velocity on thepressure in an intact animal

In Figure 2 it can be seen that the “breakdown” point
ofthe upper limit ofautoregulation s inthe pressure range
from 150 Mmhg. to 170 Mmhg. That was expressed by a
sharp increase in the cerebral blood flow velocity. In or-
derto accurately determine the value of pressure at which
the mechanisms of autoregulation could not compensate

for the increasing pressure, a mathematical approach was
proposed. If we apply the method of numerical differen-
tiation of the function and make up a differential graph
from the data obtained, we can accurately determine the
pressure value in the system at which the autoregulation
phenomenon does not work any longer (Fig. 3).

Pressure, Mmhg

Notes: AU - difference between successive measurements of CBFV; AP - difference between successive pressure points

Figure 3 - Differential graph, based on theprimary data obtainedfrom an intact rat

In Figure 3 it can be seen that the maximum peak
of the differential curve corresponds to the pressure of

170 Mmbhg, so the “breakdown” point of the upper limit
of autoregulation will correspond to this pressure value.
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Table 2 - Values ofsomeparameters o f descriptive statistics

Level of significance (alpha) 0.5%
Sample size 10
Average 165.0
Dispersion 116.666
Standard deviation 10.801
Standard error (average) 3.415
Coefficient of variation 0.065
Minimum 150.0
Maximum 180.0
Swipe 30.0
Median 165.0
Median error 1.353
Median Absolute Deviation from (MAD) 15.0
Coefficient of Dispersion (COD) 0.054

As a result of statistical data processing (n = 10),
it was found out that in intact rats the pressure at
which “breakdown” of cerebral hemodynamics auto-
regulation is observed, is equal to 165.0 + 3.4 mmhg

(M £ m), 165,0 + 10,8 (M % g). Other indicators of de-
scriptive statistical processed data show the validity of
this method (Table 2) and normality of the data distribu-
tion (Table 3).

Table 3 - Statistical data on testingfor normality o fdistribution

Sample size 10
Standard deviation 10.8
Statistics value
Kolmogorov-Smirnov/ Lilliefors test 0.0
Kolmogorov-Smirnov/ /Stephens test 0.0
Shapiro-Wilk test 0.906

In animals receiving nicergoline 1 hour before the
experiment, the “breakdown” point of the upper limit of
autoregulation was fixed at 181.7 + 4.7 Mmhg (M £ m,
n = 6), which was significantly higher than the values of
intact rats (P<0.05, Student’s t-test).

CONCLUSION. Thus, we have developed a valid
method for determining the “breakdown” point of the

Average 165.0
Median 0.0
Level of significance Conclusion: 5%
1.0 Normality accepted
0.150 No evidence against normality
0.258 Normality accepted

upper limit of cerebral hemodynamics autoregulation in
intact rats, which can be used to study the effect of drugs
on this indicator. It has also been established that the use
of nicergoline increases the pressure value at which there
is “breakdown” of cerebral hemodynamics autoregula-
tion, i.e. nicergoline increases the breadth of the pressure
range (to the highest), at which the phenomenon persists.
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