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Blood Loss
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Effect of Perfluorane on the Amplitude-Frequency Spectrum of Fluctuations
in Cerebral Blood Flow in Hemorrhagic Hypotension
and During the Reperfusion Period
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Iens uccnedosanus. I3yuenvie ¢ ioMoNIpIo JiazepHoi somuiepoBckoi pioymerpun (JIIM) pmsiimst nepdropana Ha IMHAMUKY napa-
METPOB MHKPOTEMOLMPKYJISIIMN B IMATBHBIX COCY/IAX KPBICHI IIPH OCTPOii KPOBONOTEpe H 1ocJie ayroreMoTpancdysuu. Mamepuaiot u
Memoovl. IKCepPUMEHTDI IPoBe/ieHbI Ha 31 6ecnopoaHbIX Kpbicax-camuax Maccoit 300—400 r 1o Hapko3oM (HeMOYTa 45 MI/KI BHY-
Tpuépionmino). C nesmio uamepennst AJl, 3a6opa, peundyaun KpoBu U BBe/IeHUst MH(DY3UOHHBIX PACTBOPOB KATETEPU3UPOBAIM XBOC-
TOBYIO apreprio. KpoBOTOK B IMAJIBHBIX COCY/aX JIEBOI TEMEHHOI 061acTH (KOOPIMHATHI LIEHTpa: 3 MM KayJaibHO oT JmHuu Bperma, 2
MM JIeBee OT CATHTTAJIBHOIO IIBa) PErMCTPUPOBAM METOIOM Jia3depHoii romuieposckoit dnoymerpun (JIID) (ammapar JIAKK-02,
HIIIT «JTA3BMA», Poccus). Hcnionb3osamm Moziesh OCTPOH, (prKCHpoBanHoii o 00beMy kposonorepu. Ilenesoit 0Gbem kposonorepu
661 30% ot OLTK. Ha 10-if MunyTe nocsie 3a6opa kpoBu xkuBotHbiM BBomam pactBop NaCl 0,9% (PP, n=15) wm nepdropan (11D,
n=16) B no3e 3 mi1/kr maccp! Tesa. Ha 60-it MunyTe nocsie 3a6opa KpoBU NPOBOMIACH ayToreMoTpancdysusi, OCe Yero cie0Ba pe-
nepdyauonsbii nepuoy (60 mun). Ipu anammze JI/IM-rpammb! onpe/iesisi clieayonye napaMeTpsl: MOKa3aTe b MUKPOIMPKYJISILHI;
MaKCHMaJIbHbIE AMILIUTY/[bI KOJIE0AHMIT KPOBOTOKA B 9HIOTEMAILHOM, HEIPOreHHOM U MHOTE€HHOM /MANIA30HAX YACTOT METO/IOM BeiiB-
Jer-anamza. CratucTHuecKyio 06paGoTKy JaHHbIX IPOBOMIHM B Iporpamme Statistica 7.0. Pesyiomamupt. TunoBoseMusi pUBOIIA K
crkerio AJl Gosee yem Ha 50%, P 9TOM KPOBOTOK B IMMAJIBHBIX COCY/aX YMEHBIIAICS MeHee yeM Ha 20% OT MCXO/HOTO YPOBHS
(p<0,05). B 310T 3)€ NIEPHO/ HAGMONAIOCH YBEMUEHHE AMILUTATY/IbI (DIIAKCMOIIMIA, B OCHOBHOM, B HEHPOTEHHOM (AH) YaCTOTHOM JMana-
30He. Pagmiuusi B napaMeTpax MUKPOILMPKY.istiuu Mesxay rpymmavu OP wm IID 3axmoyaimich B COXpaHEHUH HA TPOTSKEHHH BCETO
nepro/ia ruoBosieMun Gosee Bbicokoil An B rpyne AP, npu 91oM rpymibt He pasimryamics no yposuio IIM, pCO, 1 aktara B aprepu-
anbHoit kposu. Ilocsie penndyany kposu 1 yBesnryenust A/l uccieyemble napaMeTpbl MUKPOLMPKYJISIIMY He Pa3JIHYAICh MESKLY IPyII-
TIAMU U 110 CPABHEHHIO C HCXO/IOM, YTO YKa3bIBAJIO HA KOMIIEHCATOPHBII XapaKTep U3MEeHeHHsT aMIUIUTY/IbI (DIaKCMOLMIA B OTBET Ha pa3-
BUTHE KPOBomoTepu. 3akovenue. IlomyyeHHbie pe3yssraTsl CBHAETENbCTBYIOT 0 ToM, uto IIM, no cpaBrenuro ¢ MP, npusomur
CHILKEHHIO HANPSKEeHHs] KOMIICHCATOPHBIX MEXaHU3MOB B PETyJISIMH MO3TOBOTO KPOBOTOKA B YCJIOBUSIX PHCKA PA3BUTHSI THIIOKCHH BO
BpeMsi runoBosieMun. Knrouegwte ciosa: Mo3rooii kpoBotok, JIJIMD, BeiiBier-anams, octpasi KpoBomnorepsi, nepdropan.

Objective: to use laser Doppler flowmetry (LDF) to investigate the effect of perfluorane on the time course of microhemocirculato-
ry changes in the rat pial vessels in acute blood loss and after autohemotransfusion. Material and methods. Experiments were car-
ried out on 31 outbred male rats weighing 300—400 g under anesthesia with intraperitoneal Nembutal 45 mg/kg. The caudal artery
was catheterized to measure blood pressure (BP), to sample and reinfuse blood, and to administer infusion solutions. LDF (JIAKK-
02 device, LAZMA, Russia) was used to record blood flow in the pial vessels of the left parietal region (the center coordinates were
3 mm caudal to bregma and 2 mm left of the sagittal suture. A volume-fixed acute blood loss model was applied. The goal amount of
blood loss was 30% of the circulating blood volume. At 10 minutes after blood sampling, the animals were administered 0.9% NaCl
solution (physiologic saline (PS), #=15) or perfluorane (PF), n=16)) in a dose of 3 ml/kg body weight. At 60 minutes following
blood sampling, autohemotransfusion was used, after which there was a 60-min reperfusion period. The investigators analyzed LDF
readings and determined the following indicators: microcirculation index; the maximum amplitudes of blood flow fluctuations in the
endothelial, neurogenic, and myogenic frequency ranges by a wavelet analysis. The data were statistically processed using Statistica
7.0 software. Results. Hypovolemia caused a more than 50% reduction in BP; moreover, blood flow in the pial vessels decreased by
less than 20% of its baseline level (p<0.05). In the same period, there was an increase in the amplitude of flux motions mainly in the
neurogenic (NA) frequency. The differences in microcirculatory parameters between the PS or PF groups were in the retention of
higher NA in the PS group throughout hypovolemia; at the same time the groups did not differ in the arterial blood levels of the index
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of perfusion (IP), pCO,, and lactate. After blood reinfusion and BP elevation, the examined microcirculatory parameters did not dif-
fer between the groups and were similar to the baseline values, suggesting that there were compensatory changes in the amplitude
of flux motions in response to evolving blood loss. Conclusion. The findings suggest that PF versus PS leads to the reduced tension
of compensatory mechanisms for cerebral blood flow regulation at a risk for hypoxia during hypovolemia. Key words: cerebral blood
flow, laser Doppler flowmetry, wavelet analysis, acute blood loss, perfluorane.
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BBenenue

OTymanTeIBHON 0COOEHHOCTBIO MO3TOBOTO KPOBO-
o06pallleHusT SIBJISIETCs BhIPasKEHHAsT CIIOCOOHOCTH K ayTo-
PeryJIsIuy B MINUPOKOM HANa30HE N3MEHEHUST CHUCTEMHO-
ro aprepuanbroro pasienus (A/l) [1, 2]. Ioxnepskanue
JIOKQJIBHOTO MO3TOBOTO KPOBOTOKA HA OTHOCHUTEJIBHO IIO-
CTOSIHHOM yPOBHE TIpH CHIKeHHN A/l 10 HIDKHEN rpaHuIbl
ayroperyannn (1o pasubiM ganubM 40—70 MM pT. CT.)
006eCTIeYrBaETCST CTOKHBIM KOMIIJIEKCOM KOMIIEHCATOPHO-
MPHUCIIOCOOUTETHHBIX PeakIil (TIPEsK/e BCETO BA3O/MIIs-
Tanueil) MUaJIbHBIX COCYZOB [3], B TOM 4HCIIe 3MEHEHNEM
AMJIATYIHO-YACTOTHOTO CIIEKTPa KosieOaHnuii KPOBOTOKA Ha
YPOBHE MUKPOIUPKYJIsiiun [4—6].

[lepdropan — aT0 MIazMo3aMeHUTENb, 06JajaI0-
MM HE TOJBKO XOPOIIel Ta30TPanCHOPTHON COCOOHOC-
TBIO, HO U PS/IOM JIPYTUX MOJIE3HBIX (DapMaKoANHAMITIEC-
KUX CBOHCTB (peosiormueckue, TeMOJANHAMHUYECKIE,
MeMOPaHOCTAGMITU3UPYIONINE U P.). DTOT Tpernapar wc-
MOJIb3YETCS IPH IMHUPOKOM CIIEKTPe 3a00JIeBAHNH, BKJIIO-
4aro OCTPYI0 KPOBOIIOTEPIO U YEPEHO-MO3TOBYIO TPABMY,
IIpM KOTOPBIX JIOKa3aHa ero BBICOKAs KJAMHIYECKas -
(extuBHOCTD [7, 8]. B axcnepuMenTe mokasaHo, 4TO 3a
cUeT yJIydnieHus (QyHKIHOHAILHOTO COCTOSIHUS 9PUTPO-
UTOB, MephTOpaH OKA3bIBAET OJATONPHUITHOE BJIMSHUE
Ha PeoJIOTHUECKUe CBOMCTBA KPOBH, TEM CaMbBIM YJIydIlast
mukporupkysanuio [9—11]. Ectb equHIuHBIE 9KCIIEPH-
MEHTAIbHbIE W KJIMHIYEeCKHe PabOThl TOCBSIIEHHbBIE HC-
CJIeZIOBAHUIO BIMSAHUS ITepdTopaHa Ha MO3TOBON KPOBO-
TOK [12] u okcurenanuio [13] B yc0BUsIX KPOBOTIOTEPU 1
periepdysun. OHAKO B JOCTYITHOM JIUTEPAType HET JlaH-
HBIX O BJMSHUU Nep@TopaHa Ha PEeTYJIAINI0 MUKPOIUP-
KYJISIIIUHU B MO3Te NP KpoBornoTepe. Llepio TaHHOTO 9KC-
MIEePUMEHTATBHOTO HCCJIEJOBAHUS CTAJ0 HU3YdeHHe ¢
momortpio JI/ID u BeliBaeT-anannsa BAUAHUS UHOY3UN
nepdTopaHa Ha ANHAMEKY [TapaMeTPOB MUKPOTE€MOIUP-
KYJISIIUH B THATBHBIX COCY/IaX KPBICHI IIPU OCTPOI KPOBO-
moTepe ¥ MOoCJe ayToreMoTpanchy3un.

Marepuan u MeTO/bI

IKCIepuMeHThI TPoBeieHbl Ha 31 6eCcropoIHBIX KpbICax-
camiax Maccoil 300—400 r nox napkozom (HemOyTan 45 Mr/Kr
BHYTPUOPIOIIMHHO), B YCJIOBUSX CIIOHTAHHOTO JIBIXAHUST 1 TEMIIEe-
patypsl okpyskaiotieil cpenpr 20—22°C. Anecte3nst moJiep;KuBa-
JIACh TTOBTOPHBIMY BHYTPUOPIONTHMHHBIMU HHBEKIIUAME aHECTETH-
ka (HemOyTas 10 Mr/Kr kaxabie 40—50 MUH WK 110 TPEOOBAHUIO ).
C 1esipio nHBasuBHOTO naMeperust AJl, 3abopa, perHby3un KpoBu
1 BBeJleHs MH(Y3HMOHHBIX PACTBOPOB KaTETEPU3NPOBAIACH XBOC-
ToBast aprepusi. Katerep neproanyeckut IpoMBIBAJICS PACTBOPOM
nedpakimonnposansoro renapuna (0,1 mu, 50 EJ/l/mor). TonoBy
JKMBOTHOTO (DMKCHPOBAJIN B crieninaabioM cranke. [locie cpeaun-
HOTO pa3pe3a KOKU U MATKUX TKaHeil TOJIOBbI, ¢ TIOMOIIb0 Gypa
BBITIOJIHSTACH KPAHUOTOMHUSI B JIEBOW TeMeHHOI obractu (mma-

Introduction

Significant capability to implement blood flow
autoregulation in a wide range of systemic blood pressure
(BP) values is a distinctive feature of the cerebral circula-
tion [1, 2]. Maintaining of local cerebral blood flow at a rel-
atively constant level during lowering blood pressure to
the lower limit of autoregulation (40—70 mm Hg accord-
ing to different sources) is provided by a complex set of
compensatory reactions of pial vessels (mainly, vasodila-
tion) [3], including changes in the oscillations spectrum of
microvascular blood flow [4—6].

Perfluorane (Perftoran, PF) is a fluorocarbon deriva-
tive with numerous useful patterns.PF serves as plasma
substitute, potent gas transport system, product with phar-
macodynamic properties (rheologic, hemodynamic, mem-
brane stabilizing and others). This drug is used in a wide
range of diseases, including acute blood loss and traumatic
brain injury, in which its high clinical efficiency has been
proved [7, 8]. PF had a beneficial effect on the rheological
properties of the blood, improving the functional state of
erythrocytes, and thereby improving microcirculation in
experimental settings [9—11]. There are only few experi-
mental and clinical studies devoted to the study of PF
effects on the cerebral blood flow [12] and oxygenation [13]
during blood loss and reperfusion. Data on PF influence on
the regulation of cerebral microcirculation in blood loss are
absent. The goal of current study was to characterize effects
of PF administration the patterns of pial vessels microcir-
culation in rats during blood loss and post-resuscitation
with the aid of LDF and wavelet analysis.

Materials and Methods

Experimental studies were started after the approval of the
Ethical Committee of the V. A. Negovsky Institute for General
Reanimatology. Experiments were carried out on 31 male outbred
rats weighing 300g to 400g during spontaneous breathing and
room temperature of 20—22°C. The animals were anesthetized by
intraperitoneal injection of pentobarbital (45 mg/kg). Anesthesia
was maintained by additional intraperitoneal injections of anes-
thetic (pentobarbital 15 mg/kg at intervals of 40 to 50 min or as
required). Polyethylene catheter was advanced through the tail
artery for invasive measurement of blood pressure, blood with-
drawal/ reinfusion and drugs infusion. The catheter was flushed
intermittently with saline solution (0,1 ml) containing 50 IU/ml
of unfractionated heparin. Heads of anesthetized rats were firmly
fixed using a special device. After middle incision of a head skin
and soft tissues, a burr hole was drilled in the left site of the pari-
etal bone (hole diameter was 2 mm, the coordinates of the center
were as follows: 3 mm caudal from Bregma and 2 mm to the left
from the sagittal suture). The dura and thin inner layer of the bone
remained intact and moistened with saline.

The cerebral blood flow in the rat neocortex was recorded by
LDE. The purpose of the LDF is a non-invasive optical sensing tis-
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MeTp OTBepcTus 2 MM, KOOPJMHATHI IIEHTPA: 3 MM Kay/aJbHO OT
smann Bperma, 2 MM JieBee OT caruTTajbHOTO 1iBa). TBepaast Mo3-
rosast 060JI0YKa U TOHKUIT BHYTPEHHUII CJIOW KOCTU OCTaBaJIUCh
MHTAKTHBIMH, YBJIKHSINCH (PU3NOJIOTTYECKIM PACTBOPOM.

KpoBOTOK B HEOKOPTEKCE KPBICHI PETUCTPUPOBAIN METO/IOM
JiazepHoii ioreposekoit hoymerpru (JI/ID). Cytb metoaa JID
COCTOWT B ONITHYECKOM HEMHBA3MBHOM 30H/INPOBAHUY TKaHEH MO-
HOXPOMATHYECKUM JIA3ePHBIM M3JTydeHNEeM 1 aHAJIN3€e U3JIyIeH s,
OTPaKEHHOTO OT JABMIKYIINXCS B TKAHSAX 3pUTPOIUTOB. OTpakeH-
HOEe OT TIOJBIDKHBIX YacTHUIl (IPUTPOIUTOB) M3JIydeHHEe HMeeT
JIONTIJIEPOBCKOE CMEIIEHIe YaCTOThl OTHOCUTETBHO 30HANPYIOIIe-
TO CUTHAJIA. DTa epeMeHHas COCTABJIAIONIAst OTPasKEHHOTO CUTHA-
Jla TIPOTIOPIIMOHAIbHA KOJIMYECTBY 3PUTPOIUTOB B 30H/UPYEMOIT
006JTacTH M MX CKOPOCTH. B pesyJibrate KOMIIBIOTEPHON 06pabOTKN
OTPaKEHHOTo CHUTrHAsIa (OPMUPYETCs 110Ka3aTeslb MUKPOIUPKY-
s (IIM), oTpaskaiomuii ypoBeHb 1epdysun MCCIeyeMoro
obbema Tkaun (0kos0 1 MM®) B eMHKIy BPEMEHU U U3MEpPsIeMbIi
B OTHOCUTEJIbHBIX 11ep(y3NOHHBIX enHunax (1d. ez.).

KoJiebanust kpoBoToKa ((hJIaKCMOIMI) Y UX U3MEHEHHsI 1103~
BOJISTIOT TTOJIYYNTh NH(MOPMAIIIO O COCTOSTHUN MEXaHU3MOB pery-
ssuy Mukpouupkysiun. Kosebanust IIM Bo BpeMeHU Tpes-
CTaBISIIOT COGOIT CIOKHYIO QYHKIMIO, B KOTOPOU MPUCYTCTBYIOT
pasHble rapMOHHYecKHe cocrtasisionne. [Ipy mMaremarnueckom
aHaJIM3e, OCHOBAHHOM Ha mpeoOpasoBanussx Dypbe, MOKHO BbI-
SABUTH 3TN TapMOHMYECKUe cocTaBsiomue. /1 atux memeit uc-
MOJIb3YETCSl MATEMATHYECKHUIT armapaT BeiBIeT-1peo6pasoBaHust
[14, 15]. CnexrpasnbHoe pasiosxkenue JIJID-rpammpl Ha rapMOHU-
YeCcKHe COCTABJIAIONINE AaeT BO3MOXKHOCTD OIPEAETUTh BKJIA[
Pa3INYHBIX KOMITOHEHTOB (DJIAKCMOITHH, KasK/blil U3 KOTOPBIX Xa-
paxTepusyetcs onpesiesieHHbIM guanazonoM yactot (F I1) n max-
CUMAJIFHON aMILTUTYI0N KosieGaHiT KPOBOTOKA B 9TOM JIHAIA30-
He (A, . en.). B cBoto ouepesb, KasKAbIN YACTOTHBIN KOMIIOHEHT
(brakemonuit onpesessieTcst IPUPOION KOHKPETHOTO MEeXaHU3Ma
MOJLYJISIIIUU KPOBOTOKA M €r0 OTHOCHUTEJIbHOI aKTHBHOCTBIO BO
Bpems nposezenns JIJID-merpun. Cpean MexaHU3MOB PeryJisi-
1MUY MUKPOTEeMOIMPKYJIAIMY PA3JINYalOT aKTUBHBIE ¥ TACCUBHbIC
(haxropbl. AKTHBHBIE (haKTOPBI MOZYJISIIINN KPOBOTOKA — 3TO JH-
NOTEJTMATbHBIN, HEHPOTEHHBIN 1 COOCTBEHHO MUOTEHHBIH Mexa-
HU3MBI PETYJISINN IIPOCBETA COCYI0B. DTU (DAKTOPBI MOJLYIUPYIOT
IIOTOK KPOBU CO CTOPOHBI COCY/INCTOI CTEHKH, PeaTu3yIOTCs 4Yepes
ee MBIIIEYHBIIT KOMITOHEHT U CO3/IAI0T KOJIeOaHusi KPOBOTOKA MO~
CPEJ/ICTBOM UYepe/IOBaHMs 3IM30/10B BA30KOHCTPUKIIMU M Ba30/IH-
sararmn. [TaccuBrbie GaKkTOPDI, BHI3BIBAIOIIIE KOTEOAHUST KPOBO-
TOKA BHE CHCTEMBI MUKPOIINPKYJISIIIIN, — 9TO MYJIbCOBAst BOJTHA CO
CTOPOHBI apTepuil U IpHcachiBaoliee JAeHCTBUE «/IbIXaTeJIbHOIO
Hacoca» CO CTOPOHBI BEH.

VY ma6opaTopHbIX JKMBOTHBIX IS KaKAOTO M3 TIATH TPUBe-
JICHHBIX MEXaHU3MOB PETryJIsAIIHN KPOBOTOKA (B KOXKe) XapakTep-
HBIMH /INAIIa30HaMK YaCTOT SBJISAIOTCS CIIeYIONINe: SH/[0TeTAb-
werii (As) — 0,01—0,04 Ty, veitporennsrii (Au) — 0,04—0,15 Ty,
muorensbiil (Am) — 0,15—0,4 Ty, auixarensnsiit (Ax) — 0,4—2 Ty,
nysbeoBoit (An) — 2—5 Tt [16]. B ckoGkax npuBeaeHbl CoKpa-
eHHbIE 0003HAYEHNS MAKCUMATBHBIX AMIUIATY /] KOIEOaHUIT KPO-
BOTOKA B COOTBETCTBYIOLIEM JualasoHe. B uccienosanuu B. B.
Austekcanapuna [17] kosebanust MO3TOBOTO KPOBOTOKA HeiiporeH-
HOTO (CHMITATUYECKOTO a[PEHEPIIYeCKOr0) reHe3a PerrucTpupo-
Basuch B auanaszone 0,04—0,126 'y, a ocrajibHbIe AUalla30HbI yac-
TOT HE OTJINYATINCh OT HPUBEJEHHBIX 3HAUEHUI /TSI KOXKM KPBIC
(cooTBetcTBenHO, MuOTeHHBIH coctaBut 0,126—0,4 Iir).

Cserosoii 3ouy anmapara JIJAKK-02 HITIT «/ TASMA», Poc-
cust (qumna Bosiibl 0,63 MKM) yCTaHABJINBAIM HAJl IOJTOTOBJIEH-
HBIM TPETaHAIINOHHBIM OTBEPCTHEM C MUHIMAJIbHBIM 3a30POM, 110
BO3MOKHOCTH, M30€rast MOMajiaust B 00IacTh PETUCTPAIUN KPO-
BOTOKAa KpynHbIX cocyoB. 3anuch JIIM-rpammbl ocyuiecTsiis-
JIach Ha KQK/IOM U3 9TAINOB 9KCIepuMeHTa B TeueHne 8—10 mMuH.
[Tpu HasMuNy BBIPAsKEHHBIX apTedakToB (BCJIEICTBUE ABIKEHUIT
KPBICHI, BHEIITHUX ITOMeX ) Bbi/iesisiich hparmentot JI[D-rpammbr
NPOJIOJKUTENBHOCTBIO He MeHee 4 MuH Ge3 apredakTos. B HacTo-
sieii paboTe MCCIeI0BANNCH aKTHBHbBIE COCTaBJstionue (hiake-
moruit. [Ipu anamse kaxaoit JI/IMD-rpaMmbl onpeesisincs cie-

sue by monochromatic laser and analyzing the light reflected from
moving red blood cells. Backscattered light from moving red
blood cells has a Doppler shift relative to the probe beam. This
variable component of the reflected signal 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 perfusion in the test volume (about 1 mm?) per
unit time and is measured in arbitrary perfusion units (PU).

The blood flow oscillations (flux motions) and their changes
might provide information on various regulatory mechanisms of
microcirculation. Oscillations of TP represent complex function
that includes different harmonic components. Using mathemati-
cal analysis based on Fourier transforms, one can identify these
harmonic components. For this allotment the wavelet analysis
have been increasingly used [14, 15]. Spectral decomposition of
LDF-gram into harmonic components enables one to determine
the contribution of various fluxmotion components. Each compo-
nent is characterized by a particular frequency range (F, Hz) and
maximum amplitude (A, PU), which both in turn are determined
by the nature of the specific blood flow modulation mechanism
and its relative activity during the LDF-metry. The regulatory
mechanisms of microcirculation include active and passive factors.
Active blood flow modulation factors are endothelial, neurogenic
and myogenic (in the narrow sense) mechanisms of vascular
lumen regulation. These factors modulate the blood flow by affect-
ing the vascular wall and are released through muscular compo-
nent of the latter creating oscillations in the blood flow through
vasoconstriction and vasodilation alternation. 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 that lead to a periodic change in the volume of blood in
the vessel.

In laboratory animals (rats) the characteristic frequency ranges
were as follows (for the skin): endothelial (Ae) — 0.01—0.04 Hz, neu-
rogenic (An) — 0.04—0.15 Hz, myogenic (Am) — 0.15—0.4 Hz, res-
piratory (Ar) — 0.4—2 Hz, pulse (Ap) — 2—5 Hz [16]. In parenthe-
ses the abbreviations of the maximum amplitude of blood flow
oscillations in the appropriate range are presented. In a study by
V. V. Alexandrin [17] the cerebral blood flow oscillations of neuro-
genic (sympathetic adrenergic) origin were recorded within the
range 0.04—0.126 Hz, whereas remaining frequency ranges did not
differ from the specified values acquired from the rat's skin (respec-
tively, myogenic range was 0.126—0.4 Hz).

The probe of device LAKK-02 (SPE «LAZMA», Russia;
wavelength 0.63 microns) was set over the dura with a minimal
clearance. Care was taken to place the probe at a brain area with
minimal vascularization. The LDF-gram registration was per-
forming for 8 min at each stage of the experiment. When there
were significant «noise factors» (due to the movements of the rat,
external noise etc.) LDF-gram fragments that lasted at least for 4
minutes (without «noise») were allocated. In the present study we
investigated active flux motion components. The following para-
meters were analyzed: the mean value of IP in the time interval of
registration; the maximum oscillation amplitudes of the local cere-
bral blood flow in the respective frequency bands (Ae, An, Am)
obtained by the wavelet analysis.

The stages of the experiment:

1. Abaseline.

2. Blood loss. We employed an acute fixed-volume hemor-
rhage model that allow evaluating the natural course of the patho-
logical process and the dynamics of compensatory reactions in
posthemorrhagic period [18]. The total blood volume (TBV) was
calculated as 6.5% of rat's body weight [19, 20]. The target blood
loss volume was 30% of TBV. Blood was withdrawn by a syringe
containing 0.5 ml of heparinized saline, in three equal portions
(10% of the TBV) during 20 min (1st, 10th and 20th minute).

3. Hypovolemia (60 min). At the 10th minute of hypov-
olemia the animals of control group (S — saline, n=15) were
administered 0.9% NaCl solution intraarterially slowly (3 ml/kg);
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Kposomoreps .

JlyIoliue apamMeTpbl: cpejtee 3nadenve [IM B unrepsase Bpeme-
HU PErUCTPAIMU; MAKCUMAJIbHbBIE aMIUIUTY/IbI KOJIeOaHmii KPOBO-
TOKa B COOTBETCTBYIOIIMX JianaszoHax yactot (Aa, A, Am), osy-
4yeHHbIe MeTojIoM Beiipiier-anasm3a JI/[D-rpamm.

ITaIbl 9KCIePUMEHTA.

1. Hcxonanoe cocrosuue.

2. Kposomoreps. Mbl HCIIOJB30BANIM MOJIENb OCTPOIL,
(bUKCHPOBAHHON 110 06BbEMY KPOBOIOTEPH, O3BOJISIIONICH O1le-
HUTDb €CTECTBEHHOE TeUeHHe TTATOJOTNYECKOTO MPOoIlecca U JIiHa-
MUKY KOMITEHCATOPHO-TTPUCIOCOOUTENBHBIX PEAKIINiT OpraHu3Ma
B noctreMopparmdeckoM mepuoze [18]. OLLK kpoicsl paccanTsi-
Basicst Kak 6,5% ot maccest Tesa [19, 20]. IleneBoii 06beM KPOBO-
notepu 6611 30% ot OIK. Kposb 3abmpasach HIpuIieM, coiep-
xkampM 0,5 MJI TermapuHU3UPOBAHHOTO  (DU3UOTOTHIECKOTO
pactBopa, Tpemst pasHbiMu Ttopiusimu (110 10% OILK) B Teuenue
20 mun (1-s1, 10-51 1 20-51 MUHYTBI).

3. Tlepuox rumosonemyn (60 mum). Ha 10-it MunyTe nan-
HOTO 1epHO/Ia KMUBOTHBIM KOHTPOJIbHOI rpyrmel (DP — ¢usmno-
JIOTYeCKUi pacTBOp, n=15), IPOU3BO/IIIN Me/IJIEHHOE B/a BBejle-
uue (3 ma/kr) 0,9% p-pa NaCl; KMBOTHBIM OTIBITHOI TPYIIITBI
(ITd — nepdropan, n=16) Boanicsa nepdropan (OAO HIID
«ITepdropan», Poccust) B ToM ke oObeme.

4.  Penndysusa (ayroremorpancdysns) KpoBH OCYIIECTB-
sistnach B ederrie 10 mun (1-51, 5-51 u 10-51 MEHYTBI) TPEMsI OPIIU-
amu (110 10% OILK).

5. Penepdysnonnstii neprox (60 mum).

6.  DBraHas3Ms OCYIIECTBJISIACD JIETATBHOI 7103011 aHecTe-
Tuka (nembyTas 150 mMr/Kr).

Perucrpannio cucremuoro aprepnanbnoro gasienne (All)
u 3anuch JIJID-rpaMMbl TPOBOANIIN B UCXOJAHOM COCTOSTHUY (ue-
pe3 20 MHUH CTaOUIM3AIUN TOCJE MOATOTOBUTENBHBIX TPOIIE-
nyp); 1—10 MunyTHI OCsIE TPEThero 3a60pa KpoBH (/10 BBEIACHSI
npenaparoB); Ha 15—25-i1, 30—40-it u 50—60-if MuHyTax nepu-
ona rurnoposiemun; 5—15-it u 50—60-it MmuHyTax penepdys3noH-
Horo mepuoaa. 3abop mpod kposn (0,5 MJT) IS MCCTEOBAHNS
kucsaotTHO-ocHOBHOTO coctositust (KOC: pH, pCO,, pO,y, BE) u
YPOBHSI JIAKTATA C OMOII[BIO HOPTATUBHOIO MIPOTOYHOTO aAHAJIN-
3atopa i-STAT-300 (CIIIA) mpoBOANIN B NCXOAHOM COCTOSTHIN,
Ha 60-it MuHyTe runoBosiemMun 1 Ha 60-it MunyTe perepdysnoH-
HOTO [epHo/a.

Craructideckyto 06paboTKy JAHHBIX TIPOBOAMIIHN B IIPOTPaM-
me Statistica 7.0 merogom ANOVA u kpurepues U (Ju1s He3aBucH-
MbIX BBIOOPOK) ¥ T (Juisi 3aBUCHMBIX BBIOOPOK) Buikokcona-
Mawnna-YutHu. AHanusupyemble BeJUYUHBI MPEICTABIEHBI B
Bujie: Me (25%; 75%).

PesyubraThl 1 00CyKAEHUE

B ucxomHom cocrostuuu Tpytibl ¢ BBegeHuem OP
niu [1OD 110 BceM ncceielyeMbIM TTapaMeTpaM KPOBOTOKA B
MMUATBHBIX COCY/IaX Ha MUKPOIUPKYJISTOPHOM YPOBHE U
A/l He pasnuuanich (Tabu.).

[Tocne 3abopa kposu B o6beme 30% OILK B o6enx
rpynmax A/l cHU3MIOCH OT MCXOAHOTO YPOBHS, B Cpel-
meMm, #Ha 58,3 1 62,2% B KOHTPOJDLHOI IPYTITE U B TPYTITIE
¢ Beenennem I1®D coorBerctBenno (p<0,01). Ha done
3HAUYUTEIBHOTO yMeHbIeHus A/l mpousoniio cHuKeHue
IIM B numajbHBIX COCyJaX 1O CPABHEHHWIO C MCXOJHBIM
yposHem Ha 15,7 u 15,6% B rpymmnax c Beexernnem OP
nau [ID coorerctBento (p<0,05). IIpu atom AH yBe-
JIMYNJIACh B 06EUX TPYIIax, B TO BPEMsl KaK aMILIHTY bl
(hraxcmonuii B 9HAOTEIMAIBHOM U MUOTEHHOM YacTOT-
HOM /IMala3oHaX OCTaBaJNCh HA HMCXOJIHOM YPOBHE
(tabur). [IpuMepsl TUTUYHON (/IS JAHHOTO JTAlla dKCIIe-
pumenTa) JI/IMD-rpammbl 1 ee BeiiBieT-aHagn3a mpe-
craBJjieHbl Ha puc. 1 n 2.

the animals of test group (PF — perftoran, n=16) were adminis-
tered with PF (RPC «Perftoran», Russia) in the same volume.

4. Reinfusion (autohemotransfusion) of blood was per-
formed for 10 minutes (the 15, 5th and 10th minutes) in three por-
tions (10% of TBV).

5. Reperfusion period (60 min).

6.  The animals were euthanized by injection of a lethal
dose of Nembutal (150 mg/kg ip).

Registration of systemic blood pressure (BP) and the LDF-
gram was performed at a baseline (after 20 min of animal stabi-
lization ); at 1—10 minutes after the third step of blood loss
(before drug administration); at 15—25 minutes, 30—40 minutes,
and 50—60 minutes of hypovolemia; at 5—15 minutes and 50—60
minutes of reperfusion. Blood samples (0.5 ml) to study the acid-
base state (ABS: pH, pCO,, pO,, BE) and lactate level with the
aid of a portable analyzer i-STAT-300 (Abbott, USA) was per-
formed at a baseline, at 60th minute of hypovolemia and 60th
minute of reperfusion.

Statistical processing of the data was performed using
Statistica 7.0 by a One-Way ANOVA test and Mann-Whitney U
test (for independent samples) and a ¢-test (for dependent sam-
ples). The analyzed values were reported as median and 25% and
75% quartile ranges: Me (25%, 75%). Differences between groups
at P<0.05 were considered as significant.

Results and Discussion

At a baseline, the groups with saline (S) or PF
administration did not differ in all investigated parameters
of local cerebral blood flow as well as in the level of blood
pressure (BP) (Table).

After the blood had been withdrawn (30% of TBV),
BP decreased in both groups on average by 58.3% (S) and
62.2% (PF) compared to the baseline (P<0.01). Against the
background of significant decrease in BP, in the pial vessels
IP decreased by 15.7% (S) and 15.6% (PF) compared to the
baseline (P<0.05). At the same time, An increased in both
groups, while flux motions amplitudes in the endothelial and
myogenic ranges remained at the baseline (Table). Examples
of typical (for this stage of the experiment) LDF-gram and
its wavelet analysis are presented in Figures 1 and 2.

10 minutes after S or PF administration (the 15—25
minutes of hypovolemia), BP increased in both groups
compared to the previous stage of the experiment (before
drugs administration). In PF group BP was higher than in
the rats of comparing group (Table). At this stage of the
experiment IP significantly increased in PF group, as well
as in the control group, but as a trend (Table). Against this
background, the values of Ae, An and Am in S group were
greater in comparison with the baseline, while in PF group
amplitutes of flux motions in the investigated frequency
ranges did not differ from the baseline; Ae and An values
were lower than in the control group (Table).

By the 30th minute of hypovolemia the BP increased
in S group and decreased in PF group compared with the
previous stage, so the BP in both groups was kept at the
same level (Table). The values of IP did not differ between
the groups as well, but values of An in S group remained
greater than in PF group. In both groups An values were
higher than at the baseline (Table).

By the end of hypovolemia (50—60 minutes) the
compared groups did not differ in BP, IP and Ae. However,
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JlMHaMuKa apTepHajbHOTO JABJIEHUS] U NAPAMETPOB MUKDOIMPKYJISIMA B JIEBOH TEMEHHOW 00JacTH HEOKOPTEKca
KPbICHI B KOHTPOJIBHOI1 ¥ ONBITHOM Ipynnax ;KMBOTHBIX, Me (25%; 75%).
Dynamics of blood pressure and local cerebral blood flow in groups of rats received saline or perftoran, Me

(25%; 75%).

Stage of experiment Groups 1P, PU Ae, PU An, PU Am, PU BP, mm Hg
Baseline S (n=15) 18,5 0,17 0,18 0,17 110,0
(16,4; 21,9) (0,14; 0,18) (0,14; 0,21) (0,16; 0,20) (100; 118)
PF (n=16) 19,4 0,14 0,16 0,17 103,5
(17,3; 23,4) (0,12; 0,22) (0,15; 0,24) (0,16; 0,24) (98; 115)
1—10 minutes of Hyp (before S S 15,1%%* 0,16 1,14%** 0,19 42F**
and PF administration) (13,6; 20,0) (0,13; 0,23) (0,73; 1,79) (0,15; 0,25) (38,5; 51,5)
PF 16,1%** 0,17 0,95%** 0,2 40,0%**
(13,3; 20,1) (0,14; 0,28) (0,81; 1,28) (0,19; 0,24) (35,0; 45,0)
15—25 minutes of Hyp S 18,1### 0,23%** 1,90%** 0,23%** 60,0%**:##
(13,9; 20,2) (0,19; 0,38) (0,92; 2,13) (0,18; 0,27) (50; 65)
PF 17,9## 0,18* 0,21%## 0,17 86,0% ¥, ##
(16,3; 22) (0,15; 0,21) (0,15; 0,4) (0,14; 0,26) (80;91)
30—40 minutes of Hyp S 19,0 0,18 0,96%**,## 0,21%** 63,0%#*,##
(14,6; 21,0) (0,16; 0,22) (0,29; 1,57) (0,205 0,23) (60; 80)
PF 18,0 0,20 0,34%, %% 0,20 65,0%**:##
(15,9; 24,0) (0,16; 0,26) (0,28; 0,42) (0,16; 0,22) (58;74)
50—60 minutes of Hyp S 19,5 0,21 0,54%** 0,23%** 78,0%**
(15,0; 21,0) (0,15; 0,25) (0,265 1,09) (0,18; 0,37) (68; 82)
PF 18,9 0,16 (0,29%%,*** 0,18* 70,0%%*
(16,7; 24,4) (0,12; 0,28) (0,23; 0,52) (0,16; 0,22) (66; 80)
1—10 minutes of Rep S 21,0 0,18 0,18 0,18 107,0%#
(17,9; 21,9) (0,12; 0,19) (0,16; 0,20) (0,16; 0,20) (103; 130)
PF 18,2 0,14 0,17 0,18 105,0%#
(18,2; 23,0) (0,11; 0,18) (0,15; 0,23) (0,16; 0,19) (1005 107)
50—60 minutes of Rep S 19,2 0,15 0,18 0,20 102,5
(18,3; 21,0) (0,13; 0,17) (0,16; 0,20) (0,18; 0,21) (99; 118)
PF 19,2 0,12 0,21 0,18 90,0 ***,#4
(17,0; 22,8) (0,10; 0,16) (0,14; 0,26) (0,16; 0,20) (85,5; 100)

Note (npumevanue): Stage of experiment — crajus sxcriepuMenTa; Baseline — ucxonnoe 3nadenue; minutes — munyTsr; Hyp (hypov-
olemia period) — nepuon runososnemuu; Rep (reperfusion period) — penepdysuonnsiii nepuon; Groups — rpymumsr; S (0.9% NaCl solu-
tion) — 0.9% pacteop NaCl; PF (perftoran) — nepdropan; PU (perfusion unit) — nepdysuonnsie exunuip; [P (the index of perfusion)
— ungekc nepdysuu; Ae (flux motions amplitude in the range of 0,01—0,04 Hz) — ammumtyaa durakemoruii 8 ananazone 0,01—0,04 Tiy;
An (flux motions amplitude in the range of 0,04—0,15 Hz) — ammiutyna duiakemonuii B nuanasone 0,04—0,15 Ti; Am (flux motions
amplitude in the range of 0,15—0,4 Hz) — ammuuryna doakemoruii 8 quanasone 0,15—0,4 T';; BP (blood pressure, mm Hg) — aprepu-
AJIBHOE JTABJIEHHE, MM PT. CT. * — between groups at the same stage of the experiment — MeskIy TpyIImaMi B TOT ke MEPHO/ HAOTIOAEHIUST
(P<0,05); ** — between groups at the same stage of the experiment — mexay rpynnamu B Tt ke nepuoz Habmonenus (P<0,1); *** —
vs. Baseline — 1o cpaBHEeHMIO ¢ HCXOIHBIM 3HAYEHUEM 9TOTO MOKazatesis B Toii ske rpymie (P<0,05); # — vs. Baseline — no cpasrenuio ¢
MCXO/IHBIM 3HAYEHUEM TOTO TIoKaszaTesst B Toil ske rpyrme (P<0,1); ## — vs. the previous stage of the experiment — 1o cpaBHenuio ¢ mpe-
JBILYIIIM DTATIOM UCCaef0Banus B Toii ke rpynme (P<0,05); ### — vs. the previous stage of the experiment — o cpaBHeHuIO ¢ TIpeBI-
JIYTITAM 3TANOM UCCJIeIoBaHus B Toii ke Tpymme (P<0.1).

Uepes 10 munyT nocaie eeaerns OGP wmm 1O orme-
yajioch Oosiee Boicokoe AJl B 0Genx rpymiax 1o cpaBHe-
HUIO C BEJIMUNHON 9TOTO MTOKA3aTeJIsi B MOMEHT, ITPEIIecT-
BYIOIIHI BBeieHUIO npenapaTos. Ho, pu aTOM, B rpyiime ¢
seegenreM [1M A/l 6bLI0 BbIlIE, YeM Y KPbIC CPaBHUBAE-
Moii rpyrmet (tabu.). B ator ke nepuoa HaboneHsT OT-
MeJasIoch 10cToBepHOe Bo3pactanue [IM B rpymrie ¢ BBe-
nearem 1D, a Takke B KOHTPOJBHOU TpyIire B BUjie
teHaeHimn (Tabir.). IIpu 9ToM KpPBIChI KOHTPOJIBHOI TPyII-
Il XapaKTePU30BAIUCh G0JIee BBICOKUMY BeJTMInHaMK Ad,
AH 1 AM 110 CPaBHEHUIO C 3HAUYCHUSIMH 9TUX MTOKa3aTeei
B UCXOJTHOM COCTOSTHUHM, B TO BPeMs KaK B IPYIITIE C BBeJie-
nuem 1@ ammmty sl haakeMoImii B UCCIEAyeMbIX yac-
TOTHBIX /INATIA30HAX HE OTJINYATUCH OT UCXOIHOTO YPOBHS,
a Ao 1 AH ObLIN HIIKE, YeM B KOHTPOJIbHOU Tpy1iiie (TabJL.).

K 30-it munyTe ieprozia ruroBosiemun A/l yBesudu-
JIOCh B KOHTPOJIBHOI TPYIIIe U CHU3UJIOCH B IPYIITE JKU-
BOTHBIX ¢ BBefieHreM 1M Mo cpaBHEHUIO ¢ TPEIBIAYIITIM

in the control group An and Am parameters were higher
compared to PF group. Parameters An in both groups and
Am in the control group were higher than at the baseline
(Table 1).

At the 10th minute of reperfusion all investigated
parameters did not differ from the corresponding baseline
values in both groups (Table 1). At the 60th minute of
reperfusion in PF group BP decreased compared with the
previous stage of the experiment (10 minutes of reperfu-
sion) and the baseline. In the control group, BP was
remaining constant (Table 1). Between compared groups
there were no differences in all investigated cerebral blood
flow parameters, and they did not differ from the corre-
sponding values at the baseline (Table 1).

ABS indices and lactate levels in arterial blood did
not differ between compared groups in all stages of the
experiment. However, in both groups after 60 minutes of
hypovolemia lactate concentration increased (S — 1.31
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Puc. 1. IIpumep rucrorpaMmbl JIa3epHOH TONILIEPOBCKOIi (h1oyme-
Tpud Ha 1—10-ii MuUHyTaX nepuoia runoBosieMuu (10 BBEEHUS
0,9-npoiieHTHOrO pacTBOpa XJIopHaa HaTpHsl Win nepdropaHa).
Fig. 1. An example of laser Doppler flowmetry histogram acquired
at time interval of 1—10 minof hypovolemia (before saline or
perftoran administration).

Note (npumeuanue): The abscissa: time, minute — 110 ocu a6-
crree: Bpemst, munyThl; the ordinate: the index of perfusion
(IP), perfusion units — no ocu opauHaT: WHIAEKC Mepdy3un
(nokazaresnb Mukpouupkysaiuu, IIM), nepdysuonbie eunu-
el One can see the patterns of major IP oscillations that reflect
the oscillations of blood flow (fluxmotions) in pial microvessels
of rat's neocortex — BUHBI KPYIHOAMILUIUTY/AHbIE KOJIeOaH st
ITM, orpaxkaronue KoiebaHus KpOBOTOKA B MUATbHBIX MUKPO-
cocyax HeOKOPTEKca KpbIchl ((hrakemorunm).

BpeMeHeM HaOJMIOIeHKs TaKuM 00pa3soM, YTO BEJIUYUHBI
AJl B 06erx rpymax oKa3aluch Ha OJMHAKOBOM YPOBHE
(1aba.). Bemmuunbl [IM Takske Meskay rpylnaMu He pas-
JINYAJINCH, B TO BPeMst Kak AH B rpyie ¢ BejeHrueM OP
TAaKKe KaK 1 B IPEIbIIYIIEM IIEPUO/E NCCTeIOBAHNUS Oblia
6o0ITbINe, YeM B CpaBHUBaeMON rpyrre. [Ipyn aToM amIim-
Tyl (hJIAKCMOITNI B HEHHPOTEHHOM YaCTOTHOM JTMANla30He
OKa3aJIuCh BBIIIE, YeM B HCXOJAHOM COCTOSIHUM B 00€MX
rpymmnax (tabir).

K xonmy mepmona rumososemun (60-1 MunyTa)
CpaBHUBAEMbIe TPYIIbI HE OTJIMYAINUCH TT0 YpPoBHIO A/,
IIM u As. OHaKO B KOHTPOJBHOM rpyIme AH u AM ObLu
BBIIIIE TI0 cpaBHEHMIO ¢ rpymmnoil ¢ Begenuem [1D. TIpu
ToM AH B 00eux rpynmax u AM y KPbIC KOHTPOJIbHOIL
TPYIIIIBI TIPEBBIIIAIT 3HAYECHUS 9TUX ITOKa3aTesel B UCXO/I-
HOM cocTosiHuuU (TabIL.).

Yepes 10 MunyT nocsie penHdysuu 3abpaHHON KPOBU
B 00€nX TPyIIIaxX BCE UCCHIElyeMble OKA3aTe Il He OTJIYa-
JIUCh OT COOTBETCTBYIOIINX UCXOIHBIX BesinurH (TabJL.).

K 60-it munyTe niepriosia perr@ysun B TpyIiiie ¢ BBe-
nennem [1D mpousonuio camkenne AJl Mo cpaBHEHHIO ¢
TIPEBILYIIUM ATAToM uccyeioBanus (depes 10 MunyT 1o-
cre pernH(Y3UH KPOBM) M UCXO/IHBIM COCTOSIHUEM. B KOH-
TpospHO# Tpymie A/l octaBasoch Ha TOCTOSTHHOM yPOBHE
(1abu.). Mexay cpaBHUBaeMbIMU IPyNIaMu He HabJIro/1a-
JIOCh PA3JIMYUI TI0 BCEM MCCJIEYEMbIM TTOKA3ATENISIM 1 X
3HAYEHUSI HEe OTJIMYAJINCH OT COOTBETCTBYIOIINX BEJIMYMH B
MCXOAHOM cocTosHnn (Tabur.).

[Mokazaresn KOC 1 ypoBeHb JlakTata B apTepuasib-
HOI1 KPOBU HE PA3/IMYaInCh MEXK/y CPABHUBAEMbBIMU IPYII-
[aMu Ha BCeX dTalax skciepuMenTa. [Ipu atom B 06erx

i e e
A

2 2 & 3 2383"

Puc. 2. IIpumep BeiiBieT-aHaIM3a THCTOTPAMMBI JIA3€PHOIT J10MII-
nepoBckoii proymerpun Ha 1—10-it MUHyTaX IEpHO/Ia THIIOBOJIE-
muu (710 BBesteHust 0,9-pOIEHTHOTO pacTBOpa XJIOPW/IA HATPUs
win nepgropana).

Fig. 2. An example of laser Doppler flowmetry histogram
wavelet analysis at time interval of 1—10 minutes of hypov-
olemia (before saline or perftoran administration).

Note (npumeuanue): The abscissa: flux motion's frequency, Hz —
1o ocu abenuec: yacrora urakemorid, Ty the ordinate: fluxmo-
tion's amplitude, perfusion units — 1Mo ocu opaMHAT: aMIIUTYAAQ
(urakemoruit, epdysnonnsie equanibl. One can see the maxi-
mum amplitudes of the blood flow oscillations in pial microvessels
of rat's neocortex (in the endothelial, neurogenic and myogenic
ranges) — BbIIEJIEHBI MAKCUMAJIbHbIE AMILTUTY/IbI KOJIEOAHUI KPO-
BOTOKA B ITHAIBHBIX MIUKPOCOCY/IAX HEOKOPTEKCA KPBICHI (B 9HIIO-
TETNATBHOM, HEPOTEHHOM 1 MHOTE€HHOM /[HATTa30HaX ).

[0.84; 1.92] mmol/L; PF — 1.70 [1.22; 2.08] mmol /L) com-
pared to the lower values of this parameter at the baseline
(less than 1 mmol/L).

Results of the present study confirm the data
obtained by us earlier [6], that flux motions amplitudes in
pial vessels are increasing during hemorrhagic hypoten-
sion. It should be noted that the data of other authors also
indicate the activation of vasomotions as a result of blood
loss [21, 22]. Results of our studies confirm the fact that
one of the key factors in flux motions amplitudes alter-
ations during blood loss is the level of BP. Indeed, flux
motions amplitudes sharply increases with a decrease in
BP to the lower limit of cerebral blood flow autoregula-
tion, but returned to the baseline values after the reinfu-
sion of withdrawn blood and an increase in BP.

The difference in flux motions amplitudes between
the compared groups of animals can be explained by differ-
ent levels of BP at the 10th minute of hypovolemia.
However, at the 30th and 60th minutes of hypovolemia flux
motions amplitudes in the control group continued to
remain at a higher level compared to PF group, but the
groups did not differ in the levels of BP.

Vasomotions were reported to be suppressed in a res-
piratory acidosis and potentiated during hypocapnia [23].
In the present study after 60 minutes of hypovolemia pCO,
values in the control and test groups did not differ and was
47.2 (34.1; 59.7) and 50.0 (46.0, 54.8) mmHg, respectively.
Therefore, this factor could not lead to a difference in flux-
motions amplitudes between the study groups.

Increased activity of vasomotions was reported to be
accompanied by the improvement of perfusion and oxy-
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rpymmax kK 60-if MUHyTe epruojia THIIOBOJIEMUH YBETHUH-
Jach KoHrentpanus jakrata (OP — 1,31 [0,84; 1,92]
mmoab/im; [ID — 1,70 [1,22; 2,08] Mmmosib/a) 110 cpaBHe-
HUIO ¢ HUBKUMU 3HAYEHUSIMU 9TOTO MTOKA3aTeJisl B UCXO/Ee
(menee 1 MMoJIB /1),

PesynbraThl HACTOSIIEH PabOThI TOATBEPIKIAIOT TIO-
JIydeHHble HaMu paHee [6] qaHubie 00 yBeJMYeHN aMILIH-
Tyl (GITAKCMOTINIA TTHAJIBHBIX COCY/IOB B YCJIOBUSX THIIO-
TEH3WH, BBI3BAHHON KpoBoroTepeil. Cieayer OTMETHTb,
410 06 YCUJIEHUU Ba3sOMOIMH B Pe3yJIbTaTe KPOBOIOTEPU
CBUJIETEJBCTBYIOT JIaHHbIE APYTHX aBTopoB [21, 22]. Cob-
CTBEHHBIE PE3YJIBTATHI UCCJAEOBAHNIN MOJTBEPKIAIOT, YTO
OJITHUM U3 pernaonux GakTopoB B U3MEHEHUN aMIIJTUTY bl
(hmakcMonnii B yCJIOBUSIX KPOBOTIOTEPH SIBJISIETCSI YPOBEHD
AJl. [leiicTBuTesIbHO, aMIIUTY /1A (hJIAKCMOIIH PE3KO yBe-
JimauBaeTcs npu cHmkennn A/l 10 ypoBHS HIKHEH rpaHu-
I[bI AYTOPETYJISAIINY MO3TOBOTO KPOBOTOKA, HO MOCJIE PENH-
(ysun Boinynennoit kposu u ysesndenns A/l amnumryna
drakeMoIii BO3BpAIIaeTcs K NCXOHBIM 3HAYCHUSIM.

Pazmmunem 1o ypoBHIO A/l Mexay rpynmnamu c
BeegeHueM OP uan I1D MoKHO OOBSICHUTD PA3HUILY B
aMIIuTy/ie (hJIaKCMOIMI MEK/y 9THUMHU TPyINaMyu Ha
10-it munyte runoBosiemuu. Opnako, Ha 30-it u 60-it
MUHYTaX TUIOBOJIEMUU aMILTUTY /1A (hJIAKCMOTIUI B KOH-
TPOJIBHOII TPyIIle MPOAOJIKANA OCTaBaThbcs Ha GoJiee
BBICOKOM YPOBHE T10 CPAaBHEHHIO C KPbICAMHU, KOTOPHIM
BBoausH 11D, HO TPU 9TOM TPYIIIBI HE PA3TUIAINCH IO
peanunne AJl.

B sureparype ecth coo01IeHNsT O TIOJABJIEHIH Ba30-
MOIIMI B YCJOBUSIX PECITUPATOPHOTO AIM/103a U UX TTOTEH-
IUPOBaHMs B ycjaoBusx rurnokaruun [23]. B Hacrosiem
nccsepoBaiuu Ha 60-ii MUHYTE THUIOBOJIEMUH 3HAYECHUS
pCO, B KOHTPOJIBHOII TpyIITe U B rpytiie ¢ BBegeHueM 11D
He pasjndannch u cocraBuan 47,2 (34,1; 59,7) u 50,0
(46,0; 54,8) coorBerctBenHo. CremoBaTeIbHO, MEHCTBHS
ATHX (hAaKTOPOB HE MOTJIO IPUBECTU K PA3IUYHIO B aMILIU-
Tyze hIaKCMOITII MeKIY MCCIeYEeMbIMU TPYTITTaMA.

EcTh nmanHbBIe, 4TO ycHUJIeHHE Ba3OMOTOPHON akK-
TUBHOCTU CONPOBOXKIAETCS yJaydiieHueM tepdysuu u
OKCHUTEHAIUN JIAHHOTO COCYAMCTOro peruona [24—26].
[ToaToMy yBesinueHne aMILITUTY/IbI (DIAKCMOIIUI B YCJIO-
BHSIX PUCKA PA3BUTHS TUIIOKCUM TKAHEH SIBJISIETCS KOM-
TeHCaTOPHOU peakiueil. B HacTosmem mcciaemoBaHUT
BO BpEMsI T'MIIOBOJIEMUM He HabGJI0JAloch pPasinduii
MEK/y CPaBHUBAeMbIMU rpyrinaMu mo Beanyune [IM u
YPOBHIO JIaKTaTa.

CobcTBeHHbIE UCCIEIOBAHNS U JAHHbIE JIUTEPATY PhI
MTO3BOJISTIOT 3aKJII0UNTh, 4yTO BBegaeHue [1M, o cpaBHeHno
DP, npuBOAUT K CHIIKEHHUIO HAMPSIKEHUST KOMIIEHCATOP-
HBIX MEXaHU3MOB B PETYJISIIMA MO3TOBOTO KPOBOTOKA B YC-
JIOBUSIX TUTTOBOJIEMUH.

3akiaoyeHue

Takum 06pasoM, pasBUTHE THIIOBOJEMUK B PE3YJib-
Tate ocTpoit kpoBomorepu B pazmepe 30% ot OLLK mpuso-
Ut K 60stee, uem 50% cHuzkeruo AJl, Tpr 5TOM KPOBOTOK
B IIMAJIbHBIX COCYaX yMEHbIIAeTCst MeHee, yeM Ha 20% oT

genation of the respective vascular region [24—26].
Therefore, increasing of the flux motions amplitudes in a
risk of tissue hypoxia is a compensatory response. In the
present study during hypovolemia there were no differ-
ences between compared groups on the values of IP and
lactate.

Our studies and published data suggest that PF, but
not S administration, leads to reduction of compensatory
mechanisms activity in regulation of cerebral blood flow
during hypovolemia.

Conclusion

Data demonstrated, that development of hypov-
olemia due to acute blood loss (30% of TBV) resulted in
more than 50% decrease in BP, at that the blood flow in pial
vessels was decreased by less than 20% from a baseline. In
this experimental model, the development of the patholog-
ical process was accompanied by the alterations in micro-
circulation regulation parameters in the form of increased
flux motions amplitudes, mainly in the neurogenic frequen-
cy range. During hypovolemia differences in the parameters
of microcirculation between the groups with S or PF
administration (3 ml/kg) were associated with changes in
the neurogenic component of flux motions: during the
whole hypovolemia period the «neurogenic» flux motions
amplitude in pial vessels ramained higher in the animals
with S administration, than in the rats with PF administra-
tion. During reperfusion the groups did not differ in the
investigated parameters of cerebral blood flow, despite a
moderate decrease in BP in the group with PF administra-
tion. These results suggest that PF reduces compensatory
mechanisms activity in the regulation of cerebral blood
flow in a risk of tissue hypoxia during hypovolemia.

HCXOJHOTO YPOBHI. PasBuTHe MOAETMPYEMOTO HATOJNOTH-
YeCKOTO TIPOIecca COIPOBOKAACTCS N3MEHEHUEM TTapaMe-
TPOB PETYJIAIUN KPOBOTOKA HA MUKPOIUPKYIATOPHOM
YPOBHE B BUjI€ YBEJUYEHUS aMILIUTY/IbI (DIAKCMOIIMIL, B
OCHOBHOM, B HEHPOTEHHOM YacTOTHOM /uanasone. B me-
PHO/I THITOBOJIEMUH PA3THIII MEKIY TTOKA3aTeSIMI KPO-
BOTOKA HAa MHKPOIIMPKYJISTOPHOM YPOBHE MESKY IPYIIIa-
mu ¢ Beezerrem OP niu [1D B 103e 3 MJ1/KT Macchl Tesra
CBSI3aHBl C W3MEHEHHEM HEHPOTeHHOH COCTaBJSIONIeH
AMIIUTY/IHBIX XapaKTepPUCTUK (PIaKCMOIMI 1 3aKJII0va-
I0TCSI B COXPAaHEHWH Ha MPOTSIKEHUH BCETO MEPUO/Ia THITO-
BoJieMuu GoJiee BHICOKOH aMIUTUTYABI (hrakcMomuii mu-
AJBHBIX COCY/IOB Y JKUBOTHBIX, ¢ BBeneHueM DP, uem y
kpoic nocsie BBesienust [1M B Toii ske nose. B penepdysu-
OHHOM TIEPUOJIe TPYIIIbI JKUBOTHBIX HE PA3JIMYaINCh T10
HCCJIe[yeMbIM TOKa3aTesIsIM MO3TOBOTO KPOBOTOKA, He-
CMOTps Ha yMepeHHoe cHIDKeHne A/l B rpytie ¢ BBeZeHN-
em TIMD. ITu pe3yabraThl CBUAETETBCTBYIOT O TOM, UTO
T, o cpasuennio ¢ MP, IpUBOAUT K CHIKEHUTIO HATTPSI-
SKEHUST KOMITEHCATOPHBIX MEXaHU3MOB B PETYJISIINN MO3-
TOBOTO KPOBOTOKA B YCJIOBUSAX PHCKA PA3BUTUS TUIIOKCUN
BO BPEMSI TUTTOBOJIEMUH.
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