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Ilenb uccaemoBanus. Vsydenue ¢ moMorsio JazepHoii gomrieposckoit uoymerpun (JID) sausnus nepd-
TOpaHa Ha MIKPOTEMOIIPKYJISIINIO B KOXKe KPBICHI IIPH OCTPOI KPOBOIIOTEPE M TOCJIE Ay TOreMOTpaHCc(y3un.

MarepuaJbl 1 METObI. DKCIIEPIMEHTHI TPOBe/ieHbl Ha 31 GecriopoiHbIX Kpbicax-camiiax Maccoit 300—400 r oz
HapKo3oM (HeMOyTau 45 mr/Kr BHyTpubponmuno). C neibio usmepenus AJl, 3a6opa, peutdy3nn KpOBH U BBEICHYIST
WH(OY3UOHHBIX PACTBOPOB KATETEPU3NPOBAIU XBOCTOBYIO apTepuio. KpoBOTOK B MUKpOCOCY/IaX BHYTPEHHET TIOBEpX-
HOCTH TIPABOTO yXa PETHCTPUPOBAII METOIOM JiazepHoil orurepoBekoil huoymerpun (JID) (ammapar JIAKK-02,
HIIIT «JTABMA», Poccust). Vcnosb3oBajin Moziesib OCTPoOi, (UKCHPOBaHHON 110 00beMy kpoororepu. IlesreBoit
00bem 3abopa kposu coctasun 30% OITK. Ha 10-it MunyTe nocsie 3a60pa KpOBU KUBOTHBIM BBOMIN pacTBop 0,9%
NaCl (®P, n=15) wm neppropan (IID, n=16) B 1o3e 3 mi/kr Maccsr Tesa. Ha 60-it MmunyTe mocsie 3a60pa KpoBu
MTPOBOJIUJIN Ay TOTEMOTPaHCDY3HIO, TIOCTIe Yero cieoBai penepdysuonnniii mepuos (60 mumn). [Tpu anamuse JI/1D-
TPaMMBI OTIPEIETISIIN CJIEYIONHe TapaMeTphl: oKazaTeab MUKpounpkyysamn (1IM); MakcnmasibHble aMITTATY B
KoJIe6aHMii KPOBOTOKA B 9HAOTEMHATBHOM (Ad), HeliporentoM (Ar) 1 MEOreHHOM (AM) IMANa30HaX YacTOT METOIOM
BeiiBsier-anasmza. CraTucTuyeckyo o6paboTKy JaHHBIX TPOBOAIIN ¢ UCIIOJIb30BAHIEM TIporpaMMbl Statistica 7.0.

Pesyabratsi. B ucxomanom cocrostaun meskay rpyrmamu [1D win DP 1o uccseayeMbiv moKasaTeIssM pa3andamii
He nabmozxamu. Ha 1—10 Mun mieprozia runoBosieMun (10 BBEACHUS PEIAPATOB) MO CPABHEHUIO € UCXOIHBIM CO-
CTOSTHUEM B 00€HX IPYIINax MPOM30IILIN OMHAKOBbIE HaMeHeHust B Buje cumkenust A/l (DP — wa 58,3%, [ID — na
62,2%), IIM (DP — na 63,3%, I[1D — 1a 69,2%) u ysennuenust An (p<0,05). ITocre Bemenns nperaparos A/l u [IM
YBEJIMUIIINCH B 00enx rpyiimax, Ho B rpyiie [TMD B Gosbireii crenenn (p<0,05), Takske B 00€MX TPYIIIAX yBeJTUYH-
Jmch Aa, a AH IIPOJIOJIKAIN OCTaBaThCS Ha NIOBBIILIEHHOM yPOBHe. B najbHelilem Ha IPOTSIKEHUN [IepUojia TUIIOBO-
JieMun B 06erx rpyrmax suadenust A/l 6bLu CXOKUMH, & AH OCTABAJINCH TIOBBIIIEHHBIME [0 CPABHEHUIO C HCXOJIOM,
TpI 9TOM A9 OcTaBaach MOBLITIEHHOIT ToTbKO B rpyme [1M. B meproze penepdysnn B obenx rpymmax [IM, As un
AH BepHYJIMCH K HCX0iHbIM 3HadeHusM. A/l B rpyrie DP BepHyJ10Ch K MCXOHBIM 3HAYECHUSM U OCTABAJIOCH HA T10-
CTOSIHHOM ypoBHe, a B rpyiiie [TM xa 50-60 mun cHusmiocs 1o cpapaenuio ¢ 1—10 Mmun neproja perepdysnu 1 uc-
xo/10M. Paszimmune B yposue A/l He 0Ka3aJio BIMSIHUS HA UCCJIeyeMble II0Ka3aTen MUKPOIUPKYJISIIINN.

3axmouenue. Beeznenne [1D B cpasrennu ¢ OP npu ocTpoii KPOBOIIOTEPE MPUBOAUT K HOJIEE BBIPAKEHHOMY
ysesdenuio A/l u [IM. Coxpanstionieecs: Ha MPOTSPKEHUN BCETO [E€PUOJIa TUIIOBOJIEMUH MOBbIIIIEHNE Ad B IpyIIIIe
T1D, MmoskeT yKasbiBaTh Ha cTuMyJipyioiiee Biusinie I[1M Ha aHg0TENNIT 3aBUCHMbIE MEXaHU3MbI (hITAKCMOIHI B
KO’Ke yXa KPBIC B YCJIOBUSX TUOBOJIEMHUTL.

Kntouegvte cosa: xoicviii Kpogomox; 1azepnas OonnieposcKast (GioyMempusl; 6eusiem-anaius; 0Cmpas Kpo-
sonomepsi; neppmopan

Objective: to use laser Doppler flowmetry (LDF) to investigate the effect of perfluorane on the time course of
microhemocirculatory changes in the rat skin in acute blood loss and after autohemotransfusion.
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Materials and methods. Experiments were carried 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. The LDF (JTAKK-02 device, LAZMA,
Russia) method was used to record blood flow in the microvessels of the internal surface of the right ear. 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 with 0.9% NaCl solution (physiologic saline
(PS), n=15) or perfluorane, PF, n=16 at in a dose of 3 ml/kg body weight. At 60 minutes following blood sampling,
autohemotransfusion was carried out, after which there was a 60 min reperfusion period. The investigators ana-
lyzed LDF readings and determined the following indicators: microcirculation index (MI); the maximum ampli-
tudes of blood flow fluctuations in the endothelial (Ae), neurogenic (An), and myogenic (AM) frequency ranges
by a wavelet analysis. The data were statistically processed using Statistica 7.0 software.

Results. At baseline, no differences were found between the PF and PS groups in the examined indicators. At
1—10 min of hypovolemia (before drug administration), as compared with the baseline values, both groups showed
equal changes as reductions in blood pressure (BP) (by 58.3 and 62.2% in the PS and PF groups) and M1 (by 63.3
and 69.2% in the PS and PF groups) and an increase in An (P<0.05). After drug injections, BP and MI were
increased in both groups, but to a greater extent in the PF group (P<0.05); Ae also rose in both groups, and An
continued to remain higher. During hypovolemia, BP values were thereafter similar in both groups and An
remained elevated as compared to its baseline values, at the same time Ae remained increased in the PF group only.
During reperfusion, M1, Ae, and An returned to their baseline values in both groups. BP returned to its baseline
values and was kept constant in the PS group and decreased in the PF group at 50—60 min versus 1—10 min of
reperfusion and outcome. The differences in BP had no impact on the microcirculatory parameters examined.

Conclusion. The administration of PF versus PS in acute blood loss causes a more pronounced increase in BP
and MI. The Ae increase persisting in the PF group throughout hypovolemia may point to the stimulating effect
of PF on the endothelium-dependent mechanisms of flux motions in the rat ear skin under hypovolemic conditions.

Key words: skin blood flow; laser Doppler flowmetry; wavelet analysis; acute blood loss; perfluorane
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BBenenne

IKCIeprMeHTaIbHOE N3ydeHNe OCTPOil KPOBO-
TIOTepN CTABUT CBOEH 1eJIbI0 BBISIBJICHNE HOBBIX ac-
TIEKTOB ee TMATOTeHe3a, a TaKKe JaeT BO3MOKHOCTD
o1eHuTh 3(hGEKT TepaneBTUYEeCKUX BO3/IENCTBUN,
MIPUMEHSIEMBIX HA OMPE/IEJIEHHOM 3Talle Pa3BUTHS
MIATOJIOTUYECKOTO MPOoIiecca.

[lenTpanmsaist KpoBOOOPAIIEHNUS, HAPSIAY C
MOOWIM3AIUEN NeNOHUPOBAHHON KPOBU U ayTore-
MO/JIMJTIOIEH, SIBJISIETCS] OCHOBHON KOMIIEHCATOPHO-
IPUCIIOCOOUTETBHOI PeakKiiell opraHn3Ma Ha BO3-
HUKAIOMIYIO TTOCJTe KPOBOTIOTEPH TUTIOBOJIeMHIO [1].
CyTb ee 3ak04aeTcs B iepepacipe/ieIeHUN cepied-
HOTO BBIOPOCA B MOJB3Y JKU3HEHHO BAKHBIX OPraHOB
(cepzrie 1 MO3T), 32 CUET BA30KOHCTPUKIINI B PETHO-
HaX MeHee 4yBCTBUTEJIbHBIX K UIIIeMUH (KOXKa, MbIIII-
1bl, JKeJyflouHO-KumeyHsiit Tpaxr). IIpu atom, B
WIIEMU3NPOBAHHBIX TKAHSIX BO3HUKAIOT M IIPOTrpec-
CUPYIOT HapyIIeHNs] MUKPOIUPKYJISIII U PEOJIOTHH
KPOBH, TUTIOKCHYECKOE TOBPEXKICHNE KIETOK, KOTO-
pBIe B CBOIO OUEPE/b SABJIAIOTCS BeLyIUMHU HaTOreH-
HBIMHU (DaKTOpaMH Pa3BUTHUST TeMOPPAruuecKoro Io-
Ka ¥ TOJIMOpTaHHON HezpocTtatouyHOoCTH [2]. BasknHoe
naTopU3NOIOTIYecKoe 3HAUYCHIEe NMEIOT TakXe pe-
nepdy3snoHHbIe OCTOKHEHU, KOaryJIolIaTus 1 CUC-
TeMHasl BOCIIAJINTe IbHAsT PEaKIisl OpraHu3Ma Ha 1o-
BpexxaeHue [3].

WutencuBHag Tepanusi OCTPOH KPOBOMOTEPU
I0/[pasyMeBaeT He TOJIbKO TpaHc(y3uio pernapaTos
JIOHOPCKOI KPOBM, HO M MCIIOJIb30BAaHUE BCETO KOM-

Introduction

The goal of the experimental study of acute
blood loss was to elucidate new aspects of its patho-
genesis and the effect of perftoran as a therapeutic
intervention helpful at a certain stage of the patho-
logical process.

The centralization of circulation, along with
the mobilization of deposited blood and autohe-
modilution, are the main compensatory reactions to
hemorrhagic hypovolemia [1]. The centralization of
circulation is a redistribution of cardiac output in
favor of the vital organs (heart and brain), by vaso-
constriction in regions that are less sensitive to
ischemia (skin, muscle, gastrointestinal tract). At the
same time, alterations of microcirculation and blood
rheology, hypoxic cell damage are appearing and pro-
gressing in the ischemic tissues. Those, in turn, are
leading factors in the pathogenesis of hemorrhagic
shock and multiple organ failure [2]. Reperfusion
complications, coagulopathy and systemic inflamma-
tory response to injury have an important patho-
physiological significance as well [3].

The intensive care of acute blood loss involves
not only the transfusion of donor blood preparations,
but the whole set of measures aimed at correcting the
hypovolemia and the disorders of microcirculation
and blood rheology. This should lead to recovering the
oxygen transport to tissues and promoting cell metab-
olism [4, 5]. Clinical and experimental studies have
shown the efficiency of perftoran in fluid resuscitation
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OpT/lI‘T/lHaAbeIG MCCACAOBAHMI -

IJIeKca Mep, HallPaBJIeHHBIX HA KOPPEKITHIO IMITOBO-
JIEMUU, MUKPOIUPKYJISITOPHBIX W T€MOPEOJIOrYec-
KUX HapyIIeHui, 4TO B UTOTe JIOJDKHO MPUBECTH K
BOCCTaHOBJIEHUIO TPAHCIIOPTA KUCJIOPOJA K TKAHSIM
M KJI€TOYHOTO MeTaboauama [4, 5]. B wactHocTH, Kak
B KJIMHUYECKUX, TAK U B OKCIIEPUMEHTAILHBIX HCCIIe-
JIOBAHUSX TMOKa3aHa 3(hOPEKTUBHOCTb HCIOJIb30BA-
Hug nepdropana B MHOY3MOHHO-TPAHCHY3MOHHON
Tepanuy OCTPON KPOBOIIOTEPH, YTO TIPOSIBJISIETCS B
€ro CroCOOHOCTH YMEHBITATh BHIPAsKEHHOCTh MUKPO-
IUPKYJISATOPHBIX U METAOOTMIECKUX HAPYIIEHHIT 32
CYET aHTUTUIOKCHMYECKUX U MEMOPaHOCTaOUIN3UPY -
IOITUX CBOMCTB [6, 7].

Hecmotpst Ha TO, 4TO TIPU KPOBOIIOTEPE TPE/I-
0JIATAETCST PE3KOE OrpaHuYeHne KOKHOTO KPOBOTO-
Ka BCJIEJACTBUE IIEHTPAIU3AIUU KPOBOOOpAIeHUs,
€T0 HMCCJIeIOBAaHKE C TOMOIIBIO Psijia HEMHBA3UBHBIX
METO/IOB TI03BOJISIET OIEHUTD IMHAMUKY [TPOTEKAHUST
KOMITEHCATOPHO-TIPUCTTOCOCONTENLHBIX PEAKIINHT Op-
raHu3Ma, B3aMMOCBsI3b HAPYIIeHNiH MUKPOIUPKYJIs-
MU C TIOKA3aTeJIIMU [[eHTPAJIbHON reMOJIMHAMUKH,
a TakyKe BJIMSTHUE Ha 9TH TPOIIECCHI JIEUeOHBIX MEPO-
npusaTnii [8, 9]. OrHuUM U3 TaKUX METOIOB SIBJISETCS
JsasepHas nommseposckast Gaoymerpust (JID), ko-
TOpasi TO3BOJISIET HE TOJIBKO UCCJIe/IOBATh BEJUUNHY
KPOBOTOKA Ha YPOBHE MUKPOIIMPKYJISIIIUU, HO U C TIO-
MOITI[I0 MAaTEMATHYECKOTO aHAIM3a e€ro KoJeOaHmit
(makemoruii, ot anri. fluxmotion) oneHuTh MeXxa-
HUBMBI PETYJISIIINN MUKPOLMPKYJISIIINN U U3MEHEHNe
UX aKTUBHOCTH B quHamuke [10].

Vcxozist M3 BBIIEM3T0OKEHHOTO, Obla TOCTaB-
JIeHA 11eJIb — U3YYUTh € OMOIIIBIO JIA3ePHOI JloTTLTe-
posckoii proymerpun (JIID) iausinue nepdropana
HA JIMHAMUKY TTaPAMETPOB MUKPOTEMOIMPKYJISIIIUU B
KO’Ke KPBICHI ITPU OCTPOI KPOBOIIOTEPE U TIOCJIE Ay TO-
reMOTpancQysun.

MaTepnaJI 1 METO/ bl

IKCIePUMEHTBI NpoBefieHbl Ha 31 6ecrnopoaHbIX
kpbicax-camiax maccoir 300—500 r mox Hapko3om (HeM-
Gytasn 45 Mr/Kr BHYTPUOPIONIMHHO), B YCJIOBHUSIX CIOH-
TAHHOTO J[BIXAHUSI W TEMIIEPATYPBI OKPYKAIONIEH CpesIbl
20—22°C. AHecTe3uIo IOAePKUBAJIN TOBTOPHBIMU BHY-
TPUOPIOIIMHHBIMU MHBEKIUAMYU aHecTeThKa (HeMOyTas
10 mr/kr kaxabie 40—50 muH wim o TpeboBanuio). C
IeJIbI0 MHBa3uBHOTO naMepenust AJl, 3a6opa, penrdysun
KPOBM U BBeJleHns] NH(MY3MOHHBIX PACTBOPOB KaTeTepu-
3UpOBaJIN XBOCTOBasl aprepus. Karterep mnepuoamdeckn
MIPOMBIBAIM PACTBOPOM He(hPaKIIMOHUPOBAHHOTO Tela-
puna (0,1 v, 50 EJ] /M),

KpoBoTOK B KOXe yXa PerucTprupoBaId METOIOM
JII®. Cytb metona JI/ID coctout B ONITUYECKOM HEMHBA-
3UBHOM 30HMPOBAHUN TKAHEH MOHOXPOMATUYECKUM Jia-
3epPHBIM U3JIyYEHUEM U aHAJIN3€e M3JTyYeHuUsT, OTPAKEHHOTO
OT JIBIKYIINXCS B TKAHAX 3PUTPOIUTOB. OTpaskeHHoe oT
MO/IBYKHBIX YaCTHUIL (9PUTPOINTOB) M3JIyueHHe HMeeT
JIOMIJIEPOBCKOE CMEIIEHUE YaCTOThI OTHOCUTEJIBHO 30H/I1-
PYIOIIEro cUrHasa. JTa mepeMeHHasi COCTABIISIONAst OTPa-
JKEHHOTO CHTHAJIA TIPOTIOPIIHOHAIBHA KOJTMIECTBY dPUTPO-

after acute blood loss, which has been manifested by
reduction in the severity of microcirculatory and
metabolic disorders due to antihypoxic and membrane
stabilizing properties of perftoran (PF) [6, 7].

The cutaneous blood flow is expected to
become sharply decreased following blood loss due
to the centralization of circulation. Non-invasive
methods allow assessing the dynamics of body's com-
pensatory reactions and links of microcirculatory
alterations to central hemodynamics, as well as the
impact of therapeutic interventions on these process-
es [8, 9]. One of methods of investigation includes
the laser Doppler flowmetry (LDF) that allows not
only to investigate the microcirculatory blood flow,
but also to assess the regulatory mechanisms of
microcirculation and dynamics of their activity
when assisted by mathematical analysis of oscilla-
tions (fluxmotions) [10].

The goal of current study was to characterize
effects of PF administration on the patterns of cuta-
neous microcirculatory blood flow in rats during a
fixed-volume 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
of General Reanimatology. Experiments were carried out
in 31 male outbred rats weighing 300g to 500g 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 anesthetic (pen-
tobarbital 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 withdrawal/ reinfusion and drugs infusion. The
catheter was flushed intermittently with saline solution
(0,1 ml) containing 50 IU/ml of unfractionated heparin.

The cutaneous blood flow in the rat's ear was record-
ed by LDF capable to non-invasive optical sensing of tissue
reactions 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 tis-
sue 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 repre-
sent complex function that includes different harmonic
components. Using mathematical analysis based on
Fourier transforms, one can identify these harmonic com-
ponents. For this allotment the high resolution wavelet
analysis has been deployed [11, 12]. Spectral decomposi-
tion of LDF parameters into harmonic components enables
one to determine the contribution of various fluxmotion
components. Each component is characterized by a partic-
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IUTOB B 30HIMPYEMOIl 00JIaCTH U UX CKOPOCTU. B pe3yib-
Tare KOMIbIOTEPHOH 00pabOTKM OTPasKEHHOTO CHUTHAJA
dopmupyetcs mokazaresnb Mukporpkysiun (I1IM), ot-
pasKaionii ypoBeHb 1epdysun HCCIeyeMoro obbema
TKauu (0koso 1 MM?) B elMHUILY BpEMEHU U U3MePsIEMBbIil
B OTHOCUTEJIbHBIX TIep(Y3MOHHBIX enquHuIax (1. ex.).

KoseGanust kpoBoToKa ((hrakcMOIMM) U UX H3Me-
HEHUS TO3BOJIAIOT MOJIYYUTh WHGOPMAINIO O COCTOSI-
HUHU MeXaHN3MOB PeryJIsiiun MUKporupkysiun. Kose-
Ganust IIM BO BPEMEHU MPEACTABISIOT COOO0I CIOKHYIO
yHKIMIO, B KOTOPOIl MPUCYTCTBYIOT Pa3Hble rapMOHU-
yeckue coctaBigionue. [Ipn matemaTnyeckom anamimnse,
OCHOBaHHOM Ha mpeobpasoBanusx Dypbe, MOKHO BbI-
SBUTb 9TU TapMOHMYecKue cocrapisomue. /11 aTux
1eJieil MCIOJMb3yeTcsl MaTeMaTUYeCKWi armapar BeiiB-
ser-nipeobpasosanust [11, 12], ormmuaromuiicss BBICOKO
paspeaiotieii crocobnoctsio. ClieKTpagbHOe PasioxKe-
nue JIJIM-rpaMMbl HAa TapMOHHYECKUE COCTABIISIONNE
JIaeT BO3MOKHOCTb OTIPEIETUTh BKJIAJ PAZTUIHBIX KOM-
TMOHEHTOB (JIAKCMOIINH, KaKIbIIl M3 KOTOPBIX XapaKTe-
pusyercs onpeneseHHbIM aAnanazoHoM vactot (F I'm) u
MaKCHMATbHOI aMIIUTY/I0i KoJiebaHil KPOBOTOKA B
arom auanasone (A, nd. ex.). B cBoio ouepenpb Kaxabrit
YaCTOTHBI KOMIIOHEHT (BJIAaKCMOIWI ONpeaesaioTCs
TPUPOIOI KOHKPETHOTO MEXaHM3Ma MOIYJISAINN KPOBO-
TOKA ¥ €r0 OTHOCUTEIbHOI aKTHBHOCTBIO BO BPeMsI T1PO-
Begenus JIJID-merpun. Cpen MEXaHU3MOB PETYJISITUN
MUKPOTEMOIMPKYJISAIUA PA3JINYalOT aKTUBHBIE W Iac-
cuBHBIe (GaKTOPbl. AKTUBHBIC (DAKTOPBI MOIYJISIINHT
KPOBOTOKAa — 3TO 3HIOTEJHATbHBIN, HEHPOTEHHBIN M
COOCTBEHHO MUOTEHHBIH MEXaHU3MbI DETYJISIIIUU [PO-
cBeTa COCyZOB. ITU (HAKTOPHI MOAYJIUPYIOT MOTOK KPO-
BW CO CTOPOHBI COCYANCTON CTEHKH, PEATN3YIOTCS 4epe3
ee MBIIIEYHbIIl KOMITIOHEHT ¥ CO3/Ial0T KOJIeOaH s KPOBO-
TOKA [OCPE/ICTBOM 4Yepe/IOBAHUS IIN30/10B BA3OKOHCT-
pukIiuu u Bazoaunataiuu. [laccuBubie GakTopbl, BHI3bI-
Bafome KojebaHUsT KPOBOTOKAa BHE  CHCTEMBI
MUKPOIMPKYJIAINN, — 3TO MyJTbCOBAsk BOJTHA CO CTOPO-
HBI apTepHil U IpucacbiBaonee AefCTBIE «IbIXaTeJIbHO-
ro Hacoca» CO CTOPOHLI BEH.

VY 1abopaTtopHbIX JKUBOTHBIX (KPbIC) JUIS KaKIOTO 13
TISTH TPUBEICHHBIX MEXaHU3MOB PETYJISIIINHI KPOBOTOKA Xa-
PaKTePHBIMHU [MATTA30HAMHU YACTOT SIBJISIOTCS CJIE/LYIOTIHE:
anioresnanbiblil (As) — 0,01—0,04 Iy, neiiporennsii (Amn)
— 0,04—0,15 T, muorennsiii (Am) — 0,15—0,4 T, apixa-
teabubiit (An) — 0,4—2 T, mysscosoit (Am) — 2—5 T [13].
B ckoOKax MpuBe/IeHbI COKPAIleHHbIE 0G03HAYEH ST MAKCH-
MaJIbHBIX aMIIATY/[ KOJIeOaHUI KPOBOTOKA B COOTBETCTBY-
OIIEM JINATIa30He.

CsetoBoii 30H7 ammapara JIAKK-02 (HITIT «/ TASMA»,
Mocksa, Poccust) (nimmnHa Bomssr 0,63 MKM) ycTaHaBIMBA-
JI HaJl BHYTPEHHEN TOBEPXHOCTHIO MIPABOTO yXa, naberast
nonafanust B 06JacTh PETUCTPAIIUN KPOBOTOKA KPYITHBIX
cocyzoB. 3aruch JI[[MD-rpaMMbl OCYIIECTBIISIIN HA KaxkK-
JIOM U3 ATANoB dKcrepuMenTa B tedenue 8—10 mun. [Ipu
HAJIMYUN BBIPAKEHHBIX apTedakToB (BCJEACTBUE J[BUKE-
HUIl KPBICHI, BHEMIHUX IIOME€X) BbIAEJSAAN (PparMeHTbl
JIJTD-rpamMMBbl IPOIOJIKUTEILHOCTBIO He MeHee 4 MUH (e3
apredaxTos. [Ipu anammse xkaxmoit JI/IM-rpammbr ompese-
JIJIA cJIeLyIoNe TapaMeTpsl: cpenHee 3HadeHue [IM B
MHTEPBaJIe BpEMEH! PErnCTPAINT; MAKCHMAJIbHbIE AMILIN-
Tyzibl KOJIeGaHUIT KPOBOTOKA B COOTBETCTBYOIIUX JIMATIA-
30Hax yacToT (Aa, AH, AM), IOJyYeHHbIE METOZIOM BEIB-
ner-anasmaa JI/LMD-rpamm.

ular 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 rel-
ative activity during the LDF The regulatory mechanisms
of microcirculation include active and passive factors.
Active blood flow modulation factors include endothelial,
neurogenic and myogenic (in the narrow sense) mecha-
nisms of vascular lumen regulation. These factors modu-
late the blood flow by affecting the vascular wall and are
released through muscular component of the latter creat-
ing oscillations in the blood flow through vasoconstriction
and vasodilation alternation. Passive factors cause oscilla-
tions of blood flow outside the microvasculature. These are
a pulse wave from the arteries and the «respiratory pump»
from the veins.

In laboratory animals (rats) the characteristic frequen-
cy ranges were as follows (for the skin): endothelial (Ae) —
0.01—0.04 Hz, neurogenic (An) — 0.04—0.15 Hz, myogenic
(Am) — 0.15—0.4 Hz, respiratory (Ar) — 0.4—2 Hz, pulse
(Ap) — 2—5 Hz [13]. In parentheses the abbreviations of
the maximum amplitude of blood flow oscillations and
appropriate ranges are shown.

The probe of the LDF device LAKK-02 (SPE
«LAZMA», Russia; wavelength 0.63 microns) was set over
the inner surface of the right ear with a minimal clearance.
Care was taken to place the probe at a skin area with min-
imal 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 move-
ments 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 parameters were ana-
lyzed: the mean value of IP in the time interval of registra-
tion; 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 experiment:

1. A baseline.

2. Blood loss. We employed an acute fixed-volume
hemorrhage model that allow evaluating the natural course
of the pathological process and the dynamics of compen-
satory reactions in posthemorrhagic period [14]. The total
blood volume (TBV) was calculated as 6.5% of rat's body
weight [15, 16]. 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 (15t, 10th and 20th minute).

3. Hypovolemia (60 min). At the 10th minute of
hypovolemia the animals of control group (S — saline, n =
15) were administered 0.9% NaCl solution intraarterially
slowly (3 ml/kg); the animals of test group were adminis-
tered with PF (RPC «Perftoran», Russia) in the same vol-
ume (n=16).

4. Reinfusion (autohemotransfusion) of blood was
performed for 10 minutes (the 15t, 5th and 10th minutes) in
three portions (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 parameters were observed at: a) a baseline (after 20
min of animal stabilization); (b) 1—10 minutes after the
third step of blood loss (before drug administration); (c)

www.reanimatology.com

GENERAL REANIMATOLOGY, 2015, 115 6



DOTI:10.15360,/1813-9779-2015-6-19-27

OpT/lI‘T/lHaAbeIG MCCACAOBAHMI -

Iranbl IKCIepHMeHTa.

1. Hcxomuoe cocrositue.

2. Kposomnoreps. Mcmonb3oBaam Mojesnb OCTPOi
(bukcHpoBaHHON 110 06BEMY KPOBOIIOTEPH, MO3BOJISIONIEH
OLIEHUTb €CTECTBEHHOE TeYeHe NaTOJIOrHYeCKOro Mpolec-
ca U IMHAMUKY KOMIIEHCATOPHO-TIPUCTIOCOOUTENBHBIX Pe-
aKIWil OpraHu3Ma B MocTreMopparndeckoM nepuoze [14].
OIIK kpsichl paccunTthiBasics Kak 6,5% ot macesl Tesa [ 15,
16]. Ienesoii o6bem kposomorepu cocrasun 30% OITK.
Kposb 3abupasmu mmpuiem, cogepskamum 0,5 MJI rermapu-
HHU3MPOBAHHOTO (hU3MOJOTHYECKOTO PACTBOPA, TPEMS PaB-
upivu rioprsivu (110 10% OITK) B tevenune 20 mun (1-s,
10-a u 20-g MUHYTBL).

3. Ilepuon runososemun (60 mun). Ha 10-it mumny-
Te JIAHHOTO TIEPHOJA SKUBOTHBIM KOHTPOJIBHOM TPYIIIIbI
(DOP — dpusnonorndecknii pactsop, n=15), mpOM3BOINITI
meiernoe B/a seegenne (3 mi/kr) 0,9% p-pa NaCl; xu-
BOTHBIM onbITHOI Tpymibl (11D — nepdropan, n=16) BBO-
mtn niepdropan (OAO HITD «Ilepdropan», Poccust) B
TOM ke o0beMe.

4. Peundysuio (ayroremorpancdysnio) KpoBu ocy-
mectBisiin B tedenne 10 mun (1-51, 5-1 u 10-3 MumyTHI)
rpems noprusivu (1o 10% OIIK).

5. Penepdysuonusiii nepuoz (60 mu).

6. OBTaHA3MIO OCYMIECTBJIAIN JIETAJIBHON T0301
anecreruka (HemOyTasn 150 mr/Kr).

Perucrpanuio cuCTeMHOTO apTepHalbHOTO JABJIEHHS
(Al) u 3anmuce JIJID-rpaMMbl TIPOBOMIIA B UCXOAHOM CO-
crostan (depe3 20 MIUH CTAOMIN3AINN TIOCTE MOATOTOBH-
TeJbHBIX Tpotietyp); 1—10 MuHyTHI 1ocse Tperbero 3abopa
KpOBH (JI0 BBezieHust 1iperniapatoB); Ha 15—25-i1, 30—40-ii u
50—60-ii MuHyTax nmocrreMopparmdeckoro neprosa; 1—10-i
u 50—60-it MmunyTax perepdy3HOHHOTO EPUOJIA.

Craructuveckyo 00pabOTKy J@HHBIX MPOBOANIN B
mporpamme Statistica 7.0 [I71s1 o11eHKM 0CTOBEPHOCTH pa3-
JIMYMIL MesKy CpyIaMy UCIIO/b3oBaau kputepuiit U Bui-
KOKCOHAa-MaHHa- YUTHY, ANHAMHUKH J[AHHOTO MOKa3aTeJst
BHYTPH TPy — TapHbIil Kputepnii T Buikokcona. Pas-
JINYUST CYUTATH JOCTOBEPHBIMH IIPU YPOBHE 3HAYNMOCTU
p<0,05. AnasusupyemMbie BeJTMIUHBI [IPEJCTABIEHbI B BU-
ne: Me (25%; 75%). Macca tenma n 06beM KpOBOIOTEPU
MIPEICTABIIEHDI B BHE cpeaHero snadenust (M) n ommbKn
cpenueit (m).

PesyubraThl 0 00CyK/I€HHE

JKUBOTHBIE CPABHUBAEMBIX TPYIIIT He pasJjnya-
JINCh TI0 Macce Tejia ¥ YPOBHIO KpoBoroTepu. Macca
tesa coctaBuia 37910 r u 358£15 1, a 06beM Kpo-
Boriorepu — 6,5£0,2 M1 u 6,4+0,2 Ma1 B rpymnmax c
BBesienneM DP nu [1D coorBeTcTBEHHO.

B rcx0omHOM COCTOSTHIH MESK/Ly TPYIIIAMHU C UC-
nosib3oBanueM 1M unu OP 1o uccieyeMbIM moka-
3aTessIM KPOBOTOKA U YPOoBHIO A/l passmuuii He Ha-
6mofanoch. B obenx rpymmax mocae 3abopa 30%
OIIK 1o cpaBHEHUIO ¢ UCXOMHBIM COCTOSHUEM TTPO-
U30IILJIO CyIllecTBeHHOe yMenbiiieHue [IM u yBesu-
yeHne AH Ha hoHe cHrzKeHust AJl, B cpeHeM, Ha 58,3
n 62,2% B KOHTPOJIbHOII IPYIITe U B TPYIIIIE C BBejie-
nuem 1D coorsercTBenno (tabir.).

Bsenenune uccienyembix npenaparos Ha 10 mu-
HyTe TUTIOBOJIEMHUH B TIOC/Ieytoliue 15 MUHYT Tpu-

15—25 minutes, 30—40 minutes, and 50—60 minutes of
hypovolemia; (d) 5—15 minutes and 50—60 minutes of
reperfusion.

Statistical processing of the data was performed using
Statistica 7.0. To assess the significance of differences
between groups we used Mann-Whitney U test and a
paired z-test for the dynamics of indexes within the groups.
Differences at P<0.05 were considered as significant. The
analyzed values were reported as median and 25% and 75%
quartile ranges: Me (25%, 75%). Body weight and the
amount of blood loss were reported as a mean (M) and a
standard error of the mean (SE).

Results and Discussion

The animals of compared groups did not differ
in body weight and blood loss volume. Body weight
was 379£10 g and 358+15 g, and the blood loss vol-
ume was 6.5+0.2 mL and 6.4+0.2 mL for the groups
with S or PF administration, respectively.

At a baseline the groups did not differ in all
investigated parameters of local cutaneous blood flow
as well as in the level of blood pressure (BP). 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 this background, in both groups there was a
significant decrease in IP and increase in An (Table 1).

10 minutes after S or PF administration (the
15—25 minutes of hypovolemia), BP and IP
increased in both groups compared to the previous
stage of the experiment (before drugs administra-
tion). In PF group this parameters was higher than
in the rats of comparing group (Table 1). At the
same stage, Ae increased in both groups compared
to the baseline and An continued to remain at an
elevated levels. Along with these changes in the PF
group, in contrast to the S group, An decreased
compared to the 1-10 minutes of hypovolemia
(before S and PF administration). Perhaps this
change was due to the higher elevation of BP in
response to the PF administration. This assumption
is based on the results of current study as well as
our earlier studies [9, 17, 18], which showed an
increase in An during BP decreasing.

At the 30—40 minutes of hypovolemia in the ani-
mals with PF administration there was a decrease in
BP to the level of the control group. In both groups,
similar BP values remained until the beginning of
reperfusion (Table 1). At the 30—40 and 50—60 min-
utes of hypovolemia An persisted at an elevated level
compared to the baseline in both groups. However, at
the same stages of the experiment in PF group (in con-
trast to the control group) Ae continued to exceed the
baseline values of this parameter. We hypothesize, this
is an evidence of PF stimulating effect on the endothe-
lium-dependent mechanisms of microcirculatory
blood flow regulation in the skin of ear during hypov-
olemia. Increasing the fluxmotions amplitudes in the
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JluHaMuKa apTepHaIbHOTO AaBJIEHUs U TAPAMETPOB MUKPOLIMPKYJISIUU B KOXKe yxa B KOHTpoabHo# (DP — dusuomno-
ruyeckuii pacteop) u onsitHOl (IIMD — nepdropan) rpynnax skuBotHsix. Me (25%; 75%).
Dynamics of blood pressure and local cutaneous blood flow in groups of rats received saline or perftoran [Me

(25%; 75%)].

Stage of experiment  Groups IP, PU Ae, PU An, PU Am, PU BP, mm Hg
Baseline S (n=14) 6.0 0.07 0.07 0.07 110
(4.3;8.1) (0.06; 0.11) (0.07; 0.010) (0.06; 0.09) (100; 118)
PF (n=16) 6.5 0.09 0.08 0.08 103
(5.2;9.7) (0.06; 0.12) (0.07; 0.14) (0.06; 0.10) (98; 115)
1—10 minutes of Hyp S 2.2%* 0.11 0.28** 0.08 42%%
(before S and PF (1.9; 3.8) (0.08; 0.15) (0.13; 0.75) (0.04; 0.10) (38.5; 51.5)
administration) PF 2.0%* 0.10 0.52%* 0.06 40%*
(1.6; 2.6) (0.07; 0.15) (0.23; 0.77) (0.05; 0.09) (35; 45)
15—25 minutes of Hyp S 2.6%%# 0.15%** 0.21** 0.1 60%*#
(1.9; 4.0) (0.08; 0.20) (0.11; 0.46) (0.07; 0.18) (50; 65)
PF 4.6%%%# 0.14** 0.13%## 0.09 86%*##
(4.0; 5.6) (0.08; 0.17) (0.09; 0.18) (0.07;0.11) (80;91)
30—40 minutes of Hyp S 3.4%* 0.14 0.11%* 0.06 63**
(2.3;5.3) (0.07; 0.21) (0.05;0.22) (0.04; 0.14) (60; 80)
PF 4.1 0.11%* 0.12%* 0.09 65%*#
(2.9;6.1) (0.08; 0.31) (0.09; 0.41) (0.06; 0.10) (58; 74)
50—60 minutes of Hyp S 3.3%* 0.12 0.14%** 0.08 78**
(2.9;4.9) (0.11;0.21) (0.10; 0.21) (0.05; 0.13) (68; 82)
PF 3.6%* 0.10** 0.10** 0.07 70%*
(2.5;5.0) (0.08; 0.23) (0.07; 0.25) (0.06; 0.09) (66; 80)
1—10 minutes of Rep S 7.0% 0.09 0.09# 0.10 107#
(4.7, 8.7) (0.06; 0.16) (0.06; 0.12) 0.07; 0.11) ((103; 130)
PF 7.8 0.08 0.09 0.10 105#
(5.5; 13.0) (0.05; 0.17) (0.07; 0.18) (0.07; 0.16) (100; 107)
50—60 minutes of Rep S 5.6 0.08 0.10 0.10 102.5
(3.9;8.1) (0.06; 0.12) (0.06; 0.14) (0.06;0.12) (99; 118)
PF 6.2 0.07 0.12 0.10 90**##
(3.2; 8.4) (0.05; 0.16) (0.06; 0.17) (0.06; 0.12) (85.5; 100)

Note: S — 0.9% NaCl solution; PF — perftoran; Hyp — hypovolemia; Rep — reperfusion period; PU — perfusion unit; IP — the
index of perfusion; Ae — flux motions amplitude in the range of 0.01—0.04 Hz; An — flux motions amplitude in the range of
0.04—0.15 Hz; Am — flux motions amplitude in the range of 0.15—0.4 Hz; BP — blood pressure, mm Hg. * — P<0.05 between
groups at the same stage of the experiment; ** — P<0.05 vs. Baseline; # — P<0.05 vs. the previous stage of the experiment.
IIpumeuanue: Stage of experiment — aran sxenepumenta; Groups — rpymisi; S — 0.9% NaCl pactsop (dus. pacrsop); PF — mep-
¢ropan; Hyp — nepuon runosonemun; Rep — penepdysuonnsiii nepuog; PU — nepdysuonnsie exunniis;; [P — ungexc nepdy-
3un (1oKasaTejab MUKPOIUPKYadun); Ae — amnuuryaa dhaakemonnii B auanazone 0,01—0,04 I; An — ammiintyzaa daakemonmii
B anamnazone 0,04—0,15 Tn; Am — ammuntyna aakemonnii B iuanasone 0,15—0,4 I';; BP, mm Hg — aprepuannsioe pasiaenne, MM
pr.ct. * — P<0,05 Meky TpyIamMu B TOT ke nepros nabmonenust; ** — P<0,05 110 cpaBHEHUIO ¢ HCXOAHBIM 3HAYEHHEM 9TOTO 10~
KasareJist B Toi e rpyiie; # — P<0,05 110 cpaBHEHUIO ¢ MPEBIAYIIM 9TAIIOM HCCJIEe0BAHUS B TOH JKe IPYIIILe.

Besio K ysesmdenuio A/l u [IM B oGeux rpyrimax.
[Tpu sTOM B rpyitiie ¢ ucrnosb3doBanueM [1D mopxbem
AJl u TIM 6511 BbIpakeH B GOJIbINEI CTEeH!, YeM B
koutpose (tabr.). Ha atom ke sTane nabmionenus B
0benx rpyImnax mo CpaBHEHUIO ¢ UCXOA0M OTMeUann
yBesmueHne Aas, a AH MpojoJKaia ocTaBaThCcs Ha
TTOBBITIIEHHOM ypoBHe. Hapsay ¢ aTumMu n3MeHeHm: -
Mu B rpyrre ¢ BBegenuem 11D, B otsinure or KOH-
TPOJIBHOI T'PYIIIbI, MPOUI3OILIO CHUKeHWe AH 10
CPaBHEHUIO C TIEPUOJIOM T'MIIOBOJIEMUN /10 BBEIECHUS
MIPETapaToB. DTO U3MEHEHWEe, BO3MOKHO, OBLIO CBSI-
3aHO ¢ 6osIee BBICOKMM TobeMoM A/l B OTBET Ha BBe-
nenve [1D, yem DP (tabn.). Takoe npeanonoKeHmne
6asupyercs Kak Ha pe3yJibraTax HacTOSIIETO UCCie-
JoBaHus, Tak 1 GoJiee paHHNUX Hamux paborax |9, 17,
18] 06 yBesmuennu Au mipu cavskerrn A/l

K 30—40 mumyTam ruoBoJIeMUN Y KUBOTHBIX
¢ BBestenneM 1M npowusonuio cuwkenune AJl 1o

«active» frequency band have been considered as a
compensatory response of microvessels, aimed at
maintaining both tissue perfusion and transcapillary
exchange [19—21]. PF is known to have a positive
effect on microcirculatory alterations [22, 23].
Therefore, we can assume that one of the mechanisms
of PF positive influence on the microcirculation is
associated with stimulating effect of the drug on the
functional activity of the endothelium.

At the 10th minute of reperfusion IP returns to
the baseline values in both groups. At the same time
parameters specific for Ae and An also did not differ
from the baseline values. Differences between the
groups were only in the dynamics of BP. At the 60th
minute of reperfusion in PF group BP decreased
compared to the previous stage of the experiment
(10 minutes of reperfusion) and the baseline. In the
control group, BP remained constant. Despite BP
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YPOBHSI KOHTPOJIbHOU rpyiimbl. B obenx rpymmax
6JIM3KME 10 BeJTMYKHE TToKasaTean A/l coxpaHsiuch
Jo Hayana pernepdysuu (tadsm.). Ha 30—40 u 50—60
MUHYTaX TUIOBOJEMUU OGIIUE IS TPYII U3MEHe-
HIS UCCIIEeIyeMbIX [ToKas3aTesell 3aKII04aInCh B CO-
xpaHeHu# AH Ha 6oJiee BBICOKOM YPOBHE TI0 CpaBHE-
Huio ¢ ucxomom. OpHAKO HA 3TUX JKe 3ITamax
Habuonenust y Kpbic ¢ Beegenuem 1D, B otinuue
OT KMBOTHBIX KOHTPOJIbHOU IPYIIIIbI, BETUYUHBI Ad
[IPOIOJIKAJIN TIPEBBIIIATH UCXOHbIC 3HAYCHUS ITOTO
nmokasaresist (TabJ1.), 9TO CBUAETETHCTBOBAIO O CTH-
MysmpyfoteM Biusinuu 11D Ha sugoTe nii-3aBucu-
Mble MEXaHU3MbI PEryJIsiini KPOBOTOKA HA MHKPO-
MUPKYJISATOPHOM YPOBHE B KOJKE yXa BO BpeMs
TUTIOBOJIEMUN. YBETNUEHIE aMILTUTY/IBI KOJIeOaHuit
KPOBOTOKA B YAaCTOTHOM [HAaNa30He aKTHUBHBLIX CO-
cTaByasgomux GIaKCMOIUN paccMaTPUBAIOT Kak
KOMIIEHCATOPHO-TIPUCITIOCOOUTETBHYI0 — PEaKIINI0
MUKPOCOCY/IOB, HATPaBICHHYIO Ha MOACPKaHUe
Kak nepdy3un TKaHU, TaK 1 0OMeHa BEIeCTB MEK LY
KpOBbIO U TKanblo [ 19—21]. V3 iuteparypsl usBect-
HO O ToJIoXKUTeabHOM Biusinun [1M Ha MUKpormp-
KYJIAIIIO B yCIOBUAX ee Hapymienus [22, 23]. Cue-
JIOBATEJIbHO, MOJKHO I0JIaraTh, YTO OJUH U3
MEXaHU3MOB MOJIOKUTENbHOTO Biustaust [1D na mu-
KPOITUPKYJISAIUIO CBSI3aH CO CTUMYJUPYIONIUM Jeti-
CTBUEM 3TOTO TIpenapara Ha QYHKITMOHAIBHYIO aK-
TUBHOCTb IH/IOTEJIHSI.

B nepuon penepdysumn, mocie BBe/ieHIS KPOBY,
B 06eMx TpyMax Mmpousonuro yseanderue [IM 10
MCXOMHBIX BesmanH. [Ipu aToMm As 1 Al Takke He OT-
JINYQJINCh OT MCXOAHBIX 3HAYEHUU ITUX ITOKa3are-
Jgeil. Paznmuuusa Mexy TpyHiamMu 3aKJIi04ajnch
squnrb B muaamuke A/l K 60-it MunyTe mepuopa pe-
nepdysun B rpyrre ¢ Beegerrem 1D mpousorio
cHmkenne A/l o cpaBHEHWIO C TPEABIAYIINM 3Ta-
oM uccsenoanus (depe3 10 MmunyT nocsie penndy-
3UU KPOBU) U UCXOJHBIM COCTOSTHHEM. B KOHTPOJIb-
Hoit rpymme A/l ocTaBasoch Ha TTOCTOSHHOM YPOBHE
(tabm.). Cremyer OTMETHTD, UTO Pa3JNdie B YPOBHE
AJl na 60-it MunyTe periepdysun He 0Ka3ajao BJIUL-
HUS Ha WCCJIe[yeMble MMOKA3aTeI MUKPOIUPKYJIs-
mn. Pe3ysbraTsl paboThI TIOKA3aln TakKe, UTO Ha
BCeX JTalax MCCJIe[OBAHNS BEJINIMHBI AM He MeHs-
JINCh, OCTABasCh Ha TIOCTOSTHHOM ypoBHe (Talbur.).

Habmonaemass B HacTosmei paboTe TUHAMMU-
ka A/l B rpynme xxuBoTHbIX ¢ BBegeHuem 1D co-
[JIACYEeTCs C JaHHBIMHU, TIOJIY9IeHHBIMU B IPYTOU pa-
60Te [24], TOCBAIIEHHON MCCIEIOBAHUIO BAUSTHUS
pasubix 103 [1MD Ha guHamuky AJl, 6HOAaKTUBHOCTD
NO u ero nmpousBoAHBIX (S-HUTPO3OTHOJIOB) B yC-
JIOBUSIX DKCIIEPUMEHTA HA AHECTE3UPOBAHHBIX KPbI-
cax. [Tokazano, uto BuyTpusentoe Baenenuve [1OD B
no3e 1 r/kr (OKOJO 5 MJI/KT) COIPOBOKIAIOCH
nByxdasubiM nsmMeHenneM A/l: ero mepBoHavamh-
HBIH TTObEM B TTOCTEYIONIEM CMEHSJICS CHIDKeH-
€M 9TOTO MoKa3aTess HIKe UCXO/AHBIX 3HaueHu . B
To BpeMmsi Kak BBenenue 11D B goze 0,14 v/kr (oKoO-

differences at the 60th minute of reperfusion, there
were no differences in all investigated microcircula-
tory parameters between compared groups (Table).
The current study has showed that at all stages of the
experiment Am values had not changed, remaining at
a constant level (Table).

BP dynamics observed in the present study in a
group of animals with PF administration is consis-
tent with data obtained in another study [24] devot-
ed to investigation of PF effects in different doses on
BP dynamics, the bioactivity of NO and its deriva-
tives (S-nitrosothiols) in experimental settings on
anesthetized rats. It was shown that intravenous PF
administration in a dose of 1 g/kg (about 5 ml/kg)
was accompanied by a two-phase change in BP: its
initial increase then was followed by decreasing this
index to means lower than the baseline value. At the
same time, PF administration at a dose of 0.14 g / kg
(0.9 ml/kg) resulted in a moderate BP decrease from
the first minutes with no initial increase. A transient
increase in BP was explained by NO sorption on
drug's micelles, leading to vasoconstriction. When
PF was used in relatively small doses or after
decreasing its blood levels, NO oxidation in the
micelles of the drug was enhanced associated with
S-nitrosothiols production at high concentrations.
S-nitrosothiols are known to induce vasodilation
that explains the development of hypotension.

However, in the current study we investigated
the effect of PF on the microcirculation during hypo-
volemia, i.e. when skin vessels were vasoconstricted.
Also, an injection of PF led not only to a rise in BP,
but it doubled the blood flow values (IP) that hard-
ly could be explained by an increased vasoconstric-
tion. BP increase in the study [24] was explained by
vasoconstriction. Our data is likely indicate the par-
ticipation of other mechanisms of PF effect on BP
during hypovolemia. On the other hand, BP decrease
during the reperfusion without blood flow reduction
is consistent with the authors' conceptions on the
mechanisms of delayed BP lowering after PF admin-
istration in relatively high doses.

Conclusion

PF administration (3 ml/kg of body weight) in
rats during hemorrhagic hypovolemia (30% of the
TBV), in the first 15 minutes leads to a more pro-
nounced increase in BP and IP compared to the ani-
mals with S administration at the same dose. Both S
and PF administration leads to an increase of Ae
compared to baseline values of this parameter.
However, if in S group an increase of Ae was limited
to fifteen minutes after the injection, PF administra-
tion led to increased values of Ae maintained
throughout the period of hypovolemia. These results
demonstrate that PF stimulates endothelium-depen-
dent mechanisms of fluxmotions in the skin of rat ear
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g0 0,9 MJI/KT) ¢ epBBIX MUHYT IPUBOANIO K yMe-
perHoMy cHUKeHUO AJl 6e3 hasbl ero moBbilIe-
uust. Ipexopsiiee mosbimenne A/l aBTopor 06bsic-
HAIOT copbumeir monekyn NO  muneanamm
npemapara, 4To TPUBOAUT K BA30KOHCTPUKIIUU.
[Tpu BBegenun 1M B OTHOCUTENHLHO MAJIBIX /[03aX
WM CHUKEHUU eTO KOHIIEHTPAlluW B KPOBU, yCH-
JuBaoTCs Tpotecchl okucaenus NO B MuIeIax
npemnapara ¢ 0OpasoBaH1eM TTOBbINIEHHBIX KOHIIEH-
Tpanuii S-HUTPO30THUOJIOB, 00JIANAONINX Ba3OAU-
JATUPYIOIINM JIefiCTBUEM, UeM U 0OBSICHSIETCST pas-
BUTHE apTePUAIbHON TUTIOTEH3UH.

Bwmecre ¢ Tem, B Hactosmieii pabore uccienosa-
soch Bimsinue 1M Ha MUKPOIUPKYJISIUIO B MEPUOJT
TUITOBOJICMUH, T.€. B YCIOBHAX Ba30KOHCTPUKIINHT KOXK-
HbIX cocyioB. [Ipu atom BBenenue [1M Besio He TOIBKO
K morbemy A/l, HO ¥ IByKPaTHOMY YBEJMUEHUTO KPOBO-
toka (ITM), 4To Bpsiz 1 MOJKHO OGBSICHUTD YCHIICHN-
eM Ba3OKOHCTPUKINHI. Ho MMEHHO 5THM O0GBSICHSIETCST
yBemmaernne A/l B pabore [24]. YautsiBast mosry4eHHbre
HAMU JIAHHbIE, TTO-BUAUMOMY, CYIIECTBYIOT U JPyrue
Mexauu3Mbl Biusiavst 11D wa A/l B ycioBUsIX THITOBO-
semun. C apyroii ctoponsl, camkenne A/l B meproz pe-
nepdys3un, He COMPOBOKAAIONIEECS YMEHbITEHUEM
KPOBOTOKQ, COTJIACYETCSI € MPE/ICTaBIEHUsSIMUA aBTOPOB
0 MEXaHM3MaxX OTCPOYEHHOTO cHiKeHust A/l mpu BBe-
nernu [1MD B OTHOCUTETHHO OOJIBIINX J03aX.
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during hypovolemia. After blood reinfusion all inves-
tigated microcirculatory parameters did not differ
from baseline values in both groups.

3akiaouyeHnue

Beenenne 11D B m03e 3 MJI/Kr Macchl Teja
KpbICaM BO BpeM: THMIIOBOJIEMUY, BBI3BAHHOU KPO-
Bonorepeit B pazmepe 30% OIIK, B nepsbie 15 mu-
HYT TIOCJIE€ €TO TPUMEHEHNUsT TPUBOANT K GoJiee BBI-
paxkennomy yBenumuenuio A/l um IIM, yem vy
JKUBOTHBIX ¢ ucnosb3oBanuem DP B Toil e nose.
ITocse BBepenud xkaxk OP, tak u [I1D nabmronaercsa
MOBBIMIEHNE A3 TTO0 CPaBHEHUIO C MCXOAHBIMU 3Ha-
YeHWSMU 9TOTO TToKazatessa. OHAKO, eCJIu TP UC-
nosbzoBanuu OP moabem A3 orpanunyuBajics
Jnirb 15-10 MUHYTaAMU TT0CJIe BBEJIEHWS TIPEIapara,
to nocJie BBefenust [1MD nosbimennast As coxpamsi-
Jlach Ha IPOTSKEHUU BCETO TTePUO/Ia TUTIOBOJIEMUN.
ITO CBUJETEJNBCTBYET O CTUMYJIUPYIONIEM BJIUSI-
uuu 1D Ha 3HAOTENUII-3aBUCUMbIE MEXAHU3MbI
rakemoIuit MUKPOCOCYZIOB B KOXe yXa KPBIC B
ycaoBugx runososiemnn. [Tocie penndysnn kposu
uccjeyemMble 1MOKa3aTeaun MUKPOIUPKYJIAINN B
rpyniax ¢ BeeferreM [1D umu P He oTnuvainch
OT MICXO/THBIX.
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