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Platelet Cryopreservation.
1. Development of Cryopreservative Solutions,
Based on Cryoprotectant Combination and Study of Their Efficiency

B pa6ote uccrnenoBana kpro3amuTHas 3pGpEeKTHBHOCTh KPHOKOHCEPBAHTOB HAa OCHOBE KOMOHHAINIT pa3IMYHbIX KPHOIIPOTEKTOPOB
P 3aMOPAKUBAHUH TPOMOOIIUTOR. YCTaHOBIICHBI KOMOUHAIIUK KpHOTPOTEKTOPOB: 10% numetnnaneramus (IMAIL)/1,2-nmponanauort,
IMAL/rmunepun 1 JIMAL]/ okcu3TUNIHMPOBaHHBIH MUIEpUH (n = 5), KOTOPbIE 3HAYUTENILHO MOBBILIAIOT COXPAHHOCTh KPHO-
KOHCEPBHPOBAHHBIX TPOMOOLIUTOB I10 CPABHEHHIO C PE3yJIbTaTaMH 3aMOPAKUBAHUS MOJ 3aLIUTOH MOHOKPHUONPOTEKTOPHBIX CPEl,
COZIepIKALIMX OTHO M3 IEPEUUCICHHBIX BeleCcTB, B ToM unciie 10% aumernincynbdokena.

Kniouesvie cnosa: TpoMOOLIUTEI, KPHOKOHCEPBHUPOBAHKE, KOMOMHHPOBAHHBIC KPUO3AIIUTHBIC CPEIbl, arperanus, peaxkius Ha
THITOTOHMYECKUH IIOK, pETPAKIUSI TPOMOOIIUTAPHOTO CIYCTKA.

B po6orti gociimkeHo Kpio3axucHy e(peKTHBHICTh KPIOKOHCEPBAHTIB HAa OCHOBI KOMOIHAIill Pi3HUX KPiONPOTEKTOPIB MpH
3aMOpOXXyBaHHI TpoMOoIHTIB. BuzHaueHo komOiHawii kpionporekropis: 10% mumerunauneramin (IAMAIL)/1,2-nponangion, JMALY/
rinepuH i JIMAL/okcueTnnpoBanuii miinepuH (n = 5), 110 03BOJISIOTH MiABUIINTH 30€pEKEHICTh KPIOKOHCEPBAHUX TPOMOOIHTIB B
HOPIBHSHHI 3 pe3yJbTaTaMU 3aMOPOXKYBAHHS I1iJ] 3aXMCTOM MOHOKPIOIPOTEKTOPHUX CEPEIOBHIL, L0 MICTATh OJHY 3 3a3HAUCHUX
peuoBuH, BKiIrouaoun 10% AUMeTHICYTbMOKCHIY.

Kniouosi cnosa: TpomboiTH, KPiOKOHCEPBYBaHHs1, KOMOIHOBaHI KPi03aXUCHI CEpEIOBHUINA, arperallisi, peakiis Ha FiloTOHIYHUI
IIOK, PeTPaKiliss TPOMOOLUTAPHOTO 3TYCTKY.

Cryoprotective efficiency of cryopreservative solutions, based on combining different cryoprotectants during platelet freezing,
was studied in the research. There were established the cryoprotectant combinations such as: 10% dimethyl acetamide (DMAC)/1,2-
propane diol (1,2-PD), DMAC/glycerol and DMAC/oxyethylated glycerol (n = 5), significantly increasing the integrity of cryopreserved
platelets, compared to the results of freezing under protection of monocryoprotective media, containing one of the mentioned above

substances, including 10% dimethyl sulfoxide.

Key-words: platelets, cryopreservation, combined cryoprotective solutions, aggregation, hypotonic shock reaction, platelet clot

retraction.

Tpancdysun koHueHTparoB TpomobounToB (KT) sB-
nstoTes 9 PEeKTHBHBIM METOIOM JIeUEHUS U MPOQH-
JIAKTUKH TEMOPParuueckux OCIOKHEHHH, 00yCIIOBIICH-
HBIX CHIDKCHHUEM KOJIMIECTBA TPOMOOITUTOB (TpoMO0-
LUTOTICHUS) I UX TUCPYHKIUEH (TPOMOOIMTONIATHS)
[1,3,6,19,28].

CucremaTndeckoe mpuMeHeHHe TpaHcy3ui
TPOMOOIIUTOB, HadaBIeecs B 60-e roapr XX cToneTus
omarogapst paspaborke MeronoB moxydenus KT c
MOMOIIBIO TIACTUKATHBIX KOHTEHHEPOB, HMEINO Upe3-
BBIUAIIHO BayKHOE 3HAYCHUE TSI KIMHUYECKON Meu-
LIMHBI, TIOCKOJIKY BIIEPBBIE PELIaio MpodieMy KyImrupo-
BaHUs TPOMOOLIMTONICHUYECKUX TeMOpparui, sSBisB-
muxcs npuduHor 60—70% neTanbHBIX HCXOMIOB Y
OOJIBHBIX C TEMOOJIACTO3aMH U JACTIPECCUSIMH KPOBE-
TBOpeHus [22, 23]. Ilocneayromme roapl OTMEUYCHBI

MHCTUTYT NpobAeM KPUOOMOAOTUM U KPUOMEAMLIMHBI
HAH YkpauHbl, r. Xapbkos

* ABTOp, KOTOPOMY HEOOXOAMMO HanpaBAsiTb KOPPECTOHAEHLMIO:
yA. lNepeacaasckas, 23, r. Xapbkos, YkpanHa 61015; Tea.:+38
(057) 373-30-07, chakc: +38 (057) 373-30-84, sAeKTpOHHas noyTa:
cryo@online.kharkov.ua

NMPOBJIEMbI
KPMOBMOJIOIrUM
T. 19, 2009, N23

Transfusions of platelet concentrates (PCs) are
efficient methods in treatment and prevention of hemor-
rhagic complications, stipulated by either decreased
platelet count (thrombocytopenia) or their dysfunction
(thrombocytopathy) [1, 3, 6, 19, 28].

Systematic application of platelet transfusions, star-
ting in the 60s of 20% century due to designing the me-
thods for obtaining the PC in plastic containers, was
of great importance for clinical medicine, since for the
first time it solved the problem of thrombocytopenic
hemorrhage arresting, being the cause of 60-70%
lethal outcomes in patients with hemoblastoses and
hemopoietic depressions [22, 23]. The following years
were marked by a constant augmentation of needs of
clinics in this transfusion medium and to the beginning
of 21% century the number of PCs transfusions was
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MTOCTOSIHHBIM yBEJIHYEHHE MOTPEOHOCTEN JTedeOHBIX
yupexJACHUI B 3TOW TpaHCPY3UOHHOW cpelie U K
Havany XXI cronerust uucno tpancdysuit KT nac-
TOJIBKO BO3POCIIO, YTO UX 00eCIIeueHIE CTal0 OIPOM-
HOM Harpy3kol 1 0aHKOB KPOBH BO BCeM MHUpe [2,
11, 29]. Tonbko B CHIA ¢ 1971 no 1980 roasr uncino
nepenuBanuit KT yBennuunock ¢ 410 Thic. 10 2 MIH
860 Tric. Bron [30], aB 2001 roay coctaBuio 10 min
196 teIC. [29]. [TomoOHas TMHAMUKA TPOCIEKUBACTCS
B OTYeTaxX 0AaHKOB KPOBH €BPONEHCKUX CTPaH.

[IpuanHBI TAKOTO HHTEHCUBHOTO POCTA KPOIOTCS B
TOM, YTO TpaHC(HY3UH TPOMOOIIMTOB TO3BOJIMINA HE
TOJIBKO 3HAYUTEIHLHO CHU3UTh JIETATBHOCTH, 00YCIIOB-
JICHHYIO TPOMOOIIUTOTIEHUYECKIM I'eMOpPParnaeCKuM
CHUHAPOMOM Y OOJIBHBIX C Pa3IMYHON MAaTONOTHEH
(remo6mnacTo3bl, arIacTUYECKask aHEMHUS, 370KaYECT-
BEHHBIE HOBOOOPA30BaHMs, TyueBasi OOJIE3Hb U T. 1.),
HO U cJieNajld BO3MOKHBIM IPOBENECHHE B MOJIHOM
o0beMe IPOTUBOOIYXO0JIEBOM Teparny, B TOM YUCIIE B
MEpUOJ BBIPAXEHHON NENPECCHH KPOBETBOPEHMUS;
CITIOCOOCTBOBAJH Pa3paboOTKe M COBEPIICHCTBOBAHUIO
WHTCHCUBHBIX JIeYEOHBIX MTPOrPAaMM B T€MATOJIOTHH,
OHKOJIOTHH, TPAHCIUIAHTOJIIOTUH; IPOBEACHHUIO OTIEpa-
THUBHBIX BMEIIATEILCTB B CEPJIEIHO-COCYANCTON XH-
pypruu, opTONeaAnH, TPaBMaTOIOTHH U T. 1. [3, 6, 26,
33, 34].

Tem He MeHee, U B HALIM JJHU IPOBEICHHUE TPAHC-
¢y3un KT, 0coOeHHO B SKCTPEHHBIX CIIydasixK, COMpsi-
KEHO C ONpPENEICHHBIMU TPYIHOCTSAMH, B NEPBYIO
ouepenb, U3-3a OTCYTCTBHS d((EKTUBHBIX METOJ0B
UX JOJITOCPOYHOIO XpaHeHUs. B cBs3M ¢ mHMpOKUM
UCTIONIb30BAHNEM IIEPEIIUBAHUS TPOMOOLIUTOB BO3HUK-
JIU cepbe3Hble MPOOJIeMbl: pa3BUTHE AJUIOMMMYHH-
3aKMK U pedpakTePHOCTH OOIBHBIX K TpaHCHY3UIM
KT, puck nepenauu onmacHbIX FeMOTPAHCMUCCHBHBIX
uHpexmii (BupycHbie renatutsl, BUY u ip.), pasButue
TpaHc(y3HMOHHBIX peakuii 1 ocinokHenuii [ 10, 13, 25,
27]. Pemienuto 3Tux mpobiaemM MorTu 651 cIoco0CTBO-
BaTh KPUOKOHCEPBUPOBAHHE U TOJITOCPOYHOE XpaHe-
HHUE TPOMOOLIMTOB, KOTOPBIE TO3BOIMIN ObI IPH HEOO-
XOIMMOCTH NPOBOAUTH JONOIHUTEIbHOE 00cieno-
BaHHE HAa HaNW4He BO30yauTeneld MHQPEKIUOHHBIX
3a00J1eBaHNH, HCKITIOUUTH BO3MOKHOCTh OaKTepHallb-
HOW KOHTaMHHALlUW NPU XpaHEHUH, CO3JaTh OaHKH
ayTOJIOTUYHBIX, a Takke HLA- u HPA-TunupoBaHHbIx
AIJIOTeHHBIX TPOMOOLIMTOB, TpaHcopTupoBath KT Ha
OompIie paccTosSHUS U T. 1. [28, 33, 34].

PaGotsI 110 co31aHNI0 METOIOB KPHOKOHCEPBUPO-
BaHMS TPOMOOIIMTOB ISl KIIMHUYECKON MPaKTUKH,
BeIymuecs yxxe okono 50 jeT, oka3aiuch HE CTOJNb
YCIIEITHBIMU, KaK JPYTHX KIETOK U TKaHel. B HacTos-
miee BpeMsl CYLIECTBYIOT METOABI 3aMOPakKMBaHMS
KT ¢ xpuonpoTexkTopaMu JTUMETHICYJIb(POKCHIOM
(AMCO) [2, 14, 31, 32], nuMeTHIALIETAMUAIOM
(AMALD)[1, 3], numepunomM [8, 14, 31], 1,2-nponanmo-
mom (1,2-I111) [3, 5, 8, 15]. B kauecTBe KPHOMIPOTEKTO-

NMPOBJIEMbI
KPMOBMOJIOIrUM
T. 19, 2009, N23

such increased, that their providing became a huge
charge for blood banks around the world [2, 11, 29].
Only in the USA from 1971 to 1980 the number of PC
transfusion augmented from 410 thousand to 2 million
860 thousand per year [30], but in 2001 it made 10
million 196 thousand [29]. The same dynamics is traced
in the reports of European blood banks.

The reasons of such an intensive growth are in the
fact, that platelet transfusions enabled not only to
significantly decrease the lethality, stipulated by throm-
bocytopenic hemorrhagic syndrome in patients with
different pathology (hemoblastoses, aplastic anemia,
malignant neoplasms, radiation sickness, etc.), but
made it possible to perform a full-scale antitumoral
therapy, including the period of manifested hemopoietic
depression as well; contributed to the designing and
optimising of intensive treatment programs in hema-
tology, oncology, transplantology; performance of
cardio-vascular, orthopedic and traumatological surge-
ries, etc. [3, 6, 26, 33, 34].

However, nowadays the performance of PC trans-
fusion, especially in case of emergency is associated
to certain complications, first of all, because of the
absence of any efficient methods for their long-term
storage. Due to the wide utilisation of platelet transfu-
sion a serious problems arise such as: development of
patients’ alloimmunisation and refractoriness to PC
transfusions, the risk to transmit dangerous hemotrans-
missive infections (viral hepatitis, HIV etc.), develop-
ment of transfusion reactions and complications [10,
13, 25, 27]. Cryopreservation and long-term storage
of platelets, which would enable, if necessary, to per-
form an additional examination for the presence of
infectious agents; to exclude the possibility of bacterial
contamination during storage; to establish banks of
autologous, as well as HLA- and HPA-matched allo-
genic platelets; to transport PCs for long distances etc.,
might contribute to solve these problems [28, 33, 34].

The researches on designing the methods for
platelet cryopreservation in clinical practice, being im-
plemented nearly within 50 years, occurred to be not
so successful as for the other cells and tissues. Nowa-
days there are the methods of PCs’ freezing with dime-
thyl sulfoxide (DMSO) [2, 14, 31, 32], dimethyl
acetamide (DMAC) [1, 3], glycerol [8, 14, 31], 1,2-
propane diol (1,2-PD) [3, 5, 8, 15] cryoprotectants. As
cryoprotectants were studied many other compounds,
including non-penetrative ones: dextran, hydroxyethy-
lated starch [31] efc. However the cryopreserved pla-
telets do not find a wide application in medical prac-
tice because of their low therapeutic efficiency (30—
40% of corresponding index for fresh PCs) [1, 26, 33,
34].

However, the interest of researchers to this compli-
cated problem has significantly increased [15, 22], but
still focused to optimising conditions for platelet freezing
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POB HCCTIeTOBAaHBI MHOTHE APYTHE COEAMHEHNS, B TOM
YHCIIe HEMPOHUKAIONINE — NEKCTPaH, TUAPOKCUITH-
JIMpoBaHHBIA Kpaxmadi [31] u T. a. OmHaKo KpHOKOHCEp-
BUPOBaHHbBIE TPOMOOLIMTEI HE HAXOASAT IIMPOKOTO MPH-
MEHEHHs B Je4yeOHOW MPAaKTUKE M3-3a UX HU3KOH Jie-
yeOHOH 3 pexTuBHOCTH (30—40% OT COOTBETCTBYIO-
ero nmokasatelis i cBexeBbiaeneHHbx KT) [1, 26,
33,34].

BwMecTe ¢ TeM umHTEpec ucciegoBaTesie K 3Tou
CIIOKHOH mpoOneMe 3HaYUTEIHHO TMoBBIIIaercs |15,
22], XOTs Mo-IpeKHEMY B OCHOBHOM CKOHIIEHTPHUPOBAH
Ha ONTUMH3AINH YCIIOBUH 3aMOPaKUBaHHS TPOMOOITH-
ToB ¢ JIMCO — “3070TBIM CTaHIApTOM ™ METOJOB
kpuoxoHcepBupoBanus KT [17,21, 33].

AHanu3 MHOTOYMCIICHHBIX ITyOIMKaLMA U HALI OTIBIT
paboThl HO3BOJISIOT MPUUTH K 3aKIIOYESHHUIO, YTO BO3-
MOYXHOCTH ONITUMHU3ALINH PE3YJIETaTOB KPHOKOHCEPBH-
posanust KT Ha ocHOBaHMM IPUMEHEHMSI KAKOTO-TO OI-
HOT'O U3 KPHOIPOTEKTOPOB, TO-BUIUMOMY, ce0sl cuep-
manu [4, 21].

Lens uccrenoBanusa — pa3zpaboTka KpHOKOHCEP-
BaHTOB JIJISl 3aMOPaXUBAHNUA TPOMOOILIMTOB Ha OCHOBE
KOMOWHAITNH pa3TMIHBIX KPHOIIPOTEKTOPOB, MCCIIENIO-
BaHKE UX MUTOTOKCHYHOCTH ¥ KPUO3aIUTHOH 3 hek-
THUBHOCTH.

Matepnaabl 1 meToAbI

Konnenrpar TpoMOOIIMTOB ISl UCCIEAOBAHUM
BBIIEIISUIM U3 OTIEIbHBIX A03 AOHOPCKOW KPOBH,
3aroTOBJIEHHOW Ha KOHcepBaHTe “Iiroruuup”, Mero-
JIOM M3 JIEHKOTPOMOOLIMTAPHOTO CJI0S C UCIOIb30Ba-
HHEM pe(prKepaTOPHBIX HEHTPUPYT U CUCTEMBI
IUTaCTHUKAaTHBIX KOHTeHHepoB (“T'emakon” u “Kommo-
mwiact”’) [3]. JoHOopckyio KpoBb 10 BeIgeneHus KT
xparmm B TedeHue 8—10 u mpu temmneparype 20°C
JI0 TIONTyYEHUs Pe3yiIbTaToB 00CIeOBaHMS JT03bI Ha
Hannure nHbexnmii. [lepen mpoBenernem uccienona-
HHW 110 KprokoHcepBupoBanut KT coxpassum mpu
2242°C B Teuenue 12—16 4 mpu MOCTOSHHOM ITepeMe-
IIMBAaHUHM HA aBTOMATHYECKOW MEIIANKe CO CKOPOC-
THIO 2 00/MUH.

B pabote ncnone3zoBans! kpuonpotekropsl JIMCO,
AMAL, 1,2-T1J1, rmuuepud U OKCUATUIMPOBAHHBIN
[JIMIEPUH CO CTENeHbI0 monmuMepusanuu n=5 (O30
n=>5), ounineHHble 1 naeHTuduupoBanHsie B UTTKuK
HAH VYkpaunnsi.

HccnenoBanmne BAMSHUS OTPaKIArOIINX PacTBO-
POB Ha QYHKIIMOHAIBHBIE CBOMICTBAa TPOMOOIIMTOB Ha
3Tarne SKCIO3UIUH ITPOBEIEHO C paCTBOPaMH, COJIEP-
YKAIIMH CJIETYTOIIHe KOMOMHAIMN KPHOTIPOTEKTOPOB:
JIMALY/1,2-IT, AMAL/OS3T n=5, AMALl/tnuriepus,
1,2-I1J1/rmuepun, 1,2-I11/03I n=5 (5, 10 u 15%-e
HadaJlbHbIe CyMMapHbIe KOHIICHTPAIlUU KPUOTIPOTEK-
TOPOB B IUIa3Me IPU UX COOTHOIIeHUH 1:1), a Takxke
pacTtBopsl, conepxkauiie 10%-e KOHUEHTpaLKu BhIIIe-
[epEYHCICHHBIX KOMOWHAIMM KPHOTIPOTEKTOPOB B
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with DMSO, the “golden standard” of PCs cryopreser-
vation methods [17, 21, 33].

Analysis of numerous publications and our expe-
rience enable concluding about the fact, that the possi-
bilities to optimise the results of PCs cryopreservation,
based on applying one of cryoprotectants, probably
exhausted themselves [4, 21].

The aim of research was to develop the cryopreser-
vative solutions for platelet freezing, based on combi-
ning different cryoprotectants, study of their cyto-
toxicity and cryoprotective efficiency.

Materials and methods

Platelet concentrate for research was isolated from
separated doses of donor blood, collected in “Glygi-
cir” anticoagulant, by buffy-coat method, using refri-
gerate centrifuges and system of plastic containers
(“Hemakon”, “Kompoplast”) [3]. Donor blood prior
to PCs isolation was stored within 8—10 hrs at 20°C
up to obtaining results of dose examination for infection
presence. Before performing researches on cryopre-
servation, the PCs were stored at 22+2°C within 12—
16 hrs at a constant mixing with automatic agitator
with 2 rot/min rate.

DMSO, DMAC, 1,2-PD, glycerol and oxyethylated
glycerol with polymerisation degree n=5 (OEG n=5),
purified and identified at the Institute for Problems of
Cryobiology and Cryomedicine of the National Acade-
my of Sciences of Ukraine, were used in the research.

The effect of protective solutions on platelet functio-
nal properties at the exposure stage was studied using
the solutions, containing the following combinations of
cryoprotectants: DMAC/1,2-PD, DMAC/OEG n=5,
DMAC/glycerol, 1,2-PD/glycerol, 1,2-PD/OEG n=5 (5,
10 and 15% initial total cryoprotectant concentrations
in plasm at the ratio 1:1), as well as the solutions,
comprising 10% concentrations of the mentioned above
combinations in 1:3 and 3:1 ratio. Exposure time of
PCs samples with solutions was 15, 30 and 60 min.

During PCs freezing there were studied the
cryoprotective solutions of following composition:
DMAC/1,2-PD, DMAC/OEG n=5, DMAC/glycerol,
1,2-PD/glcyerol, 1,2-PD/OEG n=5 (5, 10 and 15% total
cryoprotectant concentrations in plasma). The studied
solutions under a constant agitating were slowly mixed
with PCs samples in 1:1 ratio, the exposure time before
freezing was 15, 30 and 60 min. In order to additionally
control the efficiency of combined cryoprotective solu-
tions, the PCs samples were frozen in a parallel way
with DMSO, DMAC, 1,2-PD, glycerol and OEG n=5,
10% cryoprotectant concentration in plasma after
30 min exposure.

Platelet concentrates were frozen in rectangular
polymer containers (on fluoroplastic base) (30x100 mm
size, 10 ml capacity). Containers with PCs samples
were placed horizontally on a foam platform, situated
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cootromennu 1:3 u 3:1. Bpems sxcriozuiym 00pasinoB
KT c pactBopamu — 15, 30 u 60 muH.

[Ipu 3amopaxuBanuu KT uccrnenoBansl orpaxk-
JAIONIe PacTBOPHI cleAyromero cocrasa: JJMAILL/
1L2-11]1, AIMAI/O3I" n=5, IMALl/rmunepus, 1,2-11]1/
runepu, 1,2-1TJ1/O3T n=5 (5, 10 u 15%-e cymmap-
HBIE KOHIICHTPAL1 KPHOIIPOTEKTOPOB B 11a3me). Mc-
CJIeyeMbIE PaCTBOPBI METIEHHO NPH MOCTOSTHHOM I1e-
peMemuBaHuU cMemuBanu ¢ obpasuamu KT B
cooTHOMIEHNH 1:1, BpeMs SKCIIO3UIINH ITepe] 3aMopa-
kuBaHueM — 15, 30 u 60 MuH. /{71 JOIIOJTHUTEIIHEHOTO
KOHTPOJIS d3PPEeKTUBHOCTH KOMOMHUPOBAHHBIX
orpakaarmux pactBopoB oopasusl KT mapamrensHo
3amopaxwusanu ¢ JIMCO, IMALI, 1,2-I1/1, rmanepu-
HOoM 1 OOI" n=5: KOHLIEHTpaIys KPUOIIPOTEKTOPOB B
mna3Me coctaBisia 10%, skcnosunusg — 30 MuH.

O6pasusl KT 3amopakuBaiu B MOJUMEPHBIX
KOHTeWHepax (Ha 0CHOBe (hTOPOIIIACcTa) PsSMOYTOJIb-
HOll hopmml (pasmepsl 30x100 MM, BMECTUMOCTD
10 mu). Konreiinepsl ¢ o6pasuamu KT pasmemanu
TOPH30HTAIFHO Ha IEHOIIIACTOBOH T1aTopme, pacrio-
JIO’)KEHHOW Ha IOBEPXHOCTH a30Ta, BBIIEPKUBATIN HA
wardopme 15 MuH, 3aTeM HOTPY AU B KUIKAN a30T.

W3meHeHne TemMmnepaTypsl B 3aMOPakKHBaEMBIX
obpasmax KT ompenensiy ¢ IOMOIIBI0 MEIb-KOHC-
TaHTAHOBOHM TEepMOIaphl, paCCYUTAHHAS CKOPOCTH
OXJTXKICHHS Ha Pa3HBIX dTamax — ot 16 no 30°C/muH.
KonTeitneps! ¢ 3amopoxeHHbIME 00pasiamu KT xpa-
HWIM B XKHUJKOM a3oTe oT 24 4 1o 1 roxa.

O06paspl oTorpeBainy Ha BoJsHOH Oane npu 37°C
IIPH TOCTOSTHHOM MTOKAaYHBaHMUM.

[Tocne pazmopaxuBaHUs MOACUUTHIBAIN KOJHU-
YeCTBO BOCCTaHOBJICHHBIX TPOMOOLIMTOB B 00pasLax
[10]. CoxpaHHOCTh (PYHKIIMOHAIBHOW aKTUBHOCTH
kpuokoHcepBupoBanHblx KT onenuBanu nocie yna-
JICHHSI KPUOTIPOTEKTOPOB U3 CYCIIEH3NH TPOMOOITUTOB
MeTonoM [12] mo crexyronuM mapaMmeTpam in vitro:
peakuus Ha TunoToHndeckuii mok (PT'L) [3], A4D-
W KOJUTareH-UHIyIIUPOBaHHAs arperanuu (poTomer-
pudeckuii meron) [ 18], perpakuus crycrka. [lomyuen-
HBIE pe3yJIbTaThl U3MEPEHHUI BBIPaKall B IPOLICHTHOM
COOTHOIIEHHH K COOTBETCTBYIOILIM ITOKa3aTesIM LIS
cBexeBblaeneHHbIX KT.

Bennuunst PI'HI u arperanuu u3mepsiiv Ha aHaIu-
3atope “Colysagraph” (CILIA) ¢ rpaduyeckoii peruc-
Tpauueil nponecca Ha camonucue “Endim” 622.01
(I'epmanus). B pabore ucmonap30Baid ClEIyIONTHE
WHIYKTOPBI arperamuu: pactBopsl A/l (koHeuHas
konnenTpanus 200 MxM, “Serva”, CI1IA) u xomnarena
(xoneunas koHueHTpauus 20 mr/mi, “TexHomorus-
CTAHIJAPT”, benapych).

Petpakiuio TpoMOOLIMTAPHOTO CI'yCTKA ONpeIeisi-
T ceqyomuM o0pa3oM: K 1 MJI cycrieH3uu TpoM-
6o1uToB, comepxamieit 1x103/min, BBogumu 0,1 mi
5%-ro0 CaClz, TILATEJIHFHO NEPEMEIINBAIN U IOMEIA-
mu B Tepmoctat (37°C). Uepes 1 4 uzmepsiin o0beM
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on nitrogen surface, exposed for 15 min on platform,
then immersed into liquid nitrogen.

Temperature change in PCs frozen samples was
determined using a copper-constantan thermocouple,
the calculated cooling rate at various stages was from
16 to 30°C/min. Containers with PCs frozen samples
were stored in liquid nitrogen from 24 hrs to 1 year.

Samples were thawed on water bath at 37°C at a
constant shaking.

After freeze-thawing the number of recovered
platelets in samples was calculated [10]. The integrity
of functional activity of cryopreserved PCs was esti-
mated after cryoprotectant removal from platelet sus-
pension according to the method [12] by the following
parameters in vitro: hypotonic shock reaction (HSR)
[3], ADP- and collagen-induced aggregation (photo-
metric method) [18], clot retraction. The obtained
measurement results were expressed in percentage
to the corresponding indices for fresh PCs.

HSR and aggregation values were measured with
“Colysagraph” analyser (USA) with graphic registering
of process with “Endim” 622.01 plotter (Germany).
The following aggregation inducers such as: ADP (200
UM final concentration, “Serva’) and collagen solutions
(20 mg/ml final concentration, “Tekhnologiya-STAN-
DART”, Belarus), were used in the research.

Platelet clot retraction was determined as follows:
0.1 ml 5% CaCl, was injected to 1 ml of suspension,
containing 1x10°/ul platelet, thoroughly mixed and
placed into thermostat (37°C). The retracted plasma
volume was measured in 1 hr. Retractile activity was
manifested in percentage ratio of retracted plasm volu-
me to total volume of studied platelet suspension
(1.1 ml).

Obtained results were statistically processed with
Microsoft Excel software using Student criterion.

Results and discussion

Extreme platelet sensitivity to different effects,
especially to the one of chemical substances, signifi-
cantly limits the cryoprotectant range and that of their
concentrations, used under freezing. Despite all the
cryoprotectants, involved in the research, are studied
indetails [1,2,4,7,14, 15, 17, 31], this is complicated
to forecast the platelet integrity after exposure with
the solutions, containing the combinations of compounds
with different chemical origin (amides, polyols),
differing by physical and chemical parameters,
penetration rate through cell membrane, etc.

In order to estimate the effect character of com-
bined cryoprotective solutions on platelet functional
properties at the exposure stage there were selected
two parame-ters: platelet aggregation degree, induced
by ADP and collagen and HSR value. These para-
meters are informative and adequate criteria, indirectly
characterising the integrity of hemostatic function of
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peTparupoBaHHON TJIa3Mbl. PeTpakTUIbHYIO aKTHB-
HOCTb BBIPQ)KAJIH B IIPOLICHTHOM COOTHOIIIEHUH 00be-
Ma peTparupoBaHHOM TUIa3Mbl K 001[eMy 00BEMY HC-
ciemyeMoit B3BecH TpomoOoruToB (1,1 mm).

CrarucTuueckyro 00paboTKy IMOTyYeHHBIX Pe3yIib-
TaTOB MPOBO/IWIIH C IOMOIIBIO TporpaMMbl Microsoft
Excel ¢ npumenennem kpurepust CThIOIEHTA.

Pe3yAbTaTbl M 00Cy)xaeHue

UpesBbyaiiHass 9yBCTBUTEIHHOCTH TPOMOOITOB
K pa3HBIM BO3JICHCTBUIM, OCOOCHHO K JIEHCTBHUIO
XUMHYECKHUX BEIIECTB, CYIIECTBEHHO OTPaHHYNBAET
CHEKTP KPUOTPOTEKTOPOB M INANIA30H X KOHIIEHTPa-
LM, UCIIOJIB3YEMBIX IIPU 3aMOpakuBaHuu. 1 XoTs Bce
3a/1eiCTBOBaHHbIE B Pab0Te KPUOMPOTEKTOPHI Je-
TaJabHO U3ydeHsl [1, 2, 4, 7, 14, 15, 17, 31], cnoxHo
CIPOTHO3UPOBATH COXPaHHOCTH TPOMOOLUTOB MOCIIE
9KCIO3ULIH C PACTBOPAMH, COAEPKALTMMU KOMOHHA-
LMW COEAMHEHUHN pa3INYHON XUMHUYECKOW MPUPOIBI
(aMuBl, TOIHMOIBL), OTIIMYAIOLINECS (HUIUKO-XUMH-
YECKHMH TTapaMeTpaMi, CKOPOCTHIO POHUKHOBEHHUS
gepe3 KICTOUHYI0 MEMOpaHy | JIp.

Jig oneHKH Xapakrepa BO3AeCTBH KOMOMHHPO-
BaHHBIX PacTBOPOB KPHOIPOTEKTOPOB Ha (HYHKIIHO-
HaJbHBIE CBOMCTBA TPOMOOIIMTOB Ha 3TAIE SKCTIO3H-
LMW BBIOpAHBI JBa MapameTpa: CTENEHb arperamnuu
TpoMOOLNTOB, HHAYHHpoBaHHast A /lD u KomnareHoMm,
n BenunuuHa PI'II. Otu mapameTpsl sSBAAOTCA
UH(POPMAaTUBHBIMH U a/IeKBAaTHHIMH KPUTEPUSIMH, KOC-
BEHHO XapaKTEpU3YIOIIUMHU COXPaHHOCTb IeMOCTa-
THYECKOH (PyHKIIMM TPOMOOLMTOB (arperauus) U ux
CIIOCOOHOCTh LMPKYJIMPOBATH B KPOBSIHOM pyciie
niocnie nepenuBanwus (PI'II) [20].

YcTaHOBIIEHO, UTO B pE3yNbTaTe dKCIO3UIUN 00-
pasuoB KT ¢ ucciaenyeMbiMu pacTBOpaMu KpHOIIPO-
TEeKTOpOB Moka3zaTenu arperanuu u PI'L TpomOoru-
TOB cHIDKatoTCA (Tabi. 1 u 2). CTeneHb X N3MEHEHUS
OTIpe/IeTIsieTCsl KOHIIEHTPAIel KPHUOIIPOTEKTOPOB U
BpeMEHeM 3KCHo3unuy ¢ HuMu. Tak, mocne 15 u 30-
MUHYTHOM dKcrio3unun 00pasnoB KT ¢ 5%-Mu koHIeH-
TpauMsIMH KPHOIIPOTEKTOPOB B PACTBOPAX CHUIKEHHE
BenuunHEI arperaiuu U P 0110 HeToCcTOBEpHBIM
10 CPAaBHEHUIO CO CBEXKEBBIJICIIEHHBIMH TPOMOOIIUTA-
MH. 3HAUUTEIIFHOE YMEHBIICHHE BEIMUMHbI HCCIIETye-
MBIX HapamMeTpoB ObLIO monydeHo anst 15%-x koH-
LIEHTPali KPUOTPOTEKTOPOB B PaCTBOPAX, a TAKKe
JUTSL BCEX MCCIIEAYEeMbIX KOHIIEHTPAI KPHOIIPOTEKTO-
pOB mpu BpeMeHu dkcro3uiiuu 60 muH. Hanmensiee
BIMSTHUE HA ITOKA3aTENH arperauy OKa3bIBaju pacT-
BOPBI, coaepxkarie komounanuto 1,2-I1/1/mmurepuna,
KpOMe TOr0, OTMEUEHa aKTHBALIMS arperauy TpoMoo-
LIUTOB TIOCIIE SKCITO3UIUH C JaHHOU cpenoit (Tabdmn.1).

OneHka BIUSHUS Pa3InIHbIX COOTHOILEHUH KPHO-
IIPOTEKTOPOB B KOMOMHUPOBAHHBIX pacTBopax (1:1,3:1
u 1:3, cymMMapHas KOHIEHTPALuUsI KPUOIIPOTEKTOPOB
10%) Ha mokazarenu arperanuu u PULL mocne 30-mu-
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platelets (aggregation) and their capability to circulate
in blood after transfusion (HSR) [20].

As a result of PCs samples’ exposure with the
studied cryoprotective solutions the indices of platelet
aggregation and HSR were established to reduce
(Table 1 and 2 ). The extent of their change is deter-
mined by cryoprotectant concentration and exposure
time with them. Thus, after 15 and 30 min exposure of
PCs samples with 5% cryoprotectant concentrations
in solutions a decrease in aggregation and HSR values
was statistically insignificant compared to the freshly
isolated platelets. A significant reduction of the value
of studied parameters was obtained for 15% cryopro-
tectant concentrations in solutions, as well as for all
the studied cryoprotectant concentrations at 60 min
exposure time. The solutions, containing 1,2-PD/glyce-
rol combination, caused the lowest effect on aggrega-
tion indices, in addition there was noted the activation
of platelet aggregation after exposure with this medium
(Table 1).

The estimation of different cryoprotectant ratio
effect in combined solutions (1:1, 3:1 and 1:3, 10% total
concentration of cryoprotectants) on the aggregation
and HSR indices after 30 min exposure enabled estab-
lishing the tendency to decrease in these parameters
when augmenting DMAC and OEG n=5 concen-
trations in solutions up to 7.5% (Fig. 1). The data obtai-
ned testify to the fact, that DMAC and OEG n=5
significantly contribute to suppressing the platelet func-
tional activity, as for glycerol, it occurs in a less extent
and quite insignificant changes proceed under 1,2-PD
effect.

When comparing the data obtained with the results
of studying the effect of some cryoprotectants
(DMAC, 1,2-PD, glycerol, OEG n=5 etc.) on aggre-
gation, HSR and other parameters of platelet morpho-
functional integrity at exposure stage [4, 5, 7, 8], the
cryoprotectant combination in cryoprotective solution
was noted as not potentiating their toxic effect on the
studied parameters.

Cryoprotective efficiency of combined solutions
under platelet freezing was estimated by the complex
of viability criteria in vitro: platelet number in a sample,
indices of aggregation, HSR and platelet clot retraction.

High level of platelet number recovery in PCs samp-
les after freeze-thawing was provided by the following
solutions: DMAC/1,2-PD, DMAC/glycerol and
DMAC/OEG n=5 (Table 3). For the solutions, contai-
ning the combination of 1,2-PD/glycerol and 1,2-PD/
OEG n=5 there were found out the significant losses
in blood platelets after freeze-thawing.

The highest integrity level of ADP- and collagen-
induced aggregation, HSR and platelet clot retraction
indices was obtained when freezing PCs with the
solutions, containing DMAC/1,2-PD, DMAC/glycerol
and DMAC/OEG n=5 combinations in 10% total
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Ta6auna 1. Arperarus TpoMOOIMTOB ITOCIIE SKCIO3UIMH C PACTBOPAMH,

COZIEpIKAIMMU KOMOUHAIIMH KPUOIIPOTEKTOPOB, M+G, n=5
Table 1. Platelet aggregation after exposure with solutions,

containing cryoprotectant combinations, M+G, n=5

Arperanus,%
Aggregation, %
Ie CymMapHast
ocras
KPHO3AIIUTHOTO KOHIJEHTpaL i AAD (200 MmxM) Koanaren (20 Mr/ma)
pacTsopa KPHOHP%/TEKTOPOB' ADP (200uM) Collagen (20 mg/ml)
Composition of Total ° "
cryoprotective otal concentration Bpems skcnos3unuu,MuH
solution of cryopg/otectants, Exposition time, min
0
15 30 60 15 30 60
5 945 90=+6* 82+11* 95+6 93=+6 89+13*
o 10 9110 878 818+ 945 91:+8 84:£9
15 79+5* FIET7* 75+5* 847 83+12* 75+10*
5 947 95+8 88+8 947 96+7 918
AMALL/1,2-TIA,
DMAC/1.2-PD 10 966 97+8 89=+13 979 97+8* 824*
15 85+6* 83+9* F7E9* 88+8 879 79+6*
5 945 90=+9 83+8* 93+4 91=+10 79+3*
AMALI/TAnniepus % " «
DMAC/glycerol 10 906 85%7 776 91=7 90=+8 84=%3
15 85+6* 80=+6* 72+6* 85+4* 80=+4* 72+11*
5 947 927 80=+6* 947 92+6 82+8*
AMALI/O3T n=5
DMAC/OEG n=5 10 9047 947 779 9180 92+9 8111
15 80+=7* 76+9* 68=+=7* 83+5* F8ET7* 68+9*
5 97=+4 101=10 94+6 977 102+9 90=+=4*
12117/ tanmepun 10 987 1038 933+ 9510 10911+ 90=11
1,2-PD/glycerol
15 93+10 96+12 85=+6 *# 97+8 99+13 89+9
5 90+5 91+9 88+8* 95+4 94=+4 87=11
1,2-TTA/O3T n=5
12-PD/OEG n=>5 10 91+6 92+5% 83+2* 947 92+6 87x7*
15 87+5* 80+=7* 79+8* 88+7 87+9 82x7*

IMpumeyanus: * — OTIIMYNS CTATHCTHYCSCKH JOCTOBEPHBI 10 CPABHEHHUIO C COOTBETCTBYIOIINM TIOKA3aTEIEM ISl CBEIKEBBIICIICHHBIX
KT, p<0,05;* — oTyiHums CTATHCTUYECKH TOCTOBEPHBI 110 CPABHEHHIO C COOTBETCTBYIONIMM MoKa3zatenem ajis JIMCO, p<0,05.

Notes: * — differences are statistically significant compared to the corresponding index for fresh PCs, p<0.05; * — differences are
statistically significant compared to the corresponding index for DMSO, p<0.05.

HYTHOW 2KCITO3UITHH TI03BOJIAIIA YCTAHOBUTH TCH/ICH-
A0 K CHIDKEHUIO 3TUX MTAPAMETPOB MTPH YBEITHUECHUN
kouteHTparnuit JIMAILL u O3I' n=5 B pacTBOpax mo
7,5% (puc. 1). [lomyueHHble JaHHBIE CBUICTEIHCT-
BYIOT O TOM, YTO 3HAYUTEIHHBIA BKJIA/ B TIOJaBICHUE
(hyHKITMOHATLHOW aKTUBHOCTH TPOMOOIIMTOB BHOCST
AMAII u O3I" n=5, B MeHbIIEH CTENIEHU — [NIULIEPUH,
He3HauuTenbHo — 1,2-T1J1.

[Ipu cpaBHEHUU ONYYEHHBIX JAHHBIX C PE3yJIbTa-
TaMH W3YYCHHS BIUSHUS OTICIBHBIX KPUOIPOTEK-
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concentration (Fig. 2 and 3). Combined solutions with
5% total cryoprotectant concentration are charac-
terised by a low level of cryoprotective effect, insuffi-
cient for PCs freezing. With an increase in a total
cryoprotective concentration in DMAC/1,2-PD and
DMAC/glycerol solutions up to 15%, the level of PCs
samples’ integrity augmented, compared to the data
for 5% solutions. The results of PCs integrity for 15%
DMAC/OEG n=5 are statistically and significantly
lower, than the ones for PCs freezing with 10% con-
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topoB (JIMAILI, 1,2-I1J1, rumepus,
O3I' n=5 u np.) Ha arperaiuio,
PI'II u npyrue napameTpsl Mopgo-

Tabaunua 2. PT'TL TpoMOGOIMTOB 11OCIIe SKCIIO3ULINH C PACTBOPAMH,
conepKaIiMU KOMOWHALIMH KPHOIIPOTEKTOPOB, M+G, n=5
Table 2. Platelet HSR after exposure with solutions,
containing cryoprotectant combinations, MG, n=5.

(YHKUHMOHATIBHOH MONHOLIEHHOCTH

PI'I, %
TEOI;I60L[I§TOB Ha 3TaIe 3KCIO3ULNH Cocran — TSR @
[4, 5, 7, 8] orMedeHO, YTO codeTa- RPHOSIATHONO. | o smpangna KT .

- > % pemMda OKCIO3UIUU,MUH
HUE KPUOIIPOTEKTOPOB B OIPAXKIAL0 Composition of | g % Emosition tormm, waim
LIUX PAaCTBOPAxX HE MOTEHLUUPYET UX cryoprotective of CPA, %
TOKCHYECKOE IECHCTBHE HA UCCIIE- 15 30 60
TyeMble TapaMeTphl.
5 947 936 853+

KpuozamuTHyro 3 pekTHBHOCT
KOMOMHHMPOBAHHBIX PACTBOPOB IIPU %1;4428 10 895+ g7+ 5+ 756+
3aMOpa’kBaHUH TPOMOOIIMTOB OI1e-

HHUBAJIA 110 KOMIUICKCY KPUTCPUCB 15 814 816" x4
in Vitro ;KxU3HECIIOCOOHOCTH: KOJIH-

5 9311 957 92+3%
4eCTBO TPOMOOLIMTOB B 00pasie, 1mo-
kasaTenu arperauuu, PI'I u pe- .%l\b/ﬁlé//%—lgg 10 0126+ 937 858
TPaKHUK TPOMOOLHUTAPHOTO CIYCT- -
Ka. 15 86=10 869 F94*

BrIcoknii ypoBEHb BOCCTAHOB-

5 9225 918 854
JIEHUS] KOJTMYEeCTBa TPOMOOIINTOB B
obpasnax KT nocie pasmopaxkusa- AMALY pastepi 0 9248 0011 -
glycerol
HUS oOecrmedmBald PacTBOPHI:
JIMAIL/1,2-TT1, AMAL/tviepus u 15 836+ 838 7924
JIMAL/O3T n=5 (tabn. 3). Has
=+ =+ +5%
pacTBOPOB, COACPIKAITIUX KOMOMHA- > 92253 93228 88225
1HIo0 kpponporekropos 1,2-111/rn- AMAL/OSI n=> 0 —— 9048 809
— n=>5
uepuH u 1,2-T11J1/O3I" n=5 BbisiBICHBI
3HAUUTEJIBHBIE NOTEPU KPOBSIHBIX 15 825 80=6* 756*
IUTACTHHOK MOCTIE pa3MOpPaKUBaHMS.

HawubGonee Beicokuii ypoBeHb CO- ° 92256 9= e
XPaHHOCTY MOKa3aTenen UAI[¢>— U KOII- 12TIA/rpmepin 0 0346 9440 —
JIareH-uHIyIMPOBaHHOM arperanuy, i
PI'lll u perpakmuu TpoMOOLIUTOB 15 873 86+6* 796+
nojy4eH npu 3amopaxuBanuu KT ¢

* * *
PacTBOpaMH, COIEPKALIMMI KOMOH- > Bo==4 893 86=10
manun JMAIL/1,2-TT10, AMALL/ }'3155/’85(5222 0 8346+ - 814
rutepud u JJMAI/O3I n=5 B '
10%-# cymMapHOI KOHIEHTpALUU 15 83=4+ 80=3* 782+

(puc. 2 u 3). KomOunupoBaHHble
pacTBOpBI ¢ 5%-1 cyMMapHOU KOH-
LIEHTpalueil KpHOIPOTEKTOPOB, Xa-
PaKTEpU3YIOTCS HU3KHM YPOBHEM
KpPHO3aILUTHOTO AEHCTBUS, HEAOCTa-
TouHbIM Ju1s 3aMopakuBanus KT. C
YBEJIMYEHNEM CYMMAapHOM KOHIIEHT-
panmu KpHonpoTeKTopoB B pactBopax JIMAILL/1,2-TT]]
n JIMAILl/rmuuepun 10 15% ypoBeHb COXpaHHOCTH
o6pasuoB KT noBelmancs no cpaBHEHHUIO ¢ TaHHBIMH
s 5%-x pactBopoB. Pesynbrarel coxpanHoctu KT
st 15% JIMAL/O3I n=5 nocToBepHO HUXKE pe3yiib-
tatoB 3amopaxxkusaHusa KT ¢ 10%-i1 koHneHTpanuen
BEIIECTB B KPHO3AMUTHBIX PACTBOPAX, YTO, TTO-BUIH-
MOMY, SIBJISIETCS CIIECTBHEM TOKCHYECKOTO IEHCTBUS
0oItee BEICOKMX KOHIIEHTPALNii KPHOITPOTEKTOPOB KaK
Ha JTale 3KCIO3WIHUH, TaK U B MPOIECcCe 3aMO-
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Ipumeyanusi: * — OTIIMYKS CTATUCTUYCCKH TOCTOBEPHBI IO CPABHEHHUIO C COOTBET-
CTBYIOIIMM IOKa3areseM 1uist cBexkeBbineneHubix KT, p<0,05;* — omnumst crarucTiaecKu
JIOCTOBEPHBI 110 CPABHEHUIO C COOTBETCTBYIOLINM Ioka3zareneM st JJIMCO, p<0,05.

Notes: * — differences are statistically significant compared to the corresponding index
for fresh PCs, p<0.05; # — differences are statistically significant compared to the
corresponding index for DMSO, p<0.05.

centration of substances in cryoprotective solutions,
being apparently the result of a toxic effect of higher
concentrations of cryoprotectants at both exposure and
freeze-thawing stages. The highest level of cryopro-
tective effect was established for the solutions, contai-
ning amide/polyol combination.

The data, presented in Fig. 4, testify to the impor-
tance for the PCs cryopreservation results of such a
factor as the duration of platelet exposure with cryopro-
tective medium before freezing. The experiments were
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paxkuBaHHUI-0TOrpeBa. Hambosee BBHICOKHI ypOBEHb
KPHO3aLIUTHOTO JEUCTBHSI YCTAHOBIICH JJIsi pACTBO-
POB, coepIKAIINX COYETaHUE aMH I/ TIOTTHOJL.
JanHble, pencTaBieHHbIE HA pHUC.4, CBUACTENb-
CTBYIOT O B)KHOM 3HA4€HHUH JUIS pE3yJIbTaTOB KPHUO-
koHcepsupoBanust KT Takoro ¢axropa, Kak JyINTENb-
HOCTbH SKCIO3MLIHUU TPOMOOLMTOB C KPHO3ALIUTHOM
cpenoii mepex 3aMmopaxuBaHueM. MccnenoBanus ObI-
i iposeieHs! ¢ 10%-Mu pacTBOpaMu, CoAep KaliMu
komOuHauu JIMAILL/1,2-TI11, IMAL/runeprusa u
IMAILI/OO3I" n=5 (cooTHOIIEHHE KPHOIPOTEKTOPOB

120
* *
1001 T T *}
o\c 80 -
g X
'CI_J x 60
S0 B
g2
S 40 A
20 ~
0
a 5% OMALY 7,5% OMALY/ 2,5% OMALY/
5% 1,2-NM4 2,5% 1,2-N4 7,5% 1,2-N0
5% DMAC/ 7,5% DMAC/ 2,5% DMAC/
5% 1,2-PD 2,5% 1,2-PD 7,5% 1,2-PD
120
100 {_ *
5 T
= 801 ma
s~
© X 60
S0 7]
g2
S 40
20 ~
B 0 5% OMALY/ 7,5% OMALY 2,5% OMALY c
5% O3l n=5 2,5% O3l n=5 7,5% O3 n=5
5% DMAC/ 7,5% DMAC/ 2,5% DMAC/
5% OEGn=5 2,5% OEGn=5 7,5% OEG n=5
120
*
100 A I I {— le
R 80 -
g
'(I_J x 60
) N
g2
S 40 A
20
o 5% 1,2-NM4/  7,5% 1,2-N4/  2,5% 1,2-N4/ e
5% O3l n=5 2,5% O3l n=5 7,5% O3l n=5

5% 1,2-PD/ 7,5%1,2-PD/  2,5% 1,2-PD/
5% OEGn=5 2,5%OEGn=5 7,5% OEG n=5
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performed with 10% solutions, comprising combinations
of DMAC/1,2-PD, DMAC/glycerol and DMAC/OEG
n=5 (1:1 cryoprotectant ratio); 15, 30 and 60 min expo-
sure time. Platelet number in PCs samples after freez-
ing did not statistically and significantly differ, but the
integrity of ADP-induced aggregation and HSR indices
was statistically and significantly higher for PCs
samples, frozen after 30 min exposure with cryoprotec-
tive solutions. Apparently, the processes, occurring
within a positive 60 min exposure (Table 1 and 2) are
manifested in a significant loss of platelet functional

120

100 JJ:_

MapameTp, %
Index, %
N A O
© o o o
1 1 1 1

6 0 5% OMALY/ 7,5% OMALY/ 2,5% OMALY/
5% rnvuepuH  2,5% ruuepuH  7,5% rnvuepuH

5% DMAC/ 7,5% DMAC/ 2,5% DMAC/

5% glycerol  2,5% glycerol  7,5% glycerol

cToh dhe 1A

MapameTp, %
Index, %

N B [e)] (03]
o o o o o
1 1 1 1

5% 1,2-M4/  7,5% 1,2-N4/  2,5% 1,2-NQ/
5% ravuepuH  2,5% rnvuepuH  7,5% rnvuepuH
5% 1,2-PD/ 7,5% 1,2-PD/ 2,5% 1,2-PD/
5% glycerol  2,5% glycerol  7,5% glycerol

Puc. 1. Arperamms u PT'TI Tpom6o1tuToB mocie 30-MuHyT-
HOM 3KCITO3UIIAH C KPHO3AIMUTHBIME PACTBOPAMH, OTIINIAIO-
HIMMHKCS COOTHOIIIeHHeM Kpuomnporektopos (1:1;3:1 u 1:3):
a — JIMAIl/1,2-I11; 6 — IMAIl/tnunepun; 8 — JIMAIL/
OO3I'n=5; r— 1,2-I11/rmunepun; 1 — 1,2-IT1/0O3I n=5, M+c,
n=5; O - AJI®; O — xomnaren; M — PT'II; * — otnuuus
CTaTHCTUYECKU JTJOCTOBCPHBI 10 CPABHEHHUIO C COOTBETCTBYIO-
UMM TOoKa3areneM ais cootHowenus 3:1, p <0,05.

Fig. 1. Aggregation and HSR of platelets after 30 min expo-
sure with cryoprotective solutions, differing by cryopro-
tectantratio (1:1; 3:1 and 1:3): a— DMAC/1,2-PD; b—DMAC/
glycerol; c — DMAC/OEG n=5; d - 1,2-PD/glycerol; e — 1,2-
PD/OEG n=5, M+0, n=5; 00— ADP; - collagen; - HSR,;
* — differences are statistically significant compared to the
corresponding index for 3:1 ratio, p < 0.05.
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KprosalmTHble pacTBOpbl M CymMMapHasi KOHLEHTPaLMsa KpUMonpoTekTopos, %
Cryoprotective solutions and cryoprotectants’ total concentration, %

Puc. 2. Arperamust TpoMOOIIMTOB MOCTIE 3aMOPAKUBAHMS ¢ KPHO3AINUTHBIMH PACTBOPAMH, COJIEPKALIMMU KOMOMHAIINN
KPHOIIPOTEKTOPOB B CyMMapHO# KoHueHTparmu 5, 10 u 15%, M+, n=5: 00— A1 (200 mxM); B — kosutares (20 mr/mo); * —
OTJIMYHMS CTATUCTHYECKH JIOCTOBEPHBI 10 CPABHEHHIO C COOTBETCTBYIOIIMMHU MOKazaresisiMu iist 10%-ro KoMOMHHPOBaHHOTO
pactBopa, p < 0,05; # — OTIINYNS CTATUCTHYECKH JTOCTOBEPHBI 110 CPAaBHEHHUIO C COOTBETCTBYIOIIMMH ITOKA3aTEISIMH JUIs
15%-ro KoMOMHUpPOBaHHOTO pacTBopa, p < 0,05.

Fig. 2. Platelet aggregation after freezing with cryoprotective solutions, containing cryoprotectant combinations in total
concentration of 5, 10 and 15%, M+c, n=5; 0— ADP (200 uM); Bl — collagen (20 mg/ml); * — differences are statistically
significant compared to corresponding indices for 10% combined solution, p < 0.05; # — differences are statistically
significant compared to corresponding indices for 15% combined solution, p <0.05.
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KpvosawmTHble pacTBopbl U CyMMapHas KOHUEHTpauus KpMonpoTeKTopoB, %
Cryoprotective solutions and cryoprotectants’ total concentration, %

Puc. 3. PI'TII u perpakiust TpoMOOLIUTOB [TOCJIE 3aMOPAKUBAHUS C KPHO3AIIUTHEIMU PACTBOPAMH, COEPKAIIUMH KOMOU-
HaIllU KPUOTIPOTEKTOPOB, M+G, n=5: 01— PT'I1I; M — perpakuus; * — OTINYMUS CTATUCTUYECKH JOCTOBEPHBI 110 CPABHEHUIO
C COOTBETCTBYIOIIMMU NOKa3arensaMu Aist 10%-i cyMMapHOil KOHLIEHTpaluy KPUOIIPOTEKTOPOB, p < 0,05; # — oTimuus cra-
TUCTHYECKH JTOCTOBEPHBI 110 CPABHEHHUIO C COOTBETCTBYIOIIUMH MoKa3aTesiMu A 15%-1 cymmapHON KOHIEHTpauun
KpUONPOTEKTOPOB, p < 0,05.

Fig. 3. Platelet HSR and clot retraction after freezing with cryoprotective solutions, containing cryoprotectant combinations,
M=o, n=5; 00— HSR; M- clot retraction; * — differences are statistically significant compared to corresponding indices for
10% total concentration of cryoprotectants, p <0.05; # — differences are statistically significant compared to corresponding
indices for 15% total concentration of cryoprotectants, p < 0.05.

NMPOBJIEMbI 332 PROBLEMS
KPMOBMOJIOIrUM OF CRYOBIOLOGY
T. 19, 2009, Ne3 Vol. 19, 2009, N23



MapawmeTp, %
Index, %

15 30 60 15 30 60 15 30 60

Bpems akcnoaunumn, MuH  Exposure time, min

10% AMAL/1,2-MA
10% DMAC/1,2-PD

10% OMAL/rnmnuepuH 10% OMAL/O3I n=5
10% DMAC/glycerol 10% DMAC/OEG n=5

Puc. 4. Coxpannocts KT nocine 3aMmopaxuBaHusi ¢ KpUO3AIUTHBIMU PACTBOPAMU B 3aBUCUMOCTHU OT BPEMEHH 3KCIO3ULINH,
M=6, n=5: & — komuuectBo; O— AZID (200 MmxM); O— PI'LL; M — perpakiust; * — OTJIHYUS CTATUCTUYCCKH TOCTOBEPHBI 10
CPaBHEHUIO C COOTBETCTBYIONIMMU Tokazatensmu ais 30 muH, p<0,05; # — OTAMYMS CTATUCTUYECKH JOCTOBEPHBI TIO
CPaBHEHHUIO C COOTBETCTBYIOLUIMMHU NoKazarensiMu 1t 60 mu, p<0,05.

Fig. 4. PCs integrity after freezing with cryoprotective solutions depending on exposure time, M+, n=5; 24— quantity; 0 —
ADP (200 uM); O — HSR; B — clot retraction; * — differences are statistically significant compared to the corresponding
indices for 30 min, p <0.05; #— differences are statistically significant compared to corresponding indices for 60 min, p <0.05.

1:1); Bpems sxcnioutwu — 15, 30 u 60 muH. KonmndectBo
TpoMbo1uTOB B oOpasmax KT mocite 3aMmopakuBaHms
JIOCTOBEPHO HE OTIMYAIOCH, OJHAKO COXPAaHHOCTH
nokazaresned AJ[®@-uHAyHUMPOBAaHHON arperauuy u
PI'll 6p1ma moctoBepHO BhIme st oOpasmoB KT,
3aMOPOXEHHBIX 1Mocie 30-MUHYTHON 3KCHO3UINH C
KPHO3AIMUTHEIMU pacTBopamu. llo-Bumumomy, mpo-
LIECChI, KOTOPBIE MPOUCXOAT B TEUEHHE TPOIOIIKH-
TenbHON — 60-MUHYTHOI dKcno3uiuu (Tabdn. 1 u 2),
MIPOSIBIISIFOTCS B 3HAYUTEIBHOM NoTepe (PyHKITMOHAb-
HOH aKTUBHOCTH TPOMOOIIMTOB HA dTAre 3aMOPaXKH-
BaHUs-oTOrpeBa (puc. 4). bonee
HU3KHUH ypoBeHb coxpanHocTh KT,
3aMOpOKEHHBIX mocie 15-MUHyT-
HOM SKCNIO3ULIUH, TIO3BOJISIET ITPE-
MOJIOKUTH, YTO TPOMOOIUTAM
He00X0TUM BpEMEHHON HHTEPBAJl,
B T€YEHHE KOTOPOTO MPOUCXOIUT
mporiecc ux “‘amantanuu’ K u3Me-

activity at freeze-thawing stage (Fig. 4). Lower level
of PCs integrity, frozen after 15 min exposure, enables
suggesting about a necessary time interval for platelets,
during which the process of their “adaptation” to me-
dium changes occurs. The absence of “adaptation”
interval apparently explains low indices of PCs integrity
after cryopreservation with DMAC/1,2-PD combina-
tion: platelets were frozen right after combining with
cryopreservative [4].

Thus, the results of performed experiments testify
to a 30 min time interval as an optimal one from the

Tadauna 3. KosndyectBo TpoMOOIUTOB (B MPOLIEHTAX MO OTHOIIECHHIO K
noKasaTero 1yt cBexkeBbieneHHbIX KT) mociie 3aMopaxuBaHus ¢
KPHUO3aIUTHBIMH PACTBOPAMHU, CONIEPIKAIUMU KOMOMHAITIH

KpUOIIPOTEKTOPOB, M+G, n=5

Table 3. Platelet number (percentage in respect of the index for fresh
PCs) after freezing with cryoprotective solutions, containing cryoprotectant

combinations, MG, n=5

HeHUsIM cpenbl. OTCYTCTBUEM HH-
TepBaja ‘“‘amantanuu’ 00bICHIIOT-
csl, MO-BUJUMOMY, HU3KHE MOKa3a-
tenu coxpanHocT KT mocne kpuo-
KOHCEPBUPOBAHUS C KOMOMHAIIEH
JIMAIL/1,2-I11: TpomMOOIuUTHI 3a-

CymMapHast
KOHIJeHTpaIus

CoCTaBKpHUO3aIUTHOIO PacTBOpPa
Composition of cryoprotective solution

MOPaXUBAIH Cpa3y MOCIE COE/IH-
HEHHUS C KPHOKOHCEpBaHTOM [4].

Taxum oGpazom, pe3yiabTaThl
MIPOBEACHHBIX HCCHC}IOBaHI/Iﬁ CBH-

JETEIBCTBYIOT O TOM, 4TO 30 MU-
HYT — ONTUMAaJbHbI BPEMEHHOMN 15
HWHTEPBAJI OT MOMEHTA COEITMHEHUS

KPHUONPOTEKTOPOB, % AMALL/ AMALL/ AMALL/ 1,2-T1A/ 1,2-T1A/
"l;otal concentratloIl 1,2-TIA, FAMIIepHUH O3 n=5 FAUIIEPUH O3rn=5
of cryoprotectants, % DMAC/ DMAC/ DMAC/ 1,2-PD/ 1,2-PD/
1,2-PD glycerol OEG n=5 glycerol OEG n=5
5 923 86,3+2,1 93,3+3.8 - -
10 87,5+3,1 90,0+5,0 95,0+5,0 76,7+4,2 60,0+9,2
91,3%4,2 90,7=4,9 88,0%7,0 86,0=3,5 57.0%3,6
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KT ¢ xoMOMHIPOBaHHBIMHU KPHO3AIIUTHBIMH PAaCTBO-
pamu 10 Havyasla uX 3aMOpPaKUBaHUS.

Ha puc. 5 mpeacrtaBneHsl pe3ynbTrarsl CpaBHU-
TenbHOrO u3yueHus coxpanHoctu KT nocne 3amopa-
JKUBAHUS C KPUO3AIIUTHBIMH PAaCTBOPAMH, COAEpKa-
My 10%-10 KOHIIEHTpAlWIO B TUTa3Me OIHOTO W3
kpuonporekropoB (AMAILIL, 1,2-IT/, rmuuepun, OO
n=>5) unu 10%-10 cyMMapHy0 KOHIIEHTPALHIO UX pa3-
JIMYHBIX KOMOMHAIMH. 3aMOpaKMBaHNE TPOMOOIIUTOB
¢ 10% AMCO B Hamux UCCIEIOBAHUSIX CITYKHT JIO-
MOJIHUTEJIBHBIM KOHTpoJieM (‘‘30510TOH cTaHgapT”
kpuokoncepsupoBanus KT). [Tocne 3amopaxxuBanust
KT ¢ monokpuonporekTopamu (puc. 5, a) ypoBeHb
COXPaHHOCTHU TaKMX NapameTpoB, kak PTTI u peTpak-
s ObUT HEHAMHOTO, XOTS M IOCTOBEPHO BBIIIE IS

moment of PCs binding with combined cryoprotective
solutions to their freezing beginning.

Fig. 5 shows the results of a comparative study of
PC integrity after freezing with cryoprotective solu-
tions, containing 10% concentration in plasm of one of
cryoprotectants (DMAC, 1,2-PD, glycerol, OEG n=5)
or 10% total concentration of their different combina-
tions. Platelet freezing with 10% DMSO serves in our
researches as an additional control (“gold standard”
for PCs cryopreservation). After PC freezing with
monocryoprotectants (Fig. 5a) the integrity level of
such parameters, as HSR and retraction was slightly,
but statistically higher for DMSO, compared to DMAC,
1,2-PD, glycerol or OEG n=5 (p<0.05); by the indices
of ADP-induced aggregation no statistically significant

MapameTtp, %
Index, %

10% AMCO
10% DMSO

10% OMAL|
10% DMAC

100

10%1,2-MA
10%1,2-PD

10% O3r n=5
10% OEG n=5
a

10% rnuuepuH
10% glycerol

80 -
60

40 A

MapameTp, %
Index, %

20 -

0 -
10% OMAL/1,2-MA
10% DMAC/1,2-PD

10% OMAL/ravuepuH
10% DMAC/glycerol

6

10%0MALI/O3T n=5
10%DMAC/OEG n=5

,.
w1 %

10% 1,2-MA/rmuuepuH 10% 1,2-MO/O3I n=5
10% 1,2-PD/glycerol 10% 1,2-PD/OEG n=5
b

Puc. 5. Tlokazatenu coxpannocT KT mociie 3aMOpakUBaHKs C KPUO3AIMUTHBIMU PacTBOPAMH HAa OCHOBE MOHOKPHO-
MIPOTEKTOPOB (@) U KOMOMHALINH KPHOIPOTeKTOpoB (0), M*+G, n=5: E— komuuectso; 00— AID (200 mxM); O — PTII; M-
peTpakuus; * — OTIINYKS CTATUCTHYECKH IOCTOBEPHBI 10 CPABHEHUIO C COOTBETCTBYIOLIMMU nokasarensmu st IMCO,
p <0,05; # — oyIM4ns CTATHCTHYECKH JOCTOBEPHBI 110 CPABHEHUIO C COOTBETCTBYIOIIMMH TOKA3aTEISIMH JJIs1 KpHOIPO-
TEKTOPOB, KOTOPBIE BXOJISAT B COCTAaB KOMOMHUPOBAHHBIX KPHOKOHCEPBAHTOB, p < 0,05.

Fig. 5. Indices for PCs integrity after freezing with cryoprotective solutions, based on monocryoprotectants (a) and
cryoprotectant combinations (b), MG, n=5; A — quantity; 0 — ADP (200 uM); O— HSR; l— clot retraction;* — differences
are statistically significant compared to the corresponding indices for DMSO, p < 0.05; # — differences are statistically
significant compared to the corresponding indices for cryoprotectants, being a part of combined cryopreservatives, p < 0.05;
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JAMCO no cpasrenuto ¢ IMALL, 1,2-I1/1, mmumepuHom
i O3 n=5 (p < 0,05); mo mokazarensam A J1D-uHIy-
LUPYEMOH arperaliuu J0CTOBEPHBIX OTJIMYMH HE yCTa-
HOBJIEHO. BMecTe ¢ TeM JaHHBIX O CyIECTBEHHOM
npeumymectse IMCO 1o cpaBHEHHIO C IPYTUMHU
KPUOTIPOTEKTOPAMHU HE IMOIYYCHO: OTIMYUS MEXIY
BeJIMYMHAMU He npeBblmany 7—15%. Kpome toro, cie-
AyeT MOAUEPKHYTh, YTO IS KPUONPOTEKTOPOB
JAMALL, 1,2-IT0 u O3I" n=5 Gomnee BEICOKHE PE3YIIb-
tatbl coxpanHocTu KT ycranosnens! mias 5—6%-x
KOHLIEHTPALXH 3THX BELIECTB B KPHO3AIUTHBIX pacT-
Bopax [3, 5, 8].

[IpumeHeHne KOMOWHAIUKA KPHUOTPOTEKTOPOB B
KPHO3ALIUTHBIX pacTBOpax (5%~ KOHIEHTpanys Kax-
JIOTO KPHONPOTEKTOpa, cymmapHas — 10%-1) mo3Bo-
JINJIO CYLIECTBEHHO MOBBICUTH YPOBEHb COXPAHHOCTH
KT nocne 3amopakuBaHusi 10 CPABHEHUIO C MOHO-
KpuonpoTekTopamu (puc. 5, 6). DTOT BBIBOJ cIpa-
BEIJIUB TOJBKO MO OTHOWICHHWIO K KOMOMHAIUAM
AMAL ¢ 1,2-TI11, rnuuepunom uinu O3 n=5. [Tocne
3amopaxuBanus obpas3ioB KT ¢ kpuozammuTHEIMU
pactBopamu, comepxarmumMu 10%-e KoHIeHTpaIuu
JIMAIL/1,2-11], AMALl/tmunepun u IMAIL/O2T
n=5, OTMEYEHO 3HAUNTEIBHOE JOCTOBEPHOE MTOBBILIIE-
HHE TmokazaTenei coxpanHoctu AJ|d-arperanum,
PI'II u perpakuuu kak mpu cpaBHenuu ¢ JIMCO, Tax
1 C MOHOKPHOIIPOTEKTOPAMH, COCTABIIAIOIINMH KOM-
OMHaIMIO B KpUOKOHCEpBaHTe (puc. 5, 6). Hanbomee
BBICOKHE PE3yJbTaThl TOIYYEeHBI TPH HUCTIOIb30BaHNN
couetaHusi npoHukawmero JMAIl u HenpoHu-
karomero OOI' n=5: B pe3ynbTare 3aMOpakKMBaHus B
obpasuax KT coxpansiock B cpenHem 95+5% Tpom-
OoruToB, cTeneHs A Jld-arperaruu coctaBisiia 55,7 +
10,4%, PT'I - 69,7+11,5%, perpakiuu — 85,7+10,2%.
Jist TpoMOOIIMTOB, 3aMOPOKEHHBIX ¢ KOMOMHALIMEH
JIMAIL/O3I" n=5, oTMe4eHbI He TOIBKO BHICOKHE T10-
Kazarenu abconroTHoM BenmmuuHbl PI'II, HO 1 Havab-
Hasi CKOPOCTB “‘00paTHOT0 X0/1a” peaKIny, a TAKKe CKO-
pOCTH arperarym.

J71st koMOMHAIHI TIOJTMOJIOB B OTPaskKAAIOIIUX PACT-
Bopax (1,2-11J1/rmunepun u 1,2-11JI/O31" n=5) nomy-
YeHBI HEYIOBJIETBOPHUTEIBHBIE Pe3yIbTaThl, 0COOEHHO
st cogeranus 1,2-ITJ1/O30 n=5 (puc. 5, 0).

BbiBOADI

Pe3ynbrarel NpoBeAEHHBIX UCCIEN0BAHUN ITOKA3a-
T IPEUMYLIECTBA 3aMOPAXKUBAHUS TPOMOOLIUTOB C
OTpaXJAIOIIMMHU PACTBOPAMH, COACPIKAILIMMHU KOMOH-
HallMd KpHOMPOTEKTOpOB. CpaBHUTENBHBIN aHAIU3
3(pPEeKTUBHOCTH OTPAKIAIOIINX PACTBOPOB CBHUIC-
TENBCTBYET O BEICOKOM YPOBHE KPHO3AIIUTHOTO JeH-
CTBUA coueTaHus Kpuomnpotekropo AMAIL/OI3I
n=5, IMAI/1,2-T1T1J1 u IMALl/rimuniepun. Mcmons3o-
BaHWE B OTPAKIAIOIINX PACTBOPax 5%-i KOHIIEHTpa-
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differences were revealed. However no data about a
significant advantage of DMSO, compared to other
cryoprotectants were obtained: differences between
values did not exceed 7-15%. In addition, of note is
the fact, that for DMAC, 1,2-PD and OEG n=5 the
higher results of PCs integrity were established for 5—
6% concentrations of these substances in cryopro-
tective solutions [3, 5, 8].

The application of cryoprotective combinations in
cryoprotective solutions (5 and 10% concentrations of
each cryoprotectant and a total one, correspondingly)
allowed a considerable augmentation of PCs integrity
level after freezing, compared to monocryoprotectants
(Fig. 5b). This conclusion is true only in respect of the
combinations of DMAC with 1,2-PD, glycerol or OEG
n=5. After PCs samples’ freezing with cryoprotective
media, comprising 10% concentrated DMAC/1,2-PD,
DMAC/glycerol and DMAC/OEG n=5, there was
noted a considerable statistically significant augmenta-
tion of integrity indices of ADP-aggregation, HSR and
clot retraction both when comparing with DMSO and
with monocryoprotectants, making the composition in
a cryopreservative solution (Fig. 5b). The best results
were obtained when using the combination of pene-
trative DMAC and non-penetrative OEG n=5: as a
result of freezing in PCs samples there were preserved
95+5% platelets in average, the degree of ADP-aggre-
gation, HSR and clot retraction made 55.7+10.4,
69.7£11.5, 85.7+10.2%, correspondingly. For platelets,
frozen with DMAC/OEG n=5 combination there were
noted not only high indices of HSR absolute value, but
an initial rate of reaction “reversal”, as well as aggre-
gation rate.

For polyol combinations in cryoprotective solutions
(1,2-PD/glycerol and 1,2-PD/OEG n=5) there were
obtained negative results, especially for 1,2-PD/OEG
n=5 combination (Fig. 5b).

Conclusions

The results of the researches performed showed
the advantages of platelet freezing with cryopreser-
vative solutions, containing cryoprotectant combina-
tions. A comparative analysis of the efficiency of cryo-
protective solutions testifies to a high level of cryopro-
tective effect of combining cryoprotectants DMAC/
OEG n=5, DMAC/1,2-PD and DMAC/glycerol. Using
5% concentration of each cryoprotectants in cryopro-
tective solutions (10% total concentration) enabled to
significantly increase the level of PCs integrity after
freezing, compared to the results of platelet cryopreser-
vation with monocryoprotectants. The highest level of
PCs integrity was achieved when using combinations
of penetrative DMAC and non-penetrative OEG n=5
in cryopreservative.
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ouu Kaxaoro kpuornpotekropa (10%-s cymmapHas
KOHIICHTpAIHs) TO3BOJIMIIO 3HAYNUTENHHO MOBBICUTH
ypoBeHb coxpanHocTu KT nocne 3amopaxuBanust o
CPaBHEHHIO C pe3yibTaTaMi KPHOKOHCEPBUPOBAHUS
TPOMOOLIMTOB C MOHOKpHUONpoTeKkTOpamu. Hanbonee
BBICOKHH ypoBeHb coxpaHHocTH KT momyuen npu
UCTIONB30BaHUM KOMOMHAIMH TpoHKKaromero JAMAILL
u HenpoHukaroniero O3 n=5 B KpUOKOHCEPBAHTE.
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