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Iess uccneroBaHus — OLEHUTH POJIb TPAHC(hY3UH O30HUPOBAHHON HPUTPOIUTHON MACChl B BOCCTAHOBJIEHUH T10-
BPEK/IEHUI aDXUTEKTOHUKM MUKPOIIMPKYJISITOPHOTO PyCJia MUOKAP/Ia U KapZIMOMHUOIMTOB MIPH TSKEIOM KPOBOIIOTEPE.

Marepuain u Mmerozpl. [IpoBeieHo ABe cepur 9KCIIEPUMEHTOB 110 17 Gesbix 6ecropoHbIX KPbIC B Kax10ii. Ku-
BOTHBIX HAPKOTU3UPOBAJIU THOTIEHTaIOM HaTpus (25 Mr/Kr). KpoBoroTepio BbI3biBasiu myTeM 3a60pa y KpbIiC 3 MJI
KPOBH U3 XBOCTOBOII apTepuH, 4To cocTaBsieT 35% oT oObeMa IupKyaupyomieii kposu. Yepes yac 1mocie KpoBomo-
TepU B KOHTPOJIbHOI CEPUHU BBITIOJIHSIIN TPAHC(hY3UTO Ay TOIPUTPOLUTOB ¢ (PU3NOJOTUIECKUM PACTBOPOM 1 UH(DY3UIO
pactBopa Punrepa B cootHomenuu 1:1. B onbITHO# cepru KpbicaM BBOANIIN AyTOIPUTPOLMTHL, 00paboTaHHbIE 030-
HUPOBAaHHBIM (PU3NOJOTUYECKUM PACTBOPOM C KOHIIEHTpaImell o3oHa 2 Mr/a B o6beMe 3 M1 1 3 M1 pacTBopa Pun-
repa (cootHomienue 1:1). 3aroToBKa apUTPOIUTHON MACCHI OCYIIECTBIIATIACH U3 3 MJT Ay TOKPOBH, B3STOH Y JKHBOTHBIX
3a 3-€ CyTOK /10 aKcTepuMenTa. Ha 5-e cy Tk mocTTpancdy3noHHOTO Mepro/ia B 06EMX CEPUsX Uy 5 MHTAKTHBIX JKI-
BOTHBIX Ha (hoHE BHYTPUOPIONIMHHOTO BBeAeHUs THotieHTana Hatpust (100 mr/kr) ussiaexanu cepaue. Ha uccieno-
BaHue 3a0UPai CTEHKY JIEBOTO JKely0uKa. [MCTOMOrnuecKne cpesbl OKPaInBaIU FeMaTOKCHUIMHOM ¥ 903UHOM.
[TpocmoTp nipenapatoB u MOpGOMETPUUYECKIE UCCIEIOBAHUS OCYIIECTBIISIN Ha MUKpoBu3ope Vizo-103.

PesyabraTbl. YCTaHOBJIEHO, UTO IIPUMEHEHUE 9PUTPOIIUTOB, 0O0PabOTAHHBIX 030HOM, JJIsl KOPPEKIMU TSKeJI0i
KPOBOIIOTEPH OTPAaHMUYMBAET B TOCTTPaHChHY3NMOHHOM TIEpHOJIe YMEHbIIeHre Yrcia Tpoduieil KanuisipoB U ux
mrameTpa, GopMUpoBaHIe CMEMTAHHDIX W THAJTMHOBBIX TPOMOOB, YACTUIHO U TTOTHOCTHIO TIEPEKPHIBAIOTIIX TIPOCBET
MHUKPOCOCY/IOB, MACCUBHbIE KPOBOUBJIUSTHIS, CHUKEHNE Ynca npoduieil sijep, nepuBacKyIspHbIi, TepUIesIio-
JISSPHBII, IEPUHYKJI€APHBII 1 BHYTPUSIJIEPHBIN OTEK MUOKAPAMAIBbHON TKaHH, 30HBI TIePECOKPAIIEHUI KapOMIO-
IUTOB, C UX Pa3pbIBAMU.

3akuouenne. [losoxuTebHAS HATIPABIEHHOCTD IOKA3aTe/ei MUKPOIIMPKYJISIIIH, TVIOTHOCTU BACKYJISIPU3AINN
U OTEYHOCTH MUOKAaP/Ia, KaK IIPOTHOCTUYECKUX MAPKEPOB B OIIEHKE IIOTEHIMAIA TIOCTITUIIOKCUYECKON peabuinTaium
HOBPESKAEHHO! TKAHU, TIPU BOCIIOJHEHUU KPOBOIIOTEPU 030HUPOBAHHON 9PUTPOIMTHOI Maccoil o6ycIoB/eHa aH-
TUTUITOKCHYECKUM, AaHTHOKCUIAHTHBIM U JIETOKCUIIMPYIONIUM JIEHCTBUEM 030HA HA 9PUTPOIIUTEL M TIPOLYKTAMU €TI0
peakInii — 030HU/IAMU Ha OPTAaHU3M KPBIC B IOCTTPAHC(HY3MOHHOM MEPUO/IE.

Kntouegwie cnosa: kposonomepsi; 030H; 030HUPOBAHHASL IPUMPOUUMHAS MACCA; MOPPON02USL MUOKAPIA

Purpose. To evaluate the role of ozonized erythrocytic mass transfusion in the restoration of damages in the ar-
chitectonics of myocardium microvasculature and cardiomyocytes in case of a severe blood loss.

Materials and Methods. Two batches of experiments were conducted, 17 white outbred rats in each. The animals
were anesthetized with thiopental sodium (25 mg/kg). Blood loss was caused by taking 3ml of blood from the tail artery
of rats, which is 35% of the circulating blood volume. One hour after the blood loss, transfusion of autoerythrocytes with
normal saline solution and Ringer’s solution infusion in 1:1 ratio was performed in the control batch. In the experimental
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batch, 3 ml of autoerythrocytes treated with ozonized saline solution with ozone concentration of 2 mg/l and 3 ml of
Ringer’s solution (1:1 ratio) were administered to rats. Erythrocyte mass was prepared from 3 ml of the autoblood har-
vested from the animals 3 days before the experiment. On a post-transfusion day 5, in both batches and in five intact an-
imals, hearts were removed following the intraperitoneal thiopental sodium injection (100 mg/kg). The left ventricle
wall specimen from each heart was removed for examination. Histologic sections were stained with hematoxylin and
eosin. The preparations were visually examined and morphometric studies were performed using microvisor Vizo-103.

Results. It has been established that administration of ozonized erythrocyte for severe blood loss correction lim-
ited the decrease in numbers of capillary profiles and their diameters, formation of mixed and hyaline thrombi fully
or partially occluding microvascular lumens, major hemorrhages and reduction of variation of nuclear profiles, de-
creased perivascular, pericellular, perinuclear, and endonuclear edema of myocardial tissue, cardiomyocyte overcon-
truction zone, and their ruptures.

Conclusion. The positive trends for microcirculation indices, vascularization density and myocardial edemati-
zation as prognostic markers in assessing potential posthypoxic rehabilitation of damaged tissues upon blood loss
correction with ozonized erythrocyte mass might be explained by the antihypoxic, antioxidant, and detoxifying ac-

tions of ozone on erythrocytes and/or its metabolites (ozonides) in the body post-transfusion.

Keywords: blood loss; ozone; ozonized erythrocyte mass; myocardium morphology
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BBenenue

Tsrenast KpoBonoTepst — npobJema, He yTpauu-
BaIOINAs CBOEI aKTyaJbHOCTU HA (DOHE TOCTHKEHU I
coBpeMeHHOU peanumarosnoruu [1, 2]. ITo cBg3ano,
MIPEsKIe BCETO, C BBICOKOH JIETAIbHOCTBIO, BCIEACTBHE
3aKOHOMEPHO pa3BUBalolleiics Ha (oHe TKaHeBOU
TUITOKCUU TTOJIMOPTanHoi HeocTarounoctu [ 1]. Baxk-
HEUIUMU MaToreHeTnyeckuMu pakropamu ee Gop-
MUPOBAHUA SABJIAIOTCS TUIIOBOJIEMUS U PeEoJioTHYe-
CKMe  W3MEHEHUs  KpPOBHW,  TPUBOJANIME K
MUKPOIUPKYJIATOPHOMY OJIOKY, a TAKKe 3HAUMTEb-
HOe MOP(HOJIOTHYECKOe Pa3o0IeHne CTPYKTYP TKAHEI],
00y CJIOBJIEHHOE BBIPAKEHHBIM UHTEPCTUINATIBHBIM U
BHYTPHUKJIETOUHBIM oTekoM |1, 3]. Dopmupyioiuecst
B 9TUX YCJOBUSAX THNIONEPDY3Ud U HUIIeMUIECKOE
MOBPEKICHIE MIOKAP/la BMECTE C aHEMUEl SABJISIOTCS
MPUYNHAMU PA3BUTUS CEPACTHON HEJOCTATOUHOCTH B
MOCTTEMOPPArnYeCcKOM TIepro/ie, YTO B CBOIO 0YePe/ib
yeyryOJIser TKaHeBYIO THIIOKCUIO M CHIKaeT adex-
TUBHOCTb MHTEHCUBHOU Tepanuu [1, 3]. YuurbiBas
MHOTOKOMIIOHEHTHOCTD JICUeHUST MUOKapANATHHON
IUCHYHKITNA TTOCTE TSKEI0H KPOBOTOTEPH, PAIlio-
HaJIBHBIM OblTa OBl MopMMUKAIUA OOJTUTaTHBIX €e
KOMIIOHEHTOB, TAKNX KaK TpaHchy3nsd spUTPOIUTHOM
Macchl. B nceeioBanusx, BHITOTHEHHBIX HAMU paHee,
ObLIa MoKa3aHa BhICOKast 9(PPEKTUBHOCTD O30HNPOBA-
HUA KOHCEPBUPOBAHHBIX 3PUTPOIUTOB i1 vitro [4—6].
B cBsA3M ¢ 9TUM 11€JTh UCCTEIOBAHUA — OIEHUTH POJIb
TpaHcdy3un 030HUPOBAHHOM HPUTPOITUTHOM MACCHI B
BOCCTAHOBJICHUY TIOBPEK/ICHUI aDXUTEKTOHUKN MUK-
POIMPKYIATOPHOTO Pyca MUOKap/ia U KapAMOMUO-
IUTOB ITPU KPOBOTIOTEPH.

MaTepnaJI N METO/1bl

IKCrepuMeHTaIbHOE UCCJIeA0BAHIE OBLIO BBIMOJIHEHO
Ha GeJTbIX HeJIMHEHHbIX Kpbicax Maccoit 180—220 r. Comep-
JKaHUe SKUBOTHBIX M TIPOBOJUMbIE C HUMU MaHUITYJISIH
OCYIIECTBJISIIU B COOTBETCTBUU C HODMATHBHBIMU JIOKYMEH-
TaMmH, pejicTaBaeHHbIMU B pyKoBozicTBe «Guide for care and
use of laboratory animals. ILAR publication, 1996, National

Introduction

Severe blood loss is a problem still relevant at the
background of contemporary resuscitation advances
[1, 2]. This is related, firstly, to high mortality due to
multiple organ failure expectedly developing at the
background of tissue hypoxia [1]. Most important
pathogenic factors of its formation are hypovolemia
and rheological blood changes resulting in microcir-
culatory occlusion, also significant morphological sep-
aration of tissue structures due to prominent
interstitial and intracellular edema [ 1, 3]. Hypoperfu-
sion and ischemic myocardial damage combined with
anemia, which form in this situation, are the reasons
for cardiac failure during the posthemorrhagic period,
which, in turn, aggravates tissue hypoxia and dimin-
ishes intensive care efficacy [1, 3]. Taking into account
the multicomponent nature of myocardial dysfunction
after a severe blood loss, modification of its obligatory
components such as erythrocytic mass transfusion
would be rational. Our earlier studies have demon-
strated high efficacy of preserved erythrocyte ozoniza-
tion in vitro [4—6]. In this connection, the purpose of
this study is to assess the role of ozonized erythrocytic
mass transfusion in the restoration of damages in the
architectonics of myocardium microvasculature and
cardiomyocytes in case of a blood loss.

Materials and Methods

The experimental study was performed on white out-
bred rats weighting 180—220g. The animals care and manip-
ulations with them were carried out following the regulatory
documents presented in guidelines «Guide for Care and Use
of Laboratory Animals. ILAR publication, 1996, National
Academy Press» and requirements of Russian Health Min-
istry Order No. 267 dated 19.06.03 «On Approval of Good
Laboratory Practice in the Russian Federation».

Blood loss was created by taking 3 ml of blood from
the tail artery of rats, which is 35% of the circulating blood
volume. The animals were split into 2 batches, 17 animals in
each. One hour after the blood loss, transfusion of autoery-
throcytes with normal saline solution and Ringer’s solution
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Academy Press» u tpeGosanusimu IIpukaza Munsapasa
Poccun Ne 267 ot 19.06.03 «O6 yrBepkaeHnn mpaBuI 1abo-
paropHoii npakTuku B Poccuiickoii Depepariuis.

Kposornorepio cospaBasu mmyreM 3a6opa y Kpbic 3 MJt
KPOBH M3 XBOCTOBOII apTepHH, UYTO COCTaBJSET 35% OT
obbeMa UpKyaupyiomeil Kposu. JKuBoTHBIE GbLITN pas/ie-
JieHbl Ha 2 cepun 1o 17 ocobeii B Kaxmoil. Yepes yac mocire
KPOBOTIOTEPH B KOHTPOJIBHOI CEPHUN BBITIONHSIN TPaHCDY-
30 AyTOIPUTPOIUTOB C (PU3NOJOTHIECKUM PACTBOPOM H
pactBopa Punrepa B cootnomennu 1:1. B onbiTHOI cepun
KPBICAM BBOJIMJIN ayTOIPUTPOIIUTEI, 00pabOoTaHHbIE 030HM-
posantbiM 0,9% pacropom NaCl ¢ konteHTpanueii 03ona
2 M1/ B 06beMe 3 MaT 1 3 MJT pacTBopa Purrepa (cooTHO-
menwne 1:1). ndysnonno-rpancdysnonnyio Tepamuio mpo-
BOJIWJIN B TEUEHHE 2-X YACOB.

3aroToBKY 9pUTPOIMTHOI MAaCChI OCYIIECTBIISIIN 13 3
MJT Ay TOKPOBH, B3SITOH Y KBOTHBIX 32 3-€ CYTOK /IO 9KCIIe-
PHUMEHTA, ¥ BKIIOYAIN 2-X KPaTHOE OTMbIBAHUE dPUTPOIH-
TOB (UBNOJOTHUYECKUM PACTBOPOM C MOCITEAYIONTIM
nobasiernuem 0,5 M koncepsanTa [IOTA 1 (MHH:Harpus
nutpat + Jlmmonnas kucsora + Hatpusa gurnapodocdar +
[lexctposa + Amennn). YKa3zaHHYIO 3PUTPOIUTHYIO Maccy
XpaHWIN B X0JoauabHuKe ipu Temmeparype 4°C. B nenn
Tparcdysun x 1,5 M1 ayToapuTponnToB 106aBsIIn 1,5 Mot
(bU3NOIOTNYECKOTO PAacTBOPa B KOHTPOJIBbHOI cepunt u 1,5
mit ozormposantoro 0,9% pactsopa NaCl — B ombITHOTL.
Osonnposanue HU3NOJOTHIECKOTO PACTBOPA TPONU3BOIIIN
HETIOCPE/ICTBEHHO Tepe] CMEINBAHIEM €TO € 9PUTPOIUT-
HOI Maccoi Ha yCTaHOBKE 030HATOPHOI TepareBTHYeCKON
asromaTtnieckoit YOTA-60-01-»Memnozon» (Poccus). Ilo-
caenHsas uarorossiena B coorBerctBun ¢ TV 9444-001-
11441871-97 u MokeT GBITH HCIIOJIb30BAHA B MEANTINHCKIX
VUPEKIECHIIX.

Ha 5-e cytku noctrpancdy3noHHOTO TIEPHO/A B KOHT-
POJIBHOIT ¥ OTIBITHOW CEPHUU Uy 5 MHTAKTHBIX JKUBOTHBIX Ha
(dhone BHYyTPUGPIONIMHHOTO BBEJCHHST THOTIEHTAIA HATPHSI
(100 MT/KT) OCYIIECTBISANN NE€KATUTAIINIO KPBIC, TTPOBO-
JIVJTY CPEAIHHYIO TOPAKOTOMUIO, M3BJIeKa cepie. Ha nc-
cJie/loBaHie 3a0MPa CTEHKY JIEBOTO KeTyI0YKa Ha BCIO
TOJIITY C TIPUJIesKATel Mann/aspHON MBITITIei. [rcTtomorn-
YeCcKHe MPerapaThl 71T CBETOONTHYECKON MIKPOCKOIIIH T'0-
TOBWJIN TIyTeM (UKCAIMN TKaHW MHOKap/a B TeUeHHe
72—96 4 B 10% pactBope HeiiTpaabHoro hopmasnia, 06e3-
BOJKUBAHUS B CIIMPTAX BOCXOJSAIIEH KOHIIEHTPAIINN 1 3a-
auBKY B mapaduH. Cpessl TOMMUHON 7 MKM B KOJUIECTBE
5 M3 PAsJIMYHBIX MECT KasK/[0TO Tperapara n3roTaBInBasIi
na Mmukporome SAKURA ACCU-CUT SRM 200, Model:
CRM 200 CW (Kwurait)  okpammBaam reMaTOKCUINHOM 1
9031HOM. [IpOCMOTP IMCTOIOTNYECKUX ITPETIAPAaTOB, PETHCT-
paruio n3o6paskeHnii u MoOpHoMeTpIIECKIE HCCICAOBAHIIS
ocymiecTBIsAN Ha Mukposuaope Vizo-103. Ha kakmom
cpese, B kosndectse 10, BIGUPaJIH MOJIst 3PEHEST [0 METOALY
CIyJalHBIX umces [7].

WccnenoBanm ciepyomue CTPYKTYPBl B HHTPaMy-
paJbHOM CJI0€e MUOKap/Ia: Yucyo mpodusei kannaaspos (N
Ha 1 Mm? nuormaau cpesa Muokapaa) ux auamerp (d, Mrm)
v mIomazh (S, MKM?) MOMEPEYHOTO CeYeHUs], YU CII0 TPOhu-
qieit sinep (N Ha 1 MM?) 1 uX 10mmazab S (MKM?), 9UCJIo TIpo-
dbuneit mepunykiaeaproro orexa (N Ha 1 MM?) 1 UX IO b
(S, mxm?). [Tnomanp sKkpana, Ha KOTOPOM M3y4aJin BhIllerne-
peumcJeHHble TokazaTend, coctaBiasima 500 MkMm?, yB.
63x/0,85.

Cratucrideckyio o6pabOTKY Pe3yJIbraToB MPOBEJIHU ¢
TIOMOTITHIO TTAKETOB TIPUKJIAAHBIX TTporpamMM Biostat m Mi-
crosoft Excel ¢ ncmonbzoBarneM METOI0B OJIHOMEPHOI cTa-

infusion in 1:1 ratio was performed in the control batch. In
the experimental batch, 3 ml of autoerythrocytes treated
with ozonized 0.9% NaCl solution with ozone concentration
of 2 mg/l and 3 ml of Ringer’s solution (1:1 ratio) were ad-
ministered to rats. The infusion-transfusion therapy was
conducted during 2 hours.

Erythrocytic mass was prepared from 3 ml of the au-
toblood taken from animals 3 days before the experiment;
preparation included double washing of erythrocytes with
natural saline solution followed by addition of 0.5 ml of pre-
servative CPDA 1 (INN: Sodium Citrate + Citric Acid +
Sodium Dihydrogen Phosphate + Dextrose + Adenine). The
said erythrocytic mass was kept in a refrigerator at 4°C. On
the transfusion day, to 1.5 ml of autoerythrocytes, 1.5 ml of
natural saline solution in the control batch and 1.5 ml of
ozonized 0.9% NaCl in the experimental batch was added.
Saline solution was ozonized immediately before it was
mixed with erythrocytic mass using automatic ozonization
therapeutic unit UOTA-60-01-Medozon (Russia). The lat-
ter was made according to TU 9444-001-11441871-97 and
is allowed for use in medical institutions.

On post-transfusion day 5, in the control and experi-
mental batches and in 5 intact animals, the rats were decap-
itated at the background of thiopental sodium (100 mg/kg),
median thoracotomy was performed and the heart was re-
moved. For examination, the left ventricle wall to the whole
thickness together with adjacent papillary muscle was taken.
Histologic preparations for light-optical microscopy were
prepared by myocardial tissue fixation during 72—96 hrs. in
10% neutral formalin solution, dehydration in alcohols of as-
cending concentrations, and paraffin embedding. 7um-thick
sections, 5 from different parts of each preparation, were
made using microtome SAKURA ACCU-CUT SRM 200,
Model: CRM 200 CW (China) and stained with hema-
toxylin and eosin. Histologic preparations were visually ex-
amined, images were recorded, and morphometric studies
were carried out with the help of microvisor Vizo-103. On
each section, numbering 10, fields of vision were chosen by
the random number technique [7].

The following structures in the intramural layer of
myocardium were examined: the number of capillary profiles
(N per 1 mm? of the myocardium section area), their diam-
eter (d, um), and cross-section area (S, um?); the number of
nucleus profiles (N anda 1 mm?) and their area S (um?), the
number of perinuclear edema profiles (N per 1 mm?) and
their area (S, um?). The area of the screen on which the
above indices were studied was equal to 500 um?, magnifi-
cation was 63x,/0.85.

The results were statistically processed with the help
of Biostat and Microsoft Excel applied software packages
using univariate statistic methods. The results were pre-
sented as M+m, where M is the arithmetic mean and m is the
standard error of the mean. To check the hypothesis about
the type of distribution, Shapiro—Wilk test was used. Since
distribution of signs corresponded to normal, statistic regu-
larities were studied using the Student’s ¢-test. The value of
statistical significance of differences was adopted equal to
P<0.05.

Results and Discussion

On day 5 of the infusion-transfusion therapy for
acute blood loss, in the control batch rats, light mi-
croscopy found foci of diapedetic and major hemor-
rhages in myocardium, and prominent pericellular
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THCTUKU. Pe3yssraTer npeacTaBuiu B Buae M+m, toe M —
cpejree apudMeTHIecKoe, m — CTaHAApTHAs OIIOKa Cpeji-
Hero. /IJist IPOBEPKNU TUIIOTE3bI O BU/IE PACTIPE/IEIEHST TIPU-
Metsuti Metoft [lanmpo—Yuuika. [TockosbKy pactipesesemie
MIPU3HAKOB COOTBETCTBOBAJIO HOPMAJIBHOMY, M3ydeHHE CTa-
THCTUYECKUX 3aKOHOMEPHOCTEH OCYIIECTBIISIIIN C TIPUMeHe-
HHeM Tapamerpudeckoro kpurepusi Crbiosenta.  3a
BEJINYMHY YPOBHSI CTATUCTUYECKON 3HAYMMOCTH PA3IHINI
npuanMaiu p<0,05.

Pe3yibrarhl 1 00CyKA€EHHE

Ha 5-e cyrtku undysunonno-rpancysnoHHoi
Teparuy OCTPOIl KPOBOIIOTEPH Y KPbIC KOHTPOJIbHOM
cepuu B MUOKap/ie TP CBETOBON MUKPOCKOITUH OTIpe-
JIeJISATT 0Yaru JIuane/ie3HbIX 1 MaCCUBHBIX KPOBOU3-
JIUSHUN, CUJIBHO BBIPAKEHHDBIN TEPUIIEIIIONSIPHBII
otek (puc. 1, a,), 30HbI IEPECOKPAIIEHUN U JIaKe pa3-
pbiBOB Kapauomuonutos (puc. 1, b,). B mpocsere
apTEPUOJT ONPEJIETISIIN CMEIIaHHbIe TPOMObI, YacTHY-
HO TIepeKpbIBaolre ux mpocser (puc. 1, d;), B HeKo-
TOPBIX aPTEPHOJIaX BBISABIISIIN THATMHOBBIE TPOMOBI,
MOJTHOCTBIO TIepeKpbIBatolre uxX npocser (puc. 1, ¢,),
BO BCEX COCY/IaX OMPEIEIsiib 0TeK SHIOTENUS U CUITb-
HO BBIPAKEHHBIN TIEPUBACKYJISPHBIN OTEK.

Y JKUBOTHBIX OIBITHOH Cepuu Ha S-€ CYTKU
nocTTpanchy3nOHHOTO TIepro/ia B MUOKap/Ie He oTipe-
JIeJISIJIA MACCUBHBIX KPOBOMBJIUSHUN; UMEJIU MECTO
JIMIIb JIUalie/ie3Hble KPOBOU3JIMSAHMS, BbIPAKCHHDBIN
MEePUIIEJLTIONSAPHBIH oTeK (puc. 1, a,), oTMeuanu 30HbI
1epecoKpanieHni KapAAOMUOIIUTOB, O/IHAKO, Pa3pbl-
BbI UX ObLu eguHnyHbIMU (puc. 1, b,). B wactu apre-
PHOJI OTIPENeisliii CMEeIIaHHbIle TPOMOBI, YaCTUYHO
nepekpbiBaoIiue ux mpocser (puc. 1, ¢,), B HeHGOIb-
IIOH YacTH apTepPHOoJI BCTPEYav THATMHOBBIE TPOMObI
HETIOJIHOCTBIO 3aKpbIBatolye ux mpocset (puc. 1, d,),
BO BCEX COCY/IaX BbISBJILJIN BbIPAsKEHHDBI IIEPUBACKY -
JIAPHBIN OTEK U OTEK SH/IOTEJIU.

CpaBHUTENBbHBIN aHAIN3 MOPHOMETPUUYECKUX
nokasareJseil MUOKap/ia y *KMBOTHBIX KOHTPOJILHOH 1
OTIBITHOI CepHil Ha 5-€ CYTKH MOCTTPAHC(HY3MOHHOTO
MepUOo/ia MO3BOJIMII OTIEHUTD 3(D(hEeKTUBHOCTD TIpeiBa-
puTeNbHON 06paGOTKU SPUTPOIMTOB O030HOM. ITO
MPOSABJIANIOCH B OIpeeieHu uuciaa 1poduieit
KaIWJIJISIPOB M UX MPOCBETa HA YPOBHE MHTAKTHBIX
SKUBOTHBIX M CHUKEHUU OTEYHOCTH MUOKAPAUAJIbHOM
TKaHU OTHOCHUTEJIBHO KPBIC, KOTOPBIM BOCIIOJIHEHUE
KPOBOTIOTEPH OBLIO MTPOBEAEHO OOBIYHOI IPUTPOITHT-
HOI Maccoil. [Ipu aToM B KOHTPOJILHOI Cepum YUCIo
npodusIeil KarmuisipoB 1 UX MPOCBET ObLIN CTATHCTU-
YeCKU 3HAYMMO YMEHBIIEHHBIMU 110 CPABHEHUIO C UX
BEJIMYNHAMU Y MHTAKTHBIX U OIBITHBIX KMBOTHBIX
(tabsua). Yucsao npoduiei saep 1 UX IIOLALb B
Cepuu ¢ 030HUPOBAHHON 3PUTPOIMTHON MacCOii oTpe-
JIeJISIJIA OJIMHAKOBBIMU ¢ MHTAKTHBIMU SKMBOTHBIMU,
HO BEJWYMHBI ITUX I[I0KAa3aTeJu CTATUCTUYECKU
3HAYMMO OTJIMYAJUCH OT TAKOBBIX B KOHTPOJBHOM
cepun. Yucsio ipoduieii siziep 6b1I0 CHIKEHO Ha 42%,
a IJIoMazIb sapa yeeandena va 12,5%. Uepes 5 cyTok
nocTTpaHc(y3MOHHHOTO TIepUOJia TIePUHYKJIeAPHBIi

edema (fig. 1, a,), a zone of over-contraction and even
ruptures of cardiomyocytes (fig. 1, b,). In the lumen of
arterioles, mixed thrombuses partially occluding their
lumen were detected (fig. 1, d,); in some arterioles, hya-
line thrombuses fully occulting their lumen were iden-
tified (fig. 1, ¢,); in all vessels, endothelium edema and
severe perivascular edema were determined.

In the experimental batch animals, on post-
transfusion day 5, not major hemorrhages were found
in myocardium; there were only diapedetic hemor-
rhages and prominent pericellular edema (fig. 1, a,);
zones of cardiomyocyte over-contraction were noted,
however, their ruptures were sporadic (fig. 1, b,). In
some arterioles, mixed thrombuses partially occluding
their lumen were found (fig. 1, ¢,); in a small fraction
of arterioles, hyaline thrombuses partially occluding
their lumen were encountered (fig. 1, d,); in all vessels,
prominent perivascular edema and endothelium
edema were observed.

A comparative analysis of myocardium morpho-
metric indices in control and experimental animals on
post-transfusion day 5 has allowed assessing the effi-
cacy of erythrocyte pre-treatment with ozone. This
manifested in the number of capillary profiles and
their lumens at the level of intact animals and reduced
edema of myocardial tissue versus the rats to which
the blood loss was made up with conventional ery-
throcytic mass. In the control batch, the number of
capillary profiles and their lumen were statistically
significantly lower compared to those values in intact
and experimental animals (table 1). The number of nu-
clei profiles and their areas in the ozonized erythro-
cytic mass batch were found to be equal to those of
intact animals, but the values of these indices were sta-
tistically different from those in the control batch. The
number of nuclei profiles was decreased by 42% while
the nucleus area was increased by 12.5%. On the post-
transfusion day 5, perinuclear edema was observed in
79.3% of cases in the control batch and in 38.8% in an-
imals after blood loss make up with ozonized erythro-
cytic mass. The perinuclear edema area in the
experimental batch was established to be 37.6% less
versus control. A more prominent pericellular, en-
donuclear, and perinuclear edema of myocardial tissue
in control animals versus experimental was one of the
reasons for reduced number of capillary profiles per 1
mm? of the tissue under study and compression of mi-
crovessel lumem.

So, the vascularization density and myocardium
edema indices, as prognostic markers in the evaluation
of the potential of post-hypoxic rehabilitation of dam-
aged tissue, evidence faster restoration of ischemically
damaged cardiomyocyte structures both thanks to im-
proved membrane elasticity of transfused erythrocytes
under the effect of azone and, probably, due to reduced
expression of NO-caused reactions. As it is known that
ozonides produced through ozone interaction with
membranes of formed elements of blood (fig. 1), stim-
ulate expression by endotheliocytes of nitrogen oxide,
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d, d,

Puc. 1. Crpykrypa MHOKap/ia JIeBOro >KeJIy104YKa KOHTPOJIbHOM (1) U onbITHOI (2) cepuii SKUBOTHBIX Ha 3-€ CYTKH NOCTTpaHC(y3HOH-
HOTO NePHOJIa.

Fig. 1. The structure of left ventricle myocardium of control (1) and experimental (2) animals on post-transfusion day 5.

Note. a; — Focuses of diapedetic and massive hemorrhages, severe pericellular edema; b; — cardiomyocyte over-contraction and rupture
zones; ¢, — arterioles with hyaline thrombuses fully occluding their lumen; d; — mixed thrombuses in arteriole lumen, which partially oc-
clude the lumen; ay — Severe pericellular edema; b, — zones of cardiomyocyte over-contraction with their sporadic ruptures; ¢, — arterioles
with mixed thrombuses partially occluding their lumen; d, — arterioles with hyaline thrombuses partially occluding their lumen. Mag. X7
approximately, lens X20.

IIpumeyanue. @, — OYary AUAIIECAE3HBIX I MACCHBHBIX KPOBOUBJIMUSHUI, CHIIBHO BBIPAKCHHBIN IIEPHIC/UIIONSIPHBII OTEK; b, — 30HBI 11epe-
COKPAIIEHUH 1 Pa3PbIBOB KAPAMOMUOIUTOB; C; — APTEPUOJIbI ¢ THATMHOBLIMU TPOMGAMMU, OJHOCTBIO EPEKPBIBAIOIIUME UX POCBET; d
— cMemianHble TPOMOBI B TIPOCBETE aPTEPHOJ, YaCTHIHO MEPEKPBIBAIOIINE UX TPOCBET; dy — BBIPAKEHHDIH MEePUIEIITIONSIPHBIN 0TeK, by —
30HbI IEPECOKPAIIECHUI KaPAHOMHIOLNTOB, € X €IMHUYHBIME PA3PBIBAMH; €y — aPTEPHOJIBL CO CMEIIAHHBIMU TPOMOAMH, YACTHYHO T1epe-
KPBIBAIOIHE UX IIPOCBET; dy — aPTEPUOJIBI ¢ THATMHOBLIMU TPOMOGAMH HEIIOIHOCTBIO 3aKpbIBaloline ux mpocset. Y B. Ok. X7, 06. X20.
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MopdomMeTpuuecKre NoKa3aTe M MHOKAP/a KPbIC Ha 5-€ CYyTKH MOCTTPAaHC()Y3UOHHOTO EPHO/A.
Morphometric Indices of Rat Myocardium on Post-Transfusion Day 5.

Index Values of indexes in groups

Intact Animals Control Batch Experimental Batch
Number of capillary profiles, u/mm? 2113.1+208.9 1448.3+186.9* 2499.9+243.4%
Capillary diameter, pm 6.2+1.1 5.0+0.8 6.7£0.7*
Number of nuclear profiles, u/mm? 2324.4+111.0 1593.1+94.2* 2749.9+101.7%%
Capillary cross-section area, pm? 30.1+1.6 19.6+0.8* 35.2+1.9%2
Nucleus area, pm? 40.5+2.9 44.1+3.7 39.2+1.5%
Number of profiles of perinuclear edemas, u/mm? None 1264+36.0 1067+72.0*
Perinuclear edema area, pm? None 37.0+0.83 23.1+0.6*
Perinuclear edema prevalence, % None 79.3£3.43 38.8+6.1%

Note. * — P<0.05 of intact animals; * — P<0.05 of the control batch.

IIpumeuanue. Index — mokaszaresp; Values of ... in groups — nokasatresb ... B rpymiax; Intact Animals — unrakrisie skusorhbie; Control
Batch — konTposbras cepus; Experimental Batch — onbitnas cepust; Number of capillary profiles, u/mmI — uucio npodueii kamm-
ns1poB, en/mm%; Capillary diameter, pm — auamerp kanussipos, MkM; Number of nuclear profiles — uncao npodueii siaep; Capillary
cross-section area, pm? — IJIOMIA/Ib TOTIEPEYHOTO CeYeHNsT Kammisipa, Mkm?; Nucleus area — mromazs sizep; Number of profiles of per-
inuclear edemas — uuncsio npoduiieii nepunykaeapHbix otekos; Perinuclear edema area — nutomazap nepuHykieapHoro oreka; Perinuclear
edema prevalence — pacrnpocTpaHeHHOCTD IIepUHYKAeapHbIX 0TeKoB; None — Het. * — p<0,05 0T MHTaKTHBIX KUBOTHBIX; * — p<0,05 oT

KOHTPOJILHOI cepuin.

orek Bcrpedasn B 79,3% ciydaeB B KOHTPOJLHOM
cepun u B 38,8% — y JKUBOTHBIX MIOCJI€ BOCIIOJTHEHUST
KPOBOITOTEPY O30HUPOBAHHOM SPUTPOITUTHON MaCcCOT.
[Tpu aTOM MITOMIA/Ib TIEPUHYKIEAPHOTO OTEKA B OIBIT-
HOHM cepum omnpepensiach MeHbiie Ha 37,6% 10
CpaBHEHWIO C KOHTPOJbHOU. DBojiee BBIpasKeHHBIN
MEPUTIEJTIONISIPHBIHN, BHYTPUSI/ICPHBIN 1 TEPUHYKJIE-
ApHBIIT OTEK MUOKAp/UAJbHON TKAHU Y JKMUBOTHBIX
KOHTPOJILHOM Cepuu, 10 CPABHEHUIO C ONIBITHOM, SIBUJI-
CsI OJTHOM M3 IPUYMH YMEHbBINIeHNsT yncia nmpoduiei
KanmisipoB B 1 MM? mcciieyeMoil TKaHU U CllaBJie-
HUSI TPOCBETA MUKPOCOCY/IOB.

Nrak, mokazaTesn II0THOCTH BaCKYJISIPU3aIlnN
M OTEYHOCTH MHUOKApP/a, KaK MPOrHOCTUIECKUE Map-
KepbI B OIEHKE MMOTEHIIMAJIa TOCTTUIIOKCUIECKO pea-
OUITTAIIN TOBPEKACHHON TKaHK, CBUETEIbCTBYIOT
0 GoJiee OBICTPOM BOCCTAHOBJICHUN TTOBPEKIECHHBIX
UIeMuei CTPYKTYp KapJMOMUOIIUTOB, KaK 32 CUeT
YIIYUIIEHUST 3JIACTUIHOCTH MeMOpaHbl TpaHcdysu-
PYEMBIX 3PUTPOIUTOB TIOJ JIEHCTBUEM O30HA, TaK,
BEPOSITHO, W BCJIEACTBUE CHUKEHUS BBIPAKECHHOCTH
NO-o006ycioBaeHHbIX peakiinii. V160 M3BECTHO, UTO
O30HU/IBI, 0Opa3yoIIecs B pe3yJibrarte B3anMoJIei-
CTBHSI 030HA ¢ MeMOpaHaMi (hOPMEHHBIX 9JIEMEHTOB
KkpoBu (puc. 1), CTUMYJIUPYIOT SKCIIPECCHIO IHIOTE-
JINOTIMTAMU OKCH/IA a30Ta, MTOCJIETHUI KPOMe Ba30/1-
Jsrupyioiero addexra, 06agaeT MOIHBIM aHTH-
arperaHTHbBIM W aHTUA/Te3VBHBIM JI€MCTBHEM Ha
TPOMOOIUTHI U APYTHe KJIETKA KPOBU U, BCIEACTBIE
ATOTO, OKasbIBaeT OJIArONPUSITHOE BO3JeiCTBHE Ha
MUKpoTHpKyasuio [8—12]. B aToii cBsA31 Ha cHUXKe-
HUEe YPOBHS TIOCTOSTHHO CUHTE3UPYEMOTO KJIeTKaMU
aunortennsi NO yKka3plBaloT 1 BBISBIEHHBIE HaMU
M3MEHEHUsST B MUKPOCOCYIaX MUOKap/ia KPbIC, repe-
HECHIMX TSKENYI0 KPOBOMOTEPI0, KOTOPbIE ObLIN
6oJiee BBIPAsKEHbBI B KOHTPOJIBHON CEPUN 1 TTPOSIBJIS-
JIUCh B YMEHBIIEHUN AMAMeTPa U TII0IA/IN TIoTlepey-
HOTO CeYeHUsT KalUIJISIPOB, OTEKE IHIOTEJTUOIUTOB,
arperaiyy apUTPOIUTOB, 00PAa30BAHUN CMEIIAHHBIX
U TMAIMHOBBIX TPOMOOB.

the latter, in addition to its vasodilatory effect, pos-
sessing a powerful antiaggregant and antiadhesive ef-
fect on thrombocytes and other blood cells and,
therefore, rendering a favorable influence on microcir-
culation [8—12]. In this connection, the reduced level
of NO continuously synthesized by endothelial cells is
also indicated by the changes we found in the my-
ocardium microvessels of rats exposed to a severe
blood loss, which were more prominent in the control
batch and manifested as a smaller diameter and cross-
section area of capillaries, edema of endotheliocytes,
aggregation of erythrocytes, and formation of mixed
and hyaline thrombuses.

Ozone’s favorable effect on erythrocytes was
shown in our previous papers and by other researchers
as well and is explained by that their membranes con-
tain a large quantity of phospholipids with unsatu-
rated fatty acid chains, which double links C=C form
a reactive center. In the process of ozonolysis, fatty
acid chains break to produce peroxides and other com-
pounds (ozonides), erythrocyte membrane becoming
loose and elastic and deformable (fig. 2) [13, 14].

Ozonides produced penetrate into formed ele-
ments of blood and activate metabolism therein. In
erythrocytes, glycolysis and pentose phosphate cycle
are intensified. Because of that, synthesis of high-en-
ergy phosphates increases. ATP is generated in en-
ergy-dependent processes of erythrocytes, including
by contractile proteins, which improves deformability
of red cells. Activated mutase shunt of glycolysis re-
sults in increased synthesis of 2,3-BPG in erythro-
cytes, which improves delivery of oxygen to tissues
and HbO,/Hb equilibrium shifts towards hemoglobin
peroxides [15—18].

It is known that in critical conditions, a large
amount of toxic substances accumulate erythrocyte
membrane, which make cell membranes rigid. Ozone
oxidizes these substances, promoting improved de-
formability of erythrocytes. Double links C=C of li-
posoluble toxic substances are the reactive center. In
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Puc. 2. CxeMa npouecca 030HOIM3a J{BONHBIX CBA3eil IeTeil SKUPHBIX KUCIIOT.
Fig. 2. Schematic diagram of ozonolysis of double links of fatty acid chains.
IIpumevanue. Molecular ozonide — mosexyssiprbiii ozonuz. [ist puc. 2, 3: Hydrogen peroxide — mepokcui Bogopoa.
baaronpusitHoe  neii- H

CTBHE O030HA Ha 3PUTPOIUTHI / / 03
GBLIO TI0KAa3aHO HAMU B IIpe- H,0,+—C=0+ 0=C \—" —C N 0O+C N O
AULYIIIX PaGOTaX, & TAIGKE | Hydrogen Aldehydes and ketones OH OH
APYIruMun uccaeaoBaTe/is MU 1 peroxide Acids

06yCJIOBJIEHO TEM, YTO WX
MeMOpaHbl cofiepxKat 60JIb-
moe KojmuecTBO hocdon-
NUJ0B C HEHACHIIIEHHBIMU
HEeTsIMA  JKUPHBIX  KICJIOT,
nsounbie cBa3u C=C koro-
pPBIX 06pa3yIoT peaKTUBHBII
1eHTp. B mporiecce 030H0M3a 1IN JKUPHBIX KUCTIOT
Pa3phIBAIOTCS ¢ 0OPA3OBAHUEM TIEPEKHCEH, TEPOKCH-
JIOB U IPYTUX coequHeHuil (030HUAOB), a MeMOpaHa
SPUTPOIIMTOB MPH ATOM PA3PBIXJISETCS U CTAHOBUTCS
smacTudHOM 1 nedopmabenbroii (puc. 2) [13, 14].

O6pasoBaBiiecss O30HU/ABI MTPOHUKAIOT BO
BHYTPH (DOPMEHHBIX 3JIEMEHTOB KPOBU U aKTUBUPYIOT
B HuX MetabosusM. B spurponurax nnrencuduim-
pyIOTCS TJIWKOJAU3 U TeHTO30(ochaTHBIN ITUKJI.
BcnenicTBre aTOTO, BO3pacTaeT CHHTE3 BHICOKOIHEPTE-
tyeckux docdaros. Obpasosasiascs AT ucmnosb-
3yeTcs B 9HEPTO3aBUCHMBIX IIPOIIECCAX IPUTPOIINTOB,
B TOM YHCJIE COKPATUTEILHBIMU GETKAMU, 4TO YIIyd-
maeT 1ehopMabesbHOCTh KPACHBIX KJIETOK. B pesyirb-
TaTe aKTUBAIMH MyTa3HOTO MIYHTA TJIUKOJIN3A B 9PUT-
pormrax Bospacraer cunres 2,3- DT, uto obierdaer
oTauy KUCJAopoza TKaHam u pasHosecue HbO,/Hb
CMeIIaeTCs B HATIPABJIEHUN BOCCTAHOBJIEHHOTO TEMO-
rio6una [15—18].

V3BecTHO, 4TO MPU KPUTHIECKUX COCTOSTHUSIX Ha
MeMOpaHe 3PUTPOIMTOB HAKATJIMBAETCS OOJBINOE
KOJIITYECTBO TOKCUYECKUX BEIECTB, KOTOPbIE W
06y CIaBIMBAIOT JKECTKOCTh MeMOpaH Kiaetok. O30H
OKUCJISIET HTU BEIIECTBA, YTO CIIOCOOCTBYET yIIydIiie-
HUIO AehopMabebHOCTH 9PUTPOIMTOB. JIBOliHbIe
cBsi3u C=C ;KUPOPaCTBOPUMBIX TOKCUYECKITX BEIIIECTB
SIBJISTIOTCST PEAKTUBHBIM 1IeHTPOM. B mporiecce 030HO-
JI3a JIBOMHBIE CBSI3K Pa3phIBAIOTCS C 0OPA30BAHIEM
MepEeKUCeii, TIEPOKCUIOB 1 TIPUCOETTHEHNEM TPYTITThI
OH (puc. 3). B pesymibrate aTuX peakiuii ;Kupopa-
CTBOPHMBIE TOKCHYECKHE BeIeCTBA TPAHCHOPMIU-
PYIOTCSI B BOZIOPACTBOPUMBIE U BBIIEJISIOTCST C MOYOIA,
T.e. OKHUCJICHUE KCEHOOMOTUKOB 030HOM TIPUBOJINUT K
06pa3oBaHNI0 KOHEYHBIX TPOYKTOB, aHAJIOTHYHBIX

Puc. 3. Cxema tpancdopManuu ;KUPOPACTBOPUMBIX TOKCHYECKUX BENIECTB MO/ AefCTBHEM
030HA B BOZIOPACTBOPUMBIE.

Fig. 3. Schematic diagram of transformation of liposoluble toxic substances into water-sol-
uble substances under the action of ozone.

ITpumeuanue. Aldehydes and ketones — anbaernast u keTonsr; acids — KUCTOTHL

the process of ozonolysis, double links break with gen-
eration of peroxides and addition of OH group (fig. 3).
As a result of these reactions, liposoluble toxic sub-
stances transform into water-soluble substances and
are eliminated with urine, i.e. oxidation of xenobiotics
by ozone leads to production of end products similar
to those that are produced through cytochrome P-
450-mediated metabolism in endoplasmic reticulum
of liver [16—21].

It is important to note that an excessive amount
of reactive oxygen intermediates appearing due to a
major blood loss renders an adverse effect on cellular
membranes and capillary walls. At present, an inten-
sive discussion is ongoing in literature concerning the
three mechanisms of antioxidant protection prevailing
over the action of peroxides in case of parenteral use
of ozone in hemic and tissue hypoxia conditions: glu-
tathione activation through direct and mediated in-
fluence of ozone on the expression of nrf2 factor [20,
21], liquidation of lactate acidosis accompanied with
normalization of intracellular enzymatic activity in-
cluding reduction of MDA in erythrocytes [11, 13,
15], intensification of glycolysis and pentose phos-
phate cycle accompanied with a faster correction of
hypoxia-caused disergosis [14—16].

Hence, as a result of improved microcirculation,
rheological properties of blood, intensified activity of
erythrocytes’” antioxidant system, decreased amount
of toxic products on their membranes, and facilitated
delivery of oxygen from oxygenated hemoglobin to
cells during makeup of acute blood loss by ozonized
erythrocytic mass, oxygenation of rats’ organs and tis-
sues during the post-transfusion period increases. A
consequence thereof is an earlier and fuller restoration
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[OJIy4aeMbIM ¢ ydacTreM HuToxpoma P-450 B smj10-
IJIA3MAaTUYECKOM PETUKYIyMe Tteuenu [16—21].

Baxxno ormMeTuTh, 4TO U3OBITOUHOE KOJMIECTBO
AKTUBHBIX (hOPM KUCJIOPO/IA, BOSHUKAIOIIETO B pe3yJIbTa-
Te MACCUBHOM KPOBOIIOTEPH, OKA3bIBAET OTPULIATEIbHOE
neiictBue Ha MeMOPaHBI KJIETOK M CTEHKU KarJUISIPOB.
B HacTosiiiee BpeMst B JINTEPATYPE aKTHBHO OOCYKIAETCS
TPU MeXaHu3Ma IPEBAJIUPOBAHUSA AHTHUOKCUIAHTHOM
3aIUTBI HAJl IEHCTBUEM [I€PEKUCElt 1 TePOKCH/IOB 1TPU
HapeHTepaIbHOM IPUMEHEHNH 030HA B YCJIOBUSX FeMU-
YeCKOI 1 TKAHEeBOM M'MIIOKCUN: aKTUBAIIMA IJIyTaTHOHA
yepes IPsIMOe 1 OII0CPEI0BAHHOE BJIMSTHIE 030HA Ha 9KC-
npeccuio nrf2 dakropa [20, 21], MUKBUAALNS JaKTAT-
alK103a ¢ HOpMAJIU3aIlKel BHY TPUKIETOYHO (hepMeHT-
HOI aKTMBHOCTH, B TOM YHCJIe KaTasla3bl, CO CHIKEHUEM
conepskanvie M/IA B apurporutax [11, 13, 15], unrencu-
ukanusa rimkosmza m nento3odocdarHoro UK,
COIPOBOJK/AAIONIETOCS  OoJsiee  GBICTPOIT  KOppeKIueit
00y CJIOBJIEHHOTO I'UIIOKCHel ucaprosa [ 14—16].

Taxum 06pasoM, B pe3yJIbraTe yaydIeHnuss MUK-
POLUPKYJISAIUU, PEOJIOTMYECKNX CBOMCTB KPOBH, yBe-
JIUYeHUs: aKTUBHOCTU AHTUOKCUIAAHTHOW CHCTEMBI
PUTPOIUTOB, YMEHBIIEHUS TOKCUYECKUX TIPOYKTOB
Ha UX MeMOpaHe 1 06JIeTYeHUs OTAAYN KUCJIOPOJIA U3
OKCHUTe€MOTJIOOMHA KJIETKAM [P BOCIIOJHEHUH OCTPOii
KPOBOIIOTEPU 030HUPOBAHHO 3PUTPOIIUTHON Maccoii
BO3PACTaeT OKCUTeHAIMsI OPraHOB M TKaHel KpbIC B
nocrrpancdysnonnom nepuoge. CiencrsueM aToro
sIBJIsIETCsT OoJiee paHHee U TIOJIHOE BOCCTAHOBJIECHIE
naToMOpdOJOrHYecKnX U3MEHEHUI MUOKap/a, pas-
BUBIIUXCS TIPH TSKEJION KPOBOIIOTEPE, 110 CPABHEHUIO
C JKUBOTHBIMU KOHTPOJIbHOM cepun. [Tososkurenpnas
HAIIPABJIEHHOCTDb YKA3aHHBIX U3MEHEHUI OTI0CPe/1oBa-
Ha aHTUTUIIOKCUYECKUM, AaHTUOKCUIAHTHBIM U JIETOK-
CUILIUPYIOIIUM JIEUCTBUSAMM 030HA U IIPOJIYKTOB €To
peaxiuii — o30HK1I0B. VIcX0/15 13 9TOro, MO3KHO TOBO-
PUTH O KapAXOIPOTEKTOPHOM JeHCTBUU 030HA 1IPU
BOCIIOJIHEHUHM TSKeJIONH KPOBOIIOTEPU O30HUPOBAHHOM
SPUTPOLIUTHOHN MaCCOiA.

3akjaoyeHue

[Tocsie KOppeKNIUM TSKEJIO KPOBOTIOTEPH Y
KpBbIC TpaHchy3uelt CTaHAapTHBIX KOHCEPBUPOBAHHBIX
SPUTPOIUTOB Ha 5-€ CYTKH IOCTTPaHC()Y3MOHHOIO
Meprojia MUKPOIUPKYJISTOPHOE PYCJI0 MHUOKapa
XapaKTepu3yeTcsl CHIDKEHHEM dncjaa  poduieit
KanmuusipoB Ha 31,5% U yMeHbIIIeHUeM MX IIPOCBeTa
(mmametpa Ha 19,4%, TJI0IIA/IU TTOTIEPEYHOTO CEUEHMST
Ha 35%), U3MeHEeHNeM CTEHKH MUKPOCOCY/IOB, KOTO-
pbi€ TIPOSIBJISTIOTCST B HAPYIIIEHNUH €€ TIPOHUTIAEMOCTH U
oTeKe AHIO0TENNATbHBIX KJIeTOK. Hapyienus 3a mpe-
JIeJIaMU COCYIMCTON CTEHKHU BBISIBJISTIOTCST B (hOPMUPO-
BaHUM JIHAIEIE3HBIX U MACCUBHBIX KPOBOM3JIUSHUI,
Pa3BUTUHU CUJIBHO BBIPAKEHHOTO TTEPUBACKYJISIPHOTO
oreka. BHyTprcoCyinCTbie U3MEHEHUST TIPOSIBJISTIOTCST
B 00pa3oBaHKMK CMEIIAHHBIX U THAJTUHOBBIX TPOMOOB
YACTUYHO WJIN TTOJTHOCTHIO TIEPEKPHIBAIOIINX B HEKOTO-
PBIX MUKpOcocyiax ux mpocseT. DopMupyonmecst

of myocardial pathomorphological changes developed
due to a severe blood loss compared to control animals.
The positive trend of the said changes is mediated by
the anti-hypoxic, antioxidant, and detoxicating effects
of ozone and products of its reactions — ozonides.
Based on the above, one can speak about cardio-pro-
tective action of ozone when a severe blood loss is
compensated with ozonized erythrocytic mass.

Conclusion

After correction of a severe blood loss in rats by
transfusion of standard preserved erythrocytes, on
post-transfusion day 5 the myocardial microvascula-
ture is characterized by decrease of the number of cap-
illary profiles by 31.5% and reduction of their lumen
npocseta (diameter — by 19.4%, cross-section area —
by 35%), microvascular wall change manifesting in its
impaired permeability and endothelial cell edema.
Disturbances beyond the vascular wall are formation
of diapedetic and massive hemorrhages, development
of a severe perivascular edema. Intravascular changes
manifest in formation of mixed and hyaline throm-
buses fully or partially occluding lumen in some mi-
crovessels. The pathomorphological disturbances of
microcirculation forming in myocardium are accom-
panied with cardiomyocyte damage. A prominent
pericellular edema, a zone of cardiomyocyte over-con-
traction and even rupture is noted; the number of nu-
clear profiles decreases by 42%, the nuclear area
increases by 12.5%; in 79.3% of cases, a perinuclear
edema having an area of 37.0+£0.83 pm? are found. All
above might be one of the reasons for development of
cardiac failure during the post-transfusion period.

Use of erythrocytes treated with ozone to correct
a severe blood loss restricts, during the post-transfu-
sion period, damages of myocardial architectonics and
microvasculature and disturbances in cardiomyocytes,
and assists their earlier and fuller restoration.

naToMopdoJiornuecKre HapyImeHusT MUKPOITUPKYJIsi-
UK B MUOKAP/IE COMTPOBOKIAIOTCST TOBPEKICHUSIMU
KapAMOMUOIUTOB. ONPeNessioTCs] CHIIbHO BhIPAsKEH-
HBIHT TIEPUTIEILTIONSIPHBIN OTEK, 30HBI TIePecOKPaIieHnii
W JIa’Ke Pa3pbIBOB KapAMOMHUOIMUTOB, YMEHBIIAETCS
qrcJio mpoduieit sizep Ha 42%, yBeTMIUBAETCS 10~
maas sapa Ha 12,5%, B 79,3% cirydaeB BBISBISIETCS
MEPUHYKJIEAPHBIN OTEK, IJIOIAIh KOTOPOTO COCTaB-
sget 37,0£0,83 MxM2. Bee 910 MOKET ABIIATHCA OLHON
13 TIPUYUH Pa3BUTHSI CEPAECYHON HEOCTATOUHOCTH B
MOCTTPAaHCHY3MOHHOM TTEPHOJIE.

[TpuMeHeHUe SPUTPOIUTOB, 0GPabOTAHHBIX 030-
HOM, /IJIT KOPPEKIUU TSUKEJTOH KPOBOIIOTEPH
OTPaHUYMBAET B MOCTTPAHCHY3UOHHOM TIEPUOIE
MTOBPEKICHUST ADXUTEKTOHUKU MUKPOIIUPKYJISITOPHO-
TO pycJyia B MUOKap/ie ¥ HApYIIeHUs B KapIUOMUOITHU-
Tax, crocoOCTBYeET GoJiee PaHHEMY U TIOJTHOMY MX BOC-
CTaHOBJICHUIO.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 3



DOI:10.15360,/1813-9779-2018-3-27-35

Tpasma, kposomoTep:, KpoBOTEYEHNUE

Jluteparypa

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Mopos B.B., Pvwrcrkos H.A. Octpasi KpOBOIIOTEPST: PETMOHAPHBIIT KPOBO-
TOK U MUKPOLUPKYJIsus (0630p, yacts 1). Obwas peanumamonozus.
2016; 12 (2): 66-89. DOI: 10.15360,/1813-9779-2016-2-56-65

HTugman E.M., Kyauxos A.B., beromecmnos C.P. Intencupnas Teparmst
1 aHecTe3ns PU KPOBOIIOTEPE B akyIepcTse. Anecmesuonozus u peanu-
mamonoeusi. 2014; 2: 76—78. PMID: 25055500

Mopos B.B., Pvircros U.A. OcTpasi KPOBOIIOTEPS: PETHOHAPHbIIA KPOBO-
TOK ¥ MUKPOIMPKYJIstist (0630p, wacts I1). Obwas peanumamonozusi.
2016; 12 (5): 65-94. DOTI: 10.15360,/1813-9779-2016-5-65-94

Kpuinos B.H., Jleproeuna A.B., Cumymuc U.C., bospunos I'A., Centopuna
A.H. Conepsxanrie ATO® u 2,3-/1OT B apuTponuTax mpr KOHCEPBAINH 1
BoszeiicTBIN 030Ha. Buomeduyuna. 2014; 1 (2): 37-42.

Cumymuc U.C., Bospunos IA., Myxun A.C., Ilpunyxoe /5., /leproeuna A.B.
HoBble BO3MOKHOCTH peabUINTAINK KOHCEPBHPOBAHHBIX 9PUTPOIUTOB
o3onom. Qusuomepanusi, 6arvneonozus u peaburumayus. 2014; 6: 8—12.

Cumymuc U.C., Bosipunos I'A., Myxun A.C., /leproeuna A.B. BoamoxHocTi
npeATpaHcdy3MOHHOTO KOHANIIMOHNPOBAHIS KOHCEPBIPOBAHHBIX IPUT-
poiToB o3o1oM. buopaduxanvt u anmuoxcudanmot. 2016; 3 (1): 63—-68.

Asmandunos I.IT. Mexnnunnckas mopdomerpust. Pykosoacerso. M.: Me-
nurHa; 1990: 384.

Manaxos B.A., benoyc A.M., U.H. Ilactopa U.H., /lopowenxo I 1. Kne-
TOYHO-METabOTNIECKIE ACTIEKTHI TATOreHe3a, JIeYeHUsI U TPODHIAKTHKI
XPOHUYECKUX 1epebpaibHbIX HIeMUii 1 HefipojierenepaTiBHBIX MPOLEeCc-
coB. Xapbkos: Panok; 1999: 175.

Hepemsieun I11.B., Mapmycesuu A.K., [lepemsieun C.I1. DkcriepuMeHTaIb-
Hast OlleHKa COCTOSTHHSI MUKPOIMPKYJISIIINN TIPH CHCTEMHOM BBeJIEHUH
030HUPOBAHHOTO (BU3HOJIOTMYECKOTO pacTBopa. Buopadukanvl u anmu-
okcudanmut. 2015; 2 (1): 54-61.

Murioz A. Design and analysis of studies of the health effects of ozone.
Environ. Health Perspect. 1993; 101 Suppl 4: 231-235. DOL
10.1289/¢hp.93101s4231. PMID: 8206039

Mudd ].B., Dawson P,J., Adams J.R., Wingo J., Santrock J. Reaction of

ozone with enzymes of erythrocyte membranes. Arch. Biochem. Biophys.
1996; 335 (1): 145-151. DOI: 10.1006 /abbi.1996.0492. PMID: 8914845

Jacobs M.T. Adverse effects and typical complications in ozone-oxygen

therapy. Ozonachrichten. 1983; 1: 193-201.

Pasymoscxuii C/., 3aiixos I.E. O30H 1 €ro peakiny ¢ OpraHnvyecKuMn
coenmuennsamu. M.: Hayxka; 1974: 312.

Buyuklu M., Kandemir F.M., Set T., Bakirci E.M., Degirmenci H., Hamur
H., Topal E., Kucukler S., Turkmen K. Beneficial effects of ozone therapy
on oxidative stress, cardiac functions and clinical findings in patients
with heart failure reduced ejection fraction. Cardiovasc. Toxicol. 2017; 17
(4): 426-433. DOI: 10.1007 /s12012-017-9400-8. PMID: 28097518

Aunexuna C.IL., Illepbamiox T.I. O30HO0TEpAINsT: KINHUYECKHE U DKCITE-
pumenTasbhbie actiekTsl. Hisknuit Hosropos: JIntreppa; 2003: 240.

Bospunos I'A., Coxonos B.B. O30HUPOBaHHOE UCKYCCTBEHHOE KPOBOOO-
patienune (3KCIIeleMeHTaJleOe 060CHOBaHI/le 1 Pe3yJIbTaThbl KINHUYEe-
ckoro npumenens ). Huxnnit Hosropoa: ITokposka; 1999: 318.

Rokitanscy O. Clinical considerations and biochemistry of ozone therapy.
Hospitalis. 1982; 52: 643—647.

Bospunos I'A., Bexcaep H.IO., Bosipunosa JI.B., Axmepos @.I11., FOpves
M IO., Iopaues M.E. Jlerokcunmpyiomee jeiicTBue o3ona. Kasanckuii
med. acypnan. 2007; 88 (4): 261-263.

Bexcaep H.IO., bospunos I'A., Maxapos H.A., Myxun A.C., Iepmanosa
T.A., Yacmos B.II. KoppekIiyst 9HI0TOKCUKO3a HAIIPABJIEHHBIM BO3/I€li-
CTBUEM Ha TOKcHYeckue areutol. Poc. med. acypuan. 2004; 3: 29-32.
Bexcaep H.IO., bospunos I.A., Maxapos H.A., Myxun A.C., Yacmos B.I1.,
Byposkun B.A., Cnupnos H.d., Ilemposa JI.A. Koppexuns aH10TOKCH-
KO3a B KO]WHJTeKC"O]‘;I T/I"TCHCVIBHOﬁ Tepanun OCTPOro AeCTPYKTUBHOTO
narnkpearuta. Poc. med. acypnan. 2004; 4: 14—17.

Re L., Rowen R., Travagli V. Ozone therapy and its use in medicine: furt-
her comments. Cardiology. 2017; 136 (4): 269. DOT: 10.1159,/000452618.
PMID: 27894109

IMocrynuna 20.03.18

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Moroz V.V., Ryzhkoo I.A. Acute blood loss: regional blood flow and mic-
rocirculation (review, part 1). Obshchaya Reanimatologiya = General
Reanimatology. 2016; 12 (2): 66-89. DOT: 10.15360,/1813-9779-2016-2-
56-65. [In Russ., In Engl.]

Shifman E.M., Kulikov A.V., Belomestnoo S.R. Intensive care and anest-
hesia for blood loss in obstetrics. Anesteziologiya i Reanimatologiya. 2014;
2:76-78. PMID: 25055500. [In Russ.]

Moroz V.V., Ryzhkoo I.A. Acute blood loss: regional blood flow and mic-
rocirculation (review, part I1). Obshchaya Reanimatologiya = General
Reanimatology. 2016; 12 (5): 65-94. DOI: 10.15360,/1813-9779-2016-
5-65-94. [In Russ., In Engl.]

Krylov V.N., Deryugina A.V., Simutis 1.S., Boyarinov G.A., Senyurina A.I
Contents of ATP and 2,3-DPG in erythrocytes for preservation and
ozone exposurel. Biomeditsina. 2014; 1 (2): 37—42. [In Russ.]

Simutis 1.S., Boyarinov G.A., Mukhin A.S., Prilukov D.B., Deryugina A.V.
The new possibilities for the rehabilitation of conserved erythrocytes
with the use of ozone. Fizioterapiya, Balneologiya i Reabilitatsiya. 2014;
6:8-12. [In Russ.]

Simutis 1.S., Boyarinov G.A., Mukhin A.S., Deryugina A.V. Possibilities of
pre-transfusion conditioning of packed erythrocytes with ozone. Biora-
dikaly i Antioksidanty. 2016; 3 (1): 63—68. [In Russ.|

Avotandilov G.G. Medical morphometry. Leadership. Moscow: Meditsina
Publishers; 1990: 384. [In Russ.]

Malakhoo V.A., Belous A.M., Pasyura I.N., Doroshenko G 1. Cell-metabolic
aspects of pathogenesis, treatment and prevention of chronic cerebral
ischemia and neurodegenerative processes. Kharkov: Ranok; 1999: 175.
[In Russ.]

Peretyagin P.V., Martusevich A.K., Peretyagin S.P. Experimental evalua-
tion of the microcirculation state in the systemic administration of 0zo-
nized saline. Bioradikaly i Antioksidanty. 2015; 2 (1): 54—61. [In Russ.]

Murioz A. Design and analysis of studies of the health effects of ozone.
Environ. Health Perspect. 1993; 101 Suppl 4: 231-235. DOL
10.1289/ehp.93101s4231. PMID: 8206039

Mudd ].B., Dawson PJ., Adams J.R., Wingo J., Santrock J. Reaction of
ozone with enzymes of erythrocyte membranes. Arch. Biochem. Biophys.
1996; 335 (1): 145—-151. DOI: 10.1006/abbi.1996.0492. PMID: 8914845

Jacobs M.T. Adverse effects and typical complications in ozone-oxygen
therapy. Ozonachrichten. 1983; 1: 193—-201.

Razumovsky S.D., Zaikoo G.E. Ozone and its reactions with organic com-
pounds. Moscow: Nauka; 1974: 312. [In Russ.]

Buyuklu M., Kandemir F.M., Set T., Bakirci E.M., Degirmenci H., Hamur
H., Topal E., Kucukler S., Turkmen K. Beneficial effects of ozone therapy
on oxidative stress, cardiac functions and clinical findings in patients
with heart failure reduced ejection fraction. Cardiovasc. Toxicol. 2017; 17
(4): 426-433. DOL: 10.1007 /s12012-017-9400-8. PMID: 28097518

Alekhina S.P., Shcherbatyuk T.G. Ozone therapy: clinical and experimen-
tal aspects. Nizhny Novgorod: Litterra; 2003: 240. [In Russ. ]
Boyarinov G.A., Sokolov V.V. Ozonized artificial circulation (experimen-

tal substantiation and results of clinical application). Nizhny Novgorod:
Pokrovka; 1999: 318. [In Russ.]

Rokitanscy O. Clinical considerations and biochemistry of ozone therapy.
Hospitalis. 1982; 52: 643—647.

Boyarinoo G.A., Veksler N.Yu., Boyarinova L.V., Akhmeroo F.Sh., Yuryeo
M.Yu., Goryachev M.E. Detoxifying effect of ozone. Kazansky Meditsinsky
Zhurnal. 2007; 88 (4): 261-263. [In Russ.]

Veksler N.Yu., Boyarinov G.A., Makaroo N.A., Mukhin A.S., Germanova
T.A., Chastoo V.P. Correction of endotoxicosis by the oriented action on
toxic agents. Rossiisky Meditsinsky Zhurnal. 2004; 3: 29-32. [In Russ.]
Veksler N.Yu., Boyarinoo G.A., Makarov N.A., Mukhin A.S., Chastoo V.P,
Burovkin B.A., Smirnov N.F., Petrova L.A. Correction of endotoxicosis
within the complex intensive therapy for acute destructive pancreatitis.
Rossiisky Meditsinsky Zhurnal. 2004; 4: 14—17. [In Russ.|

Re L., Rowen R., Travagli V. Ozone therapy and its use in medicine: furt-
her comments. Cardiology. 2017; 136 (4): 269. DOI: 10.1159,/000452618.
PMID: 27894109.

Received 20.03.18

GENERAL REANIMATOLOGY, 2018, 14; 3

www.reanimatology.com

35



