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Ilenv uccnedosanus. O6ocHoBaHue npuMeHeHHs nepdropana st KOppeKnun MOp(dOIOrnyecKnx HU3MEHEHNIT SPUTPOLUTOB
U GMOXUMHMYECKUX II0Ka3areJieil KPOBU IIPH OCTPOii KpoBonorepe. Mamepuanvl u Memoovl. IKCIEPUMEHTDI IPOBEAEHBI HA
HeJIMHENHBIX KpbIcax-camuax BecoM 250—300 r mox HeMOyTaI0BbIM HapKo30oM. KpoBonmoTepio ocyIecTBIsim M0CpeacTBOM
aKcdy3un aprepuanbHoil KpoBH 10 goctikeHust AJI=40 MM pr. CT., HOCJIE Yero AaHHbIii yPOBEHb apTEPHAIBHON IHIIOTEH3UH
nojyiep kuBajy B Tevenue 60 munyr. 3ateM nposoauiu peundysus 3aépansoro oobema kposu. Ilepdropan B 1o3e 3 mir/kr
BBO/IJIM BHYTPHAPTEPHAIHHO 3a 45 MUH /10 Hauasa kposonorepu. Ha cirexyronue cyTku npoBoaui 3a60p npod aprepuaib-
HOH u BeHO3HO# Kposu. Mccaenosamm nokasarean oomena semects (KOC, Hb, Ht, Gnoxuvuyeckuii anaaus KPoBH), MOp-
donornyeckne xapakTepHCTUKU IPUTPOLUTOB (pa3Mep AUCKOLUTOB, NPOLEHTHOE COJeP:KaHHe CTOMATOLUTOB M DXUHOIHU-
TOB) H COJEepPKaHHe PETHUKYJOIMTOB B nepudepuyeckoii kpoBu. Pesynvmamot. Ilepdropan okaspiBajl HOpMaaH3ylollee
neiicteue Ha nokazatesn KOC kposu. Uepes cyTku nocie KpoBonotepu u penndysuu B rpynmne 1 (6e3 Beenenns nepdropa-
Ha, n=8) oTMeyay cumzkenne nokasareneii Hb, Ht u cbIBOPOTOUHOTO 3KeJie3a B CPaBHEHHH ¢ TPYNNOi 3 (MHTAKTHBIE KMBOT-
ubie, n=12). B rpymmne 2 (c BBenenuem nepdropana, n=10) 3Tu mokasaTesy CHH:KaJINCh B MeHbIIel crenend. B atu ke cpo-
KM B rpynme 2 MeHble ObUia BbIPaskeHa THIIEPX0JIeCTEPHHEMHS 110 CPaBHEHUIO ¢ rpynmoii 1. B rpynme 2 cpeanuii iuamerp
JMCKOIHTA GBI GOJIbIIIE, YeM Y SKUBOTHBIX JIBYX APYyrux rpynn. Cozepskanne 3XuHOUMTOR B rpynmne 1 Bo3pacrano 10 32% npu
HX NPAKTHYECKH NTOJHOM OTCYTCTBUHM Y HHTAKTHBIX SKUBOTHBIX. Y SKUBOTHBIX IPYIIIbI 2 COJePIKaHUe 9XUHOIMTOB He OTJIHYA-
J0ch ot MHTaKTHBIX. [0 cpaBHeHMIO ¢ rpynmnoi 3 B rpynme 1 MponeHTHOe co/iep:KaHne PETHKYJIONUTOB CHU3WIOCH B 4,5 pa3a
(p<0,05), B TO BpeM: Kak B rpyiiie 2 HabI01aJ0Ch yBeIMYeHHe ITOro nokasarens B 2,2 pasa (p<0,05). 3axaiouenue. Bre-
nenue nepdropana B 103€ 3 MJI/KI Macchl TeJia 3a 45 MUH /10 KPOBOIIOTEPH CHOCOGCTBYET MOBBINIEHUIO IOKA3aTeNel TeMOIII0-
OuHa, reMaTOKPHUTA, CHIBOPOTOYHOTO 3KeJie3a M CHIKEHUIO 00uiero xojuecreputa. Beesenne nepdropana yseanuuBaer Tak-
’)Ke CpeJHUHl JAMaMeTp SPUTPOLMTOB; NpeayNpesk/JaeT pa3BUTHE HX DXMHOIUTAPHONH TpaHcoOpMamMu U yIyylmaer
pereHepaTopHbIe CIOCOOHOCTH KOCTHOTO MO3Ta Yepe3 CYTKH nocJie KpoBonorepu u peundysun. Knrouesvie crosa: ouoxumu-
YyecKHe IoKa3aTesy, SPUTPOLHT, PETHKYJIOLUT, KPOBONOTEPsl, peuH(y3usi, nepPropaH.

Objective: to provide a rationale for the use of perfluorane to correct erythrocyte morphological changes and blood bio-
chemical indicators in acute blood loss. Material and methods. Experiments were carried out in outbred male rats weighing
250—300 g under nembutal anesthesia. Blood loss was induced by arterial blood exfusion until blood pressure (BP) reached
40 mm Hg, following which this BP level was maintained for 60 minutes. Then the amount of blood withdrawn was rein-
fused. Perfluorane was injected intraarterially at a dose of 3 ml/kg 45 min before the start of blood loss. On the following
day arterial and venous blood samples were harvested. The values of metabolic parameters (acid-base balance (ABB),
hemoglobin (Hb), packed cell volume (PCV), and blood biochemistry), the morphological characteristics of erythrocytes
(the size of discocytes and the percentage of stomatocytes and echinocytes), and the levels of reticulocytes in peripheral
blood were studied. Results. Perfluorane exerted a normalizing effect on the values of blood ABB. Twenty-four hours after
blood loss and reinfusion, Group 1 (a non-perfluorane group; n=8) showed reductions in Hb, PCV, and serum iron as com-
pared to Group 3 (intact animals; n=12). In Group 2 (a perfluorane group; n=10), these indicators were decreased to a less-
er extent. In these time periods, hypercholesterolemia was less marked in Group 2 than in Group 1. In Group 2, the mean
diameter of a discocyte was larger than that in the animals of the two other groups. Group 1 displayed as high as 32%
increases in the count of echinocytes with their virtually complete absence in the intact animals. At the same time, the lev-
els of echinocytes in Group 2 animals were similar to those in the intact animals. As compared to Group 3, Group 1 exhib-
ited a 4.5-fold drop in the percentage of reticulocytes (p<0.05) while Group 2 showed a 2.2-fold rise in this indicator
(<0.05). Conclusion. The injection of perfluorane at a dose of 3 ml/kg body weight 45 min prior to blood loss causes an
increase in the values of Hb, PCV, and serum iron and a reduction in total cholesterol. The administration of perfluorane
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also increases the mean diameter of erythrocytes, prevents their echinocytic transformation, and improves the regenera-
tive capacities of bone marrow following blood loss and reinfusion. Key words: biochemical indicators, erythrocyte, retic-
ulocyte, blood loss, reinfusion, perfluorane.
DOI:10.15360/1813-9779-2015-3-6-15
BBenenue Introduction

C xonma XX Beka oTMeYaeTcsT TeH/IEHITUS K OTpaHu-
YEHUIO MCIIOJIb30BAHMS MTPETIAPATOB IOHOPCKOI KPOBU TSI
KOPPEKIIMU aHEeMUHU, B YACTHOCTHU, TIOCTTEMOPPArnYeCKOi
[1]. DTO BO MHOTOM 00YCIOBJIECHO JYYIHIUM MOHUMAHUEM
matoU3NOJOTUN OCTPOIT KPOBOIOTEPH, pe3yJIbTaTaMu
KPYITHBIX KJIMHUYIECKUX HCCIeloBaHuil [2, 3], a Takke Bce
60bIIIel HACTOPOKEHHOCTHIO B OTHOIIECHUN CEPHE3HBIX
ocnoxkHeHui remorpancdysuu. Ha aTom one npuobpera-
10T aKTYaJIbHOCTh Pas3JIMYHbIE TEXHOJIOTHU KPOoBOcHepeKe-
HUs, U B YaCTHOCTH, ayTOTeMOTPaHC(hy3Ust U UCTIOIb30Ba-
HUE KpOBE3aMEHHTeJeil KOMIIJIEKCHOTO  JIeHCTBHUSI.
IIpencraBuresiem mocjaeHUX SIBJSIETCS TIpernapar nepdro-
paH, KOTOPBbIi He TOJIbKO YaCTHYHO ITPOTE3UPYET ra30TpaH-
CIIOPTHYIO (DYHKIIMIO KPOBH, HO M 00JIalaeT PSIIOM APYTHX
M0JIE3HBIX (hapMaKOJMHAMUYECKUX CBOMCTB (peosiorunyec-
Kue, TeMOJMHAMUYECKUE, MeMOPaHOCTAOUIU3UPYIOIIIE 1
1p.) [4, 5]. IIpu aTOM BaskHOE 3HAYEHIE UMEET He TOIBKO
ra3oTPaHCIIOPTHASL CIIOCOOHOCTh CaMOI0 KPOBE3aMeHUTe-
Jisl, HO ¥ €T0 BKJIA/] B ONTUMHU3AINIO IOCTABKU KMCJIOPO/A K
KJIETKAM B 11EJIOM.

W3BecTHO, 4TO B AaTOreHe3€e TSKEI0i KPOBOIIOTEPH 1
penepdy3MOHHBIX OCTIOKHEHUT BAXKHYIO POJIb UTPAIOT U3Me-
HEHUSI PEOJIOTHYECKUX CBOWCTB KPOBH, KOTOPbIE B 3HAUMU-
TEJILHOI CTeleHn 3aBUCAT OT MOP(hOMYHKITMOHATILHOTO CO-
CTOSTHUSL 9puTpoluToB [6, 7]. B psge KimHUYeCKUX
uccaegoBanuii [8, 9] yxke nokazano, 4To rnep@TopaH B KOM-
1ieKkce MH(Y3NOHHO-TpaHC(hY3UOHHOI Teparun y HnarueH-
TOB C TSIKEJION TPABMOUN U KPOBOIIOTEPEH OKa3biBaeT MeMO-
paHocTabuiusupyeriee
YMEHbIIIEHUEM I'eMOJIn3a, COXpaHeHneM Jie(hopMUPYEMOCTH

JilelicTBHE, MPOSBJILIONIEECs
U arperupyeMoOCTH APUTPOITUTOB, UTO, B CBOIO OYEPE/Th, TTPe-
MYTIPEKIACT PA3BUTHE TSLKETBIX MUKPOTIMPKYJISITOPHDIX Ha-
pyuiennit. B akcnepumente taxke [10, 11] nokasano, uto
KPOBOIIOTEPs ¢ Toceyonieil penHgysueit KpoBU COIPo-
BOJK/IAeTCS M3MEHEHHEeM MOP(hOJIOTMUECKUX XaPAaKTEPHCTHK
APUTPOIUTOB (M3MEHEHNe pa3mepa U GOPMBI KIETOK), UTO
yKa3bIBaeT Ha HapyIIeHne uX (HyHKITMOHATBHOCTH. Comn-
30BaHMe PA3TNIHBIX PEKUMOB BBEIEHIST TephTOpaHa B ATHX
YCTIOBUSIX YMEHBIITAIO BHIPAKEHHOCTD TPAHCHOPMATTIH [THC-
KOITUTOB B IpyTHe (hOPMBI KPACHBIX KPOBSTHBIX KITETOK.

Ocrpasi mocrtreMopparnyeckasi aHeMUs SIBJISIETCSI
HOPMOTIUTAPHON W HOPMO- WJIM THIIEPPEreHepaTOPHOiL.
IIpu aTOM KOCTHO-MO3TOBast (haza KOMIIEHCATOPHBIX Peak-
U TIPF KPOBOTIOTEPE HACTYMAET Ha 4—5-€ CYyTKH, a KPH-
TEpUeM PEreHePaTOPHbBIX CIIOCOOHOCTEN KOCTHOIO MO3Ta K
APUTPOIIOAZY SIBJISETCS KOJIMYECTBO PETUKYJIOIUTOB B Tie-
pudeprdeckoit kposn (HOpMa st desaoBeka — 5—10 Ha
1000 aputporurtos) [12]. OnHaKO, KaK B 9KCIIEPUMEHTAX C
JKUBOTHBIMU [ 13, 14], Tak ¥ B KIIMHUYECKUX UCCJIE/OBAHU-
sx [15] oTMeuaeTcst cympeccust SpUTPOIIOI3a M CHIKEHITE
00111€ero cofepKaHusl KIETOK B KOCTHOM MO3Te B II€PBbIE
CYTKH T10CJIe OCTPOIT KPOBOIIOTEPU U penHDy3uu.

Since the end of the XX century there has been a
tendency to restrict the use of blood products for the cor-
rection of anemia, in particular post-hemorrhagic [1]. This
trend is mainly due to improvements in understanding the
acute blood loss pathophysiology, re-thinking of the results
of large clinical trials [2, 3], as well as the increased alert-
ness on serious complications of blood transfusion. Against
this background, various bloodsaving measures are becom-
ing more popular, in particular, the autotransfusion and the
use of blood substitutes with complex action.
Representative of the latter group of substitutes is
Perftoran («Perftoran», Russia), which not only performs
the gas transport function of blood, but also has a number
of other useful pharmacodynamic properties (rheological,
hemodynamic, membrane stabilizing and others) [4, 5].
Wherein, the gas transport capacity of the blood substitute
is becoming not the only important feature of a substitut-
ing agent. General contribution to the optimization of oxy-
gen delivery to the cells, in addition, has become the most
desired feature of a novel blood substitute.

Alterations in blood rheology are known to play an
important role in the pathogenesis of severe blood loss and
reperfusion. Rheological properties of blood mainly
dependt on the morphofunctional state of erythrocytes [6,
7]. In numerous clinical studies [8, 9] it has been shown
that the use of Perftoran in patients with severe trauma
and blood loss possesses protection of the cell membrane
manifested in decreasing the hemolysis and preserving the
preservation of red blood cells deformability and aggrega-
tion. These features of the drug prevented the develop-
ment of severe microcirculatory  disturbances.
Experimental studies [10, 11] have shown that a blood loss
followed by autotransfusion is accompanied by alterations
of morphological characteristics (size and shape) of ery-
throcytes indicating a disturbances that may lead to cell
from disfunctions [10, 11]. The use of different modes of
Perftoran administration in these settings had reduced the
severity of discocytes transformation into other forms of
red blood cells.

Acute posthemorrhagic anemia is usually normocytic
and regenerative. However, «<bone marrow phase» of com-
pensatory reactions in a blood loss occurs on 4—5th day
post-hemorrhage, when the number of reticulocytes in the
peripheral blood (normal range for a man is 5—10 per 1000
erythrocytes) is becoming the criterion of regenerative
(erythropoietic) ability of bone marrow [12]. However,
both in animal experiments and in clinical studies the sup-
pression of erythropoiesis and the reduction of total cells
quantity in the bone marrow were observed in the first days
after acute blood loss and autotransfusion [13—15].

Given the above, the aim of this experimental study
was to investigate the effect of preliminary administration
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YauTeIBas BBIIECKA3aHHOE, IIEJIBIO JAHHOTO JKCIIe-
PUMEHTATBHOTO MCCIIEOBAHUS CTATO N3YyUEHUE BJIUSHUS
MIPEIBAPUTEIbHOTO BBeIeHUs Tiepdropana Ha MophoIoTH-
yecKkre 0COOEHHOCTH APUTPOIMTOB U GHOXUMUYECKHE T10-
KasaTeJy KPOBH depes3 24 4 mocjie OCTPON KPOBOTIOTEPH T
penHbY3UN.

Marepuan u MeTObI

IKcHepruMeHTHI TpoBesn Ha 30 HesTMHeTHBIX KPbIcax-caMIjax
Becom 250—300 1 moa HeMOYTalIOBBIM HAPKO30M (45 MT/KT, BHYT-
PUGPIONINHHO) B YCJIOBUSAX CAMOCTOSITENLHOTO JIbIXaHIISI 1 TEMIIE-
parypbl okpyaiorieii cpeapl 22—24°C. JKuporHble Oblii pasje-
JIeHbl HA TPU TPYHIbL. Y JKUBOTHBIX IEPBON TPYIIIIBI
(KOHTpOJIbHAsT, «KpoBoMoTepst 6e3 nepdropatnar, n=8) 1mocie BBe-
JIEHVST B aHECTE3NIO KaTeTePU3NPOBAIN XBOCTOBYIO apTEPHIO, IIPO-
BOJIMJIN TIpe/iBapuTesibiyio remapuausanmio (50 EJ[/kr nedpax-
[IMOHNPOBAHHOIO TelapuHa BHyTpuaprepuaibio). Kposororepio
OCYIIECTBJISIIIN TIOCPEACTBOM 9KC(DY3UH apTepHAIbHO KPOBHU /10
noctrkenust A/l = 40 MM pT. CT., TIOC/IE Yero JJaHHBII YPOBEHbD ap-
TepHaIbHOI TUIOTEH3UN TTOIEPKUBAIIU € TIOMOIIBIO TIOBTOPHBIX
JT03MPOBAHHBIX 9KChy3uii/perHdy3uii KpoBu B Tedenne 60 MITHyT
(mozenp kposororepu 110 Wiggers C. J., moaudunnpoBanHas B
HUWU o6meii peanumarosiorun um. B. A. Herosckoro) [16]. 3a-
TeM TMPOBOIIN perHbY3HIo 3a6panHoro o6beMa KpoBH (ayTore-
MoTpaHcdysust), yaajnenne Katerepa 13 XBOCTOBOW apTepuu, Me-
CTHBIII FeMOCTa3, MOCJIe Yero KPbIC TepeMeliain B BUBAPUI [1Jist
BOCCTaHOBJIEHUST. YKUBOTHBIX BTOPOII TPYIIIbI (OIBITHASI, <KPOBO-
norepsi ¢ epdropanoms», n=10) 1moaBepraiu TEM e CaMbIM M1PO-
Helypam, 3a UCKJIIOYEHHEM TIPeABAPUTENIBbHOTO (32 45 MUHYT 710
Havaja KPOBOIIOTEPH) BHYTPUAPTEPHATIBLHOTO BBeEHHs T1ephTO-
pana B so3e 3 MJuI/KT. Tperbio rpytiy (MHTAKTHbIE JKUBOTHBIE,
n=12) cocTaBUI¥ KPLICHI, KOTOPbIE B TIEPBBII JI€Hb IKCIIEPUMEHTA
He TO/IBEPTAICh HUKAKIM MPOTIELypaM U OBLIN «HOPMOM» st
JTAHHBIX YCJIOBUH 9KCIIEPUMEHTA.

Yepes 24 vaca nocsie penHdy3uu KPOBU MO/l HEMOYTATOBBIM
HApKO30M (45 MI/Kr BHYTPUOPIONINHHO) HPOBOAUIN TIOBTOPHYIO
KaTeTepu3alfio XBOCTOBOW apTepun (JIJIsi MHTAKTHBIX KPbIC —
[EPBIYHYIO), TeNApUHU3AIINIO U 360D MPO6 apTepUaIbHOi KPOBU
15T TaGOPATOPHOTO MCCTEI0BAHNUS (KICIOTHO-OCHOBHOE COCTOSI-
uue [KOC], anekrponutsi, Hb, Ht, MUKPOCKOINS Ma3KOB KPOBH).
[Ipo6bI cMelaHHOIl BEHO3HON KPOBU JJist GOXUMUYECKOTO aHa-
si3a (TI0K03a, CBIBOPOTOYHOE JKeTe30, OO GeTOK, MBI
11pod b, MOYEBNHA 1 KPEATHHIH ) TTOJIYYaJIH TIOCPEACTBOM ITyHK-
11K [IPaBbIX Kamep cepaia. [locse aToro sKUBOTHBIX MO/BEPrasIn
HeMe/IJIEHHOI 9BTaHa3UM € MOMOIIIBIO BHY TPUAPTEPHATBHOTO BBe-
JIEHUS JIETATLHON J03bI HeMOyTaa.

Mopdosiornueckuii aHa M3 IpUTPOLUTOB IIPOBOANIH B CY-
XMX HEOKPAIIeHHbIX Ma3KaX KPOBHU, B MOHOCJIOE C TIOMOIIIBIO CBe-
tooro mukpockona Olimpus BX-50. ITpu ysesnuenun X1000
(10x100), moxcunrsiBanu 1000 kaeTok Ha Mazok. Vcnosb3oBa-
s kraccudukammio Bessis M. [17], corsiacHo KOTOPO# BBIIES-
10T TPU OCHOBHBIE (hOPMBI HPUTPOIUTOB, & IMEHHO: TUCKOIUTHI,
AXUHOIUTHI U CTOMATOIUTLL. PaccunThIBaIM IPOIEHTHOE COIEP-
JKaHue BblJeseHHbIX Gopm aputponnToB. [lutomerpuio mposo-
JIUJTH € TIOMOIIBIO iporpammbl ImegeScopeM. OrnennBasnn mpo-
[EHTHOE COJIepKaHue JUCKOIUTOB Majoro (MeHee 5,5 MKM) U
6oabioro (G6osee 6,7 MKM) pasMepa, CPeHUI AUaMeTp ANCKO-
UTa. YBeJIn4eHue MPOIeHTHOTO CoepyKanist OOJIBIINX M0 pa3-
Mepy AMCKOIUTOB U UX CPEIHETO AnaMeTpa IIPH IOCTreMOppari-
YeCcKOW aHeMHMM PAacCMaTPUBAIM KaK IPU3HAK IOBBIIIEHHOTO
COJIepyKaHUsT B KPOBU «MOJIOABIX» (hopm apurporutos [18]. s
orpejie/ieHusl KOJMYECTBA PETUKYJIOIUTOB Ma30K IOJBEPrasu
CYTPaBUTANBHON OKpacke GPUIIHHTOBBIM (KPE3UTOBBIM) CH-
HUM B ipo6upke. [IPOBOANIN PacyeT KOJMIeCTBA PETUKYIOIM-
toB Ha 1000 apuTporuToB. Ha moptaTuBHOM IIPOTOYHOM aHAJIU-
sarope i-Stife-300 (Abbott, CIITA), kaprpumxe cepun CG+8
onpenensiu nokasarean KOC, anexrpoauts, Hbu Ht. Buoxu-
MHUYECKUI aHaln3 KPOBU MPOBOANIN HA ABTOMATHYECKOM aHa-

of Perftoran on the morphological characteristics of red
blood cells and the biochemical parameters of blood 24
hours after acute blood loss and autotransfusion.

Materials and Methods

Studies in animals were performed in accordance to provi-
sions recommended by the Committee on the science of laborato-
ry animals (WHO), requirements of the European Convention
for the Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg, 1986) and require-
ments of the Committee on Animal Research and Ethycs of the V.
A. Negovsky Research Institute of General Reanimatology.
Experiments were carried out in 30 male outbred rats 250 g to
300g body mass at the conditions of spontaneous breathing and
room temperature of 22—24°C. The animals were anesthetized by
intraperitoneal injection of pentobarbital (45 mg/kg). Animals
were divided into three groups. In the animals of the first group
(control, n=8) a polyethylene catheter was advanced through the
tail artery for blood shedding and reinfusion and a preliminary
heparinization with 50 U/kg of unfractionated heparin intraarte-
rially was conducted. Blood loss modeling was carried out by the
exfusion of arterial blood until the blood pressure of 40 mm Hg,
then this level of hypotension was maintained by repeated exfu-
sion/reinfusion of blood for 60 minutes (Wiggers model of hemor-
rhagic shock, modified in V. A. Negovsky Research Institute of
General Reanimatology [16]). Then, withdrawn blood volume
was reinfused (autotransfusion), the catheter was removed from
the tail artery, local hemostasis was applied and the rat was trans-
ported to animal facility for recovery. The animals of the second
group (test group, n=10) were subjected to the same protocol,
except preliminary (45 minutes before blood withdraw) intraar-
terial administration of Perftoran at a dose of 3 ml/kg. Intact ani-
mals (n=12) which were not under any manipulations during the
experiments were included in the study as group 3.

In 24 hours the repeated tail artery catheterization,
heparinization and arterial blood sampling for laboratory testing
(acid-base status [ABS], electrolytes, Hb, Ht, blood smear
microscopy) were carried out under pentobarbital anesthesia (45
mg/kg, ip) in rats from groups 1 and 2. Samples of the mixed
venous blood for biochemical analysis (glucose, serum iron, total
protein, lipid profile, urea and creatinine) were obtained by the
puncture of the right heart. Then, animals were euthanized with
pentobarbital at a lethal dose (150 mg/kg).

Morphological and morphometric analyses of monolayers of
dried unstained blood smear slides were performed with the aid of
Olympus BX50 (Japan) light microscope at a magnification of
1000 (10x100); 1000 cells per smear were counted. We employed
the classification of Bessis M., according to which there are three
main forms of red blood cells, namely discocytes, echinocytes and
stomatocytes [17]. Numbers of small (less than 5.5 micrometers)
and large (more than 6.7 micrometers) discocytes were determined
in each sample, and average diameter of discocytes was computed.
Increased proportion of larger discocytes and their average diame-
ter in post-hemorrhagic anemia is considered as a sign of elevated
blood level of «young» forms of erythrocytes [18]. To determine
the number of reticulocytes, a smear was subjected to supravital
staining with Brilliant Cresyl Blue stain. Reticulocyte proportion
was calculated as a number per 1000 erythrocytes. With the aid of
a portable clinical analyzer i-STAT-300 (Abbott, USA) and car-
tridges CG+8, the parameters of ABS, electrolytes, Hb and Ht
were determined. Routine biochemical analysis of blood was per-
formed using an automated analyzer Miura ONE (Italy).

Statistical processing of the data were performed using
Statistica 6.0. The significance of differences between the
groups was assessed by ANOVA test and Mann-Whitney U-test.
Data were presented as medians (Me), 25% and 75% per-
centiles. Differences between groups were considered signifi-
cant at P<0.05.
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tepu u penHdy3uu kposu [Me (25%; 75%)].

Table 1. Acid-base status and blood biochemistry in rats 24 hours after the blood loss and autotransfusion Me (25%; 75%).

Parameters Values of parameters in the groups

1 2 3
pH 7.41 (7.37; 7.44)* 7.40 (7.38; 7.40)* 7.37(7.37;7.38)
pCO,, mm Hg 46.2 (43.1; 49.0)* 43.3 (40.5; 45.0)** 50.2 (48.2; 53.3)
pOs, mm Hg 81.5 (76.0; 88.5) 93.0 (81.0; 96.0)* 81.5 (80.0; 86.5)
BE, mmol/I 5.5 (4.0;6.7) 1.0 (0.0; 1.0)*# 4.0 (4.0; 5.5)
HCO3, mmol/1 30.0 (28.4; 30.9) 26.3 (25.9; 28.2)** 29.1 (28.4; 31.6)
Sa0y, % 96.0 (94.0; 97.0) 97.0 (96.0; 97.0) 96.0 (94.5; 96.5)
Na*, mmol/I 143.0 (141.0; 144.0) 142.0 (141.0; 143.0) 144.0 (142.0; 144.0)
K*, mmol/1 3.9 (3.8 4.1) 3.7 (3.6;3.7) 42 (4.0;4.2)
Ca2*, mmol/1 1.32 (1.26; 1.39) 1.35 (1.34; 1.39) 1.34 (1.32; 1.38)
Ht, % 26.0 (24.5; 27.5)* 29.0 (27.0; 31.0)*# 38.9 (34.9; 39.0)
Hb, g/dL 8.7 (8.2; 9.4)* 9.9 (9.2; 10.8)** 12,5 (11.1; 12.6)
Glucose, mmol/I 9.1 (8.7; 10.0) 9.3(7.8;9.8) 8.7 (8.4;9.9)

Serum iron, pmol/1
Total protein, g/L
HDL, mmol/I
Triglycerides, mmol/1

Total cholesterol, mmol/I

Creatinine, pmol/I
Urea, mmol /1

13.6 (8.4; 16.8)*
57.2 (54.0; 60.2)
0.97 (0.9; 1.0)
0.58 (0.40; 0.74)
2.60 (2.36; 3.06)*
58.0 (44.0; 64.0)
45(3.9;5.7)

18.0 (17.9; 20.1)*#
54.6 (54.0; 55.0)
0.83 (0.8; 0.9)*
0.4 (0.36; 0.54)
2.12 (2.08; 2.35)*#
57.0 (54.0; 60)
5.6 (5.5;6.1)

27.9 (25.4; 30.5)
56.5 (53.9; 60.0)
0.9 (0.8; 0.9)
0.18 (0.16; 0.54)
1.74 (1.71; 1.84)
47.0 (46.0; 60.0)
5.0 (4.7:5.6)

Note (npumevanue): ¥ — P<0,05 mexxay rpynmamu 1 u 2; * — P<0,05 110 cpaBHenuio ¢ rpymioii 3; parameters — mapamerpsl; values
of parameters in the groups — snauenus nokasareseii B rpynmax; 1 — control — konTposbnast; 2 — test — onprTHast; 3 — intact —
unraktHbie; pCO, — partial pressure of carbon dioxide (napuuanproe nasienue aByokucu yriepoza); pOy — partial pressure of oxy-
gen (mapuuanbhoe aasienne kuciopoaa); BE — base excess/deficit (usboitok/mnenocrarok ocnosanuii); HCO3 — bicarbonate con-
tent (comepskanne 6ukapbonara); SaO, — oxygen saturation of arterial blood (xmcopoaHoe HachimeHne apTepHaIbHOIT KPOBH);
HDL — high-density lipoprotein (Jumnonporentsl BbICOKON II0THOCTH); glucose — riokosa; serum iron — ChIBOPOTOUHOE JKEJE30;
total protein — o6uuii 6esok; high deusity lipoproteins — smumonporenibl BoIcOKo# moTHocT; triglycerides — tpuriimepust; total
cholesterol — o6mmnit xosectepns; creatinine — kpeatnHuH; urea — MoueBnHa; mm Hg — MM pr. ct.; mmol /1 — mmous /o1; pmol /1 —

mMkMoab/m; g/dL — r/nm; g/L — /.

suzatope Miura ONE (Urtamust). Craructudeckast o6paboTka
Pe3yJIbTaTOB MCCJIEOBAaHUSA [IPOBOANIACH € HMCIOJIb30BAHUEM
rnakera mporpamm «Statistica 6». /loctroBepHOCTD pazauymii uc-
cJIe/lyeMbIX MOKazaTes el MesK/ly TPYIIaMi OleHUBAIN 10 KPH-
tepuio ANOVA, U xpurepuio Buskokcona-Manna-Yutnu. Pas-
JINYUST CYUTATUCH JOCTOBEpHBIME T1pu p<0,05. DKCIIepUMEHTHI
IIPOBEJIEHBI C YYETOM TI0JIOXKEHHIT, PEKOMEH/I0BAHHBIX KOMHTE-
TOM MO HayKe O JabOPaTOPHBIX SKUBOTHBIX U TOIEPKAHHBIX
BO3, cormacno tpebosanusam Esporeiickoii konsenimu (Crpa-
cOypr, 1986) 1o comepskanuio, KOPMIEHHUIO U YXOLY 3 MOIOIBIT-
HBIMU JKUBOTHBIMU.

PesyubraThl 1 00CyKAEHUE

[Ipu anammze mapamerpoB KOC apTepnaibHOil Kpo-
Bu (Tabs. 1) B KOHTPOJIBHOW W MHTAKTHOIT IPYIIIaX OTMe-
YaJIi TEHEHIINIO K KOMIEHCHPOBAHHOMY MeTa00IIMIeCKO-
My aznkasnosy (yBemmuenue BE mpn HopmasbHOM 3HaUeHIT
pH) u ymepenHoii runepkamnany, B TO BpeMsI KaK B OTIBIT-
Hoii rpynme pH, pCO, u BE 6buin B npesesax HopMaiib-
HbIX 3Hadenuit, a pO, Ha 10% Bbile, YeM B OCTAIBHBIX
rpynmnax. JlaHHble pasinaust MLy TPYIIIaMHU COTIacyIoT-
€51 € YK€ M3YYEHHBIM OIarompUsTHBIM BIHsTHIEM mepdTo-
pana na napamerpsl KOC [4]. He BrioJiHe sicen renes oTMe-
YaBIleiicss TEHAEHINN K MeTabOJTNYeCKOMY alKalio3y B
KOHTPOJIbHOII ¥ MHTaKTHOM rpynmnax. Haubosee Beposit-
HON TIPHYMHON SBJISJIOCH HCIIOJNB30BAHHUE /TSI HapKO3a
Gap6uryparos (HemGyTain), pacTBOPbI KOTOPBIX 00JIAAAI0T
BBIPKEHHOH TeTOUHOH peaknueil. /lanHoe BimsgHMe HAp-

Results and Discussion

When analyzing the ABS of arterial blood (Table 1),
the control and intact groups showed a trend toward com-
pensated metabolic alkalosis (increased BE values at nor-
mal pH) and moderate hypercapnia, while in the test group
(group 2) the values of pH, pCO, and BE were within the
normal range and pO, values were 10% higher than in the
other groups. These differences between the groups are
consistent with studied positive effects of Perftoran on
ABS [4]. Reason for the trend toward metabolic alkalosis
in the control and intact groups is not clear. Most likely,
the cause is the use of barbiturate (pentobarbital) for anes-
thesia, since barbiturate solution has a pronounced alka-
line reaction. This influence of anesthesia apparently was
leveled out in the test group due to the complex action of
Perftoran.

Despite the autotransfusion, Hb and Ht values in the
control and test groups on the second day of the experi-
ment were lower in comparison with intact animals,
although the severity of anemia in the test group was lower
(Table 1). The development of anemia might be resulted
from the blood loss at stages of the experiment (artery
catheterization, blood sampling, bleeding in the postopera-
tive period) and/or suppression of erythropoiesis and
increased hemolysis. However, hemolysis is characterized
by elevated serum iron concentration. In our experiments,

OBIJAA PEAHMUMATOAOTM, 2015, 11; 3

www.reanimatology.com



10

Injury. Blood Loss

DOI:10.15360,/1813-9779-2015-3-6-15

KO3a B OIBITHOW TPYIIIIE, MO-BUIMMOMY, HUBEJIUPOBATIOCH
KOMILTIEKCHBIM fieficTBHeM mepdTopana.

Hecmotpst Ha penHby3nio KpoBH, Yepe3 CyTKH Ha-
Gumoau Gostee Huskue Besmuuabl Hb u Ht B KOHTpOIIB-
HOI 1 ONBITHON TPYIIAX B CPABHEHUU C MHTAKTHBIMU JKHU-
BOTHBIMH, HO TIPH ATOM BBIPA)KEHHOCTb AHEMHH B OTIBITHOM
rpymme Gbiia Menbiie (tabs. 1). Pazsutre aneMun MOKHO
0OBSICHUTD TIOTEPEil KPOBY HA dTAIlax dKCrepuMeHTa (Ipu
KaTeTepusaIu aprepu, 3abope mpod KPOBU, KPOBOTOUN-
BOCTb B ITOCTICOIEPAIIIOHHOM IIEPHO/Ie), a TAKXKe YTHETCHH-
€M 3PUTPOII093a U TOBBIIICHHBIM reMon3oM. OHAKO It
reMOoJIN3a XapaKTePHO HOBBIIIEHNE CBIBOPOTOYHOI KOHIIEH-
TPAIWN JKeJIe3a, a B IAHHON CepUH 9KCIIePIMEHTOB, HAIIPO-
THUB, IPOUCXOIUJIO CYIIECTBEHHOE CHIKEHHE CBIBOPOTOY-
HOH KOHIIEHTPAIlNX ’Kesie3a B KOHTPOJIBHOH U, XOTSI M B
MEHbIIIel CTeleHu, B ONbITHON rpyrmax (Tabu. 1). Bmecre ¢
TEeM CHIDKEeHHE KOHIIEHTPAIINH HOHU3MPOBAHHOTO sKesle3a B
CBIBOPOTKE KPOBH HE OTpakaeT €ro IiepepaclipesiesieHIe
MEKY crennduyecKUMN TPAHCIIOPTHBIMU U JIETIOHUPYIO-
mumMu Gesikamu (heppurut, Tpacdepput u ap.) [12]. Tak,
B 9KCIepUMeHTaIbHOI pabote [19] mokasano, 4ro mpu
TpaBMe C KPOBOTIOTepeil TPOUCXOANTIO CHIDKEHNE KOHIIEHT-
paIy CBIBOPOTOUHOTO JKejle3a € OHOBPEMEHHBIM ITOBBI-
IIeHUeM KOHIleHTpaluu Tpancdeppruta 1 GpepputuHa, npu
aTOM 00IIee co/iepKanue JKeie3a B UPKYJIUPYIOel Kpo-
BU yBesnunBanoch. CXoHbie HapyIieHusi 0OMeHa JKejesa
OTMEUAIUCh Yy OOJIbHBIX XUPYPIUYECKOro Npousist B Mo-
CJICOTIECPAIIIOHHOM IIepHOJie, KOTOPbIe COXPAHSINCH Ha
MIPOTSIKEHUM 4-X HeJlesib rocse oneparuu [20].

Uepes cyTkH mocsie KPOBOIOTEPH U penH(pYy3UH Co-
Jeprkanue 06OIIero XoJectepuHa B KPOBU JTaGOPATOPHBIX
SKMBOTHBIX BO3PACTAJIO KAK B KOHTPOJIbHOM, TAK 1 B OIIBIT-
Hoii rpymie. B rpyme ¢ BBesiennem nepdropana yBesmue-
HHe IAaHHOTO 1T0Ka3aTeJIst IPOUCXOMIIO B MEHBIIIEH cTere-
Hu (taba. 1), uto corsacyercss ¢ COPOLMOHHBIMU U
JMNOMGUIBHBIMUA CBOMCTBAMU TIpETiapata U ero BIUsSHUEM
Ha ob6men BetectB [21]. VIHTEpECHO COMOCTaBUTDH MOJY-
YeHHBIE JIAHHbIE C pe3yJIbTaTaMi KJINHIYeCKOTO UCCIIe0-
BaHusi [22], B KOTOpOM u3ydasicsi OOMEH XOJIeCTepPUHA Y
GOJIBHBIX C TSIKEIOU MEXaHUYECKOI TPAaBMOI U KPOBOIIO-
tepeit. Ha ¢done pazsutus aucaunugemunt (TIOBbIIIEHUE
KOHIIEHTPAIIMU aTepPOreHHbIX (hpaKIMil XoJaecTepuHa) oT-
Meuasach JAByxdasHas AWHAMUKA OOIINEro XoJecTeprHa
(cumwkenne Ha 1—2-e CyTKU U TOBBITIEHNE Ha 5—8-¢ CyT-
k1). [Ipumenenne nepdropana B KOMIIJIEKCE MHTEHCUBHOM
Tepanuu TSDKETOH TPaBMBI OKa3bIBATIO HOPMAJIHU3YIOIIee
JieiicTBUe Ha JIMTTUHBIH TPOhUIIb B KPOBH MAIMEHTOB.

[Tpn paccMOTpeHMM TPUBEJEHHBIX PE3YJbTaTOB B
KOMILJIEKCE, MOKHO 3aKJIOYHUTh, YTO B TPYIINE JKUBOTHBIX,
KOTOPBIM IIPeIBAPUTEILHO BBOIIIN MephTOpaH, MoKa3arte-
s Hb, Ht 1 KoHIIeHTpaIuu CbIBOPOTOYHOTO JKeJle3a CHU3H-
JIUCH B MEHbIIIEI CTENEHN, YeM B KOHTPOJIbHOM IPYIIIE, XOTS
1 He JIOCTUTJIN 3HAYEH W1, XapaKTEPHBIX JIJIsI MHTAKTHBIX JKU-
BoTHBIX. O6paraer Ha cebst BHUMaHIE OJHOHATIPABICHHOE
M3MeHeHHNe KOHIIEHTPAINY CBIBOPOTOYHOTO JKeJle3a C BesIi-
yunamu Hb 1 Ht, 4To 1103BOISET BBICKA3aTh MPE/IION0KE-
HIE O COIPSDKEHIH YPOBHS CBIBOPOTOYHOTO JKeJie3a CO CTe-
MEHbI0 CHIDKEHMS JIAaHHBIX TIOKasaTeJeill KPacHOH KPOBH.

by contrast, there was a significant reduction in serum iron
concentration in the control and test groups, though to a
lesser extent in the latter (Table 1). At the same time,
decrease in concentration of ionized iron in serum does not
reflect its redistribution between the specific transport and
depot of proteins (ferritin, transferrin and others) [12]. For
example, experimental study has demonstrated that the
injury with blood loss was accompanied by a decrease of
serum iron concentration with simultaneous increase in
the concentration of transferrin and ferritin, and the total
content of iron in the circulating blood was increased [19].
Similar disturbances of iron metabolism were observed in
surgical patients in the postoperative period and persisted
for 4 weeks after surgery [20].

The day after the blood loss and autotransfusion,
total cholesterol level in the blood of laboratory animals
increased both in the control group and test one. Again, in
the group with Perftoran administration this parameter
was increased to a lesser degree (Table 1) that is consistent
with the sorption and lipophilic properties of the drug and
its effects on the metabolism [21]. It is interesting to com-
pare the data obtained with the results of a clinical study,
in which cholesterol metabolism has been studied in the
patients with severe mechanical trauma and blood loss
[22]. On the background of dyslipidemia (increased levels
of atherogenic fractions of cholesterol) the biphasic
dynamics of total cholesterol (a decrease on the 1—2th days
and an increase on the 5—8th days) was observed.
Perftoran administration in the complex intensive therapy
of severe trauma had a normalizing effect on the blood lipid
profile of the patients.

Results of performed experiments in this study sug-
gest that in the test group values of Hb, Ht and serum iron
concentration decreased to a lesser degree than in the con-
trol group, but not reached the values typical of intact ani-
mals. It is noteworthy an unidirectional change in serum
iron concentration and indices of Hb and Ht that suggests
an association of serum iron concentration and degree of
reduction of red blood cells indices. Hypothetically, these
results are related to the change in the qualitative compo-
sition of red blood cells after reperfusion. In this connec-
tion, it was appropriate to investigate the morphological
characteristics of red blood cells and functional activity of
bone marrow day after blood loss and autotransfusion.

When analyzing the morphological characteristics of
red blood cells we revealed significant differences between
the study groups of animals (Table 2). In the animals of a
test group the average size of discocytes and the percent-
age of these cells with a diameter greater than 6.7 microm-
eters were higher than in other two groups of animals. This
fact may indicate a predominance of relatively «young»
red blood cells, which are characterized by a larger cell
diameter, in circulating blood [18].

The analysis of altered erythrocyte forms showed a
sharp increase in the percentage of echinocytes (up to
32%) in the control group, while they are virtually absent
in the blood of intact rats (Table 2). At the same time in
the animals of test group the percentage of echinocytes
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Tpasma. Kposonoreps

Ta6auna 2. CpaBHUTEIbHASI XAPAKTEPHCTUKA IPUTPOIMTOB Y KPbIC Yepes 24 4 mocjie KPOBOMOTEPH U peuH(y3UuH KpPo-

BU [Me (25%; 75%)].

Table 2. Comparative characteristics of red blood cells in rats 24 h after blood loss and autotransfusion Me (25%;

75%).
Group Discocytes distribution The average size The percentage of reticulocytes
according to their size, % of discocytes, um and red blood cells modified forms, %
less than 5.5 um  more than 6.7 um reticulocytes stomatocytes echinocytes
1 2.2 47.6 6.6 0.2 0.0 321
(1.4; 2.4) (44.1;51.1) (65;66)*  (0.1;035)*  (0.0;0.0)*  (27.5;37.8)*
2 1.65 60.6 6.8 2.0 2.1 0.0
(1.3;1.8) (57.0; 66.0)*# (6.7; 6.8)*# (1.8;2.1)*# (0.0; 3.1)*# (0.0; 1.2)*#
3 1.4 50.6 6.7 0.9 3.0 0.0
(0.6;2.7) (41.5; 58.6) (6.6;6.7) (0.7;0.9) (2.6;3.1) (0.0;0.0)

Note (mpumeuanue): # P<0,05 mexxny rpymmamu 1 u 2; * P<0,05 no cpasHenuto ¢ rpymmoii 3; group — rpymmna; 1 — control —
KOHTpOJIbHast; 2 — test — ombiTHag; 3 — intact — wmurakrhbie; discocytes distribution according to their size — pacnpenenenue
JIACKOITMTOB T10 padmepy; the average size of discocytes — cpeanuii auamerp auckonnTos; the percentage of reticulocytes and red blood
cells modified forms — npouenTHoe copepskanue peTHKYJIONUTOB U M3MEHEHHBIX 9pUTPOIUTOB; reticulocytes — peTuKyIonnTh; stoma-
tocytes — cromarouutsl; echinocytes — axunonutsr; less than — 0; more than — Gosee; pm — MKM.

ITH Pe3yJbTaThl, BO3MOXKHO, CBSI3aHBI € OCTperepdy3HOH-
HBIM U3MEHEHMEM KaueCTBEHHOTO COCTaBa IPUTPOIUTOB. B
CBSI3U € ATHM MPEJICTABISIIOCH TENeCO0OPA3HBIM HCCIE0-
BaTb MOP(OJIOTHYECKIE XaPaKTEPHUCTHKH SPUTPOLUTOB 1
(byHKIIMOHATBHYIO aKTUBHOCTH KOCTHOTO MO3Ta 4epe3 CyT-
KU TI0CJIe KPOBOTIOTEPH U PEMHDY3HIL.

[Tpn anammse MOp}OTOrNIeCKUX XapaKTePUCTUK
APUTPOIUTOB BBISBUJIN CYIIECTBEHHbBIE PA3JIUUUS MEKILY
HCCJIELyeMBIMHU TPYTIIIAMHU KUBOTHBIX (TabuI. 2). Y JKUBOT-
HBIX OTIBITHOH IPYIIIBI CPEJHNI Pa3Mep AUCKOIMTA U MTPO-
IIEHT 3TUX KJICTOK ¢ AnaMeTpoM Oosee 6,7 MKM ObLIN BbI-
111e, YeM y JKMBOTHBIX JIBYX APYTUX rpymir. [lauubrii (axr
MOJKET YKa3bIBaTh Ha MpeobJajianie B KPOBOTOKE OTHOCHU-
TEJIBHO «MOJIO/IBIX» SPUTPOIUTOB, JJIS KOTOPBIX XapaKTe-
pen Goubimii auamerp Kiaerku [18].

AHann3 M3MeHEeHHBIX (HOPM IPUTPOIUTOB ITOKA3AI
pe3Koe BO3pacTaHHMe MPOIEHTHOTO COMAECPIKAHUS IXUHO-
1uToB (710 32%) y JKUBOTHBIX KOHTPOJIBHON TPYIIIIBI TIPU
UX MPAKTUYECKU MOJHOM OTCYTCTBUM B KPOBU MHTAKT-
HbIX Kpbic (Tabs. 2). IIpu 9TOM y JKUBOTHBIX OIBITHOI
TPYIIIBL B Te JK€ CPOKHU HKCIIEPUMEHTA IPOIIEHTHOE CO/IEP-
JKaHNe HXUHOIUTOB HE OTJIMYATIOCH OT UX COAEPIKAaHUSI Y
KPbIC MHTAKTHO¥ rpymbl. Copepskanne CTOMaTOIMTOB B
KOHTPOJIbHOI ¥ OTIBITHOM TPYIIIAaX CHU3UJIOCH 10 CPaBHE-
HUIO C UHTAKTHBIMU JKUBOTHBIMH, OJTHAKO HTH NU3MEHEHUS
y GOJIBITMHCTBA JKUBOTHBIX OCTaBAJINCH B ITpe/esiax Hop-
Mbl (tabsr. 2). Hapsigy ¢ 9TUMH M3MEHEHUSIMH B KOH-
TPOJILHOI TpyIinie HabJIoAai arperatbl 9PUTPOIUTOB,
COCTOSIIIIE U3 4—5 KJIETOK.

QDusnosornyeckoe 3HAYCHIE MOHKUIONNTO3a BO
MHOTOM €Ille¢ He U3YYEHO, & IPUUNHBI eT0 MOSIBJIECHUS HO-
caT HecnermduIeckuit xapaktep. B mMaszkax xkposu, mpu
(buKcanmn KJIeTOK CIUPTAMU WU aJIbJIeTHIAMHI, TIpeolJia-
naiomieit GopMoil IPUTPOIUTOB SIBJISIIOTCS JTUCKOIUTHI
(80—95%) n axunormtet (0—6%), a cromarorutst (0—2%)
u apyrue opmbl Berpeuatotes pexke [23]. IIpu aTom apu-
TPOTpaMMa CBEKHUX Ma3KOB KPDOBU MOJKET OTJINYAThCS OT
MIPUBE/IEHHON BBIIIE, HAIIPUMED, MTOBBIINIEHHBIM CO/IEPIKA-
HUEM 3XUHOIMTOB U cToMaronuToB. [Iporpeccupyiorue

did not differ from their content in the rats of intact
group. Stomatocytes content in the control and test
groups decreased compared to the intact animals, but
these changes remained within normal limits in most ani-
mals (Table 2). Along with described changes, erythro-
cyte aggregates composed of 4—5 cells were observed in
the control group.

The physiological significance of poikilocytosis have
not yet been clarified, and its causes seem nonspecific. In
smears of blood fixed with aldehydes or alcohols, the pre-
dominant erythrocytes forms are represented by disco-
cytes (80—95%) and echinocytes (0—6%), while stomato-
cytes (0—2%) and other forms are less common [23].
However, in fresh blood smears the erythrogram may differ
from the aforementioned one, for example, there may be a
higher content of echinocytes and stomatocytes.
Progressive changes of cell shape are accompanied by sig-
nificant alterations of erythrocytes ultrastructure
(cytoskeleton, plasma membrane), metabolism (decrease
in intracellular ATP concentration, the dysfunction of ion
pumps) [23, 24] and functional properties (oxygen trans-
port, deformability and aggregation) [6]. In particular,
echinocytosis is accompanied by the formation of high
density aggregates [25] caused by changes in the physico-
chemical properties of the erythrocyte membrane.
Echinocytes are the main form of red blood cells in a long-
time stored blood and considered as erythrocyte forms pre-
ceding to hemolysis. With the aid of atomic force
microscopy it was revealed that increasing blood storage
period was accompanied by the development of destruc-
tive changes in the membrane surface of echinocytes that
included multi-level protrusions and recesses (numerous
membrane defects including those on the spicules), reach-
ing a depth of 25—30 nm on day 10 of storage [26, 27].

The poikilocytosis commonly occurs in severe ane-
mia of any origin [12]. Both stomatocytes and
echinocytes appear in blood samples when the erythro-
cytes are exposed to various physical and chemical fac-
tors: change in ionic composition, osmolality and pH of
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n3MeHeHust GOPMbI KJIETOK COMTPOBOXKAAIOTCS 3HAYUTEIIb-
HBIMU HAPYIIEHUSIMU UX YIBTPACTPYKTYPBI (IIUTOCKEJIETA,
IJ1a3MaTuuecKoil MeMOpaHbl), MeTaboinsMa (CHUKEHUE
BHYTPUKJIeTOUHOH KoHIeHTpannun AT®, nuchynxims
MOHHBIX HacocoB) [23, 24| n (HyHKIMOHAIBHBIX CBOICTB
(KMCJIIOPOATPAHCIIOPTHAS CIIOCOOHOCTD, AedopMupye-
MOCTbB ¥ arperupyeMocTs) [6]. B wacTHOCTH, 9XUHOIIUTO3
COIIPOBOKIAETCS 0OPAa30BAHMEM arperaTtoB MOBBIIIEHHO
MIOTHOCTH [25], 9TO ¢BSA3aHO ¢ M3MeHeHneM (GU3NKO-X1-
MUYECKUX CBOWCTB MeMOPaHbI SPUTPOLUTA. DXUHOLUTHI
SIBJITIOTCST OCHOBHOH (DOPMOIT 3PUTPOIIUTOB B KOHCEPBU-
POBAHHOIT KPOBH JIJTUTEJbHBIX CPOKOB XPAHEHUS U CUNTA-
foTcd TpeareMosim3Hoi ¢opmoit. [Ipn aTom ¢ momotbio
aTOMHO-cU10B0i Mukpockonuu (ACM) oGHapysKeHO, 4TO
C YBEJIMYCHMEM CPOKA XPaHEHUsI KPOBU IIPOTPECCUPYIOT
JIECTPYKTHBHbIE U3MEHEHUsI [TOBEPXHOCTU MeMOpaH aXu-
HOIIMTOB, B BUJIE TIOSIBJIEHUSI MHOTOYPOBHEBBIX BBIPOCTOB
u yruy6Gaenuii (zedektoB MeMOpaHbl, B T. 4. Ha CIHKY-
Jax), pgocruraromux riayounsl 25—30 um k 10-M cyTkam
xpanenus [26, 27].

3BeCTHO, 4TO MONKUJIOIUTO3 HAOIIOAAETCS IIPU TSI~
JKEJIOM TeueHun aHeMmuu Jitoboro reresa [12]. Kak croma-
TOIUTBI, TAK W XUHOIUTHI MOSIBJSIOTCS B IIPOOAX KPOBU
IIPY BO3/IEHICTBUM HA SPUTPOIMUTHI PA3JINYHbIX (pusndec-
KHMX M XUMHUYECKUX (DAKTOPOB: UBMEHEHUSI HOHHOTO COCTa-
Ba, ocMoJisipHocTH 1 pH 11a3Mbl, 1eficTBUSI TOKCUYHBIX Be-
mectB. Comepkanue sTUX (HOPM KJIETOK B KPOBH Yy
YeJsIoBeKa YBEJIMYMBAETCS TAKXKE TPH OHKOJIOTHUECKUX 3a-
GosieBaHUSAX (9XMHOIMTHI), BUOPAIMOHHON (o0Je3HH, Tia-
PEHTepaIbHOM IUTaHuu |23, 24].

B 1esiom, onucaHHbie B JaHHOI paboTe U3BMEHEHUs
MOP(hOJIOTHH SPUTPOIUTOB FOBOPSIT O IPyObIX HAPYIIEHU-
SIX UX CTPYKTYPbI Uepes CyTKH TOCJIe KPOBOMOTEPU U PEHH-
(bysun («crapennes KpoBn) u 0 BHICOKOI 3(D(HEeKTUBHOCTH
nepdTopana B IpeIOTBPAIEHUN PA3BUTHS ITUX HapylIiie-
nnit. Hanbosee BeposATHBIM MEXaHU3MOM TOAO0OHOTO Jeii-
cTBUs 1Iep(TOpaHa SBJISIETCs ero MeMOPaHOCTAOUIMBHPY-
Iolllee U IIUTOIIPOTEKTOPHOE JIEHCTBUE HA IPUTPOIUT, YTO
COIIPOBOJK/IAETCS yJIydIlIeHUeM ero iehopMUpyeMocTH, ar-
perainoHHbIX CBOWCTB, YCTOHUYMBOCTHU K THITOKCHH ¥ T€MO-
amzy [8, 9, 28] u, cienoBaTesbHO, IPUBOJUT K YIYUIICHUIO
MUKDOIUPKYJISIIUNA KPOBU.

Cyl1iecTBeHHbIE OTJIMUYUS MEXK/IYy KOHTPOJIbHOW U
OIIBITHOIT TPy IIaMyu HaGJIIOIAIUCH U IIPU OIIEHKE PereHepa-
TOPHOII CIOCOOHOCTU KOCTHOTO MO3Ta 10 COAEPIKAHUIO Pe-
TUKYJIOIUTOB B 1iepudepuueckoil kposu (Tabu. 2). Tak, 110
CPABHEHMIO C MHTAKTHBIMHU SKUBOTHBIMU B KOHTPOJIBHOM
IpyIIe TPOUCXOMIIO CHUKEHHME IPOIEHTHOTO COJIeprKa-
HUST PETUKYJIONUTOB B 4,5 pasa, B TO BpeMsI Kak Ha (oHe
BBejieHUs TIepdTOpaHa — ATa BeJIMYUHA YBEJINYUBAIACH B
2,2 paza. MexaHM3Mbl Pa3BUTHS CYIIPECCUU IPUTPOIIOI3A B
1IepBbIe CYTKH 10CJIe KPOBOIIOTEPU PA3JIMYHBI U BKIIOYAIOT
B ce0st: JecTabuM3aluio TeHOMa TeMONOITUYECKUX KJe-
TOK, CXOKYIO 110 CBOUM TIPOSIBJIEHUSIM C JIEHCTBUEM HA HUX
paamnaionHoro obuyuenus [13]; yeusieHue arnonrosa Kie-
TOK-TIPE/IIECTBEHHUI] 9PUTPOIOI3A 110/l BO3JEHCTBUEM
MTPOBOCTIAJIUTEIBHBIX IUTOKUHOB; 3aMe/lIEHNe MX TPOJIU-
deparun u guddepeHIPOBKY B 3peiibie (hOPMbI IPUTPO-

plasma, toxins actions. Content of these cells in human
blood is increased in cancer (echinocytes), vibration dis-
ease, parenteral nutrition [23, 24].

In general, the changes of erythrocyte morphology
described in this paper disclose serious structural alter-
ations («aging» of blood) a day after the blood loss and
autotransfusion and the high efficiency of Perftoran in
preventing these disorders. The most probable mechanism
of this action of Perftoran is its membrane- and cytopro-
tective effect on erythrocytes, which is accompanied by
improvement of their deformability, aggregation proper-
ties, resistance to hypoxia and hemolysis [8, 9, 28] that
result in improved microcirculation.

Evaluation of bone marrow regenerative ability
revealed significant differences between the control and
test groups. Specifically, the content of reticulocytes in the
peripheral blood was 4,5 times decreased compared to the
intact animals from control group (Table 2). Perftoran
administration increased this values 2.2-fold. The mecha-
nisms of erythropoiesis suppression on the first days after
blood loss varied and include: tdestabilization of the
genome of hematopoietic cells similarly to manifestations
following radiation exposure [13]; increased apoptosis of
progenitor cells induced by proinflammatory cytokines;
slowing progenitors proliferation and differentiation into
mature erythrocytes; accelerated output of immature prog-
enitor cells into peripheral circulation; alterations of iron
metabolism in bone marrow [14, 29]. It should be noted
that these pathogenic factors act on the background of
increased serum erythropoietic activity (increased produc-
tion of erythropoietin and up-regulation of erythropoietin
receptors) [14, 30]. First days after trauma and blood loss
there is an increased DNA damage and apoptotic and
necrotic white blood cells death [31]. In addition, the
increased sympathetic nervous system activity and excess
of catecholamines significantly contribute to development
of bone marrow dysfunction after trauma and hemorrhage
[29]. Under these conditions, both prophylactic and ther-
apeutic use of nonselective beta-blockers prevented devel-
opment of erythropoiesis suppression and anemia. It can be
hypothesized that preliminary administration of Perftoran
not only stabilizes the erythrocyte membrane in the
peripheral blood, but also protects the bone marrow cells
from hypoxia and other adverse factors associated with
blood loss and autotransfusion (systemic inflammatory
response, metabolic disorders, catecholamines excess).
Thereby Perftoran might contribute to improving the
functional activity of bone marrow.

Conclusion

1. The day after the blood loss and autotransfusion
there is a reduction in levels of hemoglobin, hematocrit
and serum iron concentration. Total cholesterol level is
increased. Administration of Perftoran at a dose of 3 ml/kg
prior to blood loss improves the values of hemoglobin,
hematocrit and serum iron, and reduces the severity of
hypercholesterolemia.
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IIUTOB; YCKOPEHHBII BBIXO/l HE3PEJBIX KJIETOK-TIPE/IIIeCT-
BEHHUI] 9PUTPOII033a B Hepudepudeckoe pycsio; Hapylie-
Hute oOMeHa sKesiesa B KocTHoM mosre |14, 29]. Crenyer ot-
METUTh, YTO TIEPEUYHCJICHHBIE TTaTOreHeTnYecKne (hakTopbl
JeHCTBYIOT Ha hOHE YBETMICHHO 9PUTPOIIOITUIECKOI aK-
TUBHOCTH CBIBOPOTKM KPOBH (BO3PACTAET MPOLYKITHUS 9PHU-
TPOTIO9TUHA U IKCIPECCUST IPUTPOIOITUHOBBIX PEIEITO-
poB) [14, 30]. B nepBbie HM TTOCIE TPABMBI U KPOBOIIOTEPH
otmederno ysemmuenue /IHK-moBpexzgennit n ycuienue
MPOTIECCOB THOEHN GETBIX KJIETOK KPOBHU TI0 HEKPOTHYECKO-
My u anontoruueckomy mMexanusmy [31]. Takske nokazana
Ba)KHAS POJIb MOBBIMEHUS AKTUBHOCTH CUMIATUYECKOI
HEPBHOI CHCTEMbI U TMIIEPKATEXOJAMUHEMUN B PAa3BUTHH
MUCHYHKIINN KOCTHOTO MO3Ta TI0CJIe TPABMBI M KPOBOIIOTE-
pu [29]. IIpu aTOM Kak TpodriakTHIecKoe, TaK 1 Tepares-
THYECKOE ITPUMEHEHUE HECEJEKTUBHBIX OeTa-0JI0KaTopoB B
3HAYMTEJIBHOW CTENIECHU MPEAYIPEKIAET PA3BUTHE CYTIPEC-
CUU HPUTPOTIOd3A U aHEMUU B ATHUX yCJI0BUsIX. Vcxozs us
CKa3aHHOTO MOKHO TIPEJIITOJIOKUTD, YTO TIPE/IBAPUTEIbHOE
BBe/leHKe 1ep(TopaHa He TOJIbKO CTabumsupyer MeMopa-
HBI 9PUTPOIMTOB B TIeprhepruuecKoii KpoBH, HO U B HEKOTO-
POIl CcTerneHu 3aluIaeT KJIEeTKH KOCTHOTO MO3Ta OT THUIO-
KCUM ¥ JIPYTUX HEOIAronpusiTHbIX (haKTOPOB, CBSI3AHHBIX C
KpoBoroTepeii 1 penHbysueil KpoBH (CUCTEMHAs BOCHAIN-
TeJIbHAS PEAKIINs], MeTabOIMYeCKIe HAPYIIIeHNSs, THIIepKa-
texonmamuHemust). Ilpu aTom yiydinaercss (QyHKIMOHAIb-
Hasl aKTUBHOCTb KOCTHOTO MO3Ta.

BoiBoasl

1. UYepes cyTkn mocse KpOBOHOTEPH M ayTOTe€MOT-
paHcdysur MTPOUCXOAUT CHUKEHKE YPOBHsI T€MOIJIOOKMHA,
TeMaTOKPUTA U KOHIIEHTPAIIH CBIBOPOTOYHOTO Kemesa. Co-
JiepKaHne 00IIero X0JIeCTepUHA MIPH 9TOM YBEJIMINBACTCSL.
Baenenne nepdropana B 103e 3 MII/KT Macchl Tesra 710 Mojie-
JIPOBAHMST KPOBOTIOTEPH CIIOCOOCTBYET MOBBIIEHHIO OKA-
3aresieil reMOTJIOONHA, TEMATOKPUTA U CBIBOPOTOYHOTO JKe-
Jle3a, ¥ YMEHbBINAeT BbIPAKEHHOCTD TUIIEPXOJICCTEPHHEMIH.
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2. Preliminary administration of Perftoran increas-
es an average diameter of discocytes and prevents the
development of their transformation to echinocytes the
day after blood loss and autotransfusion, indicating a lower
severity of destructive changes in the cell membrane.

3. The day after the blood loss and autotransfusion
the suppression of erythropoiesis becomes evident in bone
marrow that is manifested by a significant reduction in the
content of reticulocytes in peripheral blood. Preliminary
administration of Perftoran improves the regenerative
capacity of bone marrow, which is manifested by increasing
reticulocytes content in the peripheral blood in compari-
son with intact animals.
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2. IlpenBapuresnbHoe BBe/eHME epTOpaHa yBeau-
YUBAET CPEAHWH IraMeTp AMCKOIWTOB U TPeryTpeKIaeT
pasBUTHE MX HXUHOIUTAPHON TpaHchopMalu yepes CyT-
KM TI0CJIe KPOBOIIOTEPU U ayTOreMOTpaHC(hy3HH, YTO yKa-
3BIBaeT Ha MEHBINYIO BBIPA)KEHHOCTH JIECTPYKTUBHBIX W3-
MEHEHUIT KJIeTOUHOU MeMOPaHBbL.

3. UYepes cyTku mocisie KpOBOIOTEPU U AyTOTEMO-
Tpancdysun oTMevaeTcs I0AaBICHIe 9PUTPOII0I3A B KO-
CTHOM MO3T€, TIPOSIBJIAIONICECS 3HAYUTEIBHBIM CHIUKE-
HUEM COJIepP)KaHNs PETUKYJIOIUTOB B IepuepuiecKoi
xposu. [IpeaBapurenpnoe BBesenue nepdropana yiayd-
[IaeT pereHepaTropHbie CIOCOOGHOCTH KOCTHOTO MO3Ta,
YTO TPOSIBIISACTCS YBEJUUCHUEM COJIEP/KANNS PETUKYJIO-
IUTOB B Iepudepruveckoil KpOBU 10 CPABHEHUIO C WH-
TaKTHBIMU KUBOTHBIMH.

BaarogapHocTb. ABTOPBI HCKPEHHE NPH3HATEIbHbI
Maunaxosoii C. B. 3a noMomup B npoBeieHun aaboparop-
HBIX MCCJIEIOBAHUI B X0/I€ IKCIIEPUMEHTAIBHOMH PaGOThI.
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