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Membrane Permeability of Rat’s and Rabbit’s Erythrocytes
for Cryoprotectants of Amide and Diol Series

B pesymnbrare npoBeJeHHBIX HCCIICA0BAHUH BBISIBICHO, UTO IPOHHUIIAEMOCTE MEMOPAH PUTPOLUTOB KPBICHI ¥ KPOJIHKA I N3yYEHHBIX
BEIIECTB 3aBUCHT OT XMMHYECKOH CTPYKTYPBIL, T€OMETPUIECKHX ITapaMeTPOB MOJICKYIT U (PU3HKO-XUMUUECKUX CBOHCTB ITUX COCIHHECHHH,
B YaCTHOCTH T'HAPO(MIEHO-THAPOGOOHOrO OanaHca MX MOJEKYJ. YCTAaHOBJIEHO, YTO IPOHHIAEMOCTh BEIIECTB depe3 MeMOpaHy
SPUTPOIMTOB KPBICHI BEIIIE, YeM Uepe3 MEMOPaHy SpUTPOLUTOB KPOJIHKA, ITO 00YCIOBICHO BUAOBOH CIICIN(HIIHOCTHIO 3THX KIETOK.

Knioueswvie cnosa: KPUOIIPOTCKTOPLI, IPOHUIIAEMOCThb M€M6paH, TEOMETPUICCKUEC MMaPpAMETPhI MOJICKYII, TOMOJIOTHYECKHUI pAa,

JIMIHAIHBIA OMCIION, OEIKOBBIE KaHAJIBL.

V pesynbrari NpOBEJCHHX JOCIIKECHb BHSBICHO, 1110 IPOHUKHICTh BUBYEHUX PEUOBUH KPish MEMOpPaHU epUTPOLMTIB LIypa Ta
KpOJIMKA 3aJICKUTh BiJl XiMIYHOI CTPYKTYpH, TCOMETPHYHHX ITapaMeTpiB MOJEKYIN i (i3UKO-XIMIYHAX BIACTUBOCTEH LUX CIIONYK,
30KpeMa riapodinbHO-TigpoPoOHOTO OamaHcy ix Monekya. BcraHOBIEHO, M0 MPOHUKHICTE PEYOBUH KPi3b MEMOpaHy epUTPOLIUTIB
[Iypa BUILA, HK KPi3b MEMOPaHy EpUTPOIHTIB KPOJIHKA, [0 O0YMOBIICHO BHIOBOIO CIICIH(IUHICTIO IUX KIIITHH.

Knrouoei cnosa: xpionpoTeKTOpH, IPOHUKHICTE MEMOpaH, TeOMETPHYHI ITApaMETPH MOJICKYIT, TOMOJIOTTYHHHN PSII, I THUH Oimmap,

O1IKOB1 KaHAJIH.

As a result of the performed experiments the permeability of rat and rabbit erythrocyte membranes for substances was revealed as
dependent on a chemical structure, geometric parameters of molecules, physical and chemical properties of these compounds, in particular
hydrophilic and hydrophobic balance of their molecules. The permeability of substances through rat erythrocyte membrane was estab-
lished as higher than the rabbit one, that was stipulated by the species-specificity of these cells.

Key-words: cryoprotectants, membrane permeability, molecule geometric parameters, homologous series, lipid bilayer, protein channels.

OmnpenesneHre K03(QPUIUSHTOB MPOHUIIAEMOCTH
MeMOpaH KJIETOK, B YaCTHOCTH DPUTPOIUTOB, IS
MOJIEKYJI KPHONPOTEKTOPOB KaK OJHOTO M3 Bax-
HEeHMHMX OMO(PU3NIECKUX MapaMeTpoB HEOOXOIMMO
JUIST Hay9HO 00OCHOBAHHOTO TOIXO0Ma K pa3paboTke
3 (heKTUBHBIX METOJIOB KPUOKOHCEPBHPOBAHUS
OMOJIOTUYECKUX OOBEKTOB.

CriocoOHOCTH BEIIEeCTB MTPOHUKATH Yepe3 MeMOpa-
HBI KJIETOK, C OJTHON CTOPOHBI, 3aBUCHUT OT XMMUYECKOU
CTPYKTYPBI U TEOMETPUIECKUX ITapaMeTPOB MOJICKYII,
C IPYTO#l — OT COCTaBa U (PU3NKO-XUMHYECKUX CBOWCTB
MeMOpaH KJIETOK, OTJIMYAFOIIUXCS 110 BUIAOBOH MPH-
HaJJIEKHOCTH ¥ CTPYKTYPHO-(PYHKIMOHAIbHBIM
xapakrte-puctukam [9, 12].

OmHUM U3 NEPCIEeKTUBHBIX MOIXOJ0B ISl BBISC-
HEHMSI MeXaHHU3Ma TPAHCIOPTa KPHUOIPOTESKTOPOB
BHYTPb KJIETOK SIBJISCTCS HU3YYCHHE 3aBHCHUMOCTHU
MIPOHHIIAEMOCTH MEMOPAaH ISl MOJIEKYJI OT X (PH3UKO-
XMMHUYECKHX CBOWCTB B TOMOJIOTHYECKUX pAIax
COEIMHEHUH C TTOCTEIIEHHO YCIOXKHSIOIMIEHCS CTPYK-
TYypOH Ha pa3lIMYHBIX KIETKaX PacTUTEIBHOTO U
JKUBOTHOTO TIPOUCXOXKACHHS. B CBSA3M ¢ 3TUM UHTE-
pecHO OBLIO UCCIIEIOBATh CKOPOCTH MMPOHUIIAEMOCTH
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Determining the permeability coefficient for cell
membranes, erythrocytes in particular, for cryoprotec-
tant molecules as one of the most important biophysical
parameters is necessary for scientifically substantiated
approach in designing efficient methods for biological
object cryopreservation.

The capability of substances to penetrate through
cell membranes depends on one hand on chemical
structure and molecule geometric parameters and on
another hand on the composition, physical and chemical
properties of cell membranes, differing by species-
specificity and structural-functional characteristics [9,
12].

One of the perspective ways in revealing the
mechanism of cryoprotectant transport inside cells is
to study the dependency of membrane permeability
for molecules on their physical and chemical properties
in homologous series of compounds with a gradually
complicating structure in different cells of plant and
animal origins. Due to this fact of interest was to inves-
tigate the rate of cryoprotectant permeability of two
compound series (amides, diols) through erythrocyte
membranes of different animals. Selection of com-
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KpPHO-TIPOTEKTOPOB JIBYX PSA0B COENNHEHUH (aMHIBI,
JMOJIBI) Yepe3 MeMOpaHbl SPUTPOLIUTOB PA3HBIX KH-
BOTHBIX. Be100p coeanHenuii 00ycnoBiIeH nX IHUPOKUM
UCTIONIb30BAaHUEM B KPUOOHOJIOTNUECKOM mpakTuke [1].

Lenb paboTsl — onpeaenuts Ko3GGUIHEHTHI IPo-
HHUIIAEMOCTH IIa3MaTHYECKUX MEMOPaH SpUTPOLIITOB
KpBICHI M KpoJinKa mpu Temnepatypax 37 u 25°C nns
7 coeAMHEHNH psiia IMOJIOB U 4-X BEILECTB Psa aMHU-
JI0B.

Matepunanbl 1 metoAbI

Cnoco0 mmepenns KO3 QUITMEHTOB MPOHUIIAEMOC-
TH SPUTPOLMTOB ISl KPUOTIPOTEKTOPOB OCHOBAH Ha
(hM3UKO-MaTeEMaTHYECKON MOJIETN THIIOTOHUYECKOTO
reMOJIH3a SPUTPOIUTOB YenoBeka [2]. B pabote moiry-
YEHBI COOTHOILIEHUS, KOTOPBIE OMHUCHIBAIOT KHHETUKY
reMOJIM3a SPUTPOLIUTOB B THIIEPTOHUYECKOM BOJHOM
pacTBOpeE BEIECTBA, NPOHUKAIOMIETO B KIETKY.
KonnuecTBeHHBIE pe3ybTaThl MOJEIH JIEXKAT B OCHO-
BE aJIrOpUTMa pacyeTa Ko3(QuureHTa npoHuIae-
MOCTH MOJIEKYJT KPHOTIPOTEKTOPOB Yepe3 MeMOpaHy
SPUTPOLIUTOB YEIOBEKA MO0 3aBUCHMOCTH MHTEHCHB-
HOCTH PAcCEIHHOTO CYCIIEH3MEeH IpUTPOIIUTOB CBETA
OT BPEMEHH B MPOLIECCE THITOTOHUYECKOTO TeMOJIN3a
[4]. ®usmko-MaTeMaTHIecKass MOAEIb CBS3BIBACT
Bpems t , 3a KOTOPOE U3 SpuTpouUTa BEIXOAUT 50%
reMorfao0MHa OT ero Ha4ajJbHOTO KOJIMYECTBA, C
K03(PUIIMEHTOM MPOHNLIAEMOCTH KIETOYHON MeMOpa-
Hbl K PACTBOPEHHOMY BO BHEKJIETOYHOM PacTBOpE
KpPHOIIPOTEKTOPY.

Bpems 50%-ro remonu3a (t, ,) u3MepsIM SKCIEpH-
MEHTAJIbHO Ha NpubOpe, U3TOTOBJICHHOM (hHUPMOi
«Kpuokon» (XapbkoB, YkpauHa). UHTeHCHBHOCTB
paccestHHOrO CB€Ta C JJIMHOM BOJHBI ~]1 MKM mon
yrioM 9° B HaNpaBJICHUH MMA/IAIOIIETO TyYKa H3MEPSUTH
Ha mpubope, B COCTaB KOTOPOTO BXOJASAT KIOBETHAs
Kamepa C CHCTeMOW NMEepPBUYHOTO NMpeoOpa3oBaHUs
CHTHaJIa, yCTPOICTBO [T MO IEP>KaHNS TEMITEPATYPhI
KIOBETHOM KaMephI Ha 33JJaHHOM Ha yPOBHE 1 CUCTEMA
perucTpanuy pe3ynbTaToB U3MEPEHUs. YCTPOICTBO
HUMeeT KOJIMMUPOBAaHHbIM HCTOYHHUK CBETa (apCeHM -
ranueBbiii guon AJI107B) ¢ quama3oHOM CIIEKT-
panbpHOM XapakTepucTUku oT 950 no 1100 HM n
(horonpuemunk (porogron ®/1-25K ¢ uHTErpanbHON
qyBCTBUTEIBHOCTBIO 8X107 MA/NK).

Bo Bpemst skcriepuMeHTa MOJydaiyd JaHHBIE 00
3aBHUCHUMOCTH WHTEHCHUBHOCTH PAacCEIHHOTO CBETa
UCCIIElyEMOH CYCIIEH3HMH OT BPEMEHHU M Bpewms (t, ),
KOTOpO€ COOTBETCTBYeT 50%-My TreMOoIn3y IpHUTpPO-
uuToB. KoadduiueHT npoHuIiaeMocTn MeMOpaHEbI
SPUTPOIUTA TSI KPHOTIPOTEKTOPOB PACCUUTHIBAIIN IO
9KCIIEPUMEHTAIBHO ONPEIEIEHHOMY BPEMEHH OJTY-
reMoJIn3a ¥ JUTEPaTypHbIM JaHHBIM TOBEPXHOCTHO-
00BEMHOT0 OTHOLLIECHMS KIETOK 10 opmyie [4]:

t1/2: [VOXKI]-I’ (1)
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pounds is stipulated by their wide usage in cryobiological
practice [1].

Research was aimed to determine the permeability
coefficients of plasmatic membranes of rat and rabbit
erythrocytes at 37 and 25°C for 7 and 4 substances of
diol and amide series, correspondingly.

Materials and methods

The way for measuring the erythrocyte permeability
coefficients for cryoprotectants is based on physical
and mathematical model of human erythrocyte
hypotonic hemolysis [2]. The ratios, describing kinetics
of erythrocyte hemolysis in hypertonic aqueous solution
of the substance, penetrating into a cell were obtained
in the research. The model quantitative results are in
the base of calculation algorithm for permeability
coefficient of cryoprotectant molecules through human
erythrocyte membrane depending on the light intensity,
scattered by erythrocyte suspension on time during
hypotonic hemolysis [4]. Physical and mathematical
model binds the time t, ,, when 50 % of hemoglobin
leave erythrocyte of its initial amount, with the
permeability coefficient of cell membrane to the
cryoprotectant, solved in an extracellular solution.

Time of 50% hemolysis (t, ,) was experimentally
measured with the device, designed by the “Criokon”
Company (Kharkov, Ukraine). The intensity of
scattered light with ~1 um wavelength on the 9° angle
towards incident beam was measured with the device,
consisting of cuvette chamber with the system of initial
signal transformation, the device for maintaining
temperature in cuvette chamber at a fixed level and
the measurement result recording system. The device
has a collimated light source (AL107B gallium-arsenide
diode) with the range of spectral characteristics from
950 to 1100 nm and imaging device (PD-25K
photodiode with integral sensitivity of 8x10-° mA/Ix).

The dependency of scattering light intensity in the
studied suspension on time and the time (t,,),
corresponding to 50% erythrocyte hemolysis were
displayed during experiment. The coefficient of
erythrocyte membrane permeability for cryoprotectants
was calculated by the experimentally determined time
of semi-hemolysis and literature data about surface-
volume cell ratio by the formula [4]:

t1/2: [yoxcl]-l’ (1)

where Y, is a surface-volume ratio of erythrocyte
membrane; C, is the permeability coefficient of eryth-
rocyte membrane for cryoprotectant molecules.

The activation energy of transfer process through
erythrocyte membrane of studied cryoprotectant
molecules was calculated as reported in the paper [3].

The rat blood, prepared with “Glygicir” preservative
was the investigation object. All the animals were
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rae Y, — MOBEPXHOCTHO-0O0BEMHOE OTHOIIEHHUE
MeMOpaHbl oputponnta; K, —koddduument nponmae-
MOCTH MEMOpPaHBI 3pPUTPOLMTA I MOJIEKYJ KPHOIPO-
TEKTOpa.

OHEepruo akTUBALMHU Ipolecca MepeHoca 4epes
MeMOpaHy SpUTPOLHUTA MOJEKYJ HCCIENYyeMBIX
KpUONPOTEKTOPOB PACCUUTHIBANIHM 1O [3].

OO0BEeKTOM HCCIeNOBaHU OblIa KPOBb KPBICHI,
3aroToBlieHHas Ha kKoHcepBaHTe “[mrormmup”. Bcee
XKUBOTHBIE OBLIH 3JJOPOBBIMU, IMOJOBO3PEIBIMH
cammamu (6-7 MecseB), MMMyHU3UPOBAHHBIMH.
KpoBb kprIch (Oectiopoaaast 6eras) moydaii TyHK-
LIMEN XBOCTOBOU BEHBI, KPOBb Kposuka « IIuHmmma» —
Ha/Ipe30M HITK TIPOKOJIOM KpaeBoi BEHHI yxa [5]. Dput-
POLIUTHI U3 LEAbHOW KPOBU >KMBOTHBIX BBIACIISIIH
LEeHTPU(PYTUPOBAHUEM.

B paboTe OblIM MCHONB30BaHBI CIEAYIONIHE
KPHOIMPOTEKTOPHI: dTHACHIHKOIE (O, 1,2-nponan-
muon (1,2-11]1), 1,3- npommanamon (1,3-I111), 1,2-0Oytan-
muodn (1,2-bM), 1,3- 6yranauon (1,3-B/1), 1,4- 6yran-
muon (1,4-bJ1) ( Bce «x.4.» min «4.74.a.», «Peaxum»),
2,3-6ytarmuodn (2,3-b/1), («x.4.», «Sigmay), hopmamug
(DA), anieramup (AA), numetrndopmamu (JJMDA),
numetunaneramun (JIMALL) (Bce aMuabI «X.9.» WITH
«u.m.a.», «Peaxum»). BemecTBa 1OMOTHUTENHHO
OYHINAIHN 2-KpaTHOW BaKyyMHOM MEPETOHKOW TMociie
NpeaBapUTENbHON afcopOLIuu MpUMeced OKUCHIO
AJIOMHUHMS WM aKTUBUPOBAHHBIM YITIEM MapKu “A”
[10].

[IponnnaemocTs MEMOpPaH 3pUTPOLIUTOB OIIpeie-
aanu g8 1M pacTBOpOB KpHUONPOTEKTOPOB IpHU
Temneparypax 25 u 37°C.

Koaddunment pacnpeneneHuss BemecTs (Kp) B
CHUCTEME «BOJIa — H-OKTaHOJ» onpenessuiu npu 25°C
o meroxny [7].

l'eomeTpuueckne mapamMeTpsl MOJEKYJ paccuu-
THIBAJIH Ha OCHOBE Mozeneit Ctrroapra-bpurieda [11]
mo kommeroTepHON mporpamme “Hyper Chem Pro
v.5.17

Craructrueckyio 00pabOTKy BBIIONHSIIN Henapa-
METPUYECKHM METOIOM.

[lomy4deHHBIE pe3ynbTaThl NPEACTABICHBl B BHJIE
CpPEIHEr0 3HAYEHUs C YKa3aHUEM CTaHIApTHOTO
OTKJIOHEHHUS.

OKCIIEpUMEHTHI NIPOBEIECHBI B COOTBETCTBUU C
“OO0MUMHU MPUHITUIIAMH SKCIIEPUMEHTOB Ha KHBOT-
HBIX”, omoOpenubME 11 HanimoHamsHBEIM KOHTpECCOM
o 6mostuke (Kues, 2004 1) u cormacoBaHHBIMHU C
nontoxkerusMu “EBpomneiickoit KoHBeHIIY 0 3amuTe
MMO3BOHOYHBIX KUBOTHBIX, HCIOJb3yEMBIX IS
SKCIEPUMEHTAIBHBIX W APYTUX HAYYHBIX Ienei”

(Crpacoypr, 1985).

Pe3yAbTatbl M 00CyXXA€HHe
Omnpenenensl kK03 HUIHEHTH MPOHULAEMOCTH
AWOJIOB U aMUJOB Y€pPE3 M€M6paHBI OPUTPOLUTOB
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immunised healthy mature males (6-7 months’ old).
The rat (breedless white) and Chinchilla rabbit blood
was procured by caudal vein puncture and either limbic
auricular vein incision or pin, correspondingly [5].
Erythrocytes from the whole animal blood were
isolated by centrifugation.

The following cryoprotectants were used in the
research: ethylene glycol (EG), 1,2-propane diol
(1,2-PD), 1,3-propane diol (1,3-PD), 1,2-butane diol
(1,2-BD), 1,3-butane diol (1,3-BD), 1,4-butane diol
(1,4-BD) (all ‘chemically pure’ or ‘pure for analysis’
grades, “Reakhim”), 2,3-butane diol (2,3-BD)
(‘chemically pure’ grade, “Sigma”), formamide (FA),
acetamide (AA), dimethyl formamide (DMFA),
dimethyl acetamide (DMAC) (all amides of ‘chemically
pure’ or ‘pure for analysis’ grades, “Reakhim”).
Substances were additionally purified with a two-fold
vacuum distillation after preliminary admixture ad-
sorption with aluminium oxide or “A” graded activated
carbon [10].

The erythrocyte membranes permeability was
determined for 1M cryoprotectant solutions at 25 and
37°C.

The substance distribution coefficient (C,) in the
“water — n-octanol” system was determined at 25°C
according to the method reported in the paper [7].

Molecule geometric parameters were calculated
basing on the Stewart-Brigleb models [11] by the
“Hyper Chem Pro v.5.1” Software.

Statistical processing was done using a non-
parametric method.

The results obtained are presented as a mean with
mentioning standard deviation.

The experiments were performed according to the
“General ethical principles of experiments in animals”,
approved by the 2™ National Congress on Bioethics
(Kiev, 2004) and agreed with the statements of the
“European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes” (Strasbourg, 1985).

Results and discussion

The permeability coefficients for diols and amides
through the rat and rabbit erythrocyte membranes at
25 and 37°C have been determined. The activation
energy (E,) for the molecule transfer process of the
studied substances through the rat and rabbit
erythrocyte membranes has been calculated. Both the
obtained results, geometric parameters and the
substance distribution coefficient (C,) in the “water-
n-octanol” system are shown in the Tables 1 and 2.

The Table 1 demonstrates the diol permeability
through the rat erythrocyte membranes as statistically
and significantly higher than the rabbit ones, excluding
1,3-BD. There is the similar picture for amide series
(Table 2), but a statistically significant difference was
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KPBICHI H KPOJHUKA TpH
temneparypax 25 u 37°C.
Paccunurana sHeprus ak-
tuBauuu (E,) npomecca

Ta6auua 1. Bnusaue ko3¢hGuIreHToB pacpeneneHust Kp 1 T€OMETPUYECKUX [TapaMETPOB
JIMOJIOB Ha VX IPOHHIIAEMOCTh Yepe3 MEMOPaHbI SPUTPOLIUTOB

KPBIC U KPOJIMKOB

Table 1. Effect of distribution coefficient C, and geometric parameters of diols on their
permeability through rat and rabbit erythrocyte membranes (n=5)

MepeHoca MOJIEKYI Uccle-
K x10°m/c E.
€MBIX BELIECTB uepes
ny 10X p KprompoTexTop D, K, SKUBOTHOS C *10°,m/sec K.ARKE/ MOAB
MeMOpaHbl 3PUTPOIUTOB Cryoprotectant A c, Animal KkJ/mol
KpbICHI 1 Kpoiuka. [Tomy- e sre
HEHHBIC PESYILTATH, 4 Kpeica 681=1,15 | 13,95 1,36° 46,24
TaK)Xe TeOMETpUUYECKHUE - Rat ' ' ' ' '
26 276 | 0,040
mapameTpsl 1 K03 du- He Kportk | 964+0,17" | 5212027 43,83
UEHT pacupeaeaeHus Rabbit
semects (K ) B cucreme Kpeica | 4y 1ai000 | 17074002 27.58
«BOJa-H-OKTAHOJ» MpPU- 1,217 Rat
b 3,7 537 | 0076
BeJleHbl B Ta0I. 1 u 2. ' Kponnk 605132 12,73+ 1,04° 30,02
U3 taba. 1 BugHO, 4TO Rabbit
NPOHUIAEMOCTh THOJIOB Kprica . .
5 ] - 5,88+0,61 13,541,78 53,48
yepe3 MeMOpaHbl 3PUT 1,3-TTA
13Pb 4,1 75,2 0,064
POLIUTOB KPBICHL 1OCTO Kponx 4274050 | 842%0,54 378
BEpHO BBIIIE, YEM KPO-
ymKa, uexmouas 1,3-bJ1. B Kpuica | 13542177 | 1848145 20,06
psiy aMHUIOB HaOmromaeT- 1,2-BA\ 43 a5 | 0308
1,2-BD ' ' '
Ci Takas KC KapThHa oMK | 942132 | 1890143 44,89
(Tabm. 2), Ho mocTOBEpHAs
pa3sHuLa BbIABJICHA TOJIBKO K%‘;fa 10,54 = 1,68 | 14,38 = 1,88 20,03
y AMALL. Jlnst ocraib- oA 36 61,0 | 0,182
HBIX aMHUJOB IIpOCMAaTpU- Iépa%’k‘)ﬁif 8,34 = 1,38 14,71 = 1,94 36,59
BaeTcsl TOJbKO TEHJCH-
nust Kk 6onee BBICOKOWM K%‘;‘fa 689+ 078 | 1339% 1,87 42,84
CIIOCOOHOCTH TPOHUKATH LABA 40 929 | 0137
BHYTPb OpUTPOLIUTOB KPHI- Iépa%’gf 551 %052 | 9,03 %070 31,85
CBI IO CPABHEHUIO C IPUT-
pouutamMu Kponuka. Ec- K%Z‘fa 12,14 = 1,04 | 16,45 = 2,72" 19,59
TECTBEHHO MPEAINOIIO- %ggﬁ 39 692 | 0227
KHTh, 9TO HabIromaemas Iépaob’;ﬁf 853 = 1,11° | 1587 = 1,55 40,03

pasHUIla MeXAy HTpOHH-
naeMocThio MeMmOpaH
SPUTPOLUTOB KPBICH H
KpOJIMKa JJISl N3y4aeMbIX
BelEeCTB 00yclOBIEeHA
TEM, YTO COCTaB U (U3U-
KO-XMMHYECKHE CBOMCTBA
WX MeMOpaH 3HaYUTENhHO oTianyatorcsa. Hampumep,
WHJIEKCHl ABOWHBIX CBS3€H CyMMAapHBIX JIMITHUIOB
MeMOpaH 3pUTPOLIUTOB KPHICH H KPOJIMKA PAaBHEI 1,7
u 1,2 coorBercTBeHHO [ 12]. ConeprkaHue XonecTeprHa
B SPUTPOLUTAPHBIX MEMOpaHaX KPBICHI COCTABIISET
26,1, xponuka — 29,9% [12]. BeposiTHO, BSI3KOCTH
JUNUAHON (ha3sl MEMOpaH SPUTPOLIUTOB KPBICHI HIKE,
4eM KpOoJIMKa. JTO MOKET OBITh NPUYMHOH OoJee
BBICOKON CKOPOCTH MPOHUKHOBEHUS AUOJIOB M AMUIOB
BHYTpPb 3PUTPOIMUTOB KPBICHL. XOTSI BBICKa3bIBAETCS
MHeHue [12], 9To 3TOT MoKa3aTenb He OKa3bIBaeT
CYIIECTBEHHOTO BIUSHUS Ha NMPOHHUIIAEMOCTH MEM-
OpaH, eciii OCHOBHOI BHJI TPAHCIIOPTa BEIIECTB —
OeJIKOBbIE BOJHBbIC KaHabl. JlaHHBIH (U3UKO-XUMU-
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[pumeuyanus: D — nuameTp Monekyi; V — 00beM MOJIEKYIT; Kpf K03 QHUIMEHT pacipeaeicHIs B
CHCTEME «BOJIa-H-OKTaHO; K| —
pasuua Mexay koadunrenramu nporunaemocts npu 25 u 37°C nocrosepHa npu p<0,05.

k02 GHUIMEHT NPOHUIAEMOCTH; E, — sHeprus akTupanuu; * —

Notes: D is molecule diameter; V is molecule volume; C, is the distribution coefficient in “water-
n-octanol” system; C, is permeability coefficient; E, is activation energy; * — difference between
permeability coefficients at 25 and 37°C is statistically significant at p<0.05.

revealed only in DMAC. For the rest amides only the
tendency to higher ability of penetration inside the rat
erythrocytes compared to the rabbit ones is traced.
The observed difference between the rat and rabbit
erythrocyte membrane permeability for the studied
substances may be naturally assumed as stipulated by
a huge difference in composition, physical and chemical
properties of their membranes. For example, the indices
of double links of summary lipids of rat and rabbit
erythrocyte membranes are equal to 1.7 and 1.2,
correspondingly [12]. Cholesterol content in rat and
rabbit erythrocyte membranes is 26.1 and 29.9%,
correspondingly [12]. Probably, the lipid phase viscosity
of rat erythrocyte membrane is lower than in a rabbit
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Puc. 1. 3aBucumocTtpb k03¢ GuLMEHTa MTPOHULIAEMOCTH MeMOPaHbl IPUTPOLIUTOB KPBICHI (2) U KpoJsiuka (0) mpu pasHbIX
TeMIepaTypax Iyl BELIECTB psia JUOJIOB OT UX K03 (GHUIHEHTa PACIIPENCSIICHUS B CHCTEME «BOJIA — H-OKTaHOID).

Fig. 1. Dependency of permeability coefficient of rat (a) and rabbit (b) erythrocyte membranes at different temperatures for
substances of diol series on their distribution coefficient in “water — n-octanol” system.

YEeCKH NIOKa3aTenb MeMOpPaH MOXKET UMETh CyLIeCT-
BEHHOE 3HaYEHUE, ECIIN BEIIECTBA IPOHUKAIOT BHYTPb
KIIETKH aJbTEPHATUBHBIM MyTEM HEMOCPEICTBEHHO
yepe3 JUNuAHbIN Oucinoi. U3sectrno [9, 12], uto
CIIOCOOHOCTH BEIECTB INPOHUKATh Yepe3 MeMOpaHy
JUTUJHBIM ITyTEM 3aBHUCUT OT TuapodoOHOCTH
KPHOIPOTEKTOPOB, T.€. OT KO3 HUIMEeHTa pacipe-
JIENICHHs BELIECTB B CUCTEME BOJA — HEIOJSIpHAs
¢aza.

Ha puc.1 mpencrasnena 3aBucuMocTb K03 u-
HMeHTa npoHunaeMoctu K, MeMOpan 5puTpOLUTOB
KpBICHI M KPOJIMKa MPH Pa3HBIX TeMIepaTypax s
BEIIECTB psifa AUOJIOB OT KO PHULIKEHTa UX pacupe-
JICNICHUs B CHCTEME «BOJa — H-OKTaHOM» K.
OOHapyxeHa BBICOKAs KOPPEISIHS MKy Kodphu-
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one. This may be a reason for higher rate of diol and
amide penetration into rat erythrocytes. Although this
index is suggested as not significantly affecting the
membrane permeability, if the main type of substance
transport is the protein aqueous channels [12]. This
physical and chemical membrane index may be
essential if the substances penetrate alternatively inside
a cell, directly through a lipid bilayer. The ability of
substances in penetrating through the membrane by a
lipid way is known as dependent on hydrophobic
property of cryoprotectants [9, 12], i.e. on the
coefficient of substance distribution in the water-non-
polar phase system.

The Fig. 1 shows the dependency of permeability
coefficient C, ofrat and rabbit erythrocyte membranes
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LIMEHTOM IPOHHUIIAEMOCTH BEIIECTB B IPUTPOIUTHI
9THX )KUBOTHBIX U X KOA(P(PUITMEHTOM pacTipeenieHns
MeXIy BOIHOW W HemoysipHoi aszoit. Koadduuunent
Koppensuun Mexay K, u Kp npu temneparype 37°C
it OyTananonoB coctasisiet 0,99 u 0,91, a nponan-
quonos — 0,68 u 0,96 11 KpbICH U KPOJIHMKa COOT-
BeTcTBeHHO (p<0,05). He BhIsIBIEHa 3aBUCUMOCTH
MIPOHUIIAEMOCTH TUX BEIIECTB UYEPE3 IPUTPOLIUTAP-
HbIe MEMOpaHbBI OT AuamMeTpa U o0beMa MOJEKYI
IroJoB (cM. Tabi.1). 3ToO MOXKET CBHUIETEIbCTBO-
BaTh, YTO NMPEUMYIIECTBEHHBIM IIyTeM Auddy3un
HEKOTOPBIX T10II0B, a uMeHHO 1,4-B]1, 1,3-b/1, 2,3-b/]
u 1,2-b/1, BHYTpb 3pUTPOIHUTOB SBISETCS JIUITATHBINA
6ucnoit MeMOpaH. MOXHO TPEANOI0KUTH, YTO TIPH
MPOHUKHOBEHHUH BEIIECTB Yepe3 JIMIUIHBINA OucIoi
pa3Mepsl UX MOJIEKYN HE MMEIOT BaKHOIO 3HAYECHMUS,
B OouiblIeil cTeneHH Ha TPOHUIAEMOCTH BIHUSAET
CIOCOOHOCTb BEIIECTB B3aUMOAEHCTBOBATE C THAPO-
(hobHOI1 (pazoii MeMOpaHBbI.

Opnako cienyeT OTMETHTh, YTO HE HCKIIOYEeHa
BO3MO>KHOCTB JIJIs ANOJIOB MMPOHUKATH BHY TP DPUTPO-
LIMTOB 4Yepe3 OeNKOBbIE KaHAIbI MEMOpaH, TaK Kak
3HaueHus SHepruw aktueauuu E, Bapeupyror or 27
no 53 xJIx/monb (cM. Tabn. 1). U3sectHo [12], uTo
3HAYEHHS HIHEPTUH aKTHBALMHU IPUTPOLHUTAPHBIX
MeMOpaH aist MoJiekyn, TuGQyHIUPYOMUX BHYTPb
KJIETKU MO BOJHBIM KaHallaM, HaXoAATCA B 3TOM
Jrarna3oHe.

Bbonee toro, MmoxHO npexmnonarars, 4to g Ol
1,2-T11]1 u, Beposatro 1,3-I1/], ocHOBHBIM ITyTEM TpaHC-
opTa BHYTPh 3PUTPOLUTOB sABIsieTcs AU(PPy3us
yepe3 BOAHBIE OCJIKOBBIE KaHAJIBI MEMOpaH. JTH Be-
LIECTBAa UMEIOT HU3KHE 3HaueHus KodpduiueHrta

40
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at different temperatures for substances of diol series
on the C, coefficient of their distribution in “water —
n-octanol” system. A high correlation between the
permeability coefficient of substances into erythrocytes
of these animals and their distribution coefficient
between aqueous and non-polar phase was observed.
The correlation coefficient between C and C, at 37°C
for butane diols makes 0.99 and 0.91, but 0.68 and
0.96 for propane diols in rat and rabbit, correspondingly
(p<0.05). No dependency of these substances
permeability through erythrocyte membranes on the
diameter and volume of diol molecules (see Table 1)
was revealed. This may testify to the fact that the
preferable diffusion way for some diols, namely 1,4-BD,
1,3-BD, 2,3-BD and 1,2-BD inside erythrocytes is the
membrane lipid bilayer. It may be assumed that under
substances penetration through a lipid bilayer, the sizes
of their molecules have no importance, but this is the
capability of substances to interact with the membrane
hydrophobic phase, that mostly affects the permeability.

However of note is the fact that the possibility for
diols to penetrate inside erythrocytes through the
membrane protein channels is not excluded, because
the values of activation energy E, vary from 27 to 53
kJ/mol (see Table 1). The values of activation energy
of erythrocyte membranes for molecules, diffusing
inside a cell by aqueous channels are known to be
within this range.

Moreover, we may assume, that for EG, 1,2-PD
and, probably 1,3-PD the main transport way inside
erythrocytes is the diffusion through aqueous protein
membrane channels. These substances have low values
of C,distribution coefficient (from 0.040 to 0.076), i..

(&)
s 9 40 Kponuk Rabbit
o0 ®A
o= 354
‘if, FA 37°C
<2 301
Th
20 25 4
85 25°C
43 201
5%
58 154 OM®A MAL|
g DMFA DMAC
Ie
°F 104 A
T® AA
5€ 5
85
8a
z 0 L} L} L)
0 0,1 0,2 0,3 0,4
6 KoacpduumeHT pacnpenenerns K b

Distribution coefficient C,

Puc. 2. 3aBucumocts k03 puIMEeHTa TPOHUIAEMOCTH MEMOPAHbI SPUTPOLIUTOB KPBICHI (2) U KposinKa (0) mpH pa3HbBIX
TeMIepaTypax JUls BEIIECTB Psiia aMUJIOB OT HX KO3 QULIMeHTa pacpeieieHHs B CHCTEME «BOJa — H-OKTaHOII.

Fig. 2. Dependency of permeability coefficient of rat (a) and rabbit (b) erythrocyte membranes at different temperatures for
substances of amide series on their distribution coefficient in “water — n-octanol” system.
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pacmpeneneHus Kp (ot 0,040 mo 0,076), T.e. oHH
TUIPOPIITHEHBI U IPAKTHYECKH HE CTOCOOHBI K THIPO-
(OoOHBIM B3aMMOIEHUCTBUSIM, K TOMY K€ HMEIOT
MaJble pasMepsl MoJIeKyl (auamerp ot 2,6 no 3,7 A,
06beM ot 27,6 10 53,7 A3, cm. Tabn.1).

Ha puc. 2 npuBenena 3aBucuMocts Ko duirenta
nponuaeMocti K, MeMOpaH S5puTPOLIUTOB KPBICHI U
KpOJIMKa ISl BELIECTB psAla aMHIOB OT UX KO3(-
(unmeHTa pacupeneneHus B CHCTEME «BOJAa — H-
OKTaHOI» Kp npu 37 u 25°C. BuaHo, 4T0 amuabl
MIPOHUKAIOT BHYTPh KJIETOK OBICTpee MO CPAaBHEHUIO
¢ nuonamu (cMm. puc.l, Ta6a. 2). llonydyeHnusie
Pe3yABTATHI O3BOJISAIOT MPEATIOIOKUTE, YTO TTACCHUB-
Hast TuQQy3ust U3yUSHHBIX aMHUJIOB Yepe3 MeMOPaHEbI
SPUTPOLUTOB OCYUIECTBIAETCS IBYMs albTEpHa-
TUBHBIMH Ty TSIMU: BOOJHBIMH O€JIKOBBIMU KaHAJIAMH 1
HENOCPEACTBEHHO Yepe3 unuanyo ¢azy. [Ipu stom
@A kak HanbOonee ruapoUIbHAS 1 HAUMEHBIIAs 10
pasMepaM MOJIEKyJla JOJDKHA MIPOHUKATH MPEUMY-
LIECTBEHHO 4epe3 BoIHbIe KaHanbl. Koaddunuent
nponuiaeMoct y AA no cpaBHeHuto ¢ A ymMeHb-
maetca. BeposTHO, 3TO cBs3aHO ¢ pa3Mepamu
OETTKOBBIX MTOP APUTPOILIUTOB KPBICH M Kponuka [12], a
TaK)Xe C YBEJIHMYEHHEM JHaMeTpa MOJEKYIbl AA 10
32 Ao cpaBaenuto ¢ QA (2,0 A). Bonee BbICOKUI
ko3 ¢unent npounnaemocta IM®DA u IMAILI o
cpaBHeHHIO ¢ AA 00ycIoB-
JIeH, BEPOATHO, UX TU(PHITb-
HOCTbIO, BBICOKOW THUIPO-
(pUIBHOCTHIO M CTIOCOOHOC-
TBIO K TUAPO(POOHOMY B3au-

they are hydrophilic and practically incapable for
hydrophobic interactions, in addition their molecules
are small-sized (diameter from 2.6 to 3.7 A, volume
from 27.6 to 53.7 A3, see Table 1).

The Fig. 2 demonstrates the dependency of
permeability coefficient C, of rat and rabbit erythrocyte
membranes for the substances of amide series on their
C, distribution coefficient in the “water — n-octanol”
system at 37 and 25°C. The amides are seen as more
rapidly penetrating inside cells than diols (see Fig. 1,
Table 2). The results obtained enable supposing a
passive diffusion of the studied amides through
erythrocyte membranes as realised by two alternative
ways: aqueous protein channels and directly through a
lipid phase. At the same time FA as the most hydro-
philic and less by size molecule should penetrate mostly
through the water channels. The permeability coef-
ficient in AA compared to FA decreases. This is pro-
bably associated to the protein pore sizes of rat and
rabbit erythrocytes [12], as well as with an increase in
AA molecule diameter to 3.2 A compared to FA
(2.0 A). A higher coefficient of DMFA and DMAC
permeability compared to AA is possibly stipulated by
their amphiphilic property, high hydrophilic property and
capability for hydrophobic interaction with membrane
lipid phase: there is an increase in distribution coefficient

Tabauma 2. Brmustane ko3¢ ¢unreHToB pactpeaeneHns K 1 reoMeTpudeckux
apamMeTpoB aMHUJIOB Ha MX IPOHUIIAEMOCTh Yepe3 MEMOPaHbI APUTPOLIUTOB KPBIC U

KpOJIMKOB

Table 2. Effect of distribution coefficient C, and geometric parameters of amides on
their permeability through rat and rabbit erythrocyte membranes

MOIEHCTBUIO C JTUIIUIHON 0 e -
(hazoit MeMOpaH: TIOBHIIIIALT- cfiimﬁ, m/sec KA/ MOAD
on savenne koxpummerta Ty | D | VK| Ao ol
pacmpeneneHuss B CUCTEME 25C 370
BojJa — HemodsapHas ¢aza
(Tabmn. 2). 310 MaeT ocHOBa- Kprica 23,97+2,06' | 32,23%4,47" 19,09
HUE MPEANOJOXUTH, YTO ‘ll:’i‘ 2,0 104 | 0,049
AM®A u IMAII nponu- I;pa%’]‘;lf 21,61%3,04" | 29,10%4,64" 19,19
KaloT BHYTPbh KIETOK HETOC-
PEACTBEHHO 4Yepe3 JTUNUM- K%‘;Itca 1568+323 | 21,86%171" 21,42
HBIN OMCIION. YYUTHIBAs HU3- ﬁ 3,2 30,5 | 0,062
KU€ 3HA4YCHUsI DHEPTUH aKTHU- I;pa(l’o’gf 17,50+0,91" | 24,39 326" 21,07
Baruu (~28 x/[»/Monb) 11
STUX BELIECTB HE HCKIIO- Kpuica 21,70+3,60° | 33,45%4,44° 27,90
4aeTCsd BO3MOXKHOCTh UX %%)ﬁ 39 440 | 0233
ﬂn(b(bygnﬂ Jyepe3 BOOHEIC Iépa%}g;? 18,03+2,23" 27,35+4,05" 26,87
O€JIKOBBIE KaHAJIBI.

Boiee BBICOKaAs CrocoO- K%I;Itca 21,08+2,60" | 32,82%4,09 28,55
HOCTh aMHJIOB NMPOHHUKATH DMAC 42 | 706 | 0291
yepe3 MeMOpaHbl BHYTPH Tavpit | 16712195 | 25622163 27,56

KJIETOK MOXXET OBITH 00ycC-
JIOBJIEHA TAK)K€ HU3KHUMHU
3HAYCHHUSAMH BSI3KOCTH HX
BOJIHBIX PaCTBOPOB 10 CPaB-
HEHHIO C TAKOBBIMH Y THOJIOB
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Ipumeuanus: D — quamerp Monekyst; V — o6bem Monekyt; K — koadduunenT pacnpeneneHus
B CHCTEME «BOJIa — H-OKTaHOM»; K| — k03¢ duurenT nporuaeMocTy; E, —3Heprus akTHBalum;
* — pa3HUIIa MeXIy Kod(pduuuertamu npoHunaemMocts rpu 25 u 37°C goctoBepHa mpu p<0,05.

Notes: D is molecule diameter; V is molecule volume; C, is the distribution coefficient in
“water — n-octanol” system; C, is permeability coefficient; 3 4 18 activation energy; * — differ-
ence between permeability coefficients at 25 and 37° C is statistically significant at p<0.05.
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[6]. Aunamuueckas BsizkocTh MDA u JIMAIL,
Hanpumep npu 25°C, pasna 0,796 u 0,919 mllald
COOTBETCTBEHHO, B TO BpEMs Kak y JUOJIOB OHa
3HauuTenbHO BhIme: y 1,2-11]] — 44, 1,4-B]] — 68,9,
1,3-B1 — 93,4 mllald [6]. Juddy3nonnsie npouecch
B pacTBOpE 3aBUCAT OT 3TOTO TOKaszarels U o0yc-
JIOBJIMBAIOT CKOPOCTH TPAHCIIOPTa BEIECTBA U3 BOJ-
HOTO pacTBOpa K MeMOpaHe, 1 BpeMeHH, Yepe3 KOTo-
poe HacTynaeT ¢ Hell KOHTaKT.

TemneparypHast 3aBUCHMOCTb KO3 PHuureHTOB
MIPOHULIAEMOCTH U3YUYEHHBIX BELIECTB Yepe3 MeMOpa-
HBI 3pUTPOLIUTOB AJIS IBYX Pa3HbIX KUBOTHBIX HE
TpeOyeT 00CYKICHUS, TTOCKOIBKY OHA IOJTHOCTHIO
COITIACYETCSl C TEOPETUYCCKUMH TPEACTABICHUSIMH
1 9KCIIEpUMEHTAIbHBIMY TaHHBIMU [8, 9, 12], T.e. uem
BBIILIE TEMIIEpaTypa, TeM OBICTpee CKOPOCTh TpaHC-
MOpTa BEIIECTB Yepe3 MeMOpaHy BHYTPb KIECTKH.

BbiBOADI

B pesynbrare npoBeIeHHBIX UCCIIEOBAaHNH BBISAB-
JIEHO, YTO CKOPOCTh MMPOHUKHOBEHUS BEIIECTB YEpe3
MeMOpaHy 3pUTPOLUTOB KPBICHI BBIIIE, YEM KPOJIHKA,
YTO OOYCJIOBJIICHO pa3jIMuMeM cocTaBa U (PU3UKO-
XUMUYECKHX CBOHCTB MX MEMOpaH.

[IponunitaemocTh MEMOpPaH 3PUTPOIIUTOB KPBHICHI U
KPOJIHKA JIJIsl BEIIECTB 00YCIIOBIMBAETCS MX XMMHUYEC-
KOW CTPYKTYpOM, r€OMETPUYECKUMHU TapaMeTpaMu
MOJIEKYNT U (PU3UKO-XUMHUYECKHUMH CBOMCTBAaMH, B
YaCTHOCTH THAPOPUITEHO-TUAPOPOOHBIM OaTaHCOM.

Cpenu 1ByX KJIaCCOB XUMHUYECKHUX COEIMHEHUH 10
CKOPOCTH TPOHHUIIAEMOCTH B IPUTPOLUTHI KPBICH U
KpOJIMKa BEILECTBA PACIIOJIaraloTCsl TAKUM 00pa3oM:
aMUABL> OB

Ha ocHoBaHMM NMONYy4YE€HHBIX AAHHBIX MOXHO
MPEO0JIOKUTh, YTO HCCIIEIOBAaHHBIE XUMHYECKHE
COEJIMHEHHS MPOHUKAIOT Yepe3 IMIIa3MaTUYECKHe
MeMOpaHbl SPUTPOLUTOB KPBICHI U KPOJIHMKA JIBYMS
aJbTEPHATUBHBIMH IyTAMU: BOJAHBIMU OEITKOBBIMHU
KaHaJlaMU ¥ HENOCPEACTBEHHO 4epe3 JIMIMUIHBIN
oucoii.
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in the water — non-polar phase system (Table 2). This
provides the reasons for assuming DMFA and DMAC
as penetrating into cells directly through a lipid bilayer.
Taking into account low values of activation energy
(~28 kJ/mol) for these substances, the diffusion
possibility through aqueous protein channels is not
excluded.

A higher ability of amides to penetrate through
membranes inside cells may be stipulated by the low
viscosity values of their aqueous solutions compared
to those in diols [6]. Dynamic viscosity of DMFA and
DMAC at 25°C, for example, is 0.796 and
0.919 mPalSec, correspondingly, meanwhile it is signifi-
cantly higher in diols: 44 in 1,2-PD, 68.9 in 1,4-BD,
93.4 mPaldec in 1,3-BD [6]. Diffusive processes in
the solution depend on this index and stipulate the
substance transport rate out of aqueous solution
towards membrane and on the time during which their
contact occurs.

Temperature dependence of permeability coeffi-
cients of studied substances through erythrocyte mem-
branes for two different animals is beyond discussion,
since it correlates completely to the theoretical ideas
and experimental data [8, 9, 12], i.e. the higher is
temperature, the quicker is the substance transport rate
through the membrane inside a cell.

Conclusions

As a result of the research performed the rate of
substance penetration through the rat erythrocyte
membrane was revealed to be higher than in rabbit,
that was stipulated by a different composition, physical
and chemical properties of their membranes.

The rat and rabbit erythrocyte membrane per-
meability for substances is stipulated by their chemical
structure, molecule geometric parameters, physical and
chemical properties, in particular hydrophilic and
hydrophobic balance.

Among two classes of chemical compounds by
permeability rate into rat and rabbit erythrocytes the
substances are placed as follows: amides>diols.

With basing on the data obtained the studied
chemical compounds may be assumed as penetrating
through plasma membranes of rat and rabbit
erythrocytes by the two alternative ways: aqueous
protein channels and directly through lipid bilayer.
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