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Jist IposiBIIEHUsT KpUO3ALMTHOTO 3 (eKTa MOJICKYJIbI
KPHOIIPOTEKTOPA TOJKHBI IPOHUKHYTH BHYTPH KJIETKH, 110-
3TOMY KOJIMYECTBEHHOE OINMCAHUE MPOHUIAEMOCTH Kile-
TOYHOM MEMOpaHBI JJIsl 3THX MOJIEKYJT IABHO SIBIISIETCSI KITIO-
YOM JUISI MEXaHHUCTHYECKOTO TOJKOBAaHUS WX (YHKIIHH.
B 3t0i1 paboTe npeioxkeHo onpeeneHne napaMeTpoB Ipo-
HUIIAEMOCTH € UCTIOIB30BaHHEM OCMOTHYECKOTO IoKa. [1pu
9TOM cuuTaercs, 4To: (I) KpeHarus MPOUCXOIUT TITaBHBIM
00pa3oM MTHOBEHHO IIOCJIE MOTPYKEHHUS dPUTPOLUTOB
B KOHIICHTPUPOBAHHBII pacTBOP KPHOIPOTEKTOPA, C OCIe-
IYIOIUM MEAJICHHBIM IIPOHUKHOBEHHEM KPHOIIPOTEKTOPa
yepe3 MeMOpaHy B T€UEHHE ONpPEENIEHHOTo mepuoja f,
a (II) remonu3 NPOUCXOINUT MPH MOCTIEAYIOIMIEM IepeHoce
SPUTPOIMTOB U3 KOHIIEHTPHUPOBAHHOTO PACTBOPA KPUOIIPO-
TEKTOpa B COJIEBOH PAacTBOP, €CIH ¢ OBIII JOCTATOYHO BEJIHK,
JUISL TOTO YTOOBI B KJIETKY IIPOHUKIIO CTOJIBKO KPHOTIPOTEK-
TOPA, 9TOOBI KOHEYHBIH OCMOTHYECKH PABHOBECHBI 00beM
KJIETKU TIPEBBICUI TOPOT MEXaHUUYECKOW IPOUHOCTH MEM-
OpaHbL.

Knaccuueckue noaxos! OMUParoTCs Ha OTAEIbHBINA IKC-
HNEPUMEHT TSI OTIPECIICHUS KKPUTHYECKOTO» IOPOTOBOTO
o0bema, ipu kotopoM 50% 3pUTPOIMTOB MOABEPTarOTCs
reMoJiu3y. Ml BMECTO 3TOTO BBEIIH BEPOSTHOCTHOE pacipe-
JieJICHNE JUI1 CyMMapHOTO 3Ha4€HHsI TeMOIn3a (B MpOLEeH-
Tax) B 3aBUCUMOCTH OT 00beMa KIETKHU C PEeryIHpyEeMbIM
napameTpoM mupuHbl. Kak koadpunment nporumnaemMoctn
KPHOIIPOTEKTOPA, TAK U IIUPUHA pPacCIpeesIeHus Ompee-
JISIFOTCS. HE3aBHCHMO, HCXO/IS TOJIBKO M3 TIPOLIELy Pl otoopa
COOTBETCTBYIOILINX JAHHBIX O BEIPA)KEHHBIX B IPOLIECHTHOM
3HAYEHUU TeMOJIN3a B 3aBUCUMOCTH OT BPEMEHU IIPOHUK-
HOBEHH ¢. MBI OOHAPYXWIIN, YTO HAYaIbHAS KPEHALHS, T10-
BUAUMOMY, JIETIA€T SPUTPOLUTHI O0JIee XPYIIKIUMH, @ KPUTH-
YeCKUi 00bEM JI0CTUTAETCS] MEHBIIMMH 3HAYEHUSIMH OCMO-
THUYECKOTO II0Ka, IO CPABHEHUIO C OIPEIENIIEMbIMU PAHEE.
Hossle fanHbIe, MOJTyYeHHBIE C IOMOIIBIO O0J1ee ocIIe10-
BaTEJIHHOI'0 aHAIIN3a, TAIOT MEHBIIINE BETMYMHBI TPOHHILIAC-
MOCTH II0 CPaBHEHUIO C KJIIACCHYECKUMH OTIPEACTICHUIMU
BILJIOTH 10 MOPsAKa BEIUYMHEL B noknane npencraBieHbl
JAHHBIE YKCIIEPIMEHTOB IO ONPEIEICHUIO IPOHULIAEMOCTH
MeMOpansl g mnepuHa 1 IMCO Ha spuTponurax
KpYITHOTO POraToro CKOTa U JOMIafeH pH pa3IuYHbIX TEM-
neparypax ot 0 no 37°C. IlpuBoasaTcss MEXaHUCTUYECKHE BbI-
BOJIbI ITyTE€M CPAaBHEHUsI COOCTBEHHBIX PE3YJIBTATOB C HOBOH
JIETAIbHOM KPUTHYECKOM OLICHKOM CBOMCTB ITPOHULIAEMOCTH,
IPUCYIIUX OMCIOMHBIM MeMOpaHaMm.
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Insofar as cryoprotectant molecules must enter eryth-
rocytes to be effective, quantitative understanding of the
permeability of the cell membrane to these molecules has
long been key to the mechanistic understanding of their
function. This talk describes a novel revisitation of perme-
ability determinations by osmotic shock, in which: (i) cre-
nation occurs essentially instantaneously upon immersion
of erythrocytes in a concentrated cryoprotector solution,
followed by slow membrane penetration of the cryoprotec-
tant over a specific period ¢, and (ii) hemolysis occurs upon
subsequent removal of the erythrocytes from the concen-
trated cryoprotectant solution and immersion in saline if ¢
was long enough for so much cryoprotectants to have en-
tered that the final osmotically equilibrated cell volume ex-
ceeds the mechanical threshold of the membrane.

Classical approaches rely on a separate experiment to
determine the ‘critical’ threshold volume at which 50 per-
cent of erythrocytes undergo hemolysis. We instead intro-
duce a probability distribution for cumulative percentage
hemolysis as a function of cell volume with an adjustable
width parameter. Both the cryoprotectant permeability co-
efficient and the width of the distribution are determined in
a self-contained manner from best fits to osmotic shock
data alone expressed in terms of percentage hemolysis as
a function of permeation time ¢. We find that the initial cre-
nation apparently renders erythrocytes more fragile and
makes the critical volume applicable to the actual osmotic
shock experiment smaller than usually determined sepa-
rately. The new, more self-consistent data analysis yields
permeablities smaller than classical determinations by up
to an order of magnitude. We demonstrate our procedure
with reference to glycerol and DMSO membrane permeabil-
ity for bovine and equine erythrocytes at various tempera-
tures between 0 and 37°C. Mechanistic conclusions are sug-
gested by comparing our results with a detailed new critical
assessment of the intrinsic permeability properties of bi-
layer membranes.
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