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Effect of Cryoprotective Solutions and Their Components
on Intensity of Lipid Peroxidation and Antioxidant
Activity in Leukocytes at Cryopreservation

Pedrepar. MeTogom xemuniommHecUeHUUM yCTaHOBMEHO, YTO nocne fobasneHuns kpuonpotektopoB 1,2-nponanavona (21%,
34eCb 1 ganee HavanbHble KOHUEeHTpauum, cMelrBaHme B cooTHoweHun 1:1) n gumeTtuncynbdokenaa (8%) Kk CycneHsumn nenkoumTos
B KneTkax CHwxkatoTcs ypoBeHb [MOJ1 1 akTMBHOCTb (hbepMeHTaTUBHBIX CUCTeM, obecrneyvBaloWmx nepepaboTky nepekucen Bodo-
popa. B npucytctBum rmuuepuHa (7%) n rekcametuneHbucTeTparnapokcnatunmoyeButsl (30%) Hapsgy ¢ nosbiweHnem MOJT Bbi-
SIBMEHO BblPaXeHHOe CTUMYMMpYloLLee BAMAHNE HA aHTUOKCUAAHTHblE CUCTEMbI KneTku. mapokcuatunkpaxman (5,7%) n xe-
natvH (M.m. 16 000, 7,5%) nosbiwatot MOJ1. Nocne xpaHeHMs B KOMOUHMPOBAHHBIX CMECSIX KPUOKOHCEPBAHTOB Mpu TemnepaTypax
—10, =20 n —40°C y nenkounTOoB OTMEYEHO NpeobrnafaHne akTMBHOCTU aHTMOKCUAAHTHBLIX CUCTEM Ha (hOHE CTabumnbHbIX NokasaTenei
MO, yto, BeposiTHO, obecneynBano CoxpaHHOCTb MOPOMYHKLUMOHaNbHLIX Nokasatenen bonee yem y 75% kneTok.

KnrouyeBble crnoBa: nenkoumTbl, KpMONPOTEKTOPbI, KPMOKOHCEPBAHThLI, MEPEKUCHOE OKUCINEHWe NUMUAOB, aHTUOKCMAAHTHas
aKTUBHOCTb.

Pedepat. MeTogom xeMintoMuHecLeHUii BCTAHOBIEHO, WO MNiCNs BHECEHHA KpionpoTekTopi1,2-nponaHgiony (21%, TyT i
Hafani noyaTKoBi KOHLEHTpaLii, 3aMillyBaHHSA B cniBBigHOWEHHI 1:1) n aumeTuncynbdokengy (8%) B cycneHsii nermkoumTiB y KniTuHax
3HWXKYTbCA piBeHb MOJ1 i akTUBHICTL PEPMEHTATUBHUX CUCTEM, WO 3abe3nevyoTb nepepobky nepekucy BOAHK. Y NPUCYTHOCTI
rniuepuHy (7%) i rekcametuneHbicteTparigpokcuetunmoyeBmHn (30%) nopsag 3 nigsuweHHam MOJ1 BusaBneHo BiporigHumn
CTUMYIIOYMIA CMNUB Ha aHTUMOKCUAAHTHI cucTemu KnituHu. Figpokecnetunkpaxman (5,7%) i xenatuH (M.m. 16 000, 7,5%) niasuiLyoTe
MON. Micnsi 36epiraHHs B kOMGiHOBaHUX CyMillax KpiokoHcepBaHTiB nNpu TeMmnepatypax —10, —20 Ta —40°C B neiikoumTax cnoctepiranu
aKkTuBaUilo aHTUOKCMAAHTHUX cuUcTeM Ha oHi ctabinbHux nokasHukie MOJ, wo, iMmoBipHO, 3abe3neyye 36epexeHicTb
MOPOdYHKLIOHANBHMX NOKa3HWKIB Binblue HixX Y 75% KNiTUH.

KnroyoBi cnoBa: nevkouuTu, KpionpoTEKTOPU, KPIOKOHCEPBAHTU, NMEPEeKNCHE OKUCMEHHS MinigiB, aHTUOKCMAAHTHA aKTMBHICTb.

Abstract. Using chemiluminescence method it was shown that after addition of several cryoprotectants 1,2-propane diol (21%
initial concentration hereinafter and added 1:1) and dimethyl sulfoxide (8%) to leukocyte suspension the level of LPO and antioxidant
activity decreased. Presence of glycerol (7%) and hexa-methylene bis-tetra hydroxyethyl urea (30%) resulted in simultaneous
stimulation of LPO and antioxidant systems. Hydroxyethylated starch (5.7%) and gelatine (molecular weight of 16,000; 7.5%)
increase LPO. After storage in combined cryoprotective media at —10, —20 and —40°C the leukocytes revealed the activation of
antioxidant systems on the background of stable LPO indices, that, probably, contributed to morphofunctional preservation of 75% of
cells.

Key words: leukocytes, cryoprotectants, cryopreservatives, lipid peroxidation, antioxidant activity.
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B nporiecce npucnoco0IeHHs KIETOK K U3MEHSI0-
IIAMCS YCIIOBHSIM BHEIIHEH Cpeanl BEAYIIYIO POJh
urpaet hepMeHTaTHBHASI aHTHOKCUIAHTHAS CUCTEMA.
JInmuTHpyeMble JTaHHON CHCTEMOM MpOIIECCHI Iepe-
kucHoro okucienus (I10JI) Bechbma 4yBCTBUTEIHHBI
K IIPUCYTCTBHIO B OMOJIOTHYECKOI CUCTEME TaKUX Be-
LIECTB 3K30I'€HHOT0 IPOUCXOXKACHUS, KaK KPUOTIPOTEK-
TopHI [5]. B To ke BpemMsi COBpeMEHHBIE TEXHOJIOTUN
KPHUOKOHCEPBUPOBAHUS PA3ITMYHBIX OPTaHOB U TKAHEH
HEBO3MOXHBI 0€3 HCIOJIb30BAHUS yKa3aHHBIX Be-
IIECTB, HUBEIMPYIOMNX MMOBPEKIAOIICEe NEeHCTBUE
OTPHUIIATEIHHBIX TeMIIepaTyp. B kadecTBe KOMITOHEH-
TOB KPHO3AIMUTHBIX PACTBOPOB AKTHBHO UCIOIB3YIOT-
Csl IPOTEKTOPHI AK30- ¥ SHOLICIUTIONISIPHOTO ICHCTBUS,
MeMOPaHOIIPOTEKTOPHI, AHTUOKCUIAHTHI M aHTUT HITOK-
caHThl. ClielyeT OTMETUTb, YTO B HACTOSIIEE BPEeMsI
IIMPOKOE PACIIPOCTPAHEHUE TONYUHIN KOMOMHHPO-
BAaHHBIE KPHUO3AIIUTHBIE PACTBOPHI, KOTOPBIE COAEP-
JKaT B CBOEM COCTaBe J[Ba WK 00Jiee KPHOMIPOTEKTO-
pa, a TakXe BCIOMOraTeibHble BemiecTBa [2, 7].
KoMOuHMpOBaHHBIE CPEIbl CLIOCOOCTBYIOT CTA0MIM3a-
uu Gpaxiuil Bozbl, 00pa30BaHUIO MEIKOKPUCTAILIH-
YECKOT'0 JIbJIa, CHIDKEHHIO 3P eKTa THIIEepPKOHIICHTpa-
nuu cojielt u T.1. OTHAKO X MUCIOIL30BAHUE MOXKET
HE TOJIBKO MTOJIOKHTEITFHO CKa3aThCs Ha COXPAaHHOCTH
kieToK. COrmacHo TaHHBIM JIUTEPATypPHI [ 8] B MpHCyT-
CTBUH psilla KPUONPOTEKTOPOB OTMEUAETCSl YBEJH-
yenue uateHcuBHocTH [10J], koTopoe 3aBUCUT OT BUJA
BEILECTBA, €r0 KOHUEHTPALMH U BPEMEHHU SKCIIO3ULIUU
B HeM KJeTOK. OXJaXJAeHHe U OTOIPEB OKa3bIBAIOT
JOTIOJIHUTENBHOE BIUSHUE HA MOBBILLIECHUE HHTEHCUB-
Hoctu npoueccoB [10JI, 4To npuBOAUT K UBMEHEHUIO
COCTOSTHUS JIMMTUAHOTO OHMCIIOS KIIETOYHBIX MeMOpaH
U HapYLICHUIO CTPYKTYPHBIX M ()YHKIIMOHAIBHBIX
CHCTEM KJICTKU: NOHHBIX HACOCOB, MEMOpaHHBIX (hep-
MEHTOB U T. 1. ClenoBaTelbHO, TIPH MOA00pE HHTPe-
JIUEHTOB CIIOKHBIX KOHCEPBAHTOB HEOOXOIUMO YUH-
THIBaTh WX Bo3nelcTBue Ha ypoBeHb [10JI kieTok.

Ilens maHHOTO UCCIICTOBAHUS — OIICHKA BIUSHUS
KPHUO3ALIUTHBIX pACTBOPOB U UX KOMIIOHEHTOB Ha UH-
TeHCUBHOCTH TnporneccoB [1OJI u aHTHOKCUAAHTHYIO
akTUBHOCTH (AOA) JISHKOIIUTOB IPU KPUOKOHCEPBUPO-
BaHHU.

MartepuaJjbl 1 MeTOABI

B pabote ObUIO UCTIONB30BAHO 25 JTEHKOIUTHBIX
KOHIICHTPATOB, TIOIYYEHHBIX U3 IIEJTHHOH KPOBH JIO-
HOPOB-ZI00pOBOJIBIIEB TyTeM HuTadepesa. CpenHuii
00beM cycnieH3nu coctaBisit 14 + 2,6 mit. CycnieH3nn
JIeHKOUUTOB (B TeueHHe mepBbIX 30 MUH MOCie uX
BBIJICJICHUS M3 IUPKYIUPYIOIIEH KPOBH) CMEIIHBAIIH
B IUIACTUKOBOI1 MpoOupke B cooTHOIIeHuu 1:1 ¢ ogHuM
U3 PacTBOPOB UCCIEAYEMbIX BELIECTB MM MX KOM-
OMHALU{ W BBIACPKHUBAJIN NP KOMHATHOHM TemIle-
patype. DKCIO3ULMS cOCcTaBIsuIa | MUH U1 KPHOTIPO-
TEKTOPOB 3HIOLEIIIIONSPHOTO JSHCTBUS: TIIMLEpUHA
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The enzymatic antioxidant system plays an impor-
tant role when the cells are adapting to environmental
conditions. Limited by this system processes of lipid
peroxidation (LPO) are quite sensitive to the presence
of such substances of exogenous nature as cryoprotec-
tants in biological system [5]. At the same time, the
conventional technologies of cryopreservation of va-
rious organs and tissues are impossible without men-
tioned substances, which neutralize the damaging im-
pact of low temperatures. Protectants of exo- and
endocellular type of action, membrane protectants, an-
tioxidants and antihypoxants are applied as the compo-
nents of cryoprotective solutions. It is worth noting
that currently the combined cryoprotecting solutions
containing two or more protectants as well as other
supplements are widely spread [2, 7]. Combined media
stabilize water fractions, contribute to fine-crystal ice
formation, decrease the effect of hyper-concentration
of'salines efc. However, their use may not only positi-
vely influence the cell survival. According to some data
[8] in the presence of several cryoprotectants the in-
crease in LPO intensity was noted, it depended on the
type of substance, its concentration and exposure time
of the frozen cells in it. Cooling and thawing have an
additional effect on the rise of intensity of lipid peroxi-
dation inducing the change in the state of lipid bilayer
of cell membranes and disorder of structural and func-
tional cell systems, ionic pumps, membrane enzymes
etc. Therefore when selecting the ingredients of comp-
lex preservatives one should consider their impact on
the level of cell LPO.

The goal of the research was to assess the influence
of cryoprotective solutions and their components on
intensity of LPO and antioxidant activity (AOA) in
leukocytes during cryopreservation.

Materials and methods

We used 25 leukocyte concentrates derived from
the whole blood of volunteer donors by cytapheresis.
Average volume of suspension made 14 £+ 2.6 ml.
Leukocytes (during 30 min after procurement) were
mixed in plastic tube in 1:1 ratio with one of the studied
substances or their combinations and incubated at the
room temperature. Exposure lasted 1 min in the case
of cryoprotectants of endocellular type of action:
glycerol (7%, hereinafter the initial concentrations of
the substances are shown in % (v/v) if other not stated),
dimethyl sulfoxide (DMSO, 8%), 1,2-propane diol (1,2-
PD, 21%) or with stabilizing substances antihypoxant
and antioxidant hydroxymethylethylpyridine succinate
(OMEPS, 0.15, 0.3%) and antihypoxant sodium fuma-
rate (2.8% w/w); 20 min in the case of cryoprotectant
of mixed type of action hexa-methylene bis-tetra
hydroxyethyl urea (HMBTOEU, 30%) or with protec-
tants of exocellular type of action: gelatin with molecular
weight of 20,000 (7.5%), hydroxyethyl starch (HES,
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(7%, 3mech u ganee ykazaHbl Ha9aJIbHBIE KOHIIEHTpPA-
LMW BEIECTB B PacTBOpPE B OOBEMHBIX %o, €CIIM HE
yKa3zaHo uHoe), auMmetuicynbdokcuna (JMCO, 8%),
1,2-nmpomanaunona (1,2-I111, 21%) wunu crabunusu-
PYIOLIMX BELIECTB AaHTUTUIIOKCAHTA U AaHTHOKCHAHTa
CYKUHMHATa ruapokcuMe T TIiInupuanHa (OMOIIC;
0,15%, 0,3%) u anTUrMnOKcaHTa (hymapara HaTpUs
(2,8% Bec.); 20 MUH — AJ151 KPHONIPOTEKTOPA CMEILaH-
HOTO JEHCTBUS T'€KCaMEeTHIEHOMCTETPAruIpOKCH-
strnmoueBuHb (I MBTO2M; 30%) mim KpronpoTek-
TOPOB 3K30IIEIUTIONSPHOTO AEUCTBUS: )KeJTaTHHA C MO-
nexynspabM Becom 20 000 (7,5%), TuAPOKCHITHII-
kpaxmana (I'9K; 5,7%). Bpems skcro3uninu KIETOK
C KOMOMHUPOBAaHHBIMU PAaCTBOPaMH MPU KOMHATHOM
Temneparype cocrasisno 20 muH. B kauecTse Tako-
BBIX HCIIOJIB30BAJIN CIEAYIOLUINE CMECU: MIULEPHH
(7%) + xematun (7,5%) + OMDIIC (0,3%);
I'MBTO3M (28%) + OMOJIIC (0,15%); TMBTOOM
(30%) + dymapar natpus (2,8%).

Ha 6uoxemumomuaomerpe bXJI-07 (LHHWJI
HI'MA; «<UMBHUO», Poccust) peructpupoBaiu: Mak-
CUMAJIbHYKO MHTEHCHBHOCTB OBICTPO# BCnbiku /
MB (oTpaxkaet moTeHIHAaIbHYIO CIIOCOOHOCTH OHOJIO-
THYIECKOTO 00BEKTa K CBOOOIHO PaUKATHFHOMY OKHC-
JeHnio); ceerocymmy 3a 30 ¢ S (MBXc) (turomans
[I0/1 KPUBOW CBEUEHUS MPOOBI OTPaKaeT CoIepIKaHne
panukanos RO,, cOOTBETCTBYIOIUX OOPBIBY II€NH
CBOOOHOPAINKAILHOTO OKUCIICHUS], TOKA3aTeNb 1AeT
BO3MOXKHOCTB o1leHuTh cuctemy I1OJI-AOA). Antu-
OKCHAaHTHBIA MOTEHIMaJ IPOOBI KOPPEIHUPYET C TaH-
T€HCOM yTJIa HAaKJIOHAa KPUBOW MHTEHCUBHOCTH H3JTy4e-
HUS ¥ OCH BpEeMEHH #g(—20) (XapaKkTepu3yeT MaKCu-
MaJIbHYIO KPYyTU3HY ClIaZia KPHBOM, CO 3HAKOM MHUHYC);
a TaKKe ko3 unreHToM a = S/VI) Xt (be3pasmep-
HBII TapaMeTp, XapaKTepU3YIOUTHH OTHYI0 OTHOCH-
TEJIbHYI0 HHTEHCUBHOCTD U3JTy4YCHUS 32 BpEMsI U3Me-
penus) u ¢ Kooppuuuentom Z=S/I —HOPMHUPOBaH-
HOH CBETOCYMMOH 3a BpeMs u3MepeHus. Uem Bbile
rokaszatensb £g(—20), Tem Boie AOA (CKOPOCTh CHH-
KECHUS1 KOHLEHTPALMH IEPEKICH BOAOPOJa B KIETOU-
HOM cpefie) B uccieayeMoil mpode u, Ha000pOT, YeM
BhIIIC a U Z, TeM Hibke AOA.

B u3smepurenbHyo KioBeTy npubopa BHOCHIHU
0,1 mn neiixounTHOTO KOHUEHTpara u 0,4 M dpocdar-
Horo Oydepa (pH 7,5), mo6asnsmm 0,4 mur 0,01 MM
pactBopa cynbdata xeneza (OAO «Crektp-Xum»,
Poccust) m momemanu B n3MepuTeNbHOE THE3/10. 3a-
TeM B KoBeTY 0b1cTpo BHOCHIH (0,2 Mit 2%-T0 pacTBO-
pa nepekucu Bomopoaa (3AO «CII Xummpom», Poc-
CHSI) M PETUCTPHPOBAIIA CUTHAJ XEMUITFOMHHECTICHITHH
(XJI) B Teuenwne 30 c.

CornacHo paHee NOITy4YEHHBIM pesyapraraM [10—
12] oxnaxaeHue KJIeTOK IPOBOIMIN 10 HETUHEHHBIM
nporpamMMam 10 —10, =20 u —40°C; nocne xpaHeHus
IIpU yKa3aHHBIX TEMIIEpaTypax COOTBETCTBEHHO B
teyenue 9, 21, 30 cyTok OMOOOBEKT OTOrpEeBaIN Ha
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5.7%). Duration of cell exposure in combined solutions
at room temperature was 20 min. As the combined
solutions we used the following mixtures: glycerol
(7%) + gelatin (7.5%) + OMEPS (0.15%);
HMBTOEU (30%) + sodium fumarate (2.8%).

By means of biochemoluminometer BHL-07 (Cent-
ral Scientific Research Laboratory of Nizhny Novgorod
State Medical Academy; ImBio, Russia) we recorded:
the maximal intensity of quick flash 7/, mV (reflects
apotential capacity of biological object for free radical
oxidation); light sum for 30 sec S, mV Xsec (area under
the curve of probe luminescence reflects the content
of RO, radicals corresponding to quenching of free
radical oxydation (FRO) chain, the index allows to
assess the LPO-AOA system). Antioxidant potential
of probe correlates with the slope of luminescence
intensity curve slope and time axis #g(—20) (it charac-
terizes maximal negative rate of rise of curve slope),
as well as with coefficient a = §/I *t (non-dimen-
sional parameter characterizing full relative intensity
of luminescence during measuring), and with coeffi-
cient Z=S/I which represents a normalized light
sum during measuring. The higher index 7g(-20) the
higher AOA (the rate of decrease of hydrogen peroxide
concentration in the cell) in the studied probe and vice
versa, the higher a and Z the lower AOA.

To do the measurements we introduced 0.1 ml of
leukocyte concentrate and 0.4 ml of phosphate buffer
(pH 7.5), supplemented with 0.4 ml of 0.01 mM ferric
sulfate (JSC Spektr-Khim, Russia) into the well of the
chemiluminometer. Then 0.2 ml of 2% hydrogen
dioxide (Khimprom, Russia) was added and chemilumi-
nescence signal recorded for 30 sec.

Basing on the previous experiments [10—12] the
cells were cooled by non-linear programs down to
—10, =20 and —40°C. After storage at the mentioned
temperatures during 9, 21 and 30 days, correspondingly,
the biospecimen was thawed in water bath (38°C).
We calculated the number of cells in Goryaev’s cham-
ber, determined their morphological composition by
leukogram, assessed the barrier properties of leukocyte
plasmatic membranes by eosin test, phagocytic activity
of neutrophils using latex inert particles.

The obtained data were statistically processed using
Wilkinson’s criterion [4].

Results and discussion

The study of the role of cryoprotectants and cryo-
preservative solutions in the mechanisms of defense
existing in the cells and tissues against cytotoxic action
of free radicals appeared at cold stress is of importance
for contemporary cryobiology. It was shown in the
fragments of porcine spleen and liver tissues [3, 9]
that how the cryoprotectants (DMSO, glycerol, PEG-
400, PEG-1500) affect AOA in the cell depended on
concentration of the mentioned substances and on the
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BonsiHOM OaHe (38°C) M MOACYUTHIBATIH KOIUYECTBO
KJIETOK B Kamepe [ opsieBa, onpenensuim ux Mopgono-
THYECKHUil cocTaB Mo JieHKoopMmyse, OLEeHUBAIH
OapbepHbIE CBOMCTBA MJIa3MAaTHUYECKUX MEMOpaH Jieii-
KOIIUTOB B MPO0ax MCKIIOUEHUs D031HA, (aroruTap-
HYIO aKTUBHOCTH HEUTPO(MIIOB € MPUMEHEHHEM HHEPT-
HBIX YacTHI] JIaTeKca.

Craructudeckyro 00pabOTKy MOIy4YEHHBIX TaH-
HBIX MIPOBOJIMIIN C HCTIONIb30BAHUEM KPUTEPHUS YHIIKOK-
cona [4].

Pe3syabTarsl um o0cyxaeHnne

W3ydeHne poiau KpHOIPOTEKTOPOB U KPHOKOHCED-
BAHTOB B MEXaHM3MaX 3allUTHl KIETOK M TKaHEH OT
LUTOTOKCUYECKOTO ACHCTBUS 00pa3yroIuXCs IPH XO-
JIOJIOBOM CTpecce CBOOOJHBIX PaJMKAaJIOB SIBISETCS
Ba)XHBIM B COBpEMEHHOM KproOunosnorun. Ha mpumepe
(hparMeHTOB TKaHEW CENe3eHKH W MEeYeHH CBUHBU
TOKa3aHo [ 3, 9], 4TO CTEeTeHs aHTHOKCUIAHTHOTO BITHSI-
Hus kpuorporektopoB (JIMCO, mmunepuna, [191-400,
I121"-1500) 3aBUCHUT OT KOHIIEHTPAITAN KPHO3AIIUTHBIX
BEIIIECTB M OT BPEMEHH DKCITO3HUITHH B HUX OMO000BEK-
TOB. YCTaHOBIEHO [8], UTO HU3KOMOJIEKYISPHBIE
KpUONPOTEKTOPB! MPUBOJAT K CHI)KEHUIO YCTONYH-
BOCTH MUKpocoManbHbIX MeMOpaH k [1OJI mocne nx
oxnaxaeHus 10 —196°C u nocneayoomero Harpena
1o 37°C B pagy AMCO > I1]] > mmnepus (py ux
COJIEp’)KaHUU B CYCIIEH3MM MHUKPOCOM IEYEHH KPBIC
Beimie 30 macc %). CHMKEHUE KOTUYECTBA THAPO-
MIEPEKUCEH B OTOTPETHIX MUKPOCOMAJIBHBIX CYCIICH-
3WSX BBIABIICHO B IPUCYTCTBUY ImiiepuHa u 1,2-11]] B
koHIeHTparmax 5 u 10 macc %.

B npexncraBnenHoi paboTe rccae0BaHO BINSHIE
MIPUCYTCTBHSI HEKOTOPBIX BEIIECTB HA COCTOSHUE MPO-
neccoB [10JI u aHTHpanWKaNbHON 3aIUTHI y JIEHKO-
LIUTOB: KPHOIIPOTEKTOPOB C PA3INIHON Maccoil MoJie-
kyin (1,2-IT1 — m.m. 76, IMCO — 78, muniepus — 92,
I'MBTOBM -378, xxenatun — 16 000, 9K —200 000);
AQHTUTUIIOKCAHTOB U AaHTUOKCUAAHTOB ((pymapara HaT-
pus — .M. 160; OMOIIIC — 255); HEKOTOPBIX KOMOH-
Halui YKa3aHHBIX BEUIECTB, 00ECIIEUNBAIOINX, COT-
JIACHO paHee MONy4YeHHBIM JaHHbM [ 10—-12], mopdo-
(byHKITMOHATBFHYIO COXPaHHOCTE Oostee 75% KiIeTok
(tmuniepun + xenatud + OMOIIC n xpanenue npu
—10°C B teuenne 9 cyrox; [MBTOOM + OMDBIIC —
npu —20°C B Teuenue 21 cyroxk; IMBTOOM + pyma-
pat Hatpus — npu —40°C B Teuenue 30 cyrok). HeoO-
XOIMMO OTMETHTbH, YTO BBHIOpAaHHBIC TEMIEPATyPHI
OOBIYHO SIBJISIOTCS «ITPOMEKYTOUHBIMUY CTYTCHIMH
Ut XpaHeHus mpu —196°C 1 10 HaCTOSAIIEr0 BpEMEHU
HE NOIYYHIIH IHUPOKOTO MPAKTHYECKOTO TPUMEHEHHS.

Taxoke ompenenensl napametpsl [IOJI m AOA y
JIEHKOLIMTOB TIOCIIE HU3KOTEMIIEPATYPHOTO XPaHEHHUS
C MICTIONTb30BaHNEM ONIMCAHHBIX BBITIIE KOMOMHUPOBAH-
HBIX PacTBOPOB TP YKa3aHHBIX TEMIIEPATypax.
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duration of exposure of the specimens in the solutions.
It was found [8] that low-molecular cryoprotectants
resulted in the decreased stability of microsomal mem-
branes against LPO after cooling down to —196°C and
following heating upto 37°C in the row DMSO > PD >
glycerol (their concentration in the rat liver microsomes
suspension made 30% w/w and higher). The decreased
content of hydroperoxides in thawed microsomes sus-
pensions was found if glycerol and 1,2-PD were present
in the concentrations of 5 and 10% w/w.

The present investigation deals with elucidation of
the effect of some substances on the state of LPO
and anti-radical defense in leukocytes: cryoprotectants
with different molecular weight (1,2-PD with molecular
weight of 76; DMSO of 78; glycerol of 92, HMBTOEU
of 378; gelatin of 16000 and HES of 200000); anti-
hypoxants and antioxidants (sodium fumarate with
molecular weight of 160 and OMEPS of 255); several
combinations of mentioned substances providing which,
as shown earlier [10—12], provided the preservation
of morphofunctional state of more than 75% cells
(glycerol + gelatin + OMEPS and storage at —10°C
during 9 days; HMBTOEU + OMEPS and storage at
—20°C during 21 days; HMBTOEU + sodium fumarate
and storage at —40°C during 30 days). These tempe-
ratures are not widely used presently and are the tran-
sient steps for storage at —196°C.

Moreover, we have established some parameters
of LPO and AOA in leukocytes after low temperature
storage using the mentioned combined mixtures and
stated temperatures.

We have established (Table 1) that incubation of
leukocytes in the studied solutions (except sodium
fumarate) induced the changes of LPO and AOA
indices, and the latter in higher extent.

Basing on these data we have defined the group of
cryoprotectants which along with activation of LPO
stimulate the antioxidant systems of the cells: these
were glycerol (7%); HMBTOEU (30%) and gelatin
(7.5%).

Presence of 1,2-PD (21%) and DMSO (8%) in
the medium led to the decrease of LPO and AOA in-
dices in the leukocytes. This suppression of cell meta-
bolic activity by cryoprotectants is known as their
pseudotoxic effect and entirely disappeares after remo-
val of cryoprotectant [2].

Glycerol and HMBTOEU accelerated the proces-
ses of LPO and had a pronounced stimulating effect
on cell antioxidant systems. In less extent this effect
is peculiar to HES and gelatin.

Antioxidant and antihypoxant OMEPS of 0.15%
concentration reduced and of 0.3% increased the
intensity of LPO. In both cases the inhibition of leuko-
cyte ability to ‘proceed’ the peroxides was observed,
whilst according to other data [1, 6] OMEPS mani-
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Tabnuua 1. BrivsgHve MHrpeaMeHToB KPpMO3aLUUTHBIX PacTBOPOB Ha yposeHb [10]1
W aHTUOKCUAAHTHbIN NnoTeHuman nenkouutos (n =7, M + o)

Table 1. Effect of components of cryopreservative solutions on level of LPO and antioxidant
potential of leukocytes (n=7, M = 0)

rIOKa3aTeHV| XeMUITtMUHOrpamMmmbl
Wccneayembiii cy6eTpat Chemiluminogram indices
Studied mixture
lax tg(-2a) a z

= 115,0 + 26,6 843,8 = 142,9 26,2 + 5,54 0,25 + 0,02 7,5 + 0,5
Lg*ﬁf{‘w‘ft;'f"zr'_ﬂ[)”z:/"% 90,0 = 4,2* 6752 + 18,5* 18,2 + 0,6* 0,27 + 0,01* 8.0 = 0,2*
Lo e N S 98,9 + 14,1 672,2 + 137,2* 18,1 + 2,3* 0,23 + 0,02 7,0 = 0,5
s f/v:fﬂé‘f\f::%“l";o;f 188,8 + 66,4* | 1048,0 + 162,1* | 49,2 + 16,6* 0,19 + 0,03* 5,8 + 0,9%
JRC1T c dymapatow vatouR 28% | 1105 £ 389 | 961,2 + 284,7 21,6 + 9,1 0,26 + 0,02 7.8 + 0,5
o :11:1Wc;t(}3'\C/)I?/IrI]EgSOb1.‘I5;A‘)’/o 80,5 + 10,8* 675,2 + 88,2+ 20,9 + 3,2* 0,26 + 0,04 7,6 + 0,6
LT O >3 121,0 £ 7,79 | 1012,0 + 140,7* | 18,6 + 3,5* 0,27 = 0,03 81 £0,9
L o S 180,2 = 13,6% | 1165,0 + 162,1* | 44,2 + 4,5* 0,22 + 0,02* 6,5 = 0,5*
e o T 215,0 + 14,5% | 1680,0 + 164,2* | 385 = 2,0 0,26 + 0,01 7,8 + 0,4
L e o e 166,2 = 17,4* | 1127,0 + 76,1* 39,4 + 4,2* 0,23 + 0,01* 6,8 = 0,4*

MpuMeyaHue: * — pasnuuune c BENUYMHO NokasaTens NeNKoLMUTHBIX KOHLLEHTPaToB AocToBepHo (p < 0,05).
Note: * — the difference from the value of leukocyte concentrates is significant (p < 0.05)

YeranoineHo (Tabm. 1), 4To mociae HHKyOUpOBaHUs
JICHKOLIUTOB C UCCIEAYEMBIMH PACTBOPaMH (3a UCK-
moYeHueM QymapaTta HaTpus) OTME4YaeTcsl u3Me-
Henue nokazareneit [I0JI u AOA, mpuyem nocinenHero
(xapakTepu3yoniero CKOpoCTh CHUKEHHS KOINIECTBA
THIPOIIEPEKHICEH B ISHKOIIMTHOM KOHIIEHTpare) B 00JTb-
LIEH CTENEHN.

Ha ocHOBaHMM MOTYYESHHBIX TAHHBIX 0003HaUYEHA
rpyIma KPHOIPOTEKTOPOB, HE TOJIBKO YCKOPSIOIINX
MPOIIECCHI IMTIOTIEPOKCHIAIIN, HO ¥ OKa3bIBAIOIINX
CTUMYJHUpYIOLIee NeHCTBUE HAa aHTUOKCHUIAHTHBIE
cucteMsl kietku: rmuneput (7%), TMBTODM (30%)
u xenatuH (7,5%).

Kpuonporexrops! 1,2-11]1 (21%), AMCO (8%) 3a-
meisitoT npouecchl [1OJ] u canxator AOA y neiiko-
uuToB. JlaHHOE MoJaBneHne MeTaboINYeCKON aKTHB-
HOCTH KJIETOK KPUOIIPOTEKTOPaMH U3BECTHO, KaK IPo-
SIBJICHUE UX IICEBJOTOKCHYECKOTO 3 PeKTa, KOTOPHIH
YCTpaHseTcs P yIaJIeHUH MPOTEKTopa U3 KIETKH [2].

AnTHOKCHAHT U poTuBorunokcanT OMBIIC npu
koHteHTparmu 0,15% camkaet maTeHCHBHOCTE [10J],
anpu 0,3% — noBbImaet ee. B 00oux cirydasx HabJro-
JIaeTCsl yTHETEHHE Y JISHKOLIUTOB CIIOCOOHOCTH «I1epe-
pabarbIBaTh» MEPEKUCH, TOTAA KaK COIIACHO JPYTHM
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fested an oxidant effect in vivo, stipulated by the ability
to inhibit the LPO initiation caused by formation of
reactive oxygen species, appearance of catalytic active
ions of ferrum and decrease in activity of endogenic
system of free radical oxidation inhibitors. In our re-
search such an effect of OMEPS in vitro was revealed
only for 0.15% concentration. Decrease of AOA in
leukocytes was probably associated with the ability of
this substance to block own antioxidant systems of
cells, regulating the presence of hydroperoxides.
Combined action of cryoprotectant mixtures had
other character of effect on LPO and AOA. For
example (Table 2), after exposure in glycerol (7%) +
gelatin (7.5%) + OMEPS (0.3%) the levels of LPO
and AOA of leukocytes judging by the values of S,
and #g(—2a) decreased 1.2 and 1.8 times, respectively.
This effect could positively affect on the outcome of
the storage of cells at —10°C, when the water is not
crystallized and cell metabolism slows down insignifi-
cantly. After 9 days of exposure of the cells at —10°C
(n=8, M =£ s) in the mentioned combined solution
leukocyte survival made 84.8 = 10.9% (of the initial
level), 83.5 £ 6.0% of cells had membrane non-
permeable for vital dye eosin, 77.2 + 8.8% granulocytes
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JIaHHBIM [ 1, 6] B ycIIoBU-
AX IIE€JI0T0 OPTaHU3Ma ATO
BEILIECTBO MPOSBIISAET aH-
THOKCUJAHTHOE JEHUCT-
BUe, 00YCIIOBJICHHOE CIIO-

Ta6nuua 2. MNokasatenu xemunoMmMHorpammel nerikounToB (n = 8, M + 0) nocne
HU3koTeMnepaTypHoro xpaHeHus npu —10°C B TeueHne 9 cyTok noj 3aLLmMTon
KOMOVHMPOBAHHOIO KpUOKOHCepBaHTa (rnuuepuH 7%, xenatuH 7,5% n OM3IIC 0,3%)

Table 2. The indices of chemiluminogram of leukocytes (n = 8, M * o) after low
temperature storage at —10°C under protection of combined cryopreservative
containing glycerol (7%), gelatin (7.5%) and OMEPS (0.3%) during 9 days

COOHOCTBIO MHTHUOUPO-
I'IOKa3aTer|v| XeMUntMUuHorpamMmmbl
BaTb CTAANO UHUIINALIUU Jran Chemiluminogram indices
I1OJI, BbI3BaHHYIO 00pa- Stage
S tg(-2a Z

30BAHUEM AKTUBHBIX max gt-2a) a

OpM KHCJIOpOJa, MOsB- S CTBUIA
bop pona, éﬁleof;?ffegct:;:gt 118,2 = 10,8* | 7732 + 14,02* | 28,9 + 3,9* | 0,22 £ 0,02* | 6,6 = 0,5%
JIEHHEM KaTaJIuTHYECKU
aKTHUBHBIX MOHOB JKeje3a Mocne wHKyGaLmn
M MaJCHUEM aKTUBHOCTH Zg‘;’:fg?ig::&“ﬁ 95,4 + 2,2 639,8 + 7,12 16,2 + 0,1 0,29 + 0,004 8,8 + 0,1
JHJOT€HHOU CUCTEMBI with preservative
WHTHOUTOPOB CBOOOIHO- a
PaJHKAILHOTO OKHCIIe- ocggs‘;TtTlf:\f’va”“" 111,8 + 12,56% | 759,8 + 71,8* | 24,1 + 3,7* | 0,23 = 0,02* | 6,8 + 0,5*

HUs. B Hammx uccneno-
BaHUAX TaKOE JCHCTBUE
OMDIIC in vitro mbl
BBISIBUJIM TOJIBKO JIJIsI KOH-
uenrpanuu 0,15%. [Tona-
raeM, uyto cHuxkeHue AOA NeHKOLUTOB, BEPOSATHO,
CBSI32HO CO CTIOCOOHOCTBIO JTAHHOTO BEIIECTBA OJIOKH-
poBaTh COOCTBEHHBIC AHTHOKCHUIIAHTHBIC CHCTEMBI
KIJICTKH, PETYIUPYIOIINE YPOBEHD B HEH THIPOIICPEKH-
CeH.

[Ipu coBMecTHOM AeiicTBUY KOMITOHEHTOB KOMOH-
HHUPOBAaHHOTO KPHOKOHCEPBAHTA XapaKTep BIUSHUS HA
[1OJT u AOA u3mensiercs. Hanmpumep (tadi1. 2), mocie
9KCMO3UINH B pacTBope mumeput (7%) + sxernatuH
(7,5%) + OMDBIIC (0,3%) ypoBau I1OJI 1 AOA netiko-
LIUTOB COTJIACHO 3HAYCHUSIM S, 1g(—20) CHIKAIOTCS B
1,2 u 1,8 pa3a, 4TO CBUAETENbCTBYET O MOAABICHUU
MeTa0OoIMYeCKO aKTUBHOCTHU KJIETOK. JlaHHBIH A(-
(hbeKT MOXKET UMETh MOJIOKHUTEILHOE 3HAYCHUE IPU
XpaHEeHMH KJIEeTOK Ipu temmeparype —10°C, npu
KOTOPO¥ BOJIa B TAHHOM PacTBOPE eIie He KPUCTAILITH-
3yeTcs U METa0OJIU3M B KIIETKE 3aMeJIeH He3HAIH-
tenbHO. [locne 9 cyTok xpanenus kinetok mpu —10°C
B yKa3aHHOM KOMOWHHPOBAHHOM PacTBOpE COXpa-
asetcsa 84,8 = 10,9% (0T UCXOTHOTO KOJTUYECTBA)
JICMKOLIUTOB, M3 HUX 83,5 + 6,0% KIIETOK UMEIOT MEM-
OpaHy, HEIPOHUIIAEMYIO JJIsSI BUTAITBHOTO KPACUTEINS
303MHa, COXpaHmnock 77,2 + 8,8% rpanyaouuTos, a y
72,6 + 3,8% HelTpod 0B HAOIIOAAIN CIIOCOOHOCTh
K ¢aromurosy. [Ipyu yBennueHUn CPOKOB XpaHEHUS
YKa3aHHBIE [TOKA3aTeIH KU3HECIIOCOOHOCTH KIIETOK
CYILIECTBEHHO yXyauiatoTcs. Mbl mojaraem, 4ro 3To
cBa3aHo ¢ poctom [IOJI: wepe3 9 cyTok xpaHEHH
npu —10°C uaTeHCUBHOCTH [10JI y nmeiikonuToB
CTaTUCTUYECKU 3HAYMMO yBennuuBaercs B 1,2 pasa,
a AOA - B 1,5 paza, omaako o0a mapameTpa He Tpe-
BBIIIIAIOT TAKOBBIE y KJIETOK, HE MOIBEPTHYTHIX
KaKOMY-JIHOO BO3/IE€UCTBUIO.

Takum o0Opa3oMm, MCHONB30BaHHE TIHIEPUHA
coBMecTHO ¢ xenatuHoM u OMOIIC mo3Bonser

4

MpumeyaHue: * — pasnuyme c BENUYMHON NokasaTens nocne nHkyGaLumm ¢ KoHcepBaHTOM fdocToBepHo (p <0,05).
Note: * — the difference from the value after incubation with preservative is significant (p < 0.05)

were preserved, in 72.6 = 3.8% neutrophils preserved
the ability to phagocytosis. During further storage the
mentioned indices of cell viability significantly de-
creased. We suggest that this was associated with the
increase of LPO: in 9 days of storage the LPO intensity
in leukocytes increased 1.2 times, and AOA did 1.5
times, both parameters did not exceed ones of the cells
not subjected to any exposure.

Therefore the use of combined solution of glycerol,
gelatin and OMEPS allowed to preserve the leukocytes
in functionally valuable state at —10°C during 9 days.

After incubation in mixtute of HMBTOEU (28%)
and OMEPS (0.15%) the LPO level of leukocytes did
not change, and AOA increased 1.4 times (Table 3).
This phenomenon also could positively affect the fur-
ther survival of cells after storage at —20°C because
increased AOA intensity enables neutralizing of follow-
ing activation of LPO during storage and heating. The
evidence for this was morphological and functional
values of cells after warming in 21 days of storage at
—20°C: 90.9 £ 7.6% of leukocytes were preserved,
eosin resistance was found in 89.3 + 6.8% of cells, the
survival of granulocytes made 93.7 + 9.8%, the capa-
city to phagocytosis was observed in 71.7 + 10.8% of
neutrophils. The analysis of LPO and AOA levels had
shown no statistically significant difference from the
values prior to an exposure in cryoprotective solutions
attesting a stable functioning of leukocytes systems.

After the incubation in the mixture of HMBTOEU
(30%) + sodium fumarate (2.8%) the LPO and AOA
levels of leukocytes remained unchanged (Table 4).
Similar results have been obtained after 30 days of
cells storage at —40°C in this solution. The leukocytes
survival was 84.5 + 10.8%, eosin resistance was 70.1 +
14.9%, 62.4 £ 4.9% of granulocytes were preserved,
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COXPaHUTh JEHKOLUTHI B
(hyHKITMOHATIFHO TTOJTHO-
LIEHHOM COCTOSIHMH TIpU
—10°C B teuenue 9 cy-

Ta6nuua 3. MNokasatenu xemunoMmMHOrpaMmMbl nerkounToB (n = 6, M + ) nocne
HU3KoTeMnepaTypHoro xpaHeHus npu —20°C B TedeHue 21 cyTok nog 3alimTon
KOMOMHUpOBaHHOro KpuokoHcepsaHTta (TMBTO3M 28% n OMJIIC 0,15%)

Table 3. The indices of chemiluminogram of leukocytes (n = 6, M £ o) after low
temperature storage at —20°C under protection of combined cryopreservative

TOK. containing HMBTOEU (28%) and OMEPS (0.15%) during 21 days
HOCHe 3KCH03HHHI/I B [NMokasaTtenun XeMuntomMuHorpamMmmbl
cmecu IMBTODM (28%) Jran Chemiluminogram indices
1 OMDIIC (0,15%) ypo- Stage . . w20 ] ,
BeHb I10OJI nedkoLuTOB ~
He mu3Mensercs, a AOA flo sosnericTamii 117,7 + 20,3 | 899,3 + 181,56 | 23,4 + 2,2* | 0,25 + 0,01* | 7,6 + 0,2*
Before treatment
noBelmaercs B 1,4 pasza
(tabn. 3). JlanHOE sBIIE- Mocne urkyBaunn
C KOHCepBaHTOM
HHE MOKET HOMOKHTEILEO Ao o | 139.0 + 30,6 | 939,7 + 150,3 | 32,9 + 7,0 0,22 % 0,01 6,6 + 0,4
CKa3aThCs HA UCXOJIE Xpa- with preservative
O,
Henust KeTok mpu —20°C, Mocne otramsanuA | 1586 4 274 | 10220+ 1826 | 30,9 +3,9 | 0,22 + 0,005 | 6,5+ 0,2

Post thaw

TaK KaK IIOBBIIICHUEC HH-

teHcuBHOCTH AOA 1103-

MpumeyaHue: * — pasnuune ¢ BENNYMHON NokasaTens nocne nHkybauum ¢ koHcepBaHToM focTtoBepHo (p <0,05).

Note: * — the difference from the value after incubation with preservative is significant (p < 0.05)

BOJISIET HUBEIUPOBATH
MOCIEAYIOUIYI0 aKTUBa-
uuto [1OJI Bo Bpemst mo-
CIIEIYOIINX 3TANOB IMOATOTOBKH K XpaHEHHUIO U OTO-
rpesa neiikonutoB. [loaTBepKICHHEM 3TOMY MOTYT
CITY’KUTb MOp(onorndeckue 1 (yHKIMOHATIbHBIE TOKa-
3aTeNHn KJIETOK Iociie OTorpeBa depes3 21 cyTku xpaHe-
aus ipu —20°C: coxpansiercs 90,9 & 7,6% IeHKoIuToB,
303MHOPE3UCTEHTHOCTh XapakTepHa 4 89,3 + 6,8%
KJIETOK, COXPaHHOCTb I'PaHYJIOLUTOB COCTABNAET 93,7 +
9,8%, crmocoOHOCTh K (aroiuTo3y HaOIOAaeTCsa Y
71,7 £ 10,8% netitpodmnos. Ananuz yposHs [10JI u
AOA mocie oTtorpeBa KI€TOK HE MOKa3all CTaTUCTH-
YeCKU 3HAYMMOT0 OTJIMYHS OT 3HAUSHUH 10 MHKYOaluu
C KPHOTIPOTEKTOPHBIM PaCTBOPOM, YTO CBHIETENBCT-
BYET O CTaOMIIBHOM paboTre (PYHKIIMOHATBHBIX CHCTEM
JICHKOLIUTOB.

ITocne skcno3unuu
KJIETOK B  CMECH
I'MBTO2M (30%) + dy-
mapat Hatpus (2,8%)
yposuau IIOJI u AOA
JNEHKOIIUTOB OCTAIOTCS
0e3 n3MeHeHul (Tao. 4).
AHaJOTUYHBIE PE3YIIh-

the ability to phagocytosis was noted in 92.2 + 6.4%
of neutrophils. Therefore, the combination of
HMBTOEU with sodium fumarate induced the sta-
bilization of LPO-AOA system state during cryo-
preservation leading to the highest preservation of
functional activity of nucleated cells.

It could be concluded that estimation of the effect
revealed by cryoprotectants in terms of LPO and AOA
in the cells could be used as a prognostic index for
development of low temperature storage methods.

Basing on the obtained as well as previously repor-
ted data we can suppose that the choice of concent-
ration of cryoprotectant which would not affect the

Ta6nuua 4. MNokasatenu xemunioMmmHorpammel nenkouutoB (n = 5, M + o) nocne
HU3KoTeMnepaTypHoro xpaHeHusa npu —40°C B TedyeHne 30 cyTok nog 3alimMTon
KOMOUHMpOBaHHOro KpmokoHcepBaHTa (TMBTO3M 30% u dymapat HaTpus 2,8%)
Table 4. The indices of chemiluminogram of leukocytes (n = 5, M £ o) after low
temperature storage at —40°C under protection of combined cryopreservative
containing HMBTOEU (30%) and sodium fumarate (2.8%) during 30 days

TaThI TOTy4eHb! Tiociie 30

Moka3saTeny xeMUNIOMUHOrpaMMbl
Chemiluminogram indices

Jran
CYTOK XpaHEHUS KIIETOK Stage
npu —40°C B naHHOM I S tg(-2a) a z
pactBope. COXpaHHOCTD
i Ao sospeiicTamii 77,2 +11,9 | 590,8 £50,6 | 17,7 £3,3 | 0,25 + 0,02 7.7 £0,8
JIEHKOLIMTOB COCTaBIISIET Before treatment , . 8 = 50, 73, 25 + 0, 7 0,
84,5 + 10,8%, »03uHO-
€3UCTCHTHOCTb OTME flacne uwkyGaum
P o Ay b | 940+ 21,6 | 6740 +99,0 | 204 +57 | 024+ 0,02 7.2 +£0,7
geHay 70,1 + 14,9% xire- . (
with preservative
TOK, COXPaHHUIIOCH 62,4 £
0 _ [Mocne oTtanBanHua
4,9% rpaHya0LUTOB, CIIO Post tho 101,56+ 12,1 | 6695+51,6 | 24,7 +38 | 0,22+ 0,02 6,6 + 0,5

coOHOCTB K (haronuTozy
oTMmeueHa y 92,2 + 6,4%
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MpumeyvaHue: * — pa3nmymne ¢ BENNYMHON NokasaTtens nocne NHKyb6aLum ¢ KoHcepBaHTOM AocToBepHo (p <0,05).
Note: * — the difference from the value after incubation with preservative is significant (p < 0.05)
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HeliTpodunos. CrenoBaTenbHO, coYeTaHUE
I'MBTODM u ¢ymapara HaTpus CrmocoOCTBYyeT
crabunuzauuu cocrosiHus cuctemsl [10JI-AOA mpu
KPUOKOHCEPBUPOBAHWUH, YTO MPUBOIUT K HAMITyUILIEH
COXpPaHHOCTH (DYHKLMOHAIBHONH aKTUBHOCTH SAPOCO-
JEpKAIUX KIETOK.

O4eBUIHO, OLIEHKA CTETIEHU BIHUAHUS KPHOKOHCED-
BanToB Ha [1OJI 1 AOA y kieTok mpu pa3paboTke
METOJIOB KPHOKOHCEPBUPOBAHUS MMO3BOJIUT CJIENaTh
POrHO3 00 3 PEKTUBHOCTH UX IPUMEHEHUS [T 3a-
MOpaKUBaHUS OMOOOBEKTOB.

Ha ocHOBaHUM M3BECTHBIX U OIYYEHHBIX B paboTe
JAHHBIX MOKHO MTPEIMOI0KHUTh, YTO BEIOOP KOHIIEHT-
paIuy IpeanoaaraéMoro sl UCIOIb30BaHUs KPUO-
MIPOTEKTOpPA, HE CHWKAIOIIEH YCTOHYMBOCTH MEMOpaH
kietok k [IOJI 3aBucuT OT pasmepa Monekyn (T. e.
MIPOHHKAIOIIEH CIIOCOOHOCTH), BpEMEHH KCIIO3ULIIH
01000beKTa, BUAOBOH CIeHU(UIHOCTH OMO0OBEKTA;
3¢ deKTuBHBIE KOMOMHUPOBAaHHbBIE KPHOKOHCEPBAHTHI
00pa3yoT CHMOMOTHYECKHE KOMIIEKCHI, KOTOPhIE HE
BBI3BIBAIOT aktuBanuio [10JI, Ho MOTYT CTUMYIHPO-
BaTh aHTHOKCHIAHTHBIE CHCTEMBI, YTO, BOZMOXHO,
CIIOCOOCTBYET MOBBIIIEHHIO KPUOYCTOHYUBOCTH KITe-
TOK; XpaHEHHUE SAPOCOAEPKAINX KIETOK B YCIOBHIX
«mepexoaasix» Temmeparyp (—10,-20,—-40°C) B cpene
KOMOWHUPOBAaHHBIX KOHCEPBAHTOB, HE BBHI3BIBAIOIINX
aktuBauuio [10JI, obecnieunBaeT BBICOKYIO COXpaH-
HOCTH KJIETOK.

Heo0xoqumMo OTMETHTBH, YTO BO3MOXKHBIE MeXa-
HU3MBI y4acTusl KpUonpoTekTopos B poreccax [10J1
TpeOyIOT JaNbHEHIero n3y4eHusl.

BriBoabI

1. IMCO B ucxomguoi xonmnentrpanuu 8% u 1,2-
I — 21% camxkarot uaTercuBHOCTH [10J] Ha Mem-
Opanax jeitkonuToB 1 ux AOA, IPOSIBIISAS TEM CaMBIM
TICEBIOTOKCHYECKUH IPPEKT.

2. [IpucyTcTBUE B KJIETOYHOW CYCIIEH3WH TIIHIIE-
puna (7%), TMBTOBM (30%), I'OK (5,7%), xena-
tuHa (7,5%), OMBIIC (0,3%) npuBOAKUT K CHUKEHUIO
YCTOHYMBOCTH MeMOpaH JIEHKOLIUTOB K IEPEKUCHOMY
OKHCIICHHIO.

3. Imunepud (7%), TMBTO3M (30%) u OMDOIIC
(0,15%) mposIBIAIOT CBOWMCTBAa aHTUOKCHIIAHTOB, O
YeM CBUJIETEIbCTBYET CHUKECHHUE KOHIICHTPAIIH TH/I-
pomepeKrcell B KIICTOYHBIX B3BECSX.

4. Maxy6armms KJIETOK B CMECU KPHOTIPOTEKTOPOB
1 CTaOMIN3UPYIOIIHNX BEIMICCTB B UCITOJIb3YEMBIX KOH-
HeHTpanusax: ruiepud + xxenatua + OMDOBIIC, a
takxxe [MBTO3M ¢ OMDBIIC unu pymaparom Hat-
pus He BeI3bIBaeT aktuBanuu [10J] B neitkonurax.

5. KoMOuHMpOBaHHBIE KPHOKOHCEPBAHTHI CIIOCO0-
CTBYIOT cTabunu3anuu coctostaus cuctemsl [10J1- AOA
y JEHKOIUTOB NPU HU3KOTEMIIEPaTyPHOM XPaHEHUU
(-10,-20,—40°C), uTo yBeNM4IMBACT COXPAHHOCTH (PyHK-
LMOHAILHOW aKTUBHOCTH SIIPOCOJIEPIKAIIHNX KIIETOK.
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LPO stability of cell membranes depends on molecules
dimensions (i. e. their permeability), duration of expo-
sure of the biospecimen, its species specifity; effec-
tive combined cryopreservative soluitions act as sym-
biotic systems, which do not activate LPO but stimulate
anti-oxidant systems, that probably contribute to the
rise in cell cryostability; storage of nucleated cells at
transient temperatures (—10°C, —20°C, —40°C) in the
combined cryopreservative media, which do not acti-
vate LPO, provide high cell survival.

It should be noted that possible mechanisms of how
cryoprotectants affect the LPO processes necessitate
further investigations.

Conclusions

1. Addition of DMSO in 8% and 1,2-PD in 21%
initial concentrations to leukocyte suspension in 1:1 ratio
lowers the LPO intensity in the cell membranes and
their AOA in such way manifesting the pseudotoxic
effect.

2. The addition of glycerol (7%), HMBTOEU
(30%), HES (5.7%), gelatin (7.5%), OMEPS (0.3%)
to cell suspesion in 1:1 ratio results in the decrease of
resistance of leukocyte membranes to peroxidation.

3. Glycerol (7%), HMBTOEU (30%) and OMEPS
(0.15%) act as antioxidants, which is confirmed by
decreased hydroperoxide concentration in the cell sus-
pensions.

4. Incubation of cells in the mixtures of cryopro-
tectants and stabilizers in the studied concentrations:
glycerol + gelatin + OMEPS and HMBTOEU +
OMEPS or sodium fumarate does not lead to activation
of LPO in leukocytes.

5. Combined cryopreservative solutions contribute
to stabilizations of LPO-AOA system at low tem-
perature storage (—10°C, -20°C, —40°C), that increases
the post-storage preservation of cell functions.
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