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B pabore ucciaeq0BaHO BIMSHHE Pa3JIMYHBIX PEKUMOB 3aMOPaKMBAHUs KOHLEHTpPAaTra TPOMOOIMTOB ¢ KOMOMHHUPOBAHHBIMH
KPHO3aIUTHBIMU CPeJaMH HAa COXPAHHOCTB IoKa3aTteel Mop(hohyHKINOHATIBHOH MOJHOLEHHOCTH TpoMborToB. Hanbosee Beicokue
Y CTaOMIIbHBIC PE3yIIBTaThI MTOJIyYCHBI [TPU PEXKUME 3aMOPAXKHUBAHHS C BRICOKUMH CKOPOCTSMH OXJIaXICHUS, @ TAKXKE IPU OTCYTCTBUH
HEePEOXJIKACHNUS 1 OBICTPOM HPOXOJKICHNH IJIATO KPUCTAIUIN3ALIUH.

Knrouessie cnosa: xonueHTpat TpoOMOOLUTOB, KOMOMHUPOBAHHbBIE KPHO3ALIUTHBIE CPEIbl, PEKHUMBI 3aMOPaKUBAHMUsI, CKOPOCTH

OXJIKICHHUS, TUIATO KPUCTAIUTU3ALINH, TIEPEOXIIAXKICHHE.

VY poboTi 1OCIIKEHO BIUIMB Pi3HUX PEXKHUMIB 3aMOPOXKYBAaHHS KOHLIEHTPATy TPOMOOLUTIB 3 KOMOIHOBaHMMH KPi03aXUCHUMHU
Cepe/IoBHIIIaMH Ha 30epeKeHICTh MTOKa3HUKIB MOP(GOGYHKIIOHAIBHOT TOBHOLIIHHOCTI TpoMOouuTiB. Haii6inbi BUCOKI i cTabinbHI
Ppe3ynbTaTy OTPUMaHi IPH PEXXKUMI 3aMOPOKYBAHHSI 3 BACOKHMH IIBHIKOCTSIMU OXOJIO/KEHHSI, @ TAKOXK IIPH BiICY THOCTI IIEPEOXONOKSHHS

1 IBU/IKOMY POXOKEHHI I1J1aTO KpUCTai3awii.

Kniwouosi cnosa: xonueHtpar TpoMOOUNTIB, KOMOIHOBaHI KpiO3axHMCHI CEpEOBHUINA, PSKUMH 3aMOPOXKYBaHHS, IIBUAKOCTI

OXOJIO/KEHHS, TUIATO KPUCTATI3allil, TePEOX0JI0IKCHHSL.

The effect of different freezing regimens of platelet concentrate with combined cryoprotective media on the indices of platelet
morphofunctional integrity was studied in the research. The highest and the most stable results were obtained at freezing regimen with
high cooling rates as well as with the absence of overcooling and rapid passing through the crystallization plateau.

Key words: platelet concentrate, combined cryoprotective media, freezing regimens, cooling rates, crystallization plateau, overcooling.

AHanu3 Hay4HBIX yOnuKanuii mo npobneme Kpro-
KOHCEpPBHUPOBaHUS KOHIIEHTpaToB TpoMOo1uToB (KT)
CBUJETEILCTBYET O TOM, YTO OCHOBHOE BHUMaHHE HC-
cieoBareneii OblI0 yaeIeHo BBIOOPY KPHOIPOTEKTO-
pa ¥ CO37aHUIO0 Ha €ro OCHOBE (P (HEeKTUBHOM KpHO3a-
muTHOH cpenbl [20]. Pe3ynbrarsl n3ydeHus: pazind-
HBIX CKOPOCTEH OXJIAXKICHNS 1 X BITMSIHUS HAa KPUOKOH-
cepBupoBanure KT omucaHbl JIUII B €JMHUYHBIX Pado-
tax. [IpeacraBnensl nanHble 3amopaxuBaHus KT c
HU3KUMH [ 3,4, 9, 16, 22] u Beicokumu [ 13, 14] ckopoc-
TSIMHU OXJIQXKJCHUS B PA3JUUYHBIX KPUO3AIMMUTHBIX
cpenax; npeyIoKeHbI CTYIIEHUaThIe PEKUMBI 3aMOpa-
skuBaHust KT ¢ pa3HbIMU CKOPOCTSIMU OXJaXKICHHUSI B
OIpeZIeIEHHBIX TEMIIEPaTypHbIX Auana3oHax [12] u
WHULMALKMEN KPUCTAINIU3ALUU TS TPEeIOTBPAICHUS
MepeoxJIakICHIUs BHEKJIETOUHOU cpensl [5, 12, 15, 17].

B npakrtuke kpuokoncepsupoBanus KT i kinu-
HUYECKHUX I1eJIel HanOOoIIbIIIee pacTipoCTpaHeHHE TIOTy-
YT CTI0CO0 3aMOpaXKUBAHNUSA KOHTEHHEPOB C CyCIIeH-
3ueil TPOMOOIIMTOB B MOpO3miIbHOU Kamepe (—80°C)
WM mapax xugkoro azora (—120...-150°C) [19, 21,
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Analysis of scientific publications on the task of
the cryopreservation of platelet concentrates (PCs)
testified to the fact that the main attention of the resear-
chers was targeted to the cryoprotectant selection and
development of effective cryoprotective medium on
its base [20]. The results on studying different cooling
rates and their effect on PC cryopreservation were
described only in the single papers. There were pre-
sented the data on freezing of PCs with low [3, 4, 9,
16,22] and rapid [13, 14] cooling rates in various cryo-
protective media; there were proposed the step-wise
freezing regimens of PCs with different cooling rates
within the established temperature ranges [12] and
crystallization initiation for prevention of extracellular
medium overcooling [5, 12, 15, 17].

In the practice of PC cryopreservation for the
clinical purposes the container freezing method with
platelet suspension in freezing chamber (—80°C) or
liquid nitrogen vapors (—120...—150°C)[19, 21, 23] was
widespread. The cooling rate under these conditions
is not controlled and may vary from 1 to 35°C/min.
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23]. CKopOCTb OXJIaKAEHHA B TAKHX YCIOBUSIX HE PEry-
JIUPYETCS M MOYKET BapbHpoBath ot 1 10 35°C/muH.

Crenyer OTMETHTB, YTO MIPAKTUIECKH BCE UCCIIe-
JOBaHUsI, HAIIPABJICHHBIE Ha IIOMCK ONTHMANBbHBIX pe-
XKHMOB 3aMOPaKUBaHMsI TPOMOOLIMTOB, OCHOBAHbI Ha
UCTIONIb30BAaHHUH B KPHUO3AIIMTHOM PACTBOPE OTHOTO 3
KPHOIIPOTEKTOPOB: AuMeTwicynbdokcuga (AMCO),
mumetnnaneramuaa (JMAn), munepuna, 1,2-mpo-
nanauona (1,2-111) u T.a.

B paboTax nocneqHux JIeT moka3aHa mepcreKTUB-
HOCTb UCIIOIE30BaHUS] KOMOMHHUPOBAHHBIX KPUO3AIIHUT-
HBIX CPeJl IPH 3aMOPaKUBAHUHU TPOMOOIUTOB [2, 6],
OTpeieNieH COCTaB KPUOKOHCEPBAHTOB C BHICOKUM
YPOBHEM KPHO3aIIUTHOTO IeicTBHs [3].

Lenb paboTsl — HccneqOBaHUE BIMSHUS Pa3iny-
HBIX pexxuMoB 3amopaxusanus KT ¢ komOuHMpoBaH-
HBIMHM KPHO3AIIUTHBIMU CPEAaMH Ha COXPAaHHOCTb
nokasaresei Mop(odyHKIMOHATIBHOM MOJTHOLEHHOCTH
TPOMOOITUTOB.

MaTtepuarbl n meToAbI

O6bexToM uccienoBanus ciryxmin KT, Beigenen-
Hble 13 500 M TOHOPCKO#M KPOBH (T€MOKOHCEPBAHT
“I'mioruup’’) METOJOM M3 JEHKOTPOMOOIIUTAPHOTO
cnosi [1]. Ilepen mposenennem sxciepumenta KT xpa-
HWIH B TedeHue 12—16 4 Ha aBTOMaTH4eCcKoW Mela-
ke (MIIKuK HAH VYkpaunsl) co ckopocTbio mepe-
MemuBaHus 2 06/MuH npu 22 + 2°C .

B pabote ucnonszoBanu kpuonporextopsr IMCO,
AMAmL, 1,2-11]1, runiepus 1 OKCU3TUIIUPOBAHHBIN TIH-
LIEPHH CO CTENEHBIO nonuMepusanmu n =5 (00 _)),
ountieHHble 1 uaeHTudunrposanusie B UTTKuK HAH
VYKpauHsI.

J1s n3ydeHus BIASHUS PEKIMOB 3aMOPaKUBAHUS
Ha pe3yNbTaT COXPaHHOCTH KPHOKOHCEPBUPOBAHHBIX
KT ucnons3oBaiin KoOMOMHHpPOBaHHBIE cpenbl JIMA1LY
1,2-ITA, AMAu/rmunepun, IMAW/OOI . (1:1) B
10%-i1 cymMmmapHO Ha4aTbHON KOHIIEHTPAIIUU KPHO-
MIPOTEKTOPOB B IIJIa3Me.

[lepen 3amopakuBanuem obpasiel KT memnenno
(IpY TOCTOSIHHOM TEPEMEINBAHUN) COSAUHSIIN C
KPHO3alIUTHBIMU CpellaMHi B COOTHOWIEHHH 1:1 m
BhIAEpKUBaN 30 MUH P KOMHATHOM TeMIleparype.
KoHueHTpamus kax1oro KpuonpoTekTopa B 3aMopa-
KHMBAEMOH CyCIIEH3UH TPOMOOLIMTOB cocTaBsna 2,5%.

OO6pa3itel cycneH3un TPOMOOIIUTORB (6 MIT) 3aMo-
Pa’KUBAJI B ITOJIMMEPHBIX KOHTEHHEPax NPsIMOYTOJIbBHOM
dhopmsr (30x100 Mmm) BMecTumocThIO 10 Mit. Mccnemo-
BaJIU TPH peXMMa 3aMOPAXUBaHU: | — B mapax Kua-
Koro azora npu temneparype —40...—45°C; 2 — B na-
pax KHUIKoro a3oTa mpu temmeparype —188... —193°C;
3 — HEMOCPEACTBEHHOE NMOTPYKEHUE B KUIKUN a30T
(=196°C). O6pasusl KT oxnaxmany B IIUpOKOroOpiaoM
cocyne Jlproapa, pacrosarass KOHTEHHEpB! Ha IIEHO-
IUIaCTOBOH TEPMOM30IMPYIOLIEeH yKIaake, pukcupo-
BAaHHOH Ha ONPEJEIIEHHOM dKCIIEPUMEHTAIBHO yCTa-
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It should be noted that practically all the researches
directed to the search of platelet freezing the optimal
regimens were based on the application of one of the
cryoprotectants as: dimethyl sulfoxide (DMSO), dime-
thyl acetamide (DMAc), glycerol, 1,2-propane diol
(1,2-PD) etc.

Recently the perspective of combined cryoprotec-
tive media application at platelet freezing [2, 6] has
been shown, the cryopreservative composition with a
high level of cryoprotective effect has been determined
[3].

The research aim was to study the effect of different
regimens of PC freezing with combined cryoprotective
media on the indices of platelet morphofunctional

integrity.

Materials and methods

PCs derived from 500 ml of donor’s blood (hemo-
preservative “Glygicir”’) by leukocyte-platelet layer
method [1] were the research object. Prior to carrying-
out the experiment PCs were stored for 12—16 hrs in
the automated mixer (IPC&C) with 2 rot/min mixing
rate at 22 + 2°C.

Cryoprotectants DMSO, DMAc, 1,2-PD, glycerol
and oxyethylated glycerol with polymerization degree
n=5(0OEG,_,), purified and identified at the IPC&C
of the National Academy of Sciences of Ukraine were
used in the research.

For studying the effect of freezing regimens on the
result of cryopreserved PC integrity the DMAC/1,2-PD,
DMAC/glycerol, DMAC/OEG__ (1:1) combined me-
dia in 10% total initial cryoprotectant concentration in
plasma were used.

Prior to freezing the PC samples were slowly
(under a constant agitating) mixed with cryoprotective
media in 1:1 ratio and exposed for 30 min at room
temperature. The concentration of each cryoprotectant
in the frozen platelet suspension made 2.5%.

The platelet suspension samples (6 ml) were frozen
in 10 ml rectangular polymer containers (30x100 mm).
Three regimens of cooling were investigated: 1 — in
liquid nitrogen vapors at —40...—45°C; 2 — in liquid
nitrogen vapors at—188...—193°C; 3 —direct plunging
into liquid nitrogen (—196°C). The samples were cooled
in wide-neck Dewar’s vessel, by placing the containers
onto foam thermo-insulating stowage fixed on the
certain experimentally established level above the
liquid nitrogen surface (model laboratory freezer). The
frozen samples of PCs were stored from 3 days to 3
months.

The temperature change was recorded with dif-
ferential copper constantan thermocouple (diameter
of copper and constantan conductors is 0.15 mm) pla-
ced in the center of frozen sample of the simulating
model system. When measuring the standard thermo-
couple junction was in flask at 0°C. Error of tempe-
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HOBJIEHHOM ypPOBHE HaJ 3epKajioM >KHIKOTO a30Ta
(;rabopaTopHast MOIENb 3aMOpaKUBATENs). 3aMOPO-
xeHHble 00pasubl KT xpanuiau B HUIKOM a30Te OT 3
CYTOK J10 3 MECSLEB.

U3meHeHne TemnepaTypsl perucTpupoBain Aud-
(epeHanbHON MeIb-KOHCTAHTAHOBOH TEpMOTIapoid
(ZImameTp MEAHOTO M KOHCTAHTAHOBOTO ITPOBOAHUKOB
0,15 MM), pacioNOKEHHON B IEHTPE 3aMOPAKUBAEMO-
ro oOpasiia MoIeTIbHOM crcTeMbl-umMuTaTopa. [Ipu n3-
MEPEHUSX STAJIOHHBIN CIIail TEPMOIAPbI HAXOAUJIICS B
tepMmoce mpu Temreparype 0°C. B maHHBIX yCIOBUIX
MIOTPEUTHOCTh U3MEPEHUS TEMIIEPaTyphl B AWAIla30He
20...—40°C cocrasnsana He Oonee + 0,35°C.

O6pa3ier KT pasMopakuBanu Ha BOASHOW OaHe
npu Temneparype 37°C 1 HOACYUTHIBATIN B HUX KOJIU-
yectBO TpoMOouuToB [10]. CoxpaHHOCTh TIOKa3aTe-
neit Mopho(yHKIIMOHATBHOHM MOJIHOLIEHHOCTH KPHO-
koHcepBHpoBaHHBEIX KT olleHuBanu nocie yaaneHus
KpUOMpOoTeKTOpoB [ 11] mo koMmieKkcy TecToB in vitro:
peaknus Ha runorornyeckuit mok (PT'H) [7], arpe-
ranusi, iHAIyIIUpOBaHHAas aJleHo3uH-1udocdaT nuHaT-
pueBoii conpio (AP, 200 MxM, “Serva” I'epmaHus)
[18], perpakmus TpomboruTapHoTo cryctka [7]. Cre-
neds PI'I u arperanuu u3Mepsiin Ha aHAJIU3aTOPE
“Colysagraph” (“Damon/IEC Division”, CILIA) ¢ rpa-
(rueckoit perucrpanuen mporecca Ha CaMOIHUCIE
“Endim” 622.01 (I'epmanusi). [lony4yenHsie nanHbie
BBIPAYKAJIA B IPOLIEHTHOM COOTHOILIEHNH K COOTBETCT-
BYIOILIMM ITOKa3aTelsiM cBexeBblAeneHHbIX KT, koTo-
prie npuHuMany 3a 100%.

CrartucTryeckuil aHaJau3 pe3ynbTaToB IPOBOANIN
C IOMOIIBIO IPOrpaMMHOTO nakeTa “Statgraphic plus
for Windows” Bepcust 5.1 ¢ MCIIONB30BaHUEM KPUTEPHS
ManHa-YuTHu.

Pe3yAbTaTbl M 00CYyXxaeHHne

Ha mepBoM aTare uccienoBanuii ObUT POBECH
aHaJIN3 TEPMOTPaMM OXJIAXKICHUS HMHUTATOPOB — MO-
JETBHON KPHOOMOIOTHIECKON CHCTEMBI, IPEICTABIIS-
tfoiei coboit 5%-i pacteop AMCO unu 5%-¢ kom-
OMHUpPOBaHHBIE PACTBOPHI KpHONIPOTEKTOpOoB JJMALY/
1,2-111, IMAw/riuuepun, IMAw/OOI | B niasme
(puc. 1).

B pesynbrare peanuzanuy pe>XxuMOB 3aMOPaKHBa-
HUus 1 ¥ 2 mody4YeHbl TEPMOTPaMMBbI, J€MOHCTPH-
pyIoIre pa3Hble CKOPOCTH OXJIAKACHHS /10 U [TOCIIe
MepHO/Ia HAYaTbHOM KPUCTAIUTH3AINH, PA3ITITYHYIO JITH-
TEJIbHOCT IJIATO KPUCTAIIU3AINHN, HATUYHE HITH OT-
CYTCTBHE TIEpEOXIIaXACHHsI. AHAIIN3 TEPMOTPAMM OX-
JIKJICHUS] MOJICTBHBIX KPHOOHOJIOTUYECKUX CHCTEM
B mapax >KHIKOTO a3ora mnpu Temmeparype —40...
—45°C (1abn. 1) u—188...—193°C (Tabm. 2) cBuaeTeNh-
CTBYET O TOM, YTO PEXUM 3aMopakuBaHus 1 obecme-
YUBaeT HU3KUE CKOPOCTH oxnaxaeHus (1-3°C/muH),
a pexxuM 2 — Boicokue (12-25°C/mun). [Ipu HU3KHX
CKOPOCTSX OXJIaKACHUS OTMedaach JUINTeNbHAas 3a-
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rature measurement within the range of 20...—40°C
made less than + 0.35°C under these conditions.

The samples of PCs were frozen-thawed on water
bath at 37°C and a number of platelets were calculated
[10]. Preservation of the morphofunctional indices of
cryopreserved PC was estimated after cryoprotec-
tants’ removal [11] by in vitro tests: hypotonic shock
reaction (HSR) [7]; aggregation, induced by adenosine
diphosphate disodium salt (ADP, 200 uM, Serva Ger-
many) [18]; retraction of platelet clot [7]. HSR and
aggregation rate was measured with Colysagraph
(Damon/IEC Division, USA) analyser with graphic re-
cording of the process with Endim plotter 622.01
(Germany). The obtained data were expressed as the
percentage ratio to the corresponding indices of freshly
isolated PCs assumed as 100%.

The statistical analysis of results was carried-out
with Statgraphic plus for Windows software version
5.1 using Mann-Whitney’s criterion.

Results and discussion

At the first stage of the researches we analysed
the cooling thermograms of the model cryobiological
system simulators, representing either 5% solution of
DMSO or 5% combined solutions of DMAc/1,2-PD,
DMAc/glycerol, DMAC/OEG, _, cryoprotectants in
plasma (Fig. 1).

After the realization of freezing regimens 1 and 2
the thermograms were obtained, which demonstrated
different cooling rates prior to and after initial crystal-
lization; various duration of crystallization plateau;
either presence or absence of supercooling. The ana-
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Puc. 1. TepmorpaMMsbl, MOTy4YSHHBIE IPH OXJIAKICHUU
5%-ro pactBopa JIMCO B napax »HIKOro a30Ta IIPH TEMIIE-
patype —40...—45°C (xkpuBas 1) n—188...—193°C (kpuBas 2),
n=3.

Fig. 1. Thermograms, obtained when cooling 5% DMSO
solution in liquid nitrogen vapors within the ranges —40...
—45°C (curve 1) and —188...—-193°C (curve 2), n=3.
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Ta6auua 1. [TapameTpsl TepMOTpaMM OXJIXKISHHUS KPHO3AIUTHBIX Cpejl B Tapax a3ota npu Temmeparype —40...—45°C
Table 1. Thermogramms’ parameters of cryoprotective media cooling in liquid nitrogen vapors under —40...—45°C

TTapamerp AMCO AMAn/O0T, _ AMATI/TAUTIEpUH AMA1/1,2-TTA
Parameter DMSO DMACc/OEG, _, DMAc/glycerol DMACc/1,2-PD
Or 20 °C
A0 T,
From 28 °C 24 *=0,7 2,1 +06 30=*05 27 +03
down to T
CKOpOoCTh orT
OXNQKAEHUS, 0 —6.. 7 oC
rpapyc/MuH A FroIﬁ T 0,35 +0.2 04 *02 0,27 = 0,08 0,25 = 0,08
Cooling rate, o,
. down to —6...—7 °C
degree/min
Or —6..—7
A0 —40°C 12 %05 20 =06 12%05 1,8 =08
From —6..—7
down to —40 °C
T_,°C _ _ _ _
TCI:' oC 3 2 2,5 24
AT, °C 1 0 1°C 1,2
3apeprKKa Ha [IAATO KPUCTAAHU3ALUH, MUH 20 =2 17 =2 =2 16 =2
Delayat crystallization plateau, min - - - -

IIpumeuanue: TKp — TemIeparypa Hadana kpuctamuuzanuy; T — cTeneHp nepeoxiaxIeHus.

Note: T - crystallization onset temperature; AT — supercooling rate.
cr

JepKKa TeMIIepaTypsl Ha YPOBHE IUIATO KPUCTAIUIU-
3anui (11-20 MUH) ¢ IpeIIecTBYIOINM epeoXiakK-
JE€HUEM BHEKJETOYHOH cpenbl (cM. Tabmn. 1); mpu
BBICOKHMX — JUIUTENBHOCTD IJIATO KPUCTAIIIM3ALNH CO-
Kpalianach, NepeoxjaxIeHue OTCYTCTBOBAIO (CM.
Tabu. 2). [Ipu 3amopaxuBaHuu 00pa3oB HEMOCPE-
CTBEHHBIM IOTPYKEHUEM B XHIIKAH a30T CKOPOCTH
oxJyaxieHust cocrapisiet 210 rpagycoB/MuH (Xapak-
TEPUCTUKA JAHHOTO PEeKUMa 3aMOpaKMBaHUsS 3 He
MpeACTaBiIeHa).

lysis of cooling thermograms of model cryobiological
systems in liquid nitrogen vapors at—40. ..—45°C (Table 1)
and —188...—193°C (Table 2) testifies to the fact that
freezing regimen 1 provides low cooling rates (1-
3 degree/min), and regimen 2 does high ones (12—
25 degree/min). At low cooling rates there was noted
the long-term temperature delay at the level of crystalli-
zation plateau (11-20 min) with previous superrcooling
of extracellular medium (Table 1); at high rates the
duration of crystallization plateau reduced and super-

Taoauna 2. [TapameTps! TepMOrpamMM OXJIaXASHHU KPUO3ALUTHBIX CPEJl B ITapax a3oTa npu temneparype —188...—193°C
Table 2. Thermogramms’ parameters of cryoprotective media cooling in liquid nitrogen vapors under —188...-193°C

TTapameTp AMCO AMAu/O9T _, AMAIL/TAUTIEpUH AMA1L/1,2-TTA,
Parameter DMSO DMACc/OEG, _, DMAc/glycerol DMAc/1,2-PD
Ot 20 °C
po T, 12,25 = 1,35 118 =15 129 =2 147 =1
From 26 OC " r ’ r " 1
downto T
CKOpOCTh orT
OXAQKACHUS, 0 —6..%7 oC
Tpapyc/MuH A Froll;l T 4,05 =19 1,7 =085 3,85+ 1,75 5+2
Cooling rate, oo,
. down to —6...—7 °C
degree/min
Or —6..—7
Ao —40°C 25+ 5.2 247 = 50 22,25 + 4,65 20,2 % 53
From —6..—7
down to —40 °C
T ,°C _ _ _ _
th oC 30 2,2 2,4 3
T,°C 0 0 0°C 0
3aACPIRKA Ha MAGTO KPUCTAMHIAIIH, MITH 075 = 0,25 2,125 = 0,375 1,0£0,25 1,5 % 0,25
Delayat crystallization plateau, min ' ' ' ! ' ' ! '

[Ipumeyanue: TKp — TemIeparypa Hadana kpuctamuuzanuu; T — cTeneHp nepeoxiaxIeHus.

Note: T - crystallization onset temperature; AT — supercooling rate.
cr
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Hannuue unu otcytecTBue B MOAenu
KpHUOOHOJIOTHYECKON CUCTEMBI (Tu1azma/
KpPUOTIPOTEKTOP) TPOMOOIIUTOB MPAKTH-
YeCcKH HE BJIMSET Ha IapaMeTphbl TepMO-

Tadonauua 3. KonmuuecTBo KpHOKOHCEPBUPOBAHHBIX TPOMOOIIUTOB B
3aBUCHMOCTH OT peXnUMa 3aMopakiuBaHus (% OT CBE)KEBBIICICHHBIX,

My, n=5)

Table 3. Frozen-thawed platelet amount depending on freezing regimen

(% of fresh platelets, M £+ y, n=5)

rpaMM OXJIAKJIEHHS, YTO MO3BOJISET HMC-
[0JIb30BaTh MOJTYyYEHHBIE KCIIEPUMEH- Cocran P SaOp B
TaJIbHBIE JAHHBIE NPU aHAIU3E PE3YJIb- Kpgﬁgg‘;ﬁ;ﬁm
TaTOB KPMOKOHCEPBUPOBAHUSA CYCIICH3UN of cryopreservative 1 2 3
TPOMOOLIUTOB.

[Tociie KPHOKOHCEPBUPOBAHHUS 00pas- BATRERRA 86,0 = 9,2 91,0 = 2,6 89,7 = 4.2
noB KT ¢ mpumMeHeHneM pasHbIX pexKu-
MOB 3aMOPaXUBaHUS B 5%-M pacTBOpe A ety 91,7 = 40 90,0 = 50 86,3 = 59
JAMCO u 5%-Xx KOMOMHHPOBaHHBIX KPUO-
3amuTHBIX cpenax JMAn/1,2-T1]1, oo™ 90,3 % 6,5 95,5 % 50 91,0 = 82
JMAu/rmmnepus n JIMA/OOT,_ onpe- —
JleJIeHa BBICOKAsi KOJIMYECTBEHHAs! CO- Ao 928 =59 93,4 = 38 86,4 = 43

XpaHHOCTBH TpOMOOIMTOB (Tad1. 3). CMe-
Ha pexxuma 3amopaxuBanus KT He oka-
3pIBajla CYNMIECTBEHHOTO BIUSHUS Ha pE3yJbTaT
KOJIMYECTBEHHON COXPaHHOCTH TPOMOOLIUTOB B ICKOH-
CEepBUPOBAHHBIX 00pa3Lax.

[Tokazarenn MopdodyHKIIMOHATEHON MOTHOIIEH-
HOCTH TPOMOOITUTOB — cTerieHb A JID-arperaruu, cre-
nenb PI'III m perpakimm crycTka 3aBHUCENH OT TaKHX
[apaMeTPOB OXJTAKIECHHUSI, KaK CKOPOCTh OXJIAXKACHUS
B pa3HBIX TEMIIEPAaTYpPHBIX AHana3oHax, CTEIeHb
MepeOXIaKACHN, IITUTENHHOCTD TUIATO KPUCTAILTH-
3aLUu.

Crenens AJ|®-uHynMpoBaHHON arperaluy TpoM-
O00LMTOB, KPHOKOHCEPBUPOBAHHBIX C KOMOMHHPO-
BaHHBIMU Cpe/laMH, Oblla 3HAYUTENILHO BHINIE MPH
peXHIMe 3aMOPKUBAHKSA 2 TIO CPABHEHHIO C PEXUMOM 1
(puc. 2), torna xak s JIMCO mogo0HbBIX pa3induit
HE YCTaHOBJIEHO. AHAIN3 TUIIMYHBIX arperaTorpamMmm
(puc. 3) cCBUAETENBCTBYET O TOM, YTO PEXKHUM 3aMOpa-
YKUBAHUS 2 TTO3BOJISET MOYYUTh TOCTIE KPUOKOHCEP-
BHUPOBaHMsI 00Jiee BEICOKME MapaMeTphl arperanuoH-
HOW aKTUBHOCTHU TpoMOo1nuTOB: cTeneHu AJld-arpe-
raruu, HadaabHON CKOPOCTH 00pa30BaHuUs arperaros,
(da3bl u3menenus popmnl (lag-dasza) — auckochepo-
TpaHchopMannu, KOTopasi KOCBEHHO MOATBEPIKIAET
HaJINYME IUCKOLIUTOB B CYCIICH3UH AEKOHCEPBUPOBAH-
HBIX TPOMOOTINTOB. CaMbIe BEICOKHE UCCIICAyEMBIE Tapa-
METPBI OJTy4eHbI 11t KpruokoHcepsanTa IMAW/OOI _ ..

YcTaHOBNIEHA 3aBUCHMOCTh COXPaHHOCTH CTETIEHN
PI' ot pexumoB 3amopakuBanus (puc. 4). 1i1st kom-
OMHHMPOBAHHBIX KPHO3aITUTHBIX cpea JIMA1Y/1,2-T1]]
u IMAW/OOI _, Gonbmas crenens PI'I momydena
TPH UCTIONIb30BaHUH peXXUMa 3aMopakuBanus 2 (54,9 +
5,51 69,7+ 11,5% coorBerctBenHo); JIMCO — pexu-
Mma 1 (49,0 + 9,6%). [ns kpuokoHcepsanta JJMA1/
IJIMLIEPUH TOI00HO0 3aBUCUMOCTH HE YCTaHOBIICHO.

[Tocne kpuoxoncepsupoBanus odpasnos KT c
pactBopamu JIMAw/1,2-11J1, IMA/rnunepus u
JAMAW/OOI _, perpakuus TpOMOOUHMTAPHOTO CTYCT-
Ka Obl1a 3HAYUTEITHFHO BBIIIE TPH PEKIME 3aMOPAKH-
BaHUA 2.
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cooling was absent (Table 2). During the sample freez-
ing by direct plunging into liquid nitrogen the cooling
rate was 210 degree/min (details of freezing regimen
3 are not presented).

Either presence or absence of the platelets in the
model of cryobiological system (plasma/cryoprotectant)
do not practically affect the parameters of cooling ther-
mogram, enabling to use the obtained experimental data
when analyzing the platelet suspension cryopreserva-
tion results.

After cryopreservation of PC samples using diffe-
rent freezing regimens in 5% DMSO solution and 5%
combined cryoprotective media as DMAc/1,2-PD,
DMAc/glycerol, DMAC/OEG _ there was established
a high level of platelet number preservation (Table 3).
The change of PC freezing regimen did not significantly
affect the level of platelet number preservation in the
frozen-thawed samples.

The indices of platelet morphofunctional integrity
(ADP-aggregation, HSR and retraction clot rate) de-
pended on cooling parameters such as: cooling rate
within the different temperature ranges, supercooling
rate, duration of crystallization plateau.

The rate of ADP-induced aggregation of platelets,
cryopreserved with combined media was significantly
higher with freezing regimen 2 if compared with the
freezing regimen 1 (Fig. 2), whereas in case of DMSO
the established differences were not similar. The ana-
lysis of typical aggregatograms (Fig. 3) testifies to the
fact that freezing regimen 2 enables to obtain the higher
post-thaw values of platelet aggregation activity: ADP
aggregation rate, initial rate of aggregate formation,
shape changing phase (lag-phase, discosphere transfor-
mation), that indirectrly points to the presence of disco-
cytes in platelet frozen-thawed suspension. The highest
studied parameters were obtained for the DMAc/
OEG, _ cryopreservative.

It was established the dependence of HSR rate
preservation on freezing regimens (Fig. 4). A higher
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[Tocne 3amopakuBanus oopasuos KT mytem npsi-
MOTO MOTpYyKEHUsI KOHTEHHEPOB B >KUAKHUI a30T
(pexxuM 3) TPOMOOLMTHI MPAKTUYSCKU MOTHOCTHIO
yTpadMBaIHl arperanioHHyI0 CIIOCOOHOCTH, Xapak-
Tepu3oBanuch HU3KoH crenensto PI'I u perpakuun
TPOMOOLIMTApHOTO CrycTKa (CM. puc. 2, 4, 5).

AHann3 0coOOEHHOCTEN TePMOTpaMM JBYX PEXHU-
MOB 3aMOPaXKHBAHUS U MX COTIOCTABJICHHE C PE3YIIb-
TaTamu KpruokoHcepBupoBanua KT no3sonstor npen-
MOJIOKHTD, YTO HEOIArOMPUATHBIMH (PaKTOPaMU IIPH
pexXuMe 3aMOpaXUBaHUSA | SBISAIOTCS IITUTENHHOE
IJIaTO KPUCTAILIM3AINA U HATWYIHE TTEPEOXIIaKICHHUS.
OT0 noaTBEpKAAETCA CXOIHBIMHU ITOKA3aTENIMHU MOp-
(hopyHKIIMOHATEHO TOTHOIIEHHOCTH TPOMOOIIUTOB,
[IOJTy9€HHBIMH TTOCIIE 3aMopaxxiuBaHus o0pasmoB KT
C MEJIJIEHHOU peryJInpyeMoi CKOPOCThIO OXJIAXKIEHUS
Ha MporpaMMHOM 3amopaxkuarene [2]. KpnokoH-
cepsupoBanue KT ¢ ncrnonp3oBaHueEM pekuma 3aMo-
paXuBaHMS 2 MPEANOYTHTEIbHEE, TaK KaKk oOecte-
yuBaeT 00Jiee BRICOKHE ITOKa3aTe i Mop(odyHKIHO-
HAJILHOW MOJTHOLEHHOCTH TpoMbouuToB. [lonaraem,
YTO pa3MeIleHNE KOHTEHHEPOB ¢ CyCleH3uel TpoMOo-
LMTOB Ha YKJIAJKE B Tapax *KHUIKOTr0 a30Ta Py TeMIIe-
patype —188...-193°C olecmeynBaeT CHIBHOE JIO-
KaJIbHOE OXJIAXKICHHE CTEHOK KOHTEWHEPa, 4TO [T03BO-
JISIET B PEXKHUME 3aMOPaKUBaHMA 2 MMOJTHOCThIO n30e-
rarb NEPEOXJIAKIACHUS U CIIOCOOCTBYET OBICTPOMY
MIPOXOKACHUIO TIATO KpucTayum3anu (1-2,5 muH).
OtMeTnM, 9TO TaKOH IPHEM HCIIONb3yeTCs IPU YIpaB-
JICHUH HavyalloM (a3oBOro nepexona BoJa-jiea s
[IPEI0TBPAILIEHHS HEXKENATeIFHOTO MEPEOXITaXACHUSI
BHEKJICTOYHOU cpenbl [8].

KpunokoncepBupoBaHue TpoOMOOLUTOB B IPUCYT-
ctBun JIMCO nponcxoanio ycrneuHee nIpy UCIoiab30-
BaHWU KaK MEJJICHHOTO PETYINPYEMOTO OXJIaKICHHUS
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Puc. 2. Crenens arperaiyy KpHOKOHCEPBUPOBAHHBIX TPOM-
O6ouuToB, HHAYIMpoBaHHOH AJ[D B 3aBUCMOCTH OT PEXKHU-
Ma 3aMopakuBaHus (M £ y,n=>5): H—pexim 1; ll— pexxum 2;
O - pexum 3; #, * — OTIINYNS CTATHCTHYECKH JOCTOBEPHBI
TI0 CPaBHEHHUIO C COOTBETCTBYIOILMM [TOKA3aTeIEM JUIs PEXKH-
MoB 1 u 2 cootBeTcTBEHHO, P, < 0,05.

Fig. 2. ADP induced aggregation extent of frozen-thawed
platelets, depending on freezing regimen (M =+ y, n=5): H —
regimen 1; l—regimen 2; O0—regimen 3; #, * —differences
are statistically significant if compared with corresponding
index for regimens 1 and 2, correspondingly, P, <0,05.

HSR rate in the case of using DMAc/1,2-PD and
DMAC/OEG, _, combined cryoprotective media was
obtained during the use of freezing regimen 2 (54.9 +
5.5 and 69.7 £ 11.5%, correspondingly); DMSO with
regimen 1 (49.019.6%). No similar dependence was

found for DMAc/glycerol cryopreservative.
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:5)
Fig. 3. Typical aggregatograms, obtained under recording of ADP-induced platelet aggregation prior to and after freezing
in liquid nitrogen vapors: a —regimen 1; b —regimen 2; 1 - DMAc¢/1,2-PD; 2 - DMAc/ glycerol; 3 - DMAc/OEG, _; 4~
DMSO.
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Puc. 4. Crenenp PI'II xprnokoHCEpBUPOBaHHBIX TPOMOO-
IIUTOB B 3aBUCHMOCTH OT peKUMa 3aMopakuBanus (M £y,
n=>5): H—pexum |; ll— pexum 2; 0 — pesxum 3; #,* — oTimiamst
CTaTHCTHYECKH JIOCTOBEPHBI 110 CPABHEHHIO C COOTBETCT-
BYIOIIIM TOKa3aTeJIeM IS peKUMOB | 1 2 COOTBETCTBEHHO,
P,<0,05.

Fig. 4. HSR extent of cryopreserved platelets depending on
freezing regimen (M £y, n=5): El—regimen 1; ll—regimen 2;
O-regimen 3; #, *— differences are statistically significant
if compared with corresponding index for regimens 1 and 2
correspondingly, P, <0,05.

[2], TaK ¥ MEATIEHHOTO HEPETYIUPYEMOTO OXJIaXKICHUS
B Mapax JKuUAKOro azora (pexxuMm 1). Bo3moxHO, 31O
00YCIIOBIICHO HECKObKUMH TPHYMHAMHE: TIPEIITIOYTH-
TEJIbHOCTBIO UCTIONB30BaHUS MEJJIEHHBIX CKOPOCTEHt
OXJIAXJICHUSI IPUMEHHUTEIBHO K 3aMOPaXKHBAHUIO C
kpuonporekropoM JIMCO, uto cripaBeasiuBO U A
JOPYTUX KJIETOYHBIX CyCTIEH3UH; 11e1ecO00pa3HOCThIO
BBIICP’KUBAHUS ONPEACTICHHON ATUTEIBHOCTH IJ1aTO
KpHUCTATH3AIMHY [TPY 3aMOPaXKUBAHHH TPOMOOIIMTOB
¢ AMCO [15-17].

Pe3yneraThl KpHOKOHCEPBUPOBAHUS TPOMOOLIUTOB,
MoJIydeHHbIE B JaHHOW M Apyrux padorax [2, 3],
CBUICTEIBCTBYIOT 00 2P PEKTHBHOCTH KPHO3ANTUTHBIX
cpen, coaepKamnux KOMOWHAIIMN KPHUOTIPOTEKTOPOB.
Tem Gonee, 9T0 00BeKTOM 3aMopakuBaHus ObuH KT,
xpaHuBIrecs 12—16 9 mocie BeIIEICHAS | B KOTOPBIX
B OTIpEe/IETICHHON CTETIEHN MOIJIN Pa3BUTHCS TOBPEXK-
neHus — “storage lesion” [7].

BbiBOABDI

Taxum 00pa3oM, JaHHBIC HACTOSINEH CEPUH IKCIIC-
PUMEHTOB CBHUJIETEIILCTBYIOT O 00JIee BBICOKUX U CTa-
OWJILHBIX pE3yJIbTaTax KPUOKOHCEPBUPOBAHUS TPOM-
OOLIMTOB C KOMOMHUPOBAHHBIMU KPUO3AITUTHBIMU
CpeIaMH TPH HCIOJb30BAHHUH PEKHMa 3aMopa-
JKUBAaHHS C BRICOKUMHU CKOPOCTSIMHU OXJIAKICHUS, a
TaKKe TP OTCYTCTBHH NIEPEOXTKICHAS U OBICTPOM
TIPOXOKICHHH TIIATO KPUCTAJUTH3AIIHH.
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Puc. 5. Perpakunst KpHOKOHCEPBUPOBAHHBIX TPOMOOIINTOB
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—pexum 1; - pexxim 2; 00 — pexxum 3; #, * — otimumst cra-
TUCTUYECKHU JOCTOBEPHBI 110 CPABHEHHIO C COOTBETCTBYIO-
UM TMOKa3aTeseM JUIs PeKUMOB | U 2 COOTBETCTBEHHO,
P <0,05.
Fig. 5. Retraction of cryopreserved platelets depending on
freezing regimen (M £y, n=5): El—regimen 1;l-regimen 2;
O —regimen 3; #, * — differences are statistically significant
if compared with corresponding index for regimens 1 and 2
correspondingly, P, <0,05.

After cryopreservation of PC samples with DMAc/
1,2-PD, DMAc/glycerol and DMAc/OEG__, solution
the retraction of platelet clot was significantly higher
in the case of the freezing regimen 2.

After freezing of PC samples by a direct plunging
the containers into liquid nitrogen (regimen 3) the plate-
lets completely lost the aggregation ability, and were
characterized with low HSR rate and retraction of
platelet clot (Fig. 2, 4, 5).

The analysis of peculiarities of thermogram for two
freezing regimens and their correlation with results of
PC cryopreservation enable to suggest that freezing
regi-men 1 has such adverse factors as prolonged
crystalli-zation plateau and appearance of supercooling.
This is confirmed with similar indices of platelet
morphofunctional integrity, obtained after PC samples
freeze-thawing using controlled-rate slow cooling with
the programmed freezer [2]. PC cryopreservation with
the freezing regimen 2 is more preferable, since it
provides higher indices of platelet morphofunctional
integrity. We suggest that placing the containers with
platelet suspension onto the stowage in liquid nitrogen
vapors at —188... —193°C provides an intensive local
cooling of the container walls, that enables the freezing
regimen 2 to avoid completely the supercooling and
promote the rapid passing through the crystallization
plateau (1-2.5 min). It should be noticed that this
method is used to control the onset of water-ice phase
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[IpencraBnennas paboTa yka3plBaeT Ha HEOO-
XOOAUMOCTb MPOJOJIKCHUA I/ICCHe)Z[OBaHI/Iﬁ PEXKUMOB
3aMOpaKMBaHUs C PETYIUPYEMBIMH M HEPETryIUpy-
€MBIMHU CKOPOCTSIMU OXJIQJK/ICHHS B Pa3HBIX TEMIIepa-
TYPHBIX JJHAIIa30HAX IS ONPEICTICHUS ONITUMAIIbHBIX
nporpamMm KpuokoHcepsrposanust KT ¢ 1esbro ncrnosnb-
30BaHUsI B KIIMHUYECKOH IPaKTUKE.
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transition when preventing the adverse supercooling
of extracellular medium [8].

Freeze-thawing of platelets in presence of DMSO
was more successful if using either controlled-rate slow
cooling [2] or non-controlled-rate slow cooling in liquid
nitrogen vapors (regimen 1). It is likely caused by some
reasons such as: preference of slow cooling rate usage
during the freezing with DMSO, that is also true for
other cell suspensions; expediency of certain duration
of crystallization plateau during platelet freezing with
DMSO [15-17].

The results of platelets’ cryopreservation, reported
in this and other papers [2, 3] testify to the efficiency
of cryoprotective media, containing cryoprotectants’
combinations. Moreover, the objects of freezing were
PCs, stored for 12—16 hrs after derivation and in which
to some extent the ‘storage lesion’ could develop [7].

Conclusions

Thus, the data of these series of the experiments
testify to higher and more stable results of platelet
cryopreservation with the combined cryoprotective
media using the freezing regimens with rapid cooling
rates, as well as during overcooling and rapid passing
through crystallization plateau.

The presented work points to the necessity to con-
tinue the studies of freezing regimens with controlled
and non-controlled cooling rates within the temperature
ranges for determination of the optimal programs of
PC cryopreservation for the application in clinical
practice.
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