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Effect of Low Ozone Doses on Erythrocyte Hypertonic Lysis

PerucrpupoBany TUHaAMUKY T€MOJIH3a IPUTPOLUTOB B THIIEPTOHUYECKUX pacTBopax ¢ conepxannem NaCl 0,25 M, 0,45 M,
0,85M, 1 M u 2 M npu tremneparype 4°C B TeueHne 8 CyTok npu 100aBJICHUHU B Cpely MHKyOanuu o3oHa B 1o3ax 0,16, 0,32 u
0,48 mr/a. B cpenax, comepskammx 030H B q03¢ 0,16 Mr/i, reMoju3 SpUTPOIMTOB HapacTaa MEJICHHEEe, YeM Cpeliax C TEMH Ke
konueHtpauusimu NaCl 6e3 no6aBok o3oHna. [locne 3aMopakMBaHHUSI-OTTaMBAaHUS JIPUTPOLUTOB B KPUO3ALUTHOHN cpene
«[Iponanarocaxaposby HabMIOIAIOCk 3aMe/JICHHE TeMOJIM3a ITPU BBEICHUH B CYCIICH3MIO OTTAasHHBIX KJIETOK 030Ha B 1103¢ 0,16 Mr/i1.
PesynbraTel 00BICHAIOTCS MOAN(BHUKALIEH MEMOpaH SIPUTPOLIUTOB MO ISHCTBHEM MaJIbIX 103 030HA.

Knioueswvie cnosa: remosnus, S)pUTPOLUTHL, 030H, MHKYOAIHS.

PeectpyBanu aAuHaMiKy reMoJ1i3y epUTPOLIMTIB B TiNepTOHIYHKUX po3unHax 3 BMicToM NaCl 0,25 M, 0,45 M, 0,85M, I Mi2 M
npu Temneparypi 4°C npotsrom 8 aib npu 1oaBaHHi B cepeaoBuie iHKyOauii o3oHy B 1o3ax 0,16, 0,32 10,48 mr/n. B cepenoBumiax,
1110 MICTHJIH 030H B 1031 0,16 MT/J1, TeMOJIi3 EpUTPOIMTIB HAPOCTAB MOBUIBHIIIIE, HI)K B CEPEIOBHUINAX 3 TUMHU X KoHIeHTpanisMu NaCl
6e3 nobaBok 030Hy. Ilicis 3aMOpOXKyBaHHS-BiITaBaHHS €PUTPOLUTIB y KpiozaxucHoMmy cepenoBuili “Ilpomangiocaxapons”
CIOCTEpPIranoch CIOBUILHEHHS IeMOJIi3y P BBEJICHHI B CYCIIEH3i0 epUTPOLMTIB, 110 BiITaHYIH, 030HY B 103i 0,16 mr/i1. Pesynsraru
MOSICHIOIOTHCS MOAU(IKAIIEF0 MEMOPaH EPUTPOIIUTIB i1 TI€F0 MAJHX 103 O30HY.

Knrouogi cnosa: remori3, epuTpOIMTH, 030H, iHKYOAITis.

There was registered the dynamics of erythrocyte hemolysis in hypertonic solutions with 0.25, 0.45, 0.85, 1 and 2 M NaCl
content at 4°C within 8 days when adding ozone in 0.16, 0.32 and 0.48 mg/l dose into the medium. In the media, containing ozone in
0.16 mg/1 dose the erythrocyte hemolysis increased slower, than in those with similar NaCl concentrations free of ozone additives.
After erythrocyte freeze-thawing in “Propandiosakharol” cryoprotective medium there was observed the hemolysis delay when
introducing 0.16 mg/1 ozone into the thawed cell suspension. Results are explained with modifying the erythrocyte membrane under

low ozone dose effect.
Key-words: hemolysis, erythrocytes, ozone, incubation.

LemnocTHOCTh MEMOpaH — OJUH M3 MOKa3aTeneil
COXPaHHOCTHU KJIETOK IPU KPHOKOHCEPBUPOBAHUHU.
CornacHo [7, 10], cunbHBIM GakTOpOM MOBPEKACHUS
KJIETOYHBIX MEMOpaH MPH 3aMOPaKUBAHUU SIBJISETCSI
JNEelCTBHE TUIEPKOHIIEHTPUPOBAHHBIX PACTBOPOB,
00pa3yrouuxcsi Ipu BEIMOPaXMBAHUH OCHOBHOM
Maccel BOJbl. [IpuunHO¥ moBpexaeHus MeMOpaH
CUMTAIOT TAKXe MMOCTTUIIEPTOHUYECKHH IOK, BO3HU-
KaIOIIUH B XOJIe OTTAaWBaHMS 3aMOPOKEHHBIX KIETOK
[11]. dnst mccnenoBaHus SABICHHH OCMOTHYECKOTO
cTpecca MOJIENHPYETCA CUTyalus, UMeIonasi MecTo
[IPY 3aMOPAKHUBAHUH OMOJIOTUIECKUX CHUCTEM. B Takmx
9KCIEPUMEHTAaX KJIETKH HE 3aMOPaKUBAIOT, a IEPEHO-
CAT M3 cpeAbl MHKyOauuu B cpeldy, CYLIECTBEHHO
OTJIMYAIOLIYIOCS OCMOJIIPHOCTBIO, U HAOMIOAAIOT 3a
peakuuel KJIETOK Ha CHIIBHOE U3MEHEHUE OCMOJIAp-
HOCTH [6].

B pabotax [1, 3] ormMeueHo, uyTo 00paboTKa cyc-
[IEH3UH SPUTPOIIUTOB 030HOM B OTIPEIEIEHHBIX MAIIBIX
no3ax (MONyYMBIIUX Ha3BaHHUE «TEPANEBTHUYECKHE
J03BI») CHIDKAET BSI3KOCTH JIMIHUIHOTO OHUCIOS MEeM-
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Membrane integrity is one of the cell preservation
indices under cryopreservation. According to the papers
[7, 10] the effect of hyper-concentrated solutions,
formed under bulk water freeze-out, is a strong factor
of cell membrane damage. Post-hypertonic shock,
occurring under frozen cell thawing is also considered
to cause a membrane damage [11, 12]. The situation,
occurring during biological system freezing is modelled
to investigate the osmotic stress phenomena. In these
experiments the cells are not frozen but transferred
from the incubation medium into that, substantially
differed by osmolarity rate, and a cell response to its
strong change is observed [6].

Asnoted in the papers [1, 3] the erythrocyte suspen-
sion treatment with low ozone doses (named as “thera-
peutic doses”) reduces the membrane lipid bilayer
viscosity. At the same time an increase in erythrocyte
deformability, depending on the spectrin-actin network
state is observed. The ozone effect results in a higher
erythrocyte motility in capillaries and improvement of
oxygen delivery to tissues [5].
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Opan. [Ipu sToM HabrODAETCS yBETHUeHHE AeopMma-
0eBbHOCTH 3PUTPOLIUTOB, KOTOPAst 3aBUCHUT OT COCTOSI-
HUS CIIEKTPUH-aKTUHOBOM CETH U €€ B3aUMOACUCTBUS
C TUMHIHBIM OucioeM. Pe3ynbrarom aercTBUS 030Ha
SIBTSIFOTCS 00JIee BBICOKAs IOABMYKHOCTD SPUTPOLIUTOB
B KamWJLIApax M ylydlleHHEe CHAOXKEHHS TKaHeu
KHUCIIOPOIoOM [5].

Ha ocHoBaHum 3THX pe3yiabTaTOB MOXKHO Mpen-
MOJIOKUTH, YTO MaJIble JO3bI 030Ha OYyIyT CIIOCOOHBI
yBeanuHuBaTh AehopMabenbHOCTh SPUTPOLUTOB H
MOBBIIIATh UX YCTOHYHMBOCTH MPU KPUOKOHCEP-
BupoBaHuu. lIpeacTaBiseT HHTEpPEC HCCIEAOBAThH
NefcTBHE MalbIX 03 O030HA HA DPUTPOLHUTHI B
YCIIOBUSAX, MOJEIUPYIOIUX BO3HUKHOBEHHE THIIEP-
KOHIIEHTPHPOBAHHBIX PACTBOPOB ITPH 3aMOPAKUBAHUN
1 B peaIbHBIX YCIOBHUSX 3aMOPaKHBAHUA-OTTANBAHUS
KJIETOK.

Lenb paboTel — HcCIeqOBaTh BIMSHUE O30HA Ha
JMHAMHKY T€MOJIN3a SPUTPOLUTOB B THTIEPTOHNIECKIX
pacTBopax ¢ pa3zHoi konieHrpaiueit NaCl ot 0,15 no
2 M npu 4°C 6e3 3aMOpaXHBaHUs, a TAKKe IOCTe
3aMOpaKUBAHUA-OTTaUBAHUS CYCIIEH3UH PUTPOLIUTOB
¢ kpuornporekTopoM “TIponanamnocaxapomns” [2].

Matepnaabl 1 metoAbI

B ombiTax Bcnonb30Bajd JOHOPCKYIO KPOBb
yenoBeka. LlenTpudyrupoBanuemM KpoBu B T€UEHHE
5-10 mua pu 800 g SpUTPOITUTHI OTACIISUTH OT IIa3MBI,
Jaiee KJIETKU CyCIIEHANPOBAIH B (PU3UOJIOTMYECKOM
pactBope. OOpa3iubl KJICTOK NEPEHOCHIH U3 (pr3noo-
THYECKOTO PACTBOPA B THIIEPTOHHYECKHUE C PA3THIHON
koHueHnrpareit NaCl. Kaxayro CycreH3nuo 3puTpo-
LUTOB, IEPEHECEHHBIX B TUIIEPTOHUYECKHUIA PacTBOP,
pa3zAessid Ha HECKOJIBKO Npo0, B KOTOPbIE BBOIAMIN
pasnuuHbie 70361 030HA. [Ipo6Bl BBIAEPKUBAIH B
xononuiabHIKe py Temneparype 4°C 1o 8 cyTok, me-
PHOIMUYECKH U3MEPSIs TeMOJH3 SpuTpouuToB. KoHTpo-
JIEM CIIY>KWIM NPOOBI CYCHEH3UH 3pUTPOLMTOB, HE
COJIepIKaIINX 030H.

UyBCTBUTEIBHOCTh DPUTPOLUTOB K THIICPTOHHU-
YECKOMY IIOKY OLIEHMBAJU CHEKTpodoTomMeTrpuyec-
KHUM METOJIOM IO BBIXO/ly T€MOIIOOMHA U3 pa3pylIeH-
HBIX KJIETOK M BBIPAXKaJIH B IIPOLIEHTAX I10 OTHOLICHUIO
K CyMMapHOMY KOJIMYECTBY FeMOIIOOMHA B HCXOTHON
CYCIICH3MH KJIEeTOK. Vi3MepeHus: MpoBOANIN Ha CIIEK-
tpodoromerpe CD-4A Ha anuHe BonHH 543 HM. [ns
onpenenenns 100%-ro reMonm3a 3pUTPOLIUTHI pa3py-
manu TputoHoM X-100 (0,1%).

O30H moxyyaiau U3 ra3oo0pa3HOro KUCIOpoaa
(I'OCT 5583-78). Ucnonp3oBany reHepaTop 030Ha ¢
paspsanaukoMm 6e30apbepHoro tuna [3]. Tpebyemyto
03y O30HA BBOJAWJIM B CYCIEH3HIO 3PUTPOIUTOB,
no0aBysist B (GU3HOIOTHUECKHH PacTBOpP C PacTBO-
PCHHBIM B HEM 030HOM B W3BECTHOH KOHIICHTPALNU.
st pacTBOpEeHHUs 030HA (PH3HOIIOTHIECKUN PAaCTBOP
0apOOTHPOBAIIM 030HO-KUCIIOPOTHOH CMECHIO, IPHYEM
JUIS CHUKEHHUSI CKOPOCTH paciaja 030Ha (HIakoH C
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Low ozone doses may be assumed as capable to
increase the erythrocyte deformability and increase
their resistance under cryopreservation. Of interest is
to study the effect of low ozone doses on erythrocytes
under conditions, modelling the occurrence of hyper-
concentrated solutions during freezing and under real
condition of cell freeze-thawing.

The research was targeted to study the ozone effect
on dynamics of erythrocyte hemolysis under NaCl
solutions with different concentration from 0.15 up to
2 M at 4°C without freezing, as well as after erythrocyte
suspension freeze-thawing with “Propandiosakharol”
cryoprotective solution.

Materials and methods

Human donor blood was used in experiments.
Erythrocytes were separated from plasm with 5-10 min
blood centrifugation at 800 g and suspended in
physiological solution. Cell samples were removed out
of isotonic solution into hypertonic one with different
NaCl concentration. Each erythrocyte suspension,
transferred into hypertonic solution was separated in
several samples, where various ozone doses were in-
troduced. Samples were kept in refrigerator at 4°C up
to 8 days with a periodic measuring of erythrocyte
hemolysis. Samples of ozone-free erythrocyte suspen-
sions served as the control.

Erythrocyte sensitivity to hypertonic shock was
spectrophotometrically evaluated by hemoglobin relea-
se out from destroyed cell and expressed as percentage
in respect to its summary amount in initial cell suspen-
sion. Measurements were done in SP-4A spectrophoto-
meter at 543 nm wavelength. In order to determine
100% hemolysis the erythrocytes were destroyed with
X-100 triton (0.1%).

Ozone was procured from gaseous oxygen (5583-78
All-Union State Standard) using the ozonizer with a
barrier-free arrester [3]. The required ozone dose was
introduced into erythrocyte suspension, by adding in it
aphysiological solution with a dissolved ozone under
certain concentration. To dissolve ozone the physio-
logical solution was bubbled with ozone-oxygen mixture,
moreover for reducing the rate of ozone decay the
flask with physiological solution was placed into
container with melting ice. The dissolved ozone con-
centration was spectrophotometrically measured with
SPECORD UV VIS device by light absorption on
253.7 nm wavelength [4].

Erythrocytes were frozen by sample immersing into
liquid nitrogen, metal and glass covers with splits
between sample surface and cover wall were applied
during freezing [2]. Erythrocytes were thawed on water
bath at 37°C.

Results and discussion
The Fig. 1 presents the dependencies of erythro-
cytes hemolysis extent on their incubation time at 4°C
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(hbM3HONOTHYECKUM PACTBOPOM MOMEIIANN B TAFOIIUN
nen. KoHneHTpanuio 030Ha U3MEPSIA CIIEKTPOOTO-
METPUUYECKUM MeTOJ0M Ha rprbdope Specord NV VIS
10 MOIJIOIIEHNUIO CBETa Ha JUIMHE BOJHBI 253,7 HM.
JlaHHBIH METO MIPUMEHUM JIJISl K3MEPEHUS KOHIICHT-
panuu 030HA KakK B Ta30BOH (haze, Tak M paCTBOPECH-
HOTO B JKHIIKOCTH [4].

OPUTPOIHTHI 3aMOPAKHUBAJIH TIOTPY>KEHUEM 00pa3-
LI0OB B JKUJIKHH a30T, IPUMEHSAS METAIIUYCCKUE U
CTEKIISTHHBIE YEeXJIBI C 3a30paMH MEXIy TOBEPXHOC-
THIO 00pa3Iia U CTEHKOH yexJa [2]. DpUTpouuThl 0TO-
rpeBaiy Ha BOAsHOM Oane mpu 37°C.

Pe3yAbTathl M 00CyXXA€HHe

Ha puc. 1 npencraBieHbsl 3aBUCUMOCTU CTEIICHU
TeMOJIF3a SPUTPOIIMTOB OT BPEMEHH UX UHKYOAITUH TTPU
4°C B cpenax ¢ pasubiMu kKoHreHTpamusiMu NaCl B
MIPUCYTCTBUHU O30HA B PA3TMIHBIX J103aX.

Benmunaa remonnza octaeTcst OIIM3KOM K HYITIO B
TEUCHHE HEKOTOPOTO BPEMEHHM C MOMEHTA TepeHoca
KJICTOK B HOBYIO cpeny mHKyOammu. [1pu oTcyTcTBUN
030Ha B cpenax, comepxkammux 0,15, 0,25 u 0,85 M
NaCl, 3To BpeMs cocTaBisieT 3-¢ CyTOK, B cpefiax ¢
konneHTparueii 0,45 u 1 M NaCl - 2-e cytok. B cpene
¢ xonueHTpanueid NaCl 2 M remonus 3puTpoLuTOB
HaOmrofaeTcs cpa3y Mocie MOMEMICHHS KIETOK B
cpeny wHKyOanuu u coctasusetr 5%. B mporecce
SKCHO3UIMHU MPOO 0 5 CYT reMoiiu3 ¢ TeYCHUEM
BPEMEHH YBEJIMYHUBACTCS BO BCEX 00pasIax.

JelicTBre 030HAa Ha TMHAMUKY T'€MOJIA3a SPUTPO-
uuToB (puc. 1) CHIBHO 3aBUCHT KaK OT JI03bI 030HA,
TaK ¥ OT OCMOJISIPHOCTH Cpelbl MHKyOarmu. B cpemax
c kouteaTpareit NaCl 0,15 1 0,25 M no3st 03082 0,16
u 0,32 Mr/n 3aMeyISIOT MPOTEKaHKUEe TeMOJTH3a, a 1032
o3oHa 0,48 MI/J1 IPUBOAUT K €r0 YBEIUYCHHUIO, YiKE
HauyMHAas ¢ MOMEHTa MOMEIICHUS KIETOK B Cpeay
nHKyOammu. B cpenax ¢ xonuentpauueir NaCl 45 u
0,85 M reMoius eliie B 00JIbIIEH CTENEHN CHIKAETCS
ipu 103e o30Ha 0,16 Mr/m, oHaKo 1032 030Ha 0,32 Mr/n
HE TPUBOIUT K 3aMEIJICHUIO TeMOJIH3a U PE3YIIbTaThI
B IpeziesiaX MOTPENIHOCTH IKCIIEPUMEHTa COBITAIAI0T
C TIOJIYYeHHBIMH ISl KOHTPOJIBHBIX 00pasnoB. J[o3a
o3oHa 0,48 M/, Kak ¥ B NMPEABIAYIINX OIBITAX,
MPUBOJUT K CHIBHOMY BO3PAacCTaHUIO Te€MOJHU3A.
Jlo6GaBka 030HA B CYCIIEH3HIO IPUTPOLUTOB B ONTH-
MajJbHOU 03¢ (B gaHHOM ciydae 0,16 Mr/im) 3amen-
JISIET JIU3UC KIETOK B TUIIEPTOHUYECKUX Cpeaax.

[Tonyuennsie gaHHBIE CBUIETEIBCTBYIOT O TOM,
YTO MPUCYTCTBHE 030HA B n1o3ax 0,16 u 0,32 mr/n B
CYCIIECH3UH 3PUTPOLUTOB MOBBIIMIAET YCTOUUYUBOCTD
KJIETOK K JINTUYECKOMY JNEUCTBUIO TUIEPKOHIICHT-
PpYPOBaHHBIX PacTBOPOB coJieil. [loBblieHre ycTON M-
BOCTH KJIETOK 3aBHCHT OT J03bI 030HA U CBSA3aHO, IO
HalleMy MHEHUIO, C MOIU(DHUITUPYIOIINM IeHCTBUEM
030HAa Ha KJIETOYHBIE MEMOpaHBI.
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in the media with different NaCl concentrations at
ozone presence in different doses.

Hemolysis value was close to zero within some
period after cell transfer into a next incubation medium.
Under ozone absence in the media, containing 0.15,
0.25 and 0.85 M NacCl this time makes 3 days, in the
media with 0.45 and 1M NaCl concentration it was 2
days. In the medium with 2M NaCl concentration the
erythrocyte hemolysis is observed right after cell pla-
cing into incubation medium and makes 5%. During
sample exposure up to 5 days the hemolysis increases
with time in all the samples.

Ozone effect on erythrocyte hemolysis dynamics
(Fig. 1) mostly depends on ozone dose and osmolarity
rate of incubation medium. In the media with 0.15 and
0.25 M NaCl concentrations the 0.16 and 0.32 mg/1
ozone doses inhibit hemolysis but that of 0.48 mg/l
results in its rise starting from the moment of cell
placing into incubation medium. In the media with 45
and 0.85 M NaCl concentration there is much more
hemolysis decrease under 0.16 mg/l ozone dose but
that 0o 0.32 mg/1 does not result in hemolysis inhibition
and the results within the limits of experiment error
coincide with those obtained for the control samples.
Ozone dose of 0.48 mg/1 either in previous trials results
in a strong hemolysis increase. Ozone adding into
erythrocyte suspension in optimal dose (0.16 mg/l in
this case) inhibits cell lysis in hypertonic media.

The data obtained testify to the fact that 0.16 and
0.32 mg/l ozone dose in erythrocyte suspension increa-
ses a cell resistance to lytic effect of hyper-concen-
trated saline solutions. Augmentation of cell resistance
depends on ozone dose and we believe it is associated
to a modifying ozone effect on cell membranes.

Ozone effect on erythrocyte hemolysis dynamics
in the medium with “Propandiosakharol” cryoprotectant
at 4°C without freezing and after freeze-thawing was
studied under real cryopreservation conditions. Ozone
in 0.16 mg/l dose was added into erythrocyte suspen-
sion by introducing a portion of physiological solution
with the known dissolved ozone concentration of about
10 mg/1. Under 0.16 mg/1 dose according to the described
above experiments the ozone contributes most of all to
an increase in erythrocyte resistance to hypertonic lysis.

The Fig. 2 shows that erythrocyte hemolysis at ozone
presence in 0.16 mg/l dose inhibits both in erythrocytes
underwent no freezing and in those after freezing down
to —196°C and following thawing. There was found-
out that ozone adding into erythrocyte suspension before
freezing did not cause the hemolysis inhibition after
thawing. When introducing ozone into cells suspension
after their thawing the hemolysis of frozen-thawed
erythrocytes was established to inhibit. We believe that
this ozone effect is associated to its action on erythro-
cyte membranes. Membrane is the initial target of 0zo-
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Puc. 1. 3aBUCHUMOCTH CTETIEHH FeMOJIM3a )PUTPOIIMTOB OT BpeMeHHU HHKYyOatmu npu 4 °C B IPUCYTCTBUU 030HA B CPEIax ¢
pa3IHMYHON KOHIICHTpalMel xiopuctoro Hatpus, M: a—0,15;6—0,25;8—0,45;r—0,85; 1— 1; e —2. Jl03bI BBEACHHOTO
030Ha B MT/J1: 1 — KOHTpOIB (0e3 030HA); 2 — 0,15 mr/m; 3 — 0,32 mr/ir; 4 — 0,48 mr/m.

Fig. 1. Dependency of erythrocyte hemolysis extent on incubation time at 4°C at ozone presence in the media with sodium
chloride different concentrations, M: a—0.15;b—0.25; ¢ —0.45,d—0.85; e — 1; f— 2. Introduced ozone doses, mg/l: 1 —
control (ozone free); 2—0.15;3-0.32; 4 -0.48.
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B peanpHBIX yCIIOBHSIX KPHOKOHCEPUPOBAHHUS
HCCIIEI0BAIM BIMSAHUE 030HA HA JUHAMHUKY IeMOJIH3a
3PUTPOLIUTOB B cpeie ¢ KpuonporekTopoM «lIponan-
nrocaxapoiiby» npu 4°C 6e3 3aMopakuBaHus U IOCTe
3aMopakuBaHusA-oTTauBanus. O30H B q03e 0,16 mr/n
00ABIISUIH B CYCIIEH3HIO SPUTPOLIMTOB ITyTEM BBEIC-
HHS TTOPIIUH O30HHPOBAHHOTO (DH3MOIOTHYECKOTO
pacTBopa ¢ M3BECTHOM KOHIIEHTpaluen (0OBITHO OKOJIO
10 mr/m) pactBopernoro o3oHa. [Ipu moze 0,16 mr/m,
COTJIACHO OIMCAHHBIM BBIIIE DKCIIEPUMEHTAM, 030H
Oosee Bcero cCrnocoOCTBYET MOBBIMIEGHHUIO YCTOM-
YUBOCTH SPUTPOLMTOB K THIIEPTOHUYECKOMY JIN3UCY.

Kak BumHO U3 puc. 2, reMosu3 3puTPOLUTOB B IIPHU-
cyTcTBUUM 030HA B f03¢ 0,16 Mr/m 3ameisieTcs Kak B
o0pasiax, He MOIBEPraBIINXCS 3aMOPAKUBAHUIO, TAK
U mocie ux 3aMopaxkuBaHus a0 —196°C u nocine-
Iyromiero ortanBanus. [lpy 3Tom Hamu OBIIO OTMEYe-
HO, YTO 100aBJIeHNE 030HA B CYCIIEH3HIO 3PUTPOLIUTOB
repen 3aMOpakMBaHUEM HE BBI3bIBACT 3aMEIICHUS
reMoJH3a Mocie OTTauBaHUs. YCTaHOBJICHO, YTO IPH
BBEICHUN O30HA B CYCIEH3WIO KJIETOK IOCIE HUX
OTTaWBaHUs TEMOJU3 JEKOHCEPBUPOBAHHBIX IPUTPO-
LUTOB 3aMeIsAeTcsl. MBI cuuTaeM, 4To AaHHBIN 3¢-
(eKT 030Ha CBA3aH C €ro JeiicTBUEM Ha MeMOpPaHBbI
3pUTPOUUTOB. MeMOpaHa sBIsIeTCS MEPBUYHOU
MUIIEHBIO BO3JICHCTBUS 030HA Ha KJIETKy. B paborax
[8, 9, 13] 6pLTO MOKAa3aHO, YTO MO ICHCTBHEM 030HA
MPOUCXOAUT MOAU(DHUKAIUSI KICTOYHBIX MEMOpaH.
O30H B MaJIbIX J103aX BBI3BIBAET MTOBBIIMIEHHE J1ehop-
MabenbHOCTH MeMOpaH, TOr[a Kak MPH BBICOKHX
no3ax oHa cHmkaeTcs [14]. Mexanusm nencTBus
030Ha Ha neopMadeTHLHOCTh MEMOpaH CBI3BIBAIOT
C eT0 BIHSHNEM Ha MeMOpaHHbIe 6enku [16]. JIumuast
MeMOpaH B MEHBIIIEH CTETIEHH 110 CPAaBHEHHIO C MEM-
OpaHHBIMH O€JIKaMU TOJBEPKECHBI BIUSHHUIO 030HA,
0CcOOEHHO MPH MaJIBIX €T0 103aX, PU KOTOPBIX HaOJI0-
JaeTcsl MoBbIIeHUE aedopMadenbHOCTH MeMOpaH
[15]. Takum 0Opa3om, BIHUSHUE MAJIBIX JJ03 030HA HA
MOBBIIEHUE YCTOWYUBOCTH SPUTPOLUTOB K TUIIEPTO-
HHUYECKOMY JIM3UCY U Ha 3aMelUIEHHE I'e€MOJIN3a
IPUTPOLUTOB MOCIE 3aMOPAKUBAHUA-OTTAUBAHUS
MOXET OBITh OOBSICHEHO MomuduKaIeii MeMOpaH-
HBIX OCIKOB W TOBBIMICHHEM AcPopMadeTbHOCTH
MeMOpaH pUTPOLIMTOB MO JEHCTBUEM 030HA.

BbiBOABI

B pabote 3xcniepuMeHTaNEHO TOKa3aHO, YTO 030H
B MaJIBIX JI03aX MOXET 00J1a/1aTh MOAU(PHUIIUPYFOIIUM
JICHCTBUEM IT0 OTHOIIIEHHUIO K MEMOpPaHE SPUTPOIIUTOB,
KOTOPOE TMPOSBIISICTCS B MOBBIIICHUU YCTOWYHMBOCTH
SPUTPOIUTOB K TUIIEPTOHUYECKOMY JIU3UCY U B CHIDKE-
HHY CKOPOCTH T€MOJTN3a ITOCIIE 3aMOPaKHUBAHUS-0TTA-
HMBaHHUA. DTO CBOMCTBO 030HA MOKET OBITH HCII0JIH30-
BaHO IIPH pa3pab0TKe MIPOTOKOIOB KPHUOKOHCEPBUPO-
BaHMS OMOJIOTMYECKUX 00BEKTOB.
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Puc. 2. 3aBHCHMOCTb T€MOJIN3a S3PUTPOLIUTOB OT BPEMEHU
uHKyOanuu B cpese «[Iponanauocaxapoiiby Ipu TeMIepa-
Type 4 °C: 1 — 6e3 3aMopaxMBaHUS U TOOABJICHHUS 030HA; 2 —
0e3 3aMOpaKUBaHUS B IPUCYTCTBHH 030Ha B 103¢ 0,16 Mr/it;
3 — mocie 3aMOpaKUBAHUA-OTTaWBaHUS 0e3 100aBlIeHUs
030Ha; 4 — HoCJe 3aMOPaKMBaHUSI-OTTAUBAHUS C OOAB-
JIEHUEM 030HA K OTTasTHHOU cycrien3uu B qo3e 0,16 mr/m.

Fig. 2. Dependency of erythrocyte hemolysis on incubation
time in “Propandiosakharol” medium at 4°C: 1 — without
freezing and ozone adding; 2 — without freezing, at ozone
presence in 0.16 mg/l dose; 3 — after freeze-thawing without
ozone adding; 4 — after freeze-thawing with ozone adding
into the thawed suspension in 0.16 mg/l dose.

ne effect on cell. As described in the papers [8, 9, 13]
the modification of cell membrane occurs under ozone
effect. Ozone in low doses causes the augmentation
of membrane deformability, meanwhile it reduces
under high doses [14]. Mechanism of ozone effect on
membrane deformability is associated to its influence
on membrane proteins [ 16]. Membrane lipids are sub-
jected to ozone effect in a less extent compared to
mem-brane proteins, especially under its low doses
when an increase in membrane deformability is
observed [15]. Thus, the effect of ozone low doses on
arise of erythrocyte resistance to hypertonic lysis and
erythrocyte hemolysis inhibition after freeze-thawing
may be explained by membrane protein modification
and increase in erythrocyte membrane deformability
under ozone effect.

Conclusions

Ozone in low doses was experimentally demonstra-
ted as capable of having a modifying effect in respect
to erythrocyte membrane, manifesting in an increase
in erythrocyte resistance to hypertonic lysis and
decrease in hemolysis rate after freeze-thawing. This
ozone property may be used when developing protocols
for biological object cryopreservation.
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