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Osmotic Indices and Thromboplastic Activity of Erythrocytes
After Freeze-Thawing in Combined Media

Pedrepat: MiccnenoBaHbl oCcMOTMYECKMe MoOKasaTenu apuTPOLMUTOB YernoBeKka, 3aMOPOXEHHbIX B cpeAax C nonumepamu
(nekctpaH, nonuatuneHrnukonb-1500), B KOMOBUHMPOBAHHbLIX cpedax C NMOMMMEPOM M MPOHUKAKLMM KPUONPOTEKTOPOM
(1,2-nponanguon), a Takke WX BAUSIHWE Ha Bpems Koarynsiumu nnas3mbl KpoBu. [lokasaHo, YTO Npu 3amopaxvBaHuW B cpedax C
nonuMepamu HapyLIalTCst OCMOTUYECKME XapaKTepUCTUKN 3PUTPOLIMTOB, B 9TOM Cryyae OHW npuobpeTatoT dopmy cepoLmnTos,
a npu gobasneHun B cpepy anbbymumHa — dopmy cdepoaxnHounToB. OcTaBlUMECH 3PUTPOLMUTLI MOCEe 3amMOpaXUMBaHUSA Mo
CPaBHEHMWIO C MHTAKTHbIMW KNeTkamu B OOmnblUel CTeneHu YCKOPSIT Koarynsuuio nnasmbel. QpUTPOLUTLI, 3aMOPOXEHHbIE B
KOMOWHMPOBAHHbBIX cpefax, He3HAYUTENbHO OTNIMYAKOTCSH NO OCMOTUYECKMM XapakTepucTuKkaM OT MHTaKTHbIX KMEeTOK u
npeacTaBneHbl cpepoaxuHounTamu, a npu genctenn anbbymmHa — guckoumtamu u ctomatoumtamu. OcTasBlmecs nocne
3aMOpaxunBaHUA-0TOrpeBa 3PUTPOLUTLI YCKOPSAIOT Koarynsuuo nnasmMbl, Kak U1 3puTPOLMThI, 3aMOPOXEHHbIe B cpedax C
nonvmepamu. Mony4eHHble pesynbTaTbl NO3BONSIOT NPEANONOXKUTL, YTO NPU 3aMOpaxXnBaHNM IPUTPOLIMTOB B cpedax C nonuMepamm
NpoucxoauT ycTpaHeHWe acMMMETPUYHOro pacnpegeneHus monekyn docdaTuamnceprHa, KOTopbll NepexoanT Ha BHELLHIOW
NOBEPXHOCTb KMNeTOYHbIX MeMOpaH, YTo ABMSETCA MPUYMHON chepounTo3a U ycuneHus TpomobonnacTu4eckon akTUBHOCTU
aputpounToB. MNpu 3aMopaxmBaHUW IPUTPOLUTOB B KOMOMHMPOBAHHbLIX CpeAax MPOUCXOAUT 4YacTUYHOe MocTynneHue
docdhaTnanncepnHa Ha BHELLHIOI CTOPOHY MeMOpaH M 3TOro AOCTaTOYHO ANS BbIPAXEHHOro ycuneHus TpoMbonnacTuyeckomn
aKTMBHOCTM KINETOK NPV COXPaHeHWM MX OCMOTMYECKMX MokasaTenen.

KnioyeBble crnoBa: apuUTpouWTbl, 3amMopaxuBaHne, KOMOUHMPOBaHHbIE KPUOKOHCEPBaHTbI, KOarynsums.

PedrepaT: JocnigxeHo OCMOTUYHI MOKA3HWKN epUTPOLNTIB, 3aMOPOXEHUX Yy cepefoBuLliax i3 nonimepamu (GekcTpaH,
nonietunexrnikons-1500) Ta y kombGiHOBaHMX cepefoBuLlax i3 NONIMEPOM i MPOHUKHMM KpionpoTekTopom (1,2-nponaHpion), a
TakoX iX BNAMB Ha Yac koarynsauii nna3mu kposi. lNMokasaHo, LWo nig Yac 3aMOpoXyBaHHS 'y cepedoBULLaxX i3 moriMepamMu NopyLUyTbCS
OCMOTUWYHI XapakTepucTUKM epuTpouUUTIB, Npu LbOMY BOHM MawTb opMy chepounTiB, a Npu AofaBaHHi anbbymiHy —
chepoexiHounTiB. MOPIBHAHO 3 IHTAKTHUMWU €pUTPOLMTU, SKi 3anNULLUINCS MiCNsS 3aMOPOXYBaHHS, GinbLIOK MipOK NPUCKOPKTH
koarynsiuito nnasmu. Eputpountn, siki 3aMopoxeHi B kOMGIHOBaHUX cepefoBULLaX, HE3HAYHO BiAPI3HAOTHCA 3@ OCMOTUYHUMMU
XapakTepucTvkamu Bif iHTaKTHUX | NpeacTaBneHi cpepoexiHoumMTamu, a npu Aii anbbymiHy — AMckouMTamMu Ta cTomMaTouuTamu.
EputpoumnTn, aki 3anMwmnnncs nicns 3aMOpOXyBaHHS, MPUCKOPIOTb Koarynsuio nnasMu, sk i eputpounTy, WO 3aMopoXyBanu B
cepepoBuwax i3 nonimepamu. OTpuMaHi pesynsTatu 4O3BOMSAKTb NPUNYCTUTK, WO Mi4 Yac 3aMOPOXYBaHHSA epUTPoOLUTIB Yy
cepefoBuLLax i3 noniMepamu BigOyBaeTbCS YCYHEHHS aCMMETPUYHOrO po3nodiny Morekyn gocdaTuanncepuHy, sikuii nepexoanTb
Ha 30BHILLHIO MOBEPXHIO KNITUHHUX MEMBpaH, Lo € NPUYMHOK chepoumnTosdy i NOCUMEHHS TPOMOOMNACTUYHOT aKTUBHOCTI EPUTPOLUTIB.
Mig yac 3amopoxyBaHHS epuTpouunTiB ¥y KOMBiHOBaHUX cepegoBuax ochaTnanncepuH 4YacTKoBO HaAXOAUTb Ha 30BHILLHIO
NOBEPXHI0O MeMOpaH, ofHaK LbOro AOCTaTHbO A1t BUPAXEHOro NMOCUMEHHSI TPOMBONNACcTUYHOI akTUBHOCTI KMNiTUH Npu 36epexeHHi
X OCMOTUYHMX MOKA3HUKIB.

Knio4yoBi crnoBa: epuTpouUnTU, 3aMOPOXKYBaHHS, KOMGIHOBaHI KpiOKOHCEpBaHTU, koarynsuis.

Abstract: Here we studied the osmotic indices of human erythrocytes, frozen in the media with polymers (dextran, polyethylene
glycol 1500), in combined media with polymer and penetrating cryoprotectant (1,2-propanediol), as well as their effect on blood
plasma clotting time. During erythrocyte freezing in the media with polymers there were demonstrated their disordered osmotic
characteristics, in this case they were spherocyte-shaped and spheroechinocyte-shaped if supplementing the medium with albumin.
The erythrocytes, which survived after freezing accelerated plasma clotting in a greater extent as compared to the intact cells. Those
frozen in combined media were slightly different by osmotic characteristics from the intact cells, being represented by sphero-
echinocytes, but discocytes and stomatocytes under albumin effect. The erythrocytes survived freeze-thawing accelerated plasma
clotting, like those, frozen in the media with polymers. Our findings have suggested the erythrocyte freezing in the media with
polymers to cause the elimination of asymmetric distribution of phosphatidylserine molecules, transiting onto an outer surface of cell
membranes, thereby causing spherocytosis and strengthening a thromboplastic activity of erythrocytes. Erythrocyte freezing in
combined media resulted in a partial migration of phosphatidylserine onto an outer side of membrane, and that was sufficient for
pronounced strengthening of thromboplastic activity of cells with preserving their osmotic indices.

Key words: erythrocytes, freezing, combined cryopreservatives, coagulation.
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B Hacrosmiee Bpems pa3zpaboTka TpaHc(y3HOHHBIX
[IPOTOKOJIOB, YYUTHIBAIOIMX TEMOCTATHUSCKUH TOTEH-
[AaJl KPOBY TMAlMEHTOB C Pa3JIMYHBIMU 3a00JieBa-
HUSIMH, OCTaeTCsl aKTyaJbHOU 3ajauei MEIHUIIMHBI
[12]. B cBs3u ¢ aTuM MoaudUKaIHsI TPOMOOTUTACTH-
YECKUX CBOMCTB SPUTPOLNUTOB MPHU 3aMOPaKUBAHUN
MOXET OKa3aThCs dPGEKTHBHBIM MOIXOAOM IS UX
HaIpaBJIEHHOTO BJIHUSHUA Ha OOIIMI reMocTas mocie
Tpanchy3uu.

[Ipn 3amopakuBaHUHM SPUTPOILUTOB B Cpelie C
MTOJIMBUHUJIITUPPOITUIIOHOM B MEMOpaHaX HApyIIaeTCs
aCMMMETPUYHOE pacrpesesieHue MoJieKyn Gpocdaru-
JIWJICEpUHA, KOTOPBIA BBISBIISCTCS HAa TIOBEPXHOCTH
kieTok [ 15]. U3BecTHO, YTO HA BHEIIHEW MOBEPXHOCTH
MeMOpaHn pochaTunuiceput Bmecte ¢ pocaruau-
XOJIMHOM U OellkaMH 00pa3yeT JUMONPOTEHHOBLIE
KOMIUTEKCHI, 00J1aTaf0IIIe TPOMOOIIIIACTHICCKON aK-
TUBHOCTEIO [4], T0100HO# TpOMOOIIIIACTHHY TPOMOO-
nuToB [3]. B pusnonornueckunx yCiIoBUAX Ha TOBEPX-
HOCTH Pa3INIHBIX KJIETOK (TPOMOOITUTEI, SPUTPOITUTHI,
(huOpPOOIACTEI U JIp. ) IO KOHTPOJIEM CTICTTH(PIICCKUX
MEXaHU3MOB 00pa3yeTcss TPOMOWH 13 €T0 HEaKTHBHO-
0 IpeIeCTBEeHHUKA (TPOTPOMOHHA) IO ACHCTBUEM
TpoMOuHa3sl [ 14], KoTopasi akTHBUPYETCS Ha MOBEPX-
HOCTH KJIETOK IIPY HANW4YKMK TpoMOoracTrHa [16].

[Tpu 3amoOpakMBaHUK SPUTPOLIUTOB B CPEJIE C MOJH-
BUHUJIMMUPPOJIUIOHOM OTMEUYACTCs 3HAYUTEIbHAs
norepst aneHozuHTpUPochara (ATD), mpu TOM KIeT-
KU TpaHC(HOPMHUPOBAHEI B C(DEPOIHTHI, B KOTOPBIX MO-
JIeKyNbl hochaTuauIcepuHa HaXOAATCS Ha BHEITHEH
ITOBEPXHOCTH MeMOpaH. 3aMOpaKMBaHHE B Cpeie C
TTOJTMBUHUIIITAPPOIAIOHOM U TITIOKO30# 0becreanBaeT
coxpanenue koHeHTparmn AT na 60—70%, mpu 3Tom
SPUTPOIUTHI IIPEJICTABICHBI CTOMATOIUTAMH U JTUCKO-
HUTaMU, B OOJIbIICH YaCTU KOTOPBIX MOJCKYJIbI
(dhocharuarcepruHa pacnoaaraTcs Ha TOBEPXHOCTH
MeMOpaH [15]. Panee Obu10 mOKa3zaHo [6], uTo cpena,
cojiepkalias HeMPOHUKAIUN (JICKCTpaH, MOJHU-
TUACHIHKONB- 1 500) 1 nponukaromuii (1,2-mpomnas-
JTNOJT) KPHOTIPOTEKTOPHI 00€CIIeunBacT COXpaHCHUE
YCTONYHUBOCTH IPUTPOLIMTOB K OCMOTHYECKOMY CTPEC-
Cy TIpH 3aMOpaXHuBaHUHU-0TOTpeBe. OCMOTHUECKUE
MTOKa3aTeH IPUTPOIIUTOB, 3aMOPOKEHHBIX B TAHHON
cpene, mMoJao0HBI MHTAKTHBEIM KieTkaM [7]. Kpome
TOT0, 3aMOpaXKHUBAHHUE YPUTPOIIUTOB B CPEJIE C ICKC-
TpaHoM M 1,2-mmponaHauosaoM obecreunBaeT coxpa-
Henue copepxanust AT® u 2,3-nmudocdormumnepara
(2,3-1®TI") na ypoBue 74,6 u 76,3% COOTBETCTBEHHO
10 CPAaBHEHMIO CO CPEJIOM, BKIIIOYAIOLIENH TOJBKO
nexcrpas (44,8 u 54,8% cooTBeTCTBEHHO) [8].

[IpencraBneHHbIe JaHHBIC JUTEPATYPHI MO3BO-
JISFOT TIPETIONI0KHTE, 9TO TIPU 3aMOPaKUBAHUH DPUT-
POLIMTOB B KOMOMHHPOBAHHBIX CPEAax C HEMTPOHHUKAFO-
IIMMH 1 TIPOHHUKAIOIIAMHA KPUOTIPOTEKTOPAMH ITPOHCXO-
JTUT aKTHBAINS X TPOMOOIIIIACTUIECKON aKTHBHOCTH
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Nowadays the designing of transfusion protocols,
which would consider a blood hemostatic potential of
patients with different diseases has remained an
important task of medicine [3]. In this regard the modi-
fication of thromboplastic properties of erythrocytes
caused by freezing may be an efficient approach to
control general hemostasis after transfusion.

Freezing of erythrocytes in the polyvinyl pyrro-
lidone-containing medium results in a disordered
asymmetric distribution of phosphatidylserine molecule
in membranes, i. e. its appearance on a cell surface
[9]. Phosphatidylserine together with phosphatidylcho-
line and proteins forms the lipoprotein complexes on
outer membrane surface which possess a thromboplas-
tic activity [5], similar to platelet thromboplastin [6].
Under physiological conditions and control of specific
mechanisms the thrombin is formed on surface of
different cells (platelets, erythrocytes, fibroblasts, etc.)
from its inactive precursor (prothrombin) under throm-
binase effect [9], which is activated on cell surface in
the thromboplastin presence [16].

Freezing of erythrocytes in the polyvinyl pyrro-
lidone-containing medium is accompanied with a signi-
ficant loss of adenosine triphosphate (ATP), accom-
panied with transformation of the cells into spherocytes,
which peculiarity is the presence of phosphatidylserine
molecules on external membrane surface. Freezing in
the medium with polyvinyl pyrrolidone and glucose
provides the preservation of 60—70% of initial ATP
concentration, and the erythrocytes are presented by
stomatocytes and discocytes, the majority of which
also has the phosphatidylserine molecules on mem-
brane surface [9]. There was previously demonstrated
[10] that the medium, containing non-penetrating
(dextran, polyethylene glycol-1500) and penetrating
(1,2-propanediol) cryoprotectants provided the
preservation of erythrocyte resistance to osmotic stress
during freeze-thawing. Osmotic indices of erythrocytes,
frozen in this medium are similar to intact cells [11]. In
addition, the erythrocyte freezing in the medium with
dextran and 1,2-propanediol provides the ATP and 2,3-
diphosphoglycerate (2,3-DPG) content at the level of
74.6 and 76.3%, respectively, as compared to the
medium, containing dextran only (44.8 and 54.8%,
respectively) [13].

The reported data enable assuming the fact that
during erythrocyte freezing in combined media with
non-penetrating and penetrating cryoprotectants the
activation of their thromboplastic activity occurs,
whereas the main organophosphorous compounds
(ATP, 2,3-DPG) content, as well as osmotic and
morphological properties of cells are preserved.

The research aim was to study the relationship
between osmotic indices and thromboplastic activity
of erythrocytes, frozen in a combined medium with
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NIpH COXPAaHCHUH TIaBHBIX (pocdoopraHUUEecKUxX
coemuHeHH (AT®D, 2,3-/10T"), a TakkKe OCMOTHYCCKUX
1 MOP(OJIOTUIECKIX CBOWCTB KIICTOK.

Lenp paboThI — HCCIIETOBAaHHUE CBS3U OCMOTHYECKUX
ToKazaresied ¢ TPOMOOTUTACTHYECKOW aKTUBHOCTHIO
SPUTPOILIUTOB, 3aMOPOKEHHBIX B KOMOMHHPOBAHHOM
Cpeie ¢ HeMPOHUKAIOIIMMH (TTOMATHIICHTITAKOIE- 1 500,
JEKCTpaH) 1 MpoHuKaonuM (1,2-mpomananoin) Kpruo-
MIPOTEKTOPAMH.

Marepuajbl 1 MeTOAbI

Jis BBIAETECHUS TUIa3Mbl U SPUTPOLUTOB (CEMb
JOHOPOB) KPOBB LieHTpudyruposanu 10 muH mpu 350g.
[onmy4ennyro miaa3my HUEeHTPU(YTHPOBATIH 5 MUH IIPH
350g. Ocaok 3pUTPOIMTOB OTMBIBAIIN (hPU3HUOIJIOTH-
geckuM pactBopoM NaCl (0,9%) u TpuKabl LeHTpH-
(yrupoBainu B Teuenne S muH nipu 1500g (rematoxput
ocanka 70%).

OO0pasImsl IPUTPOIUTOB ¢ KPUOKOHCEPBAHTOM B
MTOJTMATHIICHOBBIX Karlcyiax o0beMoM 1 MiI ¢ remaro-
kpuToM 35% 3aMOpaKUBAIH MPSIMBIM TIOTPYKEHHEM
B JKMJIKUH a30T. B sKCIIepuMEHTE HCIIONIB30BaIM JBE
KOMOHMHUPOBaHHbIE KPUO3aIUTHEIE cpenbl. B cocTas
nepBoil cpeabl ObuLIM BKIOUeHBI 20% nexcTpaHa
(35 000) u 15% 1,2-npomanauona (1,2-I11), BTopoii —
20% mnomuytrienrnkos-1500 (I13I-1500) u 15%
1,2-I1 1. KonnenTparus NaCl B 00enx cpemax cocras-
nsuta 0,6%. OOpasiuel oTorpeBain Ha BOAsSHOW OaHe
(40°C). Pasmopoxennyo cycrnensuio B 10 pas
MEIIJICHHO Pa3BOIMIIH (C TIEPEMEIITHBAHNUEM ) TETUIBIM
(37°C) duszmonmoruuecKuM PacTBOPOM U JABAKIBI
nentpudyruposanu npu 1500g B TeueHwe 5 MHUH C
MTOCIIEYIOIINM y/IaJIeHHeM HaJI0CaI0IHOM KUIKOCTH.
Krnetku 1ononHUTENHHO ABa pa3a OTMBIBAIH TEILIBIM
(37°C) dusmosornyeckuM pactBopom 0e3 yuera
CKOPOCTH Pa3BEIEHNUS OCa/IKa IPUTPOLIUTOB.

TpomOomnacTu4ecKyto akTHBHOCTb S)PUTPOLIUTOB
1 TEMOJI3aTOB OLICHUBAJIH 110 BpEMEHHU peKaIbIudu-
Kaluu (KoaryJsiium) mwia3mel [4] mociie qo0aBiieHUs B
Hee ucciaenyeMoro marepuana [5]. B mpobupky,
YCTaHOBJICHHYIO Ha BoasHOM Oane (37°C), BHOCHITH
0,2 Mt pactopa CaCl, (0,28%), 0,1 mn pactsopa NaCl
(0,9%) nnm 0,1 M H O (nns sKcnepuMeHTa ¢ reMo-
nu3aToM) U 50 MKIJI CyCHEH3MH IPHUTPOLUTOB HIIH
reMonu3aTta (pa3BeIeHHON B YeThIpe pasza). Uepes
60 ¢ B mpodupky BHOCHH 0,1 M1 m1a3Mbl 1 PUKCUPO-
BaJIM BPEMsI CBEPTHIBAHHUS.

B spurpounrtax nsydanu tpancnopt noHos H' B
cynbdarnoii cpene (110 moms H,SO,) 6e3 Oydepa.
Krnetounyro cycrnieH3nto nomemiany B TepMOCTaTupye-
Mmyto stueiiky (37°C) ¢ pH-3mekTpo1oM ipu OCTOSH-
HOM TiepeMernuBanuu [9].

OcMOTHYEeCKHIT TEMOIN3 IPUTPOIIUTOB HCCIIEIO0-
BaJIU B cpejie, coaepxariieii 10 MMouib/a Tpuc-0ydepa
(pH 7,4) u NaCl B pazHoii konnenTparmu (0,09-0,9%).
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non-penetrating (polyethylene glycol 1500, dextran) and
penetrating (1,2-propanediol) cryoprotectants.

Materials and methods

To isolate the plasma and erythrocytes (from seven
donors) the blood was centrifuged for 10 min at 350g.
The obtained plasma was centrifuged for 5 min at 350g.
The erythrocyte sediment was washed with physiolo-
gical NaCl solution (0.9%) and thrice centrifuged for
5 min at 1500g (sediment hematokrit reached 70%).

Erythrocyte samples with cryopreservative in 1 ml
polyethylene capsules with 35% hematokrit were fro-
zen via direct immersion into liquid nitrogen. In the ex-
periment we used two combined cryoprotective media.
The first medium consisted of 20% dextran (35000)
and 15% 1,2-propanediol (1,2-PD), the second one com-
prised 20% polyethylene glycol 1500 (PEG 1500) and
15% 1,2-PD. The concentration in both media was 0.6%.
The samples were thawed in water bath (40°C). The
frozen-thawed suspension was 10-fold slowly diluted
(with mixing) using warm (37°C) physiological saline
and twice centrifuged at 1500g for 5 min with following
removal of supernatant. Cells were additionally washed
twice with warm (37°C) physiological saline without
control of erythrocyte sediment dilution rate.

Thromboplastic activity of erythrocytes and hemo-
lysates was assessed by plasma recalcification (coagu-
lation) time [4] after supplementing it with the studied
material [10]. We introduced 0.2 ml CaCl, solution
(0.28%), 0.1 ml NaCl solution (0.9%) or 0.1 ml H,O
(for the experiment with hemolysate) and 50 pl
erythrocyte suspension or hemolysate (4-fold dilution)
into the tube, placed on water bath (37°C). After 60 sec
0.1 ml of plasma was transferred into the vial and the
clotting time was fixed.

We studied in erythrocytes the H' ion transport in
buffer-free sulfate medium (110 mol H,SO,). The cell
suspension was placed in thermostatically controlled
well (37°C) with pH electrode at a constant mixing
[14].

Osmotic hemolysis of erythrocytes was studied in
the medium, containing 10 mmol/I Tris-buffer (pH 7.4)
and different concentrations of NaCl (0.09-0.9%).
Cells were incubated for 15 min at 22°C in the medium
(1 ml) with 0.6% hematocrit, then centrifuged at 1500g
for 3 min. Hemolysis degree was measured spectro-
photometrically at 543 nm , and glutathione content in
erythrocytes was assessed spectrophotometrically
using dithiobisnitrobenzoic acid at 412 nm [2].

To study the erythrocyte structure prior to and after
freezing we introduced albumin in 1% concentration
into the cell suspension with 2% hematokrit. The
suspension was mixed and a change in erythrocyte
structure prior to and after albumin introduction was
studied. Albumin stabilizes red blood cell’s discoid
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Knerku nnkyOuposanu B Teyenue 15 mun npu 22°C B
cpene (1 mun) ¢ rematokputom 0,6%, 3aTeM LEHTPHU-
¢yruposanu npu 1500g B Teuenne 3 muH. CreneHb
reMoJIn3a U3MEPSIIN Ha CIIEKTPOGOTOMETpE MPH [UIU-
HE BOJHBI 543 HM, a comepkaHWe TIIyTaTHOHA B
IPUTPOLUTAX — CHEKTPOPOTOMETPUIECKH € UCIIOIB30-
BaHHEM JTUTHOOWCHUTPOOCH30WHOW KHUCIOTHI TIPH
JuTiHE BOTHBI 412 M [11].

Ji1st u3yueHust CTpPYKTYpPbl SpUTPOLIMTOB A0 U IIOCIIE
3aMOpaXUBaHUs B KICTOYHYIO CYCIIEH3MIO C TeéMa-
TOKPUTOM 2% BHOCHJIM albOyMUH B KOHLIEHTPALIUH
1%. B3Bech nepeMeninBaiy U UCCIEN0BAIN U3MEHE-
HUE CTPYKTYPbI SPUTPOLMTOB A0 U IOCIIEC BHECCHHS
anbOymMuHa. AnbOyMUH SIBISICTCSI CTAaOMIM3aTOPOM
JMCKOUTHBIX (DOPM 3PUTPOLUTOB (HOPMOILIUTOB) KPOBH
[13], mosToMy 110 cTeneHH uX TpaHchopMarrH B AUCKO-
LUTBI MOXKHO CYAUTh 00 0OPaTUMOCTH CTPYKTYPHBIX
HapyIlIeHUH B MEMOpaHax 3aMOPOKEHHBIX KIIETOK.

JlaHHBIE NIpeNCTaBICHBI KaK CpeJHee 3HaueHHue +
cTaHAapTHas omuoOka. s ompeneneHus pa3muami
MEXIy BbIOOpPKaMM HCIIOJIb30BAJIM HelapaMeTpu-
geckuil kpurepuit ManHa-Yutau (p < 0,05) [2].

Pe3syabTarsl u o0cyxaeHne

[Tocne 3aMopaknBaHUSA-OTOrPEBa SPUTPOLIUTOB B
cpenax, cojepxkamux gexcrpan unu [191-1500, ¢
MOCJIEAYIOIUM OTMBIBAHHEM OT KPUOKOHCEPBAHTA
MOBPEXKAAETCA 3HAYUTEIBbHOE MX KOIU4ecTBO (60—
65%), a B ocTaBIIMXCS KJIETKAX CHIDKAETCS KOHIICH-
Tpauus niyratioHa. Ilo cpaBHEHHIO C HHTaKTHBIMU
B COXPAHMBILUXCS II0CIIE 3aMOPaKUBAHUSI-OTOTPEBA
IPUTPOLUTAX yCHUIMBACTCS MHTEHCUBHOCTH IIOTOKA
noHoB H' (Tabmuria). CTermeHh 0CMOTHIECKOTO TeMO-
JM3a SPUTPOLUTOB, 3aMOPOKEHHBIX-OTOTPETHIX B
JaHHBIX cpeziax, ouinyaeTcs npu koHueHTpausix NaCl
0,4-0,9% oT TakoBO#l WHTAKTHBIX KJIEeTOK (puc. 1).
OpUTPOLMTEI, 3aMOPOKEHHBIE-OTOIPETHIE B CPENIAX C
nekcrpanoM i [190-1500, npencrasnens! chepo-
LUTaMH, a B cpeliax ¢ albOyMHHOM — c(heposXHHO-
uuTamu (puc. 2).

B cpene, conepsxamieit mommmepst u 1,2-T11]1, yBenu-
YUBAETCS CTETIEHb MOBPEXKJICHHUS 3aMOPOKEHHBIX
SPUTPOLHTOB, TIpU 3TOM B cpeae ¢ [I13I-1500 ona
6ombire, gyem B cpene ¢ 1,2-11]] (Tabauma). Ocmotn-
YEeCKHe IMOKa3aTeIn dPUTPOLUTOB, 3aMOPOKECHHBIX-
OTOTPETHIX B KOMOMHHMPOBAaHHBIX CpeAax, He3HAYM-
TEJILHO OTJIMYAIOTCS OT MHTAKTHBIX KJIETOK (Tabnuua,
puc. 1). DpUTpOIUTHI, 3aMOPOKEHHBIE B JaHHBIX
cpeaax, MpeACTaBICHbI CHEPOIXKUHOLUTAMH, a IPH
JericTBru anbOyMuHa O0JIbLIast UX 4acTh MPUOOpeTaeT
($bopMy DUCKOLUMTOB, KaK M IPHU €ro BIUSHUH Ha
WHTaKTHBIC KJICTKH (pHC. 2).

Bpewms xoarynsamuum minasmer coctasnser 170 ¢, B
MIPUCYTCTBUU UHTAKTHBIX 3puTponuToB — 130 ¢, remo-
nu3ata — 95 c. YckopeHune Koarynsnnd 0TMEJaeTcs B
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shape (normocyte) [6], therefore one may judge about
the reversibility of structural disorders in frozen cell
membranes by the extents of their transformation into
discocytes.

Data are presented as the mean + standard error.
To determine the significance of differences between
the samples we used the Mann-Whitney U-test

(p < 0.05) [1].

Results and discussion

Freeze-thawing of erythrocytes in the media,
containing either dextran or PEG 1500 with following
washing from cryopreservative resulted in a damage
of majority of the cells (60—-65%), and a decrease of
the glutathione concentration in the survived cells. The
intensity of H™ ion flux in the erythrocytes survived
after freeze-thawing was strengthened as compared
to the intact cells (Table). The rate of osmotic hemolysis
of erythrocytes, frozen-thawed in the media in the case
of 0.4-0.9% NaCl concentrations differed from that
of'intact cells (Fig. 1). The erythrocytes, frozen-thawed
in the media with either dextran or PEG 1500 were
presented by spherocytes, and spheroechinocytes in
albumin-contained media (Fig. 2).

In the medium, containing polymers and 1,2-PD the
damage rate of frozen erythrocytes increased, herewith
in the PEG 1500-containing medium it was higher than
in 1,2-PD-contaning ones (Table). Osmotic indices of
erythrocytes, frozen-thawed in combined media were
slightly different from the intact cells (Table, Fig. 1).
The erythrocytes frozen in these media were represen-
ted by spheroechinocytes and under albumin effect
most of them were discocyte-shaped, i. e. the effect
was the same as in intact cells (Fig. 2).

The plasma clotting time was 170 sec, in the pre-
sence of intact erythrocytes and hemolysate it made
130 and 95 sec, respectively. The acceleration of blood
coagulation was observed in the presence of erythro-
cytes and hemolysate. Irrespectively of cryopreser-
vative composition the frozen-thawed erythrocytes
facilitated more rapid coagulation as compared to the
intact cells. Herewith the hemolysate effect of frozen-
thawed erythrocytes was slightly different from that
of intact cells (Fig. 3).

The combination of non-penetrating and penetrating
cryoprotectants was previously demonstrated [11] as
critical to preserve erythrocytes during freezing, thereby
preserving their resistance to posthypertonic stress
during thawing and eliminating the so-called ‘packing
effect’. Irrespectively of damage rate (osmotic indices,
ion transport, morphology) the erythrocytes, frozen-
thawed in different media accelerate the plasma
coagulation to the same extent. The intact cells provide
slower plasma coagulation, comparing to the frozen-
thawed ones. The hemolysates of frozen-thawed and

npo6nembl KpMOOMONOrMM 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 3, 2016



100

A

80 -
o\OO\:; 60 -
=g
s g 40
2 i
=2

20 -

O T T
0 0,3 0,6 0,9

KoHueHTpauumsa NaCl, %
NaCl concentration, %

100
80
= 601
58
E 2
s g
o 40 A
C2
20 1
0
0 03 06 09

KoHueHTpaums NaCl, %
NaCl concentration, %

Puc. 1. 3aBucumocTtb remonuaa aputpoumtoB oT KoHueHTpauun NaCl aong uHTakTHbIX (A), OTMbITbIX MOCne 3amo-
paxuBaHusi-otorpesa (B) B cpenax: Ml — nekctpaH, A — gekctpaH + 1,2-MM0; 00— M3r-1500, A — NMar-1500 + 1,2-NA4.

Fig. 1. Dependency of erythrocyte hemolysis on NaCl concentration for intact (A), washed after freeze-thawing (B) in the
media: l — dextran; A — dextran + 1,2-PD; 0 - PEG 1500; A — PEG 1500 + 1,2-PD.

MIPUCYTCTBUU SPUTPOLIUTOB U remMon3ara. HesaBucu-
MO OT COCTaBa KPHOKOHCEpPBAaHTa 3aMOPOXKCHHbIC-
OTOTPETHIC IPUTPOITUTHI CITOCOOCTBYIOT OOJIeE OBICTPOI
KOAryJIsILAH 110 CPAaBHEHHIO ¢ MHTAKTHBIMHU KJICTKAMH.
IIpu sTOM neiicTBUE remMosin3aTra 3aMOPOKEHHBIX-
OTOTPETHIX IPUTPOIIUTOB HE3HAYUTEITHHO OTIUYACTCS
OT JICHCTBHS rTeMOJTN3aTa HHTAKTHBIX KIETOK (pHcC. 3).

Panee 0bLIO MOKa3zaHO [6], U4TO IUIsl COXpaHEHUS
SPUTPOIUTOB MPU 3aMOPAKUBAHUU HEOOXOIHMa
KOMOWHAIMS HEMPOHUKAIIIETO U MPOHUKAIOIIETO
KPHOIIPOTEKTOPOB, UYTO 00ECTIEYNBAET COXPAHEHUE MX
YCTOWYMBOCTH K TOCTTHIIEPTOHNYECKOMY CTPECCY IpH
pasMopakMBaHUHM W YCTPAHEHHWE TaK Ha3bIBAEMOTO
«3pdexra ynakoBkm». He3aBUCHUMO OT CTEICHH
MOBPEXICHHUS (OCMOTHYECKHE MOKa3aTeNH, TPaHC-
IIOPT MOHOB, MOP(OJIOTHS) 3aMOPOIKEHHEIE-0TOTpe-
TBIC B PA3JIMYHBIX CPEJIaX IPUTPOIUTHI C OAMHAKOBOU
CTETICHBIO YCKOPSIFOT KOATYJISIIUIO T1a3Mbl. IHTaKT-
HBIE KJIETKH CIIOCOOCTBYIOT 0OJIee MEJIJICHHOH Koary-
JISIUY TIIa3MBI, Y€M 3aMOPOKCHHBIC-OTOTPETHIC.
'emonm3aThl 3aMOPOKEHHBIX ¥ MHTAKTHBIX SPUTPO-
LIUTOB OJMHAKOBO KOATYJIHPYIOT ILIa3My, OITOMY
MOYHO TIPEIOJIOKHUTH, YTO MPU 3aMOPAKNBAHHUH-
OTOTPEBE-OTMBIBAHUN MPOUCXOAUT MOIHU(DIKAIIHSI
KJIETOYHBIX MeMOpaH 0e3 M3MEeHEHHs] aKTUBHOCTHU
[MTOIIa3MAaTHIECKIX TeMOCTaTHUYECKUX (DaKTOPOB.

W3BecTHO, 9TO TIpH NIEpeTMBaHNHT 3aMOPOKEHHBIX -
OTOTPETHIX IPUTPOIUTOB MTPOUCXOAT YACTUIHBIH Te-
MOJIU3 U BBIXOJ] B KPOBSIHOE PYCIIO 3PUTPOIUTAPHBIX
(hakTOpOB CBEPTHIBAHKS KPOBU U aHTUKOATYJISTHTOB [ 1].
['emMoH3 3pUTPOIMTOB IPUBOIUT K SKCIIOHUPOBAHUIO
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intact erythrocytes coagulate plasma equally, therefore
we could assume the modification of cell membrane
with no change in activity of cytoplasmic hemostatic
factors to occur during freeze-thawing-washing pro-
cedure.

A partial hemolysis and release into blood channel
ofblood clotting erythrocyte factors and anticoagulants
are known to occur during transfusion of frozen-thawed
erythrocytes [1]. The erythrocyte hemolysis results in
thromboplastin exposure and consequently in a contact
of phosphatidylserine of inner membrane surface with
clotting factors, that causes additional activation of
thrombinase [5]. In patients with different hemorrhagic
diseases an increase in hemolysing erythrocytes was
revealed, that might be of a compensatory-adaptive
character. A decrease in hemorrhagic syndrome mani-
festation under conditions of thrombocytic-vascular
hemostasis failure is stipulated by higher procoagulating
activity of hemolysate if compared to intact erythro-
cytes [15].

Thromboplastic factors of erythrocytes and plate-
lets are qualitatively the same, therefore one assumed
[5] to use the preparations of erythrocyte membranes
to correct hemostasis in patients with hypocoagulation.
However, this approach was not introduced into prac-
tice, since the conventional osmotic method of erythro-
cyte membrane procurement (based on erythrocyte
hemolysis by 100-fold volume of distilled water) results
in their damage [5].

A disorder of asymmetric distribution of phosphati-
dylserine molecules was demonstrated [9] to occur in
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TPOMOOIIACTHHA, A, CIEIOBATEILHO, U K KOHTAKTYy
¢dochaTunmnceprna BHyTpeHHEH MOBEPXHOCTH MEM-
OpaH ¢ (hakTopaMH CBEPTHIBAHHUSI, YTO BBI3BIBACT
JOTIOJIHUTENIbHY aKTUBAlMIO TpoMOWHa3bl [3].
Y OOJIBHBIX € PA3IMYHBIMU TEMOPPArHUESCKUMU 3200-
JIEBaHMUSMH OBUIO BHISBIICHO yBEIWYEHHE KOJINIECTBA
TeMOJIN3UPYIOIUX IPUTPOLUTOB, KOTOPOE MOXKET
MMETh KOMIIEHCATOPHO-TIPUCIIOCOOUTEIBHBIN Xapak-
Tep. YMEHBIICHUE MPOSBICHUS TeMOPPArnIecKOro
CHHAPOMA B yCIOBHAX HEJOCTATOYHOCTH TPOMOOIIN-
TapHO-COCYANCTOrO TeMocTa3a 00yCIIOBIEHO OO0Jb-
LIeH MpoKoaryaupyrolled akTHBHOCTBIO TeMOoJIn3aTa
10 CPAaBHEHHUIO C LIeNbIMU dpuTpouuTamu [10].

TpombonnacTuueckuii HakTop 3pUTPOLUTOB H
TPOMOOIIMTOB KaYeCTBEHHO HE OTIAMYACTCS, TOATOMY
Mpearnoaranoch [3] UConb30BaTh MpenapaTbl MEM-
OpaH pUTPOLHUTOB ISl KOPPEKIHH TeMOcCTas3a y
OONBHBIX ¢ THHOKoAryssinuei. OHAKO ATOT MOAXOM
HE HaIlleJl TIPAKTUYeCKOTO MPUMEHECHHUS, TOCKOIBbKY
CYIIECTBYIOIUNA OCMOTHYECKUM METOJ MOJyUYEHUs
SPUTPOLUTAPHBIX MEeMOpaH (OCHOBAaHHBIH Ha TeMo-
nu3e 3puTporuToB 100-KkpaTHEIM 00EMOM TUCTHIITH-
pOBaHHOH BOJBI) NOBpEXKAACT UX [3].

[okazano [15], yTo B MeMOpaHax 3aMOPOKEHHBIX-
OTOTPETHIX IPUTPOLIUTOB HAPYILIACTCS ACHMMETPHUYHOE
pacnpenenenue Mosiekyn Qocharuauicepuna. [pu
3aMOPaKUBAaHUU-OTOTPEBE B CPEE C OJTMBUHIIIIHP-
ponuoroM (20%) mopexaanocsk 5S0—-60% 3puTporu-
TOB, OCTaBIINECS KJIETKH OBUIM IMpEICTaBICHBI
cdepoluTaMu, B KOTOPBIX MOJIEKYITbI (hochaTuuice-
pHHa pacnoaraiych Ha BHEITHEH TOBEPXHOCTH MEM-
Opansl. [Ipr 3aMopaXMBaHUN SPUTPOIIUTOB B CPEJIE C
noMBHHUITIHPponuIoHOM (20%) 1 mmroko30ii (0,2 M)
KOJINYECTBO MOBPEKICHHBIX 3PUTPOLIUTOB COCTABHUIIO
menee 10%, ocraBIasicst 4acTh KJIETOK pruolOpeTana
(hopMy CTOMAaTOLIUTOB M TUCKOIIUTOB. Y 60% ocTaB-
LIMXCS SPUTPOLIUTOB MOJIEKYIBI (hocharuaniceputa
BBISIBJISUIMCH HA TIOBEPXHOCTH MeMOpanbl [15]. Otun
JJAaHHBIE YKa3bIBAIOT Ha TO, YTO MPH MOTEPE YaCThIO
KJIETOK acuMMeTpuH (hocdaTumiceprta OHH COXPaHsi-
10T pOpMY CTOMATOLUTOB H, BO3MOXHO, JUCKOITHTOB.

VYckopeHue Koarynsiuy IIa3Mbl OCIe BHECEHHS
reMoJIM3aTa 10 CPAaBHEHHUIO C IEIbHBIMU SPUTPOLIH-
Tamu (puc. 3) BEpOSTHO CBSI3aHO ¢ OOJBINIEH JOCTYTI-
HOCTBI0 pocdaThINIICEPUHOBBIX MOJICKYI BHY TPEHHEH
MOBEPXHOCTH MEMOpaH K (akTopaM CBEpPTHIBAHUS.
VYckopeHue Koaryasiuuy IJia3Mbl 3aMOPOKEHHBIMH-
OTOTPETBIMH DPUTPOLUTAMU M UX T'eMOJIM3aTaMu
3HAYUTENBHO HE OTIIMYACTCS OT ACHCTBUS TeMOn3aTa
WHTAKTHBIX KJIETOK (puc. 3).

[Tocne 3amMoOpaKuBaHUA-OTOTPEBA B CPEAE C JIEKC-
TtpanoM wiu [131-1500 spuTpOoIUTEI TpeICTaBICHBI
cheponuTamu (CM. puc. 2) U SIBIISFOTCSI OCMOTHYECKH
xpynkumu npu konnerntpanuu NaCl 0,4-0,9%
(cMm. puc. 1). [Tpu 3aMmopakuBaHUM B KOMOMHHPOBAH-
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Puc. 2. SpnTpounTbl 3aMOpOXKEHHbIE-OTOrPETLIE B Cpeaax
¢ pgekctpaHom (C, D); mekctpaHom u 1,2-MAO (G, H);

nar-1500 (g, F); Ndr-1500 + 1,2-ng (1, J); A, b —
nHTakTHble knetku; B, D, F, H, J — kneTkn nocne gencrensa
ansbymunHa (1%).

Fig. 2. Erythrocytes, frozen-thawed in media with dextran
(C, D); dextran and 1,2-PD (G, H); PEG 1500 (E, F);
PEG 1500 + 1,2-PD (I, J): A, D —intactcells; B, D, F, H, J —
cells after albumin (1%) effect.
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Puc. 3. Bpemsa koarynauuu nnasmbl B NpUCYTCTBUU
aputpoumTtoB () (3,0x10% kn/mn) n ux remonuaartos (H):
1 —nnasma 6e3 KNeTokK; 2 — UHTaKTHbIE 3PUTPOLNTDLI; 3, 4 —
3PUTPOLUTLI, 3aMOpPOXEHHbIe-OTOrpeTble B cpefde
C oeKkcTtpaHom, gekctpaHom u 1,2-M[ cCoOOTBETCTBEHHO;
5, 6 — 3puTpPOLMTLI, 3aMOPOXKEHHbIE-OTOrpeThie B Cpeae
c MNdr-1500, Mar-1500 n 1,2-f cooTBeTCTBEHHO;
* — OTNIMYMS CTAaTUCTUYECKM 3HAYMMbI MO CPaBHEHUIO C UH-
TakTHbIMK apuTpouutamm (*), p < 0,05.

Fig. 3. Time of plasma clotting in erythrocyte presence (O)
(3.0x108 cells/ml) and their homolysates (H)): 1 — cell-free
plasma; 2 —intact erythrocytes; 3, 4 — erythrocytes frozen-
thawed in the medium with dextran, dextran and 1,2-PD,
respectively; 5, 6 — erythrocytes, frozen-thawed in the
medium with PEG 1500, PEG 1500 and 1,2-PD, respec-
tively; * — differences are statistically significant as
compared to intact erythrocytes (*), p < 0.05.

HBIX CPElax IPUTPOLUTHI IPEICTABIECHBI CPEPOIKUHO-
IUTaMH (CM. pHC. 2), OMHAKO UX OCMOTHYECKHUE TTOKa-
3aTeNId CXOJHBI C IIOKA3aTeNIMU MHTAKTHBIX KJIETOK
(cm. puc. 1). M0oXHO TIPEITOI0KHUTD, ITO MTOCIIE 3aMO-
Pa’KUBaHUSI )PUTPOLIUTOB B CPeJIe C NEKCTPAHOM HIIN
[12I'-1500 HapymaeTcst acHMMETpHsi MEeMOpaH OTHO-
cuTenbHO (ochaTuIUICEPUHOBBIX MoJiekynl. [lpu
3aMOpaXKMBaHUM B KOMOWHHPOBAHHBIX Cpeax 4acThy-
HO HapyaeTcsi acuMMeTpus pochaTiuauicepruta, yro
HHULMUPYET CHEPOIKUHOLUTO3, OAHAKO B IPUCYTCTBUH
anbOyMHUHA CEPOIXUHOLUTHI TPHOOPETAIOT HopMy
JTUCKOITUTOB M CTOMATOIMTOB (cM. puc. 2, G, H, 1, J),
9TO HE CBOMCTBEHHO M1 cheponuToB (cMm. puc. 2, C,
D, E, F). D10 Taxke ycuimBaeT TpoMOOTIUIaCTHIEC-
K0 aKTUBHOCTb 3PUTPOLIUTOB, 3HAUUTEJILHO HE U3Me-
HSSl UX OCMOTHYECKHE XapaKTEPUCTUKH.

Taxum 00pazom, 3aMOpa’KUBaHUE-OTOTPEB IPUT-
POLIMTOB B CpeAax ¢ MOJUMepaMH (IeKCTpaH WU
[I3I'-1500) npuBOAXT K UX 3HAYUTETLHOMY TTOBPEK-
JCHUIO, YCUJIEHUIO TPOMOOIIIACTHYECKON aKTUBHOCTH
ocTaTKa KJIETOK M HApyIICHHI0O UX OCMOTHYECKHUX
xapakTepucTuk. [Ipu 3amopaxMBaHUU-OTOTPEBE B
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frozen-thawed erythrocyte membranes. During freeze-
thawing in the medium with polyvinyl pyrrolidone (20%)
the number of damaged erythrocytes was 50-60%,
the survived cells were presented by spherocytes with
phosphatidylserine molecules located on outer mem-
brane surface. Following erythrocyte freeze-thawing
in the medium with polyvinyl pyrrolidone (20%) and
glucose (0.2 M) a number of damaged erythrocytes
was lower than 10%, the survived cells were stoma-
tocyte- and discocyte-shaped. In 60% of survived
erythrocytes the phosphatidylserine molecules were
revealed on membrane surface [9]. These data point
to the fact, that when some cells loose phosphatidyl-
serine asymmetry, they preserve the stomatocyte and
possibly discocyte shapes.

The acceleration of plasma coagulation after
hemolysate introduction as compared to the whole
erythrocyte (Fig. 3) was probably associated to a higher
accessibility of phosphatidylserine molecules of inner
membrane surface to clotting factors. The acceleration
of plasma clotting by frozen-thawed erythrocytes and
their hemolysates did not significantly differ from the
effect of intact cell hemolysate (Fig. 3).

After freeze-thawing in the medium with either
dextran or PEG-1500 the erythrocytes were presented
by spherocytes (see Fig. 2), being osmotically fragile
at 0.4-0.9% NaCl concentration (see Fig. 1). During
freezing in combined media the erythrocytes were
presented by spheroechinocytes (see Fig. 2), but their
osmotic indices were similar to those of intact cells
(see Fig. 1). We could assume that erythrocyte freeze-
thawing in the medium with dextran or PEG 1500
results in a disorder in membrane asymmetry in terms
of phosphatidylserine molecules. Following freeze-
thawing in combined media only a partial disorder in
phosphatidylserine asymmetry occured, that initiated
spheroechinocytosis, however, in the presence of
albumin the spheroechinocytes became discocyte- and
stomatocyte-shaped (see Fig. 2, G, H, I, L), that was
not inherent to spherocytes (see Fig. 2, C, D, E, F).
This also strengthened a thromboplastic activity of
erythrocytes, without significant change in their osmotic
characteristics.

Thus, the erythrocyte freeze-thawing in the media
with polymers (dextran or PEG 1500) resulted in their
significant damage, strengthening of thromboplastic
activity of survived cells and disorders in their osmotic
characteristics. Freeze-thawing in combined media with
polymer and penetrating cryoprotectant (1,2-PD)
resulted in a reduction of cell damage rate, herewith
their thromboplastic activity was strengthened and
osmotic characteristics were preserved. Our findings
enabled to suggest the erythrocyte freeze-thawing in
the media with polymers as a cause of a complete
disorder of phosphatidylserine molecule asymmetry in
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KOMOMHHPOBaHHBIX cpellax ¢ Io-
JUMEPOM U MPOHUKAIOIIMM KPHO-
nporekTopoMm (1,2-ITJ]) cremnens
MOBPEKACHHS KJICTOK YMEHbLIAET-
cs, MPH 3TOM YCHUIIMBACTCS HX
TpOMOOIITACTUYECKAsT aKTUBHOCTD
U COXPAHSIOTCS OCMOTHUYECKHE
xapakreprucTuky. ITomydeHnsie pe-
3yJlbTaThl MO3BOJISIFOT MPEIIONO-
KUTh, YTO 3aMOPAKHBAHHE-OTO-
IpEB 3PUTPOLUUTOB B cpenax ¢
MOJIMMEPAaMH BBI3BIBACT IMOJHOE
HapyILIeHNE aCHMMETPUH MOJICKYIT
¢dochatununcepuna B MeMOpaHax
U UX MOCTYIUICHHWE Ha BHEIIHIOIO
MTOBEPXHOCTB KJIETOK. DTO SBIISIETCS
MPUYMHOM cheporuTos3a 1 ycue-
HUS TPOMOOTUTACTHYECKON aKTHB-
HOCTH 3puTpouuToB. [Ipu 3amopa-
YKHBaHUH-OTOTPEBE IPUTPOILIUTOB B

OcMoTuYeckne nokasaTeny 3pUTPOLUTOB, OTMbITbIX

nocrie 3amMopa)kuBaHU4A B pasfiMyHbIX cpedax

Osmotic indices of erythrocytes washed after freeze-thawing in different media

[MoTok noHos H*
B cynbdaTHOM
Coemsi InyTaTvoH, cpepe (J, x10°),
O6pasubl KNeTok 3aM0 g)KT/IBaHVIH Femonus, % Mkmonb/r Hb MosbXCcM~2xc ™!
Cell samples Freefin media Hemolysis, % Glutathione, H* ion flux in
9 umol/g Hb sulphate medium
(J,,x108),
molx cm?xsec™'
V'”IT""“T”""" - 0,0 + 0,0 9,5 + 1,6 0,85 + 0,14
ntact
NekcTtpaH (20%) 8,8 + 1,4 n/w *
Dextran (20%) | ©20 * 20 4,0 + 0,8 w 1,58 0,31
1n26KI'ICJT:lp(aTH5‘J’;) 8,9 1,6 n/
14" o 9 = 1,6 n/w
Dextran + 26,0 + 3,5 73 1,1w 0,98 £ 0,18
3amMopoMeHHbIe- 1,2-PD (15%)
oTOorpeTblie
Frozen-thawed | M3r-1500 (20%) 8,7 + 1,5 njw .
PEG 1500 (20%) | 600 30 | 457s g7 | 165 +033
Nnar-1500 +
1,2-MA7 (15%) 8,6 £+ 1,6 n/w
PEG 1500 + 7.0 25 70+ 13w 1,10 £ 0,25
1,2-PD (15%)

KOMOWHHMPOBAHHBIX Cpe/ax IPOUC-
XOJIMT YACTUYHASI TEPEOPUEHTAITHSI
(hocharunuicepuHa Ha BHEIITHIOK
CTOPOHY KJIETOYHBIX MeMOpaH 0e3
3HAUYUTEILHOTO HAPYLICHHUS aCUM-
METPUYHOCTH, TEM HE MEHEE 3TOTO
JOCTAaTOYHO ISl BBIPa)KEHHOTO
yCHUJICHHSI TPOMOOIIIIAaCTUYECKOH aKTUBHOCTH OCTaB-
LIMXCS KJIETOK MPH COXPAHEHUH X OCMOTHYECKHX Xa-
paxkTepHuCTHK. B mepcrnekTuBe spuTponMTapHas Macca
(3pUTPOLUTHI, KPHOKOHCEPBUPOBAHHbIE B KOMOWHU-
POBaHHBIX CpeJjax ¢ HEMPOHUKAIOLIMMU U IPOHUKAIO-
IIMMH KPHOTIPOTEKTOPAMH) MOXET HUCTIOIB30BaAThCSI
JUISl TAIUEHTOB € TeMOPParnIecKUMH 3200 ICBaHUSMH
HE TOJILKO C [EJIBbI0 BOCTIOJIHEHHUSI IIOTEPH KPOBH, HO H
YCHUJICHUS €€ CBEPTHIBAIOIICH aKTHBHOCTH.

MpumeyaHue: n/w, w — 0 U NOCNe OTMbIBAHUSI COOTBETCTBEHHO;
CTaTUCTUYECKN 3HAYMMbI MO CPABHEHUIO C AaHHbIMW ANSt MHTAKTHbIX U HEOTMbITbIX
aputpouunToB (p < 0,05).

Note: n/w, w — prior to and after washing, respectively; *, # — statistically significant
differences as compared to the data of intact and non-washed erythrocytes (p < 0.05).

BoiBoabI

1. OTMeuaeTcst HapyIIeHue OCMOTHYECKUX ITOKa-
3areneil (OapbepHas (QyHKuus MeMOpaH Ui IIyTa-
THOHA, TOTOK HOHOB H' 1 ocMoTHUYecKasi XpYIKOCTD)
SPUTPOILUTOB, OTMBITHIX (PH3PACTBOPOM IOCIIE 3aMO-
PaXHBaHHUS-OTOTPEBA B CPEIAX C MOTUMEPaMHU (JIeKC-
tpan nim [190-1500).

2. YCTaHOBJIEHO COXpPaHEHHWE OCMOTHUUYECKHUX
XapaKTePUCTHK 3PUTPOIIUTOB, OTMBITHIX (PU3PACTBO-
poOM TIOCJIe 3aMOpPaXKUBAaHUS B KOMOWHUPOBAHHBIX
cpemax ¢ mommmMepamu u 1,2-TI171.

3. Ilocie 3aMOpakKMBaHUA-OTOTPEBA B Cpele C
TTOJINMEPAMH SPUTPOIIUTHI IIPEICTABICHEI ChEpOITHTA-
MU, TIPH ISHCTBUY aTbOyMHUHA TPaHC(HOPMUPYIOTCS B
cepoaxunonutsl. [locie 3amopaxuBaHus B KOMOWHH-
POBaHHBIX CPE/IaX APUTPOIUTHI IPUOOPETAIOT PopMY
Cc(hepO’XUHOIUTOB, a TMPH JCUCTBUU albOyMHHA —
JTIUCKOITUTOB M CTOMATOITUTOB.
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membranes and their transition to the outer surface of
cells. This caused spherocytosis and strengthened
thromboplastic activity of erythrocytes. Following
erythrocyte freeze-thawing in combined media a partial
transition of phosphatidylserine onto the outer side of
cell membranes occurred without a significant disorder
in asymmetry, though it was sufficient to strengthen
significantly the thromboplastic activity of the survived
cells, which preserved their osmotic characteristics.
The packed erythrocytes (cryopreserved in combined
media with non-penetrating and penetrating cryopro-
tectants) may be used in future for the patients with
hemorrhagic diseases both for blood loss replacement,
and for clotting activity strengthening as well.

Conclusions

1. A disorder of osmotic indices (membrane barrier
function for glutathione, H' ion flux and osmotic
fragility) was found in erythrocytes, washed with
physiological saline after freeze-thawing in media with
polymers (dextran or PEG 1500).

2. Osmotic characteristics were preserved in
erythrocytes, washed with physiological saline after
freezing in combined media with polymers and 1,2-PD.

3. After freeze-thawing in the medium with poly-
mers the erythrocytes were presented by spherocytes,
under albumin effect they were transformed into
spheroechinocytes. After freezing in combined media
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4, 33M0p0)KCHHBI€—OTOI‘p€TBIe OPUTPOLUTEI, HE3a-
BHUCUMO OT COCTaBa KPHOKOHCECPBAHTA, YCKOPAKOT
KOAryjsiiuro I1jaasmbl IO CPABHCHUIO C MHTAKTHBIMU
KJIICTKaMu.
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the erythrocytes became spheroechinocyte-shaped
ones, but under albumin effect they were discocyte-
and stomatocyte-shaped.

4. Frozen-thawed erythrocytes independently on
cryopreservative composition accelerated the plasma
coagulation as compared to the intact cells.
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