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Ienb uccnenoBanus. Vsyuenne Mopdosiorum apuTpoIToB 1 CONPSKEHHOCTH MOP(hOJIOTMYECKUX TTIOKa3aTesiei ¢
[POLIECCAMM JIUTIOIIEPOKCUAIINI U COEPKAHUEM OPraHIecKX (hochaToB B 9pUTPOIIUTAX TIPU 00PaBOTKE SPUTPOLIUT-
HOI MacChl Pa3HbIX CPOKOB XPAHEHUST 030HMPOBAHHBIM (DU3UOJIOTMYECKIM PACTBOPOM € KOHIICHTPAIIUEH 030Ha 2 MT/J1.

Marepuassi u Merosbl. VccaenoBaan MophOJIOTHIO 3PUTPOIIUTOB KPOBU YETOBEKA, KOHIICHTPAIUIO B HUX Ma-
goHoBoro muambaeruaa (M/IA), aktusnocTs Katanassl, copepxanne ATD u 2,3audochormumepara (2,3/I1DT) no
u nocJie 06paboTKU SPUTPOLIUTHON MACChl CPOKOM XpaHeHus 7, 14, 21 u 30 cyTOK 030HUPOBaHHBIM (PU3UOJIOTITUE-
CKHM PacTBOPOM C KOHIIEHTPAIMel 030Ha 2 MT'/J1.

PesyabraTel uccaenoBanus. /leiictBue o3oHa (2 Mr/ir) in vitro Ha 3pUTPOLIUTHYIO Maccy 7—21 cyTOK XpaHeHUs
CI10cOOCTBOBAIO BOCCTAHOBJIEHUIO (DOPMbI 9PUTPOLUTOB, yBeanunBaio B Hux cunres ATD u 2,3JDT, ontumusu-
POBAJIO TIPOIIECCHI TEPEKUCHOTO OKUCIeHUs JutnioB. [Ipu cpokax XpaHeHus apuTpoinTHON Macebl 30 CyTOK 030H
He OKa3bIBaJI BBIPAKCHHOTO TTOJIOKUTEIBHOTO BIUSHUS HA U3y4YaeMble [TOKa3aTe Iu.

3axmouenue. O6pabOTKa 3PUTPOIMTHOI MACCHI 030HUPOBAHHBIM (PU3UOJIOINUECKUM PACTBOPOM C KOHIIEHTPA-
1ueit 030Ha 2 MT/J1 BbI3bIBAJIA BOCCTAHOBJICHUE COJICPKAHUS IUCKOIUTOB 32 CUET ONTUMU3AINN TIPOIIECCOB JIUIIO-
IEepoKcu/iaum B MeM6paHax KJIETOK 1 YBeJ/IMYMBa/la CUHTE3 OPraHn4YeCKUuX CI)OCCI)aTOB BCJICICTBUE aKTHBU3aIllUN
[JIMKOJIN3A U IEHTO30-(DOChATHOTO IIYHTA, YTO MOKET OBITh UCIIOJIb30BAHO JIJIs YIyUIlieHUs: MOP(OIOTUYECKOro U
MeTabOJIMYEeCKOro CTaTyCca 3PUTPOLIUTHON MACCHI Iiepejt ee TpaHchysueid.

Knrouesvte cnosa: apumpouumsl; 030H, M0p¢0ﬂ02uﬂ,‘ nepexkucHoe oKucjienue Jzunuaoe; memaborusm

The purpose of the study was to assess the morphology of red blood cells (RBC) and the association of morp-
hological parameters with lipid peroxidation processes and the content of organic phosphates in RBC when treating
packed red blood cells with the ozonized saline solution (with an ozone concentration of 2 mg/1) after different sto-
rage periods.

Materials and methods. The morphology of human RBC, the concentration of malonic dialdehyde (MDA) in
RBC, the catalase activity, the concentration of ATP and 2,3-diphosphoglycerate (2,3-DPG) were studied before
and after treatment of RBC with the ozonized saline (with the ozone concentration of 2 mg/1) after 7, 14, 21 and 30
days of storage.

Results. The effect of ozone (2 ng/1) in vitro on the packed red blood cells after 7-21 days of storage contributed
to the recovery of RBC shape, increased the concentration of ATP and 2,3-DPG, and optimized the lipid peroxida-
tion. Ozone did not demonstrate a pronounced positive effect on these parameters when the packed RBCs were sto-
red for 30 days.
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Conclusion. The treatment of the packed RBCs with the ozonized saline solution (with the ozone concentration
of 2 mg/1) contributed to the recovery of the discocyte count due to optimization of lipid peroxidation processes in
cell membranes and enhanced the synthesis of organic phosphates in cells due to the activation of glycolysis and the
pentose phosphate pathway. This can be used to improve the morphological and metabolic status of the packed RBCs

before their transfusion.
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BBenenue

OnnomomenTHas norepst 30—-50% o6bema 1up-
kyaupytorieit kposu (OIIK) cama 110 cebe 06braHO He
SBJISIETCS HETIOCPEICTBEHHON yIPO30ii 7151 KU3HU, HO
[peBeINaeT HAYAI0 TSIKETbIX OCJI0KHEHH, ¢ KOTO-
PBIMU OPraHU3M CAMOCTOSITEJIbHO CIIPABUTHCS He
mosketT. JIump noreps He 6osee 25% OILK mosxker
OBITH KOMIIEHCHPOBAHA OPraHU3MOM CAMOCTOSITEILHO
3a CYET 3AMUTHO-TIPUCIOCOOUTENHHBIX MEXAHI3MOB.
HauboJiee peiicTBEHHBIM CPENCTBOM, €CJIA KPOBOIIO-
Tepsi 3HAYUTEJIbHA, SIBJISIETCS [IPOBejieHnne Tpancdy-
3UH IPUTPOIUTHON MACCHI K BOCCTAHOBJIEHUE OPram-
HOTO KpoBOTOKa (1epdy3un) IyTeM OCTUKEHUS
Heo6xoaumoro OIIK. Oanum us HakTopoB, KOMIIEH-
CUPYIOIINX TIOCJE/ICTBUS AHEMUH, SIBJSIETCST TAKIKE 1
yBeJsindenue K03 uineHTa yTuan3anu Kucaopoia
TKaHSMU.

OpHaKo U3BECTHO, YTO MPU XPAHEHUU IPUTPO-
IUTHOI MACChI IIPOUCXO/UT YMEHbIIEHE KOHIIEHTPA-
un AT®O u 2,3[]@T B apuTporuTax, yBejiudenme B
HUX cojiep:kanus Kanus u jakrata [ 1-4]. Yepes cyTku
XpaHeHusi YXYAILIAeTCsT KUCIOPOATPAHCIOPTHAS
dyukius apurponutos |5]. Ko 2-it nenene xpanemnust
9PUTPOIMTHON MACCHI OTMEYAELTCS CHUKeH e Jie(op-
MUpyeMocTH 3puTporuTos [6]. IIpu aTom coxpansgio-
IUECS] HPUTPOIUUTE 00OPA3YIOT MUKPOBE3UKYJIBL,
KOTOpbIe cogepsKaT hocharuuICeprH, 4To Croco0-
crByet 0bJierdyeHuIo renepaiuu tpombuna | 7]. Kpome
TOT0, KOHCEPBUPOBAHHbIE IPUTPOIIUTHI TEPSIIOT OCMO-
TUYECKYIO PE3UCTEHTHOCTD, YTO MPUBOJUT K UX Pa3-
PYIIEHUIO U PAa3BUTHUIO «CJIAK-CHHIPOMAa», KOTOPbII
enie B 60JIbllel cTerneny yeyryOJiser nIeMIo TKaHei
[8]. IloaToMy aKTyaIbHBIM ABJISETCS U3yUYEeHUE METO-
JIOB HAIIPABJIEHHBIX HA yJIydllleHre CBOUCTB XPaHsi-
eiicsa KpOBU.

VkazaHHbIE HEJOCTATKU MOTYT ObITh HUBEJIUPO-
Balbl IPUMEHEHUEM IIPENAPATOB BOCCTAHABIIMBAIO-
mux MeMOpaHHbBIE CBOIICTBA SPUTPOIUTOB M YJIyd-
MAINMX  MeTaboJInyecKue IPOIecchl B HUX.
W3BecTHO, 4TO 030HOTEPAIINS IPUBOANUT K yJIydlile-
HUIO PEOJIOTUYECKUX CBOUCTB KPOBHU, ITOBBIIIEHIIO
OT/Ia4¥ OKCUTEMOTJIOOMHA KUCJIOPOJIa TKAHU U YBe-
JINYEHUIO0 CKOPOCTU MUKpoLupKy.isiiiuu. Kpome Toro,
B3aMMO/IEICTBYSI C IBOUHBIMU CBSI3SIMU HEHACHIIIEH-
HBIX JKUPHBIX KUCJIOT 3PUTPOIUTAPHON MeMOPAHBI,
030H TMOBBINIAET ee amacTudHocTh [9]. B pesysbrate
030HOTEpANUy HAOJIOMAETCSI CHUKEHUE KOHI[EHTPa-
[IUU TIPOJYKTOB IIEPEKUCHOTO OKUCJIEHIS JUITHU/IOB B
KPOBU C OJTHOBPEMEHHOI aKTUBaIMell (hepMeHTATUB-

Introduction

Aloss of 30—-50% of the circulating blood volume
(CBV) at once is usually not an immediate threat to
life, but signifies the onset of severe complications the
body can’t cope with. The body can compensate inde-
pendently the loss of only not more than 25% of CBV
due to protective and adaptive mechanisms. Transfu-
sion of packed red cells and recovery of organ blood
flow (perfusion) are the most effective measures in the
case of a great blood loss due to achievement of a re-
quired CBV. The coefficient of the tissue oxygen uti-
lization is also one of factors that compensate the
consequences of anemia.

However, it is known that the storage of packed
red blood cells causes a decrease in the concentration
of ATP and 2,3 DPG in red blood cells and an increase
in the content of potassium and lactate in them [1—4].
The oxygen transport function of red blood cells de-
teriorates within 24 hours of storage [5]. The deforma-
bility of red blood cells decreases by the second week
of storage of the packed red cells [6]. At this, the re-
maining red cells form microvesicles which contain
phosphatidylserine thus facilitating the production of
thrombin [7]. In addition, the packed red cells lose os-
motic resistance, thus leading to their destruction and
the development of the «sludge syndrome» which, in
turn, worsen tissue ischemia [8]. Therefore, it is im-
portant to study methods improving the properties of
the stored blood.

These defects may be corrected by medications
that restore the membrane properties of red blood cells
and improve metabolic processes. It is known that
ozone therapy improves the rheological properties of
blood, increases oxygen release to tissues by oxyhemo-
globin and increases the rate of microcirculation. In ad-
dition, ozone increases the elasticity of the membrane
due to interaction with double bonds of unsaturated
fatty acids [9]. The ozone therapy reduces the concen-
tration of lipid peroxidation products in the blood and
activates enzymes of the antioxidant defense [10]. Ear-
lier, we found out that the concentration of ozone of 2
mg/l is most effective in increasing of the ATP and 2,3
DPG concentration in red blood cells after treatment
of packed red cells with ozonized saline (ozone concen-
tration of 0.5-15 mg/L) [11]. In turn, energy processes
mediate the functional activity of cells and the modifi-
cation of their membrane properties [12]. Meanwhile,
the effect of ozone on the structural parameters of ery-
throcyte membranes after different storage periods,
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HOTO 3BeHa aHTUOKcHIaHTHOM 3anmuThl [ 10]. Panee mbr
BBISIBUJIM, YTO MIPU 00pabOTKE SPUTPOIIUTHON MACCHI
030HMPOBAHHBIM (PU3NOJIOTUYECKIM PACTBOPOM (KOH-
nenTpauuu o3ona 0,5—15 mMr/in) Hanbobimii ahdexT
na ysesuuenue cogepxkanus AT® u 2,3/1DT B aput-
pOIMTax OKa3bIBAET KOHIIEHTpaIus o3onua 2 mr/i [11].
B cBoio ouepesb, aHEPTETUYECKUE TIPOIIECCHI OTIOCPE-
IyI0T GYHKIIMOHAIBHYIO aKTUBHOCTD KJIETOK M MOJIU-
dbukaiuio ux MeMOpaHHbIX cBoiicTs [12]. Mexmy Tem
CTPYKTYPHBIE MOKaszaTeJau MeMOpaH apUTPOIUTOB,
KOTOPBIE OTPEAESAIOT GUOJOTHYECKYIO MOJHOIEH-
HOCTb KOHCEPBUPOBAHHOI KDPOBHU, HPH IeiCTBUU
030HA HA IPUTPOIUTHYIO MACCY PA3JUUYHBIX CPOKOB
XpaHeHUsI He UCCJIe[OBAIIH.

[lesb paboThl — u3yverue MopgoIOrun apPUTPO-
IIUTOB U CONPS)KEHHOCTH MOP(OJIOrUIeCKUX M0Ka3a-
TeJIell ¢ MPOoIeccaMu JIUTOTIEPOKCHIAIII U COIEPIKa-
HUEeM opraHnveckux (ocdaroB B apUTPOIUTAX IPU
06paboTKe HPUTPOITUTHON MACCHI PA3HBIX CPOKOB Xpa-
HEHUsT 030HUPOBAHHBIM (DU3UOTIOTUIECKUM PACTBO-
POM C KOHIIEHTPAIMel 030Ha 2 MT /L.

MaTepI/IaJI U METO/1bl

OObEKTOM HCCIIEIOBAHNS CITYKIIIA CTAOMIM3UPOBAH-
nast remokoncepantom [LIM/IA (Harpus iurpar + Jlumon-
Hag kuciora + Hatpust aguruapodocdar + [lekcrposa +
Anennn) B cootHomeHNN 1:4 apUTPOIUTHAS Macca KPOBH
JesioBeKa. JJOHOPCKYIO KPOBb MOJIyYaInd Ha CTAHIUH Tiepe-
JIMBAHW KPOBH. 3aroTOBKY KPOBH U MOJTy4YeHIe U3 Hee KOM-
TTOHEHTOB MPOMU3BO/INIIN B COOTBETCTBHHU ¢ «VIHCTpyKIMeit
110 3aTOTOBKE 1 KOHCEPBUPOBAHUIO KPOBU», YTBEPKACHHOI
M3 PO 29.05.99. OpurporuTHas Macca XpaHuiach npu t
4°C 7,14, 21 n 30 cyToxk.

B xone nccnenoBannsa copmuponanu 2 cepun: 1-s
cepysi — 9PUTPOIUTHYIO Maccy (2 MJI) CMEITHBAJIH C 030HH-
POBAHHBIM PacTBOPOM Hatpus xyropuza 0,9% B 9KBUBAJIEHT-
HOM 00beMe, COJePIKANIM KOHI[EHTPAIMIO 030HA 2 MT/JL.
2-51 cepust (KOHTPOJIb) — 9PUTPOIUTHYIO Maccy (2 MJT) cMe-
MIMBAJIH ¢ pacTBOPOM HaTpust xropuza 0,9% B 9KBUBAJIEHT-
HOM oObeme. B kaxoii cepuu 6bL10 1poBeseHo 12 npoo.
OsonnpoBanue HrU3NOJOrHIECKOT0 PACTBOPA TPOU3BOIIIN
Ha YCTaHOBKE 030HATOPHOII TepareBTIHYeCKOi aBToMaTHye-
ckoit YOTA-60-01-»Menozon» (Poccust). Yeranoska naro-
ToBneHa B coorBerctBun ¢ TV 9444-001-11441871-97 u
MOJKET GBITh UCTOIB30BAHA B MEIMITMHCKUX YUPEKACHUSIX.
OsonnpoBaHue HrU3NOJOrHIECKOT0 PACTBOPA TPONU3BOIIIN
HETIOCPE/ICTBEHHO TepeJ CMEINBAHIEM €T0 € 9PUTPOIUT-
HOI Maccoil n dyepe3 60 MUH mccaenoBagIn MOPGHOIOTHIO
HPUTPOILUTOB, KOHIIEHTPAIINIO B HUX MAJIOHOBOTO /IHAJIb/le-
ruga (M/IA), akTuBHOCTD KaTtasiasbl, KoHieHTpaiuio ATO
u 2,3]1OT. YpoBenb GU3HOTOrMYECKO HOPMBI HCCIIELye-
MBIX IIOKa3aTeJsieil oIpeesisiyii B 9PUTPOIMTHON Macce B
JIeHb ee 3aTOTOBJIEHUST, IPOBO/IS1 I3MePEHIe TToKa3aTeeil B
12-u npoGax.

Anasms MophOJIOTHH PUTPOIUTOB TIPOBO/INIIN B Ma3-
KaxX KPOBH MeTOJIOM CBeTOBOI Mukpockomnuu [ 13]. Konrent-
pariio M/IA ompenessiig o peakiiy ¢ THo6apOuTypoBoit
kucaoroit [14]. IlmoTHOCTE OKpacK TPUMETHHOBOTO KOM-
rrekca perucrpuposaiy npu 530 uu. [ist pacyera KOHIIEHT-
partun M/IA wucnomp3oBamy K09G@UIMEHT MOJSPHON
axcTuHIMN E=1,5610°"M-lcm™t. AKTUBHOCTD KaTasla3bl aHA-
JIM3MPOBAJIN 110 CHUKEHUIO Nepokenaa B npobe [15]. Visme-

which determine the biological adequacy of the pooled
blood, has not been studied.

The purpose of the study was to assess the mor-
phology of red blood cells and the association of mor-
phological parameters with lipid peroxidation
processes and the content of organic phosphates in red
blood cells when treating packed red blood cells with
the ozonized saline solution (with an ozone concen-
tration of 2 mg/1) after different storage periods.

Materials and Methods

Packed human red blood cells stabilized with a blood
preservative CPDA (sodium citrate + citric acid + sodium
dihydrogen phosphate + dextrose + adenine) at a ratio of 1:
4 was the study object. The donor blood was taken at the
blood transfusion station. The blood collection and produc-
tion of its derivatives were carried out in accordance with
«The Guidelines for the purveyance and preservation of
blood» approved by the Ministry of Health of the Russian
Federation on 29.05.99. The packed red blood cells were
stored at t 4°C for 7, 14, 21 and 30 days.

During the study, 2 batches were formed: batch 1 —
packed red blood cells (2 ml) was mixed with an equivalent
volume of an ozonized 0.9% sodium chloride solution with
an ozone concentration of 2 mg/l; batch 2 (reference) —
packed red blood cells (2 ml) mixed with an equivalent vol-
ume of an 0.9% sodium chloride solution. In each batch, 12
samples were taken. The saline solution was ozonized using
and ozonizing therapeutic automatic device UOTA-60-01-
Medozon (Russia). The device was manufactured in accor-
dance with TU 9444-001-11441871-97 and could be used in
healthcare institutions. Ozonization of the saline was per-
formed immediately before mixing it with the packed red
blood cells. The morphology of red blood cells, the malonic
dialdehyde concentration (MDA), the catalase activity, and
the concentration of ATP and 2,3 DPG were examined 60
minutes later. The physiological normal limits of the tested
parameters were determined in the packed red blood cells
on the day of the preparation. Measurements were per-
formed in 12 samples.

The analysis of the morphology of red blood cells was
carried out in blood smears using light microscopy [13]. The
MDA concentration was determined by the reaction with
thiobarbituric acid [14]. The color density of the trimethyl-
ene complex was registered at 530 nm. The molar extinction
coefficient E = 1.56+10°M-lem™ was used to calculate the
concentration of MDA. The catalase activity was analyzed
based on a decrease in the peroxide concentration in the
sample [15]. The measurements were carried out spec-
trophotometrically immediately after the H,O, was intro-
duced into the cuvette and 20 seconds after the introduction
at a wavelength of 240 nm. The catalase activity (A) was cal-
culated using the formula: A = (Ig E,/E, X 120000) / Hb
(uM H,0, / mgHb X min), where E,, E, is the extinction of
the test sample immediately and 20 sec after the introduc-
tion of H,O,; Hb is the hemoglobin level. The content of 2,3-
DPG and ATP in a suspension of washed red blood cells was
studied by a non-enzymatic method. The inorganic phos-
phorus level was determined in the RBC hydrolysates by
photoelectric colorimetry. Washed RBCs (1 ml) were he-
molyzed with cold distilled water (2 ml) over 20 min, pro-
teins were precipitated with 12% TCA (2 volumes), and the
precipitate was separated by centrifugation at 3000 rpm for
15 min. The supernatant was filtered through a paper filter.
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PEHNST TIPOBOJUIIN CIIEKTPOGOTOMETPHYECKN CPa3y TOCIe
BHecenns H,O, B kioBeTy 11 gepe3 2() ceKyH/I TTOC/ie BHECEHIS
nipu jutnHe BosHbI 240 HM. AKTHBHOCTD Katanmassl (A) pac-
cunteiBasin 1o Gopmyae: A= (Ig E,;/E, X 120000)/ Hb
(mxmose HyO, / munXmr Hb), rne E, E, — akcTunumsa
OIBITHON TIPOGBI cpasdy u uepe3 20 cek. MocJjie BHECEHUSI
H,0,; Hb — konmuectso remorsiobuna. Coxepkanue 2,3-
JIOT u ATO B cycrieH3un OTMBITBIX PUTPOIIUTOB UCCIIE/I0-
BaJl  HEIH3MMATHUECKUM METOJIOM, oTIpesesis
Heopranndeckuii pocdop (PH) B rumponmsarax sputpoim-
ToB (OTOaTEKTPOKATOPUMETpHYeCK. OTMBITbIE dPUTPO-
TIATHI ¢! MJT) TeMOJIU3TPOBAIN XOJIOTHOM
JMCTUILIMPOBAHHON BoAoIt (2 Mu1) B Teuerne 20 MuH, Gesiku
ocaknanu 12% TXY (2 obbema), a 0caiok OTAEJSIIN 1eH-
tpudyruposarueM npu 3000 06/MuH B Teyerne 15 MuH. ¢
TIOCTIeAYIOMMM (DUIBTPOBAHNEM HAJIOCATOUHON KUAKOCTH
yepes OyMakHbIN ussTp. TXY umbsrpar reMosnsnpoBan-
HBIX 9PUTPOIUTOB MCHOIB30BaH /17T onpenesenus ATO u
2,3-J1DT. ITpu onpenenenun ATD k 1 man TXY dunbrpara
nobasuin 1 ma 2H HCl v nipoBoaniu rtuaposins B Kumsiei
BOZISTHOI GaHe 7 MUH. € MOCTE/YOTINM OXJTasKICHUEM U Heli-
Tpanusanmeil papabiM o6bemMom 2H NaOH. Onpesesisiiu He-
opranndecknii hocdop (Pr), B coctas koToporo Bxoaumn P,
ormenuinuiics or AT® nocse ruaposnsa, u PH 10 tuapo-
smsa [16]. s onpenenenust 2,3 DT uz TXY dunsrpara
TeMOJIM3UPOBAHHBIX APUTPOIUTOB YAAIAIN HYKIEOTU/IBI
(ATO®, AID, AM®D) mytem agcopOIUn Ha aKTUBUPOBAH-
HOM YTJI€ C TIOCTIeAYOINM IeHTprudyrupoBanueM. B cymnep-
naranre (0,5 mu) onpexnensin Pul (pobupka 1). Hactb
TXY ¢uasrpara (0,5 MJT) oABEpPrair 030JeHUI0, 100aBIsIs
0,5 Mt 5% pacTBOpa HUTpATa MAarHUsl, KUMSITUJINA U TOCJIE
OXJIKIIEHNST COIEPIKUMOE TTPOOUPKH pacTBOPsin B 0,5 MII
0,36N H,SO,. B 0,5 mut cynepuaranta namepsiiu Pu2 (mpo-
6upka 2). Oupeaensin PH B Ka10i 1poOKUpKe, PerucTpu-
PYy$I IVIOTHOCTH OKPACKH Ha (hoTOMETPE (DOTOIIEKTPHIECKOM
KOK-3 (A=660 1wm). Kontnenrpanuio Pu ompenesisiyim 1o Ka-
JNGPOBOYHOI KPUBOM, UCIOJIb3Ysl CTAHAAPTHBIA PacTBOP
KH,PO,. Pacuer koumnenrpanun 2,3/JMT npoBomamiu 1mo
dbopmyse (Pu1 X 100 — Pu2 X 10) / 2 [17].

IMTocse mokazaTeqbCTBA MPUHAMIEKHOCTH IKCIIEPHU-
MEHTAJIBHBIX TAHHBIX K HOPMAJIBHOMY DACTIPEIETIEHHIO C UC-
nosab3oBanueM kpurtepus Illanupo-Yuika onpepensnn
3HAYEHWST CPEHUX apUDMETUIECKUX U CTAHAAPTHBIX OTITH-
60k cpenHux. /[yt cpaBHEHUs IBYX MOATPYII UCIIOJIbB30-
Baun t-kpurepuii CTplosieHTa.

Pe3ybrarhl 1 00Cy:KIeHHE

B xoje mpoBemeHHOTO HCCAeOBaHIS Oblia
BBISIBJICHA 3HAUNMAsI CIIOCOGHOCTh 030HA BJIUATH Ha
COOTHOTIIEHHE TATOJIOTUIECKIX (hOPM IPUTPOIIUTOB U
JINCKOTIUTOB ~ KOHCEPBUPOBAHHOW  3PUTPOIUTHON
MAacCChI B ITOJIb3Y MOCJEIHUX Ha BCEX CPOKAX XPAHEHUS
(tabir. 1). Ecom Ha 7-¢ CyTKM B 9PUTPOIUTCOAEPIKAIIIEH
cpeie TIPEBATUPOBAIN JIBOSTKOBOTHYTBIE TUCKOTIUTHI,
10 4epe3 30 CyTOoK XpaHeHns B Hell HabIomamoch 6ob-
Tree KOJIMIeCTBO 9XUHOMUTOB 1 cheportnToB. M cmoms-
30BaHWE O030HA BOCCTAHABJIWBAJIO TATOJIOTHUECKU
HU3MeHeHHbIE (POPMBI HPUTPOIIUTOB, HauboJIee BhIpa-
JKEHO ITO TPOSIBIIATIOCH TpH 06paboTKe 030HUPOBAH-
HBIM (PUBMOJIOTHIECKUM PACTBOPOM 3PUTPOITUTHOM
MAacChI ¢ 7-X TI0 21-€ CyTKU ee XpaHeHus.

OzoHnpoBaHue 3pPUTPOIUTHON MacChl Ha 9Tarle 7-
CYTOYHOTO €€ XPaHEeHUS BBI3BIBAJIO POCT CO/IEPKAHUS

ATP and 2,3 DPG were detected in the filtrate of hemolyzed
RBC. While determining ATP, 1 mL of 2N HCI was added
to 1 mL of TCA filtrate and hydrolysis was carried out in a
boiling water bath for 7 min followed by cooling and neu-
tralization with an equal volume of 2N NaOH. Inorganic
phosphorus (IP) was determined before and after hydrolysis
[16]. To determine 2,3 DPG, nucleotides (ATP, ADP, AMP)
were removed from the TCA filtrate of hemolyzed RBC by
adsorption on the activated charcoal followed by centrifu-
gation. In the supernatant (0.5 ml), IP (tube 1) was deter-
mined. A portion of the TCA filtrate (0.5 mL) was mixed
with 0.5 ml of 5% magnesium nitrate solution, then it was
boiled and cooled, then the contents of the tube were dis-
solved in 0.5 mL of 0.36N H,SO,. In 0.5 ml of the super-
natant, IP concentration was measured (tube 2) in each tube
by measuring the color density with the KFK-3 photometer
(A=660 nm). The concentration of PI was determined by
means of a calibration curve using a standard KH,PO, so-
lution. Calculation of the concentration of 2,3 DPG was car-
ried out according to the formula (P1 X 100 — P2 X 10) / 2,
where P1 is PI concentartion in tube 1 and P2 — concentra-
tion in tube 2 [17].

Mean arithmetic and standard errors of the mean were
determined after proving that the experimental data belong
to the normal distribution using the Shapiro-Wilk test. The
t-test was used to compare the significance of difference be-
tween two subgroups.

Results and Discussion

A significant ability of ozone to influence the
ratio of abnormal forms of RBCs and discocytes of the
packed red blood cells with the increase of the latter at
all storage times was found during the study (table 1).
Biconvex discocytes were prevalent in the RBC-con-
taining medium on the 7" day of the storage, whereas
echinocytes and spherocytes count increased after 30
days of storage. Ozone restored pathologically altered
forms of red blood cells. The restoration was most pro-
nounced when packed red blood cells were treated
with an ozonized saline solution from the 7* to the 21*
day of storage.

Discocyte count increased from 60.5+1.97% to
97.4%2.97%, and the echinocytes and spherocytes
count significantly decreased during ozonation of the
packed red blood cells during the 7-day storage period
(table 1) as compared to RBCs without treatment
with ozone (fig.1).

The discocyte count decreased due to an increase
in the pool of echinocytes of various forms on the 14
day of storage of the packed red blood cells. The num-
ber of echinocytes increased and the number of discs
decreased by 18.9% (P<0.05) and 13.4% (P<0.05) re-
spectively. The data obtained are comparable with re-
sults of other authors who observed a specific change
in the erythrocyte membrane nanostructure by 9—12
days of storage and the formation of structural clusters
that triggered the formation of echinocytes [18].
Ozonization of the packed red blood cells at this stage
significantly changed the pattern of poikilocytosis al-
most completely recovering the RBC pool to the char-
acteristics observed after 7 days of storage (fig. 1, b).
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Ta6mma 1. Mopdoaoruueckas XapakTepuCTUKa NOMKHUIONUTO3a KOHCEPBUPOBAHHBIX 9PUTPOLHUTOB MOCJIE 06paboTKH
030HHPOBAHHBIM U CTAHAAPTHBIM (PU3HOTOTHYECKHUM PACTBOPOM.
Table 1. Morphological characteristics of poikilocytosis of packed RBC after their treatment with ozonized and stan-

dard saline.

Indexes in series, %

Values of indexes on the day of storage

Day 7 Day 14 Day 21 Day 30

Discocytes

Baseline 60.5£1.97 52.4+1.5012 27.9+1.2812 14.3+2.3212

i 97.4+2.9771 90.1+1,7712%4 88.4+1.95%1 49.3%1.261257

2 63.6+0.94 53.1+£2.0712 32.2+1.53'%3 12.0£1.85'2
Echinocytes

Baseline 29.7+2.01 36.6+1.88!2 59.1£1.6512 70.6£2.73

1 2.5+0.66%1 3.9+1.3734 7.6+1.45'234 41.4+1.591234

2 27.3+1.14 35.1+1.55!2 58.2+1.9812 76.5+2.26!23
Spherocytes

Baseline 9.1+1.21 10.7£1.48 11.3£1.42 14.6+£1.33!2

1 0.1+0.01734 5.7+0.89!234 4.3+0.7734 11.6+0.72123

2 8.8+0.54 11.2+1.23 7.6+1.03%° 12.4+1.3612
Note . P<0.05, significant differences: ! — vs 7th days of storage; ? — vs the previous storage period; ® — vs the baseline during the study;

4 — vs the packed RBC with saline during the study.

IIpumeuvanue. /s tabu. 1, 2: Indexes in series — nokasaresu B cepusix; Values of ... on the day of storage — snauenus ... Ha jeHb xpa-
Henus; Baseline — nexoanast apurpomacca; Discocytes — auckormtsl; Echinocytes — axunormrer; Spherocytes — cheporursr. 3naunmbie
pasurrdust ipu p<0,05 oTHOCHTENBHO: | — 7-X CYTOK XPaHEHHsT; > —IIPEBIAYINETO CPOKA XPAHEHNUST; ® — MCXOHOTO [OKA3aTe ST Ha ITare
uccsesoBanus; * — apuTpomMaccst ¢ GU3NOTOTHYECKUM PACTBOPOM Ha dTalle NCCIeTOBAHUS.

auckonutos ¢ 60,5+1,97% 10 97,4+2,97% (tabu. 1) upu
3HAYUTEJLHOM YMEHBIIEHUN KOJIMYeCTBA IXUHOIUTOB
1 ¢epOLUTOB OTHOCUTEIBHO IPUTPOMACCHL 6e3 0Opa-
6orku ozonoM (puc. 1, a).

Ha 14-e cyTku XpaneHnus: 5puUTPOIUTHON MaCCh
KOJINYECTBO IUCKOIITOB CHUYKATIOCH 32 CUET yBeJInye-
HUS [TyJIa 9XUHOIUTOB Pasindnbix hopm. VIx otHoCH-
TeJbHBIN TPUPOCT U CHUKEHUE [[0JIU JUCKOIUTOB
cocraBua B cpennem 189% (p<0,05) u 13,4%
(p<0,05) coorBercTBeHHO. [loyueHHbIE mTaHHBIE
COYeTAIOTCS C Pe3yJIbTaTaMU JIPYTUX aBTOPOB, KOTO-
pbie orMevaioT kK 9—12 cyTkam xpanenus crienuduye-
CKOE U3MEHEHUEe HAHOCTPYKTYPbI MEMOPaHbI 3PUTPO-
UTOB, 00pa3oBaHWe CTPYKTYPHBIX KJACTEPOB,
KOTODbI€e SIBJISIOTCSI TyCKOBBIM MeXaHU3MOM (hOpMHU-
poBauus sxuHoUTOB [18]. O30HUpOBaHUE APUTPO-
MacCChl HA JAHHOM 9Talle 3HAYUTETbHO UBMEHSIIO Kap-
TUHY TOUKUJIOINTO3a, IPAKTUYECKI BOCCTAHABIUBAS
SPUTPOLUTHBIN ITYJI K XapaKTepPUCTUKAM 7 CYyTOYHOTO
cpoka xpanenus (puc. 1, b).

21-e cyTKM XpaHeHUs IPUTPOIUTHON Macchl —
HOrPAHUYHBIN CPOK B BO3MOXKHOCTHU IIpeaTpaHcdy-
3MOHHON peabINTAIl KOHCEPBUPOBAHHBIX 9PUTPO-
uTOoB 030HOM. Ha aToM araiie orMeyeHo 3HAYUTE -
Hoe (¢ 36,6 no 59,1%) (p<0,05) yBenuuenue
KoJiyecTBa sXuHouToB (Tabu. 1, puc. 1, ¢). OxHako,
nocsie 06paboTKM 030HA HPUTPOIMTHON MACChI HTOTO
CpoKa XpaHeHusi MOP(OJOTUYECKUIT COCTAB TPAHC-
bopmuposascs no auckoruTos Ha 67,0%.

K 30-m cyrkam xpaHeHusi SpuUTPOIIMTHON MACChI
HapsIy C TAJbHENIITIM POCTOM 9XUHOITUTAPHOI TPaHC-
(opmaruu, yBesimunBasioch KOJIM4eCcTBa ChepoIuTOB.
Kpowme Toro, Habmoaach arperaiusi 3puTpOIUTOB
(puc. 1, d). VccaenoBanus, IOCBAIIEHHBIE PEOJIOTUN
KPOBU IOYEPKUBAIOT, UTO TIE€PETUBAHNE IPUTPOIIUT-
HOU MacChl MTO3/IHUX CPOKOB XPAHEHUsI COIIPOBOK/IA-

The 21% day of the storage of the packed red
blood cells is a threshold in the ability of ozone to
restore of packed RBC before the transfusion. A sig-
nificant increase in the echinocyte count was regis-
tered (from 36.6% to 59.1%) (P<0.05) at this stage
(table 1, fig. 1, ¢). However, the morphological com-
position was transformed to discocytes (by 67.0%)
after treatment of the packed RBC with ozone dur-
ing this storage period.

By the 30™ day of storage of the packed RBC,
along with a further growth of the echinocyte transfor-
mation, the spherocyte count also increased. In addi-
tion, erythrocyte aggregation was observed (fig. 1, d).
Studies of blood rheology emphasize that transfusion
of packed RBC of late storage periods is associated
with a great number of complications and worse clini-
cal outcomes which may be explained by incapability
of spherocytes to the transcapillary transport, as well
as micro-clots and sludge obstruction of capillaries
[19]. Ozone was ineffective on day 30 as compared to
previous study dates: there was an increase in morpho-
logically transformed RBC to echinocytes and sphero-
cytes in the packed RBC.

It is known that hydrogen peroxide is one of
echinocyte agents [20]. In addition, the formation of
echinocytes and spheroechinocytes is associated with
the emergence of hemin during the oxidative processes
[19], leading to the dissociation of the spectrin-protein
4.1 — protein 3 [22]. Transformation into the sphero-
cyte which is considered a prehemolytic form of a RBC
is possible with an increase in the lysophosphatidyl-
choline level [23]. Therefore, the morphological
changes in RBC during the storage and under the ef-
fect of ozone are most likely determined by a change in
the ratio of pro- and antioxidant processes in red blood
cells. This statement is confirmed by our study. A study
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Mopddoiornyeckas CTpyKTypa 9pUTPOLHTOB Ha Pa3HBIX CPOKAX XPAHEHHS 9PUTPOLMTHOI MaCChI.

Morphological structure of erythrocytes after different storage periods of packed red cells.

Note. A hematoxylin-eosin stained smear of packed red cells diluted at a ratio of 1: 1 with NaCl 0.9% (right) and diluted at a ratio of 1:1
ozonized NaCl 0.9% with the ozone concentration of 2 mg/L (left). Magnification X 1000.

IIpumeyanue. OKpanieHHbId reMaTOKCUINH-903UHOM Ma30K KOHCEPBUPOBAHHON 9pUTPOIUTHOI Macchl, passeaernoi NaCl 0,9% B coot-
Homrennu 1:1 (cripasa) u passeennoil o3onnposantbiM NaCl 0,9% B coorrommenun 1:1 ¢ koHIeHTpaieit 030Ha 2 Mr/Jt (cJieBa). YBesnde-
rue X1000.
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ercst GOJIBIIUM KOJIMYECTBOM OCIIOKHEHUH U XYM
KJIMHIYECKUM PE3YJIBTATOM, YTO OOBSCHSIETCS HECIIO-
COOHOCTBIO  ChEpPOIUTOB K  TPAHCKATMJLISIPHOMY
TPAHCIIOPTY, & TaKKe MUKPOCI'YCTKOBBIM, CJIJI>KEBBIM
6JIOKMpOBaHeM KanujuisspHoro pycaa [19]. Memosib-
30BaHue 030Ha ObLI0 Ma03(h(hEKTUBHO, TI0 CpaBHe-
HUIO C IIPEABILY UMY CPOKAMU MCCIIE0BAHMIL: B 9PUT-
POLIMTHON Macce PperucTpupoBAJIOCH YBeJUYeHHE
Mopdosorudeckn TpancHOPMUPOBAHHBIX PUTPOILIH-
TOB /IO XUHO — U ¢(hepo1nuToB.

W3BecTHO, 4YTO 9XMHOIMTAPHBIM areHTOM
SBJISIETCSI, B YaCTHOCTH, TepeKkuch Bojpopoaa [20].
Kpowme Toro, popmupoBanue aXxuHOIUTOB U chepoa-
XMHOIUTOB CBS3AHO C MOSBJIECHIEM TeMIHA IIPU OKKC-
JIUTEJIbHBIX IIpoleccax [21], mpuBosIux K pasobiie-
HUIO cnekTpuHa — Oenka m.4.1 — Genxa m.3 [22].
Tpancdopmarust B ccheporut, KOTOpbIil paccMaTpuBa-
eTcs Kak IpejareMoauTnyeckasd hopma spuTpoIuTa,
BO3MOXKHA IIPU yBeJMYEeHUU coziepskanus gusodocda-
tupniaxoauna [23]. Takum o6pasom, MopdoJiorude-
CKMe U3MEHEHUS IPUTPOIUTOB IIPU XPAaHEHUH U IIPU
JIeICTBUM 030H3, 110 BCEll BUAMMOCTH, OTIPE/IEISIOTCS
M3MeHeHUeM COOTHONIEHNS IIPO- U aHTUOKCHIAHTHBIX
IIPOIecCcOB B apuTpoluTax. Jlannoe mososxkenue moj-
TBEpIKJaeT U IIPOBeleHHOe HaMU HccieioBanue. Tax,
B XO/I€ U3y4YEHUSI OKMCIUTEIbHBIX ITPOIECCOB B APUT-
POLIUTAX BBISBJIEHO, UTO C yBeJIUYEHHEM CPOKOB Xpa-
HEHVSI 9PUTPOIUTHON MacChl HABJIIOIaIach MHTEHCH-
dukaius npoueccos I1OJI (tabu. 2). KonuenTtpars
M/IA B spuTponuTax Bospacrana 6ojee ueM B 2 pasa
K 21-M cyTKaM XpaHeHUs, TOT/Ia KaK aKTUBHOCTH KaTa-
JIa3bl, HAIIPOTUB, CHUKAJIACH HA JIAHHOM 9Talle KOHT-
poJibHOrO Bpemenu. Vcriosib3oBanne 030Ha U3MEHSIO
GajaHC TPO- U AHTUOKCUIAHTHBIX MPOIECCOB, YTO
IPOSABJIANIOCh B CHUXKeHUM KoHUeHTparun MJIA u
yBeJUYeHUN aKTUBHOCTU KaTasa3bl B Teyenue 21-x
CYTOK XpaHEeHUs 9PUTPOIUTHON MacChl OTHOCUTEJILHO
koHTpoJsibHOM cepuu. K 30-M cyTkam cocrosinue mmpo-
U AaHTUOKCHUJAHTHBIX CUCTEM IIPU JEeHCTBUHU 030HA
pUOINKATOCH K 3HAYEHUSAM KOHTPOJIS.

[Tosryyennble pe3yJibraTbl CBUAETEILCTBYIOT, UTO
110 Mepe YBeJIMYeHHS CPOKa XPaHEHUs SPUTPOIIUTHOM
MacChl B 9PUTPOIMUTAX YCUIUBAIOTCS IIPOIIECCHI JIUII0-
MEPOKUCAALINHU, COIPSAKEHHDIE ¢ TIOABJICHUEM 9XUHO-
1uToB U cheporToB. Mopdosiorudeckue n3MeHEeHMsT
HPUTPOIUTOB MOTYT ObITH 0GYCJIOBIIEHBI MOM(DUKAIN-
eif, KaK JIMIUIAHOM, TaK 1 OEJIKOBOI YacTH dPUTPOLIH-
TapHBIX MeMOPaH, HAPUMED, 32 CYET JAECTPYKITUH yda-
CTKOB GUCJII0sT, 060TAIEHHBIX IBOWHBIME CBSA3AMMU MPH
AKTUBAIMY MEPEKUCHOTO OKUCJIEHUS JUTUA0B [24],
Jm60 crmBKamMu GEJIKOB, 06PasyIONIUXCsT TOCPEACTBOM
M/IA [25]. B pesysbrate usMeHeHHUsI XapaKTepa
JNA-6EJIKOBBIX B3aUMOICHCTBUIT B MEMOpaHe SpuT-
POIMTA IPOUCXOUT HAPYIIIEHNE CIIeIIMPUYECKIX MEM-
GpaHO-acCOIMUPOBAHHBIX MTPOIECCOB, B TOM YKCJIE 1
Tpancropra noHos [26]. Hakorienue B KjleTkax MIOHOB
Ca2+ npuBOANUT K aKTUBAI[MK MEMOPAHOCBA3AHHBIX
ocosmriaz, uto nowwiIaeT TpaHcaoKaIuio dhocdaru-
JIMJICEPUHA Ha BHEIIHIO MOBEPXHOCTH MEMOPAHbI 1

of oxidative processes in RBC demonstrated that lipid
peroxidation intensified with an increase in the time of
storage of the packed RBC (table 2). The MDA con-
centration in red blood cells increased by more than
twice by the 21 day of storage, whereas the catalase
activity decreased at this stage. The use of ozone
changed the balance of pro- and antioxidant processes:
the MDA concentration decreased and the catalase ac-
tivity increased during 21 days of storage of the packed
RBC vs. the reference batch. By the 30™ day, the state
of pro- and antioxidant systems under the effect of
ozone was approaching the reference values.

The obtained results indicate that lipid peroxida-
tion processes and the emergence of echinocytes and
spherocytes increase with the increase of the storage
time of the packed RBC. Morphological changes in
RBC can be caused by modification of both lipid and
protein components of erythrocyte membranes, for ex-
ample, by destruction of bilayer sites enriched by dou-
ble bonds upon activation of lipid peroxidation [24] or
by cross-linking of proteins formed by MDA [25]. The
change in lipid-protein interactions in the erythrocyte
membrane disrupts specific membrane-associated
processes, including ion transport [26]. Upon accumu-
lation of Ca?* ions in the cells, membrane-associated
phospholipases are activated, thus enhancing the phos-
phatidyl serine translocation to the outer surface of the
membrane and formation of echinocytes [27]. Changes
in the shape of cells and oxidative damage to erythro-
cyte membranes adversely affect the viscoelastic prop-
erties of membranes and increases erythrocyte
aggregation, which is a negative factor in transfusion
of the erythrocytic mass [28].

Treatment of the packed red blood cells with
ozone determines the optimization of pro- and antiox-
idant systems of red blood cells, which may be ex-
plained by the direct effect of ozone on the cells. In
response to the introduction of ozone in red blood cells,
ozonide cells are formed in the lipid bilayer membranes
[29]. Ozonolysis of the erythrocyte cell membrane
leads to the formation of hydroxy-hydroperoxides
through the cleavage of chains of unsaturated fatty
acids. Hydroxy-hydroperoxides trigger different com-
ponents of the antioxidant protection system [30]. The
activation of antioxidant systems restores the processes
of peroxidation [31].

It should be noted that the shift of the oxidation-
reduction effect of ozone leads to the accumulation of
oxidized glutathione [32], and, consequently, to the
activation of the glucose-phosphate shunt and changes
in the metabolic state of cells. In our experiments, it
was found that the ozonization of the packed RBC
caused an increase in the concentration of ATP and
2.3 DPG after 21 days of storage, while treatment of
the packed red blood cells storred for 30 days with an
ozonized saline was not accompanied by a statistically
significant change in the concentration of ATP and 2,3
DPG in red blood cells (table 2). The observed effects
of ozone on the content of the above phosphates in
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Taﬁmma 2. MeTaGoanyecKue oKa3aTean KOHCEPBHPOBAHHBIX IPUTPOIUTOB MOCIE 06pa60T}<n O30HUPOBAHHBbIM U CTaH-

JapTHBIM (PU3NOJIOTHYECKHM PACTBOPOM.

Table 2. Metabolic parameters of packed RBC after treatment with ozonized and standard saline.

Indexes in series, %

Values of indexes on the day of storage

Day 7 Day 14 Day 21 Day 30

MDA, nM/ml

Baseline 1.15+0.04 1.33+0.18 2.35+0.07!23 2.57+0.08'23

1 0.96+0.07* 0.89+0.06> 1.18+0.081245 2.13+0.0612345

2 1.13+0.09 1.30£0.13 2.40+0.09'23 2.41+0.08'3
Catalase, pM H,0,/mgHbXmin

Baseline 37.26£3.08° 35.20+1.29%3 30.61£1.81123 24.81+2.85!23

1 93.99+1.81345 44.22+1.8112345 35.59+1.4812345 26.57+1.331235

2 35.80£1.07° 33.06+2.22%3 29.27+1.8513 22.72+2.55123
ATP, uM P/mlXcells

Baseline 0.90+0.11 0.79£0.11° 0.60+0.1213 0.50+0.1213

1 1.12+0.09° 1.07+0.13%° 1.05+0.10%° 0.49+0.11123

2 0.86%0.12 0.75%0.10° 0.54+0.10'23 0.46+0.15'3
2,3 DFG pM P/mlXcells

Baseline 2.15+0.18° 2.20+0.16% 1.80+0.16123 1.760.16'°

1 3.54+0.11%° 2.97+0.13!2345 2.06+0.16'23 1.90+0.2013

2 2.07x0.16° 2.17£0.14° 1.73+0.15'23 1.69+0.18'3

Note. The normal physiological level for: ATP — 1.06+0.10 uM P/ml; 2,3 DPG — 3.98%0.12 uM P/ml; MDA — 1.09£0.08 nM /ml; Ca-
talase activity — 57.41£2.70 uM H,0,/mgHbXmin. P<0.05, significant differences: ! — vs 7 days of storage; ? — vs the previous storage
period; ® — vs the baseline during the study; 4 — vs the packed RBC with saline during the study.

Ipumeuanue. MDA — M/IA; Catalase — Karanasza; ATP, cells — AT®, kierok; DFG — DT, @usuosnoruueckas nopma: ATD —
1,06£0,10 mrmous Pu/mir; 2,3JDT — 3,98+0,12 mxmoss Pu/mm; MIA- 1,09£0,08 amosb/Mir; ak THBHOCTH KaTasiassl — 57,41£2,70
MrMOJtb HyOy / MunXmrHb. 3naunmeie pasiuuns npu p<0,05 0THOCUTENBHO: ! — 7-X CYTOK XPaHEHUsI; > —TIPEABIAYIIEr0 CPOKA XpaHe-
HUST; 3 — JTOJKHBIX BEJIMUYMH; ¢ — MCXOJHOTO [IOKA3aTeJ sl Ha ATalle CCJeJ0BAHUS; ° — 9PUTPOMACCHI ¢ GU3UOTIOTHIECKUM PACTBOPOM HA

JTalle MCCaeJ0BaHmAd.

obpasoBanue axuHouuToB [27]. smenenue (hopmbl
KJIETOK M OKCUIATUBHOE TOBPESKICHIE MEMOPAH OPUT-
POIMTOB HETAaTUBHO BJIMSET HA BSI3KO-3JIACTHYHBIE
CBOIiCTBa MEMOPAH U YBEJIMUYMBACT arperupyeMocThb
9PUTPOIIUTOB, YTO SIBJISIETCS OTPUIATETBHBIM (DAKTO-
pOM Tipu TpaHchy3UM IPUTPOITUTHON Macch [28].
O6paboTka HpUTPOIIUTHON MaCCHI O30HOM OTIpe-
NleJISIeT ONTUMU3AIUIO TIPO- M AHTUOKCHIAHTHBIX
CHCTEM HPUTPOIUTOB, YTO, BEPOATHO, MOKHO 0OB-
SICHUTb TIPSIMBIM JIEFICTBHEM 030HA HA KJIETKHU. B oTBeT
Ha BBeJIEHUE 030HA B dPUTPOIUTAX OCYIIECTBIISIETCS
o6pa3oBaHue B JUMUAHOM OUCTOe MEeMOPaH KJIETOK
030HI0B [29]. O30H0M3 KJIETOYHON MeMOPaHbI 9PUT-
POIIUTOB BeJIET YePE3 PacIeTIeH e TeTnieil HeHACHITIeH-
HBIX JKMPHBIX KUCJIOT K 06PA30BaHUIO THPOKCH-TH/I-
poriepokcuioB. [Tocaentue cnocobCTBYIOT 3aIyCKy
Pa3JINYHBIX 3BEHBEB CHCTEMbI AHTUOKCUIAHTHOI 3aI1-
ThI [30]. AKTHBAIMST aHTHOKCUAHTHBIX CUCTEM BOCCTA-
HaBJIMBAET MTPOIIECCHI TEPEKNCHOTO OKKcaeHus [31].
Crnenmyer OTMETUTB, YTO CABUT OKUCJIUTETbHO-
BOCCTAHOBUTEJIBHOTO [IEMCTBUSI 030HA, MPUBOAUT K
HaKOIIJIEHWIO OKUCJIEHHOTO TayTaTtnona [32], cienona-
TeJIbHO, aKTHBAIIUU TJII0K030-hochaTHoro 1IyHTa, u
U3MEHEHHIO METabOIMUECKOTO COCTOSTHUS KIETOK. B
HAIITIX SKCTIEPUMEHTAX BBISIBJIEHO, YTO 030HUPOBAHNE
SPUTPOIMTHOI MacChl BbI3BIBAJIO YBEJIMUYEHNE KOH-
nerrparuu AT® u 2,3/1DT npu cpokax ee XpaHeHust
1o 21 cyTok, Torya Kak 06paboTKa 030HUPOBAHHBIM
(bM3MOTIOTUYECKUM PACTBOPOM IPUTPOIUTHOI MACCHI
cpokoM xpaHenus 30 CyTOK He COMPOBOXKIATIACH CTa-
TUCTUYECKN 3HAYMMbIM U3MEHEeHUEeM KOHIIEHTDPAI[TN
AT® u 2,3/1DT B aputponurax (Tabu. 2). Habmonae-

RBC probably can be explained by the modifying ef-
fect of ozonides on erythrocyte metabolism. Under the
effect of ozonides, enzymes of glycolysis and pentose-
phosphate shunt are activated and intracellular acido-
sis is reduced [33]. In turn, the implementation of such
activation presumably is due to decreasing the level of
molecular products of lipid peroxidation and the en-
hancing the antioxidant defense system.

Thus, the ozonization of the packed RBC pro-
motes the recovery of the erythrocyte shape by opti-
mizing the processes of lipid peroxidation of
erythrocyte membranes and increasing the synthesis
of ATP. Under the effect of ozonides, a mutagenic
shunt of glycolysis is activated and 2,3 DPG is
formed. 2,3 DPG determines the strength of the he-
moglobin binding to oxygen, facilitates oxygen re-
lease by oxyhemoglobin and, thus, improves the
oxygen supply of tissues. The formed ATP is used in
energy-dependent processes of RBC, including con-
tractile proteins, thus improving the deformability of
RBC. The restoration of these processes during
ozonation of the packed RBC is observed when they
are stored for 7-21 days. In this case, ozonization of
the packed RBC stored for 30 days does not improve
the morphometabolic characteristics of RBC studied.
The obtained results indicate that the developed
technology for treatment of the packed RBC stored
for 7 to 21 days with an ozonized saline solution (with
the ozone concentration of 2 mg/l) improves the mor-
phometabolic status of RBC and can be used to cor-
rect the oxygen transport function of blood in
patients in critical conditions.
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Experimental Studies

Mble 2DeKThI IeICTBIS 030HA HA COZIEPIKAHNE B IPUT-
poluTax BhIlleyKa3aHHbIX (docdaros, BeposITHO,
MOKHO OOBSICHUTH MOAU(DHUIUPYIONM JeHCTBIEM
030HU/IOB Ha MeTabosm3M apuTporuTos. [lof neiicTBu-
€M O30HUJI0B aKTUBUPYIOTC (DEPMEHTHI TIIKOJII3a 1
1eHTo30-(hocdaTHOro MIyHTa, CHUYKAETCST BHYTPUKJIE-
Tounblil anuo3 [33]. B cBoio ouepesn, peanmmsanus
TaKOW aKTUBU3AI[MY MOJKET ObITh OOYCJIOBJIEHA U CHU-
JKEHUEM YPOBHS MOJIeKYJIsipHbIX TpoaykToB [TOJI u
yCUJIeHNeM aHTUOKCUIAHTHOM CUCTEMBI 3aIUTHI.

Taxum 06pa3oM, 030HUPOBAHUE IPUTPOIIUTHON
Macchl CIIOCOOCTBYET BOCCTAHOBJIEHUIO (DOPMBI IPUT-
POLIUTOB 32 CYET ONTUMM3AIUU [IPOIECCOB JIUIIOIE-
POKCHIAII HPUTPOIUTAPHBIX MEMOPaH U TIOBbIIIIe-
uug cunresa ATO. Ilox pmeiicTtBUEM O30HULOB,
06pa3oBaBHINXCs B TIPOIECCE O30HOJIN3A JBOMHBIX
cBsi3eit C=C 1oIMHeHACHIIEHHBIX JKUPHBIX KICJIOT B
IPUTPOIUTAX AKTUBUPYETCS MyTa3HBII IIYHT IJINKO-
JI3a, Ha BXoJje KoToporo obpasyercsa 2,31 DT, koro-
pBIil OTpesiesisieT TPOYHOCTh CBSI3U TEMOTJIIOONHA C
KUCJIOPOZIOM, 00JIETYaeT OT/lauy KUCIOPOjia OKCUTe-
MOTJIOGUHOM U, TAKUM 00pPa3oM, YJAyYIIaeT KUCIo-
poxHoe obecniedenue tkaneil. O6pasosasinasacsa ATD
UCIIOJIB3YeTCsI B 9HEPTO3aBUCUMBIX IIPOIIECCAX IPUT-
POIUTOB, B TOM YKCJIE, COKPATUTEIbHBIMU GElTKaMH,
4o yiyuniaeT AeopMabrIbHOCTh KPACHBIX KJIETOK.
BoccranoBienue ykazaHHBIX IIPOIECCOB TP O30HMU-
POBaHWM IPUTPOIMTHON MACCHI HAOIIOAAETCS TIPU
cpokax ee xpanenust 7—21-e cytku. [Ipu atom o3onu-
poBaHue IPUTPOIUTHON MACCHI CPOKOM XpaHenust 30
CYTOK He BBI3BIBAET YJIYUIIEHUST HCCAEIyEMbIX MOP-
(homeTaboNMIeCKIX XapaKTEPUCTUK HPUTPOIUTOB.
[Tosy4yenmble pe3yIbTaThl CBUAETENBCTBYIOT, YTO Pa3-
paboTraHHas TEXHOJOTUA 00pabOTKU SPUTPOLUTHON
MaccChl CPOKOM XpaHeHust ot 7 710 21 cyToK 030HUPO-
BaHHBIM (DU3UOJIOTUIECKUM PACTBOPOM C KOHIIEHTPA-
uei o3oHa 2 Mr/J yiaydiiaer Mopdomerabosinde-
CKMIT CTATyC COZEP:KANIUXCS B HEN DPUTPOIUTOB U
MOKET OBITH MCIIOIB30BAHA /IS KOPPEKIIMU KUCIIO-
POAHOTPAHCTIOPTHO (PYHKIIUK KPOBY Y OOJBHBIX B
KPUTUYECKUX COCTOSTHUSIX.
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Conclusion

An increase in the count of echinocytes, sphe-
rocytes, MDA concentration and a decrease in the
catalase activity and the content of organic phos-
phates is observed with the increase of the shelf life
of the packed RBC.

Treatment of the packed red blood cells stored
for 7, 14, and 21 days with ozonized saline solution
(with ozone concentration of 2 mg/I) optimizes the
impaired state of pro-antioxidant systems in RBC, in-
creases the concentration of 2,3 DPG and ATP and,
as a result, promotes restoration of the shape of RBC
(from spherocytes and echinocytes to discocytes)
which increases their biological significance.

These processes under the effect of ozone do not
appear on the 30" day of storage of the packed RBC,
which indicates the decompensation of intra-erythro-
cyte morphometabolic processes.

3akiaoueHue

[Ipu Bo3pacTaHuu CPOKOB XpaHEHUsT IPUTPOIIUAT-
HOW Macchl HaGJIOAETCS YBEJIWYCHNE KOJTMUECTBA
OXUHOINTOB, cheponnToB, KoHIeHTparmu M/IA n
CHUIKEHUE aKTUBHOCTU KATaJa3bl, YTO COUETAECTCS C
YMEHBIIEHUEM COJIEP;KAHS OpraHndecKnx (pocharos
B OPUTPOIIATAX.

O6paboTka spUTPOIUTHON Maccel 7-, 14-, 21-x
CYTOK XpaHEHUST 030HUPOBAHHBIM (PU3UOJOTHIECKUM
PacTBOPOM C KOHIIEHTpAITHEH 030HA 2 MT/JT OMTUMHU-
3UPYET B 9PUTPOITUTAX HAPYIIEHHOE COCTOSTHUE TIPO-,
AHTUOKCUIAHTHBIX CUCTEM, YBEJIMIUBAET KOHI[CHTPA-
o 2,3/1DT u ATD u, BeaencTBre 3TOTO, CIIOCOO-
CTBYET BOCCTAHOBJIEHWIO (DOPMBI 9PUTPOITUTOB (M3
cheponuToB M 3XUHOIMTOB [0 AUCKOIUTOB), YTO
MOBBIMIAET UX OGUOJOTUYECKYIO 3HAUNMOCTb.

Ha 30-e cyTku XpaHeHUs 5PUTPOMACCHI JIaHHbIE
MTPOIIECCHI TIPH JAEWCTBUM 030HA HE TIPOSIBIISTIOTCS, UTO
CBUJIETEIBCTBYET O IEKOMIIEHCATTUN BHYTPUIPUTPO-
IUTAPHBIX MOPHOMETAOOTNIECKIX MTPOIIECCOB.
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