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Ienv uccnedosanus. I3yantb MexaHH3MbI H3BMEHEHHI TOKAJIbHOTO MOSrOBOrO KPOBOTOKA IIPH PA3BUTHI KPOBOIIOTEPH H [OCJIE
ee Bocnosnenus. Mamepuanvt u Memoost. IKCIEPUMEHTbI POBEIEHDI HA 24 GECIOPOAHBIX KPbIcax-caMuax Maccoii 400—3550
[0/T HAPKO30M HeMOYTaoM win XaopanruaparoM. C 1esbio uaMepeHust aprepuaibHoro aasiaeHust (A/l), 3a6opa u peundysun
KPOBH KaTeTepU3NpOBaIach XBOCTOBast aprepusi. KpOBOTOK B MUAJBHBIX COCYJaxX PETHCTPHPOBAIH B JIE€BOIi TEMEHHOH 001acTH
METO/IOM JIa3ePHOI JoNILIePOBCKoii (piioymerpuu. Mozesbio CIysKiiIa 0JHOYacOBasi TMNOBOJEMHYECKas THIIOTEH3HSI € ToCIe-
nytonieil ayroremorpancdysueif. OGbeM KPOBONOTEPH ONpeIesics: ycaoBieM noaaep:kanus Al okono 50 MM pr. cr. K 60-i
MHH runorensun. Onpenesuich cjeayionue napaMeTpsl JOKaJIbHOTO MO3TOBOTO KPOBOTOKA: NOKA3aTe b MHKPOLHPKYJISIIHN
(IIM), otHOocuTenbHbIe Tepdy3uoHHbIe eAuHUIbI (1. €/1.); MeToI0M BelBIeT-aHa/IN3a OlpeAe ISINCh MaKCHMAJIbHbIe aMILII-
TyZbI KOJTeGaHnii KpoBoTOKa ((aakcMouuii) B qUANa3oHax YacToT, IPUHSTHIX COOTHOCHTH C <AKTHBHBIMH»> H <IIACCHBHBIMI>
MeXaHM3MaMU PEryJsii MUKPOUMPKY sy, CraTucTHeckyio 00padoTKy AaHHBIX MPOBOJMIM C HCIIOJIb30BAHHEM NPOrPaM-
MblI Statistica 7.0. Peayasrarsl npezacrasiensi B Buae Me (25%; 75%). Pesyavmamot. YKuBoTHDBIE ObUIN Pa3eJieHbl HA TPYIIIbI
B 3aBUCHMOCTH OT ypoBHs A/l Ha 60-if MuHyTe KpOoBONOTEPH OOJIbIIE (KOMIEHCHPOBAHHbIE) WM MEHbINE (€KOMIIEHCHPOBAH-
mpie) 50 MM pr. cr. [pynmb1 He pasmmyamich o 06bemy kKpoonotepu. K 60-if MUH rMnmoTeH3u B 0G€MX IPyIax OTMEYaiu
YMeHbIIIEHHE MO3TOBOT0 KPOBOTOKA OTHOCUTEIBHO UCXO0/A € TEHEHIMEH K GoJiee BBIPAKEHHOMY CHIDKEHHUIO B IPYIIE IEKOM-
NEeHCHPOBAHHBIX >KUBOTHBIX. Ha npoTsi’keHnn Bcero nepuojia runoTeH3ny B rpyIie KOMIEHCHPOBAHHBIX JKHBOTHBIX OTMEYasIn
noBbInIeHne aMunTy b rakemonuii B auanasone 0,06—0,12 Iy kak OTHOCHTEIFHO HCXO0/1a, TAK U B CPABHEHHH C TPYIIOIL /1e-
KOMIeHCHPOBaHHbIX Kpbic (p<0,05). B rpynmne JeKoMIeHCHPOBAHHBIX KPBIC 9TOT MOKA3aTeb HA MPOTSKEHNH BCEro MepHoa
TUIIOTEH3UH He OTJIMYAJICS OT ero UCXO/HbIX 3HavyeHuil. Ilociie penHdy3un KPOBH B rpyIie KOMIEHCHPOBAHHBIX ;KHBOTHBIX BCE
aHAJIM3UPYeEMble OKA3ATeNH He OTINYAINCH OT UCXOAHDbIX 3Havenuii (p<0,05). Ipynna qekoMneHCHpOBaHHbIX JKHBOTHBIX OTJIU-
Yajiach HeGIArONPUSATHHIM TEYEHHEM BOCCTAHOBUTEIBHOTO IEPHO]IA, YTO MPOSIBISIOCH B MeHbIINX 3HaueHusx AJl, IIM, nanps-
JKE€HHEM KOMIIEHCATOPHBIX MEXaHH3MOB PeryJIsiiii MUKPOLUPKYJISIIMH. 3aKiouenue. YBeInueHne aMIutyapl paakcMonuii B
NHAJIbHBIX COCYAAX NPH Pa3BUTHU THIIOBOTIEMIYECKOI THIIOTEH3UH CONMPSIPKEHO CO CIIOCOOHOCTHIO JKMBOTHBIX K KOMIIEHCAIUH
AJl v SBASIeTCS MHMBUY QJIbHO-TUNIOJIOTHYECKOI 0COOEHHOCTHIO MUKPOIMPKYJIsiii. Ciabasi cHoCOOGHOCT K PA3BUTHIO BBICO-
KOAMIUIMTYIHBIX (hIaKCMOLMIA Y TPYIIBI € KOMIIEHCHPOBAHHBIX KPBIC OrPAaHUYMBAET MPOIECCH BOCCTAHOBJIEHUS MO3TOBOTO
KPOBOTOKa B epuojie peurdysun. Knrouesvie cioéa: Mo3rosoii kpoBotok, JIJIM, BeiiBiaer-ananims, reMopparnyecKuii miox.

Objective: to study the mechanisms of changes in local cerebral blood flows in blood loss and after its replacement. Material
and methods. Experiments were carried out on 24 outbred male rats weighing 400—550 g, anesthetized with nembutal or
chloralhydrate. The caudal artery was catheterized to measure blood pressure (BP), to sample and reinfuse blood. Blood
flow in the pial vessels of the left parietal region was recorded by laser Doppler flowmetry. One-hour hypovolemic hypoten-
sion followed by autoblood reinfusion served as a model. Blood loss volume necessitated maintenance of BP at about 50 mm
Hg by 60 minutes of hypotension. The investigators determined the following indicators of local cerebral circulation: micro-
circulatory index (MI) and relative perfusion units (pf. u); a wavelet method was used to estimate the maximum amplitudes
of blood flow fluctuations (flux motions) in the ranges accepted to be correlated with active and passive mechanisms to reg-
ulate microcirculation. The data were statistically processed by applying the Statistica 7.0 program. The results were pre-
sented as Me (25%; 75%). Results. According to BP at 60 minutes of blood loss, the animals were divided into 2 groups: 1)
more than 50 mm Hg (compensated animals) and 2) less than 50 mm Hg (decompensated ones). The groups did not differ in
blood loss amount. At 60 minutes of hypotension, both groups showed diminished cerebral blood flow relative to the outcome
with a tendency towards a more marked reduction in the decompensated animals. Throughout the hypotension period, the
compensated animals displayed an increase in the amplitude of flux motion in the range of 0.06-0.12 Hz both relative to the
outcome and versus the decompensated rats (p<0.05). In the latter, this indicator did not differ from its baseline values
throughout the period. After blood reinfusion, all analyzed indicators in the compensated animals did not differ from the
baseline values (p<0.05). The group of decompensated animals was characterized by a poor recovery period, which was

Azipec 1151 KOPPECIIOH/IEHIMH: Correspondence to:
Poikkos MBan Angpeesny Ryzhkov Ivan Aleksandrovich
E-mail: riamed21@gmail.com E-mail: riamed21@gmail.com

www.reanimatology.com GENERAL REANIMATOLOGY, 2014, 10; 2



MMox

reflected by the lower values of BP and MI and tension of compensatory mechanisms for regulation of microcirculation.
Conclusion. With hypovolemic hypotension, the increased amplitude of flux motions in the pial vessels involves the animals’
capacity to compensate BP and it is an individual typological feature of microcirculation. The weak ability of the decompen-
sated rats to develop high-amplitude flux motions restricts the processes of cerebral circulatory recovery in the reinfusion
period. Key words: cerebral blood flow, laser Doppler flowmetry, wavelet analysis, hemorrhagic shock.

BBenenue

M3BecTHO, YTO TPyOBIE HAPYIIEHMST CHCTEMHON TEMO-
JIMTHAMUKN (apTepuajibHasi TMIOTEH3MS, CHUKEHIE BEHO3-
HOTO BO3BPATa U CEPAEYHOTO BBHIOPOCA) SIBJISIOTCS Xapak-
TEPHOIT 0COOEHHOCTHIO TTATOreHE3a I'NIIOBOJIEMUYECKOTO 1, B
YACTHOCTH, TEMOPPArHyeCKOTO MOKA. ITH HAPYIIEHUS TTPH-
BOJSIT K HEA/EKBATHON Tiepdy3ur OPraHOB M TKaHEH, WX
UIIEMUYECKOMY TIOBPEK/ICHUIO U B KOHEYHOM HMTOTE€ — K
MIPOrPECCUPOBAHUIO TIOJTMOPTAHHON HEIOCTATOUHOCTH U
cmeptu [1—3]. Ilpu aTOM, TOMUMO HAPYIIEHUI CUCTEMHOI
TeMO/INHAMUKYA M PEOJIOTMYECKUX CBOMCTB KPOBU, 3HAUMU-
TEJIbHOE MECTO B TIATOJIOTUN KPUTUYECKUX COCTOSTHUI 3aHU-
MAfOT PACCTPONCTBA MUKPOIMPKYJISIIMA U MEXaHU3MOB ee
PEryJIsiiiid, COCTOSIHUE KOTOPBIX HEOCPEACTBEHHO BJIUSIET
Ha aJIeKBaTHOCTD 11epdy3nH 1 OKCUTEHAINHN TKaHei [4—6].

OnHOII U3 KOMIIEHCATOPHO-TIPUCIIOCOOUTENBHBIX
peaknuii Ha KPOBOIOTEPIO SIBJISETCS IEHTPATH3AIH KPO-
BOOOpAIIEeHs, IPU KOTOPOH 3a CYeT BA3OKOHCTPUKIIUU 1
CHIZKEHUS KPOBOTOKA B psijie obmacTeii (Iipeskiie BCero Ko-
JKe M opraHax OPIONUIHON MOJIOCTH) 00ECIIeUnBAETCS O/
nepxanue cucteMuoro A/l m nepdysun JKU3HEHHO BaK-
HBIX OpPTaHOB (MO3T, cep/ile). B ¢Bs3u ¢ aTM n3MeHeHUsS
Ha MUKPOIMPKYJISSTOPHOM YPOBHE UMEIOT CBOIO crienngu-
Ky B 3aBUCUMOCTH OT 00JIacTu ucciepoBanus. Takxke He-
00X0MMO OTMETHTD, YTO COXPAHHOCTb HepQy3un Mo3ra
MIPU KPUTHUYECKUX COCTOSTHUSIX OIPEIEJISIeTCsl He TOJbKO
(heHOMEHOM TIeHTpAIM3AIMK KPOBOOOPAIlEHUs, HO U XO-
POIIIO BBIPAKEHHON ayTOPEryJIsiiineil MO3rOBOTO KPOBOTO-
ka [7—9]. OxHako MeXaHuU3Mbl PETYJSIIME MO3TOBOTO
KPOBOTOKA B YCJIOBUSX TUITOBOJIEMUYECKON THIIOTEH3UU 1
rocJietytonieil penH(y3un Uccae/J0BaHbl HEJIOCTATOYHO.

Baarogapst pa3BUTHIO KOMITBIOTEPHBIX M JIA3€PHBIX
TEXHOJIOTUI TOSIBUJIMCh HOBbIE METOJIbI MCCJIC/IOBAHMS,
MO3BOJISIIONINE HE TOJIBKO OIEHUTHh YPOBEHb KPOBOTOKA B
HCCTIe/lyeMbIX OpTaHaX M TKaHsIX, HO U OIIPEEJIUTb BKJIA/|
PasJIMYHBIX PETYJISTOPHBIX MEXaHU3MOB B Pa3BUTHE Ha-
pyiennit MUKporupKyJsiiinn. OJHUM U3 TAaKUX METO/IOB
JazepHas JONIJIEepoBcKas (hroymerpus
(JIID), BCe mmpe UCIOJb3YIOMASCS B MEAUKO-OUOJIOTH-

SABJIACTCA

YeCKHX UCCJIEIOBAHUSX JIJISI OL[eHKU COCTOSIHNSI MUKpPOTe-
MOTIMPKYJISIIIN B PA3INYHbBIX COCYAUCTBIX 00IaCTsX Op-
raansMa [10—12]. B akcnepuMeHTAJbHBIX YCJIOBUSX
MCCJIEIOBAJIN JIOKAJIBHBIA MO3TOBOH KPOBOTOK IIPH €rO0
nmemun [13], cyGapaxHOMIAILHOM KPOBOUBJIHSIHUH
[14], nenepBaiuu uepebpaibhbix cocynos [15], dhapma-
KOJIOTn4ecKux Bozieiictusax [16, 17], onpenesennn Hu-
JKHEH TPaHUIIbI Ay TOPETYJISIIMI MO3TOBOTO KPOBOTOKA [§,
16, 18, 19] u ero uameHeHuit B yCJ0BUSX KOHTPOJUPYE-
Moit kposorotepu [20]. Oxrako B IprBeeHHBIX paboTax
ABTOPBI HE NCITOJIb30BAJII COBPEMEHHbIE METO/IbI MATEMa-
THYECKOTO aHalIn3a KoJeGaHUil KPOBOTOKA, MO3BOJISIIO-
M€ MOJIYYUTh HOBBIE JTAHHBIE O PA3JIITIHBIX MEXaHU3MaX

Introduction

It is known that severe disorders of systemic hemo-
dynamics (hypotension, decreased venous return and car-
diac output) are characteristic feature of the pathogenesis
of hemorrhagic shock. These disorders lead to inadequate
perfusion of organs and tissues, their ischemic injury with
the progression of multiple organ failure and death [1—3].
At the same time, in addition to disorders of systemic
hemodynamics and blood rheology, significant place in the
pathology of critical states take microcirculatory disorders
which directly affect the adequacy of perfusion and tissue
oxygenation [4—6].

Centralization of circulation is one of the compen-
satory responses to blood loss. Vasoconstriction and
decreased blood flow in some areas (especially in the skin
and mesenteric vascular region) ensure the maintenance
of systemic blood pressure and perfusion of vital organs
(the brain and the heart). In this regard, changes in the
microcirculation will be specific to different areas of the
body. Also it should be noted that the preservation of
brain perfusion in critical states is determined not only
by the centralization of circulation, but also by well-
developed cerebral blood flow autoregulation [7—9].
However, the mechanisms of cerebral blood flow regula-
tion in hemorrhagic shock and subsequent resuscitation
are not well studied.

Advances in computer and laser technologies have
made it possible not only to assess the level of blood flow
in the studied organs and tissues, but also by to deter-
mine the contribution of different regulatory mecha-
nisms in the development of microcirculatory disorders.
One of these methods is the laser Doppler flowmetry
(LDF), which is increasingly used in biomedical research
to assess state of the microcirculation in various vascular
regions of the body [10—12]. Under experimental condi-
tions, the cerebral blood flow has been investigated in
cerebral ischemia [13], subarachnoid hemorrhage [14],
denervation of the cerebral vessels [15], under the influ-
ence of pharmacological agents [16, 17] and to determine
the lower limit of cerebral autoregulation [8, 16, 18, 19].
There is a work in which the oscillations of regional cere-
bral blood flow have been studied in blood loss [20].
However, in the above papers, the authors did not use
modern methods of mathematical analysis of blood flow
oscillations, allowing to obtain new data on the regula-
tion mechanisms of the microcirculation. Such method is
a wavelet analysis of the oscillation spectrum of tissue
blood flow (fluxmotions).

Based on the foregoing, the goal was set to investi-
gate the mechanisms of changes in local cerebral blood
flow during hemorrhage and after resuscitation using LDF
and wavelet analysis.
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Shock

PETYJISIIIIN MUKPOIUPKYJISAINN. TAKUM METOIOM SIBJISIET-
s BEBJIET-aHAJIN3 aMILIUTY/IHO-4aCTOTHOTO CIIEKTPa KO-
JiebaHuil TKaHEBOTO KPOBOTOKA ((hrakcMOIuit).

Vcxond M3 BBIIIEN3I0KEHHOTO, OBbLIa IOCTaBJICHA
1esb ¢ momonieio JI/IMD u BeliBrer-aHamM3a NCCIEI0BATH
MEXaHW3Mbl U3MEHEHU JIOKAJTbHOTO MO3TOBOTO KPOBOTO-
Ka IPU Pa3BUTUN KPOBOIIOTEPHU U TIOCJIE €€ BOCTIOJTHEHUSI.

Marepuan u MeTObI

IKCIIEPUMEHTBI TPOBEEHBI Ha 24 GeCTIOPOIHBIX KPbICAX-CaM-
max maccoil 400—550 T nmox HapkosoMm (HeMOyTan 45 MI/Kr Hin
xaopaiaruzapar 300 Mr/Kr BHYTPUOPIONIMHHO), B YCJOBUAX CIOH-
TAHHOTO JIBIXaHWs M TeMIIepaTypsl okpysKkaroreii cperst 20—22°C.
AHecTe3ust MOAAEPKUBATACH TIOBTOPHBIME BHYTPUOPIOIINHHbI-
MU UHBEKIISIMU aHecTeTuka (HeMOyTan 15 Mr/Kr, XJI0paJruapar
100 mr/xr xaxxapre 30—40 mum). C 1es1bl0 MHBa3UBHOTO U3Mepe-
nust A/Jl, 3a6opa u pentdy3un KpoBHU KaTeTEPU3NPOBATIACH XBOC-
ToBast aprepusi. Karerep mepuoanuecKu mpoMbIBAICS HEOOIb-
M KOJIMYECTBOM pacTBOpa He(PaKIIMOHNPOBAHHOTO remapiuHa
(500 E/l/mur). TosoBy »xkecTko (hUKCHPOBaJN B CHENNATBHOM
CTaHKe YIIHBIMHU JIePKaTeIIMU 1 KPeIlJIeHneM BepXHeil YesIIoCTH.
KpoBoTOK B MalbHBIX COCY/IaX MO3Ta, KOTOPBIH, O JAHHBIM JIH-
TepaTypsl [7], COOTBETCTBYET KPOBOTOKY B KOPE GOJBIINX TIOJTY-
[IApUi, PErUCTPUPOBAIN B JIEBOIT TeMEHHON 06JIACTH ¢ KOOP/IH-
HaTaMM 3 MM KpaHmaiapbHo OT JjunHum bperma m 3 MM oT
carrutasbHoro 1mBa. C moMompio 6ypa Co37aBajoch TperaHalm-
OHHOE oTBepcTHe pazMepoM 2X3 mm. TBepaast Mo3rosast 060J104-
Ka ocTaBaslach MHTaKTHOH M opomiasach GU3N0J0TTIeCKIM Pac-
TBOPOM ¥ Ba3eJMHOBBIM MaCJIOM.

JlokasbHbIiT MO3rOBOII KPOBOTOK PErMCTPUPOBAJIM METOIOM
JIAD. Cyrb meroza JI/ID cocTout B ONTHYECKOM HEMHBA3UBHOM
30H/INPOBAHNN TKaHell MOHOXPOMATHYECKUM JIa3ePHBIM M3JIyde-
HUEM U aHaJIN3e U3JIyYeHUs, OTPAKEHHOTO OT JIBIDKYIIIMXCS B TKa-
HAX apuTpornToB. OTpakeHHOE OT HEMOABIKHBIX CTPYKTYP TKa-
HU W3JIydeHne He M3MEHSIeT CBOEH 4acTOThl, a OTPa’KEHHOEe OT
IOJIBMIKHBIX YacTHUIl (3PUTPOIMTOB) — MMeeT JOIIIEPOBCKOe
CMeIIeHne YaCcTOThl OTHOCUTEIBHO 30H/INPYIOIeT0 CUTHala. JTa
HepeMeHHasT COCTABJIAION[Ass OTPAXKEHHOTO CHIHAJIA TIPONOPIHO-
HaJIbHa KOJIMYECTBY SPUTPOIUTOB B 30HANUPYEMON 06JIACTH U UX
cKopocTH. B pesyibraTe KOMITBIOTEPHOIT 06PaGOTKI OTPAsKEHHOTO
curHana (opmupyercst mokasaresb Mukporuppkyssinnn (IIM),
OTpaKaIMI ypoBeHb Mepdy3ur UCCIenyeMOro oGbeMa TKaH!
(okomo 1 MM*) B eIHHUILY BPEMEHH U U3MEPSIEMbIII B OTHOCUTEb-
HbIX TIepdy3noHHBIX earHnIax (1d. exr.).

DyHIaMEHTATEHON 0COOEHHOCTHIO MUKPOIMPKYJISIIUE SB-
JISIeTCS ee MOCTOSTHHAST M3MEHYNBOCTD, YTO MPOSIBIISAETCS B CIIOH-
TaHHBIX KOJEGAHUAX TKAaHEBOTO KPOBOTOKA. PUTMUUECKHe KoJie-
GaHust KPOBOTOKA ((DIAKCMOIMU) U UX UBMEHEHUS MO3BOJSIOT
MOJTYYNTh WH(HOPMAIUIO O KOHKPETHBIX COOTHOIMIEHUSX Passid-
HBIX MEXAHW3MOB DPETYJIAIMU MUKpPOnmpKyasunu. Komebanus
IIM BO BpeMeHM HPEACTABJISAIOT COOOI CIOKHYIO HETUHEHHYIO
(yHKIIIO, B KOTOPOIT IPUCYTCTBYIOT pa3Hble TAPMOHIYECKHE CO-
crasisioniye. [Ipu criennajpbHOM MaTeMaTHYECKOM aHAJIN3e, OC-
HOBaHHOM Ha peoOpasoBanisax Dypbe, MOKHO BBISIBUTD 9TU Tap-
MOHWYECKHe COCTaBJIAIONINE, Pa3Inyaioniecs 110 4YacToTe U
amIumTy/e. B nociennee Bpems st 9THX €€l NCIOIb3YeTCs
MareMaTH4ecKuii ammapar BeiBier-nipeobpasoBanus [10—12],
OTJIMYAIONTHICS BBICOKOW paspernaionieil crmocobHOCThIO KaK MO
Bpemenn, Tak u 1o yacrore. Crexrpaibioe pasmaoxerne JI/1D-
rpaMMBbl Ha TapMOHUYECKHE COCTABJISIOIINE AT BO3MOKHOCTD
OTIPEZIETNTD BKJIAJ] PA3/IMYHBIX KOMIOHEHTOB (hrakCcMOIINi, Kax-
JIBIIT M3 KOTOPBIX XapaKTEPU3YETCsl OIPEEIEHHBIM [HAIa30HOM
vacror (F, Ti) 1 MakcumasibHOil aMinTy 10l Kosebanuii KpoBo-
TOKA B 3TOM [ranadone (A, 1md. ef1.), KOTopbie B CBOIO OU€PEIb OIl-
pe/IesITIoTCSl IPUPOIOI KOHKPETHOTO MeXaHM3Ma MOJLYJISIIINN
KPOBOTOKA M €r0 OTHOCUTEJbHOI aKTHBHOCTBIO BO BpeMs IIpOBe-
nenust JIMD-merpun. Cpean MeXaHU3MOB peryJisiiiin MUKpOTe-

Material and methods

Experiments were carried out on 24 male outbred
rats weighing 400 to 550g during spontaneous breathing
and room temperature of 20—22°C. The animals were
anesthetized by intraperitoneal injection of pentobarbital
(45 mg/kg) or chloralhydrate (300 mg/kg). Anesthesia
was maintained by additional intraperitoneal injections of
anesthetic (pentobarbital 15 mg/kg and chloralhydrate
100 mg/kg at intervals of 30 to 40 min). Polyethylene
catheter was advanced through the tail artery for invasive
measurement of blood pressure, blood shedding and rein-
fusion. The catheter was flushed intermittently with saline
solution containing 500 IU/ml unfractionated heparin.
Head was firmly fixed in a special machine using ear retain-
ers and fastening the upper jaw. The parietal bone was
exposed. A burr hole sized 2 mm x 3 mm was drilled in the
left site of the parietal bone exposing the parietal cortex
but leaving the dura intact. The dura mater was moistened
with saline. It is believed that the blood flow in pial vessels
corresponds to the blood flow in cerebral cortex [7].

Local cerebral blood flow was recorded by LDFE The
essence of the LDF is a non-invasive optical sensing tissue
by monochromatic laser and analyzing light reflected from
moving red blood cells. Backscattered light from fixed tis-
sue does not change its frequency, while the light backscat-
tered from moving red blood cells has a Doppler shift rela-
tive to the probe beam. Intensity of the Doppler shift is
proportional to the number of red blood cells in the probed
area and to their velocity. Then the computer calculates
the index of perfusion (IP) that reflects the tissue perfu-
sion in the test volume (about 1 mm?) per unit time and is
measured in arbitrary perfusion units (PU).

A fundamental feature of the microcirculation is its
constant variability, which manifests itself in spontaneous
oscillations of tissue blood flow. The rhythmic oscillations
of blood flow (fluxmotions) and their changes provide
information about the status of the various regulatory
mechanisms of microcirculation. Oscillations of IP is a
complex nonlinear function, in which there are different
harmonic components. Using mathematical analysis based
on Fourier transforms, one can identify these harmonic
components that differ in frequency and amplitude. In
recent years increasingly used wavelet analysis [10—12],
which is characterized by high resolution in both time and
frequency. Spectral decomposition of LDF-gram into har-
monic components enables us to determine the contribu-
tion of various fluxmotion components. Each component is
characterized by a particular frequency range (F, Hz) and
maximum amplitude (A, AU), which in turn are deter-
mined by the nature of the specific blood flow modulation
mechanism and its relative activity during the LDF-metry.
The regulatory mechanisms of microcirculation are divid-
ed into active and passive factors. Active blood flow mod-
ulation factors are endothelial, neurogenic and myogenic
(in the narrow sense) mechanisms of vascular lumen regu-
lation. These factors modulate the blood flow through
action on the vascular wall, are realized through muscular
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MOIUPKYJISINN Pa3nyaloT aKTUBHbIE W IHAaCCHBHBIE (DaKTOPDI.
AxTuBHBIE (haKTOPBI MOYJISIINI KPOBOTOKA — 3TO HH/IOTETNAIb-
HbIii, HeHPOTeHHBIH 1, COOCTBEHHO, MUOTE€HHBII MEXaHU3MBI PETy-
JISIIIIN IPOCBETa COCY/10B. ITH (DaKTOPBI MOLYJINPYIOT IIOTOK KPO-
B CO CTOPOHBI COCYIMCTON CTEHKH, PeajnsyioTcsi depe3 ee
MBIIIEYHBIT KOMIIOHEHT ¥ CO3/AI0T KOoJIeOaHUsi KPOBOTOKA IO-
CPE/ICTBOM Yepe/[0BAaHM 3MI30/10B BA30KOHCTPUKIINU M Ba30/1-
smatarmu (BazoMmornnn). [laccuBHBIE (haKTOPBI, BBI3BIBAIONINE KO-
JieGaHUsT KPOBOTOKA BHE CUCTEMbI MUKDPOIUPKYJSIUH, — 3TO
IIyJIbCOBAsI BOJIHA CO CTOPOHBI apTepuil 1 IpHcachIBaolee jieficT-
BUE «/IBIXaTeJTbHOTO HACOCa» CO CTOPOHBI BeH. OHM 06ecTiednBaoT
POJOJIbHBIE KOJIEOaHUST KPOBOTOKA, BBIPAJKAIOIINECST B IEPUOJH-
YeCKOM M3MeHeHun oObeMa Kposu B cocye [11].

VY n1abopaTtopHbIX KUBOTHBIX (KPBIC) VIS KaKIOTO U3 TIATH
IIPUBE/ICHHBIX (PaKTOPOB XapaKTePHBIMU JIMANIA30HAMH YACTOT SIB-
JITIOTCS cJieytoniue: angoTeauanbubrii (As) — 0,01—0,04 I, weii-
porennsiii (An) — 0,04—0,15 T, muorennsrit (Am) — 0,15—0,4
Ty, gvixaressupiii (Ax) — 0,4—2 Ty, mysabcoBoit (Am) — 2—5 Tt
[17, 21]. B cko6Kax mpuBeieHbl COKpalieHbie 0603HaYeH st MaK-
CUMAJIBHBIX aMILIUTYZ KOJeGaHU KPOBOTOKAa B COOTBETCTBYIO-
11IeM JIMala30He.

CaetoBoii 3om71 ogHokananbhoro anmapata JIAKK-02 (HIIIT
«JTIABMA», Poccust) yeTaHaBIMBAIN HA/l TBEP/0iT MO3TOBOI 060-
JIOUKON ¢ MUHUMAJIbHBIM 3a30poM. 3aruch JIJID-rpammbl ocytie-
cTBIIsIN B Tedenue 8 MuH. [Ipn Hammumy BeIpaskeHHbIX apTedak-
TOB (BCJIEJICTBYME JIBMJKEHUN KPBICHI, BHEIIHUX IIOMEX,
KPOBOTEUEHUSI B TPEIAHAIIMOHHOE OTBEPCTHE) BbLeJsin (par-
meHTbI JIJ{D-rpaMMBbI TPOIOIKUTETBHOCTDIO He MeHee 4 MiH 6e3
apredaxroB. [Ipn anammze xaxpoit JI/IMD-rpamMmbl ormpesessim
cIelyionine mapameTpsl: cpeHee 3Hadenre [IM B unTepsase Bpe-
MEHU PErUCTPAIN; MAKCUMaIbHbIE aMILIUTYIbI KOTeOaHuil J10-
KaJIbHOTO MO3TOBOTO KPOBOTOKA B COOTBETCTBYIOIINX JANATTA30HAX
gactot (Aa, AH, AM, Az, Alr), OJTydeHHbIE METO/IOM BeIBJIeT-aHa-
smza JIID-rpamm. Perucrpaiinio cucteMHOro apTepuasibHOroO
nasienns (A/l) n sanmcs JI/{D-rpaMMbl TPOBONIN B HCXOHOM
cocrosiHnu (4epes 20 MUH 110CJIe BBIIIOJTHEHIS KPAHHOTOMNUN ), HA
5—15-it, 20—30-it u 50—60-i1 MUHYyTaX MEPHOIA IMIIOTEH3NK U HA
5—15-i1, 20—30-it u 50—60-it MmuHyTaX MIeprozia penHpy3nm. 3abop
KpOBH ocy1iecTsisiin (ppakinonuo mo 1 mu 0 pocrskennst AJ]
60—70 MM pr.CT. K 5-if MUHYTE OT Hadasia KpoBoroTepu. B nocuey-
1o1eM 00beM KPOBOTIOTEPHU ONPE/IEIISIVICS YCJIOBUEM MO/UIEPIKAHST
AJl okosio 50 mm pt. cr. K 60-if MuH runiorensuu. Penndysuio see-
ro o6beMa 3a6paHHOiT KPOBU OCYIIECTBIISIA B TEYEHUE 5 MIUH.

Crartuctnueckyto 06paboTKy JaHHBIX MPOBOMIN C TOMO-
1ibio mporpammer Statistica 7.0 metogom ANOVA u xpurepus U
Bunkokcona-Manna-YutHu. AnHanuzupyeMmble BeJIMYMHBI
npejAcTaBIeHbl B caeayiomeM suge: Me (25%; 75%). O6bem
KPOBOIIOTEPHU IPEJICTABJIEH B BUje cpepaHero 3HadeHus: (M) u
omOKU cpeHeil.

PesyubraThl 1 00CyKAEHUE

Biausinue Buna anecte3uu Ha HccieyeMble MOKa3a-
TEeJW TeMOAMHAMUKH. IIpexae Bcero OBLIO POBEAECHO
CpaBHUTEIbHOE N3YUYeHE BAUSHIS IBYX BUIOB aHECTE3MH
Ha uccyaemayemble mokasatenn. C aToN 1esblo JKUBOTHBIE
OBLIN pa3/e/IeHb Ha TPYTITLI B 3aBUCUMOCTH OT TTpemapara,
UCIIOJIB3YEMOTO I HApKO3a: HeMOyTajia M XJIOPaITru/-
pata. OKa3ajaoch, 9TO B UCXOTHOM COCTOSTHUH XJIOPAJITH/I-
pat npuBoauT K cHukenuto AJl (taba. 1). Ho npu atom
MEK/y CPAaBHMBAEMBIMU IPYIIIAMU He HaOJII0faNu Pasin-
YU TI0 BEJTMUMHAM aMILTUTY/ (pIIaKCMOIIMiA, a TakyKe Mo
YPOBHIO KPOBOTOKA BCJIEJCTBHUE ACHCTBHUS Ay TOPETYISTOP-
HBIX MexaHn3MOB. K 60-if MIUHyTe THTIOTeH3WH CpaBHUBae-
MbIe TPYIIIBI TI0 BCEM MCCIEAYEeMBbIM TTOKa3aTeIsIM He Pas-
JIMYAJTCh, DTH Pe3yJbTaThl MO3BOJUIM O0bBEIMHUTH

component of the last and create oscillations in the blood
flow through vasoconstriction and vasodilation alterna-
tion (vasomotions). Passive factors cause oscillations of
blood flow outside the microvasculature. These are a pulse
wave from the arteries and the «respiratory pump» from
the veins. They provide longitudinal oscillations of blood
flow lead to a periodic change in the volume of blood in the
vessel [11].

In laboratory animals (rats) the characteristic fre-
quency ranges are as follows: endothelial (Ae) — 0.01—0.04
Hz, neurogenic (An) — 0.04—0.15 Hz, myogenic (Am) —
0,15—0 4 Hz, respiratory (Ar) — 0.4—2 Hz, pulse (Ap) —
2—5Hz[17,21]. In parentheses are the abbreviations of the
maximum amplitude of blood flow oscillations in the appro-
priate range.

The probe of single-channel device LAKK-02 (SPE
«LAZMA», Russia) was set over the dura with minimal
clearance. The LDF-gram registration was been perform-
ing for 8 min. When there are significant artifacts (due to
the movements of the rat, external noise, bleeding in the
burr hole) LDF-gram fragments lasting at least 4 minutes
(without artifacts) were allocated. The following parame-
ters were analyzed: mean value of the IP in the time inter-
val of registration; maximum oscillation amplitudes of the
local cerebral blood flow in the respective frequency bands
(Ae, An, Am Ar, Ap) obtained by the wavelet analysis.
Registration of systemic blood pressure (BP) and the
LDF-gram is performed at baseline (20 min after cranioto-
my), on the 10th, 30th and 50th minute period of hypoten-
sion and on the 10th, 30th and 50 th minute period of rein-
fusion. Blood shedding was carried out fractionally on 1 ml
to achieve blood pressure 60—70 mm Hg to 5th minute
from the start of bleeding. In the following the volume of
blood loss was determined by the condition of maintaining
blood pressure of about 50 mm Hg by the 60th min of
hypotension. Reinfusion of all withdrawn blood volume
was performed per 5 min.

Statistical processing of the data were performed
using Statistica 7.0 by ANOVA test and Mann-Whitney U
test. The analyzed values were reported as median and 25%
and 75% quartile ranges: Me (25%, 75%). Amount of blood
loss were reported as mean (M) and the error of the mean;
p<0.05 was regarded as statistically significant.

Results and Discussion

Influence of the type of anesthesia on the local cere-
bral blood flow. The animals were divided into two groups
depending on the drug used for anesthesia (pentobarbital or
chloralhydrate). It turned out that in the initial state the
chloralhydrate leads to a decrease in blood pressure (Table 1).
At the same time the differences between the compared
groups were not observed in the values of the fluxmotion
amplitudes, as well as the level of IP due to the action of
autoregulatory mechanisms. By the 60th minute of
hypotension compared groups in all investigated parameters
did not differ. These results allowed us to combine experi-
ments with chloralhydrate and pentobarbital in one group.
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Ta6auua 1. Bausinue BuIa aHeCTe3UU HA NIOKa3aTe MUKPOIMPKYJISIMY B IMAJbHbIX cocyaax Me (25%; 75%)
Table 1. Influence of the type of anesthesia on the local cerebral blood flow Me (25%;75%)

Stage of experiment  Type of 1P, PU Ae,PU An,PU Aad,PU Am,PU Ar, PU Ap, PU BP, mm Hg
anesthesia
Baseline P (n=15) 30,06 0,36 0,35 0,29 0,3 0,33 0,38 94,6*
(24,8;35,6) (0,21; 0,53) (0,25; 0,45) (0,25; 0,42) (0,25; 0,34) (0,26;0,39) (0,3; 0,45) (80,3; 99,0)
Ch (n=11) 34,0 0,25 0,24 0,26 0,31 0,31 0,44 80,0
(29,1; 39,5) (0,23; 0,88) (0,19;0,3) (0,25;0,32) (0,28; 0,34) (0,28; 0,33) (04;0,46) (73;82,2)
10th minute P (n=13) 22,43 0,35 0,49 0,32 0,31 0,31 0,39 70,0*
of blood loss (18,8;25,5) (0,24; 1,0) (0,23;0,77) (0,23; 0,61) (0,28; 0,41) (0,23; 0,41) (0,3; 0,49) (61,3;75,0)
Ch (n=9) 23,3 0,52 0,54 0,33 0,32 0,29 0,48 54,5
(22,9; 32,6) (0,29; 1,45) (0,49; 0,73) (0,27; 0,77) (0,25; 0,34) (0,25; 0,36) (0,43;0,5) (52.,8; 55,0)
30th minute P (n=14) 20,2 0,4 0,4 0,32 0,31 0,32 0,5 54,0
of blood loss (15,3; 25,6) (0,23; 0,99) (0,26; 0,62) (0,27; 0,45) (0,23; 0,47) (0,25; 0,49) (0,4;0,67) (41,3;65,0)
Ch (n=9) 20,5 0,42 0,48 0,36 0,29 0,34 0,53 458
(18,4; 31,6) (0,34;0,67) (0,21;0,6) (0,33;0,39) (0,27; 0,33) (0,29; 0,44) (0,46; 0,54) (41,0; 55,0)
60th minute P (n=13) 18,51 0,52 0,53 0,49 0,35 0,39 0,47 50,83
of blood loss (13,6; 20,2) (0,21; 0,63) (0,34; 0,78) (0,25; 0,76) (0,28; 0,64) (0,26; 0,52) (0,33; 0,74) (43,0; 60)
Ch (n=11) 18,1 0,56 0,54 0,69 0,27 0,25 0,55 50,0

(15,7; 26,3) (0,18;0,97) (0,30; 0,79) (0,47; 0,82) (0,25; 0,45) (0,21; 0,55) (0,55; 0,62) (42,2; 55,0)

IIpumevanue. * — p<0,05 MeK Iy IPyIIIAMU B TOT K€ NEePUO HabmoaeHus. 3aech u B 1abit. 2—4: [P, PU — nokaszaTesib MUKPOIUPKYJIsi-
1uu, iepdysuonubie exunuiisl (id. en); Ae, PU — amnmtyna drakemonuii B muanazone 0,01—0,04 Ty, nd.ex.; An, PU — ammunrymna
damakemormii B imanasone 0,04—0,15 Ty, 1. ex; Aad, PU — ammumuryza durakemormii B granaszone 0,06—0,12 T, ng.exr; Am, PU —
amiuuryja (uaakemorwii B inanaszone 0,15—0,4 Iy, . exn; Ar, PU — ammumryna apixaresibHbix Kosebanuit, nd. ex; Ap, PU — amiuinry-
JIa MyJIbCOBBIX Kostebanmii, 1. ex.: BP, mm Hg — aprepuasibroe nasienue, MM pr. cT.; stage of experiment — sran akcnepumenta; type of
anesthesia — Buz anecresun; baseline — ucxommpie nanupie; 10th minute of blood loss — 10 mun nocsie kposonorepu; 30th minute of
blood loss — 30 mun nocsie kposonotepy; 60t minute of blood loss — 60 Mun oce kposonotepw; 10th minute of reinfusion — 10 Mun
noce peunysuy; 30th minute of reinfusion — 30 mMun nocie penysuu; 60th minute of reinfusion — 60 MuH 1oc/Ie peUHy3UM.

Note. * — p<0,05 among groups at the same stage of the experiment. Here and in the tables Ne 2, Ne 3 and Ne 4: P — pentobarbital;
Ch — chloralhydrate; PU — perfusion unit; IP — the index of perfusion, PU; Ae — fluxmotions amplitude in the range of 0,01—0,04 Hz,
PU; An — fluxmotions amplitude in the range of 0,04—0,15 Hz, PU; Aad — fluxmotions amplitude in the range of 0,06—0,12 Hz, PU,
Am — fluxmotions amplitude in the range of 0,15—0,4 Hz, PU; Ar — fluxmotions amplitude in the frequency range of breathing, PU;

Ap — fluxmotions amplitude in the frequency range of heart rate, PU; BP — blood pressure, mm Hg.

OIIBITHI C UCIIOJIb30BAHUEM XJIOPAJITHApaTa U HeMOyTaia B
OJIHY TPYIIILY.

N3menenue nokasareeii MUKPOIUPKYJISIIUH B Tie-
puone runoreHsud. [lo Mepe pa3BUTHS KPOBOIIOTEPU Ha-
Guropanu cauxkerre IIM B nmanbHbIx cocyzax (taba. 2).

B mportecce nccnenoBanms akeMonmii BO BpeMst
KPOBOIIOTEPH HAMU OBLJIO OTMEYEHO MOSIBJICHUE Y YACTH KPbIC
BBICOKOAMITIUTY/IHBIX KOJIEOAHITI MO3TOBOTO KPOBOTOKA, KO-
Topeie T1pu BeiiBier-aHam3e JI/IMD-rpaMMbl TPOSIBIISIIICH
JIOTIOJTHATENILHBIM «ITMKOM» B jauamnazone 0,06—0,12 It (B
pamMKax HeliporeHHOTO auanasona). /lannerii henomen He Ha-
GJIIOIa/IN B UCXOIHOM COCTOSIHUM, OH ObLT XapaKTepeH JIMIIb
JUISL COCTOSTHUSI TUTIOBOJIEMUYECKOI Turorensuu. [loatomy
NPK QHAJIU3E MOJLYYEHHBIX PE3YJIBTaToOB ObLIT BBIIEIECH JI0TOJI-
HUTEJIBbHBII yacToTHBIN Ananazon 0,06—0,12 I (Azxor).

Hapsiy ¢ yBesmyennem aMItnTy bl (hrakeMonuii B
JMariasoHe AJION 110 Mepe PasBUTUSI KPOBOIIOTEPU HabJIr0-
JIaJId TaKKe YBEJIMYEHUe aMIINTY/bl (DJIAKCMOIUI B Jia-
nasone AH (Tabu. 2). 3HaYeHUsT AMILIUTYI B JUATIA30HAX
As 1 AM, a TakKe B IMaTla30HEe MTACCUBHON COCTABJISIONIEH
(bmakcmonnii, cBsizannoii ¢ pixanuem (An), Ha TPOTSIKe-
HUU BCETO Mepruo/ia THIIOBOJIEMUYECKON TMITOTEH3UN HE OT-
JITYAITICH OT UCXOAHBIX (Tabu. 2). HeckoibKo MHBIMU OKa-
drakcMonuii,
CBSI3aHHBIX C 11yJIbCOBBIMU KOJIEOAHMSMU: HAOJIIOIa/IN yBe-

3aJUCh  PE3YJIbTAThl  UCCJEJOBAHUS
sndenue An Ha 30-if MUHYTE KPOBOIOTEPH, KOTOPOE CO-

XPaHSJIOCh 10 KOHIA TIleproa rutiotensuu (tabi. 2).

Changes in the local cerebral blood flow in the
period of hypotension. With the development of blood
loss, IP was decreasing in the pial vessels (Table 2).

In the study of fluxmotions during blood loss we
observed appearance of high-amplitude oscillations of the
rat cerebral blood flow, which in the wavelet analysis of
LDF-grams showed up as an additional «peak» in the
range of 0.06—0.12 Hz (within the neurogenic range). This
phenomenon was not observed in the initial state and was
characteristic only for the state of hypovolemic hypoten-
sion. Therefore, when analyzing the obtained results, we
used an additional frequency range 0.06—0.12 Hz (Aad).

Along with the increase Aad, as the development of
blood loss was also observed an increase in An (Table 2).
Amplitudes in the ranges of Ae, Am and Ar on throughout
the period of hypovolemic hypotension did not differ from
the baseline (Table 2). However, there was an increase Ap
on the 30th minute of blood loss, which persisted until the
end of hypotension (Table 2).

Changes in the local cerebral blood flow, depend-
ing on the blood pressure and the volume of blood loss.

Elucidation the functional role of fluxmotion in
hypovolemic hypotension seemed appropriate to evaluate
the influence of blood loss volume and blood pressure on
oscillation amplitudes of local cerebral blood flow in the
investigated frequency bands. Dividing the animals into
groups depending on the volume of blood loss (below and
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Tabauua 2. /laHaMuKa noKazaresieil MUKPOUUPKYJISIUY B IIHAJIbHBIX COCY/aX HA MPOTSI;KEHUU IEPUOI0B TUIIOTEH3UH

u peundysuu Me (25%; 75%)

Table 2. Dynamics of the local cerebral blood flow during the periods of hypotension and reinfusion Me (25%;75%)

Stage of experiment Number 1P, PU Ae,PU An,PU Aad,PU Am,PU Ar, PU Ap, PU BP, mm Hg
animals (n)

Baseline 24 31,0 0,25 0,28 0,27 0,31 0,31 0,44 82,1
(25,2; 36,1) (0,21 0,53) (0,22; 0,41) (0,25; 0,38) (0,26; 0,34) (0,26;0,34) (0.4; 0,46) (79,5; 95,5)

10th minute 24 23,3* 0,43 0,52* 0,33 0,32 0,31 0,48 59,2*

of blood loss (18,9; 31,3) (0,24; 1,0) (0,24;0,75) (0,26; 0,71) (0,26; 0,37) (0,24; 0,39) (0,42; 0,53) (54,4; 74)

30th minute 23 20,3* 0,4 0,4 0,35 0,29 0,33 0,53* 47,0%

of blood loss (16,3; 27,8) (0,23; 0,76) (0,25; 0,62) (0,28; 0,45) (0,23; 0,43) (0,27; 0,49) (0,45; 0,61) (41,0; 65)

60th minute 24 18,3* 0,53 0,54* 0,53* 0,35 0,28 0,55*% 50,8*%

of blood loss (14,1;23,2) (0,2;0,97) (0,3;0,79) (0,25; 0,82) (0,25; 0,46) (0,23;0,55) (0,5;0,62) (42,6; 55,5)

10th minute 20 22,5%# 0,26 0,36 0,34 0,28 0,26 0,45 90,0*#

of reinfusion (18,7; 28,5) (0,16; 0,47) (0,22; 0,62) (0,23; 0,63) (0,24; 0,45) (0,21; 0,42); (0,35; 0,67) (75,3; 95,6)

30th minute 16 22,2% 0,33 0,36 0,31 0,29 0,39 0,39 88,0%

of reinfusion (16,9; 30,1) (0,22;0,5) (0,2; 0,63 (0,19; 0,52) (0,23; 0,43) (0,21; 0,47) (0,3; 0,48) (73,0; 102,0)

60th minute 18 21,9* 0,54 0,4 0,39 0,34 0,30 0,43 79,0%#

of reinfusion

(18,4: 29,6) (0,34; 0,66) (0,33; 0,58) (0,32; 0,56) (0,29; 0,44) (0,26; 0,45) (0,39; 0,64) (56,3; 89,4)

Ipumeuanne. * — p<0,05 110 cpaBHEHUIO C UCXOAHBIM 3HAUEHIEM 3TOTO Mokazaresist; # — p<0,05 mo cpaBuenmio ¢ 60-it MUHYTOIT KO-

BOTIOTEPH.

Note. * — p<0,05 vs. Baseline; # — p<0,05 vs. 60th minute of blood loss.

N3menenusa mnokasareseil JIOKaJbHOTO MO3rOBOTO
KPOBOTOKA B 3aBUCUMOCTH OT apTePHAIBHOTO JaBJIEHUS
1 00beMa KPOBOIIOTEPH.

[lns1t BbIsicHeHUST (QYHKITMOHATBHON PostH (hJIaKCMO-
1M TPU Pa3BUTUU TMIIOBOJIEMHYECKOI TUTIOTEH3UN TTPeI-
CTaBJISATIOCH 11€1eCO00PasHBIM OLEHUTh BJAUSHIE 00beMa
KpoBonoTepu u yposHs A/l Ha aMIIUTyy KoJieGaHuil Jio-
KaJIbHOTO MO3TOBOTO KPOBOTOKA B MCCJIE/[yEMBIX JMATIa30-
Hax yactot. Pazzesienne ;KMBOTHBIX HA IPYIIIbI B 3aBUCH-
MocTH 0T 00beMa KPOBOIOTepH (HUIKE ¥ BbILIE CPEAHErO
3HAYEHMS ) TI0KA3aJI0, YTO TPYIIIBI ¢ OTHOCUTEIBHO BBICO-
kM (13,3£0,7 mu/kr macest Tema) u Huskum (8,7£0,5
MJI/KT MaccChl Tesa) 06HeMOM KPOBOTIOTEPU HE pasimda-
JINCH TI0 BCEM HUCCJIELyEMbIM MTOKA3aTEeISIM MUKPOIUPKY-
JISIIIMU BO BPEMsI THIIOBOJIEMUYECKOH runorensuu (tab. 3).
VHbie pe3yabTaThl OLLIN TIOTYYEHbI TTPY Pa3AeTeHUuH JKI-
BOTHBIX 10 ypoBHIO AJl. O6pamano Ha cebs BHUMaHUE
pasjiMuKre KUBOTHBIX 10 CHOCOOHOCTH KOMIIEHCHPOBATH
KPOBOIIOTEPIO: B TO BPEeMsI KaK y OJHMUX 0coleil oTmeua-
JIaCh TEH/ICHITNS K BBIPAKEHHON THTIOTEH3UN HA TIPOTSIKE-
HUM BCETO MHEepuojia KPOBOTIOTEPH, JAPYTHe OTJINYAINCH
C110cOOGHOCTBIO BoccTaHaBmBaTh AJl 10 OTHOCUTENBHO
BBICOKHMX 3HAYEHUI B T€UEHUE HECKOJBKUX MUHYT 1OCJIE
ouepegHOro 3abopa KpoBu. [109TOMY KMBOTHBIE ObLIM
pasjieJieHbl Ha J[BE TPYIIIbI B 3aBUCUMOCTH OT YPoBHS A/l
Ha 60-i1 MUHyTe KPOBOITIOTEpHU: BBIIIE («KOMITIEHCHPOBAH-
HbIe») 1 HUXKe (<«I€KOMIIEHCHPOBAHHBIE» ) CPE/IHETO 3HA-
YeHUs 9TOro MoKazaresist, paBHoro 50 Mm pr.ct. (Tabu. 4).
IIpu 5TOM 00beM KPOBOIIOTEPU HE PA3JIMYAJICS MEK/LY Bbl-
neseHHpiMu rpynmamu: 11,2211 mi/kr — B rpyiie je-
KOMIIEHCUPOBAHHBIX KUBOTHBIX M 14,1+1,9 mua/kr — B
rpyTiiie KOMIIEHCUPOBAHHbBIX.

CpaBHUTEJbHBII aHAIN3 PE3YJITATOB B BbIJCJICH-
HBIX TPYIINax Mokasad, 4yTo yxke Ha 10-it MUHYTe KpPOBOIIO-
Tepu aMIuTya (paakcMonui B Auanasone Azon Oblia
GoJiblile B TpyIilie KOMIICHCUPOBaHHBIX Kpbic (Tabir. 4).

above average values: 8,7+0,5 ml / kg body weight, and
13,3+0,7 ml / kg body weight, respectively) showed that
these groups was not differed in all investigated indices
during hypovolemic hypotension (Table 3). Other results
were obtained when grouping animals by the level of blood
pressure. Noteworthy the animals differed in their ability
to compensate for blood loss. While some rats were prone
to severe hypotension during the whole period of blood
loss, the other rats had an ability to restore blood pressure
to a relatively high value within a few minutes after each
blood shedding. Therefore, the animals were divided into
two groups depending on the level of blood pressure at the
60th minute of blood loss: above («compensated») and
below («decompensated») the average value of this para-
meter equal to 50 mm Hg (Table 4). The volume of blood
loss did not differ between the groups: 11,2£1,1 ml / kg
(decompensated animals) and 14,1+1,9 ml / kg (compen-
sated animals).

Analysis of the results in the selected groups showed
that already at the 10th minute of blood loss Aad was
greater in the group of compensated rats (Table 4). Thus
between the groups there were no differences by the level
of blood pressure, but compensated animals tended to pre-
serve IP at a higher value (Table 4). At the 60th minute of
blood loss compensated animals kept a tendency to main-
tain IP at a higher level than decompensated animals. At
the same time in the group of compensated rats was noted
further increase in Ae, An and Aad, while in the group of
decompensated animals the amplitudes of fluxmotions in
the investigated frequency bands remained at baseline
(Table 4). By the 60th minute of the period of hypotension,
both groups showed an increase in blood flow pulse oscil-
lations, i. e. Ap (Table 4).

Changes in the local cerebral blood flow in the
period of reinfusion. After autohemotransfusion there was
an increase in BP compared to the 60th minute of the peri-
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Shock

Ta6auna 3. [lunamMuka nokasareseii MUKPOLMPKYJISIIUN B THAJIbHBIX COCYAaX HA NPOTSKEHUH KPOBOIIOTEPH B IPYII-

nax ¢ «<Hu3kuM» (S) u «Bbicokum» (L) o6bemom kposonorepu Me (25%; 75%)

Table 3. Dynamics of the local cerebral blood flow in the groups of «small> (S) and «large» (L) volume of blood

loss Me (25%; 75%)

Stage of experiment  Groups IP, PU Ae,PU An,PU Aad,PU Am,PU Ar, PU Ap, PU
Baseline S (n=11) 29,8 0,41 0,35 0,36 0,31 0,30 0,44
(2,8;35,6) (0,34 0,88) (0,27; 0,64) (0,31;0,52) (0,24; 0,37) (0,26; 0,33) (0,38; 0,45)
L (n=13) 31,8 0,23 0,24 0,25 0,30 0,32 0,44
(26,6; 36,5) (0,21;0,25) (0,21; 0,40) (0,24; 0,27) (0,28; 0,32) (0,28; 0,34) (0,36; 0,47)
10th minute S (n=10) 23,0 0,60 0,58 0,32 0,28 0,26 0,43
of blood loss (18,2; 23,5) (0,24; 1,12) (0,34; 0,73) (0,25; 0,65 ) (0,25; 0,36) (0,18; 0,38) (0,35; 0,50)
L (n=11) 28,0 0,35 0,49 0,40 0,32 0,31 0,48
(20,6; 37,1) (0,29; 0,76) (0,23; 0,77) (0,26; 0,77) (0,28; 0,40) (0,27; 0,40) (0,42; 0,50)
30th minute S (n=9) 20,2 0,40 0,40 0,33 0,25 0,30 0,53
of blood loss (18,4; 21,3) (0,24;0,42) (0,23; 0,55) (0,31; 0,39) (0,23; 0,29) (0,22; 0,35) (0,50; 0,70)
L (n=13) 21,3 0,65 0,42 0,36 0,36 0,34 0,50
(16,3 32,3) (0,22; 0,95) (0,25; 0,67) (0,28; 0,45) (0,25; 0,47) (0,29; 0,56) (0,40; 0,54)
60th minute S (n=11) 18,0 0,39 0,45 0,58 0,28 0,26 0,43
of blood loss (14,5, 23,2) (0,2;0,82) (0,30;0,78) (0,30; 0,83) (0,24; 0,36) (0,18; 0,38) (0,35; 0,50)
L (n=12) 19,3 0,58 0,54 0,53 0,32 0,31 0,48

(13,5; 25,6) (0,21; 1,07) (0,41; 0,79) (0,25; 0,73) (0,28; 0,40) (0,27; 0,40) (0,42; 0,56)

[Ipu aTOM MesKaYy pyIIaMu He HaOII0MaM PasJanudmii mo
yposHIo A/l, HO 0OT™MeYamn TeHAEHIINIO K COXPAHEHNIO KPO-
BOTOKA B IPYIIe KOMIIEHCHPOBAHHbBIX JKUBOTHBIX Ha GoJiee
BbICOKOM ypoBHe (Tabur. 4). K 60-ii MuHyTe KpoBomorepu
0CTaBasIach TEHEHINS K COXPAHEHIIO KDOBOTOKA B IPYIIIIE
KOMIIEHCUPOBAHHBIX KUBOTHBIX Ha (0Jiee BBICOKOM YPOB-
He, 4YeM B TPYIIE JI€KOMIIEHCHPOBAHHBIX JKUBOTHBIX. [1pu
TOM B TpyIille KOMIIEHCHPOBAHHBIX KPBIC OTMEYATIOCh
JlasibHeliIIee YBeTnueHne aMIIUTY/ibl (DIAKCMOIINI B Ji1a-
nazoHax As, AH u Aziorn, B To BpeMsI Kak B TPyIIIE EKOM-
MEHCUPOBAHHBIX JKUBOTHBIX aMIUIUTYy/a (HJIAKCMOIMI B
HCCIIeYEMBIX JaCTOTHBIX AMAIa30HAX OCTaBajach HA HC-
XOMHOM ypoBHe (Tabur. 4). Takike oTMeuann yBeJauMyeHHe
IyJIbCOBBIX KoJIebaHuil KpoBoTOKA K 60-if MUHYTE TIeproga
runoTeHsun B obenx rpymmax (tabir. 4).

HN3menenusa mnokasareseil JIOKaJbHOIO MO3TOBOTO
KPOBOTOKa B nepuoze peunndysun. [Tocie BocriosHeHns
KPOBOIIOTEPH HAGJIOAIN CYIIeCTBEHHOE yBesnderne A/l
1o cpasHenuio ¢ 60-it MUHYTOH 11€pro/ia TUIIOTCH3UH, HO
ITIM ocTaBascst Ha OTHOCUTEIBHO HI3KOM YPOBHE IO CPaB-
HEHUIO ¢ UCXOJHBIM cocTostHueM (Tabir. 2). OpHako moka-
3aTesN aMIVINTY/THO-4aCTOTHOTO CIIEKTPa KPOBOTOKA B ITH-
Am, An, Amn) mnpwm
00bEIMHEHUH BCEX KUBOTHBIX B OJ[HY IPYIILY MAJIO OTJIU-

ampHBIX cocynmax (Aa, Ajor,
YaJIMCh KaK OT MCXOJHOTO COCTOSIHUS, TaK W OT MEpPUoja
KkpoBororepu (Tabir. 2), Mo-BUAMMOMY, BCJEACTBUE CYIIle-
CTBEHHBIX PA3JIMUYUil B TeUEHUE BOCCTAHOBUTEIBHBIX MPO-
1IECCOB Y SKMBOTHBIX € Pa3HOU CIIOCOGHOCTBIO K KOMIIEHCA-
IIUU KPOBOTIOTEPH.

Bosiee yetkue pazsiuuust ObLIK OJYY€EHbBI P Pas-
JIeJIEeHUW JKUBOTHBIX Ha TPYIIIIbI B 3aBUCUMOCTH OT BEJIN-
qunbl A/l B KoHIte ieproja runotensun (cMm. Bore). [To-
cJie BOCIOJIHEHUsT KpoBotiotepH, Ha 10 MunyTe nepuoja
perH(y31H, TeKOMIEHCUPOBAHHbBIE KPBICHI OTJIUYATUCH
OT KOMIIEHCHPOBAHHBIX Gosiee HU3KUMU 3HaueHusAME AJ]
u kpoBoToka (tabu. 4). B a1oT ke nepuoxa Habm0AeHUS

od of hypotension, but IP remained relatively low com-
pared with the baseline (Table 2). However, the indices of
amplitude spectrum of local cerebral blood flow (Ae, An,
Aad, Am, Ar and Ap) when combining all the animals in
one group differed little from both the baseline and the
period of hypotension (Table 2), apparently due to signifi-
cant differences in the recovery processes in animals with
different ability to compensate for blood loss.

More clear differences had been obtained when the
animals were divided into groups depending on the value
of blood pressure at the end of hypotension period (see
above). At the 10th minute of reinfusion period, decom-
pensated animals differed from compensated ones by lower
values of BP and IP (Table 4). Also compared to the 60th
minute of hypotension period in the group of compensated
animals there was a decrease in Ae, An and Aad to baseline.
In the group of decompensated animals the amplitudes of
fluxmotins was not changed. These intergroup differences
to the 60th minute of reinfusion period were increased. At
the 60th minute of reinfusion period in the group of com-
pensated animals IP and the amplitudes of fluxmotions in
all frequency bands did not differ from the baseline. In
decompensated rats the BP and IP were below the baseline
levels, and An, Aad were slightly higher than the initial
values, indicating that the compensatory processes had
been strained (Table 4). During reinfusion period in the
group of decompensated animals the values of Ap remained
at an elevated levels but returned to baseline levels in the
group of compensated rats (Table 4).

In this paper we examined the changes in systemic
hemodynamics, local cerebral blood flow and its oscilla-
tions (fluxmotions) during periods of hypovolemic
hypotension and subsequent reinfusion of blood. How our
results are consistent with the known scientific facts?

It is believed that brain functions in hemorrhagic
shock are affected to a much lesser extent than the func-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2014, 10; 2



Hlox

Tabmuna 4. /luHaMuKa nokasaresieil MUKPOUUPKYJISIIUY B HAJBHBIX COCY/aX HA MPOTSI’KEHUU KPOBOIOTEPH B IPYII-

nax <jaexomneHcupoBanubix»> (D) u «<kommencupoBannbix»> (C) mo yposHio A/l :xuBotHsix Me (25%; 75%)

Table 4. Dynamics of the local cerebral blood flow in the groups of «decompensated» (D) and «compensated» (C)

by the level of BP rats Me (25%;75%)

Stage of experiment  Groups IP, PU Ae, PU An,PU Aad,PU Am, PU Ar, PU Ap, PU BP, mm Hg
Baseline D (n=13) 30,5 0,28 0,25%* 0,27 0,28** 0,3 0,44 81
(22,8; 36,0) (0,17;0,41) (0,19; 0,32) (0,24; 0,32) (0,2;0,32) (0,24; 0,34) (0,38; 0,47) (79; 95)
C (n=11) 32,8 0,25 0,35 0,31 0,31 0,32 0,44 85
(26,6; 36,5) (0,22;0,54) (0,25;0,8) (0,26;0,58) (0,28;0,5) 0,3;0,37) (04;0,45) (80;98)
10th minute D (n=9) 19,6%%# 0,29** 0,34% 0,27* 0,26 0,29 0,42 55%**
of blood loss (16,7; 23,2) (0,21; 0,43) (0,22; 0,54) (0,25; 0,32) (0,25; 0,31) (0,18;0,31) (0,42; 0,48) (54; 61)
C (n=11) 25,5% 0,76 0,72 0,65% 0,36 0,38 0,49%** 70***
(22,9; 36,9) (0,29; 1,71) (0,49; 0,79) (0,49; 0,77) (0,3;0,41) (0,27;0,41) (0,47;0,56) (55;74)
30th minute D (n=11) 18,4 0,37** 0,31 0,32* 0,28 0,32 0,54 47
of blood loss (14,7, 27,8) (0,18; 0,61) (0,23; 0,62) (0,27; 0,36) (0,25; 0,43) (0,25; 0,53) (0,43; 0,54) (40, 57)
C (n=11) 20,5 0,67 0,48 0,42 0,33 0,34 0,52 54
(16,8; 32,4) (0,24;1,2) (0,26; 0,63) (0,36; 0,49) (0,23; 0,47) (0,27; 0,49) (0,46; 0,67) (44; 81)
60th minute D (n=12) 157%%*** 0,21* 0,4%*** 0,28* 0,3 0,34 0,55%** 43 %
of blood loss (13,5; 21,6) (0,2;0,39) (0,24;0,7) (0,24;0,53) (0,24; 0,57) (0,23;0,76) (0,34; 0,71) (41; 45)
C (n=11) 18,7%** 0,82# 0,78%** 0,83%** 0,36 0,28 0,6%%* 56%**
(18,0;29,8) (0,54; 1,3) (0,45; 1,19) (0,69; 0,94) (0,27; 0,45) (0,25; 0,52) (0,55; 0,62) (54; 63)
10th minute D (n=11) 19,9%***##%  (,28 0,37%** 0,33% 0,27 0,25 0,67 89*.##
of reinfusion (17,7; 26,1) (0,15;0,57) (0,25;0,8) (0,21;0,62) (024; 0,57) (0,21;0,51) (0,35;0,8)  (62;90)
C (n=9) 28,4 0,25%# 0,33## 0,37## 0,29 0,27 0,41## 96##
(20,6; 30,4) (0,17;0,33) (0,22; 0,51) (0,23; 0,64) (0,23;0,4) (0,2;0,4) (0,32;0,46) (82;102)
30th minute D (n=7) 18,7%** 0,27 0,26 0,27 0,25 0,23 0,39 77*
of reinfusion (13,7; 24,2) (0,22; 0,36) (0,2;0,37) (0,18; 0,36) (0,22; 0,43) (0,18; 0,46) (0,3;0,48) (70; 83)
C (n=8) 26,4 0,46 0,5 0,47## 0,34 0,39 0,39 100
(20,3; 30,1) (0,2; 0,87) (0,22;0,78) (0,21; 0,52) (0,26; 0,48) (0,28; 0,48) (0,35; 0,43) (95; 107)
60th minute D (n=9) 184%***x* 0,57##  (,53%*/*#% () 54¥**** () 35%* 0,37 0,64%###  5Q****#4
of reinfusion (13,8; 22,9) (0,39; 0,68) (0,39; 0,65) (0,36; 0,6) (0,34;0,53) (0,28;0,6) (0,62;1,1) (52;76)
C (n=8) 25,9 0,36## 0,33## 0,34## 0,3 0,28 0,4%# 86##
(21,1; 30,5) (0,14; 0,64) (0,24; 0,41) (0,3;0,41) (0,27;0,33) (0,25; 0,39) (0,34; 0,43) (79; 100)

IIpumevanue. * — p<0,05 MexLy TPyNIIaMU B TOT ke Tiepuoz HabmoaeHust; ** — p<0,1 Mexy rpynnamMu B TOT JKe TIeprol HabJroe-

8k ok

HUS,

— p<0,05 110 cpaBHEHMIO C UCXOHBIM 3HAYEHIEM ITOTO MOKa3aTelist B TOii ke rpyiie; ¥ — p<0,1 110 cpaBHENHIO C UCXOLHBIM

3HAUYEHUEM HTOTO TIOKa3aTesist B TO ske rpytie; ## — p<0,05 no cpaBuennio ¢ 60-it MuryToil kpoBonorepw; ### — p<0,1 Mo cpaBHEHUIO

¢ 60-i1 MUHYTOII KPOBOIOTEPH.

Note. * — p<0,05 among groups at the same stage of the experiment; ** — p<0,1 among groups at the same stage of the experiment;

EXT 3

vs. 60th minute within group.

1o cpasHenuio ¢ 60-i1 MUHYTOIl nepuojia IMIIOTCH3UN
MIPOU3OIILIIO CHIKEHUE aMILIUTYbl (hJIAKCMOIUI B /[Ha-
nazonax Aas, AH u AZomn B TpyIire KOMIIEHCUPOBAHHBIX
JKUBOTHBIX /10 MCXOHOTO YPOBHA. B rpymme mexomten-
CHUPOBAHHBIX KUBOTHBIX aMILIUTYIa (hIaKCMOIIMI He u3-
MEHWIJIACch. DTU MEKTPYIIIOBBIe pazanyuns K 60-if MunyTe
neprozia pemH(y3Un He TOTBKO COXPAHSINCH, HO U yBe-
amanBannck. Tax, k 60-i1 MunyTe epnosa penabysnn B
rpyIIe KOMIEHCUPOBAHHBIX KUBOTHBIX BEeJUYHUHA KPO-
BOTOKA M aMILIUTY/bl (DIakcMOLMil BO BceX HMcCJaemye-
MBIX YaCTOTHBIX /AMAala30HaX He OTJNYAJNCh OT MCXO-
HBIX 3HAUeHWH TUX TMoKazareseil. B To Bpemsa kak y
KPbIC CPAaBHUBAEMOM IpyTiibl 3HaueHus Al 1 KpoBOTOKA
GBI HUIKE MCXOMAHOTO YPOBHSI, & aMILIUTY/IBI (DIAKCMO-
11t B Inanasonax AH, AJI0TT 0Ka3aiach HECKOJIBKO BbITIIE
WCXOMHON BEJIWIUHBI COOTBETCTBYIONINX IOKa3aTeseH,
YTO CBHIETEJBCTBOBAJIO O HAIMPSKEHNHW KOMIIEHCATOP-
HBIX npoiteccos (Tabi. 4). B nepuone penndysuu seau-
YIHA aMILIUTY /bl [IYJbCOBBIX KOJleOaHMii ocTaBajach Ha
MOBBITIIEHHOM YPOBHE B TPYIIE JAEKOMIIEHCUPOBAHHBIX

— p<0,05 vs. Baseline within group; # — p<0,1 vs. Baseline within group; ## — p<0,05 vs. 60th minute within group; ### — p<0,1

tions of peripheral organs (skin, muscles, organs of the
abdominal cavity), due to the centralization of circulation
and pronounced ability to cerebral autoregulation. For
example, in contrast to the buccal mucosa, the microcircu-
lation indices in the parietal region of the rat neocortex
were maintained, despite the marked reduction in cardiac
output and systemic blood pressure [22]. This is consistent
with clinical observations that describe the absence of neu-
rological disorders in patients after hemorrhagic shock.
[23]. The autoregulation of cerebral blood flow provides its
permanence in systemic blood pressure changes within a
wide range (60—140 mm Hg) [16, 24]. Some authors
determined the lower limit of cerebral blood flow autoreg-
ulation at the level of 50 mm Hg [8, 19]. In our experi-
ments with a one-hour hypovolemic hypotension there
was a decrease in IP from baseline. This can be explained
by the fact that the target level of hypotension was less
than the lower limit of cerebral autoregulation.

A feature of this work was the division of animals
into groups (compensated and decompensated) depend-
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JKUBOTHBIX U BO3BpAlllaJach K HMCXOMHOMY YPOBHIO Yy
KOMIIEHCHPOBAHHBIX KPbIC (Tab. 4).

B Hacrosieit pabote rccie10BaHbl U3MEHEHMUST CHC-
TEMHOIi TeMOZIMHAMMKH JIOKAJIbHOTO MO3TOBOTO KPOBOTOKA
U aMIUIUTY/IHO-YaCTOTHOTO CIIEKTPa ero KoJiebanuii ((iax-
CMOIIMIT) Ha MPOTSPKEHUH TIEPUOIOB TUIIOBOJIEMIUYECKOI
TUTIOTEH3UN 1 TTocyieiyoteli penadysun kposu. Kak Mox-
HO MHTEPIIPETUPOBATD MOJYYEHHbBIE JAHHBIE U KAK OHU CO-
OTHOCSITCS C YK€ U3BECTHBIMU HAyYHBIMH (DakTaMu?

Cuwuraercs, 4To (GYHKIIMKM MO3Ta TIPU Pa3BUTUU Te-
MOPPAru4ecKoro 1oKa CTPaIaloT B 3HAYNTEIbHO MEHBIIEH
crerieHu, yeM (YHKIMU GOJIBIIMHCTBA TepUbepUIecKIX
opraHoB (KOsKa, MBIIIIIbI, OPraHbl OPIOIIHO¥ M10JI0CTH ) GJ1a-
rofiapst HeHTPaJIU3aluy KpOBOOOPAIIEHUS U BBIPAsKEHHOI
CIIOCOGHOCTH K 2y TOPETYJISIIINI MO3TOBOTO KpoBOTOKa, Ha-
MIpUMeEP, B OTJINYKE OT CJAMIUCTON MOJOCTH PTa MoKa3are-
JI MUKDPOIUPKYJISIIUU B TEMEHHON 00JIaCTH HEOKOPTEKCa
KPbIC COXPAHSIJIMCh HA OTHOCUTEJIbHO TIOCTOSIHHOM YPOBHE
HECMOTPsI Ha BBIPAKEHHOE CHUKEHUE CePIEYHOr0 BhIGpoca
u cucteMHoro A/l [22]. 3To cOOTHOCUTCS € KIMHUYECKUMEI
HAOJIIOICHUSIMY, OTIUCHIBAIOIIUMU OTCYTCTBHE BbIPAKECH-
HOTO HEBPOJIOTUYECKOTO JIeUITUTA Y MTAIIMEHTOB, IepeHec-
MNX reMopparndeckuii mox [23]. 3a cuer ayroperymsnun
obecrieynBaeTcst OTHOCUTEIBHOE MTOCTOSIHCTBO MO3IOBOTO
KPOBOTOKA 1PU U3MEHEHHUSX CHCTEMHOTO apTepUaJbHOTO
JIaBJICHUS B JIOCTATOUHO MUPOKUX npenesnax (60—140 mm
pT.ct.) [16, 24]. HekoTopble aBTOPbI OIPEAEISIOT HUKHIOK
IPaHMILy ayTOPETYJISIIMU MO3TOBOTO KPOBOTOKA HA YPOBHE
50 mm pr. ct. [8, 19]. B Hammx sxcrepuMeHTax Ha MPOTS-
SKEHWH OJTHOYACOBOI THIIOBOJIEMUYECKOI TUIIOTEH3UU OT-
Meuasioch cHmkenne [TM oTHOCHTEIbHO UCXO/THOTO 3HAUE-
HUSI, YTO OOBSICHMMO: 11eJIeBOIl YPOBEHb THIIOTEH3UK ObL
MeHblle (MJIM COOTBETCTBOBAJ) HUKHEI IPAHUIIBI ayTOpe-
TYJISIIIAE MO3TOBOTO KPOBOTOKA.

OcoOEeHHOCTBIO JIAHHOI PaboThI CTAJIO pasjiesieHue
SKMBOTHBIX Ha TPYIIIbI (KOMIIEHCUPOBAHHBIE U JICKOMIICH-
CUPOBaHHbIE) B 3aBUCUMOCTU OT ypoBHsS A/l K KOHILY rie-
pHozia KpoBotoTepu. Yske Ha 10-if MUHYTe THIIOTEH3UU B
rpyIiie KOMIEHCHPOBAHHBIX KPBIC OTMEYAJIOCh MOBBIIIE-
HUE aMITUTY/bl (hrakeMOIMii B 4acTOTHOM /[MAlia30He
0,06—0,12 It (A o), 1py 3TOM BbIJIeJIEHHBIE TPYIITIBI e1iie
He pasJyindaiuch 1o ypostio A/l u ammiuryzam dakecmo-
Ui B IPYyTUX 4acTOTHBIX Auanazonax. K 60-it Mmunyre ru-
[IOTEH3UN B TPYIIIe KOMIIEHCUPOBAHHBIX KPBIC OTMEYEHO
JlasibHelilee Bo3pactaHue A0, a TakyKe yBeJUYeHue
AMIUIATY/] B JIDYTUX YaCTOTHBIX AuanasoHax (As u An),
MIPUHSATBIX COOTHOCUTD € AKTUBHBIMU MEXaHU3MaMU pery-
JISSTIIMYA MUKPOTIMPKYJI K. [ToyueHHbIe Pe3yIbTaThl yKa-
3bIBAIOT HA TO, UTO YBEJIMYEHUE aMIIJIUTY bl (DJIAKCMOIUIT B
BbIJIEJIEHHOM JIOTIOJTHUTETbHOM YAaCTOTHOM J[MATIa30He CO-
NPSIKEHO CO CIOCOOHOCTBIO KUBOTHBIX K KOMIICHCAIIUE
AJl v ipezicTaBisieT co00ii MHANBY/LY AJIbHO-TUITOJIOTUYEC-
KYH0 0COOEHHOCTD PErYJISIIIUU MUKPOIMPKYJISIUU B YCJIO-
BUSIX TUIIOBOJIEMUYECKON TUIIOTEH3NH.

OO01iell 3aKOHOMEPHOCTBIO SIBJISIETCST AKTHBU3AIIKS
Ba30MOINH («aKTUBHOTO» KOMITOHEHTa (hJIAKCMOITNI ) TP
KPUTHYECKUX PACCTPOICTBAX MUKPOIMPKYJISINH, BbIPa-
JKEHHBIX M3MEHEHUSX MeTaboJ3Ma 1 [IeHCTBUU HEKOTO-

ing on the level of blood pressure towards the end of
hypotension period. Already at the 10th minute of the
hypotension in the group of compensated rats there was
an increase of the amplitude of fluxmotions in the fre-
quency band 0.06—0.12 Hz (Aad), but compared groups
not differed in BP and the amplitudes in other frequency
bands. At the 60th minute of the hypotension in the group
of compensated rats there was a further increase in Aad, as
well as in Ae and An, which is usually correlated with the
active mechanisms of the regulation of microcirculation.
The results indicate that the increase in the amplitude of
the additional frequency range is associated with the abil-
ity of animals to maintain blood pressure. It is a typologi-
cal feature of microcirculation regulation in hypovolemic
hypotension.

It is believed that increased vasomotions (the
<«active» component of fluxmotions) are typical for critical
microcirculatory disorders, metabolic disorders, and the
actions of some pharmacological agents. At the same time,
their appearance and amplitude differ between individuals,
and for the same individual in different states [25]. Also,
there are works in which vasomotion activation in micro-
circulation disorders have been shown to be associated
with improved tissue perfusion and oxygenation [26—28].
This is consistent with our data, since there was a trend to
a greater value of the IP in the group of compensated rats.

Increasing the amplitude of fluxmotions in the addi-
tional frequency band (Aad) it difficult to explain in terms
of the participation of different regulation mechanisms of
microcirculation. It is not known exactly what is the rela-
tive role of metabolic and myogenic components of cere-
bral autoregulation [29]. Cerebral vessels are supplied by
both sympathetic and parasympathetic innervation, but
normal cerebral blood flow changes slightly under the
influence of these factors [29]. With a decrease in the cere-
bral perfusion pressure, pial vessels dilate. Since Aad
appeared within the «traditional» neurogenic band, and its
increase often occurred simultaneously with an increase in
An, we can assume that this phenomenon was associated
with the neurogenic mechanism of microcirculation regu-
lation. In particular, it is possible that there is an activiza-
tion the parasympathetic division of the nervous system or
sensory of peptidergic fibers.

Interesting were the changes in pulse oscillations in
blood flow. Their amplitude (Ap) was increased by reduc-
ing vascular tone or increasing the rigidity of the vessels.
[11]. Therefore, the increase in amplitude to the 60th
minute of hypotension in both groups of rats may be a
manifestation of pial vessels vasodilation.

Decompensated rats differed in unfavorable course
of the recovery period (reperfusion). This was manifested
by lower values of blood pressure and IP, as well as the
intensity of compensatory processes (an increase in Aad
and An relative to the initial state). Ap remained at elevat-
ed levels in the group of decompensated animals and
returned to baseline levels in compensated rats. In the
postresuscitation period there was a delayed decrease in
cerebral blood flow [30], which came amid a reduction in
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PBIX (hapMaKOJIOTHYECKUX TIPENAapaToB, IIPU 9TOM KX MOSIB-
JIEHWE ¥ aMILIATY/Ia OTJIHYAIOTCS KaK MEXKILY 0COOSMMU, Tak
U Y OTHOH ¥ TOH ske 0coOu B pasHbIX coCcTOsHUSX [25]. Tak-
e ecTh paboThl, B KOTOPBIX MOKA3aHO, YTO aKTHBU3AIIMS
Ba30MOIUIT TTPY PACCTPONCTBAX MUKPOIUPKYJISIIUN aCCO-
IIUUPOBAHA C yJIydieHueM 1mephysuu U OKCUTEHAIH TKa-
Hel TAaHHOTO COCYIUCTOTO perroHa [26—28]. 9T1o cooTHO-
CUTCS € HAMIMMW JIaHHBIMU, MOCKOJIBKY OTMedasach
TeHEeHIMs K 6oJibleMy 3HaueHuto [IM B rpyIie KoMIeH-
CUPOBAHHBIX KPbIC.

3aTpyAHUTEIBHO OObSICHEHUE YBEJUYCHUS aMILIU-
T/l (DJIAKCMOIUIT B TOTTOJIHUTEIbHOM YACTOTHOM JTHaria-
30HE C TOUKH 3PEHUS yUaCTUsI PA3JIUIHBIX MEXaHU3MOB pPe-
TYJSIUN  MUKPOIMPKYJIsiiinu. Hampumep, TOYHO He
M3BECTHO, KAKOBA OTHOCUTEIBHAS POJIb METAOOIHYECKOTO
1 MHOTEHHOTO KOMIIOHEHTOB B ayTOPETYJISIIIMA MO3TOBOTO
kpoBoToka [29]. IlepebpasbHbie COCY/bI MOJIYYAIOT KaK
CUMITATHYECKYIO COCYIOCYKUBAIOILYIO, TAK ¥ MapachMIIa-
THYECKYIO COCY/I0PACHIUPSIIONLYI0 WHHEPBAIUIO, HO B HOP-
Me MO3TOBOI KPOBOTOK MEHSIETCSI 0Y€Hb ¢JIab0 MOJ JIeHCT-
BueM atux haxTopos [29]. [Ipu cHUKeHUY 11epedPaTbHOrO
1epy3MOHHOTO JIABJIECHUS OTMEYAETCS Ba30/[UJIATaIlNs
MTUATBHBIX COCY/IOB. YUUTbIBAsI, 4TO AJIOT OKA3aJICs B PaM-
KaX «TPaJIMIIMOHHOTO» HEHPOTeHHOTO JINANa30Ha, a TAKKe
TO, YTO yBeJIM4eHue AJION 4acTo TPOUCXOJIUIIO OJIHOBpE-
MEHHO C BO3pacTaHueM AH, MOKHO TPEIIOJIOKUTb, YTO
JAHHBII (DEHOMEH CBSI3aH C HEHPOTEHHBIM MEXaHU3MOM
peryJsiiiuu MUKPOLMPKYJISIIMKA. B yacTHOCTH, BO3MOKHA
AKTUBM3AIMS 1TAPACUMIIATUYECKOTO OT/leIa HEPBHOM CHC-
TEMbI UJIN CEHCOPHBIX MENTHIEPIUYECKIX BOJOKOH.

WHTepecHbIMHM OKA3aJIMCh N3MEHEHUS MYJIbCOBBIX KO-
JiebaHUi KPOBOTOKA, aMILINTY/A KOTOPBIX yBEJMYUBACTCS
TIPU CHUPKEHNH COCY/IMCTOTO TOHYCA WJIW TIOBBIIIEHUH JKeCT-
koctu cocynoB [11]. Tloaromy Bo3pactaHue aMILTUTYIbI
IyJIbCOBBIX KOsieGaHui (All) KpoBOTOKa K 60-if MUHYTE IUIIO-
TEH3UK B OOEUX IPYIIIAX KPBIC MOKET ObITh IIPOSIBJICHIEM Ba-
30/IUJIATAIIAY [THAJBHBIX COCY/IOB CO CHUXKEHHEM MX TOHYCA.

[To nuHamuKe aHATM3UPYEMbIX TTOKa3aTeseil B Ie-
puojie perH(py3uu MOKHO CKasaTb, YTO KPbBICHI, JIEKOM-
MeHCUPOBaHHbIe 110 ypoBHIO A/l B KOHIle Tlepruoja ruro-
TEH3UHU, OTJIUYANUCH HEOJIArONPUITHBIM TEYEHUEM
BOCCTAHOBUTEJBHOTO MEPHO/IA. DTO TIPOSIBJISIOCH B MEHD-
mnx 3HadeHnsaxX A/l m kpoBoTOKa (Kak OTHOCHTEJIBHO HC-
XOJIHOTO COCTOSIHUS, TaK U B CPABHEHWM C IPYIIIION KOM-
MMEHCUPOBAHHBIX JKMBOTHBIX), a TaKKe HaIlpsiKeHUueM
KOMIIEHCATOPHBIX 1TpoTieccoB (yBesndenue AH u Aot or-
HOCHUTEJIBHO NCXOHOTO COCTOSTHUS ). AMIIJINTY/IBI Ty JTHCO-
BbIX KOJIEOAHUN B MUAJIBHBIX COCY/IaX OCTABAJIUCH HA MO~
BBIIIEHHOM YPOBHE B TpYIIlie JeKOMIEHCUPOBAHHBIX
JKUBOTHBIX M BO3BPAIIAJIUCH K NCXO[HOMY YPOBHIO Y KOM-
TIeHCHPOBAHHBIX KpbIC. VI3BecTeHn (heHOMEH OTCPOUEHHOTO
CHUKEHUSI MO3TOBOTO KPOBOTOKA B TIOCTPEAHMMAIIMOHHOM
nepuojie [30], kotopoe mpoucxouT Ha hOHE YMEHbIIIEHUS
pocBeTa CoCy0B U HauboJiee BbIPAKEHO 1pu HebJaro-
MPUSTHOM TE€YEHUU BOCCTAHOBHUTEJNBHOTO Iepuojia. B Ha-
CTOSIIIEM HCCIIEIOBAHIN HAOJIOAAIOCH CYIECTBEHHOE 110~
BBIIIEHUE AMILIMTY/IbI IYJIbCOBBIX KOJI€OAaHUN B TpyIilie
JIEKOMITEHCUPOBAHHBIX KPBIC. DTH TAHHbIE MTO3BOJISIOT 3a-

the vascular lumen and was most pronounced with the
unfavorable course of the recovery period. In the present
study, there was a significant increase of the Ap in the
group of decompensated rats. These data allowed us to
conclude that the increase of the Ap associates with
increased rigidity of microvessels and is a sign of cerebral
microcirculation disorders in the reinfusion period.

Conclusion

1. Increase of the amplitude of fluxmotions in pial
vessels in hypovolemic hypotension is associated with the
ability of the animals to compensate for blood pressure and
is a typological feature of the microcirculation.

2. Low amplitude of fluxmotions in the rats with
low compensatory reserve to maintain blood pressure lim-
its the recovery processes of cerebral blood flow in reinfu-
sion period.

3. An increase in the rigidity of microvessels is one
of the mechanisms of cerebral microcirculation disorders in
reinfusion period.

KJIIOYUTD, YTO ITOBBIIICHUE aMILJIUTY/bI IIYJIbCOBBIX KOJIC-
6aHmUil CBA3aHO C YBEINIEHUEM KECTKOCTH MIUKPOCOCY/IOB
U ABJISICTCA OJHUM M3 MEXaHU3MOB HapyLICHUS MUKPO-
IUPKYJISIUY B MO3Te B Tiepuo/jie perH(y3uu.

BroiBoasl

TaknM 06pasoM, BBISBICHBI 0COOEHHOCTH M3MEHE-
HUH aMITTYHO-4aCTOTHOTO CIIEKTpa KOoJeOaHuil MO3To-
BOTO KPOBOTOKA BO BPeMsI KOHTpOJMpyeMoit o A/l KpoBo-
MOTEPH W TIOCTe penH(y3un KpoBH. V3 MOTydeHHDIX
PE3YIIBTaTOB MOKHO C/ICTATDh CIEAYIONINE BHIBOIDL:

1. VYBenmuenme aMIInTyAbl (BIaKCMONWIT B TH-
ATBbHBIX COCYJaX MPU Pa3BUTUH TUIIOBOJIEMUYCCKO TH-
MOTEH3UH COTIPSIKEHO CO CIMOCOGHOCTBIO KMBOTHBIX K
KOMIIEHCAITN apTEePUANBHOTO AaBJICHU U SBJISACTCS WH-
JMBUYaTbHO-THIIOJOTHYECKOW OCOGEHHOCTBIO MHKPO-
HMUPKY IS,

2. Cnabas cmocoOHOCTD K Pa3BUTHIO BEICOKOAMILIN-
TYAHBIX (PITaKCMOIUH Y KPBIC ¢ HUBKMMH KOMIICHCATOPHBI-
MU BO3MOKHOCTAMU mojjepxkanuss AJl orpanuumusaer
MPOIIECCHI BOCCTAHOBJIEHUS MO3TOBOTO KPOBOTOKA B TICPH-
onie penHQy3nn.

3. VBesmuenwe KeCTKOCTH MUKPOCOCY/IOB SIBJISICT-
CS1 OIHMM M3 MEXaHU3MOB HaPYIIEHWS MUKPOIMPKYISATIAH
B MO3Te B ieprojie penady3nm.
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