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at Cryopreservation Stages

BuBueHO BIUTHB KpionpoTekTopiB numetmicyiabpokeuay (IMCO), numerunaueraminy (JIMALIL), 1,2-nponanniony (1,2-I11), ix
KoMOiHawiil 1 ABOX mporpam 3aMOpoXKyBaHHs Ha MOP(GOQYHKIIOHATIbHI BIACTUBOCTI TPOMOOUHUTIB JOHOPCHKOT KPOBI JIIOAMHY Ha
eTanax KpiokoHcepByBaHHs. [loka3aHo, 0 HaMBHUIL TOKA3HUKH 30€pPEeKEHOCTI TPOMOOIMTIB OTPUMaHI NPH 1X KPIOKOHCEPBYBaHHI 3
JAMCO ta xom6inauiero kpionporekropiB 1,2-ITJ] i IMAL] y kinnesiii konuentpauii 0,7 M npu 3aMopoxxyBaHHi 3a IPOrpamoro 3i
3HATTSM MEpeoxoio/pkeHHss. OTpUMaHi pe3yiabTaTH CBiJuaTh NP0 HEOOXiTHICTH PO3pOOKH 0araTOKOMIIOHEHTHHX KPio3aXHCHHX
CepeIoBHUII IS KPiOKOHCEPBYBAaHHS TPOMOOIUTIB i MEPCHEKTUBHICTh JOCIIKEHHs CIeLiaJbHUX MPOrpaM 3aMOpOXKYBaHHS 3
KOHTPOJIBOBAHOIO IIBHKICTIO IIPOXO/KEHHS TEMIIEpaTypPHOTO iHTepBally KpUCTai3aii.

Kniouosi cnosa: TpoMOG0OIUTH, KPiIOKOHCEPBYBaHHS, KPIOIPOTEKTOPH.

HccnenoBaHo BiMsHHE KPHOHPOTEKTOpOB numerwiicyabdokcuaa (AMCO), mumerninaneramuaa (JJMALL), 1,2-nponananona
(1,2-T110), nx koMOMHALMIA U ABYX MIPOTPaMM 3aMOpa)KMBaHUs Ha MOP(HO(DYHKIIMOHAIBHBIE CBOWCTBA TPOMOOLIUTOB TOHOPCKOH KPOBH
YeJIOBeKa Ha 3Talax KpHOKOHCepBUpoBaHHs. [Toka3aHo, 4To HanboIee BEICOKHE ITOKA3aTeIH COXPAHHOCTH TPOMOOIIUTOB MOy YCHBI
rpu ux KpruokoHcepsupoBauuu ¢ JJMCO u komOunanmeit kpuonporekropos 1,2-IT/1 u JIMALL B koHeuHO# koHIIeHTpauuu 0,7 M npu
3aMOpaXMBAHUU TI0 MPOTrPaMMe CO CHATHEM IMepeoxaxeHus. [loyueHHbIe pe3ylbTaThl CBUACTEIBCTBYIOT O HEOOXOANMOCTH
Ppa3paboTKX MHOTOKOMITIOHEHTHBIX KPHO3ALUTHBIX CPel U1l KPHOKOHCEPBUPOBAHHUS TPOMOOIIMTOB U MEPCIIEKTUBHOCTH UCCIIEIOBAHUS
CIEIUAITBHBIX IIPOTPAMM 3aMOPaXHUBAHUSI C KOHTPOINPYEMOH CKOPOCTHIO IPOXOXKICHUS TEMIIEPATypHOTO HHTEPBaIa KPHCTAUTH3AIHN.

Knroueesvie cnosa: TpoMOOIIUTHI, KPUOKOHCEPBUPOBAHUE, KPUOIIPOTEKTOPEI.

There were studied the effects of dimethyl sulfoxide (DMSO), dimethyl acetamide (DMAC), 1,2-propane diol (1,2-PD), their
combination and two freezing programs on morphofunctional properties of human donor blood platelets at cryopreservation stages.
The highest indices of platelet integrity were shown to be obtained at their cryopreservation with DMSO and when combining 1,2-PD
with DMAC in 0.7 M final concentration during freezing according to the program with overcooling elimination. The results obtained
testify to the necessity in elaborating the polycomponent cryoprotective media for platelet cryopreservation and perspectiveness in

investigating special freezing programs with a controlled rate of passing through temperature interval of crystallisation.

Key-words: platelets, cryopreservation, cryoprotectants.

VY nocnimKeHHSX 3 KPIOKOHCEPBYBaHHS KOHIICH-
tpariB TpombonutiB (KT) ans kIiHIYHOI MPaKTHKH
aKTyaJIbHOIO 33/1a4€I0 € BUOIp €(PEeKTHBHOTO 1 HETOK-
cuuHoro kpionporekropa (KII). Anani3 miteparypu
nmokasas, 1o HaibiIbm nepcnekTusHuMH KII mpu
3amopoxxyBaHHi KT € numetuncynbdokcua (IMCO),
numetunaneramin (JAMAILL) ta 1,2-mponanmgion
(1,2-111). AMCO Bu3HaHO ‘“‘30JIOTHM CTaHIApTOM,
OCKIUIBKM BiH 3a0e3Meuye HalBHUIIUI piBeHb 30epe-
KEHOCTI TPOMOOIUTIB MiJ 9ac KPiOKOHCEPBYBaHHS
[18]. Ane noBHa 3a6opona Bukopucranus JJMCO sk
(hapMaKoJIOTIYHOTO areHTa BHACIIOK BiJIOMOi TOKCHY-
HOI 1111 moTpebye Horo MOBHOTO BUAAICHHS 13 KITITHH-
HOi cycmen3ii mepex TpaHcdy3i€ro, IKe CyIpOBO-
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Selecting an efficient and non-toxic cryoprotectant
(CP) is a current task in research on platelet concent-
rates (PC) cryopreservation for clinical practice.
Literature analysis has demonstrated dimethyl sul-
foxide (DMSO), dimethyl acetamide (DMAC) and
1,2-propanediol (1,2-PD) as the most perspective cryo-
protectants for PC freezing. DMSO was recognised
as the “gold standard” because of providing the highest
level of platelet integrity during cryopreservation [18].
But an absolute prohibition of DMSO application as
a pharmacological agent due to the known toxic effect
requires its complete removal out of cell suspension
prior to transfusion, accompanying with additional
losses and damages in cryopreserved platelets, redu-
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JDKY€ETBHCS JONATKOBUMH BTPaTa-MH 1 MOLIKOKEHHIM
KpPiOKOHCEPBOBaHUX TPOMOOLIUTIB, 3HIKYE iX JKUTTE-
3MIATHICTH 1 JiKyBasbHY edekTuBHicTh [16]. IMAILL
MEHIII TOKCHYHHH, 1€ HOTO KPiOTMPOTEKTOPHI BIIACTH-
BOCTI BBaXarmThcs Hwk4yumu, Hixk JMCO [2, 5].
CrocoBHo 1,2-I1]] ciix BpaxoByBaTu 10CTaTHBO BUCO-
Ky Horo e(peKTHBHICTh MPH KPiOKOHCEPBYBaHHI
0ararhox 010JIOTIYHUX 00 €KTIB Ta HHU3BKY TOKCHY-
HicTb. Pe3ynmsraTu nocinimkeHs [6] cBimyaTh Ipo mepc-
nektuBHicTh 1,2-11/1 mpu 3aMOpoXKyBaHHI KPOB’ IHUX
IJTACTUHOK, aJIe 32 JAHUMH 1HIITUX aBTOPIB IS KPio-
3aXMCHa CIOJyKa Ma€ CIa0Ky KpiO3axHCHY [0 IO
BiJIHOIIIEHHIO 710 TPOMOOIUTIB [14].

Merta poOOTH — TOPiBHSIBHE JOCIIIKEHHS BILTUBY
KpIOMPOTEKTOpiB Ha MOP(GOPYHKIIIOHAIBHI BIACTH-
BOCTI TPOMOOIIHTIB; OIliHKa €()eKTUBHOCTI KPIOKOH-
cepByBanHsl KT 3 oOpaHuMu KpionmpoTeKkTopamu Ta
npu ix koMOiHaii.

Martepiaan Ta mertoam

Konuentparu TpoMOOLMTIB OAEPKYBalu 3 OKpe-
MHUX 103 JOHOPCHKOI KpPOBi, SIKy 3aroTOBJISIIIM Ha
KoHcepBaHTi “[Imorinup®, MeTogoM audepeHiiiioBa-
HOTO IEHTPU(YTYBaHHS 3 BUKOPUCTAHHIM pedpu-
XKepaTopHOoi HEeHTPU(PYTH Ta MIACTHKOBUX MIIIKiB
“I'emakon” i “Kommormutact” [1]. o 3aMopoxyBaHHS
KT 306epiranu npu 22+2°C npotsirom 18-24 rox npu
MOCTiffHOMY TepeMilnlyBaHHI Ha aBTOMAaTHYHIN
Mimanmi 31 IBUAKICTIO 2 00/XB.

VY po0orti BukopuctoByBamun JAMCO, 1,2-I1[ Ta
JAMALL, sixi Oynu ountieni Ta inenrudikosani y I[TTKiK
HAH VYxpainun.

ArperarliiiHy 34aTHICTh TPOMOOIIUTIB BU3HAYAIU
(horomeTpuaHUM MeTOZIOM [ 14] 32 JOTTOMOTOFO aHaTi-
3atopa “Colysagraph” (CILIA) 3 rpadiunoto peectpa-
LI€F0 3MiH ONITUYHOI T'YCTHHH CyCIIeH311 Ha CaMOTIHCIII
“Endim 622.01” (Himeuunna). OnepkaHi HOKa3HUKU
y npucytHocTi po3uuHiB KI1 0,1 M Bupaxanu y Bia-
COTKax J0 MOKa3HWKIB arperaiii 3pa3ka, y SKuUU
3aMmicTh po3unHy KII BBoamH ra3my — KOHTPOIb A.
[Micns excriozunii KT 3 pozunnamu KII 0,7 1 1,4 M
rpotsrom 15130 xB pu 22+2°C Ta HACTYITHOTO BH/A-
nenHs KII cnocobom [12] pesynbraru BUpaxanu y
BIJICOTKaX /10 KOHTPOJIbHUX TMOKA3HUKIB 3Pa3KiB —
KOHTpOJIB b, siki migmaBamu nponenypi BuaneHHs KI1
napajenbHO 3 JOCHITHUMH, aje 3amicTh po3unny KII
BBOJIMJIY ayTOJIOTT1YHY I1a3My. [HykTopamu arperarii
Oy po3unnn AJ{® y kinnesii konnenTparii 200 uM
(“Serva”) Ta komareH y KiHIIEBii KOHIEHTpaIlii
20 mr/mn (“Texnonoris-CTAHIAAPT”, binopycs).

Peaxmito va rimoroniunmii moxk (PI'I) peectpy-
Bally 3a gomomMoroto ananizatopa “Colysagraph”
(CHIA) meTomom [ 14] micns excrio3uii KT 3 po3unna-
mu KII Ta BuganenHs ocranuboro. Pesynpraru Bupa-
K| y BificoTkax 1o mokaszuukis PI'I korTpomto b.

Mopdoorito TpOMOOIUTIB TOCTIIKYBAJIH 32 J0-
ITIOMOTOI0 1HBEPTOBAHOTO JIFOMIHECIIEHTHOTO MIiKpO-
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cing their viability and therapeutic efficacy [16].
DMAC is less toxic, but its cryoprotective properties
are considered as lower if comparing with DMSO [2,
5]. As for 1,2-PD we should take into consideration
its quite high efficiency in cryopreservation of many
biological objects and low toxicity. Research results
[6] testify to the perspectiveness of 1,2-PD for blood
platelet freezing, but as detailed by other authors this
cryoprotective compound has a slight cryoprotective
effect in respect of platelets [14].

Research was aimed to a comparative study of
cryoprotectant effect on morphofunctional properties
of platelets; estimation of PC cryopreservation
efficiency with selected cryoprotectants and under
their combination.

Materials and methods

Platelet concentrates were procured from separate
doses of donor blood, prepared on “Glygicir” preser-
vative by the method of differentiated centrifugation
using cold centrifuge, “Hemacon” and “Kompoplast”
plastic bags [1]. Prior to cryopreservation PC were
stored at 22+2°C within 18-24 hrs at a constant mixing
by automatic stirrer with 2 rpm rate.

DMSO, 1,2-PD and DMAC, purified and identified
at the Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine were used in the research.

Platelet ability to aggregate was determined using
the photometrical method [14] by means of “Colysa-
graph” analyzer (USA) with a graphic recording of
changes in suspension optical density with “Endim
622.01” recorder (Germany). The obtained indices at
the presence of 0.1 M CP solutions were expressed in
percentage to the aggregation indices of a sample,
where a plasm was introduced instead of CP solution:
control A. After PC exposure with 0.7 and 1.4 M CP
solutions for 15 and 30 min at 22+ 2°C and following
CP removal as described in the paper [12], the results
were expressed in percentage to the control indices of
samples: control B, which underwent the procedure
of CP removal together with the studied ones, but an
autologous plasm was introduced instead of CP
solution. ADP solutions in 200 uM (“Serva”) and
collagen in 220 mg/ml final concentrations (“Tekhno-
logiya-STANDARD?”, Byelorussia) served as aggrega-
tion inducers.

Hypotonic shock response (HSR) was recorded
with “Colysagraph” analyzer (USA) using the method,
detailed in the paper [14] after PC exposure with CP
solutions and removal of the latter. Results were ex-
pressed in percentage to the HSR indices of control B.

Platelet morphology was studied with inverted
luminescent microscope “Olympus 1X74” (Japan).
Cytological preparations were prepared from platelets
suspension after their vital staining with acridine
orange (AO) using the method, described in the paper
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ckona “Olympus [X74” (Snownist). Llurosnoriuni npe-
Maparty TOTYBaJH i3 CyCIeH3il TPOMOOIUTIB Ticis 1x
BiTaJBHOTO 3a0apBICHHS aKPUIUHOBUM OPAH>KEBHM
(AO) 3a metomom [3]. 30ymkeHHs QIyopoXpomMy
BHKJIMKAJIM CBITJIOM KCEHOHOBOI JIAMITH ITPH TOBKHUHI
xBuii 450-490 HM, JOCIHIKEHHS TPOBOJIWIN MPHU
500 HM 3 HacTymHUM 301BIICHHSIM B OiK 4€pBOHOI
obnacTi cnekrpa. [lpu cnocrepexenHi Ta ¢otorpa-
(yBaHHI 00’€KTIB JOCHIIKEHHS BUKOPHCTOBYBAJHU
imepciianii 00 extuB (*100). [Ing xixpKicHOTO
aHaJjizy MOpQOJIOTIYHOTO CKIIa Ty TOMYIISIIii TpoMOO-
LIUTIB paxyBaJH KPOB’sHI MJIACTUHKH KOYXHOTO BUAY:
rpaHyIApHi (HEaKTUBOBaHI, aKTHBOBAHi), AeTpaHy-
JILOBaHi, aKpUAWH-HETaTUBH1, MiIKpOGOPMH, arperary.

IIpu kpiokoHcepByBaHHi 3acTocoByBanu KII y
kiHeBiit konnentparii 0,7 M Ta kom6inamiro JIMALL
i 1,2-I1]1 3 xiHIIeBOIO KOHIIEHTpaIlieto koxHoro 0,35 M
(zaranpHa 0,7 M) ta 0,175 M (3aransHa 0,35 M).
Po3unnn KII Ha mna3mi BBogunu B KT y criBBiHO-
menHi 1:1 nporsrom 1 xB. O0’eM 3pa3ka CTaHOBHB
1,6 M. 3aMOpOXKyBaHHS MPOBOMMIIN OApPA3y IiCIIsI
BBeneHHs po3unHy KII B KT 3a noromoroto nporpam-
HOTO 3aMopoxyBada “Cryoson” (HimewyunHa) y
kpioammynax “Nunc” (Himeuunna) 3a mporpamamu 1
Ta 2, sSKi MaJ¥ Pi3HY HMIBUIKICTH MPOXOMKEHHS
TeMIIepaTypHOTO IHTepBaTy KpUCTaJi3allil Kpio3axuc-
Horo po3uuny. [Ipu 3amopoxyBaHHi 3a mporpamoro 1
3pa3ok oxonomKyBanu Big 22+2°C no —35...—40°C 3i
mBuAKicTIO 1°C/XB, MiCI 4OT0 3aHYPIOBAJIH Y PiAKHHA
a3ot1. [Iporpamy 2 BukonyBanu Bix 22+2°C nmo
TeMmIeparypu Kpuctanizauii 3i mBuakictio 1°C/xs,
[IpY TEMIIEpaTypi KpUcTati3awii IpOBOANIN TEMIIEpa-
TYpHY iHIIliaIifo, JaTi 3pa30K OXOJIOIKYBAJIH 31 IIBU/I-
kictio 1-2°C/xB 10 —35...—40°C Ta 3aHyproBaiu y
pinkuit azot [11]. L mporpama 3abe3neuye 3HATTA
MIEPEOXOJIO/PKEHHS Y 3pa3Kax IpH X 3aMOPOKYBaHH.
3pa3ku BifirpiBanu Ha BoasaHii 6ani ipu 37°C, onpazy
OLIIHIOBAJIH KiIBKICHY 30€peKeHICTh TPOMOOIIUTIB 32
metonoMm [9].

[Ticna ueHTpudyryBaHHs pO3MOPOXKEHUX 3Pa3KiB
BH3HAYaJIM CTYMiHb MOLIKOKEHHS KIITHH 32 aKTUB-
HICTIO Y CyII€pHATaHTi HUTO30JIbHUX (DEPMEHTIB: JIaK-
tar-nerinporenazu (JIJA) [7] ra mroko30-6-hocdar-
nerigporenasu (I'6DI) [8]. Korrponem ciyxmmu KT
3 MAaKCUMaJIbHUM BUXOJIOM (D€PMEHTIB, L0 OJeprKaIH
TPHUPaA30BUM 3aMOpOKYBaHHAM 3paska 6e3 KII mpsi-
MHM 3aHYPEHHSM y PiIKHH a30T 3 HACTYIHUM
BigirpiBanusMm npu 37°C — tepmonunkitoBanns (T);
30arauena TpomOonuramu miasMa (3TII) Ta KT no
3aMOpoXKyBaHHs. MopdodyHkiioHanbHY 30epexe-
HICTh KPIOKOHCEPBOBaHHX TPOMOOIIMTIB OILIHIOBAIN
Iiciis BUAAJICHHS KpionpoTekTopa. OnepikaHi mokas-
HUKH BHPAXXaJI y BiICOTKAX 0 BiJIIOBIIHUX MTOKa3-
nukiB KT 110 3aM0OpoKyBaHHS — KOHTPOJIb.

Cratuctuuny oOpoOKy olep>KaHUX pe3yJbTaTiB
ITPOBOIMIIM 32 IOTIOMOTO0 ITporpamu Microsoft Excel.
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[3]. Fluorochrome excitation was induced by the xenon
lamp light at 450-490 mn wavelength, research was
done from 500 nm at the following increase towards
red region. For object monitoring and photography
the immersion lens (x100) were used. For a quantita-
tive analysis of morphological composition of platelet
population we calculated blood platelets of each type:
granular (non-activated, activated), degranulated,
acridine-negative, microforms, aggregates.

CP in 0.7 M final concentration and DMAC and
1,2-PD combination with final concentration of each
0.35M (0.7 M total) and 0.175 M (0.35 M total) were
used at cryopreservation. CP solutions on plasm were
introduced into PC in 1:1 ratio for 1 min. Sample vo-
lume was 1.6 ml. Freezing was done right after intro-
ducing CP solution into PC using a programmable free-
zer “Cryoson” (Germany) into the “Nunc” cryovials
(Germany) according to the programs 1 and 2 with
different rate of passing through a temperature interval
of crystallisation in cryoprotective solution. When
freezing with the program 1 the sample was cooled
from 22+2°C down to —35...-40°C with 1°C/min rate
and immersed then into liquid nitrogen. Program 2
was accomplished from 22+2°C down to crystallisa-
tion temperature with 1°C/min rate, a temperature
initiation was done at crystallisation temperature, then
the sample was cooled with 1-2°C/min rate down to
—35...-40°C and immersed into liquid nitrogen [11].
This program provides the elimination of overcooling
in samples under their freezing. Samples were thawed
at water bath at 37°C with simultaneous estimation
of quantitative integrity of platelets by the method [9].

After centrifuging frozen-thawed samples a degree
of cell damage was determined according to the
activity in supernatant of cytosol enzymes: lactate
dehydro-genase (LDG) [7] and glucose-6-phosphate
dehydro-genase (G6PDG) [8]. The control was PC
with the maximum release of enzymes, obtained by a
three-fold freezing of the CP-free sample by a direct
immersion into liquid nitrogen with following thawing
at 37°C: thermocycling (T); platelet-rich plasm (PRP)
and PC prior to freezing. Morphofunctional integrity
of cryopreserved platelets was estimated after cryo-
protectant removal. The obtained indices were expres-
sed in percentage in respect of the corresponding PC
indices before freezing: the control. The results obtai-
ned were statistically processed with Microsoft Excel.

Results and discussion

An important condition to adequately estimate the
integrity of platelet morphofunctional peculiarities
under cryopreservation is a removal of cryoprotective
solution out of platelet suspension, which is done by
centrifuging, supernatant removal and resuspending
of precipitated cells in CP-free plasm. The result of
such CP removal is an additional damage of blood
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Pe3yAbTatn Ta 0OroBOpeHHs

BaxmBor0 yMOBOIO aJIeKBaTHOI OIIHKH 30epeske-
HocTi MophodyHKITIOHATBHHUX BIACTHBOCTEH TPOMOO-
LUTIB Ha eTamax KpiOKOHCEPBYBaHHS € BHIAJCHHS
Kp103aXMCHOI'0 PO3YMHY i3 CyclmeH3ii KpoB’ SHUX
IJIACTHHOK, SIK€ 3IHCHIOIOTH LEHTPU(PYTyBaHHSIM,
BHUJAJICHHSM CyIEpHATaHTy 1 pecyCleHIyBaHHIM
ocamxeHuX KiIiTHH y mia3mi 6e3 KII. Pesynbrar
takoro BumaigeHdsa KII — momaTkoBe MOIIKOIKESHHS
KpoB’stHUX 1iacTHHOK [13,17]. [leski aBTopu mporio-
HYIOTh 3aMIHUTH UEHTPUPYTyBaHHS PO3BEACHHIM
KJIITHH ay TOJIOTIYHOIO IJIA3MO0 J0 OICPKAHHS HA3b-
kux Kianesux koHmentpamii KI1. Tak, aBropu po6oTu
[19] HE BUSABMIM MOCTOBIPHUX BIAMIHHOCTEH MIiX
MOKa3HUKaMH arperamii po3BeAeHUX TPOMOOLMTIB
(xinuesa konuentpais JIMCO 0,7-1%) i Tumu, 1mo
BiAMUBAIWCS OJHOPA30BO (KiHIIEBA KOHIICHTpAIIis
AMCO 0,05%).

Mu po3poOuiu i BUKOpUCTAIH HOBHI cmocid
MaKCUMAaJIbHOTO BUAAJICHHS KPiOMPOTEKTOPIB i3 Cyc-
MeH31i TPOMOOIIUTIB, SKH HE YMHUTH IOLITKOIKY Y01
aii [12]. 3acTtocyBaHHS 1[HOTO CIIOCOOY AO3BOIUIO
OTpUMATH OUTBII BIpOTigHY iH(OpMAIliI0 CTOCOBHO
BIUTUBY ()aKTOPiB KPiOKOHCEPBYBaHH: Ha MOphodyHK-
[iOHATBEHUN cTaH TpoMOOIuTiB. [IpuCyTHICTE y cyc-
ren3ii KriTuH gocmmkyBanux KII mpu kormeHTpairii
0,1 M (0,76-0,87%) mae iHTiOyrO4Hii BITUB Ha arpe-
raiito TpoMOoIuTiB (Tabmuils). HaiOinbi Bupaxene
MPUTHIYEHHS JaHo1 QyHKIIT criocTepiraeTbes B Npu-
cytHocti JJMAII. ocToBipHUX BiIMiHHOCTEH MiX
cryneneM npurHiuenns AJl®P- i konareH-iHIyKoBaHOT
arperamii mig BrumeoMm JIMCO Ta 1,2-I1]] He BusiB-
neno. [lokazuuku AJ1® i konareH-iHAyKoBaHOi arpe-
rarii TpoMOoIuTiB micis exkcrosuiii 3 JIMCO 0,7 Ta
1,4 M, a TakoX ITiCJII HOTO BUAAJIICHHS JTOCTOBIPHO
HE BIAPI3HIKMCS BiJ IOKa3HUKIB arperaiii KOHT-

platelets [13, 17]. Some authors propose to change
centrifugation for cell dilution with autologous plasm
up to obtaining the low final CP concentration. Thus,
the authors of paper [19] did not reveal any statistically
significant differences between aggregation indices of
diluted platelets (0.7-1% DMSO final concentration)
and those, being once washed (0.05% DMSO final
concentration).

We have developed and used a new way for
maximum removal of cryoprotectant out of platelet
suspension with no damaging effect [12]. This way
application enabled to obtain more statistically signi-
ficant information about the effect of cryopreser-
vation factors on platelet morphofunctional state. The
presence in cell suspension of studied CP in 0.1 M
concentration (0.76-0.87%) has an inhibiting effect
on platelet aggregation (Table). The most manifested
suppression of this function is observed at DMAC
presence. No statistically significant differences bet-
ween the suppression degree of ADP- and collagen-
induced aggregation under DMSO and 1,2-PD effect
were revealed. Indices of ATP and collagen-induced
aggregation of platelets after exposure with 0.7 and
1.4 M DMSQO, as well as after its removal did not
statistically and significantly differ from those of
aggregation in control samples. The tendency to
augmentation and a statistically significant increase
in a degree of aggregative response to the introduction
of inducers after exposure and removal of 0.7 and
1.4 M 1,2-PD was observed. Platelet exposure to 0.7
and 1.4 M DMAC solutions, as well as its removal
resulted in a visible suppression of aggregative
response, induced by agonists.

After cryopreservation the statistically significant
highest level in preserving aggregation to ADP was
provided by applying DMAC and its combination with

Brmus po3unniB KII Ha arperarifiny 31aTHICTh TPOMOOIIHTIB
CP solutions effect on aggregation ability of platelets

Arperanist Ha AAD,% Arperariis Ha KoAareti, %
ADP aggregation,% Collagen aggregation,%
Bupa KIT . TTicast ekcriosurrii Ta BupareHHss KIT . ITicast ekcriosuriii Ta Buparernus KIT
CP Hpnc%'rlni\zm KII After exposure to and removal of CP HPHC%TE\SITL KII After exposure to and removal of CP
Proscncg;f 0.1 M 07 M 14M Presonc(e:;))f 0.1 M 07 M 14M
0.7 M 1.4 M 0.7 M 14 M
AMCO 60,9=+10,6* 89,2+10,6 82,8=9# 65,3+10,6* 89,38+9,7 80,5+10,3*
DMSO
L2TIA 56,313,2* 10514,5% 112+16,3 58,67+9,5* 107,7+=12,8* 11612,8**
12.PD 313, *14, =163# 679, 712, =12,
A 12,9+10,3¢ 8310,3% 74,89 9 11,96215,3* 793+11,2¢ 71,6210
Mpumitkn:  * — BIIMIHHOCTI CTaTUCTUYHO JOCTOBIPHI BiJHOCHO NMOKA3HUKIB KOHTPOIIO A, mpuiiastoro 3a 100%, p<0,05;
** _ BIIMIHHOCTI CTATUCTHYHO JOCTOBIpHI BiIHOCHO MOKA3HUKIB KOHTpOIto b, mpuiiasiroro 3a 100%, p<0,05;
# — TeHIEHIs 10 MiABUINECHHS a00 3HIKEHHsI TOKA3HKUKIB y MOPIiBHSIHHI 3 KoHTpoleM b, p<0,1.
Notes: * — differences are statistically significant in respect of the control indices A, assumed as 100%, p<0.05
** _ differences are statistically significant in respect of the control indices B, assumed as 100%, p<0.05
# —tendency to increase or decrease in indices in comparison with the control B, p<0.1.
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poJIbHEX 3pa3KiB. CriocTepiraiucs TSHACHITIS J0 Tij-
BUIIEHHS Ta MOCTOBIpHE MiABHUINCHHSI CTYICHS
arperamiiiHoil BiJMOBi/i Ha BBEICHHS I1HIYKTOPiB
micis ekcrno3uilii Ta Buganends 1,2-1110,7 ta 1,4 M.
PesynpraroM ekcro3uiuii TpOMOOLUTIB 3 PO3UHHAMHU
JAMAIL 0,7 1 1,4 M, a TakoX HOTro BHOAIEHHS €
MOMITHE TPHUTHIYEHHS arperaiiiiHoi BigmoBimi, ska
IHIyKOBaHa aroHiCTamH.

[Ticnst KpiokOHCEPBYBaHHS TOCTOBIPHO HAMBHUIIIN
piBeHb 30epesxeHocTi arperarii Ha AJ[D 3abe3neunnu
Bukopuctanus JIMAIL] Ta fioro komb6inaris 3 1,2-11/]
(puc.1l). Pesynbratrom 3amopoxkyBanus 3 IMCO Ta
1,2-111 6yB oqHaKoBHH CTYHiHb 30€peXeHOCTi
arperamii Ha AJI®. 3a eekTUBHICTIO 3a0€3MCUCHHS
30epekeHOCTI KoJIareH-iHAyKOBaHOi arperatii Tpom-
OOLUTIB KPIOMPOTEKTOPH Ta ix KOMOiHaLii MOXXHa
po3TanryBaTH y nopsiaky spocranns: 1,2-I1710,7 M <
(MA+AMAL) 0,7M < (IIA+AMAL) 0,35 M <
JIMAIL 0,7 M < JIMCO 0,7 M. JlocToBipHUX BiMiH-
HOCTEH MiX arperamiifHoro 31aTHICTIO TPOMOOLIUTIB,
3aMOpOXKCHHUX 3a JIBOMa MPOrpaMaMu, He BHSBIICHO,
aJie CIIOCTEPIraeThCs TSHJCHIIIS 10 ITiIBUIICHHS 30¢e-
peXeHOCTi BKa3zaHoi (PpyHKIIIT Ipy 3aCTOCYBaHHI Ipo-
rpamu 2.

31aTHICTE TPOMOOIMUTIB 10 KOMITCHCAIIIT TiCIIs
301IBIIICHHS TTOYATKOBOTO 00’ €EMY Y TIIIOTOHITHOMY Ce-
penosui (todto PI'L) motpelye cTpykTypHO-(YHK-
LiOHAIBHOI HUTICHOCTI 1 J0OpE KOpEeIItoe 3 BiTHOBIIEH-
HSM in vivo micnis Tpancdysii. B pesynbrari mposene-
HUX OOCHIIPKEHb MM IPHUHILIN 10 BUCHOBKY, IO
oOpani kpionporekTopu y koHuenrpauii 0,7 M He
BIUIMBAIOTh Ha 3AaTHICTb KPOB’SHUX IJIACTUHOK JI0
BinHOBIIeHHS 00’ emy y PI'III. Ilpw migBuIieHHI KOH-
LeHTpalii KpiompoTeKTOpiB y po3uuHax g0 1,4 M
CIIOCTEPITa€ThCs TCHACHITIS J0 3MEHITICHHS TOKa3HU-
kiB PI'I, oco6muBo mis JIMALL

KpiokoHcepByBaHHS TPU3BOAUTH O 3HAYHOTO
MOPYIICHHS OCMOPEryJIATOPHUX BJIACTHUBOCTEH
KpOB’SIHUX I1acTMHOK. HailiBumiuii piBenn 30epe-
xeHocti PI'IIl orpumaHO npu KpiOKOHCEpBYBaHHI
tpomOonuTiB 3 IMCO Ta npu xom6inamii JIMAII i
1,2-11[1 i3 3arajdpHOK KIHIIEBOIO KOHIIEHTPAIli€I0
0,7 M (puc.2). Ilpu xomb6inanii AMAILL 3 1,2-I1]] y
kiHnesiit konnentpamii 0,35 M Ta 1,2-11]] y kinuesii
koHuUeHTpauii 0,7 M pe3ynbTatu KpiOKOHCEpBYBaHHS
3a JJaHUM T€CTOM BHUSBUJIUCS BipOTiTHO HIDKIUMH. 3a
MMOKa3HUKAMH TIOTIEPEIHIX JOCIIKEHb BCTAHOBJICHO,
o OinbII BUCOKHI piBeHBb 30epexxeHocTi Mopdo-
(YHKIIOHATILHUX BIIACTHBOCTEH TPOMOOIIHTIB CIIOC-
TepiraBcst IPYU BUKOPUCTAaHHI MEHIITNX KOHIIEHTpAITiil
1,2-I1J1 — 0,35 M [6]. Aute B naHiii poOOTI MU IPUBO-
JUMO PE3yJIbTaTH BUKOPUCTAHHS OAHIE] KiHLIEBOI
KOHLeHTpaLii KpionpoTtekropis — 0,7 M. BpaxoByroun
Te, IO cepeJl JOCIiIKYBAaHUX KPiONMPOTEKTOPiB
HaHO1IbIIa TPOHUKHICTH 10 BiIHOIIEHHIO JI0 MEMO-
panu tpombonutiB BrnactuBa 1,2-I1J1, ocrtaHHil
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Puc. 1. ArperamniiiHa 37aTHICTE TPOMOONUTIB MicCIA
KpIOKOHCEPBYBAHHS 3a MPOrpaMoi0 2: CTOBMYUKH —
KoJjareH-arperaris; jgidis — AJld®-arperamis; 1 — IMCO
0,7M; 2 - IMAIL 0,7 M; 3 —1,2-T11 0,7 M; 4 — 1,2-IT11 +
JIMAIL 0,7 M; 5 — 1,2-I111 + AMAIT 0,35 M. Bigminrocti
CTAaTUCTUYHO AOCTOBIPHI BiJIHOCHO TMOKAa3HUKIB MiCJs
KpiokoHcepByBaHHs: * — 3 JIMCO Ta 1,2-I1]1, p<0,05; *—
3 1,2-T111, AMAII Ta npu ix xombinamii, p<0,05.

Fig. 1. Aggregative ability of platelets after cryopreservation
according to the program 2: columns represent collagen-
aggregation; line represents ADP-aggregation; 1 — 0.7 M
DMSO; 2 - 0.7 M DMAC; 3 -0.7M 1,2-PD; 4 - 0.7 M
1,2-PD + DMAC; 5-0.35M 1,2-PD+DMAC. Differences
are statistically significant in respect of indices after
cryopreservation: * — using DMSO and 1,2-PD, p<0.05;
*—using 1,2-PD, DMAC and at their combination, p<0.05.

1,2-PD (Fig. 1). Freezing with DMSO and 1.2-PD re-
sulted in an equal preservation extent of aggregation
to ADP. By the efficiency of providing the preservation
for collagen-induced platelet aggregation the cryopro-
tectants and their combinations can be placed in an
increasing order: 0.7 M 1,2-PD < 0.7 M (PD +
DMAC) < 0.35M (PD + DMAC) <0.7 M DMAC <
0.7 M DMSO. Any statistically significant differences
between aggregative ability of platelets, frozen by two
programs were not revealed, but the tendency to the
augmentation in the mentioned function preservation
when applying program 2 is observed.

Platelet ability to compensation after increasing an
initial volume in hypotonic medium (i.e. HSR) needs
a structural and functional integrity and correlates well
with in vivo recovery after transfusion. As a result of
investigations performed we concluded that the
selected cryoprotectants under 0.7 M concentration
did not affect the platelet ability to volume recovery
in HSR. With an increase in cryoprotectant concen-
tration up to 1.4 M in solutions the tendency to a
decrease in HSR indices, especially for DMAC is
observed.

Cryopreservation results in a significant disorder
in osmoregulative properties of blood platelets. The
highest level of HSR integrity was obtained during
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IIOBUHEH MATH HAalMEHII BUPAXEHUH OCMOTHUYHHUI
BIUTMB Ha KIIITHHU. MO)kHA 3p0OUTH NPUTTYICHHS, IO
01 HU3bKI okasHuku PI'HI npu 3amopoxyBaHH1
31,2-11J1 0,7 M 00yMOBIIeHi HOT0 TOKCHYHICTIO 32 THX
KOHLIEHTpALIil, SIKi JOCATAIOTHCS B MPOIIECi 3aMOpO-
XKyBaHHs. BUCOKI TIOKa3HUKHU BiIHOBJIEHHS TPOMOO-
LUTIB Micis KPiOKOHCEpBYBaHHS 3 KoMOiHauiero 1,2-
[T ta IMALL miaTBepAKyIOTh MPAaBIILHICTD HAILIOTO
NpUMYIEeHHs .. MU BBaXXaeMmo, MO 3aCTOCYBaHHS
xkoMmOinarii KI1 103B0oMMIIO JOCIATTH i ABUAIIIEHHS 30€e-
PEKEHOCTI TPOMOOIIMTIB 32 paXyHOK 3MEHIIICHHST TOK-
CHYHOTO BIUIMBY KOKHOTO 3 HHUX INpPH 3arajibHii
koHIeHTparii 0,7 M y Kpio3aXHCHOMY PO3YHHI.
Buxin karagiTHIHUX O1TKIB B €K30IEIIOISPHE
CepefoBUILE — MOKA3HUK MOPYLICHHS MPOHUKHOCTI
IUTa3MaTUYHAX MEMOpPaH Ta KIIITHHHUX MOLIKOKEHb.
[NopiBuroroun aktuBHicTh JIJII" Ta '6D/IT, BH3HAYCHY
B ma3mi oxpasy micns suninenHs KT i1 mepexn kpio-
KOHCEpBYBaHHAM (pHc. 3), BBaXXaeMO, L0 MPOLECH
Buminenns ta 36epiranHs KT mporsarom 18-24 roa
CYTIPOBOKYIOTHCS TIOMITHUM 301IBIIICHHSIM TTOTIIKO-
mxenocri kiritad. Excroswmist KT 3 JIMCO ta 1,2-11/]
0,7 M mpotsarom 15 XB iCTOTHO HE BIIMBAa€E Ha
AKTUBHICTh BUIII€3a3HAaY€HUX (PEpMEHTIB y miasmi, B

120

100 -

80 -
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KoHTponb IIS 1 I 2 I 3 I 4 I 5
Control B
Puc. 2. Cryninp PT'I micns kpiokoHCEpBYBaHHS 3a
nporpamamu 1 (O), 2 (O): 1 — AMCO 0,7 M; 2 — JIMAIL]
0,7M; 3 - 1,2-1174 0,7 M; 4 — 1,2-I11 + IMAILL 0,7 M; 5 —
1,2-I11 + IMAIL 0,35 M. BigMiHHOCTI CTaTHCTUYHO
JIOCTOBIpHI BIZHOCHO IMOKa3HUKIB MicClisi KPIOKOHCEP-
ByBaHHA: * —3 JIMAII Ta 1,2-I1/] Ta ix komOiHaii, p<0,05;
#—3 IMCO, IMAII Ta npu komb6inarii IMAL 3 1,2-T1]1,
p<0,05.
Fig. 2. HSR degree after cryopreservation according to the
programs 1 (), 2 (O): 1 —0.7 M DMSO; 2 -0.7 M DMAC;
3-0.7M 1,2-PD;4-0.7M 1,2-PD + DMAC; 5-0.35M
1,2-PD+DMAC. Differences are statistically significant in
respect of indices after cryopreservation: * —using DMAC,
1.2-PD and at their combination, p<0.05; * —using DMSO,
DMAC and at DMAC and 1,2-PD combination, p<0.05.
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platelet cryopreservation with DMSO and at DMAC
and 1,2-PD combination in 0.7 M final concentration
(Fig .2). When combining DMAC with 1,2-PD in 0.35
and 0.7 M final concentrations, correspondingly, the
cryopreservation results according to this test occurred
to be statistically and significantly lower. By the
indices of previous research a higher level of integrity
of platelet morphofunctional properties was establi-
shed to be observed in applying lower concentrations
of 1,2-PD: 0.35 M [6]. However in this work we de-
monstrate the results of applying one final concent-
ration of cryoprotectants: 0.7 M. Taking into account
the fact that among the studied cryoprotectants the
highest penetration in respect of platelet membranes
is inherent to 1,2-PD, the latter should have less
manifested osmotic effect on cells. We can speculate
that lower indices of HSR at freezing with 0.7 M 1,2-
PD are stipulated by its toxicity in those concen-
trations, achieved during freezing. High indices of
platelet recovery after cryopreservation with 1,2-PD
and DMAC combination are confirmed by our correct
supposition. We consider the application of CP com-
bination as enabling to achieve the augmentation of
platelet preservation due to a reduction of toxic effect
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Puc. 3. Brumms kpiokoHcepBYBaHHA 3a nporpamamy 1 (),
2 (O) Ha piBeHb HOIIKOIKEHHS TPOMOOIUTIB, BU3HAUCHUI
32 aKTUBHICTIO ITUTO30JIBHUX (PEPMEHTIB y CEpeOBHILI
KpiokoHcepByBaHHs: : | — IMCO 0,7 M; 2 — IMAILL 0,7 M;
3 - 1,2-I1]] 0,7 M; 4 — 1,2-IT1]] + IMAIL]L 0,7 M; 5 —
1,2-IT1 + IMAILTL 0,35 M; * — BiAMIHHOCTiI CTaTUCTUYIHO
JIOCTOBIPHI BITHOCHO ITOKA3HUKIB MiCJII KPIOKOHCEPBYBAHHS
3a nporpamoro 1, p<0,05;** — BIAMIHHOCTI CTATHCTUYHO
JIOCTOBipHI BimHOCHO noka3HUKIB 3TTI, p<0,05.

Fig. 3. Effect of cryopreservation according to the programs
1 (O) and 2 (O) at the level of platelet damage determined
by the activity of cytosol enzymes in cryopreservation
medium: 1 - 0.7 M DMSO; 2 - 0.7 M DMAC; 3-0.7M
1,2-PD; 4-0.7M 1,2-PD + DMAC; 5-0.35 M 1,2-PD +
DMAC; * —differences are statistically significant in respect
of indices after cryopreservation by the program 1, p<0.05;
#— differences are statistically significant in respect of PRP
indices, p<0.05.
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Toii yac sik excriozuntis KT 3 IMAIL npuzBonuts 10
CYTTEBOTO 3MEHILEHHS iX aKTUBHOCTI.

[TinBuIIEHHSI aKTUBHOCTI IUTO30JILHUX (DEPMEHTIB
y Kpi03aXMCHOMY CEpPEIOBHILI € O3HAKOIO TX BUXOMY 3
KJIITHH BHACIIOK KPiOTOMTKO/DKCHHS 1 MOXKE BHKO-
PHUCTOBYBATUCS B KOMIUIEKCHIH OLIHII MOphOdyHK-
LIOHAJIBHOT 30€PEXKEHOCTI KIIITHH MICIIs KPIOKOHCEP-
ByBaHH:. 3aMOPOXYBaHHSA 3 yCiMa JIOCIIIKYBaHUMHU
KpIOTIPOTEKTOpaMH Ta MPH iX KOMOiHAaII{ TPHU3BOAUTD
JI0 BIpOTiIHO OUTBIIOTO 3pOCTaHHS aKTUBHOCTI (ep-
MEHTIB Micisl KPiOKOHCEPBYBaHHS 3a MpOrpamMoro 1,
HiX 3a porpamMoro 2 (puc. 3). 3a A7aHUM TECTOM BCTa-
HOBJICHHO, 110 3amopoxyBaHHS 3 JIMCO 06inbm
edekruBHe, Hixk 3 1,2-11]]. PiBeHb aKTHBHOCTI ITUTO-
30JbHUX (EPMEHTIB MiCHs KPiOKOHCEPBYBAHHS 3
AMAILI Ta npu iforo komOinamii 3 1,2-I1J] y 3arans-
Hiif KiHIIeBi# kKoHIIEHTparii 0,7 M BUSBHBCS HAWHIK-
gyuM. [Ipu mocnimkeHHI BIUIUBY KpiONPOTEKTOPiB
Oesnocepenabo Ha akTuBHICTE JIJIIT Ta 6D Mu
BusBUIH, 1m0 JIMALL i mpuraiuye. BpaxoByrouwu 11e,
BBA)XA€EMO HEKOPEKTHHUM MOPIBHSIHHSA PE3yNbTaTiB
kpiokoncepByBanHs KT 3 JIMALI ta pe3ymnprariB ix
3aMopoxyBaHHs B npucytHocti AMCO Tta 1,2-I1]1,
OCKIJIbKY BOHH HE BIUTUBAIOTh Ha aKTHBHICTH (pepMeH-
TiB. MeToJ] OIIHKYU PiBHS IMOIIKOPKCHHS KIITHH 3a
AKTHBHICTIO Y CyllepHATaHTi LUTO30IbHUX (DEPMEHTIB
BUSIBIISIETHCSI KOPEKTHUM Y TIOPiBHAHHI €()EKTUBHOCTI
porpaM 3aMOPOXKYBaHHS IPH BUKOPUCTAHHI OJJHOTO
KpiOMPOTEKTOpa B PI3HUX KOHIEHTpAIisx abo mpu
MOPIBHSAHHI €()eKTUBHOCTI 3aMOPOKYBaHHS 3 PI3SHIMHU
KII, sixi He BIUTUBAIOTH HA aKTUBHICTH JTOCITIIKYBaHUX
(hepmeHTiB.

XapakTepHull MOKa3HUK (DyHKI[IOHAEHOI aKTHB-
HOCTi TPOMOOLUTIB — 3aTHICTh 0 aKyMYJALii opra-
HIYHHX KaTioHiB. OCOOIHMBO NEPCIIEKTHBHUM JIJIS BUB-
YeHHs Liel 34aTHOCTI BBaXKA€THCS 3aCTOCYBAHHS
(I1yopecleHTHUX MOXiTHUX AKPUIWHY, SKi MOXYTb
HAKOMUYYBATUCS Y TPaHyJsIpPHOMY amapati TpoM0o-
LUTIB 1 BUBOAMTHUCA PAa30M 3 BMICTOM T'paHyl y
OTOUYIOUE CEPEIOBHUIIE ITPH CEKPEITii, ITi T 9ac peakirii
BUBUILHEHHS y pe3yJIbTaTi aKTHBAIii a00 IMOIIKO-
JUKCHHS KpOB’ STHUX ITIACTHHOK [3]. BecTanosmeHo, mo
30aTHICTH 10 Hakonu4yeHHs: AO 10CTaTHO CTablIbHA
1 HE 3MIHIOETHCSI TIPOTATroM 3-x 116 30epirarast KT mpu
temmeparypi 22+£2°C, aje npu OiIbII TPUBAIOMY
30epiranni KT (mo 9 ni6) i 3HMWKeHHI TemmeparypH
cycniensii 1o 0-4°C BoHa 3meHmyerbes [4, 10]. Mu
JOCTIIMIN BILUTUB MPOILECIB BUAICHHS 1 30epiraHHs
KT, exciozunii KT 3 KII Ta 3amopoxxyBaHHS, Bilirpi-
BaHHs, BugaieHHa KII Ha BkazaHy BIacTHBICTbH
KpOB’SIHUX IUIACTHHOK.

B muronoriuanx npemnaparax, ski omepskani 3i 3TI1
(puc. 4), cuiBBigHOMEHAS MOP(HOIOTIYHUX THIIIB
TPOMOOIUTIB Take, sIK y 3M0poBOi mronuHu [3].
[uTonoriuaa KapTHHA MperapaTiB, BUTOTOBICHUX 3
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for each of them at 0.7 M total concentra-tion in
cryoprotective solution.

Release of catalytic proteins into exocellular
medium is the index of disorder in plasmatic
membrane permeability and cell damages. If compa-
ring the activity of LDG and G6PDG, determined in
plasm right after PC isolation and prior to cryo-
preservation (Fig. 3) we consider the process of PC
isolation and preservation within 18-24 hrs to be
accompanied by a visible augmentation of cell damage.
PC exposure with DMSO and 0.7 M 1,2-PD for 15 min
does not significantly affect the activity of mentioned
above enzymes in plasm, meanwhile the PC exposure
with DMAC results in a considerable reduction of their
activity.

Augmentation of cytosol enzyme activity in
cryoprotective medium is the sign of their release out
of cells due to cryodamage and can be used in a
combined assessment of cell morphofunctional
integrity after cryopreservation. Freezing with all
studied cryoprotectants and under their combination
results in statistically and significantly greater increase
in enzyme activity after cryopreservation according
to the program 1, if comparing with program 2 (Fig. 3).
With this test freezing with DMSO was established
to be more efficient than with 1,2-PD. The level of
cytosol enzyme activity after cryopreservation with
DMAC and at its combination with 1.2-PD in 0.7 M
total final concentration occurred to be the lowest.
When investigating the effect of cryoprotectants
directly on LDG and G6PDG activity we revealed
DMAC as suppressing it. Taking this fact into account,
we consider as incorrect to compare the results of PC
cryopreservation with DMAC and those for their
freezing with DMSO and 1,2-PD, since they do not
affect the enzyme activity. The estimation method for
the level of cell damage by the activity in a supernatant
of cytosol enzymes occurs to be correct if to compare
with the efficiency of freezing programs when ap-
plying one cryoprotectant under different concen-
trations or in comparison with freezing efficiency with
different CP, which do not affect the activity of the
studied enzymes.

A typical feature of platelet functional activity is
the ability to accumulate organic cations. Of special
perspective for studying this capability one considers
the application of fluorescent derivatives of acridine,
which can be accumulated in granular apparatus of
platelets and released together with granular content
into surrounding medium during secretion, at a release
response as a result of platelet activation or damage
[3]. The capability to accumulate AO was established
to be quite a stable and unchanging within 3 days of
PC storage at 22+2°C, but it reduced under more
prolonged storage (up to 9 days) and a suspension
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KT, axuii mepen 3aMOopoXyBaHHSM 30epirapcs
18-24 rox npu 22+2°C, xapakrepuszyBanacs OiNbIi
BHCOKHMM BMiCTOM aKTHBOBAaHUX Ta JETPaHyIbOBAHUX
(hopM TpOMOOLMTIB i MEHILIOIO KIIBKICTIO TPaHyn y
HuXx. [1ogiOHI 3MiHK cCHIOCTEpIramucs Micis eKCIO3HUITI
KT 3 po3zunnamu KII Ta BuganeHHst OCTaHHIX.
Mopddomnoridde T0OCi IKSHHS 3pa3KiB MiCIIs 3aMO-
poxxyBaHHA-BifirpiBanns i Bupaienns KII Bussuio
HasiBHICTh 00’ €KTIB, IO HE BKJIFOYAIOTH (PITyopoXpom
AO (akpuinH-HETaTHBHI), ajie 3a POPMOIO HarayroTh
TPOMOOITUTH B CTaHI aKTUBAIIi (3 TCEBIOMOMISIMU,
negopmoBani). Bmict Takux Mopdonoriyaux Gpopm
OyB HaWOINBIIUM MiclsI KPIOKOHCEPBYBAHHS 3
po3uuHamu JIMAII ta 1,2-I1]] 0,7 M (BignoBigHo
5346 Ta 494+8%) (puc. 5). Pesynprar KpiokoHCEp-
ByBaHHA 3 JIMCO — mosBa 6ina 30% axkpunun-
HEraTUBHUX TPOMOOITUTIB, a 3 KoMOiHanismu JJMAIL]
i 1,2-I1/1 y xinneBiit koHnentpauii koxkHoro 0,35 ta
0,175 M (BinnosigHo 36+7 ta 43+4%). Pemry kiitia
CTaHOBWJIY IPaHyJISIpHI aKTMBOBAHI Ta AErpaHyJIbOBaHi
TpoMOoIUTH. Hall0inbIuil BiICOTOK TPaHYISIPHUX
KJITHH CIIOCTEPITaik HiCias KPIOKOHCEPBYBaHHS 3
JAMCO (29%) Ta npu kom6iHamii JJMAILL1 1,2-I11 y
3arajbpHif KiHIEBi# koHumeHTpauii 0,7 ta 0,35 M
(BimmoBimHO 28 1 25%). [luTonoriuyna kapTuHa 3pa3Ky
KT, sxuii OyB 3aMOpOXeHHI 0€3 KpiompoTeKTopa
OpSIMUAM 3aHYPEHHSIM y PIAKHHA a30T, MpeacTaBieHa
Ha puc. 6. binbie ABOX TpeTHH POPMEHHNX EIEMEHTIB
CKJIaJaloTh aKpUANH-HETaTUBHI TPOMOOLIUTH, a per-
Ty — JIeTpaHy/IbOBaHi TPOMOOLUTH Ta IX MiKpO(hOpMHU.
Caix migKpecauTH, Mo A1 eKCIIePUMEHTAIbHUX
nociimxenb BukopuctoByBainu KT, siki 30epiramucs
Iicys BUIUIeHHS poTsiroM 18-24 rox yepes HeoOXia-
HICTb IIPOBEACHHS Y MOBHOMY 00CSI31 JIOCIIKSHb Ha
HasIBHICTH Y KPOBI 30y/IHUKIB TPaHCMICHBHUX iH(EK-
niii. Take 30epiraHHs BIUIMBAJIO HA MOKAa3HHUKH

Puc. 4. [uronoriuna kapruna npenapary KT 3i 3TII: 1 —
HEaKTHBOBAHUH rpaHyisipHuii TpoMOoMT. bapBHUK — AO.
x100.

Fig. 4. Cytological picture of PCs preparation from PRP:
1 —non-activated granulative platelet. AO staining, X100.
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temperature decrease down to 0-4°C [4, 10]. We have
investigated the effect of PCs isolation and storage,
their exposure with CP, freezing, thawing, CP removal
on the mentioned property of platelets.

In cytological preparations, procured from PRP
(Fig. 4) the ratio of morphological types of platelets
is the same as for a healthy patient [3]. Cytological
picture of preparations, derived from PCs, stored for
18-24 hrs at 22+2°C before freezing, is characterised
by higher content of activated and degranulated forms
of platelets and lower amount of granules in it. Similar
changes were noted after PC exposure with CP
solutions and removing the latter.

Morphological study of samples after freeze-
thawing and CP removal has revealed the presence of
objects, not comprising fluorochrome AO (acridine-
negative), but on their shape resembling the platelets
in activated state (with pseudopodia, deformed). The
content of such morphological forms was the highest
after cryopreservation with DMAC and 0.7 M 1,2-PD
(5346 and 49+8%, correspondingly). Cryopreser-
vation with DMSO resulted in appearance of about
30% acridine-negative platelets, but with DMAC and
1,2-PD combination in 0.35 and 0.175 M final
concentration of each it was 36+7 and 43+4%,
correspondingly. The rest of cells were granular
activated and degranulated platelets. The highest
percentage of granular cells was observed after
cryopreservation with DMSO (29%) and when

120

100 1 =
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2 3 4 5
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Puc. 5. KinbkicHa 30epeskeHicTh Ta MOPQOJIOTIHHHUH CKITa
TPOMOOLIUTIB Micisl KPIOKOHCEPBYBaHHS 3a IPOIPaMoro 2:
O — rpanynboBaHi TpomOounTH; O] — AerpanyaboBaHi; Ml —
akpunuH-HeratusHi; 1 — [IMCO 0,7 M; 2 — IMAILL 0,7 M;
3-1,2-T10 0,7 M; 4 — 1,2-T1]] + IMAILL 0,7 M; 5—1,2-TT]T +
JAMAILL 0,35 M.

Fig. 5. Quantitative integrity and morphological composi-
tion of platelets after cryopreservation according to the prog-
ram 2: O — granulated; 00 — degranulated; M — acridine-
negative; 1 — 0.7 M DMSO; 2 - 0.7 M DMAC; 3 -0.7M
1,2-PD; 4 — 0.7 M 1,2-PD + DMAC; 5 - 035 M
1,2-PD+DMAC.
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MOpGhOhYHKIIOHAIBHIX BIACTUBOCTEH KPOB’SHHUX
IJIACTHHOK. SIK CBiZYaTh ofiepKaHi B pOOOTI pe3yiib-
TaTH eKCIEPUMEHTAIBHUX JOCIIIKEHb, KPiIOKOHCEp-
ByBaHHs Takux KT no3Bomnse oTpuMaTi NpUHHATHUAN
piBeHb 1X 30€peKeHOCTI.

BucHosku

Ha nincraBi kommiekcy KpurepiiB oLiHka Mopdo-
(GYHKIIOHAJNBHUX BJIACTUBOCTEH TPOMOOIIMTIB
MIPOBECHO MOPIBHAIBHE AOCIKSHHS KPi03aXHUCHOT
edexruBrocti KIT (JIMCO, IMALI, 1,2-I1/1) Ta npu
iX koMOiHaIlil Ha eTanax KPiOKOHCEPBYBaHHS.

[TokazaHo, 1110 HaWBHUIII TOKa3HUKHU 30epEKESHOCTI
TPOMOOIIUTIB OTPUMAaHI IPH TX KPIOKOHCEPBYBaHHI 3
JIMCO Ta xomb6inamii 1,2-I1/1 i IMALL y xiHuesii
koHueHnrpanii 0,7 M. EkcniepuMeHTanbHi 1aHi CBij-
4aTh NP0 HEPCHEKTUBHICThH BUKOPUCTAHHS KOMOi-
Haii KII, 3okpema IMALL i 1,2-I1]1, mpu po3poOrti
CKJIa/Ty KPi03aXHCHOTO CepeI0BHIIA ISl KPiIOKOHCEeP-
BYBaHHS TPOMOOIIMTIB.

VIoCKOHaJIGHHHS NTPOrpaMy 3aMOPOXKYBaHHS 3a
PaxXyHOK 3HSTTS IIEPEOXOJIOMKEHHS CYyCIIEeH3ii TPOMOO-
LUTIB Y KPIO3aXMCHUX PO3YMHAX TO3BOJISIE M ABUIIUTH
30€pEIKEHICTh KPIOKOHCEPBOBAHUX KPOB’SIHUX IIac-
THHOK 3a OUIBUIICTIO MOKa3HUKIB MOPhHodyHKIIiO-
HaJIbHOI MOBHOIIHHOCTI HE3aJIe)KHO BiJ THUIY BHUKO-
puctanux KII ta ix kom0Oinariii. KoHTponboBaHe 3aMo-
POXyBaHHS CycHeHsii TpoMOOUMTIB y TemIeparyp-
HOMY iHTepBai KpHcTasi3alii 0cOOINBO BasKIMBE IPH
3MEHIIEHHI KOHLIEHTpALil KpionpOTEeKTOPiB.

NiTtepatypa
1. AepaHeHko B.A., KomnaHuey A.M., banesuHa J1.B. u dp.
BbigeneHue koHueHTpaToB TpombouunTos 13 JITC goHopckon
2. KpPOBW U UX KOHCepBupoBaHue // Fematonorns u TpaHc-
dy3avonorusi.— 1991. — Ne3. — C. 29-32.
Asosckasi C.A., CyxaHos 0.C., )Xykosckasi H.J1., KoHonnu-
Ha JI1.A. CpaBHUTENbHOE U3YyYEeHUE KPUOMPOTEKTOPHbIX
CBOWICTB AMMeTunauetTamuaa u auMeTtuncynbsdokecmaa npu
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Puc. 6. luronoriuna kapruHa npenapary KT micns
3aHYpCHHS Yy pigKui a30T 0e3 kpiompoTekrTopa: 1 —
AKTHBOBAHUI TPOMOOLUT; 2 — IerpaHyIbOBAHUN TPOMOO-
1UT; 3 — MikpodopmMa TpOMOOITUTA; 4 — aKPHIUH-HETaTHBHI
tpombonuTH. X100.

Fig. 6. Cytological picture of PC preparation after
immersing into liquid nitrogen without cryoprotectant: 1 —
activated platelet; 2 — degranulated platelet; 3 — platelet
microform; 4 — acridine-negative platelets. x100.

combining DMAC and 1,2-PD in total final concen-
tration of 0.7 and 0.35 M (28 and 25% correspon-
dingly). Cytological picture of PCs sample, frozen
without cryoprotectant by a direct immersion into
liquid nitrogen is shown in Fig. 6. More than two thirds
of formed elements are acridine-negative platelets and
the rest ones are degranulated platelets and their
microforms.

Of note is that for experimental research we used
PCs, stored after isolation within 18-24 hrs due to the
necessity to study blood for transmissive infections.
This storage affected the indices of morphofunctional
properties of blood platelets. As testified by the results
obtained in the research, the cryopreservation of such
PC enables obtaining their integrity appropriate level.

Conclusions

Basing on a complex of criteria for estimating
morphofunctional properties of platelets we have
carried-out a comparative study of cryoprotective
efficiency of CPs (DMSO, DMAC, 1,2-PD) and when
combining them under cryopreservation stages.

The highest indices of platelet preservation were
shown to be obtained at their cryopreservation with
DMSO and 1,2-PD and DMAC combination in 0.7 M
final concentration. Experimental data testify to the
perspectiveness of applying CP combination, espe-
cially DMAC and 1,2-PD when elaborating the
composition of cryoprotective medium for platelet
cryopreservation.

Improvement of freezing program due to the
overcooling elimination of platelet suspension in
cryoprotective media enables to increase the preser-
vation rate of cryopreserved platelets according to the
majority of the indices of morphofunctional integrity,
independently on a type of used CPs and their
combination. Controlled freezing of platelet suspen-
sion in temperature interval of crystallisation is of
special importance when reducing cryoprotectant
concentration.
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