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VY poboTi npencTaBiIeHo eKCIepUMEeHTANbHI AaHi 100 KoedillieHTiB MPOHUKHOCTI MEMOpaH epUTPOLUTIB JIOIUHN ISl HU3KH
kpionporekropi. [TokasaHo, 110 Ha koe(illi€eHTH TPOHUKHOCTI BIUTUBAIOTH SIK (hi3HKO-XIMiUHi, TaK i FEOMETPUYHI IIapaMeTPU MOJIEKYJI.
3 OTpUMaHUX Pe3yJIbTaTiB BUILIMBAE, LIO TPY EPEBUILCHHI [iaMeTPOM MOJICKYJI BETUIHHH 4A xoedinienT mporuKHOCTI 3MEHILY€ThCS,
OYEBHIIHO, 32 PaXyHOK 3MEHIIEHHS [TOTOKY Kpi3b BOJHI OiIKOBI opu cranoro po3mipy. KoedirieHTr npoHUKHOCTI AJIs1 TIOPiBHSIHO
rigpodoOHUX MOJIEKYI € Maike IPsSMO MPONOPLIHHIUMHU Koe(illieHTaM po3noAiLy Mixk riapodoOHOI0 Ta rixpodinsHO0 ha3amu, 1o
BKa3ye€ Ha JIMIIHUA OUSIX TPOHUKAHHS IIUX MOJIEKYJ Kpi3b MEMOpaHU epUTPOLHTIB.

B paboTe npencraBiaeHs! SKCIEPHUMEHTANBHBIE JaHHBIE 0 Kod(dUIMEeHTax MPOHNUIIAEMOCTH MeMOpaH PUTPOIUTOB YEeTIOBEKa
IUISL psiia KpuonpoTekTopoB. [TokazaHo, 9To Ha KOA(GQHUINEHTH MPOHUIAEMOCTH BIHSIOT Kak (GU3NKO-XUMHYECKHE, TaK U
TeOMEeTPHUYECKHE ITapaMeTphbl MOJIEKyII. M3 MOyYeHHBIX pe3ylIbTaToB CIIEAYET, YTO IPH MPEBBIICHUN THAMETPOM MOJIEKY BETHINHEI
4A k0> (UIHEHT IPOHHMIIAEMOCTH YMEHBIIACTCS, OYEBH/IHO, 32 CUET YMEHBIICHHS TOTOKA 4ePe3 BOXHBIE GEIKOBBIE TOPHI IIOCTOSHHOTO
pasmepa. KosapdunuenTsr npoHniaeMocT! 1Isi CPaBHUTEIBHO THAPO(OOHBIX MOJIEKYT MOYTH NPSIMO NPOMOPIUOHATHHBI
kodddunrentaM pacpeneneHus Mexxay ruapohoOoHoH U runpodIbHOM Gazamu, 9TO yKka3bIBaeT HA IUUAHBIHN Ty Th IPOHUKHOBCHUS
9THX MOJIEKYI 4epe3 MeMOpaHbI S)PHUTPOIUTOB.

The experimental data on permeability coefficients of human erythrocyte membranes for the series of cryoprotectants are
presented. It is shown, that permeability coefficients are affected by both geometrical and physical and chemical parameters of
molecules. The obtained results propose that when exceeding the molecules’ diameter over the value of 4A, the permeability
coefficient reduces, perhaps, due to the decreasing of flow through the aqueous protein pores of a constant size. Permeability
coefficients for comparatively hydrophobic molecules are almost directly proportional to the coefficients of partition between
hydrophobic and hydrophilic phases, by pointing to a lipid way of permeation of these molecules through erythrocyte membranes.

Benuky posib y KpiOKOHCEpBYBaHHI 010JIOTIIHIX
00’ €KTIB BIAIrparoTh KpionpoTekTopu. Mexanizmu ix
3aXUCHOI Jii PO3MOBCIOMKYIOTHCS Ha BECh CIIEKTP
MOIIKOKYIOUMX YMHHUKIB, MOB’SI3aHUX 3 KPiOKOH-
CEpBYBAHHSM — BiJl BIUIUBY Ha MaKCUMaJIbHi KOHLICH-
TpaLii eJEeKTPOIIITIB, IO JOCATAIOTHCS IPU 3aMep3aH-
Hi, Ta CTyHiHb 00C3BOIHEHHS KJIITHH JI0 BILUIUBY Ha
mo3a- Ta BHYTPIIIHbOKIITHHHY KpHCTali3aLilo.
OnHiero 3 nepmmx knacugikauiid KpionpoTekTopis OyB
po3moin ix Ha eHAo- Ta ex3onentosspHi [11], TodTo
(hakTHYHO HA TPOHHUKAIOYi Ta HETIPOHUKAIOY1 PEYOBH-
HH. KpionmpoTeKTopHy aKTHBHICTH OB’ SI3yBalid B
TIepITy Yepry 31 3AaTHICTIO MPOHHUKATH B KIITHHH 1
TKaHUHU. X04Ya CHHTE30BaHO 0arato BHCOKO-
MOJIEKYJISIpHUX, HE MPOHUKAIOUNX KPi3b KIITHHHI
MeMOpaHHU CHONYK, SIKi BUSBIIAIOTH KPiOMPOTEKTOPHI
BJIACTUBOCTI, MUTaHHSA NMPOHUKHOCTI TUX YU 1HIINX
KpIOIPOTEKTOPiB Kpi3h KIITHUHHI MEMOpaHH 3aju-
LIAETHCS aKTyaJIbHUM. 30KpeMa, BCTAHOBIICHO, L0 TIPH
MOBIJILHUX IIBUAKOCTSX OXOJOMKEHHS s 3a0e3-
MIEYESHHS 3aXUCTY 010JI0TYHOr0 00’ €KTa MPOHUKHEHHS
KpiOMpOTEeKTOpa B KIITHHH € 000B’s3k0BUM [1].
BaxnmBoro € MBHUIAKICTH MPOHUKAHHS KPIOIPOTEKTOpa
Ha eTami ekBULTIOparii 3 HUM 10 3aMOPOXXYBAaHHS Ta
Ha eTami MepeHECCeHHS KJIITHH B 1300CMOTHYHE
CepeaoBHINe Micis pO3MOpPOXyBaHHSA. He MeHm
aKTyaJbHE NMHUTAHHS MEXaHi3MiB MPOHUKHOCTI,
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Cryoprotectants play an important role in cryo-
preservation of biological systems. Mechanisms of
protective action expands the whole spectrum of
damaging agents, associated with cryopreservation:
starting from influence on electrolytes’ maximum
concentration during freezing and stage of dehyd-
ration of cells and up to the effect on extra- and
intracellular crystallisation. One of the first
classifications of cryoprotectants was their division
to endo- and exocellular ones [11], i.e. actually to
permeable and non-permeable substances. Cryopro-
tective activity was associated with an ability to
permeate into cells and tissues. Although there were
synthesised a lot of polymolecular substances, which
did not permeate via cell membrane and revealed the
cryoprotective properties; the task of cryopro-
tectants’ permeability via cell membranes remains
vital. In addition, it has been found that at low
cooling rates the permeation of cryoprotectant is
obligatory to maintain the protection of biological
object [1]. An important index is the cryoprotectant
permeability rate at the stage of equilibration before
freezing and at the stage of cell transfer to isotonic
medium after thawing. Not less vital is the question
of permeability mechanisms, since it can be directly
associated with cytotoxicity of cryoprotectant
substance.
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OCKIIBKH 11e MOKe OyTH 6e3mocepeiHbO OB’ A3aHO 3
LUTOTOKCUYHICTIO KPIOTIPOTEKTOPHOI CTIOTYKH.

Byno moka3zano, 110 koe(hilieHT MPOHUKHOCTI IS
PI3HUX PEYOBUH 3aJICKHUTH Bifl TiNODiIBHUX BIACTHU-
BOCTEH MOJeKyln [4], sKi XxapakTepu3yIOThCs Koedi-
Li€HTaMHU PO3NOALTY PeYOBUH Yy ABO(a3Hil cucremi,
IO CKJIAAA€ThCs 3 BOAM Ta rimpodoOHoi dazu. ns
0araTb0X PEYOBHH MK BETMUMHAMHU IPOHUKHOCTI Ta
Koe(illieHTaMH PO3IIOALTY ICHY€ 3aJIeKHICTh, ONM3bKa
0 TIPsIMOT MpOTOPIliiHOCTI. BBa)xkaroTh, Mo Taki
PEYOBHHU NMPOHUKAIOTH B KIITUHU MUITXOM MPOCTOT
nudy3ii Kpi3p JAinigHuN Olmap miaa3MaTHYHOI
MeMOpaHu. Y TO# XK€ 4Jac BiJIOMO, IO Taki MaJi
HEUTpallbHI TigpoinbHI MOJIEKYIH, K MOYCBHHA,
STWICHIIIIKOMb 1 HacaMIiepe]] BOza, JIETKO MPOHHUKAIOTh
Kpi3b MeMOpaHu okpeMuXx Ki1iTiH. Ha mincrasi anamizy
EKCIepUMEHTAIbHUX JaHUX OynH CTBOpEHI Mojelni
MPOHUKHOCTI, SIKi MOSICHIOBAaJIM NMPOHUKAHHS Tiapo-
(binBHUX MOJIEKY Kpi3b Oiosoriuni memOpanu. Onux
3 BapiaHTiB TaKuX Mojelieil 0a3yeThCsl Ha ySBICHHI
npo QuryKTyartiiiHe yTBOpPEHHS 0P Y JIiliTHOMY Oimapi
BHACIIIJIOK TEILIOBOTO PyXy MOJEKYNI. TeopeTudHuit
aHasi3 nporecy (GpIyKTyaliiHOTO YTBOPEHHS TiJgpo-
¢binpHUX TOp y mimigHuX Oimapax [6] mokasas, IIO
HaWOUIBII IMOBIPHUM € YTBOPEHHSA 1OP 3 A1aMETPOM
5-6A, a maiiGinbmmii JiaMeTp TaKuX IOpP MOXe
Jocsaratu 10A. Inma Mo (iKaIlisl TiMOTe3! JTMoQiib-
HOTO CHTa 3BOAMUTHLCS 0 NPHUITYLICHHS HASBHOCTI B
MeMOpaHax NOCTIHHO iICHYIOUHMX TiApo(diIbHUX TOp,
YTBOPEHUX OITKOBUMH CTPYKTypamu. JlocCIimKeHHs
MPOHHUKHOCTI JUIsl BOIU Ta MaJMX HEEJEKTPOJITiB
ninigHuX OimapiB, MOaU(IKOBAaHUX TAKUMHU aHTH-
0ioTMKaMu, SIK HUCTaTHH Ta aMQOTEepUUHUH B,
[OKa3ajM, 0 I[i PEYOBUHU YTBOPIOIOTH y JIIIAHUX
Oimrapax Mopu 3 XapaKTepUCTUKAMU, aHAJIOTTIHUMH
0 XapaKTePUCTHK MOp Y MeMOpaHax epUTPOLHUTIB.
Hapasi Bimomo, mo amdorepuiiua B dopmye B
JinigHUX Oimapax MoOpoXKHUHY JiaMeTpOM 8A, sika
MIEPETHHAE BCIO TOBIY MEMOpPaHU 1 Ma€ TiApopiIbHY
BHYTPIIIHIO OBEPXHIO. BBa)kaioTh, 110 B MeMOpaHax
EpUTPOLMTIB NMPHUKJIAAOM TpaHCMEMOpaHHOTO OijKa,
AKUi (opMye HAacKpi3Hi TpaHCMeMOpaHHI HOpH, €
aHIOHOOMIHHUI O1JIOK cMyTH 3, IKUH 371IICHIOE 0OMIH
30BHIIHBOrO Cl™ Ha BayTpimmin HCO,™ [12].

Y po0oTi BUBUEHO MPOHUKHICTH MEMOpaH epUTpO-
IIUTIB JTFOMMHH JJTS] HEEJIEKTPOITITIB HI30K TIOJTIB 1 aMiJIiB,
a TaKOX sl TTinepuHy. HanpsiMok HaImx JIOCIiKeHb
OyB 00yMOBIIEHHI MOXITUBICTIO MOPIBHSIHHS (Di3HKO-
XIMIYHHX BIACTUBOCTEU MOJICKYJT y TOMOJIOTTIHUX PsIiax
1 cepes CTPYKTYPHHX 130MepiB, 3’ ICYBaHHsI BIUTUBY ITUX
BIIACTUBOCTEH HA IX MPOHWUKAHHS Kpi3h O10J0TiUHI
MeMOpaHH. 3 MPaKTUYHOI TOUKH 30pYy Takuid BUOip OyB
BU3HAUECHUH IMPOKKM BUKOPHCTAHHSAM LIMX CIIONYK Y
Kp100i0JIOTT4HiH MpaKTHUIIi.

HocaigxeHHs NPOBOAMIN HA €PUTPOLHUTAX
JOHOPCBHKOT KPOBI JIFOAMHH, KOHCEPBOBAHOI Ha PO3UMHI
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It was shown that permeability coefficient for
various substances depended on the molecules’
lipophilic properties [4]. Lipophilic properties of this
or that substance are determined by comparing the
so-called coefficients of substances’ partition in two-
phase system, consisted of water and hydrophobic
phase. For the majority of substances there is a
dependence between permeability value and partition
coefficient, that is close to a direct proportionality.
There is an opinion that these substances permeate
to cells by the simple diffusion via lipid bilayer of
plasma membrane. At the same time it is known,
that such small neutral hydrophilic molecules as
urea, ethylene glycol and, first of all, water easily
permeate via membranes of individual cells. Basing
on the analysis of experimental data the models of
permeability were created, which explained the
permeation of hydrophilic molecules via biological
membranes. One of variants of these models is based
on representation of fluctual formation of pores in
lipid bilayer in consequence of molecules’ heat
movement. Theoretical analysis of process of fluctual
formation of hydrophilic pores in lipid bilayer [6]
showed that the most probable was the formation of
pores with diameter of 5-6A, and the largest diameter
of these pores could achieve 10A. Another modifi-
cation of “lipophilic sieve” hypothesis comes to an
admission for presence in membranes of permanently
existing hydrophilic pores, formed by protein
structures. Investigation of permeability for water
and small non-electrolytes via lipid bilayers,
modified by such antibiotics as nystatin and
amphotericin B, showed that these substances created
in lipid bilayers the pores with characteristics,
similar to those for pores in erythrocytes membranes.
It has been proved, that amphotericin B forms in
lipid bilayers a cavity with diameter of 8A, which
crosses the whole membrane width and has a
hydrophilic inner surface. There is an opinion, that
the example for such transmembrane protein in
erythrocyte membrane, which forms the trans-
membrane pores, is the band 3 anion-exchange
protein, which exchanges an external Cl- for internal
HCO, [12].

In this work we have studied the permeability of
human erythrocyte membrane for non-electrolytes
from diols and amides series, and for glycerol. The
direction of our investigations was motivated by an
opportunity to compare the physical and chemical
peculiarities of molecules in homologous series and
among structural isomers, and to determine the effect
of these peculiarities on their permeation via
biological membranes. From the practical point of
view this choice was preconditioned by a wide
application of these substances in cryobiological
practice.
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morinup. EputpounTty BiAMUBAIN NP KiMHATHIN
Temneparypi neHtpudyryBanasm 5 xB npu 8§00g 3
piBHEM 00’eMOM i30TOHIYHOTO (ochaTHOTO Oydepa,

pH 7.4.

Jns nocnimxenns Oynu oOpaHi HONAPHI Heenek-
TPOJNITH: €TaHAI0N (ETHJIEHIIIKONb), 2 CTPYKTYpHI
13omepu nponanniony (1,2- i 1,3-nponannion), 4
CTPYKTYypHHUX i30Mepu Oytanzmiony (1,2-, 1,3-, 2,3- 1
1,4-0yTanmion), Mi- Ta TPUETUIICHIIIKOJb, MPOMAaH-
Tpion (rmiuepun) i 4 amigu (aumeramia, METHII-
areTamij, AUMeTUIGopMaMia i AUMeTHIaIeTaMin).
[Ipemaparu 6ynn mMapku “x4” abo “gma”, ZOAATKOBO

OYHIIEH], a TX SAKICTh
KOHTPOJIIOBaNach 3a-
rajJbHONPUUHATUMU
Meronamu [3].
l'eomerpuuni mapa-
METpPH MOJIEKYJI po3pa-
XOBYyBaJll Ha OCHOBI
moneneit Cteroapta [8]
32 KOMIT IOTEPHOIO IIPOT-
pamoro “Hyper Chem
Prov.5.1”. Koegiuientn
MIPOHUKHOCTI BU3HAYAIN
pO3pOOICHIM HAMH Me-
tonoM [10], sixuit rpys-
TyeThbcsl Ha (i3HKO-
MaTeMaTU4yHii Mojeni
reMOJIi3y B BOJHUX PO3-
YUHAaX IPOHUKAKYOI
pedoBuHH [2].

VY pesysbrari mpoBse-
JEHUX JOCTILKEeHb Oyin
OoTpuUMaHi KoedilnieHTH
MPOHUKHOCTI MeMOpaH
EPUTPOLUTIB JTIOAUHU
IUTSL 3a3HaYEHUX Pedo-
BUH (rabmuns). VY
TaOJIUII TAKOX IMpe-
CTaBIIEHO OTpHUMaHI
HaMU PaHilIe AaHi MO0
KoeilieHTa po3MoIiTy
JIOCIII)KYBaHUX PEUO-
BUH y CHCTEMI “‘n-okra-
Hou - Boaa” [5].

Sk BUIHO, HEMae psi-
MOI 3aJIeKHOCTI Koedili-
€HTIB MPOHUKHOCTI BiJ
OIHOTO 3 HapaMeTpiB
(reomerpuuHoro abo
¢izuko-ximiuHoro). Tak,
3aJIKHICTh KoedilieHTa
NpoHUKHOCTI P MeMOpan
CPUTPOLUTIB JIIOAUHHU
I7si pEYOBUH HU3KH
J0JIiB BiJ KoedilieHTa
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Investigation was performed in erythrocytes from
human blood, preserved with Glugicyr solution.
Erythrocytes were washed at room temperature by

centrifugation at 800g during 5 min with an equal

volume of isotonic phosphate buffer, pH 7.4.

For investigation we have chosen the following
polar non-electrolytes: ethane diol (ethylene glycol),
two structural isomers of propane diol (1,2- and
1,3-propane diol), four structural isomers of buthane
diol (1,2-, 1,3-, 2,3-, 1,4-buthane diol), di- and
triethylene glycol, propane triol (glycerol) and four
amides (acetamide, methyl acetamide, dimethyl

BrunB ¢i3uko-XiMIYHUX 1 TEOMETPUYHUX TapaMETPiB MOJIEKYJ Ha X IPOHUKHICTh KPi3b
MeMOpaH! SPUTPOIHTIB JTFOIHHA

Influence of physico-chemical and geometrical parameters of molecules on their

permeability through human erythrocyte membrane

Koedimierrn TeomeTpuuni
_ Koedinientn napaMeTpy MOAEKYA
PeuoBuHa CTpyKTYypHi (hopMyAH r:pgzli[geﬂn?[% posnoaiay K | Geometrical parameters
> Rt Distribution of molecules
Substance Structural formulae Permeability coefficients
coefficients K
Px10°m/s » DA LA | VA
ETtnaeHraikonn CH—CH,
(eTaHAiOA)
Ethylene glycol O‘H OIH 1,98+0,48 0,04 2,6 52 | 276
(ethane diol)
Atermenmaixos | P CHTOTETGL ) )0 a1 | 72 | 950
Diethylene glycol ou oH ke - ' ' '
CH,—CI O—CH,—CH,),—OH
TpUEeTUACHTAIKOAL | H HCH); 01620044 _ 44 10.4 158
Triethylene glycol | ~py PETE ' '
1,2-mipomaHAioA CH3_C|H |HZ
1o - 1,6+0,24 0,076 3,7 5,0 53,7
1,2-propane diol ' ' ' ' i i
OH OH
, CH,—CH,—CH,
! 9?;1;%{;?;%?31 O‘H O|H 0,8970,3 0,064 41 57 | 752
( [ainepun ) CI|—IZ—CH—CH2
Al 0,0380,03 0,005 47 52 | 902
Glycerol ' ' ' ] ) )
(propane triol) OH OH OH
1,4-GyraHaion C|H 7 CH—CH, :|H2
12 ! 0,979=+0,292 0,137 4,0 7.4 92,9
1,4-buthane diol ' ' ) ) ' )
! OH OH
L35 _ CHS—C|H—CH2—C|HZ
it At 1,8920,18 0,182 36 60 | 61,0
1,3-buthane diol ' ' ' i i .
! OH OH
2,3-Gyramaion CH3—C|H—( H—CH,
- p 2,64+0,22 0,227 39 58 69,2
2,3-buthane diol 1 ' ' ' i |
' OH OH
_ CH,—CH,—CH—CH,
| ZOyranaion du o 2,890,11 0,308 43 | 61 | 885
Aretamip, =0
Acetamide CH—C_ NH 2,66=0,18 0,062 32 3,8 30,5
2
Merianeraria cn—cZ° 2,640,2 0,113 33 49 | 424
Methyl acetamide 3 ~ NH—CH, 102=0, \ ) , ,
Anmvernadopmamia =0
Dimethyl H—CZ_ _cH 2,96=+0,1 0,233 39 4,1 44,0
formamide N CH3
3
i O
AMMeTHUAAIIeTaMiA, T
Dimethyl CH—C_ |~ CH, 2,860,14 0,291 42 51 | 706
acetamide ™~ CH,
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p
3anexHICTh KOe(IIiEHTIB MPOHUKHOCTI MEMOpPaH epUTpo-

IIUTIB JJI MOJIEKYI aminiB (kpuBa 1) 1 miomiB (kpuBa 2) Bix
KoeilieHTa PO3MOILTY IIUX PEYOBHH B CHCTEMI “OKTaHOII-
BOZIA”.

Dependence of human erythrocyte membrane permeability
for molecules of amides (curve 1) and diols (curve 2) on
distribution coefficient of these substances in octanol-water
system.

PO3MOAiTY MK BOJOIO Ta rizpododHoro dazoro K mae
BUIIAJ, IPEACTABICHUI Ha pUCYHKY (KpuBa 1). fAxmo
YMOBHO HOAUIUTH Ai0MU Ha JIBI Tpynu: riapodinbhi
PEYOBHHHU Ta BiZHOCHO TifpodoOHI pedyoBHHHU, TO
3BepTae Ha cebe yBary mpasa rijika KpUBOi, siKa
MICTUTB JaHi s CTPYKTYpHUX 130MepiB OyTaHA10Ty.
Maemo 4iTKy 3ale€XHICTh, ONHM3BKY OO MPSIMOi
MPOMNOPIIHHOCTI, MiXk KoeQil[ieHTaMU MPOHUKHOCTI
Kpi3b MeMOpaHH €pUTPONUTIB 1 KoedimieHTaMHU
posnoxainy. Koedimient kopemnsiii cranoButs 0,927,
Lle o3Hauae, MmO MPOHUKAHHS OyTaHIIONIB 31ilicC-
HIOETHCS, IPUHAWMHI 4aCTKOBO, IUISIXOM PO3YHHEHHS
B JimigHIA ¢asi.

AHani3 qaHux A TPyNH TiApodiTbHUX T10MiB
(miBa rinka KpuBoi 1 Ha PUCYHKY, TaOMHIIT) IOKA3YE,
10 OLTBII BIUTMBOBUM YMHHHMKOM JUIsI KOS(illi€HTIB
NPOHUKHOCTI IIMX PEYOBHH € TCOMETPHUYHHU.
KoedimienT xopemnsiii Mixk koedillieHTaMU MPOHUK-
HOCTI Ta JliaMeTpoM i 00’€MOM MOJIEKYJl CTAaHOBHUTH
0,9 ta 0,97 BignoBigHO. OYEBUIHO, IO B 3B’SI3KY 3
BHUCOKOIO Tipo(iMbHICTIO IIUX HEEJEKTPOIITIB
MIPOXO/KEHHA X KpPi3b BOAHI OLIKOBI MOPHU € OLIBII
MNPUIHATHUM, TOMY 3pO3yMIJIOI0 CTAa€ Taka CHUJIIbHA
3aJIeXKHICTh BiJl pO3MipiB Mojekyn. LlikaBuM € Toii
(bakT, 10, HE3BAKAIOUM HA MaliKe OJHAKOBI Koedi-
Li€HTH PO3MOATYy MiX rigpodinbHol0 Ta riapodo-
O0HO0 ¢azamu i30MepiB Mpomanaiony, koedimieHTt
MIPOHUKHOCTI AJ1s1 1,2-Tiponan 1oy OiTbIIe HiXK B 1Ba
pa3u mepeBUIYy€E KOSPIi€HT MPOHUKHOCTI s
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formamide and dimethyl acetamide). Substances
were of “chemical pure” and “pure for analysis”
standards and additionally purified, and their quality
was assessed by standard methods [3].

Geometrical parameters of molecules were
estimated basing on Stewart models [8] using the
Hyper Chem Pro v.5.1 software. Permeability
coefficients were determined with elaborated by us
method [10], which is based on physical and
chemical model of hemolysis in aqueous solutions
of permeating substance [2].

As a result of the conducted experiments we
obtained the permeability coefficients of human
erythrocyte membranes for specified substances
(Table). Previously obtained by us partition
coefficients for studied substances in the n-octanol-
water system [5] are included in the Table.

As it is shown there is no direct dependence of
permeability coefficients from the one of parameters
(geometrical or physico-chemical). So the depen-
dence of the P, permeability coefficient, of human
erythrocyte membrane for substances of diol series
from the K , coefficient of partition between water
and hydrophobic phase, is presented in the Figure
(curve 2). When the diols are conventionally divided
in two groups: the hydrophilic substances and the
hydrophobic ones, then the most interest is paid to
the curve’s right branch, containing the data for
butan diol structural isomers. There is a distinct
dependence between the coefficients of permeability
via erythrocyte membrane and partition coefficients,
which are close to direct proportionality. Correlation
coefficient made 0.927. It means, that butane diol
permeation accomplishes, at least partially, by the
dilution in lipid phase.

Analysis of data for groups of hydrophilic diols
(the left branch of the curve 2 in Figure, Table)
shows, that the geometrical index has the greater
influence on permeability coefficients. Correlation
coefficient between permeability coefficient and
molecules’ diameter and volume made 0.9 and 0.97,
correspondingly. It is evident that because of high
hydrophilic properties of these non-electrolytes their
passing via aqueous protein pores is more probable
and such a strong dependence from molecules’ sizes
becomes clear. It is interesting that in spite of almost
identic coefficients of partition between hydrophilic
and hydrophobic phases of propane diol’s isomers,
the permeability coefficient for 1,2-propane diol is
more than twice higher than that for 1,3-propane diol.
Thus, the transfer from diameter of 3.7A for 1,2-
propane diol to diameter of 4.1A for 1,3-propane
diol is critical for passing the pore. This conclusion
is supported by the data on butane diol isomers.
Deviation of the dependence of permeability and the
partition coefficient from the direct proportionality
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1,3-npomaniony. Takum YnHOM, IEpeXiJ Bi JiaMeTpa
3,7A Jutst 1,2-miponan oy 10 JiaMerpa 4,1A s 1,3-
MPONAHIIONY € KPUTUYHHUM JUIS MPOXOPKEHHS KPi3h
nopy. Lleii BUCHOBOK MiATBEPIKYETHCS TaHUMU IS
i3oMepiB OytaHAiony. BinxuiaeHHS 3aleXHOCTI
MIPOHUKHOCTI Bij] KoedillieHTa pO3MOALTY Bl IPSIMOi
MpOMOpIiHHOCTI Tipu mepexoni Bix 2,3- go 1,2-
OyTaHAi0Ny KOpEItoe 3i 301MbIICHHSIM JiaMeTpa
MOJIEKYJIH J10 43A. 1leii (hakT CBIIUUTH TPO TE, IO
OyTaHTi0JIM TAKOXK YACTKOBO IMTPOHHUKAIOTH KPi3b BOHI
TIOPH, 1[0 MAIOTh MIEBHUM PO3MIp.

[MopiBHsHHS KOE(IIIEHTIB TPOHUKHOCTI B HU3II
“eTHJICHIVIIKOJIb — Ji€TUJICHTITIKONIb —TPUETUIICHTII-
KOJIb” TIPUBOJIUTH J0 THX e BUCHOBKIB. KoedimieHT
MIPOHUKHOCTI Pi3KO 3MEHIIYETHCS IS JieTUIIEH-
raikomo (D=4,1A) MOPIBHAHO 3 €THJICHTIIIKOIEM
(D=2,6A). TIpOHUKHICTh TPHETHICHITIKOMIO OiIbII
HDK Ha OPAJOK MEHIIA, YUM €THIICHITIKOMIO. bepyun
0 YBaru po3MipHd MOJEKYJ TPUETHUIICHTIIKOJIO
(D=4,4A), MOXHa IPUITYCTHTH, IO BiH HE IPOHHKAE
Kpi3b OIJIKOBI MTOPH.

KoedimieHTH MPOHUKHOCTI €PUTPOIUTIB JJIS
PEYOBHMH HHM3KH aMiJliB Majo BiAPI3HAIOTHCIS MIX
co0oto (KpuBa 2 Ha pUCYHKY ), X0ua TPOHUKHICTH JIS
JuMeTmIhopMamily BiporiIHO 3pOcTa€e TOPiBHSHO 3
arieTamiJIoM i MeTUIIaIeTaMiIoM (piBeHb BipOTiHOCTI
0,999). AnHanoriuHo ciiji Oysl0 YeKaTH MOAABIIOro
3pocTaHHs Koe]illieHTa MPOHUKHOCTI ISl TUMETHII-
ameTamigy BHacHifok 30iibmieHHS KoedilieHTa
po3moniny. Ane koedili€eHT MPOHUKHOCTI AJIA
IUMETHIANETaMiy € HaBiTh MEHIIUM, HIXK s
numetunpopmaminy (piBenp Biporigaocti 0,95).
SKI0 3BEpPHYTHUCH A0 PO3MIpPIB MOJEKYN, TO 5K 1 Y
BHNAJKY 3 JioJaMH, 0a4uMMo, 10 TEPEBUIICHHS
miamerpom Bemuany 4A mpuBomMTE 10 3MeHmICHHS
KoedilieHTa MPOHUKHOCTI, OUYEBUIHO, 32 PaXyHOK
3MEHIIICHHS BHECKY IIPOHUKHOCTI KPi3b BOJIHI O1JIKOBI
TIOPH B 3arayibHy MPOHUKHICTD ISl I[i€1 peYOBHUHHU.

3 tabnuui BUAHO, IO KOCQIIIEHT PO3MOAITY
DIIeprHY Ha TOPSAOK, a Koe(illieHT MPOHUKHOCTI B
50 pa3iB MeHIIWH, HIX eTHICHDITIKOM0. bepyun 10
yBard po3Mip MoIeKyiH riitepuny (miamerp 4,7A),
MOXXHa 3 BIIEBHEHICTIO CKa3aTH, L0 IJiLEPUH HE
MIpOHHUKAa€E Kpi3h OINKOBI Mopu yepe3 CTepUUHI
obmexxenHs. Huspkuit koedimieHT po3mominy Mixk
rizpodoOHOI0 Ta TiIpodinpHOK (azaMu BH3HAYAE
MaJly MPOHUKHICTh Kpi3b JinmigHuil Oimrap. Takwuii
BHCHOBOK IIATBEP/IXKY€THCS TAHUMH, 1110, HA BIAMIHY
BiJl EPUTPOILMUTIB JIIOJUHHU, TIIIEPUH Malke HE
NPOHUKAE B EPUTPOLUTH OMKa, a MIBUAKICTH HOTO
NPOHUKAHHS B €PUTPOLIUTH IIyPiB B 242 pa3u Oijbiia,
HiX B epuTpouutH BiBmi [7]. Bimomo Takox, 110
IMacWBHA MPOHUKHICTh NiMiAHUX OimapiB TiCHO
OB’ si3aHa 3 IX TEKYYiCTIO, a BiATaK i BMiCTOM
HEHACHYCHUX JKUPHUX KHCIIOT. Y TOW e Jac 1HIEeKC
MIO/IBIHHUX 3B’ S3KIB IJIS JMIIB €pUTPOIUTIB BiBIIi,
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for 1,2-propane diol correlates with an increase of
molecule diameter up to 4.3A. This fact testifies to
the partial permeation of butane diols through
aqueous pores with a certain size.

Comparison of permeability coefficients in the
series “ethylene glycol — diethylene glycol —
triethylene glycol” leads to the same conclusions.
Permeability coefficient sharply decreases for
diethylene glycol (diameter of 4.1A) comparing to
ethylene glycol (diameter of 2,6,&). Permeability of
triethylene glycol is more than ten times higher
comparing to that for ethylene glycol. Taking into
account the sizes of triethylene glycol molecules
(diameter of 4.4A) we can suppose that it does not
permeate through protein pores.

Permeability coefficients of erythrocyte mem-
branes for substances of amide row slightly differ
when comparing to each other (curve 2 in Figure),
although the permeability for dimethyl formamide
statistically significant increases comparing to
acetamide and methyl acetamide (probability level
is 0.999). Similarly a further increasing of
permeability coefficient for dimethyl acetamide as a
result of rise in partition coefficient could be
expected, but it is even lower than for dimethyl
formamide (probability level is 0.95). As for the
molecules’ sizes, we can see as it was in the case of
diols, that the increase of molecule’s diameter over
than 4A leads to the decrease of permeability
coefficient, apparently, on the account of decreasing
in contribution of permeability through aqueous
protein pores in total permeability for this substance.

As for the glycerol, it can be seen from the table,
that its partition coefficient is in 10 times lower, and
permeability coefficient is in 50 times lower than
for ethylene glycol. Taking into account the size of
glycerol molecule (diameter of 4,7A) we can
conclude, that glycerol does not permeate through
protein pores because of steric restrictions. Low
coefficient of partition between hydrophobic and
hydrophilic phases determines the low permeability
through lipid bilayer. Such conclusion is supported
by the fact, that in contrast to human erythrocytes
glycerol hardly permeates into bovine erythrocytes,
and its permeability rate for rat erythrocytes is in
242 times higher than that for sheep erythrocytes
[7]. It is known also that passive permeability of
lipid bilayers is tightly associated with their viscosity,
and therefore with the content of non-saturated fatty
acids. At the same time, the double bonds index for
lipids of sheep, bovine, human and rat erythrocytes
makes 0.7, 0.8, 1.4 and 1.7, correspondingly [9].
Thus, the hypothesis of glycerol permeation via lipid
bilayer is the most probable. Taking into account
the fact, that partition coefficient for glycerol is very
low we can conclude that glycerol penetration is
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Ouka, mrogmHU Ta mypa crtaHoButsh 0.7, 0.8, 1.4 ta
1.7 BinnoBigHo [9]. TakumM yrHOM, BEepCis MPOHUKAHHS
[IilepuHy came Kpi3b JinigHuil Oimap HaiOinbII
iMoBipHa. BpaxoBylouu Te, 10 Koe(ilieHT PO3NOAiTy
[JiEepUHY AYy’KE€ HU3bKHH, MOXHA HNPUIIYCTHTH:
NPOHUKAHHS TJIiLEPUHY 3OIHCHIOETHCS caMe 3a
MeXaHi3MOM (IyKTyaliiHOTO YTBOPEHHS MOp Y
ninigHoMy Oimapi.

Y pesynbTaTi IpoBeaeHUX 0 CIiHKEHh BUSHAYCHO
Koe(DiliEHTH TPOHUKHOCTI MeMOpaH epUTPOLIUTIB
JIOMWHYU IS HU3KU KpiomporekTopiB. OTpumani
BEJIMYMHU 3aJI0BITBHO Y3TOJUKYIOTHCS 3 JAHUMH
iHmMX aBTopiB. Tak, BU3HAUCHUN HaMK KOE(DIilli€HT
NPOHHUKHOCTI s aneraminy (2,68+0,18)x10¢
MPAKTHYHO 30iraeThest 3 manumu [13] (2,76+0,5)x10°,
a JUTsl ETUJICHIJTIKOIO BiH cTaHOBHTH (1,98+0,48)x10°¢
(nammi mani) i (2,07+0,3)x10¢ (mani po6otu [14]).

3 OTpUMaHUX JaHWX BHUILIMBAE, 10 IPOHUKAHHSI
MOJIEKYJ HEENEKTPOIIITIB Kpi3b MeMOpaHH epuTpo-
LUTIB Ma€ MOABIMHUN MexaHi3M. Mani rizpodinbHi
Mostekymn (giamerpoM mpubiusno 10 4A) BimbHO
MIPOHUKAIOTH KPi3b BOAHI IOPH CTAJIOTO po3Mmipy. Taki
MOPH, SIK TMPABUIIO, YTBOPIOIOTHCS 1HTETpaIbHUMHU
MeMOpaHHUMH OiikaMu. Y MeMOpaHaX epUTPOIUTIB
JIOMVHM iICHYBaHHS BOJHUX OUIKOBHX TOp, 3aTHHX
MPOITYCKATH eNeKTPOHEHTPaIbHI MOJEKYIIH TaKoTO
PO3Mipy, IOB’ I3YIOTh 3 aHIOHOOMIHHHM OLTKOM CMYyTH
3 [12]. IIpu 3pocTanHi AiNOQiNBHUX BIACTHBOCTEH
MOJIEKYJI 301JIBIIYETHCSI IMOBIPHICTh 1X MPOHUKAHHS
LUIAXOM PO3YMHEHHS B JNimigHid ¢aszi. BHacmimok
LbOT0 MPOHHUKHICTH Takoi MOJeKynu, sk 1,2-
OyTaHmi0M, PO3MIpHU SKOI HE JO3BOJIAIOTH i BLIBHO
NPOHUKATH Kpi3h BOJIHY OiNKOBY HOpY, HaBiTh
MEePEeBUIYE MPOHUKHICTD JJIsI €THUIICHTIIKOJIO.
I'iapodinpHI MOTEKYIM MOXYTh MPOHUKATH KPi3b
ninigHy ¢a3y 3a MexaHi3MoM (UIyKTyaliifHoro
YTBOPEHHsI TIOp Y JiMiIHUX Oimapax. AJe B ycix
BUTAJKaX pO3Mip MOJIEKyd Oyae BIIMBAaTH Ha
Koe(DIIIEHTH MPOHUKHOCTI: a00 yepe3 0OMEeKEHHs
PO3MipiB cTanux 4u QIIyKTyaiifHO yTBOPIOBAHUX IIOD,
a00 BHACIIJOK 3aJIEKHOCTI €Heprii Iepexoy 3 BOIHOI
(a3u B JiMiaHY BiJ IO HOBEPXHI MOJIEKYIIH.
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accomplished by namely the mechanism of fluctual
formation of pores in lipid bilayer.

In result of conducted experiments we determined
the permeability coefficients of human erythrocytes
for series of cryoprotectants. Obtained values are in
satisfactory accordance with the data of other
authors. So, determined by us permeability
coefficient of human erythrocytes for acetamide
made (2.68+0.18)x10%and is practically close to the
data in the paper [12], (2.76+0.50)x10¢, and that
for ethylene glycol they made (1.98+0.48)x10¢ (own
data) and (2.07+£0.30)x10° (data from the paper
[14]).

The obtained data show that penetration of non-
electrolyte molecules through erythrocyte membrane
has a double mechanism. Small hydrophilic
molecules (with diameter up to 4A) freely penetrate
via aqueous pores of constant size. These pores are
formed usually by integral membrane proteins. In
human erythrocyte membranes the existence of
aqueous protein pores, being capable to pass the
electrically neutral molecules of such a size, is
associated with band 3 anion-exchange protein [12].
When increasing the molecules’ lipophilic properties
the probability of their penetration by solubilisation
in lipid phase rises. Therefore the permeability of
such molecule as 1,2-buthane diol, which size does
not allow the free passing through aqueous protein
pore, even exceeds the permeability for ethylene
glycol. Hydrophilic molecules can permeate through
a lipid phase by a mechanism of fluctuational pore
formation in lipid bilayers. However for all the cases
the molecules size will influence the permeability
coefficient either by limiting the constant pores sizes
or those for pores formed by fluctuation, or as the
result of dependence of energy of transition from
water phase to lipid one on molecule’s surface area.
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