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Effect of Permeant Cryoprotectants
on Membrane Skeleton of Erythrocytes

Pedepar: C nomoulbto metToga TEPMUYECKON OUINEKTPOCKONUM M3yveHo BnusHue dopmamupa (PA), N-metnndopmamupa
(M®A), N,N-gumetundpopmammnga (AM®PA) n gumetuncynbdokenga (AMCO) Ha cnekTPUHOBBLIN MeMOBpPaHHbIN CKeNneT 3pUTPOLIU-
TOB 4YenoBeka. [1pn HarpeBe CycrneH3uun 3puUTPOLMTOB CMEKTPUH AeHaTypupyeT npu Temnepatype 49,5°C, Bbi3biBasd U3MeHeHue
umnefaHca cycneHsum Ha AZ* = AZ'+ jAZ”. pacuk 3aBucumocTn —AZ” ot AZ’' nokasbiBaeT ABe ANANEKTPUYECcKne penakcaumm Ha
cnektpuHe: 6eta- (0,05-1,0 Ml'u) n ramma- (1,0-10 MI'u) penakcaunu. Kpunonpotektopsel AM®A n IMCO B koHUeHTpauusax go 5 M
(apekBaTHbIX UCMOMb3yeMbIM NMPU KPMOKOHCEPBMPOBaHMM) cneLmdrnyeckm MHrMbuposanu ramma-penakcauuio, toraa kak @A n MOA —
6eTta-penakcauuio. Kaxabin adhdekT ycTpaHanca npegBaputenibHbIM OTMbIBAHMEM OT KPUMOMPOTEKTOpa W MPeAnoroXUTENbHO He
3aBucen OT co3gaBaemoro ocMoTuyeckoro gasnenus. flevicteue AMCO n ®A npu KOMOBUMHMPOBAHHOM UCMOMNb30BaHNM B3aVIMHO HEN-
Tpanusosanocb. Ha ocHOBaHUM paHee MoNy4YeHHbIX AaHHbIX Y Pe3yrbTaToB HACTOSALWEro NCCNeA0BaHUSA YCTAaHOBIEHO, YTO TECTUPY-
eMble KpMOMNPOTEKTOPbI OTAENSANN MeMOpPaHHbI CKeNeT OT NMUNVWAHOW MeMBpaHbl KNETOK, TEM CaMbIM HapyLlas LIeNTIOCTHOCTb KIETOK.

KnioyeBble crnoBa: opraHM4eckuii pacTBOpUTENb, TOKCUYHOCTb KPUOMPOTEKTOPa, MemMbpaHa 3puTpoumTa, CNeKTPYHOBBIN CKEMET,
MECTO NpUKPeNneHns.

Pedhepar: 3a gonomoroto metoay TepMmiyHOI AienekTpockonii BuB4eHo Bnnue dopmamigy (PA), N-metundopmamigy (MOA),
N,N-gumetundopmamigy (AMPA) i anmetuncynedokenay (AMCO) Ha cnekTpuHOBUIA MeMOPaHHUIA CKeneT epuUTPOLMTIB JIIOANHN.
[Mpwn HarpiBaHHI cycneHsii epuTpoLmnTiB CNEKTPUH AeHaTypye 3a Temnepatypu 49,5°C, BuKnuKaw4m 3MiHy iMneaaHcy CycrneHsii Ha
AZ* = AZ '+ JAZ”. Tpadik 3anexHocTi —AZ” Big AZ’ nokasye ABi AieneKTpu4Hi penakcauii Ha cnekTpuHi: 6eta- (0, 05-1,0 Mlu) i
ramma- (1,0-10 MI'u) penakcauii. Kpionpotektopn OM®A i OMCO B koHUeHTpauisix 4o 5 M (agekBaTHUX AN BUKOPUCTaHHS Nif yac
KPiOKOHCEpBYBaHHS) cneundiyHo iHribysanu ramma-penakcadito, togi gk ®A i MOA — Geta-penakcauito. KoxeH edekT ycyBaBscs
nonepefHiMy BiAMMBaHHAM Bif KPiONPOTEKTOPY i, IMOBIPHO, He 3anexas BiJ CTBOPOBAHOTO OCMOTUYHOIO TUCKY. 3a KOMGIHOBaHOroO
BukopuctaHhs giga AMCO i PA B3aemHO HenTpanidyBanacs. Ha nigcrasi paHile oTpuMaHux AaHuX i pe3ynbTaTiB Liboro AOCHiMKEHHS
BCTAHOBIIEHO, LLIO NPOTECTOBAHI KPIONPOTEKTOPM BiAOKpeMoBanM MemMbpaHHuI CKeneT Bif NinigHoi MembpaHu KNiTUH, TUM camum
NOpPYLUYIOYN LiNiCHICTb KNITUH.

Kno4yoBi cnoBa: opraHiYHUIN PO3YMHHUK, TOKCUYHICTb KPIiOMpOTEeKTOpy, MeMbpaHa epuTpouunTa, CNEKTPUHOBUIA CKeneT, MicLe
NPUKPINNEHHS.

Abstract:The impact of formamide (FA), N-methylformamide (MFA), N,N-dimethylformamide (DMF) and dimethylsulfoxide
(DMSO) on the spectrin-based membrane skeleton of human erythrocytes was studied by thermal dielectroscopy. Upon heating
the erythrocyte suspension, spectrin denatures at 49.5°C causing suspension impedance to change by AZ* = AZ'+ jAZ”. The —
AZ” vs. AZ’ plot reveals two dielectric relaxations on spectrin, called beta (0.05-1.0 MHz) and gamma (1.0-10 MHz) relaxations.
At concentrations up to 5 M (relevant to cryoprotection) DMF and DMSO specifically subdued gamma-relaxation, while FA and
MFA specifically inhibited beta-relaxation. Each effect was eliminated by preliminary washing of cryoprotectant and presumably did
not depend on the osmotic pressure produced. Applied in combination, DMSO and FA neutralized their effects. Based on previous
study, the results indicate that tested cryoprotectants detached the membrane skeleton from the lipid membrane, thereby compro-
mising cell integrity.

Key words: organic solvent, cryoprotectant toxicity, erythrocyte membrane, spectrin skeleton, attachment site.

Succesfull cryopreservation is unfeasible without
understanding the mechanisms of cryoprotectant

YenemHoe KpUOKOHCEPBHPOBAHHE HEBO3MOXKHO
0e3 TIOHMMaHUS MEXaHW3MOB TOKCHYHOTO BITHS-

HUSl KPHOIPOTEKTOPOB Ha O0MO0OBEKTHI. DopmaMu
(®A), merundopmamug (MDPA), aumernndopma-
vug (IAM®PA) u pumermncynbdokcun (IAMCO)
JIETKO MPOHMKAIOT Yepe3 OONbLUIMHCTBO OMOJIOTHYE-
CKHMX MeMOpaH 1 9acTO MCIOIB3YIOTCS ISl KPHOKOH-

CEpPBUPOBAHUSI KJIIETOK, TKaHEH U opranoB [3]. Tok-
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toxicity on biological objects. Formamide (FA),
methyl formamide (MFA), dimethyl formamide
(DMF) and dimethylsulfoxide (DMSO) can easily
permeate via the most of biological membranes and
are frequently used to cryopreserve cells, tissues and
organs [3]. The toxicity of DMSO can be reduced
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cuaHocTh JIMCO MokeT OBITh CHHKEHA TPU CMe-
LIUBAHUU C APYTUMH KPUOIIPOTEKTOPAMH, YaIlle BCe-
ro ¢ ®A. Tak, @A cumraror HauboIee BHICOKOTOK-
CUYHBIM W3 MPUMEHSIEMBIX KPUOTIPOTEKTOPOB [S], HO
MIPH HCIIONB30BAHUH CMEIIAHHBIX 3allUTHBIX CpPe
¢ AMCO TOKCHYHOCTH 3HAYUTEIBHO CHIDKACTCS Y
000uX KpHOMPOTEKTOPOB [8]. MexaHu3M Takoi B3a-
MMHOW HEWUTpaTu3alluil TOKCUYHOCTH O0OWX KpHO-
[IPOTEKTOPOB OCTACTCS [0 CUX HOP HEOOBSICHCHHBIM.

Hapyiienuss B kieTo4yHOW MeMOpaHe SIBIISIFOTCSI
OJTHUMU W3 MPOSBICHUN TOKCUYHOCTH U YaIlle BCETO
CBSI3aHBI UIMEHHO C JICHCTBUEM MPOHUKAIOIINUX KPUO-
npotekTopoB. [lnazmarnyeckas memMOpaHa 3pUTPO-
LIUTOB YEJIOBEKA TAKXKE IMOJBEPraeTcsi U3MEHEHUSIM
IPH KOHTAKTe C TPOHHUKAOIIUMHU KPHOMPOTEKTO-
pamu, a MpU TPEBBINIEHUH ONPEICICHHOTO YPOBHS
KOHIICHTPAIINN MOYKET Pa3BHBATHCS TEMOJIH3 KIETOK
[1]. MemOpana >puUTpOIMTa COCTOUT W3 JIMITHIHO-
ro OucIos, TOANEPKUBAEMOTO CIIEKTPUHOBBIM ITH-
TockeneToM. CHEeKTPUH — OCHOBHOW HHUTEBUIHBIN
MYJIBTHIOMEHHBIN OITOK, KOTOPBIA UCTIBITHIBACT TEP-
MHYECKYIO JeHaTypamuio npu temmneparype 49,5°C
(TA) [4]. CnexTpHHOBBIN CKEJET CBA3aH C TUMUIHON
MEMOpaHOW B JIByX MECTax NMPUKPEIUICHUS, CUIILHO
BIIUSIOIIMX HA LEIOCTHOCTh U MEXaHUYECKUE CBOM-
cTBa aputpounTos [10].

Panee meTomoM IMAIEKTPUYECKON CIIEKTPOCKO-
[TUU MBI HCCIIEIOBAITN CyCIIEH3UU SPUTPOIUTOB, MO~
BEprHyThle HarpeBaHuto [7]. dusnexkrpuyeckue mna-
pameTphl 00pasiia CyCleH3n! Pe3K0 N3MEHSUTHCH TTPH
TeMIieparype neHaryparuu cruektpuHa (TA), mpu
ATOM YaCTOTHAs 3aBUCUMOCTBH ITHUX M3MEHEHUH BHI-
SIBUJIA JIBE AMAJIEKTPUYECKHE peslaKCallii Ha CIIEeKT-
puHOBOM ckesiere. OCHOBHOE 3aKIIIOUEHHE COCTOSIIO
B TOM, YTO BEJIMYMHA KKIOM pelakcaluu 3aBUCUT
OT JOCTYIHBIX MECT MpHUKperuieHus. B Hacrosiem
HCCIICIOBAaHUU MBI HCIONB30BAIA JAHHBIA IMOIXO.
Jutst usyueHust Bnusgaust A, MOA, IMOA u IMCO
B KOHIICHTpAIIMSIX, HE BBHI3BIBAIOIIUX TEMOJH3, Ha
MEMOpaHHBIN CKeNleT SPUTPOIUTOB W €r0 CBS3U C
MeMOpaHOH.

MarepuaJibl 1 METOBI
Bce ucnonb3oBanHbie B padoTe Bemectsa (hop-
Mamug, N-metwidopmamun, N,N-mumermidopma-

MU, JUMETWICYITb(POKCUI, 2,6-AU(TOPIUPHIUH,
NaCl u MaHHHUT) POM3BEJCHBI KOMIaHuen «Sigma
Chemicals Co» (CILIA).

Jnst mpurotoBieHus 0Opas3LoB CyCIIEH3UH 3pH-
TPOLUTHI OTACISUIN OT IUIA3Mbl KPOBH YEJIOBEKA IICH-
tpudyrupoanuem (250g, 5 MUH), OTMBIBAJIH OJUH
pa3 B H30BITOYHOM OO0BEME H30TOHHYECKOTO pac-
tBopa 0,15 M NaCl u nBa pa3za B KOMOMHHPOBAHHOM
pacteope (0,01 M NaCl u mannawuta). Jlamee spu-
TPOIHTHl JOOABISIM B KOMOMHHMpPOBaHHYIO pabo-
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by mixing with other cryoprotectants, most fre-
quently with FA. Although FA is reputedly the most
toxic cryoprotectant [5] the combination of FA with
DMSO showed greatly reduced toxicity below that
of either DMSO or FA alone [8]. The mechanism
of this mutual neutralization of both cryoprotectant
toxicities remains unexplained.

Cell membrane impairment is a particular kind
of toxicity, most frequently associated with per-
meant cryoprotectants. The plasma membrane of
human erythrocytes also alters on contact with
the permeant cryoprotectants. Beyond a specific
concentration limit this alteration results in hemo-
lysis [1]. The erythrocyte membrane consists of a
lipid membrane, supported by spectrin-based mem-
brane skeleton. Spectrin is a major filamentous
multidomain protein, which sustains thermal de-
naturation at 49.5°C (TA) [4]. The spectrin skeleton
is associated to the lipid membrane by two atta-
chment sites, the state of which strongly affects the
integrity and mechanical properties of erythrocytes
[10].

We have recently applied the method of dielectric
spectroscopy on heated suspensions of erythrocytes
[7]. The dielectric parameters of sample suspension
sharply changed at the temperature of spectrin
denaturation (TA) and the frequency dependence of
these changes revealed two dielectric relaxations on
spectrin skeleton. The main conclusion was that the
strength of each relaxation depends on the attachment
sites available. In recent study we used this approach
to investigate the impact of FA, MFA, DMF and
DMSO on the membrane skeleton of erythrocytes
and its attachment at concentrations which still does
not produce hemolysis.

Materials and methods

All used in this research substances (formamide,
N-methylformamide, N,N-dimethylformamide, dime-
thyl sulfoxide, 2,6-difluoropyridine, NaCl and man-
nitol) were purchased from Sigma Chemicals Co,
St. Louis, MO, USA.

To prepare the samples of suspensions the
erythrocytes were isolated from human blood
plasma by centrifugation (250g, 5 min), washed in
excess isotonic solutions of 0.15 M NaCl (once)
and twice in a combined solution (0.01 M NaCl
and mannit). Afterwards erythrocytes were added
to the working medium (isotonic solution of 0,01 M
NaCl and mannit) containing tested cryoprotectant
at indicated concentration. Prior to testing suf-
ficient time (25 min, including the time to approach
the TA temperature) was provided for the cryopro-
tectant to equilibrate on both sides of plasma mem-
branes and restore the isotonic volume of erythro-
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uyto cpeny (n3otoHnueckuii pacteop 0,01 M NaCl u
MaHHHUT), COACPIKAIIYIO ONPEICICHHYI0 KOHIIEHTpa-
LU0 TECTUPYEMOIO KPUOIIPOTEKTOPa. JPUTPOLMTHI
Iepes TeCTUPOBAaHWEM HMHKYOMpPOBaIM C KPUOIPO-
TEKTOPOM B T€UEHHE BpeMeHH (25 MUH, BKIIIO4ast Bpe-
Ms TOCTIDKCHHS TeMmIiieparypbl TA), TOCTaTOYHOTO
IUIL €r0 ypaBHOBELIMBAHUS C OOEMX CTOPOH ILIa3-
MaTHYeCKUX MeMOpaH W BOCCTAaHOBJICHHS H30TO-
HUYECKOTO 00beMa IpUTPOLUTOB. B3Bemennsie apu-
TPOLMTHI PacCMaTpUBAIN KaK «aHcamOnb» chepu-
YECKUX YacTHIl U3-32 UX OTPOMHOIO KOJHWYEeCTBa U
Xa0THUYHOW OpUEHTAIHH.

Tepmuueckuii aHaNIN3 KOMIUIEKCHOTO MMIIelaHCca
Z* cyCHeH3WH SPUTPOLUTOB MPOBOAWIHU, TOMELIast
oOpazery cycrien3un (70 MKI) B KOHIyKTOMETpHUYE-
CKYIO KIOBETY, KOTOPYIO HAarpeBajy C IOCTOSHHOM
ckopocthio 1,5 rpam/mMun [7]. KoMITIEKCHBIA mUMIIe-
naHc Z* =7’ + jZ” HarpeTol CyCTeH3WH HEIPEPhIB-
HO W3MEPSIIN C TOMOIBI0 aHanm3aropa «Solartron
1260» («Schlumberger Instruments», Benuko6pura-
wus). [Ipu oTOM j — MHMMas eaununa, j2 = —1. Jlan-
HbIE 1T AEWCTBUTEILHON 7’ W MHAMON 7’ 4YacTel
OT Z* coOupaiy 1 XpaHWJIN Ha YJIEKTPOHHOM HOCHTE-
ne. 3HaueHus Z* u3Mepsuiu mpH 16 yactorax MexIy
0,04 u 10 MI'n, nocnenoBareabHO CKAaHUPOBATIU CO
BpemeHeM uHTerpuposanus 0,5 c. Ilpu Takoil cko-
pPOCTH HarpeBa MEMOpaHbI SPUTPOLIUTOB COXPAHSIIOT
CBOIO HENPOHULAEMOCTb [UI HOHOB B HHTEpBaJe
temrieparyp 37-56°C [9].

cytes. Due to their immense number and random
orientation, the suspended erythrocytes were regarded
as an ensemble of spherical particles.

Thermal analysis of the complex impedance, Z*,
of erythrocyte suspension was performed by placing
the sample of suspension (70 pl) into a conducto-
metric cuvette which was heated with constant hea-
ting rate of 1.5 deg/min [7]. The complex impedance,
Z7*=7’+jZ”, of heated suspension was continuously
measured with a Solartron 1260 impedance ana-
lyzer (Schlumberger Instruments, Hampshire, Eng-
land). Here, j is the imaginary unit, j2 = —1. Data
for the real part, Z’, and imaginary part, Z”, of
Z* were collected and stored in computer. The Z*
values were measured at 16 frequencies between
0.04 and 10 MHz, and scanned sequentially with
an integration time of 0.5 s. At this heating rate
the erythrocyte membranes retain their imper-
meability to ions in the temperature range of 37 to
56°C [9].

The impedance, Z*, of heated suspension sustains
frequency-depending changes at the temperature of
spectrin denaturation, TA [7] (exemplified by Fig. 1
for Z’). Prior to be used these changes were cor-
rected for the continuous effect of temperature on
suspension conductivity as explained before [7].

As the dielectric activity of denatured spectrin
is nil at all frequencies and the dielectric properties

KomruiexkcHplii ummnenanc Z*

HarpeToil CyCHeH3uH MperepreBa- Z()

€T 4aCTOTHO-3aBHCUMBbIE H3MEHE- 9000

HUS IpU TeMIeparype JAeHaTypa- 8000 | | —+— 0.04 MHz

uuu cniektpuna TA [7] (puc. 1, ans ~o- 0.10 MHz

peasibHOrO MMIlenaHca Z’), Ko- 7000 [ —= 0.30 MHz

TOpPbIE KOPPEKTUPOBAIH C YU4ETOM ] i 2?2 m:i

BIIMSHUS TEMIIEPATYPhl Ha TIPOBO- 6000 | o 120 MHz

JMMOCTh CYCIIEH3UH, KaK OITUCAHO - 20MHz

panee [7]. 5000 w —— 3.0MHz
JIuoneKTprdecKas aKTUBHOCTh 4000 Wﬁ_ﬁﬁzﬁ : gg e

JICHaTYpPUPOBAHHOTO  CIIEKTPUHA M

HUYTOXHO Majla Ha BCEX YacTo- 3000 M

Tax, a JUAIEKTPUUECKHIE CBOMCTBA

LUTO30Js] U BHEKJIETOYHBIX CpeJ
HE U3MEHSIOTCSI BO BpeMsl JCHATY-
paumu cnekrpuHa. [loaTomy Mel
MPEANONOKUIN, YTO CKOPPEKTH-
pPOBaHHbBIE IUIJIEKTPUUYECKHE H3-
MeHeHuss AZ’ u AZ” orpaxarnTr
BKJIaJl CHEKTPUHOBOIO MEMOpaH-
HOTO CKeJeTa B JIMAICKTPUICCKHE
CBOICTBAa MEMOpaHbl SPHUTPOLHU-
ToB [7]. dyis uzydeHus: 3Toro 3¢-
(exTa OBIT TIOCTPOCH M IpoaHa-
JTU3UPOBaH IpadUK 3aBUCUMOCTH
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Temperature, °C

Puc. 1. BnusiHue yacToTbl Ha TemnepaTypHbIn Npodunb peansHOro nMnegaH-
ca Z’ cycneHsuu apuTpouutoB. CycneHampytoLlas cpega npegcrasnsana cobom
nzotoHnyeckuii pacteop 0,01 M NaCl n maHHuTa. FemaToKpuT 1 CKOPOCTb Har-
peBa coctaensnu 0,45 n 1,5 rpag/mMmvH cooTBeTcTBEeHHO. [Ans yaobcTtea no-
kasaHbl Tonbko 10 n3 16 namepsembix YacToT. CTpenka ykasbiBaeT Ha Temne-
paTypy AeHaTtypauum cnektpuna, T,.

Fig. 1. Effect of frequency on the temperature profile of real impedance, Z’, of
erythrocyte suspension. Suspension medium was isotonic solution of 0.01 M
NaCl and mannit. The hematocrit and heating rate were 0.45 and 1.5 deg/min,
respectively. For convenience, only 10 from 16 measuring frequencies are
shown. Arrow indicates the denaturation temperature of spectrin, T,.
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—AZ” ot AZ’ (puc. 2) B COOTBETCTBHUH C METOAaMHU
JIUAIICKTPUYECKON crieKTpockonud [2, 7].

Pe3yabTarnl M 00cyxaeHHe

[Tonyuyennas 3aBucumoctb —AZ” ot AZ’ ans spu-
TPOLMTOB, CYCICHIUPOBAHHBIX B paboueill cpere,
IIPEACTaBIE€Ha B BUIE AYT, OAHA M3 KOTOPBIX pac-
MOJIOKeHa HaJ OChI0 adcmmce, npyras — Moj Hel
(puc. 2). CornacHO AUAIEKTPOCKOIINYECKUM METO-
JaM YacTOTHOTO aHalWM3a JAaHHBIX HMIenaHnca [2],
KaXKast [yra COOTBETCTBYET OT/EIbHOMN JHANIEKTPH-
YecKo# pernakcanuu Ha cnektpuHe [6,7]. dusnekt-
puueckas Oera-penakcanus (BepxXHsisi Iyra) Obuia
obHapyxeHa B wuHTepBane uactor (0,01-1 MI'm),
Ha HIDKHEH rpaHulle KOTOPOro NPOHUKHOBEHHUE TO-
JIS1 B LUTO30J1b HEBO3MOXKHO. Kpurnueckas gacrora
Oera-penakcaluy COBMNajaga € KPUTHUECKOM ua-
CTOTOW Mek(a3zHOH OeTa-TUCTIEPCHH Ha JIUITHIHOMN
MmeMmOpane. Bemnmumna 3To¥ pemakcaruu (pamnyc
COOTBETCTBYIOIIETO MOITYKpyTa) ObljIa CHIIbHO YMEHb-
IIIeHa BCJIEACTBHE pa3pblBa MECT MPUKPETUICHUS
MeMOpanHoro ckenera. llostomy MbI mpeamnosno-
KWIHA, YTO B 3Ty peNlaKCallMi0 BKJIIOUEH MpsMON
mbe303(h(EeKT Ha BIACTUYHBIE CErMEHTHI CIEKTpPH-
HOBBIX (UIAMEHTOB, MUTAEMbBIH 3JIEKTPOCTPHK-
LMel JUOUAHOW MeMOpaHbl uepe3 MecTa Npu-
KpemieHusl. [luanekTprudeckas TramMma-penakcarys
(amKHSAS Tyra) BeIsiBIEeHa Ha yactotax 1,0—-10 MI'm,
KOTOpPbIE MO3BOJISIOT IEKTPUYECKOMY IOJIO IPOHU-
KaTb B LIUTO30JIb U HANpsIMYyH B3aUMOJCHCTBOBATH
C AMIOJSIMH, CBSI3aHHBIMU C JIACTUYHBIMU CErMEH-
TaMu crekTpuHa. KpuTudeckas dYacToTa IUAJIEKT-
pUYECKO ramMma-penakcaliii 3aBHCHUT OT BSI3KOCTH
U WMOHHOW KOHIIEHTparuu mutosons [7]. Ee Bemu-
YyrHa (PaJiyC COOTBETCTBYIOILIETO MONYKpyra) Oblia
TaK)K€ YMEHBIIIEHA IOCJI€ pa3pblBa MECT MPUKpPEI-
JICHMSL.

Ha puc. 2, B mnpencraBneHa »KBHUBaJEHTHas
JNEKTpUYECKas CXeMa, MOJIENUpyomas 3KCIepu-
MEHTaJbHbIE JaHHbIe Tpaduka 3aBUCHMOCTH —AZ”
oT AZ’. B JaHHOM HCCIEIOBAHHH JUI1 KOJIUYECT-
BEHHOI'0 OIHMCAHUS PEJaKcaluil Mbl HCIIOJIb30BaJIH
ANEKTPUYECKYIO0 MOJEIb, COCTOSIIYIO U3 JBYX IMOC-
JIEIOBATEIbHO COENMHEHHBIX IIeTIel, KaXKaas M3 KO-
TOPBIX CoOflepXkKajla MapajuleIbHO TOJIKIIOYEHHBIE
pe3ucTop M KoHaeHcatop. [lng pacuera Moaenu uc-
TOMIB30BAJIH clieytonue napamerper: R, = 1410 Owm,
Coea = 403 pE, R =760 Om, C_ = —65 pF,
fbeta =0,32 MI'uu fgama =2,5 MI'ny (Tabmuna). 3Have-
musg R, n C,  JIEBOrO KOHTYpa SABIISIOTCS ONTUMAJIb-
HBIMH JJIs1 ONMCaHusl OeTa-peyakcaliy, B TO BpeMs
KaK 3HadeHnmsa R C MPaBOro KOHTypa — JJIs
raMMa-pesakcanuy.

Ucnone3ys 3akoH Oma, Mbl MOIY4HIM CyMMap-
HBIN KOMIUTEKCHBIN UMITeanc z* =z’ + jz’’ aleKkTpu-

gamma
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Puc. 2. KomnnekcHbIi rpadvk M3MEHeHW umnegaHca
CYCMEH3UN 3pUTPOLMTOB MpU TemnepaType AeHaTypauuu
cnekTpuHa (A) v SKBMBaNEHTHas aMeKTpuyeckas Cxema,
MoZenupytowasa aKCnepumeHTanbHble AaHHble rpaduka
3aBucumoctn —AZ” ot AZ' (B): o — pacuyeTHble AaHHbIE;
® — aKCrnepuMeHTanbHble AaHHble 3aBucumocTn —AZ” oT
AZ’. Jleas v npaBas RC-uenn mogenvpytot 6eta- 1 ram-
Ma-ANaneKkTpUYeckne penakcaumm Ha CrneKTpuHe CooT-
BETCTBEHHO. CTpesnkon MokasaHo yBenuyeHue 4acToTbl C
0,04 go 10 M.

Fig. 2. Complex plane plot of the changes in impedance
of erythrocyte suspension at the temperature of spectrin
denaturation (A) and the equivalent electric scheme
modeling the experimental data of —AZ” vs. AZ’ plot (B).
Data of the model fit (o) are compared with the experimental
data (e). The left and right RC circuits model the beta and
gamma dielectric relaxations on spectrin, respectively.
Arrow indicates the increase in frequency from 0.4 MHz
to 10 MHz.

of cytosole and extracellular media do not change
during spectrin denaturation, the corrected dielectric
changes, AZ’ and AZ”, were supposed to express the
contribution of spectrin-based membane skeleton
to the dielectric properties of erythrocyte memb-
rane [7]. To study this contribution, the plot of
—AZ” vs. AZ> was obtained (Fig. 2) and analyzed
according to the methods of dielectric spectros-

copy [2, 7].

Results and discussion

The obtained dependence —-AZ” vs. AZ’ for
erythrocytes suspended in a working medium is
presented as two semicircle arcs, one of them is
located above abscissa aixs, another is under it
(Fig. 2). According to the dielectroscopic methods
for frequency analysis of impedance data [2] each
arc has been associated to a separate dielectric
relaxation on spectrin [6, 7]. The beta dielectric
relaxation, expressed by the upper arc, was detec-
ted within a frequency interval (0.01-1 MHz), the
initial part of which does not allow field penet-
ration into cytosole. Its critical frequency coin-
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MogenbHoe uccrnenoBaHve 6eta- M ramma-penakcaumini Ha CNeKTPUHOBOM CKENeTe 3pUTPOLIMTOB
noa snusHuem MFA n DMF (n = 3, p < 0,05)

Model study of the beta and gamma relaxations on the spectrin skeleton of erythrocytes as affected by the presence of
MFA and DMF (number of samples of same blood was 3, p < 0.05)

Nfé’jﬂfﬂ Ry Q C,o PF e © C e PF f,..., MHz fome MHz | R /R | -C,. IC..

Kgg;’;f’;lb 1410 403 -760 -65 0.32 2.5 0,54 0,161
MFA (2.85M) 1045 761 -900 -80,4 0.21 2.2 0,861 0,106
DMF (2.5M) 980 738,6 -310 -205,5 0.22 2.5 0,316 0,278

YyeCcKon MOJCJ/IH, T. €. CYMMY KOMIIJICKCHBIX UMIICAaH-
COB JIEBOM U MPaBOM LIETIEH:
Rb ta/(l * wZRbetaZCbetaz) + I{gamma/(1 +
+ 2R 2)
gamma gamma
z"= O)Rbelacbeta/(l + mszetazc
(1 + (DZRgammazcgammaz)’

rae ® 0003Ha4aeT KPyroBylo 4acTOTY 3JIEKTPHUECKO-
'O TOKA.

Ormumaribhbie 3Hadenust R, C, . Rgmul u Cgmma
ObUTM HalIeHBI TPHOMHKEHUEM TEOPETHIECKOTO Tpa-
(uka (3aBHCHUMOCTB —Z” OT Z’) K DKCIEPUMEHTAIIb-
HOHM KpHBOU (3aBHCHUMOCTE —AZ” oT AZ’) (puc. 2).
ITockonbKy 3THM mNapaMeTpbl JUHEWHO 3aBUCAT OT
reMaToKpUTa CyCICH3MH, YI0OOHO HCIIONb30BaTh HX
oTHOIIeHUs. TakoBBIMH mapaMeTpaMu SBIAIOTCS
KOO(GUIMEHT AMCCUNIALUN DHEPTUH —Rgamma/Rbeta
v Kkodpduument Hakorienns sueprun —C,
C,., Ha CIEKTpDMHE BO BpeMs raMMa-pejakca-
oMy B ominuue oT Oerta-penakcauuu. IlapameTpsr
JUIT KOHTPOJIBHBIX 3PUTPOLUTOB, CYCHECHIUPOBAH-
HBIX B pabodei cpene, MpUBEACHBI B TAOIHUIIE.

Hanee B pabore uccienoBan BIMSHAE OpraHU-
YECKUX PACTBOPHUTENIEH HA TUAIIEKTPUUECKHE pelaK-
caru. [lpucyrcreue [IM®A (2,5 M) B cycnieH3uu
SPUTPOLIUTOB COIMPOBOKAAIOCH CHIIBHBIM HHTHOH-
poBaHHEM (CHM)KEHHE BEJMYMHBI) TaMMa-pelak-
CallM, YTO BBIPAXAJOCh B YMEHBIIEHUHM paauyca
COOTBETCTBYIOIIEH JyrM IO CPaBHEHHIO C KOHT-
ponbHOI cycniensueit (puc. 3). B To ke Bpems Be-
JUYMHa OeTra-pellakcaldy  COXPaHsulach IPaKTHU-
4yeckH 0e3 U3MEHEHHH, YTO KOJIMYECTBEHHO BbIpaXka-
JIOCH B 3HAYUTEJIILHOM YMEHBIICHUN COOTHOLICHUS —

gamm,d/Rbml Y YBEJIIMYCHUH COOTHOIICHUS Cgumma/Cbm
(Tabmuma). AHAJIOTHYHBIA pe3yiabTar OBLI IOITY-
YeH TpU J00ABICHWH B CYCIICH3HIO DPUTPOIUTOB
JAMCO wiu 2,6-nudTopriupuirHa B KOHIICHTPAIUIX
2,5 u 0,05 M coOTBETCTBEHHO (JlaHHBIE HE IpHBE-
JICHBI).

[pucyrcrue 2,85 M M®A B cycneH3uu 3put-
POLIMTOB BBI3BIBAJIO CHJILHOE WHTHOMpoBaHue Oera-
penakcanudu, YTO BBIPAKAJIOCh B YMEHBLICHUH
paaMyca COOTBETCTBYIOIIEH Iyrd IO CPABHEHUIO

2)+oR

beta gamma _ gamma
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cided with the critical frequency of the interfacial
beta-dispersion on the lipid membrane. The strength
of this relaxation, as expressed by the radius of
correspondent semicircle, was strongly decreased
by severing the attachment sites of membrane
skeleton. Based on above findings, this relaxation
was assumed to involve a direct piezoeffect on
the flexible segments of spectrin filaments powered
by the electrostriction of lipid membrane through
the attachment sites. The gamma dielectric relaxa-
tion (the lower arc) was detected at frequencies 1—
10 MHz, which allowed the electric field to access
cytosole and directly interact with the dipoles
bound to flexible spectrin segments. Its critical
frequency depended on the viscocity and ionic
concentration of cytosole [7]. The strength of latter
relaxation (the radius of correspondent semicircle),
was also reduced after severance of the attachment
sites.

To obtain quantitative description of relaxations
in this study we resorted to an electric model
containing two circuits, connected in series, each con-
taining paralleled resistor and capacitor (Fig. 2B).
To calculate the model the following parameters
were used R, =1.410 Ohm, C, == 403 pF, Rgamma=
—760 Ohm, C, = —65 pF, f = 0.32 MHz and
wonma — 20 MHz (Table). The R and C, of the
left circuit represent the best fit values for the beta
relaxation, while the R and Cgamma of the right
circuit are the best fit values for the gamma relaxa-
tion.

Using Ohm’s law, the total complex impedance,
z* = 7° + jz”, of electric model was obtained as a
sum of the complex impedances of the left and right
circuits in the form:

z = R /(1 + w2R 2C
+to2R, 2 gamm2)

z’=oR, C /A+o2R 2C 2D+eR C ./
(1+ 2R — camma)’
where © s the angular frequency of the current.

The best fit values of R, C_ | R and C

beta> beta’® ~  gamma gamma

were found approaching the model plot (- AZ”

2) + R /(1 +

beta gamma
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C KOHTPOJILHOW CYCHECH3UEH SPUTPOIUTOB (puC. 3),
IIpH ATOM BEIMYMHA TaMMa-pejaKcalud COXpaHsi-
nack. IToT 3(h(dEeKT BbIpaXKAICT 3HAYUTESIHLHBIM
ysemmaennem —R /R M CBA3AHHEIM C O5THM
YMEHBIIIEHHEM COOTHOIICHHS Cgamma/Cbeta (Tabmuma).
[IpakTrueckn Takol ke pe3ynbTar ObUT MOJMY4YEeH U
B npucytctBuu MDA 1npu koHueHTpanuu 5 M B uc-
CIIeTlyeMOW CyCIIeH3WH SPHUTPOINTOB (JIaHHBIE HE
MIPUBE/ICHBI ).

OCHOBBIBasICh Ha pe3yJibTaTax MPEeNbIAYIIETrO HC-
cienoBanus [7], Mbl TIPEIIONOKUIM, YTO dPPEKTHI,
BbI3BAHHBIC TCCTUPYCMBIMU KPHOIPOTCKTOpAaMU Ha
JURIEKTPUYECKUE pEelaKCalid CIEKTpUHA, CBUJE-
TEJILCTBYIOT O YacTUYHOM OTIICIUIEHMH MeMOpaH-
HOTO CKEJeTa HSPUTPOLMUTOB OT JHUIHIHOW MeMO-
paHbL

Jus mpoBepku obparuMocTu 3¢ (HEKTOB, BBI3BI-
BaEeMBIX HCCIEIYEeMBIMH KPHOTPOTEKTOPAMH, 3SPH-
TPOLMTHI CHadajda WHKYOMPOBAIM TPHU KOMHATHOMN
temneparype B Tedenue 30 MuH B paboueil cpexe,
COZIep’KaBIleH OJMH M3 yKa3aHHBIX PacTBOPUTEIEH,
a 3aTeM TPWXKIbl OTMBbIBAIM B paboueit cpene. [e-
MOJIN3, BBI3BaHHBIM HAYaJIbHBIM KOHTAKTOM CYyCIICH-
3UM B THIIEPTOHUYECKOH cpere, coaepKaiieidl Kpro-
MIPOTEKTOP, C OTMBIBOYHOM CpPeIOi, MpeaoTBpaIiain
IyTE€M BBEACHUS OTMBIBOYHOH Cpeabl HEOOIbIIUMHU
MOPIUSAMH JIJISl YPaBHOBEUIMBAHUS JIEHCTBHUS KpPHO-
MIPOTEKTOpa MPH CYOKPUTHYECKOM HAOyXaHUH JPH-
TpouuToB. [lomy4yennsrii rpaduk 3aBucumoct —AZ”

AZ(Q)
-700 -500 -300 -100 100 300 500 700
500
300 \
c
N
<|l 100
o R
-300

Puc. 3. Bnuanne MOA n MDA Ha KOMMMEKCHbIA nMmne-
[aHC npu TemnepaTtype [AeHaTypauuu CrnekTpuHa 3pu-
TPOUUTOB, CYCMEHAMPOBAHHbIX B pabouyert cpene (e) wu
pabouen cpepe, cogepxatienn MOA (m) nnéo MDA (o) B
KOHUeHTpaumsx 2,85 n 2,5 M coOOTBETCTBEHHO.

Fig. 3. Effect of MFA and DMF on the complex plain
plot of impedance changes at the spectrin denaturation
temperature. The erythrocytes were suspended in working
medium (e, control) and in working medium containing
either MFA (m) or DMF (o) at final concentrations 2.85 M
and 2.5 M, respectively.
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vs. z’) to the experimental curve (—AZ” vs. AZ’)
(see Fig. 2). Since these parameters linearily depend
on the suspension hematocrit, it is convenient to
use their ratios. Such are the energy dissipation ratio,
—Rgamma/Rbeta, and energy storage ratio, —Cga.mm?/ beta?
which represent the amount of energy, dissipated
and stored, respectively, on spectrin during the
gamma relaxation relative to beta relaxation. For
native erythrocytes, suspended in working medium,
the values of these parameters are shown in Table
(control).

Further in the research the effect of organic
solvents on dielectric relaxations has been studied.
The presence of DMF (2.5 M) in erythrocyte
suspension was accompanied by strong inhibition
(decrease in the strength) of gamma relaxation, as
expressed by the reduction of the radius of respec-
tive semicircle, compared to control suspension
(Fig. 3). At the same time, the strength of beta-
relaxation was preserved almost intact. In quantita-
tive terms this result was expressed by the strong
decrease in —R__ /R ratio and related increase
in —Cgamma/Cbeta ratio (Table). Almost the same result
was obtained when the erythrocyte suspension
contained either DMSO or 2.6-difluoropyridine
at concentrations 2.5 M and 0.05 M, respectively
(not shown).

The presence of 2.85 M MFA in the suspension
resulted in strong inhibition of beta-relaxation, as
expressed by the reduction of the radius of respec-
tive semicircle, compared to control erythrocyte
suspension (Fig. 3), at the same time the strength of
gamma-relaxation was preserved. This result was
quantified by the strong increase in —Rgamma/ R,..
and related decrease in —Cgamma/Cbeta ratios (Table).
Almost the same result was obtained when the
tested erythrocyte suspension contained 5 M FA
(not shown).

Based on previous results [7], it could be assu-
med that above mentioned effects, elicited by the
test cryoprotectants on the dielectric relaxations
of spectrin, indicate partial severance of the memb-
rane skeleton of erythrocytes from the lipid
membrane.

To check the reversibility of the effects, pro-
duced by tested cryoprotectants, the erythrocytes
were first incubated in the working medium,
containing one of the indicated solvents at
room temperature for 30 minutes. Next, the
eythrocytes were thrice washed in working me-
dium. The hemolysis, caused by the initial contact
of hypertonic, cryoprotectant containing, suspen-
sion to the washing medium was prevented by
introducing the washing medium slowly and in
small portions to allow equilibration of cryo-
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0T AZ’ 3TUX 3pUTPOIMTOB COBMNAAAJ C COOTBETCTBY-
FOIUM TpadUKOM JIJIsi UHTAKTHBIX KIETOK (HE Tpo-
BEJICH).

[Tokazano, uyto OuHapHbIi pactBop PA n JIMCO
JEMOHCTPHUPYET 3HAYUTEIHHO MEHBIIYI0 TOKCHY-
HOCTB, Ye€M OJHOKOMITOHEHTHBIC pacTBOphl JIMCO
nimu DA [8]. [TosToMy MBI HCCITEIOBAIA COBMECTHOE
nericteue @A u [IMCO Ha AMIICKTPUUCCKUE pe-
JIaKcaly crneKkTpuHa. lIpn KOMOMHMPOBAHHOM HC-
[I0JIb30BaHUM BBICOKOM KOHIIeHTpanuu DA (2,5 M) u
JIMCO (1,4 M) ycTaHOBJICHBI HEOOJBIINE OTIUYHUS
oT rpaduka 3aBUCUMOCTH AZ” oT AZ’, OIy4eHHO-
ro B npucyTcTBuu Toibko PA. Opnako mpu Oonee
Hu3kol koHneHtparuu GA (1,25 M) npucyrcrBue
JAMCO (1,78 M) npuBoauiio k 0oliee 3HAYUTEITLHBIM
M3MEHEHUSM B Tpaduke, mpuOmmxkas ero K rpaduky
JUTSE HHTAKTHBIX DPUTPOIUTOB. CIe10BaTeNbHO, KOM-
ounario @A (0,7 M) u IMCO (2,0 M) MoXHO cUu-
TaTh ONTHMAJIBHOHN, MOCKOJIBKY IMPOTHBOIIOIOKHBIC
JIEHCTBUSL 3TUX KPUONPOTEKTOPOB B3aUMHO HEUTpa-
JU3yTC, U rpaduk 3aBucuMoct —AZ” ot AZ’
030K K KOHTpouto. [lomydeHHbIi pe3ynbTrar 1 1aH-
Heie N.M. Jomha ¢ coaBT. [8] yka3siBalOT Ha TO,
yto 1o BiausHuio [IMCO u @A Ha IUAIEKTpUUECKUE
penakcaluu CeKTpUHa, T. €. Ha IPUKPEIUICHUE CETH
CIEKTPHHA K JUMUIAHON MeMOpaHe, MOKHO CyAHUTh O
CTETICHW TOKCHYHOCTH TECTHPYEMBIX KPHOIPOTEK-
TOPOB.

Tectupyemble KPUOIIPOTEKTOPHI, BBUIY HX BHICO-
KO OCMOTHUYECKON aKTUBHOCTH, CO3/1aI0T OCMOTHYE-
CKOE€ JaBIIEHHWE, HAMHOTO IPEBBINIAIONIEE M30TOHU-
yeckoe. BaxXHO OTMETHTb, 4TO 2,6-TuPTOPIHUPUANH
croco0eH 0CIaduTh TaMMa-peIaKCaIuio Takke, Kak
AMCO u IM®A, 1o mipu koHIreHTpanuud B 50 pa3
Huke. TecTupyemble pacTBOPUTENN NpPU TPaKTH-
YECKH OJMHAKOBOM OCMOTHYECKOM JaBJIEHMM OKa-
3pIBalOT paziauynblie dpdexter: IMPA n JIMCO
WHTHOUPYIOT TaMMa-peliakcarui, Torga kak DA
n M®A — Gera-penakcaruio. Ha ocHOBaHWU mOITY-
YEHHBIX PE3yJIBTATOB MOXXHO TPEAIIONOKUTh, YTO
OCMOTHYECKOE JIaBJIeHHE (B YCIOBHAX COXPAaHHOCTH
M30TOHMYECKOTO O0beMa KIIETOK) He SBISETCS OC-
HOBHBIM (DaKTOPOM BIIUSHUS TECTUPYEMBIX KpHO-
IIPOTEKTOPOB Ha INAJIEKTPUUECKUE PETaKCAIHH.

Kpome ocmorrueckoro napieHusi, B pabore wuc-
cienoBaiu u apyrue napameTpel A, MDA, [IMDA,
IMCO wu 2,6-nudTopnupuanHa, KOTOpbIE MOTYT
OOBSICHUTh WX CHENU(DPUYHOCTh B MHTUOMPOBAHUU
JUBJIEKTPUYECKUX penakcaiuid. [Ipu 3ToM BS3KOCTS,
JUDJICKTPUYECKasi TPOHUIIAEMOCTbh, JUTOIbHBIA MO-
MEHT W WHJIEKC TOJSAPHOCTH TECTHUPYEMBIX PacTBO-
puTeneil He KOPPEIHpPOBalM C OCOOCHHOCTSIMH WX
nerictBusa. OmMHAKO pa3Has CIIOCOOHOCTH 0OpPa30BBI-
BaTh BOJIOPOJHBIE CBA3H MOXET OIPEENATh X 0CO-
O6eHHOCTH. J[eHCTBUTENHHO, TONSPHBIE allPOTOHHBIE
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protectant at subcritical swelling of erythrocytes.
The obtained plot of —AZ” vs. AZ’ of these
erythrocytes coincided with the respective plot of
intact erythrocytes (not shown).

The binary solution of FA and DMSO has been
shown to demonstrate greatly reduced toxicity
below that of either DMSO or FA alone [8]. Hence,
the combined action of FA and DMSO on the
dielectric relaxations of spectrin was tested. At
high concentration of FA (2.5 M) the presence
of DMSO (1,4 M) produced little difference to
the —AZ” vs. AZ’ plot, obtained at the presence
of FA alone. However, at lower concentration of
FA (1.25 M) the presence of DMSO (1,78 M)
signifficantly altered the plot bringing it closer
to that of intact erythrocytes. Consequently,
there was an optimal combination of these
cryoprotectants (FA 0,7 M and DMSO 2,0 M)
at which their opposite effects on the —AZ”
vs. AZ’ plot neutralized themselves. This result,
combined with above mentioned report [8], indi-
cates that the effect of DMSO and FA on dielec-
tric relaxations of spectrin i. e. attachment of
spectrin network, to lepit membrane is important
for the toxicity of tested cryoprotectants.

The tested solvents, due to their high osmotic
activivity, produced osmotic pressure highly excee-
ding the isotonic one. It should be noted that
2.6-difluoropyridine is capable of weakening the
gamma relaxation in the same manner as both
DMSO and DMFA, but at the concentration, which
is 50 times lower. Moreover, the tested solvents
produced different effects: DMF and DMSO inhi-
bited gamma relaxation, while FA and MFA inhibi-
ted beta relaxation. Taken together, these results
suggest that, provided the isotonic volume of eryth-
rocytes was preserved, osmotic pressure was of
little importance for the effects produced by tested
cryoprotectants on dielectric relaxations.

In addition to osmotic pressure, other parameters
of FA, MFA, DMF, DMSO and 2,6-difluoropy-
ridine were also examined to explain the solvent
specificity in the inhibition of dielectric relaxations.
For example viscosity, dielectric permeability,
dipole moment and polarity index of tested sol-
vents does not correspond to their specificity.
However, the manner these solvents are involved
in hydrogyne bond formation could be important
for this specificity. Indeed, the polar aprotic sol-
vents (DMF, DMSO and 2,6-difluoropyridine)
inhibited gamma relaxation, while polar protic
solvents (FA and MFA) subdued beta relaxation.
According to recently published results of ours
[6] the inhibition of gamma relaxation is a mark
of severed spectrin-band 3 bridge, while the inhi-
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pactBoputenu (JAM®PA, IMCO u 2,6-nudTopnupu-
JIMH) HHTHOMPOBAJIN TaMMa-PEeIaKCalHio, a OISApHbIE
nporonnsle pacrBoputenu (PA u M®PA) — Gera-pe-
JaKcauuio. B cooTBeTCTBUM € HAIMMM HEJaBHUMHU
pe3yiprataMi HMHTHOMPOBAHUE TaMMa-pesakcaluu
SIBIISIETCS. IPU3HAKOM pa3pblBa CBSA3U CHEKTPHH-Oe-
JIOK TIOJIOCHI 3, a MHTUOMpOBaHUE OeTa-peaKcaIiuu
COIIPOBOXKIACT Pa3PhIB COCTUHEHUS CIICKTPUH-aKTHH
[6]. Takum oOpazom, ABE TPYIIBI MOISPHBIX pac-
TBOpHTENECH, pa3lelieHHbIE 10 UX CIOCOOHOCTH OT-
JlaBaTh WIM MPUHUMATH [IPOTOHBI, MOTYT OKa3bIBaTh
cneuuuueckoe AMCCOLUUHPYIOLIee JeHCTBHE Ha
pas3Hble MecTa NPHUKpEIieHHs MEMOPaHHOTO CKeleTa
3pUTpOUMTOB. JlanpHeime uccneaoBaHus ITOMOTYT
MOJIPOOHO OOBSCHUTH CIEIUPUIECKOE IEHCTBHE Te-
CTUPYEMBbIX KPHOIPOTEKTOPOB HA JUAJIEKTPUUECCKHE
penakcanuy CHEeKTPUHA U, COOTBETCTBEHHO, Ha MpU-
KpeIIeHne MEMOPaHHOTO CKEJIeTa.

BriBoabI

JIBe MUAJICKTPUYECKUE pellaKCallii Ha CICKTPH-
HE U, COOTBETCTBEHHO, MPUKPEIUICHUE CHEKTPUHO-
BOTO CKeJleTa K JIMMUIHOW MeMOpaHe 3pUTPOLHTOB
MOJIBEPTAIOTCS CHUIILHOMY W W30HpaTeIbHOMY BO3-
JCHCTBHIO Psijia TOJSPHBIX OPTaHUYECKUX PACTBO-
puTenel, Y4acTo HCIOJIb3yeMBbIX B Ka4eCTBE KpPHO-
poTeKTopoB. [lockoapKy MeMOpaHHBIN CKENeT ecTh
MPAKTHYECKA BO BCEX J>KUBOTHBIX KIJIETKAaX, W €ro
MIPUKpPEIICHHe K JIMIMUJIHOMY OWCIOI O0ecredn-
BaeT CTAOWJIBHOCTh IUTa3MaTHYECKUX MEMOpaH |
KJIETOK, TO MPEACTABICHHBIE PE3YIbTaThl MOTYT OBITh
HCIIOJBb30BAHbI I Pa3pabOTKH TEOPETHUYCCKUX W
MPAKTHYECKUX TOJIOKCHHUI TIPU KPHOKOHCEPBUPOBA-
HUM KJIETOK U TKaHEH.

Jannoe uccnedosanue 6binoIHeHO 6 pamMKax npoekma
Ne 5/2018-M® Dpakuiickoeo ynueepcumema, Cmapa 3a-
2opa, boneapus.
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bition of beta relaxation accompanies the seve-
rance of spectrin-actin junction. Thus, the two groups
of polar solvents, based on their ability to do-
nate or accept protons, could have specific seve-
ring effect on different attachment sites of ery-
throcyte membrane skeleton. Future studies could
explain in details the specific action of tested
cryoprotectants on dielectric relaxations of spectrin,
respectively on membrane skeleton attachment.

Conclusions

The two dielectric relaxations on spectrin and
thereby, the attachment of spectrin-based ske-
leton to the lipid membrane of erythrocytes,
appear to be strongly and selectively affected by a
number of polar organic solvents, frequently used
as cryoprotectants. As membrane skeleton is ubi-
quitous amongst all animal cells and its attach-
ment to the lipid bilayer is highly important for the
stability of plasma membranes and cells, the pre-
sented results appear useful for the theory and
practice of cryopreservation of cells and tissues.

This work is supported by the project Ne 5/2018-M®D
of the Thracian University, Stara Zagora, Bulgaria.
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