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Diffusion of Poly-Atom Alcohols and Their Methoxyderivatives
via Rat and Rabbit Erythrocyte Membranes

OmnpeneneHbl K0O3QOUIHEHTHI TPOHULIIAEMOCTH MEMOpaH HATHBHBIX 3PUTPOLIMTOB KPBICHI M KPOJIMKA JUIs MOJICKYJI TIMLEPHHA,
sTuneHruKois (O7), HX METOKCHIIPOU3BOIHBIX IpH Temieparypax 25 u 37°C, a Takke IpUTPOLUTOB, HHKYOHPOBAHHBIX C PTYTHBIM
cynppruapubHeiM peareHToM (PCMBS) — 6mokatopom 6Genka monocs! 3 mpu 25°C. Paccunrana sHeprusi akTHBAIlUK Ipolecca
MepeHoCca MOJICKYJ KPHOTIPOTEKTOPOB depe3 MeMOpaHsl spuTpounToB npu 25 u 37°C u nocne naky6anuu ¢ pCMBS. IlokazaHo, uTo
CKOpOCTh (B dy31UN BELIECTB B 9PUTPOLUTHI KPBICHI BBIIIE, YEM B OPUTPOLUTHI Kponuka. Hanpumep, ko3 GULHEHT TPOHULIAEMOCTH
O B apurpouunTtsl Kpbickl npu 37°C pasen 13,95x107¢ m/c, B apurpoutst kponuka — 5,21x107¢ m/c. CxopocTs TpaHCMeMOPaHHOM
b dys3un MmetokcunpousBoaHbix O n mnnepuHa B 50-80 pas3 Beiie 1o cpaBHeHMo ¢ O u ruieprHoM. TIpeioxeH 1 AeTaIbHO
00Cy’K/ICH MEXaHH3M TPAHCIIOPTa H3YUYCHHBIX BEIIECTB Yepe3 MEMOPaHbI 3PHUTPOLIUTOB KPBICH! U KPOJIHKA.

Knroueswvie c106a: KpHOIPOTEKTOPHI, METOKCUIIPOU3BOIHBIC CITUPTOB, TPOHUI[AEMOCTh MEMOPaH, OCIIKOBBIC KaHAJIbI, 3PUTPOLIUTHI
JKUBOTHBIX.

BuzHaueHo koe(ilieHTH TPOHUKHOCTI MEMOpaH HAaTUBHUX €PUTPOLIUTIB IIypa Ta KPOJIUKA JJIsl MOJIEKYJI TIIILepPHHY, €THICHIIIKOIIO
(ET), ix MmeTokcHIOXiiHUX 1TpHu Temieparypax 25 i 37°C, a Tako)K epUTPOLIUTIB, iIHKYOOBaHHX 13 PTYTHHUM CyIbQTiAPHIEHIM PEarecHToM
(pCMBS) — 6nokaropom 6Ginka cmyru 3 mpu 25°C. Po3paxoBaHo eHEprio akTHBALil IPOLeCcy epeHOCy MOJIEKYJ KPiOPOTEKTOPiB
gyepe3 MeMOpanu eputpouuTiB pu 25 1 37°C i micns inkyOauii 3 pCMBS. TToka3zano, 1o mBHAKICTs qudy3il pEYOBHH B €PUTPOLIUTH
IIypa BHUII[a, HDK B ePUTPOLIUTH Kposnka. Hanpukias, koediuieHt nporuksocti EI' B epurporwTy trypa rpu 37°C nopisarioe 13,95x10-6m/c,
B epuUTPOLIMTH Kposnka — 5,2 1x10°m/c. llIBuakicts TpaHcMeMOpanHoi audy3ii MmeTokcunoxiauux ET i mitepuny y 50-80 pasis Buiua
B opiBHsHHI 3 ET i ntineprHOM. 3anponoHOBaHO i IeTaIbHO 0OrOBOPEHO MEXaHi3M TPAaHCIIOPTY BUBYCHUX PEUOBHH Yepe3 MeMOpaHu
EPUTPOLHTIB LIypa Ta KPOJHKA.

Kniouosi cnosa: xpionpoTeKTOpH, METOKCUIIOXIAHI CIIMPTIB, IPOHUKHICTH MEMOpPaH, O1IKOBI KaHAJIH, EPUTPOLIUTH TBAPHH.

There were determined the coefficients for membrane permeability of rat and rabbit native erythrocytes for glycerol, ethylene glycol
molecules, their methoxyderivatives at 25 and 37°C, as well as erythrocytes, incubated with mercury sulfhydryl reagent (pCMBS):
the band 3 protein blocker at 25°C. The activation energy of the process of cryoprotectant molecule transfer through erythrocyte
membranes at 25 and 37°C and after incubation with pPCMBS was calculated. The rate of substance diffusion into rat erythrocytes was
shown to be higher, than in rabbit ones. As an example the coefficient of EG permeability into rat and rabbit erythrocytes at 37°C is
equal to 13.95x10¢ and 5.21x10 m/sec, correspondingly. The rate of transmembrane diffusion of EG and glycerol methoxyderivatives
is 50-80 times higher, compared to EG and glycerol. There was proposed and discussed in details the transport mechanism of studied
substances through rat and rabbit erythrocyte membranes.
Key words: cryoprotectants, methoxyderivatives of alcohols, membrane permeability, protein channels, animal erythrocytes.

I'muuepun u sTuneHrUKoNb (317) IUPOKO HCTIOIB-
3yIOTCSl KaK KpHOTIPOTEKTOPBI TPH KPUOKOHCEPBHUPO-
BaHUU PAa3TUYHBIX OHOJOTHYECKHX 00BEeKTOB [1].
OnHaxo OHU HE ABIAIOTCS UACATBHBIMY KPHO3aIINT-
HBIMHU areHTaMH, TaK Kak B IIUKJIE 3aMOpaKUBaHUS-
OTTanWBaHUS MOBPEXKIAIOT 3HAYUTEIHHYIO YacTh Kile-
TOK. JTO MPOWCXOINUT, B OCHOBHOM, B PE3YJIbTATE
JIEHCTBHS OCMOTHYECKOTO III0KA HAa COCTOSTHUE MEMO-
paH. IIpuunHON 3TOro sBIAETCS HU3KASI MPOHULIAC-
MOCTh MEMOpaH 15l KpHOIPOTEKTOPOB, 0COOEHHO ISt
munepuHa [ 3].

WzBectHO [11], 9yTOo MomuduKaIsa XUMHUIECKON
CTPYKTYpBI BELIECTBA PUBOAUT K U3MEHEHHIO €T0
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Glycerol and ethylene glycol (EG) are widely used
as cryoprotectants for cryopreservation of different
biological objects [1]. However they are not the perfect
cryoprotective agents, because in freeze-thawing cycle
they damage a significant part of cells. This mostly
occurs as a result of osmotic shock effect on membrane
state. This results from a low membrane permeability
for cryoprotectants, especially for glycerol [3].

The modification of chemical structure of substance
is known as resulting in a change of its capability to
penetrate inside cells. As a perspective way of such a
modification we may consider the replacement of one
hydroxyl group (OH-) in glycerol molecule or EG to
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CIIOCOOHOCTH ITPOHUKATH BHYTPB KieTOK. [lepcriekTus-
HBIM MyTE€M TaKOW MOAM(UKAIMK MOXHO CUHUTAThH
3aMeHy OAHOM ruapokcuibHOW rpynnsl (OH-) B
MoJleKylie TiHiepuHa uinu O Ha MeTOKCUTpymmy
(CH,0-), xoTopas CyIECTBEHHO M3MEHAET HX
(hM3UKO-XUMHUYECKUE CBOMCTBA (BA3KOCTh, TUTOJIEHBIN
MOMEHT, >Hepruio cBasu ¢ H,O), cnenosarensHo,
BIIMSIET HA KX CKOPOCTh U MEXaHH3M TPaHCIIOPTa Yepe3
MeMOpaHbl KIIETOK.

[Iponunuaemocts MeMOpaH AJ1s1 KPHONPOTEKTOPOB
3aBHCHT HE TOJILKO OT UX CTPYKTYPBIL, HO U OT (hPU3HKO-
XUMHYECKHUX U (PYHKIIMOHAIBHBIX CBOWCTB MEMOPaH,
00YCIIOBJICHHBIX BUIOBOH CIEHU(PHYHOCTHIO KIETOK.

Kosddunuent nponunaemoctn MeMOpaH s
KPHOIPOTEKTOPOB OTHOCUTCS K OJTHOMY M3 OCHOBHBIX
OMOHU3NUECKUX MapaMETPOB KIETOK, HEOOXOUMBIX
Il HAy4HO 0OOCHOBAHHOM ONTHMH3ALUU METOIOB
KPHUOKOHCEPBUPOBAHUS OMOJIOTHYECKIX 00BEKTOB.

Lenp mcciienoBaHus — U3yd4eHUE CKOPOCTH H
Mexanu3ma quddy3uu rumnepruHa u 317 U uX METOKCH-
MIPOU3BOIHBIX Yepe3 MEMOPaHBI SPUTPOITUTOB KPBICHI
Y KPOJIMKA B 3aBUCUMOCTH OT TEMITEPATYPhI H IIPUCYT-
CTBUSI PTYTHOTO CYJIb(TUIPUIBLHOI'O peareHra —
0JiokaTopa BOAHOTO KaHaja (6erka moJIocH 3).

Matepnaabl 1 meToAbI

Ji nccnenoBanmii ObUTH UCTIONB30BAHbI TITATICPHH,
OI, metokcmaTanon (M3). Bce BemecTBa Mapku
“X. 4.” gononHutenbHo ounwanu [9]. [lepBuuHsIit
MOHOMETHIIOBBIH 3¢up munepuna (MMOI) cunresu-
poBaH IO peakiuu BunbsMmcoHa [6], ocHOBaHHOI Ha
B3aMMOCHCTBHH O-MOHOXJIOPTHJIPHHA TIUIIEPUHA C
aJIKOTOJISITOM HATpHUsi B aOCOJTIOTHOM METHUIOBOM
cHupTe, Aajiee BBLACISUIM M3 PEaKLHOHHOM CMECH,
OYHINAIN U WACHTUPUIHPOBATH [6, 9].

Koaddumment pactpenencaus (Rp) BEIIECTB OITpe-
JIEJISTU B cCHCTeMe “Bojia — H-okTaHon 1ipu 25°C 1o
Merony [5]. ['eomeTpuueckue mapameTpsl MOJIEKYJI
pacCUHTHIBAIIN JIJIs1 TPAHCH30MEPOB Ha OCHOBE MOJIe-
neit CtproapTa-bpurieda [9] mo koMmbrOTepHON Ipo-
rpamMe “Hyper Cnem Pro v. 5.17.

KpoBs nccnenyemsIx >kMBOTHBIX, 3aTOTOBJIEHHYIO
Ha KOHcepBaHTe “IJIOTHIuNp”, MOITy4Yadl y KPBICHI
ITyTEM ITyHKIIUH XBOCTOBOM BEHBI, Y KPOJIMKA — IPOKOJIA
KpaeBoil BeHsI yxa [4].

OKCIIEpUMEHTHI NPOBOJAUIN B COOTBETCTBUU C
“OO0MUMHU PUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HEIX”, omoOpenubME 11 HanimoHnamsHBEIM KOHTpECcCOM
o 6uostrke (2004, Kues, Ykpanna).

Koa¢dunuenTs! npoHULIAEMOCTH ONPEAEIISIIN 110
MeToay [2], ocHOBaHHOMY Ha (U3UKO-MaTeMaTH-
YECKOM MOJENN TeMOJIN3a IPUTPOIUTOB B BOJHBIX
pacTBOpax MPOHMKAIOMMX KPUONPOTEKTOPOB INPH
temneparypax 25 u 37°C.

Kunetnky remonuza perucTpupoBaIl METOIOM
MaJIOyTJIOBOTO pacCcerWBaHUs CBeTa Ha mpubdope,
n3rotosieHHOM (pupmoii “Kpnokon™(Ykpauna). lnmna

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N24

methoxy-group (CH,O-), considerably changing their
physical and chemical properties (viscosity, dipole
moment, bond energy with H O), consequently affect-
ing their rate and transport mechanism through cell
membranes.

Membrane permeability for cryoprotectants de-
pends not only on the structure, but physical-chemical
and functional properties of membranes, stipulated by
species-specificity of cells.

Coefficient of membrane permeability for cryopro-
tectants refers to one of the main biophysical cell
parameters, necessary for scientifically substantiated
optimisation of cryopreservation methods for biological
objects.

The research aim is to study the rate and mecha-
nism of diffusion for glycerol, EG and their metho-
xyderivatives through membranes of rat and rabbit
erythrocytes depending on temperature and presence
of mercury sulthydryl reagent: aqueous channel blocker
(band 3 protein).

Materials and methods

Glycerol, EG and methoxyethanol (ME) were used
for the research. All substances of “chemically pure”
grade were additionally purified [9]. Primary
monomethyl ether of glycerol (MMEG) was synthe-
sised by the Williamson reaction [6], based on the
interaction of glycerol o.-monochlorohydrine with so-
dium alcoholate in the absolute methyl alcohol, then
isolated from reaction mixture, purified and identified
[6, 9].

Coefficient of distribution (C ) for substances was
determined in the “water —n-octanol” system at 25°C
according to the methods [5]. Geometric parameters
of molecules were calculated for transisomeres, based
on the Stewart-Brigleb models [9] with Hyper Cnem
Pro v. 5.1 Software.

Blood of the studied animals, procured with “Gly-
gicir“preservative, was obtained from rat and rabbit
by puncture of caudal vein and ear marginal vein,
corres-pondingly [4].

Experiments were done according to the “General
ethical principles of experiments in animals”, approved
by the 2" National Congress on Bioethics (2004, Kiev,
Ukraine).

Permeability coefficients were determined accord-
ing to the method [2], based on the physical and mathe-
matical model of erythrocyte hemolysis in aqueous
solutions of penetrative cryoprotectants at 25 and 37°C.

Hemolysis kinetics was recorded using the method
of small-angle light scattering with the device, designed
by Cryocon company (Ukraine). Wavelength of light
source was 1000 nm. Light intensity, scattered by
erythrocyte suspension was measured at an angle of
9° in the direction of incoming beam. The equipment
is supplied with the device for maintaining a necessary
temperature in cell chamber. The activation energy of
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BOJTHBI HcTouHuKa cBeTa — 1000 Hm. UHTEHCHMBHOCTD
paccessHHOTO CYCIIEH3MEH IPUTPOIIUTOB CBETA H3MEPSI-
JM TI0J] yIJIOM 9° B HamnpaBJIeHUH MAAAIOLIETO MyJKa.
[IpuGop cHabxkeH yCTPOHCTBOM Ui MOAJEPKAHUS
HE0OX0IMMOH TeMIlepaTyphbl B KIOBETHOW Kamepe.
OHepruro akTUBAILUHU MpoLEecca MepeHoca MOJIEKYI
BEIIECTB Yepe3 MEMOpaHbl SPUTPOLUTOB KUBOTHBIX
paccuuThIBaIu B MHTEpBaje Temneparyp 25-37°C.

J1s1 OIOKMpOBaHMS BOAHBIX KAHAJIOB UCTIOB30BAIIN
PTYTHBIN Cyab(THIPHIEHBIA pEareHT — MOHOHATPHE-
BYIO COJIb P-XJIOPMEPKYpPHUHOEH30I-CYab(POHOBOM
kucioThl (ot anr1. p-Chloromercuribenzenesulfonic
Acid Monosodium Salt — pCMBS) ¢upmsr “Sigma”
(CHIA). MuaKyOa1nio 3puTPOIMTOB KPBICH X KPOJTUKA
¢ pCMBS (2 MM) npoBoaniu B Teuenue 30 MUH IIpu
25°C mo metonay [11]. DpUTPOIUTH OTMBIBAIH
(U3NOTOTMYECKUM PacTBOPOM, IPUTOTOBJICHHOM Ha
¢docdarnom Oydepe, pH 7.,4.

Craructuyeckyto 00paboTKy pe3yabTaToB dKCIe-
pUMeHTOB npoBoguin 1o Metony Creronenta-du-
mepa.

Pe3yabTaTbl U 00CyxAeHue
Omnpenenensl kK03GGULIHUEHTH
IIPOHUIIAEMOCTU MEMOPaH IPUT-

transfer process of sub-stance molecules through
membranes of animal eryth-rocytes was calculated
within 25-37°C range.

In order to block the aqueous channels we used a
mercury sulthydryl reagent: monosodium salt of p-chlo-
romercuribenzenesulfonic acid (Sigma). Rat and rabbit
erythrocytes were incubated with pCMBS (2 mM)
within 30 min at 25°C by the method [11]. The eryth-
rocytes were washed out using physiological solution,
prepared with phosphate buffer, pH 7.4.

Experimental results were statistically processed
using the Student-Fisher method.

Results and discussion

There were determined the permeability coeffi-
cients for rat and rabbit erythrocyte membranes for
EG, glycerol, MMEG and ME in native state at 25 and
37°C and pCMBS-incubated at 25°C, the activation
energy of molecule transfer through membrane was
calculated (Table 1).

Taomuna 1. KosdduumeHTs mpoHULIaeMoCTH MEMOpPaH 3pUTPOLIMTOB KPBICHI U
KPOJIMKA JIJIsl KPUOTIPOTEKTOPOB U SHEPTHsI aKTUBALIUK TPAHCIIOPTA MOJIEKYJT

Table 1. Permeability coefficients of rat and rabbit erythrocyte membranes for
cryoprotectants and activation energy of molecule transport

POLIUTOB KPBICHL U KPOJIUKA IS
Koaddunuent nponuraemoctu K x10°m/c Oueprus
31—" [IHHICPUHA, MMOT u l\g? B Permeability coefficient Kl><105,1m/s Sueprus AKTUBAIUU C
HaTUBHOM COCTOSIHUM NpHU 25 U e B | PCMBSE,
uuu E o
37°C u WHKYOHpPOBAHHBIX C S Ecmm (25-37°C), Kgiihfg%
o Bemecrso HaTupHEIE 3PUTPOIUTHI pucy KAK/MOAB Activation
pCMBS npu 25°C, paccuurtana Substance Native erythrocytes Ipcéﬁgs Activation energy E. in
np 3
SHEPIHsl aKTHBAIUHU MEPEHOCA presence Pkt pCMBS
6 KJ/mol ! presence
MOJIEKYJl dYepe3 MeMOpaHy e e (25°C),
(tabm. 1). KJ/mol
BunHo, yto Bce Kpuompo- Kpeica Rat
TEKTOPHl MPOHHUKAIOT dYepe3
MeMOpaHy 3pUTPOLUTOB KPBICHI réll‘;;l’rgl}‘ 0,335 = 0,012 | 0,160 = 0,017 | 0,133 = 0,021 47,27 59,09
ObIcTpee, YeM KpoJHKa IpH 25 u
37°C u nociie 06pabOTKH KIETOK ]?é 1395+ 1,36 | 681 %= 1,15 3,77 = 0,71 45,87 83,70
6noxaropom pCMBS 3a uckmro-
yerneM MMOT nipu 37°C u MD iy 1797 £228 | 1321+208 | 515036 19,68 79,95
¢ pCMBS npu 25°C. BeposrHo,
3TO 00YCIIOBJICHO CJIMIIIKOM BBICO- M2 66,84 = 1695 | 3821 =6,60 | 30,92 = 586 3577 49,32
KOU CKOPOCTBIO TU(PPY3UHU ITHX
BEIIECTB Yepe3 MeMOpaHbl Kpoani Rabbit
SPUTPOITUTOB KPHICHI.
puIp P Taauepui | o 5094 0,008 | 0,111 0,014 | 0,109 0,011 40,48 41,65
[TomoGHas 3aKOHOMEPHOCTH Glycerol
BBISIBJICHA JIJISI THUOJIOB ¥ aMHJIOB -
oG 521 =027 | 264=017 | 204=019 43,48 59,98
1 00BSCHSIETCS, 110 HAIIIEMY MHE-
HUIO, Pa3HOH TEKYy4€eCThIO (BENIU-
P oy ( I\I\ﬁﬁgé 1570 £092 | 7,64 = 1,2 474 = 0,13 46,07 76,62
YHHOI 0OpaTHOM BA3KOCTH) MEM-
OpaH SpUTPOLUTOB KPBICHI ¥ KPO- M3 4733+278 | 2524 =230 | 2473 =240 40,22 41,53
nuka [7]. UHaexchl ABOMHBIX ME

CBsI3€il CYMMAapHBIX JIMITUAOB AT
MeMOpaH SPUTPOLUTOB KPBICHL U
Kposnuka pasusl 1,7 u 1,2, conep-
KaHue xoyectepuHa — 26,1 u

mpu p < 0,05.
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IIpumeuanne: pa3Huia Mexay ko3 puuueHTaMH IPOHUIIAEMOCTH IPUTPOLIUTOB IpH 25
1 37°C, a Taxke HATUBHBIX H MPOUHKYOUpoBaHHBIX ¢ pCMBS 1151 Bcex BEIIecTB J0CTOBEpHA

Notes: difference between erythrocyte permeability coefficients at 25 and 37°C, as well as for
native and incubated with pCMBS ones for all substances is statistically significant at p <0.05.
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29,9%, otHomIeHue (pochaTuamIKoIMHA K CHUHTOMUE-
nuHy (PX:CM) — 3,91 u 1,78 coorBercTBenHo [10].
OTH HOKa3aTenu ONpeAessioT TeKydecTh MeMOpaH,
T. €. BEJIMYUHY, OOPaTHYIO BSI3KOCTH, IIPH 3TOM, YeM
BBIIIIE HHJIEKC ABOMHOM CB3H, oTHOoIeHHe O X:CM, n
HUXE COAEpKAHUE XOJIECTEpUHA, TEM 3HAUNTENbHEN
MOBBIIIAETCSl TeKydecTh MeMOpanbl. 13 mpuseneH-
HBIX JAHHBIX BUJHO, YTO TEKYUYECTh BBILIE B IPUTPO-
IUTAX KPBICHL, TOATOMY CKOPOCTh M dy3un BemecTs
gepe3 ux MeMmOpany Ooyiee BBICOKAsI.

BrisBenHast remneparypHasi 3aBUCHMOCTD IIPOHH-
[IaeMOCTH MEMOpaH IPUTPOILIUTOB KPHICH U KPOJIHKA
JUTA N3Y9E€HHBIX KPHOTIPOTEKTOPOB COTIIACYETCSI C TE€O-
peTndeckuMu npeacTaBieHusMu [10] 1 momy4eHHbI-
MU HaMH JJaHHBIMHU [7].

Kak BuaHO 13 Tabi. 1, Hanbonee MeJICHHO TPOHU-
KaeT BHYTPb 3PUTPOLIMUTOB KPBICHI M KPOJIMKA TITHLIEPHH.
Monudukanus runeprsa 1 1 myTeM 3aMeHbI OHOM
runpokcuwiibHol rpynnel (OH—) Ha MeToKcurpymmy
(CH,O-) mpuBena K 3HAYUTENLHOMY U3MEHEHHUIO CKO-
poctu 1 Hy3uu METOKCUIIPOU3BOIHBIX Yepe3 MeMO-
paHy 3pUTPOIIUTOB KPBICHI ¥ KPOJIHUKA. 3HAYEHHUS KOA(]-
¢urnmenToB nmponunaemMmoctd MMOI' B 3puUTpOITUTHI
KPBICHI M KPOJHWKA MO CPAaBHEHHUIO C TIHIEPUHOM
CYIIECTBEHHO YBEIMYMINCH HE3aBUCUMO OT YCIOBUH
sKcriepuMeHTa. MismeHnenus BermauHbI Koddduimenta
MIPOHHUIIAEMOCTH MO B 3pUTPOLIUTHI KPHICHI M KPOJINKA
1o cpaBHeHUIo ¢ D" He3HaunTenbHbI (Tabm. 1).

Ouzuko-xumuueckue coiictea MMOI™ u M3 cy-
LIECTBEHHO OTIIMYAIOTCS OT CBOMCTB muiiepuHa u Ol
Hanpumep, Bsi3kocTh miunepuna npu 25°C paBHa
945x107 ITa-c, MMOI" — 34,9x107 Tla-c, mpu 37°C
Bs3KOCTh ruiepuHa 1 MMOI pasna 284x107° u
14,2x107 ITa‘c COOTBETCTBEHHO.

W3 Tabn. 2 BUAHO, YTO BBEICHHE B MOJICKYIY
mvneprHa 1 D1 METOKCUTpyTIT MPUBOAXT K ITOBBIIIIE-
HUIO THAPO(GOOHOCTH METOKCHUIPOU3BOJHBIX IO
CPaBHEHHIO C UCXOJHBIMH coenHeHussMU. Korddu-
[UEHT pacupeneneHus y mmnepruaa 1 MMOI paBen
0,005 u 0,071, y 3I' u MD — 0,040 u 0,121 cootBer-
CTBEHHO (Tali. 2). MI3mMeHeHne (U3NKO-XUMHYECKIX
CBOMCTB METOKCHUIIPOU3BOJAHBIX DIHIepuHa U O
€CTECTBEHHO MOBJIUSUIO Ha CIOCOOHOCTH 3THX BEIIECTB
MPOHHUKATH BHYTPb KJIETOK U IIPUBEIO K 3HAYUTEIILHOMY
MOBBIILIEHUIO CKOPOCTH Auddy3un depe3 MmeMOpany
SPUTPOLUTOB KPBICH U KpoiuKa (cM. Tabm. 1).

3Ha4YeHHsI SHEPTUN aKTHBAILIUH NIEPEHOCA MOJIEKYJT
KPUOIIPOTEKTOPOB 4Yepe3 MeMOpaHy IPHUTPOIUTOB
KPBICHI TIPH U3MEHEHUH TeMnepartypsl ot 25 u 37°C
HaxoATcs B quarazone ot 20 10 50 x/x/Moiib, uepes
MeMOpaHy 3pUTPOUUTOB Kpoauka — ot 40 mo
50 x/I>x/mounb (cM. Tabm. 1). Takue 3HaYCHUS SHEPTUU
aKTHBALMY NO3BOJISIOT MIPEAIIOaraTs THAPOQMIBHbIHN
MyTh TPAHCIIOPTA BELECTB B )PUTPOLUTHL. [ THLepun
SIBJIIETCSL TIOJIHOCTBIO THAPO(QUIBHBIM BELIECTBOM,
MO3TOMY CJIOKHO JIOMYCTUTD JUIS1 HErO JIMITUIHBIHA My Th
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It is seen, that all cryoprotectants penetrate through
the membrane of rat erythrocytes more rapidly, than
rabbit one at 25 and 37°C and after cell treatment with
pCMBS blocker, excluding MMEG at 37°C and ME
with pCMBS at 25°C. It is probably stipulated by quite
a high diffusion rate of these substances through rat
erythrocyte membranes.

The same regularity was revealed for diols and
amides and we believe it is explained by different
fluidity (the value of inverse viscosity) of rat and rabbit
erythrocyte membranes [7]. The indices of double
bonds of total lipids for rat and rabbit erythrocyte
membranes are equal to 1.7 and 1.2, the cholesterol
content is 26.1 and 29.9%, the ratio of phosphatidyl
choline to sphingomyelin (PC:SM) is 3.91 and 1.78,
correspondingly [10]. These indices determine the
membrane fluidity, i. e. the value, being inverse to the
viscosity, herewith the higher index of double bond,
PC:SM ratio and lower cholesterol content are, the
significantly increased membrane fluidity is. As the
data presented show, the fluidity is higher in rat
erythrocytes, therefore the rate of substance diffusion
through their membrane is higher.

The revealed temperature dependency of memb-
rane permeability of rat and rabbit erythrocytes for
studied cryoprotectants conforms with theoretical no-
tions [10] and our findings [7].

The Table 1 shows glycerol as penetrating in the
slowest way into rat and rabbit erythrocytes. Glycerol
and EG modification by means of replacement of one
hydroxyl group (OH-) for methoxy group (CH,0-)
resulted in a significant change of diffusion rate of
methoxyderivatives through the membrane of rat and
rabbit erythrocytes. The values of permeability
coefficients of MMEG into rat and rabbit erythrocytes,
compared to glycerol, significantly augmented
independently on experiment conditions. The changes
in coefficient value of ME permeability into rat and
rabbit erythrocytes, compared to EG, are insignificant
(Table 1).

Physical and chemical properties of MMEG and ME
significantly differ from glycerol and EG ones. For
example, glycerol viscosity at 25°C equals 945x10-3
Pa-sec, MMEG is 34.9x10~ Pa-sec, at 37°C glycerol
and MMEG viscosity is 284x10~* and 14.2x107 Pa-sec,
correspondingly.

Table 2 shows the introduction of methoxygroups
into glycerol and EG molecule as resulting in an
increase of hydrophobicity of methoxyderivatives,
compared to initial compounds. Distribution coefficient
in glycerol and MMEG equals 0.005 and 0.071, in EG
and ME it makes 0.040 and 0.121, correspondingly
(Table 2). Change in physical and chemical properties
of glycerol and EG methoxyderivatives affected
naturally the capability of these substances to penetrate
into cell and resulted in a significant increase of diffu-
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TpaHCIIOPTa Yepe3 MeMOpaHy,
Jake Jepe3 TUIUAHbIE “TIOpHI”,
BO3HHUKAIOIINE H3-32 e(EeKTOB

Tao6auna 2. CtpykrypHbIe HOPMYIIbI, TCOMETPUYCCKUE TAPAMETPBI 1
k03(hUIHMEHT pacipeie]IeHUs] KPHOTIPOTEKTOPOB

Table 2. Structural formulae, geometric parameters and coefficient of cryo-

protectant distribution

B yHakoBKe Ouciios MeMOpaH

[8]. Onnaxo 3naueHune kod3hhu- Teomerpiraeckne
napaMeTphbl MOAEKYA
UCHTA MPOHHUIACMOCTHU INIHLIC- Betectso Crpykrypras dopmyaa " Geometr;fgllegigzrsneters of Kp
PpHUHaA 4C€pe3 MeM6paHy SpPHUT- Substance Structural formula Cp
POIIMTOB KPOJIMKA ITOCIIe MHKYOa- b A V. AS
iy ¢ pCMBS nipu 25°C ymens-
IIHIOCh Bcero Ha 2%, depes TAutepus C|Hr CH —CH, . 7 002 0,005
MeMOpaHy SPUTPOLHUTOB KPbI- Glycerol OH OH OH ' ' ' '
cel — Ha 17%. YuuTeiBas, 4T0 o
pCMBS 610KHpyeT 60K MoIIo- EG HO~—CH,—CH,~OH 621 26 276 0.040
Chbl 3, MOXHO NPEIIOJI0XHUT, o CH.—CH —cH,
4T0 He Oonee 2—17 % rmunepu- MNEG | 106,1 47 107,5 0,071
OH OH OCH
3
Ha IPOHUKAET yepe3 MeMOpaHy
SPUTPOLHUTOB KPBICBI  KPOJIHKA Me HO— CH,— CH,— OCH, 76,1 23 22,6 0,121
atuM myTteM. OcTanabHas 4acTh

[JIMLEPUHA MPOHUKAET BHYTPb
SPUTPOLIUTOB KPBICHI K OCOOEHHO
KPOJIMKa APYTHM IIyTEeM, Be-
pPOSITHO, Yepe3 aKBaIOPHUHBI.
[penmnonaraercs [12], uto 6510-
KaTopam# TPaHCIIOPTa BOABI M HU3KOMOJIEKYISIPHBIX
BEIIECTB Yepe3 aKBAMOPHUHBI SBISIOTCA PTYTHBIE
CyNb(OTHIPUITEHBIC BEIIECTBA, KOTOPBIE HE OTHOCSTCS
K [MCTEHH-CBSI3BIBAIOIINM peareHTaM B OTJIMYHE OT
pCMBS. Eciu nonyctuts, 4to nuddy3us miHiepuHa
OCYILECTBISIETCA Yepe3 aKBAIOPHUHBI, TO MOHATHO,
MOYEeMy €ro TPaHCIIOPT Yepe3 MeMOpaHy MpaKTHIec-
k1 He Onokupyercs pCMBS.

[Iponnuaemocts MEMOpaH 3pUTPOLUTOB A5t MO
MOoJ00HO IIMLEPUHY TaKKe MPaKTHYECKH He OIO0Ku-
pyetcsa mocie uHKyOanuu kierok ¢ pCMBS (cm.
tab:. 1). 3nayenns k03(PUIMEHTOB IPOHULIAEMOCTH
MD B mnkyb6upoBanHsie ¢ pPCMBS sputponuts
KPBICHI yMEHBIIWINCH Ha 19%, B 3pUTPOLUTHI KPOJIMKA
MIPAKTUYECKH HE N3MEHWIINCH. DHEPT sl aKTHBAIINH T1e-
peHoca MoseKy1 M3 depe3 MeMOpaHbI KPBICHI U KPO-
nuka coctaBisiet 49,32 u 41,53 kJI>k/MOJIb COOTBETCT-
BEHHO, T. €. BIIOJIHE BEPOSTCH THAPOPMIBHBIN ITyTh
TpaHcMeMOpaHHOH nuddy3un 3toro Bemecrsa. Ho,
YUUTBIBAs €T0 “‘CBEPXOBICTPYIO” CKOPOCTH TPAHCIIOP-
Ta B DPUTPOLUTHI KPOJIHKA M KPBHICHI U JOCTATOYHO
BBICOKOE 3HaueHHE KOA(PPUIMEHTa pacHpeaeIeHUs
MD B cucteMe “Bojla — H-OKTaHOI (Kp= 0,125),
MO>KHO YTBEp>KIaTh, YTO OCHOBHOMH IyTh TPaHCIIOPTa
MD BHYTpPH KJIETOK HMPOXOIHUT HETOCPEICTBEHHO
yepes IMMUAHBIN Ouciaon. Takum 06pazom, UIepruH
MMeeT caMble HHW3KHE 3HadeHHs KodpduumeHrta
MIPOHHUIIAEMOCTH Yepe3 MeMOpaHy KPBICHI U KPOJIUKA,
a MD cawmpsle Bricokue. [Ipu 3TOM myTH TpaHcmopra
STHUX BEIIECTB OTINYAIOTCS. | THIIEpHH MPenMyIIIeCT-
BEHHO IPOHMKAET BHYTPb 3PUTPOLIMTOB 11O THAPOPHITL-
HOMY ITyTH, BEPOSITHO, NP PyHAUpPYET Yepe3 aKBaro-
puHbI [12] 1 Tonbko He Gonee 2—17 % — uepes Oenok

NMPOBJIEMbI
KPMOBMOJIOIUM
T. 19, 2009, N24

Mpumeuanue: M — monexyinsipHas Macca; D — AuaMeTp MOJIEKYIT; V' — 00beM MOJIEKYIT; KP—
KO3 PHUIUEHT pacTpeIeIICHUS B CHCTEME “BOIa — H-OKTaHOM .

Notes: M is molecular mass; D is molecule diameter; V'is molecule volume; C,is distridution
coefficient in water — n-octanol system.

sion rate through the rat and rabbit erythrocyte
membrane (see Table 1).

The values of activation energy of cryoprotectant
molecule transfer through the rat erythrocyte memb-
rane when changing temperature from 25 and 37°C
are within the range from 20 to 50 kJ/mol and from 40
to 50 kJ/mol for rabbit erythrocyte one (see Table 1).
These values of activation energy enable to suppose a
hydrophilic way of substance transport into erythro-
cytes. Glycerol is completely hydrophilic substance,
therefore it is complicated to admit for it a lipid transport
way through a membrane, even via lipid “pores”,
occurring due to the defects in the package of memb-
rane bilayer [8]. However the coefficient value of gly-
cerol permeability through the membrane of rabbit and
rat erythrocytes after incubation with pCMBS at 25°C
reduced only by 2 and 17%, correspondingly. Taking
into account the fact, that pPCMBS blocks the band 3
protein we may assume, that not more than 2—17% of
glycerol penetrate through the membrane of rat and
rabbit erythrocytes by this way. The rest part of
glycerol penetrates into erythrocytes of rat and espe-
cially rabbit by another way, probably through the
aquaporins. One assumes [12], that the blockers of
water transport and low molecular substances through
aquaporins are the mercury sulfhydryl substances, not
referring to cysteine-binding reagents in contrast to
pCMBS. If admitting glycerol diffusion as being
realised via aquaporins, it is clear why its transport
through membrane is not practically blocked by
pCMBS.

The erythrocyte membrane permeability for ME
similar to glycerol is not practically blocked after cell
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nosiockl 3. Tparcmopt MO depe3 MeMOpaHbI SPUTPO-
LIUTOB KPBICHI M KPOJIMKA HATTPOTHB ITPEUMYIIIECTBEHHO
OCYIIECTBIETCA 10 TMIUAHOMY ITyTH. U Tobko 20%
BEIIECTBA B IPUTPOLUTHI KPBICHI MPOHUKAIOT IO
0eJIKOBOMY BOJHOMY KaHaIy.

Ha pucynke npeactasieHsl 3aBUCUMOCTH K03 du-
LUEHTOB MPOHUIAEMOCTH MEMOpPaH HATUBHBIX 3PUTPO-
LIUTOB KPBICHI X KpoJtiKa rpu 25 u 37°C u npouHKyOHpo-
BaHHBIX ¢ pCMBS npu 25°C nmnsa OI, munepuHa,
MMDOT u MD ot ux ko3 duIreHTa pacipeeIeHus.
HaOmronaercs oueHb BBICOKAs KOPPEIALUS MEXKIY
yKa3aHHBIMH TOKa3aressiMu. KoadduiimeHTs koppe-
JISLUY I HATUBHBIX SPUTPOLUTOB KpBICH Tipu 37°C
paBubl 0,945, ipu 25°C — 0,968, mocie nHKyOanmm ¢
pCMBS — 0,907, 17151 HATUBHBIX 3PUTPOLMTOB KPOJIUKA
ipu 37°C —0,959, mpu 25°C — 0,952, nocne nHKyOarmm
¢ pCMBS — 0,916. [1ns nony4deHust KONU4eCTBEHHOU
3aBUCHMOCTH MEXAY YKa3aHHBIMU [TOKa3aTENIIMU BCE
KpHBBIE alllIPOKCUMHUPOBAIIH, 1, KAK BUIHO HA PUCYHKE,
npy R? = 1 KpUBBIE XOPOIIIO OMTKCHIBAIOTCS TIOTMHOMOM
3-i1 crenenu. [Ipoanann3upoBaB NOTyYeHHbIE JAHHBIE,
MOXXHO CJI€JIaTh BBIBOJ, YTO TIHIIEPUH MPOHHUKAET
MIPEUMYIIECTBEHHO N0 THAPOPIIBHOMY ITyTH, a MO
TUQPYHAUPYET B OCHOBHOM 4epe3 JUIMHIHBINA MaT-
PHKC.

W3 Tab6m. 1 u pucynka cienyet, aro 91 u MMOI'
HE MUMEIOT CTOJIb OJHO3HAYHOI'O MEXaHW3Ma TpaHC-
MopTa 4yepe3 MeMOpaHy SPUTPOLMTOB KPBICHI U KPO-
JIMKa, Kak muiepud 1 MO. Bo-nepBrix, Hab1rogaeTcst
MOBBILLIEHUE SHEPTUN aKTUBALMH IIEpEHOCA MOJIEKYII
3TUX KPHOMIPOTEKTOPOB Yepe3 MEMOPaHbI SPUTPOLIUTOB,
nHKyoupoBanHbIX ¢ pCMBS npu 25°C, o ypoBHs 80—
84 (3pUTPOIHTHI KPBICHI) 1 10 YpoBHs 60—7 7k [I>x/MOTb
(apuTporUTHI KposuKa). Bo-BTOPBIX, CHM)KEHNE CKO-

90

80 1

x108, m/c
m/s

Permeability coefficient K1><1023,
w
o

70
60 +

50 A
29093’ - 3125,5%" +
40 y = 124093x° - 18324x° + L, +277.55x - 1,1533

+987,11x - 4,158

25°C
pCMBS

../y/; 57874x° - 613,34 +
+340,80x - 1,3884

KoadbduumeHT npoHmuaemoctn K

0 0,025 0,05 0,075 0,1 0,125 0,15 0,175
KoacpduumeHT pacnpenenerns K
Distribution coefficient C,
a a

incubation with pCMBS as well (see Table 1). Coef-
ficient values of ME permeability into pCMBS-incu-
bated rat erythrocytes reduced by 19% and remained
practically unchanged into rabbit ones. The activation
energy of ME molecule transfer through rat and rabbit
membranes makes 49.32 and 41.53 kJ/mol, correspon-
dingly. Hydrophilic way of transmembrane diffusion
of this substance seems to be probable. However, tak-
ing into account its “ultrarapid” transport rate into rabbit
and rat erythrocytes and quite a high value of ME
distribution coefficient in “water — n-octanol” system
(C,= 0.125), we may confirm, that the main way for
ME transport into cells occurs directly through lipid
bilayer. Thus, glycerol and ME have the lowest and
highest values of permeability coefficient through rat
and rabbit membrane, correspondingly. At the same
time the transport pathways of these substances are
different. Glycerol mostly penetrates into erythrocytes
by hydrophilic way, probably diffuses through aqua-
porins [12] and only no more than 2—17% do through
the band 3 protein. Alternatively, the ME transport
through membranes of rat and rabbit erythrocytes is
mostly realised by a lipid way. Only 20% of substances
penetrate into rat erythrocytes by a protein aqueous
channel.

The Figure shows the dependencies of permeability
coefficients of rat and rabbit native erythrocyte memb-
ranes at 25 and 37°C and pCMBS-incubated ones at
25°C for EG, glycerol, MMEG and ME on their
distribution coefficient. There is observed a very high
correlation between the mentioned indices. The correla-
tion coefficients for native rat erythrocytes at 37 and
25°C make 0.945 and 0.968, correspondingly, it is 0.907
after incubation with pCMBS, for native rabbit

o) 60

= 4

) g 50 -

X

§ S 40 37°C /

= X 4

9 [/ y = 8667, + 343,53 +
- 4 40,98x - 0,1036

CIEJ % 30 y = 5776,9x% + 22925+ ’ *

g ) +29,202x + 0,005 A/

TG 201 3

28 25°C

2 104 g pCMBS

I=

(ChNe] y =29110x% - 2893,1%% +

§_ 8 +132,23x - 0,4835

s E 0 - T T T T
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o0 KoadbduumeHT pacnpegenerHms K

o] LA iR P

v Distribution coefficient C,

o b

3aBHCUMOCTH K03 ()HIMEHTOB IIPOHHUIIAEMOCTH MEMOPaH HATHBHEIX SPUTPOLUTOB KPHICH (a) 1 kponuka (6) mpu 37 (O) u
25°C (O) u npounkyouposanHbix ¢ pCMBS nipu 25°C (M) ot koadhunmenTa pacrpeesieHus B cucteMe “Boiia — H-OKTaHo
mst: 1 — muuepuna; 2 — 300 3 — MMOT; 4 — MD; — — sKkcliepuMEHTalbHbIE JAHHBIE; — — — — KpUBas allpOKCUMALUH.

Dependency of permeability coefficients of rat (a) and rabbit (b) native erythrocyte membranes at 37 (O) and 25°C (O) and
pCMBS-incubated ones at 25°C (H) on distribution coefficient in “water — n-octanol” system for : 1 —glycerol; 2—EG; 3 —
MMEG; 4 — ME; - - - —solid curve represents experimental data; dashed curve is approximation curve.
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poctu muddy3un 3TUX BEMECTB Yepe3 MeMOpaHbI
SPUTPOLMTOB KPBICHI U KPOJIMKA MOCIIE HHKYOAINu C
pCMBS 3HaunTensHO 00JIbLIE O CPABHEHHIO C TITULIC-
puroM u MD. 3HadeHus ko3pPULUUEHTOB TpOHHULIae-
MocTH MeMOpaH rocie 0opadotku pCMBS spurpomu-
TOB KpbIchl Mg OI' 1 MMDOI" ymensmatorcs Ha 45—
50%, spurporuToB kponrka — Ha 25—40%. Beimmecka-
3aHHOE TI03BOJISIET MPEANOTIOKUTh HATNIHNE 2-X allb-
TepPHATUBHBIX MyTE€H TPAaHCIOPTA BEHIECTB Yepe3
MeMOpaHbl KJIeToK. JlomycTuMo yTBEpKIAaTh, YTO
oko1o 60% MMOI npoHHKaeT B 3pUTPOLMTHI HETIOC-
PEACTBEHHO 4epe3 JMMUAHBINA MaTpukc. CHUXKEHHE
3Ha4eHHs Kod(p¢uuueHTa npoHunaemoctu MMOT
nociie nHKyOaruu ¢ pCMBS (610katop Genka moso-
CBI 3) yKa3bIBaeT Ha CyIIECTBOBaHUE aJIbTEPHATHBHO-
r0 IMyTH TPAHCIIOPTA, T. €. 110 OENIKOBBIM BOIHBIM Ka-
Hanmam. ¥ OI' kak u y MMOI' nocne nHKyOanuu
SPUTPOILUTOB KPHICH 1 Kposinka ¢ pCMBS noprImiaet-
Csl DHEPTHA aKTHUBAIIMH TIEPEHOCA €0 MOJIEKYJ Yepe3
MeMOpaHy 1 yMeHbIIIaeTcs 3HaueHne koddunrenta
nporuraeMocta (cMm. tadm. 1).

CrnenoBaTenbHO, MOXXHO YTBEP)KAATh CYIIECTBO-
BaHHE albTEPHATHBHBIX MyTEH TpaHCIOpPTa depes
MeMOpany kietok. Ho npennonoxuts nuddysuio O
yepe3 MeMOpaHy MO JUNUIHOMY IYTH BPSJ JIH
BO3MOKHO. DTHJICHITIMKOIb OTHOCUTCS K THIPOQDHITB-
HbIM BemecTBaM. OTcrona cineayet, 94To okoio 20—
40% BerecTBa MPOHUKACT MO OCITKOBOMY BOIHOMY
kaHany (6mokuposanne pCMBS 6enka momocst 3),
octanmpHas 4acTh OI, Kak W TIHIEPUH, BEPOSTHO,
mubyHaIpyeT Yepe3 MeMOpaHbl IPUTPOIUTOB 1O
aKBaINlOPUHAM WJIH Yepe3 JUIMHIHBIE TIOPbI, BO3HUKAI0-
IIfe B pe3ysibTare TeIUIOBhIX (WIYKTyaluid Wil TpU
00pa3oBaHUHU CTPYKTYPHBIX NeeKTOB B MeMOpaHe

[8].

BbiBOADBI

OnpeneneHbl KO3QGUIUEHTH MPOHUIIAEMOCTH
MeMOpaH HATHBHBIX SPUTPOILUTOB KPHICHI H KPOJIUKA
st Tarepraa, 91, MMOBI u M3 nipu Temmieparypax
251 37°C, a TakKe SPUTPOIUTOB, HHKYOHUPOBAHHBIX C
pCMBS — 6iokaropom Oemnka monockl 3 mpu 25°C.
Paccuntansl sHEpruy aKTUBALIMY TIEPEHOCA MOJIEKYIT
KpPUOTIPOTEKTOPOB Yepe3 MeMOpaHbl HATUBHBIX 3PUT-
POLIMTOB KPBICHI M KPOJIMKA B AMAIIa30HE TEMIIEPATYP
25 u 37°C u nocne uaky6anyu ¢ pCMBS npu 25°C.

YCTaHOBIIEHO, YTO MPOHUIIAEMOCTh BEILISCTB Yepe3
MeMOpaHy IPHUTPOIUTOB KPHICHI BBINIS, YEM UYepe3
MeMOpaHy 3pUTPOIUTOB KPOJIUKA, YTO OO0YCIIOBICHO
0oJiee BBICOKOW TEKYYECThEO MEMOpPaH SPUTPOIIMUTOB
KPBICHI.

ITokazaHo, 9TO CKOPOCTE TpaHCMEMOpaHHOM T -
(hy3uH B SpUTPOITUTHI KPHICH X KPOJIMKA MOAU(UITIPO-
BaHHBIX cUPTOB B S0—80 pa3 BeIIIE IO CPABHEHHUIO C
HACXOMHBIMU (Tourriepuna u O17).
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erythrocytes at 37 and 25°C it makes 0.959 and 0.952,
correspondingly, and 0.916 after pCMBS incubation.
In order to obtain a quantitative dependency between
the mentioned indices all the curves were approximated
and the Figure showed at R*= 1 the curves to be well
described with polynomial of degree 3. After analysing
the data obtained, we may conclude about the fact,
that glycerol penetrates mostly by a hydrophilic way,
but ME diffuses mainly through a lipid matrix.

As proceeded from the Table 1 and Figure, the EG
and MMEG do not have such a uniform transport
mechanism through the rat and rabbit erythrocyte
membrane as glycerol and ME. Firstly, there is observed
an increase in activation energy of molecule transfer
of these cryoprotectants through the pCMBS-incu-
bated erythrocyte membranes at 25°C up to the level
of 80-84% (rat erythrocytes) and to 60—77 kJ/mol
(rabbit ones). Secondly, a decrease in diffusion rate of
these substances through membranes of rat and rabbit
erythrocytes after incubation with pCMBS is signi-
ficantly greater, compared to glycerol and ME. Coef-
ficient values of membrane permeability after pPCMBS
treatment of rat and rabbit erythrocytes for EG and
MMEG reduce by 45-50 and 25-40%, corresponding-
ly. The mentioned above enables assuming the presen-
ce of two alternative ways for substance transport
through cell membranes. It is logical to confirm, that
about 60% MMEG penetrate into erythrocytes directly
via lipid matrix. The value decrease of MMEG
permeability coefficient after incubation with pCMBS
(band 3 protein blocker) indicates to the existence of
an alternative transport pathway, i. e. via protein
aqueous channels. In both EG and MMEG after rat
and rabbit erythrocyte incubation with pCMBS there
is an increase in activation energy of its molecule
transfer through membrane and a decrease in permea-
bility coefficient value (see Table 1).

Consequently, we may confirm about the existence
of alternative transport pathways through cell memb-
rane. However it is unlikely possible to suppose the
EG diffusion through membrane by a lipid way. Ethy-
lene glycol is related to hydrophilic substances. It
follows, that about 20—40% substances penetrate by a
protein aqueous channel (pCMBS blocking of band 3
protein), the rest of both EG and glycerol probably
diffuses through erythrocyte membranes by aquaporins
or through lipid pores, occurring as a result of heat
fluctuations or during formation of structural defects
in a membrane [8].

Conclusions

There were determined the permeability coeffi-
cients for membranes of rat and rabbit native erythro-
cytes for glycerol, EG, MMEG and ME at 25 and 37°C,
as well as erythrocytes, incubated with pCMBS-blo-
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BrisBneno, uro auddysuss MMOI' B 5puTporuTs!
KPBICHI U KPOJIMKA OCYIIECTBISCTCS ABYMS ajbTepHa-
TUBHBIMHU TYTSIMH — 4epe3 TUApO(UIbHBIE BOTHBIC
KaHAITbl U HETIOCPEICTBEHHO Yepe3 JIUITHTHBIN OUCITOMH.
YcTaHOBIEHO, UTO IIUIIEPUH 00NIafaeT CaMO HIU3KOH
CKOpOCThI0 UG PY3UN B IPUTPOIUTHI KPBICH U
KpOJIMKa, TIPOHUKAET B KJIETKH 10 THAPOPHILHOMY
ITyTH, BEPOSATHO TI0 aKBaropuHaM; MO nMeeT camyto
BBICOKYIO CKOPOCTh TpaHcMeMOpaHHOU nuddy3un B
SPUTPOLIUTHI KPBICHI, IPOHUKAET B KJICTKH IPEUMY-
IIECTBEHHO Yepe3 JUMUAHbIN Oucioit (10 80-98%).
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cker of band 3 protein at 25°C. The activation energies
of cryoprotectant molecule transfer through memb-
ranes of rat and rabbit native erythrocytes within 25
and 37°C range and after incubation with pCMBS at
25°C, were calculated.

Substance permeability through membrane of rat
erythrocytes was established to be higher, than rabbit
ones, stipulated by higher fluidity of rat erythrocyte
membrane.

The rate of transmembrane diffusion of modified
alcohols into rat and rabbit erythrocytes was shown to
be 50-80 times higher, compared to initial ones
(glycerol and EG).

MMEG diffusion into rat and rabbit erythrocytes
was revealed as realising via two alternative pathways:
through hydrophilic aqueous channels and directly
through lipid bilayer. It was established, that glycerol
had the lowest diffusion rate into rat and rabbit
erythrocytes, penet-rated into cells by hydrophilic way,
probably, by aqua-porins; ME had the highest rate of
transmembrane diffusion into rat erythrocytes,
penetrated into cells mostly via lipid bilayer (up to 80—
90%).
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