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Effect of Propylene Glycol and Polyethylene Glycol with
Molecular Weight of 1,500 on Erythrocyte Membrane Microviscosity

Pedepat: B paboTe ¢ ucnonb3oBaHMem meToAa 3NEKTPOHHOIO NMapaMarHUTHOTO pe3oHaHca CMMHOBbLIX 30HAOB MPOBEAEHO
CpaBHUTENbHOE U3Yy4YeHWe BMUSHUSA HU3KO- U BbICOKOMONEKYNSAPHbLIX KPMO3aLWMTHBIX BELWECTB Ha MWKPOBS3KOCTb MembGpaH
apuTpouuToB. PesynbTaTbl MCCnefoBaHWin BpaliaTenbHOW MOABMXHOCTU XUPHO-KUCMOTHBLIX CMMHOBBLIX 30HAOB B MeMbpaHax
3pMTPOLMTOB Mocne 5-MUHYTHON MKybauun cBUAEeTenbCTBYIOT 06 OTCYTCTBUM 3HAYMMbIX M3MEHEHWUA MUKPOBA3KOCTU mMembpaH
B 15%-Mm pacTtBope nponuneHrnukons. lNokasaHo, YTo BBeAeHMe nonuaTtuneHrnukons ¢ m. m. 1500 (M3r-1500) B koHe4HON
KOHUeHTpauum 15% B CycrneH3nio 3puTPoOUUTOB yBENUYMBaET MUKPOBSA3KOCTb MembBpaH npu akcno3uuun go 60 muH. 310
obbsCHsieTCs TeM, 4To Monekynbl M3M-1500 He NpPoxoaaT BHYTPb KIETOK, a NoKanu3ylTcsl Ha NoBEepXHOCTUM MeMbpaH, Bbi3blBalOT
TOPMOXEeHWe BpallaTenbHOW MOABMXHOCTY CNUHOBOrO 30HAA. B HavanbHbIM nepuoa HabNoAeHUs Npu TakuxX KOHLEeHTpaumnsx
M3r-1500 npouecc HapyLEHUs! XUOKOKPUCTANNNYECKOW CTPYKTYpbl MemMbpaH 1 6enkoBO-NUNMAHLIX B3aUMOAENCTBUN B MeMbpaHe
npesanvpyeT Hagj npoueccom aermapaTauuy KneTok.

KnioueBble cnoBa: KpMOMpPOTEKTOPbl, 3PUTPOLMTLI, MeMOPaHbl, MUKPOBSI3KOCTb, 3NEKTPOHHBIN NapamarHUTHbIA Pe30oHaHC,
CMUHOBbIE 30HAbI.

Pedepat: Y pob6oTi 3 BUKOPUCTAHHSIM MeTOAY €MNeKTPOHHOro MapamMarHiTHOro pe3oHaHCy CMiHOBUX 30HAIB NpoBeAeHe
NOPIBHANbHE BMBYEHHSI BMMMBY HU3bKO- i BUCOKOMOMEKYMSIPHUX KPIO3aXUCTHUX PEYOBUH Ha MIKPOB'sI3KICTb MeMBpaH epuUTpoLUTIB.
Pesynbtatu gocnigxeHb 06epTanbHOI pPyXnUBOCTI XUPHO-KMCMOTHUX CMiHOBUX 30HAIB Y MembpaHax epuTpounTiB Micnst 5-XBUMUHHOT
iHKy6auii B 15%-My po34MHi NMPONWUMEHTIMKONIO CBiAYaTb NPO BiACYTHICTb 3HAYMMMUX 3MiH MiKPOB'A3KOCTI MembpaH. MNokasaHo, Lo
BBeAEHHA nonietTunexrnikonto 3 M. M. 1500 (MEM-1500) y kiHueBil KoHUeHTpauii 15% y cycneHsito eputpouuTie 36inbLuye MiKpOB'A3KiCTb
MembpaH npu ekcrnosuii 4o 60 xB. Lle nosicHoeTbest TUM, Wwo Monekynu MEM-1500 He npoxoasTb ycepeaunHy KniTuH, a nokaniayTbes
Ha NoBepxHi MeMbpaH, BUKNMKaKTb ranbMyBaHHsi o6epTanbHOi pyxMBOCTI CMiHOBOrO 3oHA4A. Y MoYaTKOBUI Nepiof CrOCTEPEXEHHS
3a Takux KoHUeHTpauin MEM-1500 npouec nopyLleHHs pigKOKpUCTaniyHOT CTPYKTYpu MeMb6paH i 6inok-ninigHnx Bzaemogin y memopaHi
npesanioe Hag npouecom Aerigpatauii KniTuH.

KnioyoBi cnoBa: kpionpoTeKkTopu, epuTpoLmUT, MEMOPaHN, MIKPOB'SI3KICTb, ENEKTPOHHWIA NapaMarHiTHU pe3oHaHc, CriHOBI 30HAM.

Abstract: Electron paramagnetic resonance of spin probes was used to study the effect of low and high molecular weight CPAs
on microviscosity of erythrocyte membranes. Research data on rotational mobility of the fatty acid spin probes in erythrocyte
membranes after 5 min incubation in 15% propylene glycol solution indicate the absence of strong changes in membrane microviscosity.
Introduced polyethylene glycol with m. w. 1500 (PEG-1500) at a final concentration of 15% has been shown to increase the
membrane microviscosity at 60 min exposure. This is explained by the fact that the molecules of PEG-1500 do not pass inside the cells
and are localized on the membrane surface to cause immobilization and inhibiting the rotational mobility of the spin probe. In the initial
period of time under these concentrations of PEG-1500 the injury of liquid crystal membrane structure and disorder of the protein-lipid
interactions in the membrane prevail over the dehydration of cells.

Key words: cryoprotectants, erythrocytes, membranes, microviscosity, electron paramagnetic resonance, spin probes.

3a MHOT'HE TOJibl HCCIICA0BaHUH B KPUOOHOIOTHH
HAaKOILJICHO 3HAYMTEIBLHOE KOJIMYECTBO pabOT O BBHICO-
KO¥ 4yBCTBHUTEJIBLHOCTH OHMOJOIHYECKMX MEMOpaH K
HU3KUM TeMIlepaTypaM U, 0COOCHHO, K 3aMOpaku-
BaHMIO [ 1, 6, 15,22, 25]. UyBCcTBUTENIBHOCTH MEMOpaH
K JICHCTBUIO 3aMOpPaXMBAHHUS M MOCJIEAYIOUIETO
oTorpeBa 00YCIIOBIIEHA UX CIOXHOUW CTPYKTYpHOMH
opranuzaipel, ooecreunBaronel ()yHKITMOHHPOBAHNE
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Over many years of investigations in cryobiology a
huge number of reports on a high sensitivity of
biological membranes to low temperatures and in
particular to freezing has been accumulated [3, 9,10,
17, 22]. Sensitivity of membranes to freezing and
subsequent thawing is stipulated by their complicated
structural organization, providing the cell functioning
[6, 8, 14]. Using the cryoprotective agents (CPAs) to
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KIJIETOK [4, 5, 9]. IIpu ucnonas30BaHUN KPUOITPOTEKTO-
POB [T BO3MOXHOH 3aIIUTHI OMOOOBEKTOB OT XOJIO-
JOBBIX TOBPEXACHNUMN TOJKHBI YUUTHIBATHCS TAHHBIE
00 WX BIMSHUHU Ha CTPYKTYPY M BS3KOCTb OMOJIOTH-
yecKkux MeMOpaH. [IprarHbI TOBpeXXIEHUH KIETOK B
COCTaBe CYCIIEH3WH MpH 3aMOpaXHMBaHUHM U TOCIIe-
IYIOIIIEM OTOTPEBE OKOHYATENbHO HE U3YYeHBI, KaK U
HE OIpe/IeNIeH A0 KOHI]a MEXaHU3M JeHCTBHS IIpHMe-
HSEMBIX KPHO3AIUTHBIX areHToB [15—17, 24]. Cpenn
OTIMCAaHHBIX B JINTEPATypPE BBLACISIOT CIEIyIONIue
MEXaHHM3MBI 3aIIUTHI C TOMOIIBI0 KPHOIIPOTEKTOPOB:
MIpeJOTBpAILEHHE TOBPEKACHUN BBICOKUMHU KOHLIEHT-
panusMy coJiei B pacTBOpax [26]; CHIKEHHE TOBPEXK-
JICHUS KJIETOK, B YACTHOCTH KJIETOYHBIX MEMOpaH, B
pesynbsrare aerunaparauuu [3, 19, 23]; npenorspa-
LIEHUE BHYTPUKICTOYHOU KpucTamu3auuu [6, 17] u
HeKoTopele npyrue. OJHAKO M3BECTHO, YTO JIAHHBIC
COEAMHEHHUS MOTYT OKa3blBaTh MOBPEXKIAIONIee
NeiicTBHE, CTENEHb POSBICHUS KOTOPOTO 3aBUCHUT OT
TEeMIIEPaTyphl Cpeibl, KOHIEHTPAINH BEIIeCTBa U
BpEMEHH IKCIMO3UINH KJIETOK B PAaCTBOPE U MOXKET
MIPUBOANTH K YBEINICHHUIO [E€TEPOT€HHOCTH JINTTHTHO-
ro 6ucioss MmeMOpaH, HapyIIEHUIO UX OapbepHBIX
CBOMCTB, MHTHOMPOBAHUIO AKTUBHOCTH LIUTOIJIA3MaTH-
YEeCKUX U MeMOpaHHBIX ()EPMEHTHBIX KOMIUIEKCOB [3,
21, 23]. B cycneH3usx 3pUTPOLMTOB, COJEPIKAIINX
BBICOKOMOJIEKYJISIPHBIN KPHOTIPOTEKTOP MOIUITHUIIEH-
[IHUKOIL ¢ M. M. 1500, OBLIM BBISIBIEHBI JIOKAIbHEIE
M3MEHEHHUSI MUKPOBSI3KOCTH MEMOpaHBI, CBI3aHHBIE C
afcopOmuenr MOJNeKyJl KPHOMPOTEKTOpa B MeCTax
0eKOBO-ITMMTUAHBIX KOHTAKTOB [14]. [losBnenne npu
3TOM B CIIEKTpax 3JIEKTPOHHOTO MapamMarHUTHOTO
pesonanca (JI1P) curnana ot 6oJee MoABIKHBIX 30H-
JIOB CBUICTENBCTBYET 00 yBETMUCHUN AUHAMHYECKOM
reTepoOreHHOCTH MeMOpaH 3PHUTPOLUTOB 3a CUET
nosiBIIeHUs1 Ooee TeKyunx obnacreil. B mpucyrcreun
HU3KOMOJIEKYJISIPHOTO KPUOTIPOTEKTOpa MPOMHIICHIIIH-
KOJISI B CYCIIEH3UU KJIETOK MOAOOHBIE M3MEHEHUS
OTCYTCTBYIOT. I3BECTHO, UTO pH 100ABICHUN HU3KO-
MOJIEKYJIIPHBIX IPOHMUKAIOLUINX KPHOIPOTEKTOPOB K
CYCHECH3HUH O€JIbIX TEHEH I)PUTPOLIUTOB CHUXKAET TEP-
MOCTaOMIIBHOCTh MEMOPaHOCBSI3aHHBIX OCITKOBBIX
KOMIUTIEKCOB [27]. ABTOPBI CUUTAIOT, YTO 3TO MOXKET
OBITh BBI3BAHO HAPYLICHUEM BHYTPH- U MEXMOJe-
KyJISIPHBIX B3aUMOAEHCTBUI HHTETPaJIbHBIX U nIepHde-
puueckux OeskoB MeMOpaH 3puTpouuToB. [TokazaHo,
YTO 1ECTaOMIU3UPYIOIHHA 3P PEKT MPONHUICHIITUKOIS
Ha MeMOpaHBI CBSI3aH C €ro BO3ACHCTBHEM Ha WH-
TerpajbHble MeMOpaHHBIE O€JNKH, B TO BpeMs Kak
IMLEprHa — Ha nepudepudecKue.

[Ipu ucnonb30BaHUK KPUONPOTEKTOPOB BHYTPH-
KJIETOYHOT'O JI€HCTBHSI BaXXHO ONPEAENINUTh BPEMs,
HeobxomuMoe 1 3P PEKTUBHOTO TPOHUKHOBEHUS Be-
mecTsa B Ki1eTky. Kak mpasuio, B pe3ynbrare Uid-
TEJIbHOW MHKYOaluu KPUONPOTEKTOP OKa3bIBaeT
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protect the biological objects from cold damages should
consider the data about their impact on the structure
and viscosity of biological membranes. The reasons
of damage in the suspended cells occurring during
freezing and subsequent thawing have not been
completely understood, nor there was finally identified
the acting mechanism of CPAs [16, 22, 24, 25]. The
following protective mechanisms of the CPAs are
among the described in publications: preventing the
damage with high saline concentrations in solution [20];
reduction of cell damage, in particular, of cell membra-
nes during dehydration [5, 12, 28]; preventing an intra-
cellular crystallization [10, 25], etc. However, these
compounds also could render a damaging effect, which
extent depends on a medium temperature, concentra-
tion of substances and duration of exposure in a solution
and can lead to an increased heterogeneity of memb-
rane lipid bilayer, compromised barrier properties,
inhibited activity of cytoplasmic and membrane enzyme
complexes [1, 5, 12]. Local changes in membrane
microviscosity were found in erythrocyte suspensions
containing high molecular weight polyethylene glycol
CPA with molecular weight of 1500, and these were
associated with adsorption of CPA molecules in the
sites of protein-lipid contacts [21]. The signal from more
motile probes appeared in the spectra of electron spin
resonance (ESR), that indicated an increased dynamic
heterogeneity of erythrocyte membranes due to the
emergence of more fluid areas. These changes were
not found if low molecular weight CPA, propylene
glycol, was present in the cell suspension. Adding the
low-molecular penetrating CPAs to the suspension of
erythrocyte white ghosts resulted in a reduction of
thermal stability of the membrane-bound protein
complexes [23]. The authors suggested that this might
be due to a disruption of intra- and intermolecular
interactions of integral and peripheral proteins of
erythrocyte membranes. It has been shown that the
destabilizing effect of propylene glycol on membrane
was related to its influence on integral membrane
proteins, whilst glycerol affected the peripheral ones.
When using the CPAs of intracellular action it is
important to determine the time required for effective
penetration of the substances into a cell. Generally, as
aresult of a prolonged incubation, the CPA has a toxic
effect on cells. Optimal incubation time for each cell
type is usually experimentally found [2, 16, 27, 28].
In reference with the above it is relevant to in-
vestigate the effects of CPAs on structure of cell
membranes during their direct interaction. Herewith
the most important was to study the effect of different
CPAs on microviscosity of membranes, since the
irreversible changes of cell membrane microviscosity
could determine the cytotoxicity of CPAs. These
mechanisms have been insufficiently elucidated, and
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TOKCHYECKOE BIHUSHHE Ha KJIETKU. OnTUMalbHASL
MIPOJIOJKUTEILHOCTh MHKYOAIUHY JUTS KaXKI0TO BHJIA
KJIETOK YCTaHABIMBAETCS 3a4aCTyIO OMBITHBIM ITyTEM
[19,20, 24, 28].

B cBs3u ¢ BBINIEU3I0KEHHABIM aKTYaJIbHO OBIIO
HCCIIEZIOBATh BIUSHUAE KPHOIPOTEKTOPOB HA CTPYK-
Typy MeMOpaH KJIETOK MPU MX HETOCPEICTBEHHOM
B3aumojeiicTBuu. Ilpu sTom Hambolsiee BaKHBIM
SIBIISIETCS N3yUEHUE BIIMSHUS PA3THIHBIX KPHOIIPOTEK-
TOPOB Ha MHUKPOBSA3KOCTh MeMOpaH, IOCKOIBKY
HeoOpaTuMble U3MEHEHUSI MUKPOBSI3KOCTH MEMOpaH
KJIETOK MOTYT ONPEAETSATh HUTOTOKCUYHOCTD UCTIOIb-
3YEeMBIX KPHOIIPOTEKTOPOB. DT MEXaHU3MBI BBISICHE-
HBI HEOCTATOYHO, YTO NMPUBOAUT 3a4aCTyIO K SMIIU-
PUYECKUM TOIXOAaM MpH pa3paboTKe CIOCO00B H
TEXHOJIOTHI HU3KOTEeMIIEPaTypHOro KOHCEPBUPOBA-
Hus. [ nomydenus 6oJiee moaHOW nHGOpPMAITUU O
COCTOSTHUM MEMOpPaHHBIX CTPYKTYpP B KPHOMPOTEK-
TOPHBIX CpeIax MPUMEHSIIOT HEMHBAa3UBHEIE METO/IBI
HCCIEI0BaHus, B yacTHOCTA MeToj OIIP crimHOBBIX
30H]IOB.

Iens paboTHI — cpaBHUTEIHLHOE H3YUCHHUE BITASHUS
HU3KOMOJICKYJISIPHOTO (TIPOTTHIICHTIIMKOIb ) U BBICOKO-
MOJIEKYJISIPHOTO (TTOJIMATHIICHTIIHKONB ¢ M. M. 1500)
KPHO3AIUTHBIX BEIISCTB HA MUKPOBI3KOCTh MEMOpaH
3puTpouuToB MeToa0M DIIP cIMHOBBIX 30HAOB.

MatepuaJbl M1 METOAbI

B pabore ucmonp30BaM MPOHUKAIONIANA depe3
MeMOpPaHbI YPUTPOIIMTOB HU3KOMOJICKYIISPHBINA KPHO-
riporexTop npommieHrKonb (I117) n Henponukaromwii
BBICOKOMOJICKYJISIPHBIN TIOJIMMEP TTOJTUA TUIICHTITKOIb
¢ M. M. 1500 (IT2I'-1500). PacTBOpBI KpHOTIPOTEKTO-
POB TOTOBHJIM Ha CPE/IaX CYCICHAUPOBAHHS SPUTPO-
LUTOB M MOKAIEJIHbHO BHOCWIIU B CYCIIEH3MHU KJIETOK IPU
MOCTOSIHHOM TNepeMeInBaHuu npu remneparype 0°C
JI0 KOHEUHOU KoHLeHTpauu 15%.

JlanHyro paboTy BBITIONHSIN B COOTBETCTBUH C
«OO0ImMMH TPUHIIATIAMU SKCIIEPUMEHTOB Ha KHBOT-
HBIX», 0T0OpeHHBIMU V HarroHamsHBEIM KOHTPECCOM
o 6nostrke (Kues, 2013) 1 cortacoBaHHBIMHU C TI0JI0-
)keHusiMu «EBporneiickoil KOHBEHLIUHU O 3alUTE
[T03BOHOYHBIX JKHBOTHBIX, HCIIOIB3YEMBIX JIJIS IKCIIe-
PUMEHTANBHBIX U JIPYTHX HaydHbIX Ienei» (Crpac-
Oypr, 1986).

OpUTPOIUTHI JUIsl UCCIECAOBAHUN MONyYald U3
KpOBH OeJBIX KpbIC-caMIlOB. JlJisl ynaneHus ria3mbl
U JICUKOIIUTOB KPOBb IIEHTPU(YTHUPOBAIU 5 MUH TIPU
1500g. JlefikouuTapHyIO IJIEHKY W CyNEpHaTaHT
YIS MeToIoM actiuparui. Ocaiok 3pUTPOIUTOB
TPYOK/IBI OTMBIBAIM TIYTEM IIEHTPU(PYTUPOBAHUS TIPU
1500g B Teuenune 3 mMuH B 10-KkpaTHOM 00BEME
tdhocdarno-coneroro 6ydepa (0,15 mons/m NaCl, 0,01
Moe/ hocdaruerit Oydep, pH 7,4) u xpanuiau npu
4°C B Teuenue 4 d.
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as result the methods and techniques for low-tempera-
ture preservation are developed basing on an empirical
approach. For more complete information about the
state of membrane structures in cryoprotective media
one applies non-invasive research methods, in particular
the method of EPR spin probes.

The research aim was to comparative study the
effect of low (propylene glycol) and high (polyethylene
glycol of 1500 m. w.) molecular weight CPAs on
microviscosity of erythrocyte membranes by means
of spin probes EPR.

Materials and methods

We used an erythrocyte membrane-penetrating
CPA of low molecular weight propylene glycol (PG)
and non-invasive high molecular polymer polyethylene
glycol with m.w. of 1500 (PEG-1500). CPAs solutions
were prepared with erytrocyte re-suspension media
and were dropwise added into cell suspension during
constant stirring at 0°C up to final concentration of 15%.

Experiments were carried out in accordance with
the General Principles of Animal Experiments,
approved by the 5" National Congress in Bioethics
(Kiev, 2013) and consistent with the statements of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986).

Erythrocytes for the research were derived from
the blood of white male rats. To remove plasma and
white blood cells the blood was centrifuged 5 min at
1500g. Buffy coat and supernatant were removed by
aspiration. Erythrocyte pellet was three times washed
by centrifugation at 1500g for 3 min in a 10-fold volume
of phosphate-saline buffer (0.15 mol/l NaCl, 0.01 mol/l
phosphate buffer, pH 7.4) and stored at 4°C for 4 hrs.

Spin probes EPR method with a lipophilic organic
substitutive (allowing the stable nitroxyl radicals to build
into lipophilic layer of erythrocyte membranes) was
used to evaluate the time of the rotational diffusion
correlation of the probes in lipid membranes of cells.

To investigate the microviscosity of erythrocyte
membranes in the presence of CPAs we have chosen
two spin probes based on palmitic acid (Fig. 1),
synthesized by the previously described method [13, 26].

The probes 1 and 2 were dissolved in DMSO and
added to the aqueous suspension of erythrocytes to a
final concentration of probes of 10* M and DMSO
concentration of 0.5—-1%. EPR spectra were recorded
with ESR Spectrometer CMS8400 (Adani, Belarus).

Brownian rotational diffusion of probes and erythro-
cyte membrane microviscosity were assessed by the
parameters of the EPR spectra of nitroxyl radicals,
spin probes 1 and 2 located in the erythrocyte mem-
brane lipid bilayer [7, 15]. To calculate the correlation
time of the Brownian rotational diffusion of the probe
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B pabore metomom OIIP cnuHOBBIX 30HIOB C
TUNO(QUIBHBIM OPraHUYECKUM 3aMECTHTENeM (YTo
MO3BOJISIET CTA0OMIIBHBIM HUTPOKCHIIBHBIM PaJiKaiam
BHEAPSATHCS B TUNOPUIBHBIN CI10M MeMOpaH 3puTpo-
LIMTOB) OLIEHUBAJIN BPEMSI KOPPEIALINH BpaIaTeIbHON
T dy3nn 30HA0B B JTHITUAAX MEMOPaH KIIETOK.

Jns mccnegoBaHms MHUKPOBS3KOCTH MeMOpaH
SPUTPOIUTOB B IPUCYTCTBHH KPHOIIPOTEKTOPOB OBLIH
BBIOpaHBI 1B CIMHOBBIX 30H/a HA OCHOBE MATbMUTH-
HOBO¥ KHCTIOTHI (puc. 1), CHHTE3HPOBAaHHBIX IO METOAY
onMcaHHOMY paHee [8, 18].

3ouasl 1 u 2 pactBopsim B JJMCO, nobasisiiu B
BOJIHYIO B3BE€CH SPUTPOLIUTOB 10 KOHEUHON KOHIIEHT-
parmu 305108 10*M 1 kontentparmu JJMCO 0,5-1%.
Cnektpsl OIIP perucTpupoBanu Ha paguOCHEKT-
pometpe «ESR Spectrometer CMS8400» («Adaniy,
bemapycs).

BpoyHoBCKy0 BpaliarenbHyo auddy3uio 30H10B
1 MUKPOBSI3KOCTh MEMOPaH PUTPOIUTOB OLIEHUBAIIH
mo napamerpam crnekTpoB OIIP HUTPOKCUIBHBIX
paauKaIoB — CIIMHOBHIX 30HI0B | 1 2, HAXOSAIIUXCS B
TUUIHOM Omcimoe MembOpan sputporuTos [10, 13].
s pacueTa BpeMeHH KOppesiy OpOyHOBCKOH Bpa-
1arenbHoN nupdysun 30H1a (T ) UCTIONB30BAIN TAKUE
XapaKTePUCTHKH CIIEKTPOB: LIMPUHA LEHTPATBHOTO
KoMnoHeHTa (AH), MHTEHCUBHOCTh KOMIIOHEHTOB
cnekrpa OIIP A, h,, h  C MarHMTHBIM KBaHTOBBLIM
yucyioM siapa “N (M =0+ 1 — 1), u30TpornHas KOHC-
TaHTa CBEPXTOHKOIO B3aUMONEUCTBUS (4, ).

BsizkocTh GONBIIMHCTBA KUAKUX CPEJ OIpese-
JISTOT 10 ypaBHeHHIo CTokca-ODHHIITEHHA:

T =41W’n/3kT, (D

I€ a — paAuyc 4acTHULBI, | — BI3KOCTh CPEJHI.
B cnyuae oneHKH BA3KOCTH CPEAbl ¢ TOMOIIBIO CIIH-
HOBOTO 30H1a @ — 3((EKTUBHBIN pagnyC CIMHOBOTO
30H1a. {1 BBIYMCIEHHUSA BPEMEHH KOPPEISALUU
BpamaTenbHol auddysun 30H1a T, UCHOIB30BAIN
BeIpakeHus, nomydenusie . U. Jluxrenmreiinom [10]:

1/, =2%x10%[(h/h

o(+1)

)2 = DIAH ¢ (2)

(+1)

Ty = 8,33><1(T“[(h(ﬂ)/h(_]))”2 - DJAH, ¢ (3)

Jns onpeneneHus MecTta HaXOXKAEHUS HUTPO-
KCHJIBHOW TOJIOBKM CIIMHOBOTO 30HAa B MeMOpaHe
OLICHMBAJIM MOJIIPHOCTh MHKPOOKDPYKEHHS HUTPO-
KCUJIBHOTO (pparmMeHTa B MPHUCYTCTBHU/OTCYTCTBHH
KPUOTIPOTEKTOPOB ¢ momoIipio napamerpa 4~ [10,
13]. Ilpn HaxoXXOEHUHM HUTPOKCHIIBHOTO paguKaia B
BOJIHOM OKpyxeHuu 4 cocrasnser 16,7-17,2T'c, a
B JIMIIO(MIILHOM OKpYKeHUH B MeMOpane — 14—14,5 I'c.

OmmnbKa M3MEpeHns BEMIUHBI 1/T_ onpenensercs
muddepentpoBanrem hopmyi (1) umu (2). [Tockonbky
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Puc.1 CnuHoBblie 30HAbLI HA OCHOBE NanbMWUTUHOBOM
KMCIOTbI: 30HA 1 — HUTPOKCUIbHBIA pagukan 4-nanbMmm-
Tounammngo-TEMITO 1 30HA 2 — HUTPOKCUIBbHLIN pagukan
4-(N,N-gumeTtun-N-rekcageuynnammonuno)-TEMMO,
codepXalimin B CBOEM COCTaBe YETBEPTMYHbLIA aMMOHUE-
BbIl (hparMeHT.

Fig. 1. Palmic acid-based spin probes: 1 is nitroxide radi-
cal of 4-palmitoylamido-TEMPO and 2 is nitroxide radical
of 4-(N,N-dimethyl-N-hexadecylammonium)-TEMPO, con-
taining quaternary ammonium fragment.

(T,) we used the following spectral characteristics: the
core component width (AH), intensity of the EPR
spectrum components 4, &, h_ with the magnetic
quantum nucleus number “N (M=0+1-1); isotropic
hyperfine interaction constant (4, ).

The viscosity of most liquid media is determined
with the Stokes-Einstein equation

T = 41Wn/3kT, (D

where a — particle radius; # — medium viscosity. If the
viscosity of the medium is assessed using the spin
probe, a is an effective radius of the spin probe. To
calculate the correlation time of the probe rotational
diffusion we used the expressions obtained by
G.I. Liechtenstein [14]:

1, =2x10%[(h/h )" — DIAH sec  (2)

T =833x10"[(h

c(+1/-1)

(H)/h(_l))”2 - D]AH, sec (3)

To determine the location of the spin probe nitroxyl
head in membrane we assessed the microenvironment
polarity of nitroxyl fragment in the presence/absence
of the CPAs using the parameter 4, [7, 15]. If the
nitroxyl radical was located in an aqueous environment
A, was 16.7-17.2 G, and in the lipophilic membrane
environment it was 14-14.5 G.

The measurement error of the value 1/1, is deter-
mined by differentiating the formulae (1) or (2). Since
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TOYHOCTh M3MEPEHUH BENINYUHBI H | M3MEHAECTCA B
3aBHCUMOCTH OT CIEKTPA, TO BEIMYMHY OLIMOKH IS
OOILIETO CITyYast OLEHMBAIIM IIPUOIU3UTENBHO. Jlns 1/T,
B obmnactu 10 ¢! ona ve npebimaer 0,1x107° ¢!, Jlns
CTAaTHCTHYECKOW 00pabOTKH IMOJNyYEHHBIX JaHHBIX
MPUMEHSIA TTaKeT MPUKIAIHBIX Mporpamm «Statis-
tica 6.0» (CIIA). Pe3ymbrarsl UCCIIeIOBAHUS TIPE/I-
CTaBJICHBI B BHJIE CPETHUX 3HAUEHUH, OTKJIIOHEHNE —
CTaHAApTHOW ommuOKu cpeaHero. CTaTHCTUYECKYIO
3HAYMMOCTH PACXOXKJIEHHH MEXIy 3HAUECHUAMU
OIIEHMBAJIM ¢ MOMOIIBI0 t-Kputepuss CTbIOAEHTA.
3HaYMMBIMU CUUTAIN OTIIHYUA 1pH p < 0,05.

Pe3yabTarsl m o0cyxnenne

CrpyKTypHBIE 0COOEHHOCTH 1 (PU3UKO-XUMUIECKUC
CBOWCTBA JTUNHUIHON (ha3bl UTPAIOT BAKHYIO POJb B
MOJIZIepKaHUH HAIMOJISKYJISIPHON OpraHu3aIiuy OHo-
MeMOpaH, BaXXHBIM (DAaKTOPOM KOTOPOH ABIAETCA
COXpaHEHUE HATHMBHOCTH OEIKOBO-IIUITHIHBIX KOMII-
JIEKCOB. B CBSI3M € 3TUM HEOOXOAMMO HCCIEIOBAHNE
BIIMSTHHS HU3KO- U BBICOKOMOJIEKYJISIPHBIX KPHO3AIIHT-
HBIX BEIIECTB, KOTOpPbIe 00J1aat0T CBOMCTBOM IIPOHH-
KaTh Yepe3 HUTOIIa3MaTHYeCKHe MEMOpaHbI KIETOK,
Ha MUKPOBSI3KOCTb JHUIHUIHON (a3bl MeMOpaH i
000CHOBaHHS BO3MOXKHOCTH NMPUMEHEHHS TaKHX
KPHONPOTEKTOPOB MPHU Pa3padOTKe TEXHOIOTHI KpHO-
KOHCEPBHUPOBAHUS KJIETOYHBIX CYCHEH3HM.

Kpuonpotekropst I1I' u I[121-1500 BBOAMIN BO
B3BECh IPUTPOIUTOB B KOHIICHTpAI[UH, OIU3KOH K
peallbHO UCTIOB3YEMBIM MPH KPUOKOHCEPBUPOBAHUH
kieTok. C OIHOW CTOPOHBI, TaKHE KOHIIEHTPAIUU
00ecneunBaroT eTI0CTHOCTh MEMOPaH 3PUTPOIIUTOB,
a ¢ Ipyroil — OHM OJHM3KU K KPUTHYCCKHUM, T. €. IIPH
KOTOPBIX OTMEUAalOTCAd HapyHIeHWS MeMOpaHHBIX
cTpykTyp.Takoi BEIOOp KOHLIEHTpauii HEOOXOMMM /IS
ompeneNeHns] TeHICHINH N3MEHEHHs] CTPYKTYPHI
MeMOpaH MoJ ACHCTBHEM KPHUO3AIIUTHBIX BEIIECTB
MIPU COXpAaHEHUU MX OapbepHBIX CBOMCTB. CIEKTpEHI
OIIP peructpuposanu uepe3 5 u 60 MuUH nocne BBe-
JICHUSI KPUOTIPOTEKTOPOB BO B3BECH DPUTPOIUTOB, UTO
MTO3BOJISAJIO OTICHUTh M3MEHEHHE KOHPOPMAIMOHHON
MOJIBMPKHOCTH JIUIHIOB MeMOpaH 1Mo JIeHCTBHEM
KPHO3AIIUTHBIX BEHIECTB C TEYEHHEM BPEMEHH U
rocneacTBUs AU y3Ud MOJIEKYT KPHOIIPOTEKTOPOB
BHYTPh MEMOpaHEI.

Hcnonb3yembie TUIOMUIBHBIE CITMHOBBIE 30HABI
M0-pa3HOMY BCTPaMBaIOTCA B JIMITUIHBIN OUCTION MeM-
Opan. [lo-BunumMomy, 3007 2 € IOIOKUTEIBHBIM 3apsi-
JIOM BCTpauBaeTcsi B MeMOpaHy moaooHo ¢ocdaru-
JUJIXOJIMHY, UMEIOLEMY TTOJIOKUTEIIFHO 3apsDKEHHY O
XOJIMHOBYIO «TOJIOBKY» M JIBA QJIKMJIBHBIX «XBOCTa».
Ha ocHOBaHWW MONYyYEeHHBIX HAMH PE3yJbTaTOB
YCTaHOBJICHO, YTO HUTPOKCIIIBHBIN (pparMeHT 30H1a
2 ¢ HECMapeHHBIM JJICKTPOHOM HAXOIHTCS BOIH3H
[TOBEPXHOCTH MEMOPAHBI B JIUITHUIHOM OKPYKEHUH, TaK
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the measurement accuracy of the parameter H, varies
depending on the spectrum, the error value in general
was evaluated approximately. For 1/T_ in the range of
10 ¢! it did not exceed 0,1x10° ¢”'. The data were
statistically processed using Statistica 6.0 software
(USA). Research results were presented as mean
values, the deviation was done as SEM. Statistical
significance of the differences between the groups was
evaluated by Student’s t-test. Differences were
considered significant if p <0.05.

Results and discussion

Structural peculiarities and physicochemical proper-
ties of the lipid phase play a vital role in maintaining
the supramolecular organization of biological mem-
branes, an important factor of which is to preserve the
native state of protein-lipid complexes. In this regard,
there is a necessity in investigating the effects of low
and high molecular weight CPAs, which are capable
of penetrating through the cell cytoplasmic membrane,
on microviscosity of membrane lipid phase, and using
this knowledge to justify the possibility of application
of these CPAs when developing the techniques to
cryopreserve the cell suspensions.

CPAs PG and PEG-1500 were added into the
suspension of erythrocytes under the concentration
close to those actually used for cryopreservation of
cells. These concentration, on the one hand, ensure
the integrity of erythrocyte membranes, and, on another
hand, they are close to critical ones, i. e. under which
the disorders of membrane structures are noted. Such
a selection of concentrations is necessary to determine
the directions of changes in membrane structure under
the CPAs influence, while maintaining their barrier
properties. EPR spectra were recorded in 5 and 60 min
following introduction of CPAs into erythrocyte sus-
pension that allowed the evaluation of the change in
conformational mobility of the membrane lipids under
the influence of CPAs with the time course and the
consequences of diffusion of CPAs molecules inside
a membrane.

The used lipophilic spin probes are differently incor-
porated into lipid bilayer of membranes. Apparently,
the probe 2 with a positive charge is incorporated into
membrane like phosphatidylcholine, having a positively
charged choline head and 2 alkyl tails. Based on these
results we have found that the nitroxyl fragment of
the probe 2 with an unpaired electron was located near
the membrane surface in lipid environment, since its
A, constant was 14.6 G and corresponded to the
position of the nitroxyl fragment in a non-polar
environment [15]. Nitroxyl fragment of probe 2 is
‘sandwiched’ between the phospholipid heads in the
membrane and its rotational mobility can be quite
sensitive to the changes in packing density of the
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KaK ero koucranra 4 pasua 14,6 I'c u coorBeTcTBYET
HaXOXKJEHUIO HUTPOKCHIIBHOTO (hparMeHTa B HETosIp-
HOM okpyxxeHuu [10]. HurpokcunbHbINA PparMeHT
30H[a 2 «3axaT» MEXAY HOChOTUITUIHBIMH FOJTOBKa-
MU B MeMOpaHe, TIO9TOMY €ro BpamiareiabHas Moj-
BIDKHOCTD MOXeET OBITh JOCTATOYHO YyBCTBUTENbHA
K U3MEHEHHUIO TUIOTHOCTH YNAKOBKH (HOCHOIUIHI0B
MeMOpaH KIIETOK, T. €. K MUKPOBS3KOCTH IIOBEPXHOCTH
MeMOpaH. CBsI3bIBaHHE KPHOIIPOTEKTOPOB ¢ MeMOpa-
HOW SPUTPOIIUTOB U BHEIPEHUE MOJIEKYII KPHOIIPOTEK-
TOPOB MEXIY MoJieKylamMu GochoaunuaoB MeMOpaH
MOXKET U3MEHSATH INIOTHOCTb YIIAaKOBKU (POCHOTUITUIOB
B MeMOpaHe (MUKPOBS3KOCTb) ¥ apaMeTp 4, = 30HJIOB.

Heittpanbubiit 3081 1 u3-3a OTCYTCTBUS 3apsiia
Oornee 1abuUiIeH U MEHEe TIOTPY’KEeH B JTUMUIAHBIN OH-
CJI0i1 MeMOpaH SpUTPOLIMTOB, YeM HeCyIIMi Ha cebe
TTOJIOKUTENBHEIN 3apsia 30HA 2. IlosToMy 30HIT 1
0oJjee YyBCTBUTENEH K MPUITOBEPXHOCTHOM 00JIaCTH
MeMOpaHbl, a 30HA 2 B OONbLIEH CTETIEHN XapakKTe-
pHU3yeT COCTOSHUE caMoro ouciosi. B cooTBeTcTBUM
C 3THUM BpamjateiabHas MOJBUXHOCTH 30HAA | B
MeMOpaHe IPUTPOLHUTOB HECKOJHKO BBHINIE, YEM
30HJA 2, YTO OTPaXXAeTcs Ha COOTBETCTBYIOLIUX
cnekrpax JIIP (puc. 2).

AHaJN3 MoJIy9eHHbIX HAMH PE3yJIbTaToB, a TAKKE
JaHHBIE JTUTEPATyPhl CBUAETEIHCTBYIOT O MHOTO(aK-
TOPHOM BJIUSTHUN KPHUOIIPOTEKTOPOB HA MUKPOBSI3KOCTh
MeMOpaH 3puTpounToB. Takumu pakropaMu SBIISIOT-
Csl TIepBOHAYANIbHAS JIETHIpATAIUS U TIOCTIeAyIoIIee
BOCCTaHOBJIEHHE 00beMa MIIM BO3MOXHOE HabyXxaHue
KJIETOK, KOTOPBIE UMEIOT Pa3HOHAIPABIEHHOE BIINA-
HUE Ha U3MEHEeHue MUKpoBsi3koctu [11, 15, 27]. Kpome
TOT0, Ha MEKPOBSI3KOCTb JINTIHI0B TIPH TPOHUKHOBEHUN
KpHOTIPOTEKTOPOB B MeMOpaHy OyeT BIUATH MPOUC-
XOAsIEee NMPU 3TOM HapylIEHHE >KHIKOKPHUCTAIIIN-
YECKOH CTPYKTYphl MEMOpPaHBI, a TaKkKe U3MCHEHHE
YIOPSA0YCHHOCTH POCOTHUITHIOB ¥ OSITKOBO-JTHITH/I-
HBIX B3aMMOJEWCTBHN B MeMOpaHax KiIeTok [7, 14,
15].

Panee nmokazano [12, 15], uto nobaBneHue B 10CTa-
TOYHO BBICOKHX KOHIIEHTpanusix (20% )TpoHUKAIOIIIX
KPHOIIPOTEKTOPOB, B YaCTHOCTH IuiiepuHa, 1,2-I1]1,
AMCO, npuBoauT K ABYX(a3HOMY XapakTepy U3Me-
HEHHI B KJIETKE, CBI3aHHOMY C HAa4yaJIbHOW OBICTpOM
JeTuapaTaueil SPUTPOIMTOB U YMEHBIIEHHEM HX
o0BeMa, a 3aTeM K MOCIIeAYIONIeMY BOCCTAHOBICHHIO
obbema npu UG Py3ud MOJIEKYIT KPUOTIPOTEKTOPOB U
BOJBI BHYTph KieTok. IIpu 3ToM B Hawaie o0beM
KJIETKA YMEHBIIAETCA, YTO IPUBOANT K YIUIOTHEHUIO
MeMOpaHbI U YBEJIHMUEHHUIO €€ MUKPOBA3KOCTH, 3aTEM
MHUKpPOBSI3KOCTb MEMOpaHbI BCIEACTBUE MOCIENYIO-
LIETO BOCCTAHOBJICHUS KIETOYHOTO 00bEMa YMEHb-
maetcs. Pe3ynsrarsl MpoBeeHHBIX HAMU HCCIIEI0Ba-
HUH BpamaTeIsHON MOABIMKHOCTH CITMHOBBIX 30H/I0B

40

10c/10 G
_—

Puc. 2. Cnextpbl 3P 30oH8oB 1 1 2 B spuTpoumTax npu
25°C.
Fig. 2. EPR spectra of probes 1 and 2 in erythrocytes.

phospholipid cell membranes, i. e. to the membrane
surface microviscosity. Binding of CPAs with the
erythrocyte membrane and the insertion of the CPAs
molecules between membrane phospholipids can alter
the packing density of phospholipids in membrane
(microviscosity), as well as the 4, parameter of
probes.

Neutral probe 1 has no charge and is more labile
and less immersed into the lipid bilayer of erythrocyte
membranes than the probe 2, carrying a positive
charge. Therefore, the probe 1 is more sensitive to the
membrane near-surface region and the probe 2 in a
greater extent characterizes the state of the bilayer
itself. Accordingly, the rotational mobility of the probe 1
in the erythrocyte membrane is slightly higher vs. the
probe 2, that is reflected in the corresponding EPR
spectra (Fig. 2).

The analysis of our findings and the previously
reported data indicate multifactor effect of CPAs on
microviscosity of erythrocyte membranes. These
factors are the initial dehydration and subsequent vo-
lume recovery or vice versa swelling of the cells, which
differently affect the changes in microviscosity [19,
22, 23]. In addition, during CPAs penetration into
membrane the lipid microviscosity will be affected by
occurring impairment of liquid crystal structure of the
membrane as well as the change in the order of phos-
pholipids and protein-lipid interactions in cell membranes
[11,21,22].

It has been previously shown [18, 22] that the
addition of relatively high concentrations (20%) of
penetrating CPAs, such as glycerol, 1,2-PD, DMSO
led to the biphasic nature of the changes in a cell
associated with an initial rapid dehydration of
erythrocytes and their volume reduction, and later to
the following recovery of the volume during diffusion

npo6nemMbl KpMOO6MONOrMM U KpPUOMeAULIMHbDI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016



1 u 2 B MmeMOpaHax 3pUTPOIUTOB

3Ha4YeHNs1 BpEMeHN Koppenauum BpallatenbHon anddysum 1

CMMHOBbIX 30HOOB B MeMbpaHax apuTpouuToB B NpucytcTeumn 15%

MOKa3ajiu, YTO MHKPOBS3KOCTH MEM-
Opan depe3 5 MUH mociie T00aBIeHUs
B cycneH3uio spurpouutos III' B

KpPMOMpOTEKTOPOB Npu TemnepaType 25°C

Correlation time of rotational diffusion t_ of spin probes in erythrocyte
membranes in presence of 15% cryoprotectant (at 25°C)

KOHEYHOH KoHIeHTparwn 15% 3Haqnmo o
Bpema T.,.1X10% ¢
He u3MeHsercs (Tabnuua), 4To CBUje- ‘ sKCromm, T, 14107, sec Ty X10% ¢
pUONpoTEKTOP MUH oHA
TCIBCTBYCT O 6I>ICTpLIX nmponoeccax Cryoprotectant Exposure 3oma 2 30ma 1 TC“'H’:;SZ sec
BOCCTaHOBIICHHsI KJIETOYHOT'O 00bemMa time, min Probe 2 Probe 1
u i dys3un BHYTpb KJIETOK IPU KOM- KowTpons
o - 8,2+ 0,1 1,6 £0,2 5,2 £0,1
HaTHOW Temmeparype [12]. Control
Hepes 5 mun mocne nodaBreHus 5 71 £03 2,2 0,3 35 0,3
B cycrnier3uro 3purporutos [131-1500 B EEQCH 288
KOHEYHOW KOHITIeHTparun 15% MHUKpOBSI3- 60 7,9 £0,3 2,2 £0,3 5,1 + 0,3
KOCTb MeMOpaH yMeHbIuaeTcs (Tabnuua,
5 8,4 + 0,2 2,0 £0,2 5,4 +0,2
30H[ 2). DT0 00yCIOBICHO N3MECHECHMSI- nr
o PG
MU B JKXUAKO-KPUCTAJUIMICCKOU CTPYK- 60 7,8 + 0,3 1,7 £0,2 4,8 + 0,3

Type MeMOpaHbl H3-3a JIHOTPOITHOTO
Me30Mop(dr3Ma U HapyLICHUsIMHU Oedl-
KOBO-JIMITUAHBIX B3aUMOJEHCTBUH B
MeMOpaHe, IPeBATHPYIOIUMHI HaJ MPOLIECCOM Jie-
THPATALUH SPUTPOIIUTOB C YIUIOTHEHHEM MEMOPaHEI
nox aeiicreuem [191-1500. Ot maHHBIE COBMATAIOT
¢ paHee noxydeHHbiMu [ 14, 15]. C noMouisio cius-
MEYEHOW B TSTOM IOJIOKEHHH JIOKCHUIICTEApUHOBOM
XKHUPHOH KUCIIOTHI, KOTOPAs JIOKAJIU3yeTCsl Ha ITyOnHe
8 HM B JIMIIUIHOM (pa3e, aBTOpaMH OBLJIO YCTAHOBJICHO
yBeJIMYEHHE AMHAMUYECKON TeTepOreHHOCTH MeMOpaH
SPUTPOLUTOB 32 CUET MOSBICHHUS 00Jiee TEKyUHX
obyracTeit Ipu M0OABICHUN B CYCHEH3UIO KJIETOK
[13I-1500.

JlanHbIE BpamaTeas,HON MOABIKHOCTH 30HAA 1,
HaxXoZsIIEerocs Ha MOBEPXHOCTHU pasaenia MeMOpaHa-
Bona (4, =16,8 I'c), CBUIETENBCTBYIOT O TOM, YTO
npu BBeaeHnn [131'-1500 B cycrieH3uI0 SpUTPOITUTOB
YBEIMYUBAETCS MUKPOBSI3KOCTh B IPUIIOBEPXHOCTHOM
obract MeMOpaHbl KaK B HadyaJdbHBIA MEPUOL
HaOmoeHus (5 MuH), Tak U yepe3 60 MuH (TabnuIa).
310 00ycmoBieHo TeM, 4To MojeKynsl [131'-1500, ko-
TOpBIE PACIONararoTCs Ha MOBEPXHOCTH MEMOpaH B
pesynbrare ruapodoOHBIX B3aUMOAEHCTBUH, BBI3bI-
BAaIOT YIJIOTHEHHE MPUIIOBEPXHOCTHON 00JacTH
MeMOpaHbl 1 TOPMOXKEHHIO BpalaTeIbHON MOABHK-
HOCTH CITHHOBOT'O 30H/1A.

[Tony4yenHsie pe3yabTaThl MOATBEPKAAIOTCS AaH-
ueiMu A.K. I'yneBckoro [ 7], cormacHO KOTOPBIM TIIHIIE-
puH u [121" naxke B 6oJee BHICOKMX KOHIIEHTPAITHIX
(40% wu BpIILIE), HE HapyLIas HEJIOCTHOCTH MEMOpaH,
YBEJIIMYHUBAIOT MUKPOBSI3KOCTh B aHH30TPOITHOM 30HE.
NmMMoOunu3anys noBepxXHOCTH MeMOpaHbl MOXKET
OBITh BBI3BaHA JETHIpATaIllMEH MOJSIPHBIX o0nacTei
MeMOpaHbI B IPUCYTCTBUU KPHOMIPOTEKTOPOB. TaKoit
MoIubUIHpYOUHA 3PQPEKT yCUINBAETCS ¢ POCTOM
KOHIICHTPAIMH KPHO3AMUTHBIX areHToB [ 15].
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of water molecules and CPAs into the cells. At first
the cell volume decreases, and then the membrane
microviscosity reduces as a result of following reco-
very of cell volume. Our findings on rotational mobility
of spin probes 1 and 2 in erythrocyte membranes have
shown that the microviscosity of membranes was not
significantly altered 5 min later the addition of PG in a
final concentration of 15% into erythrocyte suspension
(Table), indicating the fast recovery of cell volume and
diffusion of CPA into the cells at room temperature
[18].

In 5 min after the addition into the erythrocyte
suspension of PEG-1500 at a final concentration of
15% the membrane microviscosity decreases (Table,
probe 2). This is stipulated by the changes in the liquid
crystalline structure of membrane due to lyotropic
mesomorphism and impaired protein-lipid interactions
in membrane, prevailing over the dehydration of red
blood cells and membrane compaction under the effect
of PEG-1500. These findings are consistent with
previous results [21, 22]. Using a doxylstearic fatty
acid spin-labeled in the fifth position, which localized
at a depth of 8 nm in lipid phase, a rise in dynamic
heterogeneity of erythrocyte membranes the authors
have found due to appearance of more fluid areas when
PEG-1500 was added to cell suspensions.

The rotational mobility data for the probe 1, being
on the surface of the membrane-water interface
(4,,= 16.8 G), indicate that the introduction of
PEG-1500 into erythrocyte suspension increases the
microviscosity in the near-surface region of membrane
both at the start of observation (5 min) and 60 min
later (see Table). This is stipulated by the fact that
PEG-1500 molecules, located on the membrane surface,
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Pe3ynbTarhl MpOBENEHHBIX UCCIEN0BAHUNA TIO3BO-
JISFOT TPEATIONIO0KHITh, 9TO CTEIEHb U XapaKTep BO3-
JEeWCTBHS KPHOTIPOTEKTOPHBIX BEIIECTB HA MEMOPaHEI
SPUTPOLIUTOB 3aBUCAT HE TOJBKO OT MOJIEKYJSIPHON
MaccChl ¥ IPOCTPAHCTBEHHOW CTPYKTYPBHI, a TAKXKE OT
pa3mepa 1 MPOHHUKAOIIEH CITOCOOHOCTH MOJIEKYJI 3THX
BeuecTB. Ha B3anMoneiicTBre MONEKyJ KpUOIPOTEK-
TOPOB C MeMOpaHaMu MOXXET BIHSITH U CTEHEHb
runpododHOCcTH. Ha OCHOBaHUM pe3ynbTaToB Mpe/bl-
Iymux ucciemnosanui [3, 7, 11, 12, 14, 15] moxHO
roJiaraTh, YTO B3aUMOJICHCTBUE KPUOTIPOTEKTOPOB C
MeMOpaHaMH OCYIIECTBISIETCS B pe3yJibTaTe HX
CBSI3BIBAHMS C TOBEPXHOCTHBIMU TpymnamMu hocdomm-
MTHJTOB ¥ OCJIKOBBIX MOJICKYIL.

Ckopee Bcero, MeMOpaHOTpONHBIN 3 ekt Kpuo-
MIPOTEKTOPOB 00YCIOBJIEH UX BIUSIHUEM KaK Ha MOJISIp-
HbIe (BOJM3HM MOBEPXHOCTH), TaK ¥ Ha TUAPOPOOHBIE
B3aMMOJIEHCTBUS JIUITUAHBIX KOMIIOHEHTOB MEMOPaHBI
[7, 14, 15]. IlonspHble B3aUMOJEHCTBYS B IPUCYTCT-
BHH KPUOIPOTEKTOPHBIX BEIIECTB MOTYT U3MEHATHCSA
BCJIE/ICTBHE BCTPAMBAHMUS MOJIEKYJT BEIIIECTB B OMCIION
1 ACTHIPATAITIN ITOJISIPHBIX «TOJIOBOK» (hOCHOIUITHIOB,
a TaKke MpH AEMCTBUM MOJEKYJ KPUOIPOTEKTOPOB
Ha CTPYKTYpY BOJIBI M ONOCPENOBAHHO HA YIAKOBKY
hochommmuos.

BriBoabI

Pesynbrarel aHanu3a BpalaTeIbHOM MOABUKHOCTH
JKAPHO-KUCJIOTHBIX CITMHOBBIX 30HIOB B MEMOpaHax
SPUTPOIIUTOB TIOKA3aJH, uTo 15%-5 koHIIeHTpamus [1I°
B CYCIICH3UU KJIETOK 3HAYMMO HE BIIMSIET Ha MUKPOBSI3-
KOCTh MEMOpaH yke Mociie 5 MHH WHKyOanuu. 3T1o
MIOATBEPKIACT HATHMYNAE JOCTATOYHO OBICTPBIX IIPO-
[IECCOB BOCCTAHOBJICHHSI KJIETOYHOTO 00BbeMa 1 aud-
(hy3uu BHYTpbH KJIETOK ITPH KOMHATHOH TeMIIeparype.

Bregenue [191-1500 B koHEUHO# KOHLIEHTPALIUU
15% B CycITeH3HIO 3pUTPOITUTOB YBEITUIUBACT MUKPO-
BSI3KOCTh MeMOpaH mpH IKCHO3UIuu 10 60 MuH.
JaHHBI (PakT OOBICHSETCS TEM, YTO MOJICKYJIBI
[19T-1500 HE mpoXoAsAT BHYTPH KIETOK, a JIOKAJIH-
3YIOTCS Ha IOBEPXHOCTH MEMOPaH, BEI3BIBAs UMMOOH-
JI3AIAI0 TTOBEPXHOCTH MEMOpaH M TOPMOXKCHUE
BpallaTeIbHOM MOABMXKHOCTU CIMHOBOTO 30H1a. U3
aHaIn3a JaHHBIX 10 MOABMXKHOCTHU CIIMHOBOTO 30H/12,
HUTPOKCHUJIBHBIA paJuKajl KOTOPOTO PacCIOIIOXKEH
MeXTy GochOoTUTHIHBIME TOJIOBKAMU MEMOPAHHBIX
JUNUIOB, CIEAYET, YTO Ha HAaYaJIbHOM 3Tare SKCIO-
3unmu (5 MUH) MUKPOBSI3KOCTh MEMOpaH CHHXKAeTCs
C TEHJCHIWEH K MOBBHINICHHWIO B TEUCHHUE dYaca.
Hab6momaemMoe CHImKeHHE MUKPOBS3KOCTH O0YCIIOB-
JICHO U3MEHEHUSMU B KUIKOKPUCTAILTUIECKOM CTPYK-
Type MEeMOpPaHbI M HAPYIICHUSIMH OSITKOBO-JIUTTHTHBIX
B3aUMO/IEHCTBUM, TPEBATUPYIOIIMMU Ha/JT TPOIIECCOM
JIETHIPATAIIHA SPUTPOITUTOB.
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in the result of hydrophobic interactions, cause the
compaction of near-surface region of membrane and
inhibition of spin probe rotational mobility.

These results are confirmed by the data of
A K. Gulevsky [11], according to which even higher
concentrations (40% and higher) of glycerol and PEG
increase the microviscosity in a anisotropic zone
without compromising the integrity of membranes.
Immobilization of the membrane surface may be
caused by dehydration of the membrane polar regions
in the presence of CPAs. This modifying effect is
strengthened with a rise in concentration of CPAs.
[22].

The results of performed studies suggest that the
extent and nature of the CPAs effect on erythrocyte
membranes depend not only on the molecular weight
and the spatial structure, but also on the size and
penetrating ability of the molecules of these substan-
ces. Hydrophobicity extent also can affect the inter-
action of CPAs molecules with membranes. Based on
the findings of previous studies [5, 11, 18, 19, 21, 22],
one can assume that CPAs interaction with membranes
is implemented by their binding to the surface groups
of phospholipids and protein molecules.

The membrane effect of CPAs is rather due to
their influence on both polar (near the surface) and
hydrophobic interaction of the lipid membrane
components [11, 21, 22]. Polar interactions in the
presence of CPAs may vary due to incorporation of
the molecules and substances into the bilayer and the
dehydration of polar heads of phospholipids, as well as
during the CPAs molecules influence on water structure
and indirectly on packaging of phospholipids.

Conclusions

The results of the analysis of rotational mobility of
fatty acid spin probes in erythrocyte membranes have
shown that presence of 15% PG in the cell suspension
does not significantly affect the membrane microvisco-
sity following 5 min incubation. This confirms the
presence of quite rapid recovery of cell volume and
diffusion into the cells at room temperature.

Introduction of PEG-1500 at a final concentration
of 15% into erythrocyte suspension increases the
membrane microviscosity during the exposure up to
60 min. This fact could be explained by the pheno-
menon that the molecules of PEG-1500 do not pene-
trate into the cells but are localized on the surface of
membranes, causing the immobilization of membrane
surface and inhibition of the spin probe rotational
mobility. The analysis of the mobility data on the spin
probe with the nitroxyl radical located between the
phospholipid heads of membrane lipids, demonstrated
that at the start of exposure (5 min) the microviscosity
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of membranes was reduced and risen in an hour. The
observed decrease in microviscosity was due to the
changes in the liquid crystal membrane structure and
impaired protein-lipid interactions, prevailing over the
dehydration of red blood cells.

References

1. Anchordoguy T.J., Rudolph A.S., Carpenter J.F., Crowe J.H.
Modes of interaction of cryoprotectants with membrane
pospholipids during freezing. Cryobiology 1987; 24(4): 324—
331.

2. Babiychuk L.O., Grischenko V.l., Sumida S. et al., inventors.
Cryopreservation method for erythrocytes. Patent of Ukraine
N30888A. 2000 Dec. 15.

3. Baust J.G., Baust J.M., Shnayder K. et al. Biopreservation —
molecular-based mitigation of the preservation challenges.
Problems of Cryobiology 2008; 18(2): 163.

4. Belous A.M., Bondarenko V.A. Structural changes of biological
membranes under cooling. Kiev: Naukova Dumka; 1982.

5. Belous A.M., Grischenko V.1. Cryobiology. Kiev: Naukova Dumka;
1994.

6. Bergelson L.D. Biological membranes: Facts and hypotheses.
Moscow: Nauka; 1975.

7. Berliner L.J., editor. Spin labeling. Theory and applications.
New York — San Francisco — London: Academic press; 1979.

8. Bogach P.G., Kurskiy M.D., Kucherenko N.E., Rybalchenko V.K.
The structure and function of biological membranes. Kiev:
Vyshcha shkola; 1981.

9. Farrant J., Walter C.A., Lee H. et al. Use of two-step cooling
procedures to examine factors influencing cell survival
following freezing and thawing. Cryobiology 1977; 14(3):
273-286.

10.Gordienko E.A., Pushkar N.S. Physical grounds of low tempe-
rature preservation of cell suspensions. Kiev: Naukova Dumka;
1994.

11.Gulevsky A.K., Bondarenko V.A., Belous A.M. Barrier proper-
ties of biomembranes at low temperatures. Kiev: Naukova
Dumka; 1988.

12.Heber U.W. Freezing injury is relation to loss of enzyme
activities and protection against freezing. Cryobiology 1968;
5: 188-201.

13.lvanov L.V, Lyapunov O.M., Kartel M.T. et al. Delivery of spin
probes by carbon nanotubes in erythrocytes and plasma of
blood. Surface 2014; 6(21): 292-304.

14.Lev A. A. The ion selectivity of cell membranes. Leningrad:
Nauka; 1975.

15.Likhtenshtein G.I. Method of spin probes in molecular biology.
Moscow: Nauka; 1974.

16.Lovelock J.E., Bishop M.W.H. Prevention of freezing damage
to living cells by dimethyl sulphoxide. Nature 1959; 183: 1394—
1395.

17 .Meryman H.T. Freezing injury and its prevention in living cells.
Ann Rev Biophys Bioenrg 1974; 3(4): 341-363.

18.Mezhhidov S.Kh., Nardid O.A., Moiseyev V.A. EPR spin probe
method to study the permeability of red blood cells for the
cryoprotectants. Biophysics 1996; 41(6): 1278-1283.

19.Moiseyev V.A., Mezhhidov S.Kh., Nardid O.A. Study of
erythrocyte dehydration by the method of spin probe. Biofizika
1989; 34(6): 993-996.

20.Moiseyev V.A., Nardid O.A., Belous A.M. On a possible
mechanism of the protective action of cryoprotectants.
CryoLetters 1982; 3: 17-26.

21.Nardid O.A., Tsymbal L.V., Gulevsky A.K. Influence of cryo-
protectants on the protein-lipid interactions in the membranes
of red blood cells. Physical and chemical processes in

43



22. Farrant J., Walter C.A., Lee H. et. al. Use of two-step cooling
procedures to examine factors influencing cell survival
following freezing and thawing // Cryobiology. — 1977. —
Vol. 14, Ne3. — P. 273-286.

23.Heber U.W. Freezing injury is relation to loss of enzyme activi-
ties and protection against freezing // Cryobiology. — 1968. —
Vol. 5. — P. 188-201.

24 .Lovelock J.E., Bishop M.W.H. Prevention of freezing damage
to living cells by dimethyl sulphoxide // Nature. — 1959. —
Vol. 183. — P.1394-1395.

25.Meryman H.T. Freezing injury and its prevention in living cells //
Ann. Rev. Biophys. Bioenrg. — 1974. — Vol. 3, Ne4. — P. 341—
363.

26.Moiseyev V.A., Nardid O.A., Belous A.M. On a possible
mechanism of the protective action of cryoprotectants //
CryolLetters. — 1982. — Vol. 3. — P. 17-26.

27.Nardid O.A., Dyubko T.S., Soloviova A.S et. al. Influence of
some polyols on erythrocyte cytoskeleton proteins // Cellular
& Molecular Biology Letters.— 1998.— Vol. 3, Ne 2.— P. 187—
188.

28.Simione F.P. Cryopreservation manual. — American Type Culture
Collection (ATCC) in cooperation with Nalge Nunc International
Corp. — 1998. — 8 p.

cryobiological systems: Collection of scientific papers. Kharkiv;
1991: 102-106.

22 Nardid O.A. Intra- and intermolecular forces and their role in
cryodamage and cryoprotection of biological structures
[dissertation]. Kharkov; 2012.

23.Nardid O.A., Dyubko T.S., Soloviova A.S et al. Influence of
some polyols on erythrocyte cytoskeleton proteins. Cellular &
Molecular Biology Letters 1998; 3(2): 187—-188.

24 .Osetsky A.l., Gurina T.M., Kirilyuk A.L., Repin N.V. About
mechanism of cryopreserved bioobject protection with multi-
component cryoprotectant solutions. Problems of Cryobiology
2008; 18(2): 231.

25.Rozanov L.F. Kinetics of cell reactions on effect of cryopre-
servation factors. [Author's abstract of dissertation]. Kharkov;
1995.

26.Rozantsev E.G. Free iminoxyl radikals. Moscow: Khimiya; 1970.

27.Simione F.P. Cryopreservation manual. American Type Culture
Collection (ATCC) in cooperation with Nalge Nunc International
Corp; 1998.

28.Smolyaninova Ye.l., Pishko O.V,, Lisina E.G. et al. Analysis of
effect of different steps of vitrification protocol for cryopre-
servation with ethylene glycol-sucrose medium on 2-cell
murine embryo viability. Problems of Cryobiology 2007; 17(4):
385-393.

npobnembl Kpuobuonorum 1 KpuomegULINHbI
problems of cryobiology and cryomedicine

Tom/volume 26, Ne/issue 1, 2016





