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KonieHTparsl TpOMOOIIUTOB, 3aMOPOKEHHBIE U
COXpaHsieMbIe M0 CYIIECTBYIOIUM METOAaM IpH
Huskoi (—80°C) u ynprpanuskoit (—196°C) temmnepa-
Typax, He HaXOJSIT HIMPOKOTO IPUMEHEHHS B JIeueOHO
MIPAKTHKE U3-3a HEIOCTATOUHOM X MOp(OodyHKIIHO-
HAJILHOM COXPaHHOCTH U HU3KOH JieueOHOM 3 eKTHB-
HocTH. OHOHN U3 OCHOBHBIX 3a/1a4 PH KPHOKOHCEPBHU-
POBaHHH TPOMOOIIMTOB SIBIISIETCS] BEIOOP KPHOIPOTEK-
TOpa 1 CO37aHuE Ha €ro OCHOBE 3()(HEKTUBHOTO KPHO-
3alIUTHOTO PacTBOpa.

Henrs paboThl — MccnenoBaHUE KPHO3AIIUTHOM
3¢ (HEeKTUBHOCTU cpell, colepiKalluX KOMOMHAIINH
KpUOIPOTEKTOPOB, MPH 3aMOpaXHUBAaHUU TPOMOO-
IIUTOB.

Matepnanbl 1 metoAbI

Konnentpar TpomboruToB (KT) momyuanu us
OTJIENIbHBIX JI03 JIOHOPCKOM KPOBU, 3arOTOBJIEHHON Ha
KOHcepBaHTe «[ JTIOrHLUp» U3 IEHKOTPOMOOLIUTAPHOTO
ciost (JITC) c nmpumeneHueM peppuxepaToOpHON
uentpudyru [1]. [lepen 3amopaxusanuem KT xpa-
Hw nipu 22+2°C B Tedenue 20—-24 4 npu MOCTOSHHOM
MepeMeIIMBaHUN Ha aBTOMAaTHYECKOH MeIlajke co
CKOPOCTBIO 2 00/MUH.

IIpu 3amopaxuBanuu KT ncrons3oBanu orpax-
JAIOIINE CPEelbl, COAepKalliue PacTBOPHI KPHUOIMPO-
TEKTOPOB, MPUHA JICKAIINX K Pa3HbIM KJlaccaM XHUMHU-
YEeCKMX COCNMHEHHM — CUpTOB U amuaoB. Mccie-
JIOBAJTU CIIEIYIOIINE KOMOMHAIH KPHOIIPOTEKTOPOB,
MIPUTOTOBJICHHBIE HAa Ay TOJIOTMYHOM 1y1a3me: 1) aume-
tuicynbdokeus (IMCO) koHeyHass KOHIICHTpAaIUs
0,7 M; 2) 1,2-nponanuon (1,2-11/1) 0,35 M u okcudTH-
JIUPOBAHHBIN IJIUIIEPHUH CO CTETICHBIO MTOTMMEPH3AIUN
n=5 (03I (n=5)) 0,09 M; 3) 1,2-11/1 0,35 M u nmniepux
0,35 M; 4) mumermnaneramuyn (IMAILL) 0,35 M u
Oar' (n=5) 0,09 M; 5) AIMAIL] 0,35 M u rnunepux
0,35 M; 6) AMALL 0,35 M u 1,2-11/] 0,35 M. Orpax-
JAIOIIUe PacTBOPBI coenuHsin ¢ obopasuamu KT B
cootHomenw# 1:1 B Teuenue 3 muH. Bpems skcrosn-
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Platelet concentrates, frozen and preserved accor-
ding to the current methods under low (—80°C) and
ultralow (—196°C) temperatures, have not been widely
applied in therapeutic practice due to their insufficient
morphofunctional integrity and low therapeutic effi-
ciency. One of the principal tasks in platelet cryopre-
servation is to select a cryoprotectant and design an
efficient cryoprotective solution on its base.

The research was targeted to study a cryoprotective
efficiency of media, containing cryoprotectant combi-
nation under blood platelet freezing.

Materials and methods

Platelet concentrate (PC) was procured from
separate doses of donor’s blood, prepared with
“Glygicir” preservative from a leuko-thrombocyte layer
(LTL) with applying cold centrifuge [1]. Prior to
freezing the BPC was stored at 22+2°C within 2024
hrs under constant mixing using automatic mixer with
2 rot/min rate.

The restricting media, containing cryoprotective
solutions, belonging to different classes of chemical
compounds: alcohols and amides, were used under
BPC freezing. There were studied the following cryo-
protective combinations, prepared with autologous
plasm: 1) dimethyl sulfoxide (DMSO) of 0.7 M final
concentration; 2) 1,2-propane diol (1,2-PD) 0.35 M
and oxyethylated glycerol with polymerisation degree
n=5 (OEG (n=5)) 0.09 M; 3) 1,2-PD 0.35 M and glycerol
0.35 M; 4) dimethyl acetamide (DMAC) 0.35 M and
OEG (n=5) 0.09 M; 5) DMAC 0.35 M and glycerol
0.35M; 6) DMAC 0.35 M and 1,2-PD 0.35 M. Restric-
ting solutions were combined with PC in 1:1 ratio for
3 min. Exposure time was 30 min. Restricting media
N2, 3,4 and 5 were investigated under gradual adding
cryoprotectants before freezing. Thus, we combined
BPC samples with solutions of either slowly penetrating
0.35 M glycerol or 0.09 M non-penetrating OEG (n=5),
thereat the exposure time was 20 min, then either 0.35
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mu cocTtaBisuio 30 muH. Orpaxknatomue cpeant No2,
3,4 u 5 uccnenoBay IpH MOCIEA0BATEIIEHOM T00aB-
JIEHUH KPUONPOTEKTOPOB IMEPEA 3aMOPAKUBAHUEM.
Taxk, oopasusl KT coeannsinu ¢ pacTBopaMu MezsieH-
HO npoHuKarouiero rmuuepusa 0,35 M nian HenpoHu-
karorero OEI (n=5) 0,09 M, npu 3TOM BpeMsi SKCITO-
3UIUH cocTaBsuio 20 MuH, 3aTeM qobaBisu 1,2-11/]
0,35 M unu IMAIL 0,35 M u 1OTIOTHUTENBHO BBIIEP-
JKUBAJIK CyCIIeH3u10 KiieTok 10 Muu. OOpasiisl 3aMopa-
YKUBAJTU C TIOMOIIBIO TIPOTPAMMHOT0 3aMOPAKUBATEIIS
«Cryoson» (I'epmanusi) co ckopocthio 1°C/MHH 10
—40°C ¢ mocne AyIoNTUM TIOTPYKEHUEM B )KHIKUN a30T
B IUTACTHKOBBIX MAKETaX MPSIMOYTOIBLHON (POPMEI pas-
mepom 30x100 MM Ha ocHOBE (hropormacta. O0BeM
o0pasua cocTaBmi 6 MJ1, TOJIINHA 3aMOPAKHUBAEMOTO
ciosg — 2-3 mm. Takas reoMeTpusi MO3BOJSET MPaK-
TUYECKHU MOTHOCTBHIO UCKITIOUNTD EPEOXIAKACHNUE B
3aMOpaXKMBaeMbIX 00paslax 3a CUeT OPUTHHAIBHBIX
METAJUINYECKUX CETOYHBIX XOJIAEPOB M MAKETOB C
0MO0OBEKTOM U CIIEHUATFHOTO MX PACIIOJIOKEHHS B
OXJIaXKJAeMOM TTIOTOKE OTHOCHUTENbHO HaIpaBiIECHUS
ero nerkeHust. O0pasiibl OTOrPEeBaIM Ha BOASHOM OaHe
ipu 37°C ¢ MOCTOSHHBIM TOKaYMBAHUEM, TTOCJIE YETO
KOJIMYECTBEHHO OIIEHMBAJIU COXPAHHOCTH TPOMOO-
LINTOB METOJIOM CBETOBOM MUKpockomuH [2]. OueHky
(GOYHKITMOHATBLHON TOJHOIEHHOCTH TPOMOOITUTOB
[IPOBOMIIN TOCIIE YAAIEHUS KPUOIPOTEKTOPA METO-
nom, paszpabotannsiM B HUIIKuK HAHY [4].
PerucTtpanuio peaknuu Ha TMIOTOHMYECKHM HIOK
(PT'II) m arperanuu TPOMOOIIUTOB OCYIIECTBIISLITN
(hoToMeTpHUYECKUM METOIOM [S5] C IOMOIIBIO aHAIIH-
3aropa “Colysagraph” (CILIA) ¢ rpaduueckoii peruc-
Tpanuei "3MEHEHUH ONTHYECKON MIOTHOCTH CYCIICH-
3un Ha camonwucue “Endim” 622.01 (I'epmanus). B
Ka4eCTBE MHAYKTOpA arperaryy NCII0Ib30BaIN PacT-
BOp KoJIJIareHa B KOHEYHOH KoHIleHTpauuu 20 Mr/mit
(mpomzBoactro “Texnomorus-CTAHZIAPT”, Poccust).
PeTrpakTiiibHy10 aKTHBHOCTH TPOMOOIMTOB ONIPEAEIs-
a1 o mertoxay, onucanaomy B [3]. Ilomydenusie
[TOKa3aTeNN KOJIMYECTBA KPOBSHBIX TNIACTHHOK, arpe-
rauuy, PI'TI v peTpakTHiIbHONM aKTUBHOCTH BBIpaskKaJlnd
B MPOIEHTAX 10 OTHOIICHUIO K COOTBETCTBYIOIIUM
[TOKAa3aTeNsIM JIJISl CBEXKEBBIJCIIEHHBIX TPOMOOIUTOB.
Craructuieckyro o0paboOTKy MONyYEHHBIX NTaHHBIX
npoBoauau no mMerony CThIOZEHTa C MOMOIIBIO
nporpammbl Microsoft Excel.

Pe3yAbTatbl M 00Cy)xaeHue

ITpu ananM3€e KOHIEHTPAK TPOMOOLITOB B 00pa3-
I1ax [0CJIe 3aMOPAKHMBAHU-OTTaNBaHUs HAOIOAI0Ch
CHIDKEHHE KOJIMYECTBA KJIETOK oT 6 1o 38%. Han-
OobIIIee KOJIMYECTBO KPOBSIHBIX IUTACTUHOK COXPaHsI-
JOCh MOCJIE 3aMOPAXUBAHHS C MCIIOJIb30BaHUEM
KPHO3ALIMTHBIX CPeXl B CICIYIOIMX KOMOHMHAIMIX
kpuomnporektopos: JMAIl u O3I" (n=5) npu noc-
Je0BAaTeIbHOM BBEICHUU KPHUOIPOTEKTOPOB
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M 1,2-PD or 0.35 M DMAC were added with additional
10 min cell suspension exposure. Samples were frozen
with programmed freezer “Cryoson” (Germany) with
1°C/min rate down to —40°C with following immersion
into liquid nitrogen in 30x100 mm rectangular plastic
bags on fluoroplast base. Sample volume and thickness
of frozen layer were 6 ml and 2-3 mm, correspon-
dingly. Such geometry enables quite a complete over-
cooling exclusion in frozen samples due to original
metal mesh holders for bags with bioobject and their
special placing in a cooling stream in respect of its
movement orientation. Samples were thawed on water
bath at 37°C with a constant shaking, then the platelet
integrity was quantitatively estimated using the light
microscopy method [2]. Platelet functional integrity
was estimated after cryoprotectant removal using the
method, designed at the Institute for Problems of
Cryobiology and Cryomedicine of the National
Academy of Sciences of Ukraine [4]. Hypotonic stress
response (HSR) and platelet aggregation were
photometrically registered [5] using the “Colysagraph”
analyser (USA) with graphic recording the changes in
suspension optical density with “Endim” 622.01 plotter
(Germany). Collagen solution in 20 mg/ml final
concentration (produced by “Tekhnologiya-STAN-
DART”, Russia) was used as aggregation inducer.
Platelet retractile activity was determined by the me-
thod, described in the paper [3]. The obtained indices
of blood platelet number, aggregation, HRS and retrac-
tile activity were expressed in percentage in respect
of corresponding indices for freshly isolated platelets.
The data obtained were statistically processed using
the Student method with Microsoft Excel software.

Results and discussion

When analysing blood platelet concentration in
samples after freeze-thawing a decrease in cell number
from 6 to 38% was observed. The highest number of
blood platelets was preserved after freezing with using
cryoprotective media in the following combinations of
cryoprotectants: DMAC and OEG (n=5) under gradual
introduction of cryoprotectants (94.5+3.5%); DMAC
and OEG (n=5) under combined introduction
(84.9+5.0%); DMAC and glycerol under subsequent
introduction (85.4+3.6%); DMAC and glycerol under
combined introduction (81.1+12.0%); as well as DMAC
and 1,2-PD under combined introduction (86.0£6.0%).
Of note is that no distinct dependency of platelet
integrity on cryoprotectant introduction way was
revealed.

The same tendency is observed when comparing
the integrity indices of platelet specific functions:
retraction, aggregation and HRS. The platelet ability
for clot retraction was preserved after PC freezing
with cryoprotective media, containing DMAC and
OEG (n=5), DMAC and glycerol, both under combined
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(94,5£3,5%); AMAIL u O3I" (n=5) mpu COBMECTHOM
BBeneHnn (84,9+5,0%); AMALl u ruuepun npu
rociezoBaTeIbHOM BBeneHun (85,443,6%); JIMAIL]L
Y DIMIEPUH Py cOBMeCTHOM BBeneHnu (81,1+12,0%),
ataxke JIMAILL u 1,2-11]] mpu coBMECTHOM BBEICHUH
(86,0£6,0%). Cnenyer OTMETHUTB, UTO YETKOW 3aBHCH-
MOCTH COXPaHHOCTH TPOMOOIIMTOB OT crioco0a BBeIe-
HUS KPUOMIPOTEKTOPOB HE BBISBICHO.

ITono6Has TenmeHius HabOIIODAETCS MMPH CPaB-
HEHUHU IMOKa3aTeNed COXPAHHOCTH Crenu(pUUIeCKUX
(yHKIMHA TPOMOOIMTOB: PETPaKIUH, arperanul  u
PI'll. Cmoco®6HOCTh TPOMOOLIMTOB K pEeTPaKIuU
CTyCTKa coxpaHsjiach nocine 3amopaxuBanus KT c
KPHO3AIUATHEIMU cpenamu, cofepsxamumu JJMATLL u
OO0r (n=5), AMAII v mmtepuH, Kak mpyu COBMECTHOM,
TaK Y IIPY MOCJIEI0BATENEHOM JI00ABICHUHU PACTBOPOB
KPHOITPOTEKTOPOB B CYCIIEH3MIO TpoMOo1uTOB. [locie
kpuokoHcepBupoBanus KT ¢ npyrumu uccienoBaH-
HBIMU PacTBOpPaMU PETPaKTUIbHAs aKTUBHOCTH
TPOMOOIIMTOR B JaHHOW CEPUU IKCTIEPUMEHTOB OTCYT-
cTBoBasia. Hanbomnpmas coxpanHocts crenern PITI
YCTaHOBJIEHA IOCJIE 3aMOPAXUBAHUS TPOMOOIIMTOB
oA 3aumurod komOuHanuit JIMAILL u rnuunepuHa
(60,2%), AMAILL u O3T" (n=5) (51,0%) mpu mocie-
JIOBATEIIFHOM BBEJICHHUH KPUOIIPOTEKTOPOB, a TAKKE
JAMAIL u 1,2-I1]1 (60,0%). [Tomy4deHnbIe JaHHBIE JOC-
TOBepHO BhILIe Mokaszareneit PI'LL ans TpoMOOIUTOB,
KPHUOKOHCEPBUPOBAHHBIX CO cpentoif Ha ocHoBe 0,7 M
JAMCO (40,7%). [Toxazatenu PI'TLI mociie 3amMopaxu-

and subsequent addition of cryoprotective solutions into
platelet suspension. After PC cryopreservation with
other studied solutions there was no retractile activity
of blood platelets in this experimental series. The
highest integrity of RHS degree was established after
platelet freezing under protection of combinations:
DMAC and glycerol (60.2%), DMAC and OEG (n=5)
(51.0%) under subsequent introduction of cryo-
protectants, as well as DMAC and 1,2-P (60.0%)
(Figure). The data obtained are statistically and signi-
ficantly higher than RHS indices for platelets, cryo-
preserved with the medium, based on 0.7 M DMSO
(40.7%). The HRS indices after freezing with other
restricting media, studied in this research, were lower
and did not statistically and significantly differ from
the corresponding indices for platelets, cryopreserved
with DMSO. There was observed a resistant tendency
to an increase in HRS degree preservation under
subsequent introduction at first of either slowly pene-
trating glycerol or non-penetrating OEG (n=5), then
penetrating cryoprotectants: DMAC or 1,2-PD in
platelet suspension before freezing.

The highest indices of aggregation preservation
were established for platelets, frozen only with DMSO
(67.4%) (Figure), as well as with cryoprotective
medium, containing DMAC and glycerol under sub-
sequent introduction of cryoprotectants (60.2 %). High
indices of aggregation were preserved when using
DMAC and OEG (n=5) combination both under
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Arperanus u PI'IL TpoMOOIMTOB IOCIIE 3aMOpaXHBaHUS B KPHO3AMIUTHBIX CPEAAX, COMSPKAIIUX Pa3TNIHbIC KOMOMHAIIIN

kpuorporektopo: C— arperarus;
KPHOIIPOTEKTOPOB.

@ PI'llI; #— 0603Ha4YCHBI CPE/IBI, HCCITEIOBAHHBIC IPH IOCIEI0BATEILHOM BBEICHHH

Platelet aggregation and RHS after freezing in cryoprotective media, containing different combinations of cryoprotectants;
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BaHUA C JIPYTUMH HCCIIETyeMBIMU B JTaHHOW padoTe
OTpaKJAIOIIMMHU CpeaMH OBLITH HUKE U TOCTOBEPHO
HE OTIMYAJIUCh OT COOTBETCTBYIOIIUX MOKa3aTeiaei
IU1S1 TPOMOOIIMTOB, KpHOKOHCepBUpoBaHHBIX ¢ JIMCO.
Habnromaercs croiikas TEHICHIHS K yBEIUYCHUIO
coxpanHocT# crenenu PT'LL npu nocnenoBaTenbsHOM
BBEICHUH BHAUaJIe MEJICHHO MPOHUKAIOILIETO IIIULe-
puHa wim Herponukatouiero OOI (n=5), a 3atem mpo-
HUKaMuX KpuonpotrektopoB — AIMAILL nmm 1,2-11]]
B CYCIIEH3HIO TPOMOOIIMTOB J0 3aMOpPaXHUBaHUS.

Haunbonee BricOKME MOKa3zaTeId COXPAaHHOCTH
arperanyy yCTaHOBJICHBI ISl TPOMOOIIUTOB, 3aMOPO-
KeHHBIX TOIBKO ¢ JIMCO (67,4%) (puCyHOK), a TaKxKe
C KpHO3aIIUTHOU cpenol, comepxkameit JJMAILL] u
DIULIEPUH [IPU MOCIIEA0BATEIbHOM BBEICHIUH KPUOTIPO-
TekTopoB (60,2%). Bricokue moka3aTenu arperamuu
COXPaHSUTICH ITPY MCTIOIb30BaHMK KoMOuHarmii JIMALL
u OOI (n=5) xak npu coBmectHOM (59,9%), Tak u
IIPU TIOCJIEIOBATENHHOM J00aBICHUH KPUOIPOTEK-
TopoB (57,8%), a taxxke JIMAILL u 1,2-I1]] (50,6%).
JoCTOBEpHBIX OTIMYKNA MEXKIY TTOKA3aTEISIMHU CTEME-
HU arperayy TPOMOOIIMTOB, 3aMOPOKEHHBIX C ITPHUMe-
HEHHUEM BBIIIETIEPEUHUCIICHHBIX CPe U CIIOCO00B MX
BBEIICHUS, HE BBIABICHO. CIIOCOOHOCTH KPOBSIHBIX
IDIACTUHOK K arperaiiy Ipy BBEACHUN HHITYKTOpa KOJI-
JlareHa MocJiieé KpUOKOHCEPBUPOBAHMS TIO/ 3aIIUTON
cpen, conepxkauux 1,2-I1/] u mmunepun unu 1,2-111 u
OQrI' (n=5), orcyTcTBOBaNA.

BbiBOADI

[Ipu 3amopaxkuBaHuK TPOMOOIIMTOB YCTAHOBJICHO
BBIPAYKEHHOE KPUO3AIIUTHOE IeMCTBUE MHOTOKOM-
MOHEHTHBIX cpel, cogepxkamux: JMAILL 0,35 M u
03I (n=5) 0,09 M npu COBMECTHOM BBEICHUH
KpHOTIPOTEKTOPOB. KondaecTBO TPOMOOITUTOR ITOCTIE
pasMopaxuBaHus — 84,9, mokaszarenau peTpaKiuu —
79,0, arperaruu — 59,9, PI'TH — 44,1%; JIIMAIL 0,35 M
u O3I' (n=5) 0,09 M npu mocinea0BaTeIbLHOM BBE-
JCHUU KPHUOMPOTEKTOPOB. KoanuecTBO KPOBSHBIX
miacTuHoK — 94,5, mokazarenu petrpakuuu — 60,0,
arperanuu — 57,9 u PI'IL - 51,0%; IMAIL 0,35 M u
runepuH 0,35M npu coBMeCTHOM NO0OaBICHUU
PacTBOpPOB KpHOMPOTEeKTOpoB. KomuvecTBo TpoMOO-
LIUTOB MOCJIe pa3MopakuBanus 81,1, mokasarenu pet-
pakuuu 58,0, arperauuu — 50,4, PT'HT - 42,8%; IMAL]
0,35 M u mmunepun 0,35 M npu mocieaoBaTreIsHOM
BBEACHUU KPHOMPOTEKTOPOB. KommaecTBo Tpombo-
uutoB — 85,4, mokazarenu perpakiuu — 83,0, arpe-
raiuu — 60,2, PI'TH — 54,8%; IMAIL 0,35 M u 1,2-I1]]
0,35 M ipu COBMECTHOM JI00aBICHIH KPHO3AMTUTHBIX
pactBopoB. KonmdecTBeHHass COXpaHHOCTH TPOMOO-
uutoB 86,0, peTpakius He HaOIrOJanach, CTENEHb
arperamu — 50,5, PTHI — 60,0%. Llenecoobpaszno
JabHEHIIIee UCCieI0BaHUEe KPHO3ATUTHRIX CPET Ha
OCHOBE KOMOHMHAIIMI KPHOIIPOTEKTOPOB, OTHOCSIINXCS
K Pa3HBIM KJIacCaM XMMHUYECKUX COEAMHEHUN.
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combined (59.9%) and subsequent addition of cryopro-
tectants (57.8%), as well as DMAC and 1,2-PD
(50.6%). No statistically significant differences betwe-
en aggregation extent indices of platelets, frozen with
using the mentioned above media and ways of their
introductions, were revealed. The ability of blood plate-
lets for aggregation during collagen inducer introduction
after cryopreservation under protection of media,
containing 1,2-PD and glycerol or 1,2-PD and OEG
(n=5) was absent.

Conclusions

Under platelet freezing there was established a
manifested cryoprotective effect of polycomponent
media, containing: 0.35 M DMAC and 0.09 M OEG
(n=5) under combined cryoprotectant introduction.
Platelet number after freeze-thawing was 84.9, retrac-
tion index was 79.0, 59.9 for aggregation and 44.1%
for RHS; 0.35 M DMAC and 0.09 M OEG (n=5) under
subsequent cryoprotectant introduction. Platelet num-
ber was 94.5, retraction indices were 60.0, 57.9 for
aggregation and 51.0% for RHS; 0.35 M DMAC and
0.35 M glycerol under combined introduction of
cryoprotective solutions. Platelet number after freeze-
thawing was 81.1, retraction index was 58.0, 50.4 for
aggregation and 42.8% for HRS; 0.35 M DMAC and
0.35 M glycerol under subsequent cryoprotectant intro-
duction. Platelet number was 85.4, retraction indices
were 83.0, 60.2 for aggregation and 54.8% for RHS;
0.35 M DMAC and 0.35 M 1,2-PG under combined
addition of cryoprotective solutions. Quantitative
preservation of platelet was 86.0, no retraction obser-
ved, 50.5 for aggregation extent and 60.0 % for RHS.

Further study of cryoprotective media based on
combination of cryoprotectants, referred to different
classes of chemical compounds, is expedient.
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