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Ilens uccnedosanus. I3yuuts 0COGEHHOCTH H3MEHEHNI KOKHOIO KPOBOTOKA IIPH KPOBOIIOTEPE M MOCTe ee BocnoaHeHus. Mame-
puanbL u Memoost. IKCNEPUMEHTHI IPOBe/IEHbI Ha 22 6eCIOPOHBIX Kpbicax-caMuax Maccoii 400—550 r no HapKo30M HEMOYTAIOM
wm xaopairuaparoM. C nelbio u3Mepenust aprepuaibHoro qasaenus (A1), 3a6opa u peurdysni KPOBH KaTeTEPU3HPOBAIACH XBO-
croBas aprepusi. KosKHblii KPOBOTOK PervcTpupoBai B 00JaCTH MPABOTO yXa METOZIOM JIa3€PHOM JOIMLIEPOBCKOii (I0yMeTpHH.
Mozenbio CIIysKIIa 0HOYACcOoBas TMIIOBOJIEMIYECKasi THIIOTEH3MS ¢ oCJIeyionteil ayroremorpancdysaueii. OGbeM KpoBOIOTEPH
omnpezesuics yciaopueM noep:xanusi A/l okono 50 Mm. pr. cr. K 60-ii MuH runoreHsun. Onpeessch clielyonye napamMeTpbl
KO3KHOTO KPOBOTOKa: Moka3saresib Mukpouupkysiuu (IIM), orHocurenshbie nepdysuonsbie exunmip! (md.ex.); METOI0M BeiB-
JIeT-aHA/IN3A ONPe/IeIIsUIICh MAKCHMAJIbHbIE AMILIMTY/IbI KoJIeGaHuii KpoBoToKa ((iakcMonuii) B /uanazoHax 4acror, NPHHSITBIX CO-
OTHOCHTH C <aKTHBHBIMH> M <IIACCUBHBIMI»> MEXAHM3MaMH PETyJISIMH MUKPOIHMPKYJsimy. CratucTnyeckyio o6pa0doTKy TaHHBIX
TIPOBO/IMJIY C MCTIOJIb30BaHKeM Nporpammsbl Statistica 7.0. Pe3yssraTe npezcrasiensi B Buae Me (25%; 75%). Pesywmamot. FKu-
BOTHBIE GbUIN Pa3/ieJIeHbl Ha IPYIIbI B 3aBUCMMOCTH OT 00beMa Kkposonorepi: ke (H) u Bbuue (B) cpeanero snauenus. Ha 60-ii
MuHyTe runotensud Al B 00enx rpymmnax COCTaBIIO B CPEIHEM 53 MM PT. CT., HO TpH 3ToM B rpymie H orMevanach TeHmeHmus
(p<0,1) k Gompmemy 3nayernmo IIM, Gbu1a Gosbire aMmHTya (QIAKCMONMI B HeiporeHHoM (AH) 1 nonoJHUTETbHOM (Az011) Ya-
croTHbIX AManazonax (p<0.05), yvem B rpynme B. K 60-ii Munyre peundysun kposu B rpynne B Bce aHammsupyembie nokasaresu Bep-
HYJIMCh K MCXO/IHbIM 3HAUEHHsIM (32 ucKnoueHueM Tenaennnu (p<0,1) k 6osee nuskum 3nayennsm IIM), B To BpeMsi Kak B rpyrimie
H A/l ocraBajioch HU3Ke HCXOIHOM BEIMYMHBI 9TOTO MOKasaTesisi. B a1or ske nepuoa Hadmonenus B rpynme H ammumry st ¢rakemo-
i B [uana3onax AH u Anon ObuiH Bbilie, a 3Hauenus [IM u A/l uiske, yem B rpymme B (p<0.05). 3axniouenue. Ysemuenne amn-
JuTy7bl prakeMolii Bo BpeMsi pa3BUTHS THIIOBOJIEMUYECKOI THIIOTEH3UH U B IlepHo/ie peuH(Y3HH CONPSKEHO ¢ MHANBUYJbHO-
THIIOJIOTHYECKOil CIIOCOOHOCTHIO KMBOTHOTO KOMIIEHCHPOBATh KPOBOIIOTEPI0 W HANPABIEHO HA IOAZAEP:KaHHE KPOBOTOKA B
ycaoBusx runonepdysun Tkaneil. Knrouesvie ci06a: koxHbIi KPOBOTOK, (raxcemoruu, JIJIMD, BeliBreT-anami3, KPOBONOTEPSL.

Objective: to study the specific features of skin blood flow changes in blood loss and after its replacement. Material and methods.
Experiments were carried out on 22 outbred male rats weighing 400—550 g, anesthetized with nembutal or chloralhydrate. The cau-
dal artery was catheterized to measure blood pressure (BP), to sample and reinfuse blood. Skin blood flow in the area of the right
ear was recorded by laser Doppler flowmetry. One-hour hypovolemic hypotension 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 deter-
mined the following indicators of skin blood flow: microcirculatory 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 regulate microcirculation. The data were statistically processed by applying the Statistica 7.0 pro-
gram. The results were presented as Me (25%; 75% ). Results. The animals were divided into groups according to blood loss volume:
lower (L) and higher (H) than average. At 60 minutes of hypotension, BP in both groups averaged 53 mm Hg, but the L group
showed a tendency (p<0.1) towards a greater MI and a longer amplitude of flux motions in the neurogenic (An) and additional (Aa)
frequency ranges (p<0.03) than in the H group. At 60 minutes of blood reinfusion, all the analyzed indicators returned to the base-
line values (except a tendency (p<0.1) towards a lower MI) in the H group while BP remained below the baseline value in the L
group. In the same follow-up period, the amplitudes of flux motions in the An and Aa ranges were higher and MI and BP were lower
in the L group than in the H group (p<0.05). Conclusion. During hypovolemic hypotension and reinfusion, the increased amplitude
of flux motions involves an animal's individual and typological capacity to compensate blood loss and to maintain blood flow under
tissue hypoperfusion. Key words: skin blood flow, flux motions, laser Doppler flowmetry, wavelet analysis, blood loss.
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BBenenue

Temopparnveckuii MOK SIBJSIETCS PA3HOBUIHOCTHIO
TUTIOBOJIEMUYECKOTO TIOKA M BO3HUKAET TPU 3HAYNTEJIb-
HOM yMEHbLIEHUN o0beMa IUPKYJIMPYOIIeld KPOBU B pe-
3yJisTare KpoBororepu. B ocHOBe maToreHesa remopparu-
rpy6bie
pacctpoiictBa KpoBooOpareHnst (CHCTEMHON TeMOoanHa-

YeCKOr0 ¥ JIPYyTWX BHOB IIOKA JIEXKAT
MUKH U MUKPOIUPKYJISIIIAN ), TIPUBOASIINE K CHUKEHIIO
mephy3un 1 OKCUTEHAINY TKAHeH, IX THIOKCUH 1 TIEPEX0-
1y a9pobHOTro MeTabos3Ma B aHaspobHbiid. [Iporpeccupy-
fomye Ha 9TOM (hOHe HAPYIIEHHS KIETOYHOTO MeTaboIIn3-
Ma, HapacTaHue amolTo3a M HEKPO3a KJETOK, B CBOIO
ovepesib, TPUBOIAT K ANCGHYHKIINN OPTAHOB M TKAHEH, pas-
BUTHIO TOJUOPTAHHOW HEAOCTATOUYHOCTH ¥, B KOHETHOM
cuere, JetaabHoMy ucxomay [1—3].

B psze akcriepuMeHTanbHbIX paboT MOKA3aHO, YTO
J1abopaTOpHbIe JKUBOTHBIE PA3JINYAIOTCSI O CIIOCOOHOCTH
MIEPEHOCUTH KPOBOTIOTEPIO. ITO BHIPAYKAETCS B PA3HON BbI-
JKIBAEMOCTH JKUBOTHBIX Ha MPOTSIKEHUN IKCIEPUMEHTA,
Pa3HbIX 3HAUEHUSIX MTOKA3aTeNeH CUCTEMHO TeMOTITHAM-
KU, MUKPOIUKYJISIIIMU U COCTOsTHUST MeTabosiu3ma [4—6].

CocTosiHIe MUKPOIMPKYJISIUE HEOCPEIICTBEHHO
BJIMSIET Ha aIeKBATHOCTH Tep(y3nu 1 OKCUTEHAINN TKa-
Heil, BOCCTAHOBJIEHNE KOTOPBIX BCE YAIIE PACCMATPUBACTCS
KaK TJIaBHAs 11eJIb MHTEHCUBHON Teparuu MoKa 1 IPYTUX
KpuTHueckux coctosiuuil [7—9]. Tlpu aTtoM HEOOXOAUMO
OTMETHUTD, YTO BBHIPAKEHHOCTH UIIEMUYECKUX U perepdy-
3MOHHBIX TIOBPEKICHUI B 3HAYUTETHHON CTETIEHN OTpesie-
JIIETCSL CPOKaMH, OOBEMOM M KaueCTBEHHBIM COCTABOM
MPOBOANMO#T MH(MDY3MOHHO-TPAHCHY3MOHHON Tepanuu, a
TaK/Ke UCXOHBIM COCTOSTHUEM OPTaHM3Ma.

B macrosiiiee BpeMst Kak B KIMHUYECKOH MPaKTHKeE,
TaK U B 9KCIIEPUMEHTE MCTOTB3YIOTCS PA3TNIHBIE TEXHOIO-
TUU OIEHKH COCTOSIHWSI MUKPOIMPKYJSInu. Tak, cospe-
MEHHBIMHU CIIOCOOAMU TIPUKUZHEHHON MUKPOCKOITIHU SIBJISI-
I0TCSI OPTOTOHAJIBHAST MOJISIPU3AIIMOHHAST CTIEKTPOCKOTIHST
(orthogonal polarization spectral imaging) u 6okoBast Tem-
HomoJbHast criekrpockonus (sidestream dark-field imag-
ing), KOTOPBIE MO3BOJITIOT BU3YATN3UPOBATH MUKPOITUPKY-
JIITOPHOE PYCJIO 1 TTPOBOIUTH TTOTYKOJTMIECTBEHHBIN aHAIN3
nepdysun tkaneit [7, 10]. Birarogapst pasBUTHIO KOMIIBIO-
TEPHBIX ¥ JIA3EPHBIX TEXHOJOTHIA TTOSIBUIICH HOBBIE METO-
JIbI MCCJIEJIOBAHNST, [IO3BOJISTIONINE HE TOJBKO OIEHUTH YPO-
BeHb KPOBOTOKA B MCCJEMYEMBIX OpPraHax W TKAHsX, HO U
OTTPE/IENTUTD BKJIA/T PA3JIMYHBIX PETYIISITOPHBIX MEXaHN3MOB
B pa3BUTHE HAPYIIEHUH MUKPOITUPKYJIsATiii. OXHUM 13 Ta-
KHX METO/IOB SIBJISIETCS JIA3ePHast OTIIepOBCKast (iroyme-
tpust (JID). KpoBOTOK Ha MUKPOIUPKYISITOPHOM YPOBHE
XapaKTepr3yeTcsT BPEMEHHON M3MEHYNBOCTDIO, OTPAKaIo-
meil IMHAMUYeCcKoe B3aUMOJIEHCTBIE «aKTHBHBIX» MeXa-
HU3MOB PETYJSIUN COCYANCTOTO TOHYCA U <«ITACCHBHBIX>
(haxkTopoB (HampIMep, MyJIHLCOBAsT BOJIHA ), IPUBHOCUMBIX B
MUKPOIUPKYJISAITOpHOE pycyio u3BHe [11—13]. V3yuenue
AMIIATY/THO-YACTOTHOTO CITEKTpa KOJEOAHUI TKaHEBOTO
KpoBOTOKa ¢ rtoMotbo JI/TM 1 coBpeMeHHbIX METO/IOB Ma-
TeMaTUYECKOTO aHan3a (BelBIeT-aHAIN3) TTO3BOJISET Olle-
HUTDH COCTOSTHUE MUKPOTIMPKYJISIIIAN U MEXaHU3MOB €€ pe-

Introduction

Hemorrhagic shock is a type of hypovolemic shock,
which results from substantial reduction in circulating
blood volume due to a blood loss. The main pathogenetic
mechanisms of hemorrhagic shock include rough macro-
and microhemodynamic alterations, which lead to
decreased tissue perfusion and oxygenation, developing
hypoxia and transition of aerobic metabolism to anaerobic.
As a result, metabolic alterations, apoptosis and necrosis of
cels are progressing, which leads to dysfunction of organs
and tissues and development of multiorgan deficiency with
increased probability of death [1—3].

Experimental studies have shown that laboratory
animals vary in their ability to tolerate blood loss. The lat-
ter has been confirmed by differences in survival rate,
quantitative parameters of macro- and microhemodynam-
ics, patterns of metabolism disturbance [4—6].

Microcirculation directly affects the adequacy of tis-
sue perfusion and oxygenation, restoration of which is cur-
rently considered as a main goal of intensive care in criti-
cal illness including shock [7—9]. The severity of ischemic
and reperfusion injuries are largely due to timing, quanti-
tative and qualitative parameters of fluid resuscitation.

Currently, both in clinical practice and experiments,
various techniques are employed to assess the parameters of
microcirculation. Thus, modern varieties of intravital
microscopy include orthogonal polarization spectral imag-
ing and sidestream dark-field imaging, which allow visualiz-
ing the microcirculatory bed and perform semi-quantitative
analysis of tissue perfusion [7, 10]. Advances in computer
and laser technologies have made it possible not only to
assess the level of blood flow in the studied organs and tis-
sues, but also to determine the contribution of distinct reg-
ulatory mechanisms in the development of microcirculatory
disorders. One of these methods is the laser Doppler
flowmetry (LDF). Blood flow at a microcirculatory level is
characterized by temporal variability, which reflects the
dynamic interaction of <active» vascular tone regulation
mechanisms and «passive» factors (eg, pulse wave), intro-
duced into the microcirculatory bed from outside [11—13].
Study of the oscillation spectrum of tissue blood flow using
LDF and modern methods of mathematical analysis
(wavelet analysis) allowed assessing the state of microcircu-
lation and clarify the mechanisms of its regulation. Under
LDF studies, these oscillations in a microcirculatory blood
flow referred to as flowmotions or fluxmotions. Vasomotions
are rhythmic changes in both vascular tone and diameter of
microvessels+ leading to the corresponding sinusoidal oscil-
lations of blood flow. Vasomotion have been considered as a
specific phenomenon [14, 15]. Vasomotion may appear or
increase when there is a critical reduction of tissue perfusion
(eg, in muscles or abdominal organs), particularly in haem-
orrhage [16, 17]. However, in the available literature, there
are no data on the use of modern technologies (selection of
the frequency bands of blood flow oscillations, wavelet
analysis) to study fluxmotion patterns in blood loss and
reperfusion with transfused autologous blood.
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ryJsainuu. B aHioasbraHON JuTepaType Takue KosueOaHust
KPOBOTOKA Ha MUKPOIUPKYJIATOPHOM YPOBHE 0003HAYAIOT
kak ¢uroymoruu (flowmotion) niu durakemormu (fluxmo-
tion), ecsiu iuist ux anasm3a ucnosbayercs JIAD. Psy aBro-
POB KaK OTACTbHBIN (hDeHOMEH pacCMaTPUBAIOT Ba30MOITUT
(vasomotion) — puT™MuYecKre U3MEHEHUS COCYMCTOTO TO-
Hyca U JMaMeTpa MUKPOCOCY/IOB, TIPUBOJISIINE K COOTBET-
CTBYIOLINM CHHYCOUIAIbHBIM KOJIeOaHUSM KPOBOTOKa [ 14,
15]. IIpn aTOM 1MOKa3aHO, YTO BABOMOIIMHU TIOSIBJISTIOTCS UK
YCUJIMBAIOTCSI TIPU KPUTHUECKOM CHIUZKeHUU mepdysun
TKaHel (MBILIIbI, OpPraHbl GPIONIHON TI0J0CTH), B YaCTHOC-
TH, Ipu Kposororepe [16, 17]. Oxnako B AOCTYIIHOI JUTE-
paType HeT JIaHHBIX 00 UCIIOJIb30BAHUM COBPEMEHHBIX TEX-
HOJIOTUiT (BbIIe/IEHNE YACTOTHBIX AUANA30HOB KoJiebaHuii
KPOBOTOKA, BEHBJIET-aHAINS) TSI FICCJIE/IOBAHNS PIIaKCMO-
U TIPU KPOBOIIOTEPE U TIOCJIE ee BOCTIOJIHeHUs (BOCCTa-
nosstenust OLK).

Vcexonst M3 BBILNIEM3JIOKEHHOTO OblJIa MOCTaBJEHA
1eJib: B YCJIOBUAX 9Kcmepumenta ¢ momorrsio JIID u
BeliBJeT-aHaIM3a UCCIe0BaTh OCOOCHHOCTH W3MEHEHMUS
KOXKHOTO KPOBOTOKA TIPU PAa3BUTUU TeMOPPArnvyecKoro
IIOKA U MIOCJIE ayTOTeMOTPaHC(hY3UHL.

Marepuan u MeTObI

IKCIEPIMEHTHI TIPOBEIEHBl Ha 22 6eCTOPOIHBIX KPBICAX-
camiax Maccoii 400—550 r mog Hapkozom (HemOyTan 45 Mr/Kr
wiu xjaopanruzapar 300 Mr/Kr BHYTPUOPIONIMHHO), B YCJAOBUSX
CIIOHTAHHOTO [IBIXaHUS U TEMIEPaTypPbl OKPY’KAIOUIEH Cpeibl
20—22°C. Anecre3usi MOJIEP/KUBATACH TOBTOPHBIMH BHYTPH-
OPIONIMHHBIME MHDBEKIUAME aHecTeTuKa (HeMOyTanm 15 Mr/Kr,
xaopairuapat 100 mr/kr kaxkasie 30—40 mun nam mo Tpebosa-
o). C 1esbio nuBazuBHoro uamepenust AJl, 3abopa 1 peundy-
31K KPOBU KaTeTepu3upoBajach XBOCTOBas aprepusi. Karterep
HEePHOINYECKU TIPOMBIBAJICS PACTBOPOM He(PaKIIMOHNPOBAHHO-
ro rerapuna (0,1 i1, 500 EJ] /o).

KpoBotok B koske yxa peructpuposaiu metogom JIJID. Cyrb
metoza JI/ID coctont B ONTHYECKOM HEMHBA3UBHOM 30HANPOBA-
HUU TKaHel MOHOXPOMATUYCCKUM JIa3CPHBIM M3JYUYCHUEM 1 aHa-
JI3€ UBJIYYEeHUsl, OTPAsKEHHOTO OT JABMKYIINXCS B TKAHSIX 9PUTPO-
uToB. OTpakeHHOE OT IOJBUKHBIX YacTHUI[ (IPUTPOIUTOB)
U3JIydeHre MMeeT JOMNIIEPOBCKOE CMEIIEeHNE YacTOThl OTHOCH-
TEeJILHO 30H/IMPYIONIEr0 CUTHAJIA. DTA EPEMEHHAsT COCTABJISIONIAst
OTPAYKEHHOTO CHI'HAJIA TIPOTIOPIINOHATbBHA KOJTUYECTBY SPUTPOIH-
TOB B 30HMPYEMOIl 006J1aCTH 1 UX CKOPOCTU. B pesyJisraTe KOM-
[BIOTEPHOIT 06PaBOTKU OTPAKEHHOTO CUTHAIA GOPMUPYETCS TT0-
kazarenb Mmukponupkymsaiun (IIM), orpaxkaiommuii ypoBeHb
nepdysun nceseayemoro oobema tkanu (0xkoso 1 Mm*) B eaunuiry
BPEMEHU U U3MEPSIEMbIil B OTHOCUTENBHBIX 1ephY3NOHHBIX €11~
numax (no. ex.).

Kosnebanns kpoBoToka ((hJakCMOIUK) U UX U3MEHEHHS 1103+
BOJISIIOT TIOJIYYUTh UHGMOPMAIMIO O COCTOSHUN PA3JIMIHBIX MeXa-
HIU3MOB perysiin Mukponupkysiin. Komebarns [IM Bo Bpe-
MEHH TIPECTABIAIOT COOOH CJOKHYIO HENMHEHHYI0 (QYHKINIO, B
KOTOPOU MPUCYTCTBYIOT Pa3Hble TAPMOHMYECKIE COCTABJISIONIIE.
[Ipu crenmaapbHOM MaTeMATHYECKOM AHAJIN3€e, OCHOBAHHOM Ha
npeoGpazoBarusix Dypbe, MOKHO BBIABUTH 9TH TapMOHUYECKHE
COCTABJISIIONINE, PA3JIMYAIONINECS 110 YACTOTe U aMILIuTyje. B no-
caiejiHee BpeMsl JUIsI 9TUX 1eJiell MCIIOJb3YeTcsl MaTeMaTHYeCKuii
ammapar BefiBier-tnpeobpasosanus [11—13], ormuarommiicss Bbi-
COKOIi paspelaolieii cioco6HOCThI0. CHEKTPATLHOE Pa3IOKeHIe
JIID-rpamMMbl Ha TapMOHUYECKHE COCTABJISIONINE JIA€T BO3MOXK-
HOCTD OTIPE/ICTUTD BKJIA/] PA3JUYHBIX KOMITOHEHTOB (DTaKCMOIINIA,
KaK/IbIH U3 KOTOPBIX XapaKTePU3YeTCsl OIpe/IeJIeHHBIM JUaIa3o-
oM yvacror (F, Ti) u MakcuMaabHOH aMIIMTYAOH KosebaHuii

The goal of current study included characterization
of changes in local cutaneous blood flow during hemor-
rhage and post-resuscitation using LDF and wavelet
analysis in an experimental setting.

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 22 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 chloral-
hydrate (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).
Animals were administered with polyethylene catheters through
the tail artery for invasive measurement of blood pressure, blood
shedding and blood infusion. The catheter was flushed intermit-
tently with saline solution (0,1 ml) containing 500 TU /ml unfrac-
tionated heparin.

Local cutaneous blood flow was recorded by LDF. The
essence of the LDF is a non-invasive optical sensing tissue by
monochromatic laser and analyzing the light reflected from mov-
ing red blood cells. Backscattered light from fixed tissue does not
change its frequency, while the light backscattered from moving
red blood cells has a Doppler shift relative 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 com-
puter 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 (fluxmotions) and their changes
might provide information on various regulatory mechanisms of
microcirculation. Oscillations of IP is a complex nonlinear func-
tion that includes different harmonic components. Using mathe-
matical analysis based on Fourier transforms, one can identify
these harmonic components that differ in frequency and ampli-
tude. In recent years the wavelet analysis [11—13] characterized
by high resolution in both time and frequency have been increas-
ingly used.

Spectral decomposition of LDF-gram into harmonic compo-
nents enables us to determine the contribution of various fluxmo-
tion components. Each component is characterized by a particular
frequency range (F, Hz) and maximum amplitude (A, AU), which
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 through action on the vascular wall, are realized
through muscular component of the latter and create oscillations
in the blood flow through vasoconstriction and vasodilation alter-
nation. 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 [12].

In laboratory animals (rats) the characteristic frequency
ranges are as follows: endothelial (Ae) — 0.01—0.04 Hz, neuro-
genic (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 [18]. In paren-
theses are the abbreviations of the maximum amplitude of blood
flow oscillations in the appropriate range.

The probe of single-channel device LAKK-02 (SPE
«LAZMA», Russia) was set over the internal surface of a rat's
right ear with minimal clearance, avoiding the location of large
vessels in the study area. The LDF-gram registration was been
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KPOBOTOKA B 9TOM Juarnasone (A, md. e1.), KoTopble, B CBOIO Ove-
pejib, OIPEEISIOTCS] TPUPOION KOHKPETHOTO MeXaHU3Ma MOJY-
JISIIINN KPOBOTOKA M €0 OTHOCHTEJIbHON aKTUBHOCTBIO BO BpeMst
nposenenust JI/ID-merpun. Cpeyt MEXaHU3MOB PEryJISIIIUN MUK-
POTeMOTIMPKYJISIIINN PA3JIMYAiOT AKTUBHBIE U TTACCUBHBIE (haKTO-
pbl. AKTHBHBIE (PaKTOPBI MOJYJIAIIMN KPOBOTOKA — 3TO JH/IOTEJIN-
AJIbHbIA, HEeHpOreHHblii 1, cOOCTBEHHO, MUOTEHHBII MeXaHU3Mbl
PeryJIsiiiuu TIPOCBeTa COCY0B. DTN (HhaKTOPhI MOAYJIUPYIOT TOTOK
KPOBU CO CTOPOHBI COCY/IUCTOIl CTEHKH, peajn3yloTCsl yepes ee
MBIIIEYHBIT KOMIIOHEHT ¥ CO3/AI0T KOJIeOaHusi KPOBOTOKA IO-
CPE/ICTBOM YepPe/IOBAHMS MU30/I0B BA30KOHCTPHUKIINY M Ba30/H-
nararun. [laccuBHbie GakTOPbI, BHI3BIBAIOIIIE KOJIECOAHUS KPOBO-
TOKA BHE CUCTEMbI MUKPOIUPKYJISIINN, — 3TO IyJIbCOBask BOJIHA CO
CTOPOHBI apTepUil M TPUCACHIBAIOIIEE JIENCTBHUE <«/IBIXaTETbHOTO
Hacoca» co CTOPoHbI BeH. OHU 00eCeYnBAIOT IPOIOJIbHBIE KOJIe-
GaHUsT KPOBOTOKA, BBIPAKAIOIIIECST B TIEPUOANYECKOM M3MEHEHUH
o6bema Kposu B cocyze [12].

VY 1a60paTOPHBIX KUBOTHBIX (KPBIC) JUIsT KAXKIOTO U3 TIATH
IIPUBE/IEHHBIX (PaKTOPOB XapaKTePHbIMHU JIMANa30HAMH YaCTOT B~
JIIOTCS CIeLytomne: aHa0Teananbubrii (As) — 0,01—0,04 I, meii-
porennpiii (Au) — 0,04—0,15 T, muorennbiii (Am) — 0,15—0,4
', moixarensubiit (Ax) — 0,4—2 T, myascoBoit (Am) — 2—5 Tir
[18]. B ckobOkax mpuBeeHbl COKPAIEHHbIE 0603HAYECHIST MAKCH-
MAJIbHBIX aMILUIUTYl KOJeGaHUil KPOBOTOKA B COOTBETCTBYIOIIEM
JarnasoHe.

CsetoBoii 30HA oxHOKaHaspHOro ammapata JIAKK-02
(HIIIT «JIA3BMA», Poccust) ycraHaBiuBajJu Haj BHYTPEHHEN
MOBEPXHOCTDIO TIPABOTO yXa, M3berast monaaaHust B 001acTb Peri-
CTpaIi KPOBOTOKA KPYMHBIX cocynoB. 3amuch JIJIM-rpammer
OCYIIEeCTBIIJIaCh B TeueHre 8 MuH. [Ipn HajIM4yny BbIPa’KEHHBIX
apTedakToB (BCJAENCTBUE NBUKEHWI KPBICHI, BHEITHIUX MOMEX)
Boiessinch parmentst JI/IMD-rpaMMbl TTIPOIOIKUTETHHOCTHIO
He MeHee 4 MuH 6e3 apredaxtos. [Ipu ananuse xaxnoit JID-
IpaMMBI OTIPe/IeJISIINCH CJIe[YIOIe TTapaMeTphl: CpejiHee 3Haue-
nue [IM B uHTEpBaje BpEMEHU PETMCTPAINU; MAKCHMAJbHbBIE
AMILIUTY/IbI KOJIeOaHUI KPOBOTOKA B COOTBETCTBYIONIUX JMAlia-
3onax yactot (Aa, An, AMm, Ant, A1r), oJrydeHHble METOZIOM BeilB-
ger-anamnza JI/@-rpamm. Perucrpaiuio cucteMHOTO aprepu-
aspHoro fpasaenust (AJl) u 3amvch JIJID-rpamMMbl TPOBOIMIN B
nuexoaHoM cocrosiinu (depes 20 MUH cTabUIU3aluu mocje puK-
canuu garanka), na 5—15-it, 20—30-it u 50—60-ii MuHyTax nepu-
ojta runoren3un u Ha 5—15-i, 20—30-it u 50—60-it MumHyTax re-
puoza peutdysuu. 3a60p KPOBHU OCYHIECTBISIIN (HPAKIINOHHO O
1 M 10 mocrskenust AT 60—70 MM pr. €T. K 5-if MUHYTE OT Hava-
JIa KpoBomoTepu. B mocseayoniemM 06beM KPOBOIIOTEPU OIpeie-
sisicst yesoueM nojiepxkanust A/l okoso 50 M pr. cr. k 60-it
MUH TIePHO/ia TUIIOTEH3HH, YTO SIBJISIIIOCH 1[EJIEBBIM YPOBHEM TH-
norensun. [Ipu atom (cMm. «Pesyssrater» ) npumMedaTeIbHbIM OKa-
3aJI0Ch PETPOCHEKTUBHOE Pa3/lesIeHIIe JKIBOTHBIX Ha TPYTIIILL B 3a-
BUCHMOCTH OT 00beMa KPOBOIOTEPH, HEOOXOAMMOTO ISt
JIOCTUIKEHUS 11eJIeBOTO yPOBHs runorensun. Penndysnio Bcero
o6beMa 3a6paHHON KPOBU OCYIIECTBJSIN B TedeHre 5 MuH. [To-
cie okoH4Yanns skcnepumenTa (60-a mumyrta mepuoga pentgy-
311) IIPOBO/INJIACH 3BTAHA3MS MHDBEKINEH JIeTAIbHOIT 103bI HEM-
Gyraza (150 Mr/kr BHYTpUOPIOIMHHO). Takum 06paszoM, MOKHO
BBIJIEJINTH CJIEIYIOIINE ITANbBI HKCIIEPUMEHTA: PETUCTPAIINS HC-
XOJIHBIX JIAaHHBIX (8 MUH), IIEPHO/ THIIOBOJIEMUYECKOIN HIIOTEH-
3un (60 mum), nepuon penndysun (60 MUH), 9BTaHA3US.

Craructideckyto 06paboTKY JAHHBIX TIPOBOMIIHN B TPOTPaM-
me Statistica 7.0 merogom ANOVA u kputepust U Buikokcona-
Manna- YuTHu. AHAJIM3UpPYyeMble BeJIMYNHBI IPe/ICTABICHBI B CJIe-
ayomem Buge: Me (25%; 75%). OObem KpoBomoTepu
[PEJICTaBJIEH B BU/IE CPeiHero 3HaueHus (M) u omubKY cpeHeil.

PesyubraThl U 00CyKA€HUE
Biusinue BHa aHECTE3UH Ha HCCJIEyEeMbI€ TIOKa3a-

TE€JI TeMO/IMHAMUKH. Hcnonp3oBanue JABYX BU/IOB aHECTE-
3UM IIPUBEJIO K HCO6XO[[I/IMOCTI/I TIPOBECTU CPAaBHUTEJIbHOC

performing for 8 min. 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. The following parameters were analyzed: the mean
value of IP in the time interval of registration; the maximum oscil-
lation 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 was performed at a baseline (after 20 min of animal sta-
bilization), and in 10h, 30 and 50minutes after starting the
hypotension and on the 10th, 30th and 50th minute after the
blood infusion. Blood shedding was performed fractionally (1 ml
per fraction) to achieve blood pressure 60—70 mm Hg to the 5th
minute from the start of bleeding. Tthe volume of blood loss was
limited by the condition of maintaining blood pressure of about 50
mm Hg by the 60th min of hypotension. Reinfusion of all with-
drawn blood volume was performed per 5 min. After the 60th
minute of the period of reinfusion, animals were euthanized by
injection of a lethal dose of Nembutal (150 mg/kg ip)

Statistical processing of the data was performed using
Statistica 7.0 by a One-Way 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 report-
ed as amean (M) and a standard error of the mean (SE). Differences
between groups at P<0.05 were considered as significant.

Results and Discussion

Influence of the type of anesthesia on the local
cutaneous blood flow. The animals were divided into two
groups depending on the drug used for anesthesia (pento-
barbital or chloralhydrate). It turned out that in the initial
state the chloralhydrate leads to a decrease in blood pres-
sure and IP (Table 1). However, at the same time there
were no differences in the values of the fluxmotion ampli-
tudes observed between the compared groups. By the 60th
minute of the hypotension compared groups in all investi-
gated parameters did not differ. These similarity of results
allowed us to combine animals reciving chloralhydrate and
pentobarbital into one group.

Changes in the local cutaneous blood flow during
hypotension. With the development of blood loss and
hypotension IP was decreasing relative to the initial state
by 58% maximally at the 30th minute of the period of
hypotension (Table 2).

In the study of fluxmotions during blood loss we
observed appearance of high-amplitude oscillations of the
rat cutaneous 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 increasing Aad, in the development of
blood loss an increase in An was also observed (Table 2).
Amplitudes in the ranges of Ae, Am, Ar and Ap on
throughout the period of hypovolemic hypotension did not
differ from the baseline (Table 2).

Changes in the local cutaneous blood flow,
depending on the blood pressure and the volume of
blood loss. In our experiments, we used a model of hemor-
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HCCIIeIOBAHNE BIUSHUS KAJKIOTO U3 HUX HA MCCIIE/[yeMble
nokaszaresu. C 9TOH 11eJIbI0 JKMBOTHBIE ObLIIN Pa3/IeIeHbl HA
IPYIIIIBI B 3aBUCUMOCTH OT TIPENapara, UCHOJIb3yeMOTO JIJIst
Hapkosa: HeMOyTasia i xjaopairuapara. OKaszanioch, 4To
B MCXO/THOM COCTOSIHUU Y JKUBOTHBIX aHECTE3MPOBAHHBIX
xnopanruzaparom, sHadeans A/l u [IM Obin MeHbIIe, 4em
B IpyIIIie ¢ ucnosb3oBanueM HemOytana (tabu. 1). Ho npu
ATOM MEKIY CPAaBHUBAEMBIMI TPYIITAMHU He HaOII01aT0Ch
pasanuuii o 3HaYeHustM aMInTy 1 parakemonnii. K 60-it
MUHYTE THIIOTEH3UH CPaBHUBAEMbIE TPYIINbI 110 BCEM HC-
CJIEIyEeMbIM TTOKA3aTeJIsIM HE Pas3InuaIich. ITH Pe3yJibTa-
ThI MO3BOJMJIN OOBEAUHUTH OINBITHI C HCIOJIb30BAHHEM
XJIOpaJITuipaTa U HeMOyTaia B OIHY IPYIIILY.

3meHeHne napaMeTpoB MUKPOIMPKYJISIMHI B IIEPU-
oze runorensuu. [lo Mepe pasBuTHS KPOBOIIOTEPH 1 apTe-
pUaIbHOI runoTeH3nK HabMoAANOCH cCHIKeHue [IM B Ko-
K€ yXa OTHOCUTEJIbHO MCXO/THOTO COCTOSIHUS MAKCUMAJIbHO
Ha 58% #a 30-ii MunyTe nepuoza runorersuu (Tadir. 2).

B mporecce nccnenoBanus dakcMonnii BO BpeMst
KPOBOIIOTEPU HaMU ObLIO OTMEUEHO TIOSIBJICHHE Y YaCTH
KPBIC BBICOKOAMIUIUTY/IHBIX KOJIEOaHUN KPOBOTOKA, KOTO-
poie mpu BeiBaer-ananuse JIJ[MD-rpaMmbl  TPOSIBISINCD
JIOTIOJTHUTEIBHBIM <ITMKOM» B ainanazone 0,06—0,12 T (B
paMKax HeHporeHHOTo amnara3ona). Jlanueri ¢eHoMeH He
HaOJIOIA/ICST B ICXOAHOM COCTOSIHMM 1 ObLJI XapaKTepeH
JIATITH /71T COCTOSTHUSI THTIOBOJIeMUYecKol rumoTensun. [1o-
3TOMY [P aHAJIU3€E TOJYYEHHBIX PE3yJIBTaTOB ObLI BbI/E-
JIEH JTOTIOJHATEIBbHBIN YacTOTHBIN Auanas3on 0,06—0,12 Iy
(Anon).

Hapsiiy ¢ yBesimyennem aMInTy bl hrakeMonuii B
JMariasoHe AJION 110 Mepe PasBUTUSI KPOBOTIOTEPU HabJIr0-
JTATIOCh TaKKe YBeJNIeHNe aMIIATY bl (PITaKCMOIINI B /TN-
arasore AH (tabs. 2). 3HaUCHUS aMILIMTY/L B APYTUX Yac-
TOTHBIX JuanazoHax (Aas, AM, Ax u Am) Ha TIPOTSPKEHUH
BCETO MEepPUo/a TMIOBOJEMUYECKOI IMIIOTEH3UN He OTJIU-
YaInch OT UCXOAHBIX (Tabu. 2).

3MeHenus napaMeTpoB MHUKPOIMPKYJISIIUU B 3a-
BUCHMOCTH OT YPOBHSI aPTEPUAIBHOTO JABJIEHHS U 00be-
Ma KPOBOIOTEPU. B HAIINX 9KCIIEPUMEHTAX MbI HCITOJIH30-
BaJIM MOJIeJIb TeMOPPAarndeckoro IMoKa, Mpu KOTOPO
00bEeM KPOBOIIOTEPH, OCYIIECTBISIEMON B HECKOJIBKO 3Ta-
TI0B, OIPEIEJISJICS JOCTUKEHUEM T1eJIeBOTO YPOBHS apTe-
puasbroi tunorensun (50 MM pr. ct.) K 60-it MuHyTE OT
Hauasa 3abopa kposu. OHAKO TIPU IIPOBEJAECHUN IKCIIEPU-
MEHTOB 00pallaio BHUMaHKE SIBHOE PA3JInuue KUBOTHbIX
[0 CIOCOGHOCTH KOMIIEHCHPOBATH KPOBONOTEPIO: OCJIE
JIOCTVKEHUS! 11€JIEBOTO YPOBHS TMIIOTEH3UM Y OJIHUX OCO-
6eit Al IpOIOIKANO CHIKATBCS, YTO 9aCTO TPeOOBAIO Ya-
CTUYHOIT penHdysun 3a0paHHOl KPOBH, B TO BPeMsl KaK y
JIPYTUX KUBOTHBIX OTMEYAJIACH TEH/IEHIIUS K OTHOCUTEJIb-
HO ObICTPOMY HOBbILIEHMIO A/l BbILIE 11EI€BOTO YPOBHSL.

B ¢BsA3M ¢ 9TUM NPEACTABJISIOCH 1ENeCO00PasHBIM
OLICHUTD BJIMsiHUE 00beMa KpoBonorepu u yposHst A/l Ha
AMIJINTY/THO-YACTOTHbIE XaPAaKTEPUCTUKU KOXKHOTO KpPO-
BoTOKA. JKMBOTHbBIE ObLIN Pas/ieieHbl HA JBE IPYIIIbI B 3a-
BUCHUMOCTH OT 00beMa KPOBOIIOTEPU: HUIKE U BbIIIE CPE/l-
Hero 3HaueHUs sToro mokaszarenis (8,7+0,5 Mi/Kr u
13,3+0,7 Ma/Kr Macchl Teaa, cOOTBETCTBEHHO) (Tabu. 3).

rhagic shock, in which the amount of blood loss was deter-
mined by reaching the target level of hypotension (50 mm
Hg) to the 60th minute from the start of blood sampling.
However, in the experiments we noticed a clear difference
in the ability of the animals to tolerate the blood loss. After
achieving the target level of hypotension, blood pressure
continued to decrease in those ee animals that frequently
required partial reinfusion of withdrawn blood. To the con-
trary, the other animals experienced rapid increases in
blood pressure above the target level.

In this regard, it seemed appropriate to evaluate the
influence of blood loss volume and blood pressure on the
amplitudes of oscillations of local cutaneous blood flow. The
animals were divided into two groups depending on the
blood loss volume: above (group 1) and below (group 2) the
mean value (8,7+0,5 ml / kg and 13,3+0,7 ml / kg body
weight, respectively) (Table 3). At a baseline between the
groups there were no differences in the values of blood flow,
blood pressure and fluxmotion's amplitude between the
groups within the examined frequency bands except Ap, the
value of which was greater in the group with large volume
of blood loss (Table 3).

At the 30th minute of hypotension period the groups
differed only in Aad parameter, which was greater in the
group with a small volume of blood loss (Table 3). After 60
min of hypotension the blood pressure decreased to 53
mmHg in both groups. IP was lowered in both groups,
however, parameters An and Aad were raised vs. the base-
line. At the same time, in the group with small volume
blood loss, parameters An and Aad remained greater than
in the group with a large volume of blood loss (Table 3).

The analysis of reaction of the animals experiencing
different level of blood pressure at the end of hypotension
period showed that «compensated» and «decompensated»
animals (BP greater than 50 mm Hg or less than 50 mm
Hg, respectively) did not differ in all investigated parame-
ters during hypovolemic hypotension (Table 4). The vol-
ume of blood loss did not differ between «compensated»
group and decompensated»one (-10,9%0,8 ml/kg body
weight, n=13 vs. 11,5£1,3 ml/kg body weight, n=8, respec-
tively).

Changes in the local cutaneous blood flow at rein-
fusion of blood. For the entire sample of animals after
autohemotransfusion BP increased compared to the 60th
minute of the hypotension period, but then during the
blood infusion period remained reduced compared to the
baseline values (Table 2 The cutaneous blood flow (IP)
began to increase stating from the 10th minute, however, it
remained relatively low compared to the baseline.
Frequency band parametrs An and Aad decreased com-
pared to their maximum values at 60th minute of hypoten-
sion period. The amplitudes of blood flow oscillations in
other frequency bands (Ae, Am, Ar and Ap) period did not
differ from their baseline values up to to 60th minute of
reinfusion (Table 2).

More clear differences in paeameter values were
revealed in groups with different volumes of blood loss (see
above). It At 10th and 30th minute of the reinfusion peri-
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OKaszaoch, YTO B UCXOJHOM COCTOSTHUM MEK/Y TPYIIaAMU
He HabJI0aJ0Ch Pasuyuii 10 BeJWYMHE KPOBOTOKA,
YPOBHIO apTepUAIbHOTO JABJICHUST M aMIIUTyaM (hirakc-
MOIIUI B UCCJIE/LyEMBIX YaCTOTHBIX [UATIA30HAX, 33 UCKJIIO-
yenueM All, BeJIMYMHA KOTOPOI OKazazach G0Jee BBICOKON
B nozrpyiiie ¢ 60sbiM 00beMoM Kposomnotepu (tabi. 3).

Ha 30-#f mMunyTe mepmoma THUTOTEH3WW Pa3IIINsT
MEK/y TPYIIaMK KacaJauch JIUIIb aMILIUTYbI (hJIaKCMO-
uii B AnanasoHe Azon B Bujzie 60jiee BBICOKOTO 3HAYCHMUS
ATOr0 MOKasaTeJisl B IPYIIIE ¢ HUBKUM 00bEMOM KPOBOIIO-
tepu (tabir. 3). K 60-ii MumyTe runoteHsun B 06enx rpyii-
max A/l CHUBMIOCH 10 53 MM PT. CT., TAK/KE OTHOCUTETHHO
UCXOJHOTO COCTOsTHUS Obl cHzKeH [IM 1 noBbiieHbl AH
u Agorr. I[Tpu 910M B rpyIine ¢ HU3KUM 0GbEMOM KPOBOIIO-
Tepu AH U AJION OCTABAJIMCh BBIIIIE, YeM B TPYIITIE C BBICO-
Kkum 06beMoM KpoBomoTtepu (Tabir. 3).

Pasiesienyie ;KUBOTHBIX HA TPYIITIBI B 3aBUCUMOCTH OT
ypoBHsa A/l B KOHIle Tleprojia TUTIOTEH3UN TI0KA3aJ0, 9TO
«KOMIICHCHPOBAHHBIE> U <«JIEKOMIICHCUPOBaHHbBIE 0COOU»
(Al Gosbie u MeHbiie 50 MM PT. CT., COOTBETCTBEHHO) He
Pa3IMYAIUCh 1O BCEM HMCCJIEYEMbIM TTapaMeTpaM MUKPO-
IUPKYJISIUU BO BPEMsI THUIIOBOJIEMUYECKOM THIIOTEH3UH
(1abur. 4). Ilpu aToM 06BEM KPOBOIIOTEPU HE PA3IUUATICS
MEK/y JTAHHBIMU TPYIIIAMU: <«KOMIIEHCUDOBAHHbBIEY —
10,9+0,8 mur/kr maccesl Tena (n=13) 1 «IeKOMITIEHCUPOBAH-
mpie» — 11,5£1,3 mur/kr macest Tesa (n=8).

H3meHeHnus napaMeTpoB MUKPOLUUPKYJISAIMH B TIe-
puone peundysuu. B 1es0M, 1ist Beeil BBIGOPKU SKUBOT-
HBIX TI0CJIe BOCTOJHEHUs kpoBorotepu A/l cymectBenno
YBEJIMYHUIIOCH TI0 CpaBHEHUIO ¢ 60-i MUHYTOI TIepuojia ru-
HoTeH3nn, Ho K 60-if MuHyTe penH(y3Un 0CTaBalIOCh CHU-
SKEHHBIM OTHOCHUTEJIbHO MCXOJAHBIX 3HaueHuil (1abi. 2).
Kposotok B koxe yxa (ITM), yseanunsimics Ha 10-it mu-
HyTe perH(Y3UH, B JaJbHEHIIEeM OCTaBaJICs Ha OTHOCH-
TEJIbHO HU3KOM YPOBHE 110 CPABHEHUIO C UCXOTHBIM COCTO-
sgHUueM. B aMIUIMTYHO-4aCTOTHOM CHEKTpe KojebaHui
KPOBOTOKa AH M AJION CHU3WJIMCH TIPU CPABHEHUU C MX
MaKCUMaJIbHBIMU 3HaueHussMU Ha 60-if MuHyTe nepuoma
TUIIOTEH3UU. AMILUIUTY/IbI KOJIeOAHUN KPOBOTOKA B JAPYTHX
4acTOTHBIX JAuanazoHax (Aa, Am, Ax u An) k 60-it MmunyTte
nepuo/ia penHdy3nn He OTJINYATICH OT UX UCXO/IHOTO 3HA-
yenust (Tabu. 2).

Bousiee uerkue paznuuus GbLIM MOTYYEHbI IPU Pasie-
JIEHUM KMBOTHBIX Ha TPYIIIbI B 3aBUCUMOCTU OT 0ObeMa
kpoBonorepu (cM. Bbile). OKa3anoch, 4TO Ha TIPOTSIKEHU T
nepsbix 30 MunyT nepuoja peutdysun A/l y Kpbic ¢ HU3-
KM 00beMOM KPOBOIIOTEPH ObLIO HUXKE, YeM B CPaBHMBA-
emoii rpytiie (tabor. 3). [Ipu aToM MesKy TpyIIaMu He Ha-
6JI0aI0Ch  pa3/inumii 10 BeJIMYMHE KPOBOTOKA, a
amiuTy bl paakemonuii (AH 1 Azion) ObLIN BbIIIE Yy KU~
BOTHBIX ¢ HU3KUM OOBEMOM KPOBOIIOTEPH, YEM B CPaBHU-
Baemoii rpyne (tabsr. 3). Ha 60-it MuHyTe neprona peuH-
(bysuu  xpbicb
XapakTepusoBaiuch Oosiee HuUsKumu 3HadeHusmu AJl u

C HHU3KUM 00BEMOM KPOBOTIOTEPH

KPOBOTOKA, HO 00JIee BBICOKMMU aMILIUTYIaMK (PJIaKcMo-
Ui B iMana3oHax AH u AJIoll, 4eM B CPaBHUBAEMOIi IpyTi-
mie. Ha aTtoMm ke aTane akcriepuMeHTa y >KHBOTHBIX C BBICO-
KM 00bEMOM KPOBOIIOTEPH BCE UCCIIELYeMble TIOKA3aTe I

od the blood pressure in a group of animals characterized
by a small volume of blood loss was lower than in a group
of comparison (control) (Table 3). At the same time, these
groups did not differ in the value of IP, however, the ampli-
tudes of flaxmotions (An and Aad) were greater in animals
with a small volume blood loss (Table 3). At the 60th
minute of reinfusion period the rats with small volume of
blood loss experienced lower values of blood pressure and
IP, but higher amplitudes of flaxmotions (An and Aad)
than in group of comparing. In the group of animals with
large volume of blood loss all the studied parameters did
not differ from the baseline; however, a statistically non-
significant trend towards the lower values of TP was
noticed. In the group of animals with small volume of
blood loss significantly higher values of An and Aad com-
pared to baseline were observed (Table 3).

In this paper the changes in systemic hemodynamics,
local cutaneous blood flow and its oscillations (fluxmo-
tions) during periods of hypovolemic hypotension and
subsequent reinfusion of blood were examined.

The index of perfusion (IP) obtained with the aid of
LDF can not be expressed in absolute units (e.g.
ml/min/100 g) and significantly depends on the structure
of microvasculature (type of microvessels, their spatial ori-
entation, the presence of AV shunts) [19]. Therefore, the
IP significantly varies between individual animals as well
as between different areas of skin of the same animal.
Despite these limitations, however, the LDF remains a
valuable to analyse the fluxmotions.

Several published studies (cited «Materials and
Methods») has suggested that fluxmotions represent a con-
stant feature of the microcirculation, with different ampli-
tude and frequency characteristics that vary at distinct
physiological and pathological conditions. Thus, greater
the amplitudes of fluxmotions in <«active» low-frequency
range, the greater the intensity of regulation mechanisms of
microcirculation might be revealed. However, a single
mechanism for the regulation of vascular tone associated
with a particular frequency band is rather conventional.
For example, anexperimental disturbance of the sympathet-
ic innervation in rats led to a change in the blood flow oscil-
lations within the «active» frequency range [20].

Several studies stressed out the vasomotion as a sep-
arate phenomenon [14, 15]. Vasomotions belong to rhyth-
mic oscillations with afrequent high-amplitude sine wave
of a blood flow, which are based on corresponding changes
in arteriolar tone and a vessel diameter. Although vasomo-
tions are explained by the oscillations of vascular tone
under the influence of local myogenic and metabolic fac-
tors, there are also studies demnstrating neurogenic and
humoral regulation of vasomotions [21]. Experimental
[22] and clinical [23] studies have shown that anesthesia
reduces the prevalence of vasomotions. In the study of
Borgstrom P et al [16] the «slow-wave» oscillations of
blood flow (0.023—0.06 Hz) in rabbit skeletal muscle were
induced by blood loss with a decrease in blood pressure to
35—45 mm Hg and persisted throughout the 30-minute
observation period in most animals.
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HE OTJIMYAJIMCh OT MCXO/IHBIX, 32 MCKJTIOUEHUEM TEHIEHITTHI
K Gosiee HU3KUM 3HaueHusIM [IM, B TO BpeMst Kak y KpbiC ¢
HU3KUM 00BEMOM KPOBOTIOTEPH HAOIIOAAIICH CYIECTBEH-
1o GoJiee BHICOKUE BeTMINHBI AH U AZIOT TIO CPaBHEHUIO C
UCXOIHBIM cocTostHueM (Tabu. 3).

B nacrostieii pabote rccre[0BaHbl H3BMEHEHUST KOXK-
HOTO KPOBOTOKA M aMILJIUTY/HO-YaCTOTHOTO CIIEKTPa €To
KoseOanuii ((hJakcMOLuil) Ha TIPOTSIKEHUU TIEPUOOB TH-
TTOBOJIEMUYECKON TUTIOTEH3UN U TIOCJeayiolieil permHdy-
3UU KPOBH.

Heobxomumo elie pas OTMETUTD, UTO PETHCTPUpPYE-
Mblii ¢ nomornibio JI/ID 1okazatesb MUKPOIUPKYJISIITI
(IIM) me mosxeT OBITh BBIPAKEH B aOCOMIOTHBIX €IMHUIIAX
nuamepenus (Harnpumep, B Mi/mMun/100 1) 1 cyiecTBeHHO
3aBHCHT OT CTPYKTYPbI MEKPOITPKYJISITOPHOTO pycJia B 06-
JIACTU UCCJIE/IOBAHUS (T MUKPOCOCY/IOB, UX OPUEHTAITHS
B TIPOCTPAHCTBE, HAJTUYKE aPTEPUOJIO-BEHYISIPHBIX aHACTO-
M030B (ABA) [19]. B cBa3u ¢ atum IIM MosKeT 10cTaToOuHO
IIPOKO BAPbUPOBATH KAK MEKLY OCOOSMH, TaK U Y OJHOI
U TOIT Jke 0COOM B PA3HBIX yY4ACTKAX KOKHOTO MOKPOBA M
IIPU PA3HBIX COCTOSHUSAX OpraHuamMa. OIHAKO HECMOTPSI Ha
a1 orpanndenus, JIIM nocrarouno wHGOpPMATHBHA B
anasmse duakemonmit. OfHu Heee0BaTe, 00bIYHO C 1Mo~
MOTIbIO BEHBJIET-TPE0OPA30BaHIs], aAHATIU3UPYIOT BECh
CIEKTP KOJIeOaHUH MUKPOKPOBOTOKA, YCJIOBHO BBIIEJISIS
HECKOJIBKO YaCTOTHBIX ANAIa30HOB (cM. pasjen «Marepua-
JIBI U METO/IbI» M TIPUBE/ICHHbIE B HeM cchliikn). [Ipu atom
HO7Ipa3yMeBaeTcst, 4To (JIAKCMOIMN SIBJISIOTCS MOCTOSH-
HBIM CBOWCTBOM MUKPOIMPKYJISIIUU, HO MMEIOT pa3Hble
AMIUIMTY/IHO-YaCTOTHBIE XaPAKTEPUCTUKU TPU TeX WK
MHBIX (DUBMOJIOTHUECKUX U MATOJOTHUYECKUX COCTOSTHUSIX.
Yem 60JTbITTE aMITUTY/A (DITAKCMOIINH B «aKTUBHOMY HU3-
KOYaCTOTHOM JIMalla30He, TeM B GOJIbIIeli CTelleHn 3a/1eHCT-
BOBAHbI MEXaHU3MbI PETYJISIINN MUKpOIUpKyasiu. On-
HAKO  «IIPUBSI3AHHOCTb»  OT/EJBHOTO  MeXaHu3Ma
PEryJISAIIH COCY/IUCTOTO TOHYCA K TOMY UJIM HTHOMY YacTOT-
HOMY JIMAIa30Hy JI0CTaTOYHO ycjaoBHa. Harpumep, Hapy-
HIeHUe CUMIIATMYECKOI MHHEePBAIlMKM B 9KCIIEPUMEHTE Ha
KpbICax IPUBOAUIO K M3MEHEHWIO aMILUIUTY/ KoJieGaHuii
KPOBOTOKA BO BCEM <«aKTHMBHOM» YaCTOTHOM JIMalla3oHe, a
He TOJIBKO B COOCTBEHHO HeliporeHHoM [20].

PsiaBropos [ 14, 15] BblaesISIIoT Kak oT/1e/IbHbIN (e-
HOMEH Ba3OMOIMU — PUTMUYECKHEe (YaCTO CUHYCOUIAJIb-
HOI (POPMBI) 1 BBICOKOAMILIUTYIHbIE KOJIeOaHMsI KPOBOTO-
Ka, B OCHOBE KOTOPBIX JIEXKAT COOTBETCTBYIOIINE
M3MEHEHHs TOHyCa U AnaMeTpa apTepuos. XOTs Ba3oMO-
N OOBSICHSIIOT KOJIeOaHMeM COCYIHMCTOTO TOHyCa MO/
JEHCTBIEM MECTHBIX MUOTEHHbBIX U METab0JMIeCKHX (DaK-
TOPOB, CYIIECTBYIOT TakKe pabOTbI, YKa3bIBAIOI[ME HA WX
HEHPOTeHHYI0 1 TyMOopaJibHyo peryJisinuio [21]. B Hekoro-
PBIX 9KCIIEPUMEHTAIbHBIX [22] u kauHudecknx [23] Ha-
GJIIO/IEHNSIX TTOKA3aHO, YTO aHECTe3Usl yMEHbIIAeT BbIpa-
B paGore Borgstrom P. ¢
coaBTopamn [16] «MeIeHHOBOTHOBBIE> KOJIEOAHUS KPO-

JKEHHOCTb Ba30MOIINI.

Botoka (0,023—0,06 Tir) B MbliIIe KpoJuKa MHIYIIHPOBA-
JINCHh KpoBoroTepeii co camxkennem Al 1o 35—45 MM pr.
CT. U COXpaHSINCh B TedyeHune 30-MUHYTHOTO TI€PHO/ia Ha-
GJITOIEHNUST Y TIOIABJISIIONIEro GOJIBIINHCTBA SKUBOTHBIX.

The mechanisms of vascular tone regulation con-
tributing to changes in fluxmotions at a particular fre-
quency band during and post-haemorrhage has not been
clarified. Our data suggest that the observed increase in
the amplitudes of fluxmotions (parameters An and Aad)
might result from the changes in neurogenic regulation
when tissue perfusion is critically reduced. In our experi-
ments, the high-amplitude oscillations of blood flow aris-
ing during the hypotension apparently correspond to
«slow wave» vasomotions described in literature.
However, these oscillations revealed by a wavelet analysis
had a frequency of 0.06—0.12 Hz and were often repre-
sented by two «peaks» of the amplitudes, which resulted in
an additional allocation of the frequency band (Aad) with-
in the traditional neurogenic one. Therefore, unlike most
similar works, we not only established the fact of vasomo-
tion appearance at some stage of the experiment, but per-
formed a quantitative analysis of the entire spectrum of
fluxmotions in the dynamics.

Another important feature of the presented study
was the forming groups depending on the volume of a
blood loss and the level of blood pressure. Individual typo-
logical differences of animals in hemorrhagic shock have
been already described. In one study [4], the authors used
a model of 4-hour hemorrhagic shock followed by reinfu-
sion of autologous blood. It had been shown that non-sur-
vived animals differed from surviving animals by more
severe arterial hypotension, metabolic acidosis, hyperven-
tilation, as well as smaller values of blood flow, functional
capillary density and interstitial PO, in the muscle tissue.
These differences are manifested both during the hemor-
rhagic shock and after the reinfusion of blood. In another
study [5] hemodynamic and metabolic differences (blood
pressure, pH, bicarbonate, base excess, serum concentra-
tion of potassium and glucose) between surviving and not
surviving animals were manifested starting from the very
early stages of blood loss.

In our experiments the division of animals into
groups depending on the volume of blood loss, required to
achieve the target level of hypotension, led to interesting
resultd. First, the important differences at the microcircu-
latory level were revealed. At the 60th minute of hypoten-
sion period animals did not differ in blood pressure, but in
the group with less volume of blood loss, along with an
increase in An and Aad there was a trend toward the
greater I[P value. This is consistent with the existing opin-
ion that vasomotions and generally fluxmotions have an
important physiological significance, improving perfusion
and tissue oxygenation in ischemia and hypoxia [14, 24,
25]. However, in this case, the animals in which the ampli-
tudes of fluxmotions (An and Aad) were higher, demon-
strated a smaller compensating opportunities because the
target level of hypotension was achieved with less blood
loss. This can be explained by the fact that the activation
of fluxmotions in the animals with a small volume of blood
loss aimed at the maintaining of cutaneous blood flow,
leads centralization of circulation at a lesser extent. In
other words, the animals of a later group are less capable to
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K cosxanennio, octaeTcst OTKPBITBIM BOITPOC O MeXa-
HU3MaxX PEryJsiiuu COCYINCTOTO TOHYCA, OTPE/IEISTIONIIX
U3MEHEHHE aMIIUTY/IbI (hJIAKCMOIIHIT B TOM WJIM NHOM 4a-
CTOTHOM [IMaria3oHe B YCJOBUSIX KPOBOMOTepH. MOKHO
TIPE/TIOJIOKUTD, YTO BBISIBJICHHOE HAMU YBEJIMUYCHUE aMII-
sty paakemonuii (Ax u Azorn) 06yCI0BAEHO UBMEHEHHU -
€M HEHPOreHHON PEryJsaiuu B YCJAOBUAX KPUTHUECKOTO
CHWKEHUS TKaHeBOH 1iepdysnn. B Hanmmx akcrepuMenTax
BBICOKOAMILIUTYIHbIEe KOJIeOAaHUsT KPOBOTOKA, BO3HUKAIO-
1K€ B TIEPHO/L TUIIOTEH3NH, TIO-BUAUMOMY, COOTBETCTBYIOT
OTIMCAHHBIM B JINTEPATYPE «MEJJIEHHOBOJHOBBIM» Ba30MO-
1MSIM, HO B OTJIMYME OT HUX P BEHBJIET-aHAIN3E UMEJTH
vacrory 0,06—0,12111 1 yacTo GbLIN TIPEACTABIEHBI ABYMS
«IMKaMI» aMILIATY]I, YTO U MOTPeOOBATIO BbIIEICHUS 0~
TTOJTHUTEIBHOTO YaCTOTHOTO Jmana3oHa (Aom) B paMKax
TPAAUIIMOHHOTO HeliporeHHoro. Iloatomy B oTiimdme oOT
GOBIIMHCTBA MOXOKUX PAbOT MBI HE TIPOCTO KOHCTATUPO-
Basi (haKT TIOSIBJICHIST BA30OMOIUI Ha OTPEAEJEHHOM JTa-
e 9KCIepUMEHTa, HO MPOBOAUIM KOJUIECTBEHHDIN aHa-
JI13 BCETo crekTpa GIaKCMOINi B TUHAMUKE.

JIpyroil BaskHOI 4epToil JaHHOI paboThl CTAJIO pas-
JIeJIEHIE SKUBOTHBIX HA IPYIIIbI B 3aBUCMMOCTH OT 0ObeMa
KPOBOIOTEPU U YPOBHSI aPTEPUAJBLHOTO JlaBienus. Muau-
BU/IyaJIbHO-TUIIOJIOTHYECKIE PA3JINYMsl JKUBOTHBIX TPHU
OCTPOIT KPOBOTIOTEPE Y3Ke OTMCAHBI B JinTepaType. B oaHoit
u3 paboT [4] aBTOPBI UCIIOJIB30BAIM MOJIE/Ib YETHIPEXUACO-
BOTO TeMOPPArHUeCcKOro MOKa ¢ TMOCJeayoniei penHpysn-
eil ayTOJIOrNYHOI KPOBU. BbII0 1MOKa3aHo, YTO JKUBOTHBIE,
He BBIKMBINKME B TedeHue 24 4 HabmioeHns, OTIMYaanch
OT BBIKMBINMX 0CcOGeil 60s1ee BBIPAKCHHBIMU apTepraib-
HOW TMIIOTEH3MEH, TUIIEPBEHTUIAIEH 1 METaOOINYECKIM
AIM/1030M, MEHBIITUMU 3HAYeHUSIMU T1ephy3UH, TJIOTHOCTH
(DYyHKIIMOHMPYIOMIUX KAMJIJISPOB U HATIPSIKEHUST KUCJIO-
po/ia B MBINIEYHON TKaHW. DTU Pa3INdUsl POSIBIISIIUCH
KaK B IePHO/Ie TEMOPPArudecKoro IoKa, TaKk 1 MOCJe BOC-
MTOJTHEH VST KPOBOTIOTEPH. B mpyrom mccremoBanmn [5] Te-
MOJMHAMUYECKUE U MeTabosimueckue pasuuust (110 ypoB-
mio AJl, pH, OGuxap6omnarta, aedunmra OCHOBAHMIA,
CBIBOPOTOYHON KOHI[EHTPAIIMU KAJIUS U TJIIOKO3bI) MEKLY
BBUDKUBIIUMU W HEBBDKUBIIUMU SKMBOTHBIMU TTPOSIBJISI-
JINCH YK€ Ha PAHHUX 9TANaX KPOBOIIOTEPH.

B mammmx skcriepuMeHTax MpUMedaTebHbIM OKa3a-
JIOCh Pa3/inuKe KMBOTHBIX 110 00bEMY KPOBOIIOTEPH, HEOO-
XO/IUMOI JIJISE IOCTHSKEHUS 11eJIeBOTO YPOBHSI TMIIOTEH3UH.
Pasjiesnsist 5)KUBOTHBIX HA TPYIIIIBI 10 9TOMY KPUTEPUIO, MBI
TTOJIYYUJTA Ba)KHbIE PA3JIMUYUS U HA MUKPOIUPKYJISTOPHOM
ypoBHe. Tak, k 60-if MUHYyTe TMIIOTEH3UM KHUBOTHBIE HE
PasIMYaIuCh 110 YPOBHIO A/l, HO B rpyIiiie ¢ MeHbIIUM 00b-
€MOM KpOBOIOTepH Ha (hOHE YBEJTMUEHHBIX AMILJIUTY/L
daakcmonwmii B tuanazone Au 1 A1o1r oTMedasiach TeH/IeH-
s K 6osibliieMy 3HaueHuo KpoBotoka (IIM). to coor-
HOCHUTCS C CYIIECTBYIONIUM B HAYYHOI JIUTEpaType MHEHU-
€M, YTO Ba3OMOI[NU, U B IeJIOM (HIaKCMOIUN, UMEIOT
BaykHOE (hU3MoJIOrHUecKoe 3HaUeHUe, yrydiias mephysuio
1 OKCUTEHAIIMIO TKAHEH B YCJIOBUSIX UIIEMUU U THIIOKCUT
[14, 24, 25]. OgHaKo B TaHHOM CJTy4ae JKMBOTHBIE, Y KOTO-
PBIX B KOKe yXa ObLIM BbIIIE aMILIUTYbl (hIaKCMOIMH B
YKa3aHHBIX YaCTOTHBIX [UANAa30HAX, JIEeMOHCTPUPOBAJIN

maintain systemic blood pressure and the perfusion of vital
organs during hypovolemic hypotension.

Differences between the animals with small and large
volume of blood loss were keeping in the period of reinfu-
sion. At the 60th minute of reinfusion in t animals with a
small blood loss the blood pressure and blood flow were
lower as well, but An and Aad were becoming higher than
in the animals with large blood loss. Interestingly, the
amplitudes of indicated frequency bands remained elevat-
ed compared with baseline in the group with small volume
of blood loss. The results clearly demonstrate that the reg-
ulatory mechanisms of cutaneous blood flow are remaining
during the stress, and the reinfusion of animals from this
group might lower «therapeutic» effect.

Unlike skin microcirculation, increased amplitudes
fluxmotions (primarily Aad) in rat's pial vessels were asso-
ciated with the ability of the animal to maintain blood
pressure at a higher level that is consistent to a better com-
pensation for a blood loss [26]. In the same study it was
shown that in pial vessels during hemorrhage there was an
increase of the amplitude of the pulse blood flow oscilla-
tions (Ap) occuring in rats decompensated by level of
blood pressure after the reinfusion. Any significant dynam-
ics in the pulse oscillations of cutaneous blood flow during
the periods of hypotension and reinfusion was not noticed
in this study.

Thus, the increases of the amplitudes of fluxmotions
during the periods of hypovolemic hypotension and reinfu-
sion are associated with an individual typological ability of
animals to compensate the blood loss. Activation of flux-
motions in a particular vascular region might have a differ-
ent physiological significance for the whole body and par-
ticularly for a skin microcirculation since it is associated
with a less pronounced centralization of circulation during
hemorrhage.

Conclusion

1. Increasing the amplitudes of fluxmotions (in the
bands of <«active» regulatory mechanisms) contribute to
maintaining tissue blood flow altered by hypoperfusion.

2. Increasing the amplitudes of fluxmotions during
the periods of hypovolemic hypotension and reinfusion is
associated with an individualtypological capability of ani-
mals to compensate for blood loss.

Acknowledgments. The authors are grateful to Dr.
Kirsanova Alla Konstantinovna for their invaluable assis-
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of the results.

MEHbIITIE KOMIIEHCATOPHbIE BO3MOMKHOCTH, TIOCKOJIBKY Ii€e-
JIEBOI YPOBEHb TMIIOTEH3MH Y HUX JIOCTUTAJICS TIPU MEHb-
meM o0beMe KPOBOIMOTEPU. DTO MOXKHO OOBSICHUTH TEM,
YTO y KUBOTHBIX ¢ HUSKUM O0OBEMOM KPOBOIOTEPU AKTH-
Bu3anus (GIIaKCMOIMIA, HalpaBJIeHHAs HA TO/Jep:KaHue
KOKHOTO KPOBOTOKA B YCJOBUSIX Trurionepgysuu, MpuBo-
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JIUT K MEHbIIIEN BBIPAKEHHOCTHU TIEHTPATIU3aIuN KPOBOOO-
patienus. /[pyrumu cioBaMu, ;KMBOTHBIE U3 TAHHOI TPYII-
bl B MEHbBIIEH CTENEeHU CTIOCOOHBI TTOICPKIUBATD CUCTEM-
noe A/l u nepdysuio JKU3HEHHO Ba)KHBIX OPraHOB B
YCJIOBUSIX TUITOBOJIEMUYECKOI TUTTOTEH3NN.

Pazmimuust Mex/Ly SKUBOTHBIMU C HU3KUM U BBICOKHM
00BEMOM KPOBOIIOTEPH COXPAHSIUCH M B MEPUOJIE PEUH-
(bysun. Ha 60-it munyTte penndysun y ;KUBOTHBIX ¢ HU3-
KM 00beMOM KposonoTepu A/l 1 KpOBOTOK GBI HITKE, a
AMIJIATY/IBI B Inana3onax AH U AJIOI BbIIIIE, YeM Y KUBOT-
HBIX C BBICOKMM 00beMOM KpoBomnorepu. [Ipuuem ammiu-
TYJbl B YKa3aHHBIX YACTOTHBIX JMANA30HAX OCTABAJINCH
MTOBBIIIEHHBIMI OTHOCUTEJIBHO UCXO/IA B TPYTITE C HUBKUM
00BEMOM KPOBOIIOTEPH, UTO YKA3bIBAET HA COXPaHSIOIee-
sl HAIIPSKEHNE MEXaHU3MOB PEryJIsiIuU KOKHOTO KPOBO-
TOKA ¥ Ha MEHee BbIPasKEHHbIN «JieueOHbli» 9(h(HeKT perH-
(by3un KpoBH y KUBOTHBIX JAHHOI TPYIIIIHI.

3/1eCb YMECTHO OTMETHUTb, YTO B OTJIUUNE OT KOJKHOI
MUKPOIMPKYJISIUN yBeJUYEHUE aMILIATYbl (BIakcMo-
il (pesk/ie Beero AZIon) B MUAIBHBIX COCY/IaX OBLIO CO-
HPSIKEHO CO CIIOCOOHOCTBIO KUBOTHOTO TIOIEPKUBATh Al
Ha GoJiee BBICOKOM YPOBHE, T. €. JIydllle KOMIICHCHPOBATh
kposororepto [26—28]. B Toii e pabore 6bLI0 MOKA3aHO,
YTO TIPU PA3BUTHUU KPOBOIOTEPU MPOUCXOAUIIO YBeJIUde-
HIUE aMILIUTY/IbI IIYJIbCOBBIX KoJiebaHuii KpoBoToKa (All) B
COCy/ZIaX MO3Ta, KOTOPOE B TPYIIIIE JI€KOMIIEHCHPOBAHHBIX
110 ypoBHIO A/l KpbIC COXPaHSJIOCh U B riepuojie penHgdy-
3un. B Hacrosueil paboTe He BbISIBJICHO AUHAMUKU I1YJIb-
COBBIX KOJIeOaHUiT KOKHOIO KPOBOTOKA Ha IPOTSIKEHUM
MIEPUOJIOB TUTIOTEH3UN U PEUH(YIHUH.

Takum 06pa3oM, yBeJMUYEHHE aMILTUTY/IbI (DJIAKCMO-
Ui BO BPEMSI Pa3BUTHS TUIIOBOJIEMUYECKON THIIOTEH3UH
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U B 1epuojie peMH(Y3UH CONPSIKEHO ¢ WHAMBHU/YaJTbHO-
THUIOJIOTUYECKOI CTOCOOHOCTBIO JKMBOTHOTO KOMITEHCHPO-
Bath kKpoBonorepio. [Ipn aToM akTHBU3aS hIakcMOIHi
B TOM WJIH WHOM COCYJMCTOM Gacceiine MOXKEeT NMeTh pas-
Hoe (HU3NOJIOTUYECKOe 3HAUCHNUE JIJIsT OPTAaHU3Ma B 11EJIOM
U PUMEHUTEJIBHO K KOXKHONU MUKPOIMPKYJISIINN COIPS-
SKeHA € MEHBIIIel BBIPAXKEHHOCTBIO IIEHTPAIU3AIINN KPOBO-
O0GpAIIeHNs B YCJIOBUSAX KPOBOIIOTEPH.

BoiBoasl

Takum 06pasoM, BBISBJIECHBI OCOOEHHOCTH HM3MEHe-
HUIT aMIIUTYAHO-YaCTOTHOTO CIIEKTPa KOJeOaH il KOKHO-
TO KPOBOTOKA BO BpeMsI KOHTposmpyemoii o A/l kposorio-
Tepu u mocie penHGy3nn KpoBU. M3 TOTyUYeHHBIX
Pe3yIBTAaTOB MOKHO C/IE/IATh CJAEAYIONINE BBIBOIBI:

1. VYBenunuenue aMruTy bl hrakemonnii (B quara-
30HE «aKTUBHBIX» MEXaHNW3MOB PETYJISINHN) HAIPaBIEHO
Ha TIOfi/iepKaHne KPOBOTOKA B YCJOBHUSAX THHONEPhY3UN
TKaHeH.

2. YBemmueHue aMILIUTY/bI (DJIAKCMOITUI BO BpeMst
PasBUTHS THUMOBOJEMUYECKON THIOTEH3NW W B TIEPHOJE
perHGY3UH COMPSKEHO ¢ MHANBUALYATbHO-TUIIOJIOTHYEC-
KOil CIIOCOOHOCTBIO JKUBOTHOI'O KOMIIEHCHPOBATH KPOBO-
oTepIo.

Baarozapuocts. ABTOPHI HCKPEHHE MPU3HATETHHBI
k. 6. n. Kupcanosoit Anmre Koncrantuaosne 3a HeoleHn-
MYIO TIOMOTIIb B TTPOBEAECHIN IKCTIEPUMEHTATLHON PabOTHI
U aHAJU3e TOJIyYEeHHBIX PE3yJIbTaToB.
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