BAunsinne psaAa KPUOMPOTEKTOPOB Ha ME€XaHU3Mbl POCTA BHEKAETOYHbLIX KPUCTAAAOB AbAa
AT KYAEWOBA
MHCTUTYT npobaem Kpnobuorormmu mu kpmomesnumHsl HAH Ykpaurbl, r. Xapbkos

Influence of Several Cryoprotectants on Mechanisms of Extracellular Ice Crystal Growth
L.G. KuLEsHOVA

Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

Kax mokazanu npoBeeHHbIE HAMU paHee KPHOMHUKPO-
CKOITMYECKUE MCCIICIOBAaHUS B 3aBUCHMOCTH OT pPeXHMa
OXJIQXKICHUS U COCTaBa BHEKJICTOYHOM CPE/IBI B CyCIICH3UH,
a TaKke B pe3yibrare (a3oBoro rnepexona B Hed (hopmu-
pyeTcst BHEKJICTOUHBIHN Jies pa3nnyHoi Mmopdonorun. [Ipu
9TOM COXPAHHOCTh 3aMOPOKEHHBIX KIIETOK 3aBUCHT OT (hop-
MBI 1 pa3Mepa BHEKJICTOYHBIX KPHUCTAIIIOB, IIOCKOIBKY CTPYK-
Typa BHEKJICTOYHOT'0 JIba OKa3bIBACT BIIMSIHUE HA XapaKTep
MaccooOMeHa MEXIy KIeTKaMH U OKPYXKAIOIIeH UX CPemoi.
B cBoro ouepenp, hopmMupyromascs Ipu 3aMOpaKNBaHUN
Mopdosoruueckas CTpyKTypa JibJla OTIPEACIISeTCS MEXaHU3-
MOM ee pocTa. OTINYUTEIbHBIM IPU3HAKOM HU3BECTHBIX
MEXaHI3MOB POCTa KPUCTAIJIOB SABIISACTCS pa3InyHas 3aBH-
CHMOCTb JIMHEHHOM CKOPOCTH POCTa IPaHU KpUcTaJlia V OT
nepeoxIaxAeHus cuctemMbl AT,

B pabote smHelHas CKOPOCTH POCTa KPUCTAILIOB JIb/Ia
KaK (QYHKIHS MEepPEeoXIaXICHUS U3ydeHa Ha MOJICJIN BHe-
KJICTOYHOM CpeIibl, KOTOPBIH NpeCcTaBIseT OO0 pacTBOp
TUO(GUIN3NPOBAHHON IJIa3MBI KPOBHU YEJIOBEKa, COAEPIKa-
muit kpuomnpotexropsl I1, JIMCO, II2I m.m. 1500 u [IBIT
M.M. 12000. YeTaHOBIICHO, YTO HE3aBUCHUMO OT BH1a KPHO-
MIPOTEKTOPA, €T0 KOHLIEHTPALUU U BEITUYUHBI IEPEOXIIaXK-
JICHHsI BHEKJIETOYHOT'O PacTBOpa aHAJIUTUYECKas 3aBUCH-
MOCTb JIMHEHHOW CKOPOCTH POCTa KPUCTAJUIOB JIbJA Ipe-
UMYIIECTBEHHO MPEICTaBICHA IBYMsI ClIaraéMbIMH. DTO
YKa3bIBAaeT Ha peasn3aIfio B CHCTEME OJJHOBPEMEHHO JIBYX
MEXaHU3MOB pocTa: HopManbHOro (V~AT) 1 JUCIOKAIIOH-
HOro (V~AT?). YBennueHe KOHIICHTPALHN KPHOIIPOTEKTOPa
B PacTBOpE NPUBOANT K MHTMOMPOBAHMIO KaK HOPMAJILHOM,
TaK U AUCIOKALMOHHOHN COCTaBIIAIOIUX pocTa. [Ipu 3Tom
JUCIIOKAIIOHHAs COCTaBIISAONIas 0ojiee UyBCTBUTEIbHA K
HAJIMYHIO KPHOTIPOTEKTOPOB B PacTBOPE, YeM HOPMAaJIbHAS.
[To crenenn HHrMOMPOBaHKSI HOPMAITBHOM COCTaBJISIFOLICH
pocTa KpUONPOTEKTOPHI pacnonaratrcs B psg 91 > 1100
1500> IMCO >I1BII-12000, a qucI0KaOHHOM COCTABIISIO-
mieii — B psg OI' > JIMCO >TIBII-12000 > IT3I-1500. Owe-
HEHBI BEJIMYMHBI KPUTUYECKHX Nepeoxnaxaennii AT , ipu
KOTOPBIX BKJIAJ] B TUHEHHYIO CKOPOCTH POCTa KPUCTAILIOB
JIbJ]a 000MX MEXaHN3MOB OJIMHAKOB, 1 OIPe/IeIICHbI Te 00J1ac-
THU NEPEOXITAKACHUN, T7ie IpeBalupyeT oauH u3 Hux. [Ipe-
o0yiajaHne TOro WJIM MHOTO MeXaHW3Ma (hpopMHUpOBaHUS
BHEKJIETOYHOH MOP(OJIOTHYECKOH CTPYKTYphI JIbJa OKa-
3BIBAET BIIMSHUE HA COXPAHHOCTH OMOJIOTMYECKUX OOBEKTOB.
ITockonbKy NMpU IHUCIOKALIMOHHOM MEXaHM3MeE JIMHEHas
CKOPOCTb POCTa KPUCTAJLIOB JibJia 00JIblIle, YeM IpH HOP-
MaJIbHOM, OBICTPOE YBEIIMUYECHHUE I'PaJUEHTa OCMOTHIECKOTO
JlaBJICHUs] Ha MeMOpaHe, 00yCIIOBIEHHOE BHIMOPAXKHBA-
HHEM BHEKJIETOYHOH BOJIbI, MOXKET IPUBECTH K THOCITH KIIET-
KU YK€ B TeMIIepaTypHOH 30He ()OPMHUPOBAHUS IEPBUUHON
KPHCTAJUTMUECKOH CTPYKTYpHl. OTCIOzIa CleayeT 1enecooo-
Pa3HOCTh MaKCHMMaJIbHOTO WHTMOWPOBAHUS ATOM COCTaB-
JISTFOIIEH pocTa, YTO, KaK yCTaHOBJIEHO, Hanbosee a3 dexTns-
HO JIOCTHTraeTcs PHU COAEPAKAHUN BO BHEKIIETOUHOH cpefie
or.
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As cryomicroscopic investigations which were carried
out by us showed, depending on a mode of cooling and
structure of extracellular environment in suspension, and
also as a result of phase transition in it extracellular ice of
various morphology was formed. Moreover the survival of
frozen-thawed cells depends on a form and size of extra-
cellular crystals as the structure of extracellular ice influences
the character of mass transfer between cells and environ-
ment. In its turn, the morphological structure of ice which
was formed during freezing was determined by the mecha-
nism of its growth. The distinctive feature of the known
mechanisms of growth of crystals is various dependence
of linear growth rate of a crystal face v from system super-
cooling AT.

In the research a linear growth rate of ice crystals as the
function of supercooling is studied in the model of extra-
cellular environment, which represents the solution of
lyophilized human blood, containing cryoprotectants EG,
DMSO, PEG m.w. 1500 and PVP m.w. 12000. It is established
that irrespective of cryoprotectant type, its concentration
and value of extracellular solution supercooling, analytical
dependence of linear growth rate of ice crystals is mainly
presented by two components. It indicates the realization
in the system of two mechanisms of growth simultaneously:
normal (V~AT) and dislocational (V~AT). The increase in
concentration of cryoprotectant in solution leads to in-
hibition of both normal and dislocational growth compo-
nents. Thus the dislocational component is more sensitive
to existence of cryoprotectant in solution, than normal one.
By degree of inhibition of normal growth component,
cryoprotectants are in a row EG > PEG -1500 > DMSO >
PVP-12000 and dislocational component in a row EG >
DMSO > PVP-12000 > PEG-1500. The values of critical
supercoolings AT at which the contribution to linear
growth rate of ice crystals of both mechanisms is identical
are estimated and the areas of supercoolings where one of
them prevails are found. Prevalence of this or that mechanism
of formation of extracellular morphological ice structure
influences the safety of biological objects. As at the dis-
locational mechanism a linear growth rate of ice crystals is
more than at normal one, the fast increase of osmotic pres-
sure gradient on a membrane caused by freezing-out of extra-
cellular water, can cause the death of a cell even in tempera-
ture zone of primary crystal structure formation. Herewith
the expediency of maximum inhibition of this growth
component, as it was established, is most effectively achie-
ved, when an extracellular environment contains EG.
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