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Study of Low-Molecular Effect of Cryoprotectants
on Mitochondria Respiratory Chain by Spin Probe EPR

Metonom DOIIP cMHOBBIX 30HIOB M3Y4YEHO BIMSHHE HU3KOMOJIEKYJSIPHBIX KPUOIPOTEKTOPOB INIMIEPHHA, 1,2-nponananona u
JMMETHIICYTB(GOKCH IA ¢ KOHIICHTpausaMu 10 30% Ha aKTHBHOCTB JIBIXaTCIIbHOM IIEM MEMOpPaH MUTOXOHAPHIA TEYCHH KPbIC. YCTAaHOBIICHO,
YTO HHU3KOMOJIEKYJIIPHBIC KPHO3AIIUTHBIC BEIICCTBA BBI3BIBAIOT MHTMOMPOBAHUE JBIXATECIBLHON LENMH W30JIMPOBAHHBIX OpraHell.
ITokazaHo, yTo cTENEHh MHTHOUPOBAHMSI BOCCTAHOBJICHHUS CTUHOBOT'O 30H/1a U JIbIXaHUS MUTOXOHJIPHUIA B COCTaBE renaTOLUTOB IPH TEX
)K€ KOHLICHTPAIUSIX KPUOIIPOTEKTOPOB MEHBIIIE, YEM B H30JUPOBAHHBIX MUTOXOHAPHUSX.

Knrouegwie cnosa: KpruonpoTeKTOPbI, MUTOXOHAPHUH, SJICKTPOHHBIN MapaMarHUTHBIA PE30HAHC, BOCCTAHOBJICHHE CITMHOBOTO 30H/1a,
MHTHOUPOBAHKE ABIXATEILHOM IICTTH.

Metonom EIIP crniHOBHX 30H[IB BHBYEHO BIIUB HU3bKOMOJIEKYJSIPHHUX KPIOMPOTEKTOPIB Iiinepuny, 1,2-nponanigiony i
TUMETUICYIbGOKCUIY 3 KOHIeHTpalisiMu 10 30% Ha aKTUBHICTh AMXAIBHOTO JAHIFOTa MEMOpaH MITOXOHIPIH MEYiHKHU IIypiB.
VCTaHOBIICHO, 1[0 HU3bKOMOJIEKYJISIPHI KPHO3aXHCHI pEYOBHHHU BUKJIMKAIOTh iHT10yBaHHS ANXaJIbHOTO JIAHIIIOTA 130JIbOBAHUX OpraHell.
[TokaszaHo, 10 CTYIiHb IHT1OyBaHHS BiTHOBJCHHS CIIIHOBOTO 30HIA i JTHWXaHHS MITOXOHJAPIN y CKIaji remaTonUTIB MPHU THX XKE
KOHIIEHTPALISX KPIOIPOTEKTOPIiB MEHIIIE, HDXK Y 130JIbOBAHUX MiTOXOH/IPIsIX.

Kniouosi cnosa: KpionpOTEKTOPH, MITOXOH/PIT, CICKTPOHHHU# MapaMarHiTHHI Pe30HAHC, BiTHOBJICHHSI CITIHOBOTO 30H/1a, IHT10YBaHHSI
JMXaJTBHOTO JIAHIIOTa.

Effect of low molecular cryoprotectants, glycerol, 1,2-propane diol and dimethylsulfoxide with concentrations up to 30% on
activity of respiratory chain of rat liver mitochondria membranes has been studied by spin probe EPR. It has been established that low-
molecular cryoprotective substances induce inhibition of isolated organelles’ respiratory chain. It has been shown that inhibition rate
of spin probe reduction and mitochondria respiration as a part of hepatocytes is lower at the same concentrations, if compared with
isolated mitochondria.

Key-words: cryoprotectants, mitochondria, electron paramagnetic resonance, reduction of spin probe, inhibition of respiratory chain.

[ToBpexxaeHus Mpu 3aMOpPaKUBAHUU KIJIETOUHBIX
CYyCIIEH3UH M TKaHEl 3a4acTylo 3aKJIIYalTCs B
HapyIICHUIX CTPYKTYPBI MEMOpaH 1 MHTHOMPOBaHUN
MeMOpaHHO-CBsi3aHHBIX (hepmenToB [3, 21]. Tlpu
HCIIOJIH30BAHMH B 3TOM CITydae KPHOMPOTEKTOPOB AJIS
BO3MOXHOU 3alIUThl 0M000BEKTOB OT 3 PEeKTOB
3aMOpaKMBaHUS BaXXHBI TaHHBIE 110 BIUSHUIO KPHO-
MPOTEKTOPOB Ha (PYHKIIUK KIETOK M CYOKJIETOYHBIX
CcTpykTyp. HecMoTps Ha TO, YTO KPHONPOTEKTOPHI
SIBJIAIOTCS MPEAMETOM MHOTOYHCICHHBIX HCCIEI0-
BaHUI BO BCeM MHpe Ha NpoTshkeHuu Oonee 50 ner,
MEXaHHU3MBbl UX AEHCTBUS U B3aUMOJEHCTBHUS C
Pa3IUUHBIMHU OMOJIOTHYECKUMH CTPYKTypaMy OKOHYa-
TEJIbHO He BbIICHEHBI. Cpenu Hambosiee BEpOsSTHBIX
MEXaHM3MOB 3aIlIUTHI Yallle BCEr0 OTMEYArOT: 10/1aB-
JICHHWE BO3PACTaHMUs KOHIIEHTPAIIUH COJIEH B pacTBOpax
[25], cHIDKEeHHME TTOBPEKICHUS KICTOK U KICTOUHBIX
MeMOpaH npu aeruaparanui [3, 19, 21], ymenpienne
KOJIMYECTBAa KPUCTAIOB 00pa30BaBIIETOCS JIbJa
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Damages during freezing of cell suspensions and
tissues in many cases consist in defects of membrane
structure and inhibition of membrane-bound enzymes
[3, 21]. In this case when using cryoprotectants for
potential protection of bioobjects from freezing effects
the data of cryoprotectant influence on cell function
and subcell structures are important. Even though
cryoprotectants are the unit of many researches all
over the world during more than 50 years, their
protection mechanisms and interaction with various
biological structures have not been completely eluci-
dated. Among the most probable protection mecha-
nisms, are the salt suppression of increasing concen-
trations in solutions [25], reduction of cell and cell mem-
branes damage at dehydration [3, 19, 21], increasing
of crystal number of formed ice inside the cell [4, 14]
and others [1]. For cryoprotectants of intracellular
action it is important to determine the period necessary
for effective penetration of substance into cell after
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BHYTpH KieTkH [4, 14] u npyrue [1]. Ansg kpponpoTek-
TOPOB BHYTPUKJIETOYHOTO JEHCTBUS BaXKHO OMpeJie-
JUTHh OTPE30K BPEMEHHU IOCJIE CMEIIHBAHUS C
KJIETOYHON CyCIEeH3HUeH, HeoOXoauMbIi st 3hdhek-
THBHOI'O MMPOHUKHOBEHHUS BEILECTBA B KJIETKY. Eciu
BpeMsi SKBIIIMOPAIIMH CIIUIIIKOM BEIIUKO, 3TO IPUBOIAUT
K TOKCHYECKOMY IEHCTBHUI0O KPHOMPOTEKTOpPa Ha
KiIeTkd. OnTUMaTbHOE BpeMs SKBIJIMOPAINH 9acTO
YCTAaHABIIMBAETCSI AMIIUPUYECKHU ISl KaXKIOro BUAA
kinetok [16, 18, 23, 27]. IIpuununHsl OBpEXKIACHUIN
KJICTOYHBIX CYyCTICH3UU M OPTaHEIII ITOCIIE 3aMOPaKH-
BaHMSI ¥ TIOCIISYIOIIETO OTOTPEBA B IIOJIHOM MEpe BCe
eIle He U3YYCHBI, He SICEH JI0 KOHIIa CIIoc00 IeHCTBUSL
MPUMEHSIEMBIX IPU TOM KPHUO3aIUTHBIX areHTOB [ 12,
20, 23, 24]. IIpn 5TOM U3BECTHO, YTO KPHOTIPOTEKTOPHI,
SIBJISIACH JTAIEKO HeUHAU(PEepEeHTHBIM BEILIECTBOM I10
OTHOIICHHUIO K OMOJIOTHYECKUM CTPYKTypam, B 3aBU-
CHUMOCTH OT TeMIIepaTypbl, KOHIICHTPALUHA U BPEMEHHI
AKCTIO3UIIMU MOTYT MIPHUBOJUTH K POCTY TeTepOTeH-
HOCTH JIMITUTHOTO OMCIIOSI MEMOpaH, HAPYIICHUIO X
0apbepHBIX CBOWCTB, HHTHOUPOBAHUIO aKTUBHOCTH
LIUTOILIA3MAaTUYECKIX U MEMOPAaHHBIX ()ePMEHTHBIX
KoMIuTeKcos [3, 19, 21].

Jna n3ydeHus BIUSHUS KPUOMPOTEKTOPOB Ha
CTPYKTYpPHO-(QYHKIIHOHAIBHOE COCTOSTHUE MeMOpaH
KJIETOK W OpraHeiui, o0JaJaromuX OKUCIUTEIHHO-
BOCCTaHOBHUTEIHLHON (DYHKITHEH, MOYKHO HCIIOJIE30BaTh
meton DIP crimHOBBIX 30H10B. MccieoBaHusa TaKUX
rapaMeTpoOB BOCCTAHOBIICHUSI HUTPOKCHUIIbHBIX PaJiv-
KaJIOB B OHOJIOTHYECKHUX OOBEKTaX, KAK KOHCTAHTHI
CKOPOCTEH, CTETICHh BOCCTAHOBJICHHUS, 3aBUCUMOCTD
OT MIPUPOABI U COCTOSTHUS OMOJIOTHIECKOTO MaTepHa-
J1a, TEMITEPATYPhI ¥ IPYTUX OTPEIEIAIA BO3MOXHOCTh
MPaKTUYECKOT0 UCIOIb30BaHUs 3TOro 3¢ dexra u
CITMHOBBIX 30HJIOB B KaUE€CTBE PEOKC-MHINKATOPOB
1 TecTa Ha xu3HecrnocooHocTts [ 10, 11]. [Ipomece Boc-
CTAHOBJICHHUS CIIMHOBOT'O 30HJIa BO MHOT'OM 3aBHCHT
KaK OT JOCTYITHOCTH, TaK U OT aKTUBHOCTH BOCCTaHAaB-
JIUBAIONIUX IICHTPOB B OHMOJIOTHYECKOM OOBEKTE, a
JIeHATypanus THAKTUBUPYET MPOIIECCHI, CBSI3aHHBIE C
(hyHKIIMOHUpOBaHWEM (DEPMEHTOB, YYACTBYIOIIUX B
IIPOLIECCE BOCCTAHOBIICHUsI CIUHOBOTO 30H/A, B pe-
3yJIBTATE YETO BOCCTAHOBJICHUE HE MPOUCXOIUT COB-
ceM. Hanmwme B cpeie KpHOMPOTEKTOPOB MOKET OKa-
3bIBaTh BJIHWSHUE Ha (PAKTOPHI, OMpeNeIoNnune
CTeTeHb BOCCTAHOBJICHHSI CITMHOBOT'O 30HA.

ens paboTsl — n3ydenue merogom JIIP crimHo-
BBIX 30H/I0B BIUSHUAS HU3KOMOJICKYISIPHBIX KPHUOTIPO-
TEKTOPOB — MIUIeprHa, 1,2-npomanauona (1,2-I1/1) n
mumetmincynbokcrna (JJMCO) Ha mporecc BoccTa-
HOBJICHHSI CIIMHOBOT'O 30H/1a B CYCIICH3HUSIX T'€TIaTOIIUTOB
U MUTOXOHJIPUI TICYCHU KPBIC IS OIIEHKH CTPYKTYPHO-
(hyHKITMOHATPHOTO COCTOSIHHSI KX MEMOpaH.

Matepnanbl 1 metoAbI
l'emaTonUTHI BHIACTSIN U3 TIEUCHH OEIBIX KpHIC-
camI10B He()epMEHTATUBHEIM MeTOIOM [ 13] ¢ ucrmonb-
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mixing with cell suspension. If time of equilibration is
too long it results, as a rule, in a toxic effect of cryo-
protectant on cells. Optimal time of equilibration is often
found empirically for each type of cells [16, 18, 23,
27]. Causes of cell suspensions and organelles’ dama-
ges after freezing and following thawing have not been
studied completely and the way of action of used cryo-
protective agents is not quite clear [12, 20, 23, 24].
But it is known that cryoprotectants being non-indif-
ferent substance in relation to biological structures
depending on temperature, concentration and exposu-
re time may result in growth of heterogeneity of
membrane lipid biolayer, defect of their barrier proper-
ties, inhibition of activity of cytoplasm and membrane
enzyme complexes [3, 19, 21].

For studying the cryoprotectant effect on structure-
functional state of cell membranes and organelles,
having a redox function, one may use the EPR method
of spin probes. Studies of such reduction parameters
of nitroxyl radicals in biological objects as rate con-
stants, reduction degree, dependence on nature and
state of biological material, temperature and other
determined possibility of practical application of this
effect and spin probes as redox-indicators and viability
test [10, 11]. Reduction process depends mostly on
both accessibility and activity of reductive centers in
biological object, and denaturation inactivates the
processes, associated with functioning of enzymes, ta-
king part in spin probe reduction, resulting in an
incomplete reduction. The presence of cryoprotectants
in medium may affect the factors, determining spin
probe reduction degree.

The research aim is to study by spin probe EPR
method of the effect of low-molecular cryoprotectants
such as glycerol, 1,2-propane diol (1,2-PD) and
dimethylsulfoxide (DMSO) on process of spin probe
reduction in suspensions of rat liver hepatocytes and
mitochondria for estimation of structure-functional
state of their membranes.

Materials and methods

Hepatocytes were derived from liver of white male
rats with non-enzymatic method [ 13] with the perfusion
medium, containing 2 mM EDTA. Mitochondria were
obtained by differential centrifugation according to the
described in [9] method with insignificant modification.
Hepatocytes and mitochondria were provided for these
study by Department of Cryobiochemistry of the
IPC&C.

As low-molecular cryoprotectants glycerol, 1,2-PD
and DMSO were used under 10, 20, 30% final concen-
trations. The solutions of cryoprotectants were prepa-
red using the suspending media for mitochondria and
hepatocytes and introduced dropwise with continuous
mixing of the suspensions at 0°C.

Redox activity of hepatocyte and mitochondria bio-
logical suspensions was investigated by EPR method
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30BaHHEM Niep(Ppy3MOHHOH Cpelibl, coaepikarieit 2 MM
OITA. MUTOXOHAPHUY BIJEIISITN TP IIOMOIITH TU(de-
PEHIMATBHOTO HEHTPU(YTUPOBAHHS C HE3HAYUTETLHOM
MouduKanuei MeTosia, onucaHHoro B [9]. ['emaroru-
THI © MUTOXOHAPHWH JJTS TAHHBIX UCCIIEOBAaHUI ObLTH
npeaocTasieHsl otAenoM kpuodnoxumun MITKuK
HAH VYxpaunsl.

B kxauecTBe HU3KOMOJIEKYISIPHBIX KPHOIIPOTEKTO-
poB ucmnonb3oany rnunepwud, 1,2-1111 u IMCO B
KoHEUHBIX KoHmeHTparusx 10, 20 u 30 macc. %.
PacTBOpBI KpHONPOTEKTOPOB TOTOBHIIN HA CPEAAX CyC-
MIEHUPOBAaHKS MUTOXOHPHI 1 T€NATOLUTOB X BHOCKIIN
B CYCIIEH3MH reNaToLUTOB U MUTOXOHAPHI TIOKAINEIbHO
IIpH MOCTOSIHHOM NEPEMENINBAHNN CYCIEH3UN MpHU
temnepatype 0°C.

OKHCANTENBHO-BOCCTAHOBUTENBHYIO aKTUBHOCTD
OHMOIOTMYECKHUX CYCIIEH3UH TeNaTOIUTOB 1 MUTOXOH-
Ipuii uccaeaoBa MeTo1oM DI1P ciMHOBBIX 30HI0B
[5, 6] c ucomp30BaHMEM BOJIOPACTBOPUMOTO CI1a00-
ces3anHoro 302 TEMIIOH (2,2,6,6-TeTpameTui-
4-oxcommmepuaut- 1 -okcwm; “Aldrich”, CIIIA). [lan-
HBII UMUHOKCUJIBHBIN paIMKaJl XOPOILO PACTBOPUM B
BOJIE U IPYTUX MOJSIPHBIX pacTBOpUTENSIX. KoHeuHas koH-
[EeHTpanus 30H/1a B o6pasiax cocranisia 0,8x104M.
Crnextpsl OIIP peructpupoBain Ha CIEKTPOMETpE
“Bbpykep” ER 100D (I'epmanust) co cTangapTHO# Tep-
MONpPUCTaBKON. Pa3BepTka MarHUTHOTO TOJISI COCTAB-
msina 100 Ie. ITocrostnnas Bpemenu Obuta paBHa 0,5 c.
Bpewms pa3septku — 100 c. B nccrieoBaHnsgx NCTIONb-
30Balld MOJINO/ICHOBBIC CTCKJISTHHBIE KAIMHIUISIPHI C
BHyTpeHHUM auameTrpoM 500 aM u o6vemom 0,1 M.
KoHTpoIpHBIE ONBITHI TOKA3aJIH, YTO PU OTIMCAHHBIX
YCIIOBHSIX HE MTPOUCXOIUT UCKKEHUS CIeKTpoB DI1P
B PE3yJIbTATE MEPEMOAYIANNHN U MHEPIHUOHHBIX
a¢dekTos.

Jns cTaHIapTH3aluu yCJIOBUH 3KCIEPUMEHTA
onHOBpeMeHHO ¢ curHanoM JIIP 3o0u1a peructpupo-
Banu curnan OIIP crannapra, npeacTaBiIsIIOIINN CO-
0011 KpHCTaNI ¢ BKpAIUICHUSIMA HOHOB XpoMa.

B kagecTBe mapameTpa KHUHETHKH BOCCTAHOBICHHUS
CIIMHOBBIX 30H/I0B HCIIOIH30BAIM N3MEHEHUS aMILTH-
Tyl CPEIHENOJIFHOTO KOoMIoHeHTa crnekrpa JIIP
30u1a (h,) BO BpEMEHH.

Craructuyeckyro 00paboTKy pe3ynbsTaToB IIPOBO-
IWIW TIpW ToMoIu mporpamm “Statistica v 5.0”
(StatSoft, CIIIA) u “Origin 6.1 (OriginLab Corpora-
tion, CLLIA). []yst THHEWHBIX 3aBUCUMOCTEH TUITHYHOE
3HaueHHe K03 PULneHTa KOPPEISILUH ¥ COCTABIISIIO
0,996-0,998. ITpumeHsTn METOBI TAPAMETPUIECKOTO
1 HeTlapaMeTPHUUYECKOTO aHanu3a. Pe3ynbrarsl nccie-
JIOBaHUU OBUTM 00pabOTaHBI CTATUCTUYECKH C HC-
none3oBaHueM t-kputepus CteionenTta-duinepa npu
rapaMeTpHUeCKOM aHaNN3e U KpuTepus Buiikokcona —
[IpH HEeTTapaMeTpruaeckoM. JlocToBepHO pa3IiyaBIIn-
MUCS cunTand pesynsrarsl mpu p<0,05.
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of spin probes [5, 6] with water-soluble TEMPON
probe (2,2,6,6-tetramethyl-4-oxopiperidine-1-oxyl;
Aldrich, USA). This iminoxyl radical is highly soluble
in water and other polar solvents. The final concentra-
tion of probe in the samples was 0.8x10* M. The EPR
spectra were recorded with Bruker ER 100D
spectrometer (Germany) with standard thermo-attach-
ment. Sweep of magnetic field was 100 Gs, response
time was 0.5 sec, sweep time was 100 sec. In the
studies the molybdene glass capillaries with inner
diameter of 500 nm and 0.1 ml volume were used.
The control experiments showed that under described
conditions the spectra were not distorted due to over-
modulation or inertial effects.

For standardization of experimental conditions the
EPR signal of standard crystal with chrome inclusions
was recorded at the same time with EPR probe signal.

As the kinetic parameter of spin probe reduction
the relative changes of mean field component amplitude
of probe EPR spectrum (4 ) in time were used.

The results were statistically processed with
“Statistica v5.0” (StatSoft, CIIIA) and “Origin 6.1”
(OriginLab Corporation, USA) software. For rectilinear
dependencies the typical » value of correlation coeffi-
cient was 0.996— 0.998. The methods of parametric
and nonparametric analysis were used. The research
results were statistically processed with Student’s
Fisher t-criterion at parametric analysis, and Wilco-
xon’s criterion at non-parametric analysis. The results
were considered as having a significant difference at
p>0.05.

Results and discussion

In fresh hepatocyte, mitochondria, submitochondrial
particle suspensions and other biological objects, having
aredox activity the rapid reduction of iminoxyl radicals
takes place [6, 7, 10]. Herein the role of redox systems
of bioobjects is manifested and it is confirmed with the
fact that reduction ability e. g. for mitochondria, subjec-
ted to the destruction was lower than in whole mito-
chondria and heat denaturation of enzymes completely
damages the processes, related to electron transfer
and probe reduction does not occur [6, 10]. The
hypotheses concerning certain mechanisms of nitroxyl
reduction were made and many of them were experi-
mentally confirmed [5]. Herewith the presence of
organic additives, which include the majority of
contemporary cryoprotectants, may result in damages
of redox processes and the change of spin probe
reduction extent. For the protection of isolated cells
under low temperature effect it is necessary to use
cryoprotective substances, mainly of endocellular type
[8, 15, 21]. The cryoprotectants, which can penetrate
through the cytoplasm and mitochondrial membranes,
have more expressed effect on oxidative reactions of
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Pe3yAbTatbl M 00Cy)xaeHue

B cBexenpuroToBIEHHBIX IIpenapaTax rernaTolu-
TOB, MUTOXOHJIPUH, CYOMUTOXOHIPHATHHBIX YACTHIL 1
Ipyrux 0MOOOBEKTOB, 00JIaNAIONUX PEIOKC-aKTHB-
HOCTBIO, IIPOUCXOANT OBICTPOE BOCCTAHOBIICHUE UMH-
HOKCWJIBHBIX paaukainoB [6, 7, 10]. ImeHHO B 3TOM
MPOSIBISETCS POJIb OKUCIUTEIbHO-BOCCTAHOBUTEIb-
HBIX CHUCTEM OMOOOBEKTOB U ATO MOATBEPKIAETCS
TEM, YTO BOCCTAHABIMBAIOIIASI CIIOCOOHOCTH, HAIIPH-
Mep MATOXOHIPHH, TOJBEPTHYTHIX JECTPYKITHH, OKa3a-
JIACh MEHBIIIE, YEM Y IEITBIX MUTOXOHIPHIA, a TEIIOBAs
neHatypanus (EepMEHTOB MOJHOCTHIO HapyIlIaeT
MIPOTIECCHI, CBS3aHHBIC C MMEPEHOCOM DJICKTPOHOB, U
30HJ He BoccTaHaBnuBaercs [6, 10]. OTHocuTeTsHO
KOHKPETHBIX MEXaHU3MOB BOCCTAHOBJICHUSI HUTPOKCHU-
JIOB BBICKA3bIBAJIM MPEANOI0KEHU, MHOTHE U3 HUX
MOATBEPKICHBI 3KcnepuMeHTanbHo [5]. Ilpu atom
HaJM4ue B Cpejie OPraHuIeCKuX 100aBOK, K KOTOPHIM
OTHOCHUTCS M OOJILIITMHCTBO COBPEMEHHBIX KPHOIIPO-
TEKTOPOB, MOXET IPUBOJUTH K HAPYILICHUIM OKUCIIH-
TEITHLHO-BOCCTAHOBHUTEILHBIX MTPOIIECCOB U K M3MEHE-
HUIO CTETIEHU BOCCTAHOBJICHUS CIIMHOBOTO 30H1a. J[71s1
3aIUTH N30JUPOBAHHBIX KJICTOK B YCIIOBHSIX JCHCTBUS
HU3KHUX TEMIIEPATyp HEOOXOMUMO UCTIONB30BaTh KPHO-
3aIATHBIC BEMIECTBA, Yallle SHIOIEIUTIOJSIPHOTO THIIA
[8, 15, 21]. KpuonpoTekTophl, CIOCOOHBIC IIPOHUKATD
yepe3 LUUTOIUIA3MaTUYECKUE U MUTOXOHIpUAJIbHBIE
MeMOpaHBbI, OKa3bIBAIOT 00JIEe BHIPAXKEHHOE BIIHSTHHAC
Ha OKHCIUTEIIbHBIE PEaKIUU IENu JIbIXaHUS MHUTO-
xoHApul [2]. B cBsi3U ¢ 3TUM UCCIIE0BAIOCH BIUSHUE
mmuuepuna, 1,2-I11 u IMCO =Ha nponecc BOCCTaHOB-
JICHUS CHUHOBOT'O 30H/1Aa B CyCIEH3USIX IeNaTOLUTOB U
MHUTOXOHJPHUHA. DKCIIEPUMEHTHI MToKa3anu (puc. 1), 4yto
HaJIM9IHe B cpeic MHKY O MUTOXOHAPUN HCCIIEI0-
BaHHBIX KPUOMPOTEKTOPOB BhI3bIBACT HHTHONPOBAHKE
poIiecca BOCCTAaHOBIICHHS CTMHOBOTO 30H1a. Ha puc.
2 IpUBECHbI NI3MEHEHNSI KOHCTAHT CKOPOCTEH BOCCTa-
HOBJICHHS 30H]1a B CYCIICH3USIX MUTOXOHAPHH, BEIYHC-
JICHHBIE TI0 TAHTEHCY YIJIa HAKJIOHAa COOTBETCTBYIOIINX
nosynorapupmuueckux anamopgos (cMm. puc. 1).
Pe3ynbTaThl CBUIETENHCTBYIOT, YTO A00aBICHHE B
CYCIICH3MI0 MHTOXOHIPUN U3y4aeMBIX KPHOIPOTEK-
TOPOB HapyllIaeT ABIXaTEIbHYIO IEeNb OpTaHelll,
MIPOSIBIISIIONIEECS B YMEHBIIICHUH aKTUBHOCTH PabOThI
[IEPEHOCYNKOB 3JIEKTPOHOB U ITPOTOHOB, OKUCITHTEb-
HO-BOCCTAHOBUTEILHBIX PEAKIIUHA I U COOTBET-
CTBEHHO BOCCTAHOBJICHHS CIIMHOBOTO 30Ha. [1o 3¢h-
(heKTHBHOCTH MHTUOUPOBAHUS UCCIICIOBAaHHBIC KPHO-
MIPOTEKTOPHI PACIONIATAIOTCS B PAA TIHIEPUH <
1,2-I1]1 < IMCO.

ITonyueHHBIE pe3yNbTATHl MOATBEPKIAAIOT OoJce
paHHUE HCCIEAOBaHUS [2] MO U3YUYECHUIO BIUSHUS
KpUOTIPOTEKTOPOB Ha JIBIXaHHE MUTOXOHJIPUH, OBLIO
TOKa3aHO, YTO KPHOTIPOTEKTOPHI MOTYT HHTHOHPOBATh,
KaK O -KEeTONIIOTOPATACT HPOTeHA3HBII KOMITIEKC, TaK
u HAJI-H — neruaporeHasHoe 3BeHO Ipoilecca

NMPOBJIEMbI
KPMOBMOJIOITUM
T. 19, 2009, N22

mitochondrial respiratory chain [2]. For that matter the
effect of glycerol, 1,2-PD and DMSO on spin probe
reduction was studied in the suspensions of hepatocytes
and mitochondria. The experiments have shown that
the presence of mitochondria in incubation medium of
the studied cryoprotectants inhibits the spin probe
reduction. Fig. 2 shows the changes of rate constants
of probe reduction in the suspensions of mitochondria,
calculated for by the tngent of the slope angle of the
corresponding semilogarithmic anamorphosis (Fig. 1).
The results testify to the fact that adding the studied
cryoprotectants into the mitochondria suspension
damages the organelle respiratory chain, i. e. decreases
the activity of electron and proton transfer agents,
redox reactions of the chain and reduction of spin
probe, correspondingly. The studied cryoprotectants
made the row in glycerol < 1,2PD <DMSO according
to their inhibition efficiency.

The obtained results confirm the recent studies [2]
of the effect of cryoprotectants on mitochondria
respiration found that cryoprotectants may inhibit both
a-ketoglutarat dehydrogenase complex and NADH
dehydrogenase link of aerobic respiration process.
However the observed relatively low oxidation of endo-
genic NADH of mitochondria in response to ADP
addition allowed to conclude that cryoprotectants have
an inhibiting effect just on NADH dehydrogenase
complex. The results of inhibition analysis of mitochon-
dria respiration have shown that spin probe accepts
the electrons on the respiratory chain between the sites
of rotenone and antimycin A action, so we could say
that enzymes, reducing the probe are localized in the
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Puc. 1. BnusHue KpHOIpPOTEKTOPOB Ha BOCCTAHOBJICHHE
crnuHoBoro 3oH1a TEMIIOH Bo BpemMeHH B CyCHEH3HH
MHTaKTHBIX MUTOXOHAPHH (1) 1 conepxarueii 10% xpuornpo-
TeKkTopoB: muiepuH (2); 1,2-nmponanauon (3); AIMCO (4).
Fig. 1. Effect of cryoprotectants on TEMPON spin probe
reduction in time in suspension of intact mitochondria (10)
and the in the presence of 10% glycerol (2), 1,2-propane
diol (3), and DMSO (4) cryoprotectants.
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a’podHoro Apixanud. OnHako HaOmMOgaeMoe CpaBHU-
TeJIbHO MeJJIEHHOE oKucieHue sngorenHoro HAJI-H
MUTOXOHJpHH B OTBET Ha obaBnenue AJ[D mo3somu-
JIO CAENATh BBIBOJI, YTO KPUOTIPOTEKTOPHI OKAa3bIBAIOT
Topmo3siiee BausiHue umeHHo Ha HAJI-H —nerunpo-
reHa3HbIil KoMIuiekc. Ecnu npuHsATH BO BHUMaHHUE
pe3yabTaThl THTHOUTOPHOTO aHAIIN3A JIBIXaHHSI MHTO-
xoHapuii [17, 26], mokaszaBmiue, YTO CIIMHOBBINA 30H]
MIPUHUMAET JJICKTPOHBI Ha YYacTKE IBIXaTeIbHOMN
[IETIA MEKTy MECTaMH JCHCTBUS POTCHOHA U aHTUMU-
OUHA A, TO MOXXHO YTBEPXIAaTh, 9YTO BOCCTAHABIIHU-
BaroIue 30H1 (EPMEHTHI JOKATN30BaHbl B 001acTH
AJIEKTPOHTPAHCIIOPTHOM TN MEXKY IIEPBHIM (IIaBO-
MIPOTEUHOM M IUTOXPOMOM b. [ToaTomy nHrHOHMpOBa-
HHUE KPUOMPOTEKTOPAMH YK€ CaMOT0 HayaJbHOTO
3BEHA [IETIN JIbIXaHHS €CTECTBEHHBIM 00pa30M MPUBO-
JTUT K HaONIOJaeMOMY YMEHBIICHUIO PEIOKC-aKTHB-
HOCTH (hePMEHTHOr0 KOMIUIEKCa MIepeHOCca AIEKTPO-
HOB, PETUCTPUPYEMOMY 10 BOCCTAHOBJICHUIO 30H1a IIPU
B3aMMOJICHCTBUU C KOOH3UMOM (Q (KOMITOHEHTOM 2-TO
KOMIUIEKCA JBIXaTeIbHOM IIETIH ).

Taxum 06pa3om, CBOOOTHBINA JOCTYH HU3KOMOJIE-
KYJSIPHBIX KPHUOIPOTEKTOPOB K JIOKAJTU30BAHHON Ha
BHYTpPEHHEH MeMOpaHe AbIXaTeILHOM I MUTOXOH/I-
puli MPUBOIUT K OIIYTHUMOMY HHTHOMPOBAHHIO €€
paboTHI, TPOSBIISIOMIEMYCS B YMEHBITICHUN CKOPOCTH
BOCCTAHOBJICHHS CIIMHOBOTrO 30HIa. HeoOxommmo
o0paTuTh BHUMaHHE Ha TO, 4T0 MeTo]] DIIP naet Bo3-
MOXKHOCTh HaONI0AaTh 32 (YHKIMOHHUPOBAHHEM
AIIEKTPOHTPAHCTIOPTHON SN MUTOXOHIPUI HE TOJIBKO
B CyOMUTOXOH/IPHATILHBIX YACTUIAX WA H30JIMPOBAH-
HBIX MUTOXOHJPUSX, HO U B COCTaBE HEPA3PYILICHHBIX
renaTonuToB. IHTEpEeCcHO B CBSA3M C 3TUM OBLIO CPaB-
HHTh CTENEHb BOCCTAHOBIICHHS CIIMHOBOI'O 30HJa B
MIPUCYTCTBUH TEX K€ KPHOMPOTEKTOPOB B CYCIICH3UHU
remaTonuToB. Ha puc. 3 mpencraBieHb U3MCHEHUS
KOHCTaHT CKOPOCTEH BOCCTAHOBJICHUSI CITMHOBOTO
3oa12 TEMIIOH B cycrieH3usX TeaTOMUTOB IIPH Pas3-
HBIX KOHIICHTPAITUSAX WCCIEAOBAHHBIX KPHOIPOTEK-
TopoB. JloGaBieHne UCCIeq0BaHHBIX KPHOMIPOTEKTO-
POB B T€X ke KOHIEHTpAlMsIX B Cpely WHKyOanuu
reraTonUTOB MPUBOIUT K YMEHBIIICHUIO MHTHONPOBa-
HHS BOCCTAaHOBJICHUS CIIMHOBOTO 30HAa I 1,2-1T)] u
JAMCO. CaenoBaTeabHO, IIUTOINIA3MAaTHYCCKAS MEM-
OpaHa orpe/ieIeHHBIM 00pa30M MPEMSITCTBYET HEMOC-
PEACTBEHHOMY B3aUMOJICHCTBHIO MOJICKYJI KPHOIIPO-
TEKTOPOB C (PEPMEHTHBIM aHCAMOJIEM JTbIXaTeIbLHOM
[IeTTH MUTOXOHJIPUH ¥ MHTHOUPOBAHUIO KJIETOUHOTO
nerxauus. OQHAKO ¢ pOCTOM KOHIICHTPAIIUN KPUOIIPO-
TEKTOPOB TaKas 3ailuTHas QYHKIUS [[UTOIIa3MaTH-
4ecKOoil MeMOpaHBI TemaTonuTOB YMEHBIIACTCS, U
y>xe ipu 30 macc. % 3¢ PeKTUBHOCTB Ipolecca Boc-
CTaHOBJICHUS CIIMHOBOTO 30H/1a YMEHBIIAETCS TOYTH
B 2 pa3a [0 CPaBHEHUIO C COOTBETCTBYIOLINUM KOHT-
pOJIeM I BCEX UCCIICIOBAHHBIX KPUOTPOTEKTOPOB.
CrnemyeT TakKe OTMETUTh, YTO [IUTOTIA3MAaTHIECKas
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Puc. 2. VI3mMeHeHUs1 KOHCTAHT CKOPOCTEN BOCCTAHOBIICHUS
3or12 TEMIIOH B cycnieH3uH HHTaKTHBIX METOXOHIpHIA (1)
u copeprxarier 10% kpuonpotexTopoB: mutepuH (2); 1,2-
npomnanuon (3); IMCO (4); * — nocToBepHbIE OTINYHS IO
CPaBHEHMIO C HHTAKTHBIMU MUTOXOHApHSIMY, p < 0,05, n= 6.

Fig. 2. Changes of constants of TEMPON probe recovery
rates in suspension of intact mitochondria (1) and the one,
containing 10% glycerol (2), 1,2-propane diol (3), and DMSO
(4) cryoprotectants; * —significant differences if compared
with intact mitochondria, p <0.05,n=6.

area of electron transport chain between the first
flavoprotein and cytochrome B. Therefore, the inhibi-
tion with cryoprotectants even of initial link of respira-
tory chain naturally results in the observed reduction
ofredox activity of electron transfer enzyme complex,
recorded by probe reduction during the interaction with
coenzyme Q (component of 2 complex of respiratory
chain).

Thus, free access of low molecular cryoprotectants
to the respiratory chain localized on mitochondria
internal membrane results in notable inhibition of its
action, manifested in decrease of the rate of spin probe
reduction. It is necessary to turn the attention to the
fact that EPR method enables the observing of func-
tioning of mitochondria electron transport chain not
only in submitochondrial particles or isolated mitochon-
dria, but also as a part of whole hepatocytes. Herewith
it was interesting to compare the spin probe reduction
degree in the presence of the same cryoprotectants in
suspension of hepatocytes. In Fig. 3 the changes of
rate constants of TEMPON spin probe reduction in
hepatocyte suspensions under different concentrations
of the studied cryoprotectants are presented. Adding
the studied cryoprotectants into hepatocyte incubation
medium results in decreasing of inhibition of spin probe
reduction in the presence of 1,2-PD and DMSO. The-
refore cytoplasm membrane in a certain manner inhibits
a direct interaction of cryoprotectant molecules with
enzymatic group of mitochondria respiratory chain and
inhibition of cell respiration. However with the rise in
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Puc. 3. VI3MeHeHUS! KOHCTAHT CKOPOCTEH BOCCTAHOBJICHHUS
3012 TEMIIOH B cycnieH3usX MHTaKTHBIX renaToruToB ()
u cozepkaiux kpuonpotekropsl (IMCO (H); 1,2-poran-
muon (A); tuuepus (H)); * — 10CTOBEpHbIC OTINYHS 10
CpaBHEHHMIO ¢ KOHTposeM, p < 0,05,n=6.

Fig. 3. Changes of constants of TEMPON probe reduction
rates in suspensions of intact hepatocytes () and in the
presenceof glycerol (B), 1,2-propane diol (£2), DMSO (H)
cryoprotectants; * — significant differences if compared with
control,p<0.05,n=6

MeMOpaHa TenaTollMTOB HUBEIHPYET HAOIIOIaeMble
JUISL CYCTICH3UHM MUTOXOHJPUI OTINYUST HHTUOUPYIO-
LIETO IEHCTBUS Pa3IUIHBIX KPHOTIPOTEKTOPOB. Crio-
coOHOCTHh BOCCTAaHaBIMBATh CIHHOBBIM 30HJ B
CYCIIEH3UH TeNaTOUMTOB MPAKTUIECKN OAMHAKOBA JJIS
PaBHBIX KOHIIEHTPALMK UCCIEIOBAHHBIX KPUOIIPOTEK-
TopoB. [Ipu 3TOM TeHAEHINS CTENeH! HHTMONPOBaHUS
runepuH < 1,2-I111 < JIMCO, ycraHOBI€HHas B CyC-
MIEH3USAX MUTOXOHAPUI, COXpaHsIeTCs.

Pesynbrarer uccienoanuii (puc. 4) mokasaiu, 4To
BpEMEHHas1 SKCITO3HLIMS IeaTOLUTOB B TUIIEPTOHNYEC-
KOW cpeje HCCIeAOBAaHHBIX KPUOMPOTEKTOPOB IO
40 MUH HE OKa3bIBACT CYIIECCTBEHHOTO BIUSHUSA Ha
CTeTeHb HHTHOUPOBaHsI BOCCTAHOBIICHHUS CITMHOBOTO
30H1a. Takol xapakTep U3MEHEHUH BIIOJIHE OXKUIAEM.
[pu nobGaBneHNH B CyCIIEH3UIO TENAaTOUTOB THITEPTO-
HUYECKHX PACTBOPOB IMPOHHUKAIOIINX KPUOIIPOTEKTOPOB
00bIYHO Habmronaercsl TpaAWLHOHHAS I TAKUX
coearHeHNH AByX(a3Has peakuus KineTok [8]. Buaua-
JIe TPOUCXOTUT TPOIECC OBICTPOro 00E3BOKMBAHHS,
a 3aTeM BOCCTAHOBJICHHE UCXOTHOTO 00beMa KIIETOK,
[IpH KOTOPOM 4YacTh BHYTPUKIIETOYHON BOABI 3aMe-
[IaeTcsl MOJIEKyJIaMU KpHOIpoTeKTopoB. Pa3a ObIcT-
pOTO MPOHUKHOBEHUS MOJIEKYJT KPHOIPOTEKTOPOB B
TeTaTONNTHI Yallle BCEr0 3aBEPINAETCs YKe Ha TePBO
MUHYTE 9KCIIO3UIIUH KJIETOK B PACTBOPAX KPUOTIPOTEK-
TopoB [8]. [Tocne aToro mpouncxoaut 6onee MeIeHHOE
BOCCTaHOBJICHHE OCMOTHYECKOTO PAaBHOBECHS Ha KJIe-
TouHOW MeMmOpane. Habmogaemas TeHIACHIHUSA K
YMEHBIICHUIO HHTMOUPOBAaHUS BOCCTAHOBJICHUSI CIIU-
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cryoprotectant concentration this protective function
of cytoplasm membrane of hepatocytes is decreased
and at 30% w/w the efficiency of spin probe reduction
is decreased twice if compared with the corresponding
control for all the studied cryoprotectants. It should be
noted that cytoplasm membrane of hepatocytes neutra-
lizes the observed for mitochondria suspensions diffe-
rences of inhibiting effect of different cryoprotectants.
The ability for reduction of the spin probe in hepatocyte
suspension is practically similar to equal concentrations
of studied cryoprotectants. At this the tendency of
glycerol < 1,2-PD < DMSO row inhibition degree,
established in mitochondria suspensions is preserved.

The research results (Fig. 4) show that temporary
exposure of hepatocytes in hypertonic medium of the
studied cryoprotectants up to 40 min does not signifi-
cantly affect spin probe reduction inhibition degree.
This character of changes is fully expected. When
adding into hepatocyte suspension of hypertonic
solutions of penetrating cryoprotectants the traditional
two-phase reaction of cells is usually observed [8].
First of all, the process of rapid dehydration takes place,
then the recovery of initial volume of cells occurs, whe-
rein a part of intracellular water is replaced by cryopro-
tectant molecules. Afterwards slower recovery of
osmotic equilibration on cell membrane is present. The
observed tendency to the decrease in the inhibition of
spin probe reduction in hepatocyte suspension after
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Puc. 4. 1I3meHeHNs1 KOHCTaHT CKOPOCTEN BOCCTAHOBIEHHUS
3oH1a TEMIIOH B cycrnieH3HX HHTAKTHBIX renatouTos ()
U B NIPUCYTCTBUHU Kpuomportekropo (JAMCO (H); 1,2-
nponanayon (K); mmnepud (H)) mpu SKCIO3UITNH KISTOK B
30%-x pacTBOpax BEIIECTB; * — TOCTOBEPHBIC OTIIMYHS 10
CpaBHEHMIO ¢ KOHTpouieM, p < 0,05, n=06.

Fig. 4. Changes of constants of TEMPON probe reduction
rates in intact (CJ) hepatocyte suspensions and in presence
of cryoprotectants (DMSO (H); 1,2-propanediol (E2); glycerol
(Em)) at the exposure of cells in 30% solutions of the
substances; * — significant differences if compared with
control, p<0.05,n=6.
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HOBOTO 30HJa B CYCIEH3UH T€MaTOLUTOB MOCHE
40-MHUHYTHOM SKCIIO3UIIH B PACTBOPAX KPHOIPOTEKTO-
POB MOXET OBITH CJICACTBHEM YaCTUIHOTO BBIXOJA
MOJIEKYJI KPHOIIPOTEKTOPOB U3 KJIETOK i YMEHBITICHUS
WX BHYTPHUKJIETOUHON KOHIIEHTpAalUH B MPOLECcCe
BOCCTAHOBJICHUSI OCMOTHUYECKOTr0 paBHOBecus. U3
JIAHHBIX, TPEJCTABICHHBIX Ha pUC. 4, BUIHO, YTO OojIce
MEJIIJIEHHO 3TOT IPOIECC MPOTEKAaeT B PacTBO-pax
[IUIeprHa u Oosee OBICTPO — B CyCHEH3UsX Terma-
TOIUTOB, coaepxkauux [IMCO.

BbiBOAbI

C ucnonp3oBanueMm cruHoBoro 3ou1a TEMITOH
metogoMm OIIP mpoBeneHbl UCCIEAOBAHUS BIUSIHUS
HHU3KOMOJICKYJISIPHBIX KPHOIIPOTEKTOPOB TIIHIICPUHA,
1,2-porraruona u JIMCO Ha aKkTHBHOCTD JBIXaTEITh-
HOM 1enmn MeMOpaH MHTOXOHApUi. M3ydyeHHbIe
HU3KOMOJIEKYJIIPHbIE KPUO3AIIUTHBIC BELLIECTBA UHTU-
OMPYIOT BOCCTAaHOBJICHUE CITMHOBOTO 30H/1A B CYCIICH-
3USIX METOXOHIPHNA. DTO TIPOUCXOTUT M3-32 YMECHBIIIC-
HUSI aKTUBHOCTU NEPEHOCUYUKOB AJIEKTPOHOB U
[IPOTOHOB BHYTPEHHEH MEMOpaHbl MUTOXOHAPUHU U
OKHCIIHTEIbHO-BOCCTAHOBUTEIBHBIX MPOIECCOB
JIBIXaTeJILHOM IETH, YTO CBUICTEILCTBYET 00 HHIMOH-
POBaHMHU UCCIIETOBAHHBIMU KPUOIIPOTEKTOPAMU JbIXa-
Hus opra”esut. CTerneHb HHrMOUPOBaHUS HApacTaeT B
pany mmanepus < 1,2-11J1 < AMCO. UccnenoBanus
BIIMSTHUS DHAOIEIUTIONSIPHBIX KPHOIMPOTEKTOPOB Ha
AKTUBHOCTbH JIBIXaHUSI MUTOXOHAPUI B COCTABE remna-
TOIIUTOB ITOKA3aJIM, YTO IIUTOINIa3MaTH4YecKas MEeM-
OpaHa MPEMATCTBYET HETOCPEICTBEHHOMY B3aUMO-
JEMCTBUIO MOJIEKYJ KPHOIIPOTEKTOPOB C PepMEHTHBIM
aHcaMOIieM JBIXaTeNbHOUM IIeNH MUTOXOHAPHUH, YTO
MIPUBOANT K HECKOIILKO MEHBIIIEMY WHTHOUPOBaHUIO
BOCCTAHOBJICHHSI CITMHOBOI'O 30HJa, OCOOEHHO I
AMCO. C pocToM KOHIICHTPAIIMH KPHOIIPOTEKTOPOB
Takas 3aluTHas QYHKIUS OIHTOIIA3MaTHUYECKOU
MeMOpaHbI TeMaToIUTOB YMEHBIIAETCS. YCTaHOBIECHO
TaK)ke, 9TO BPEMCHHAs DKCITO3HIIHS TeIaTOINTOB B
TUMIEPTOHUYECKUX CPeJax HCCICIOBAHHBIX KPHO-
NpOTEKTOPOB 10 40 MUH HE OKa3bIBACT CYLICCTBEH-
HOTO BIIVISIHUS Ha CTETIeHb MHTMOUPOBAHUS BOCCTAHOB-
JICHUSI CIIMHOBOT'O 30H/a.
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40 mins exposure in solutions of cryoprotectants may
be a result of partial release of cryoprotectant molecu-
les from the cells and their intracellular concentration
fall at osmotic equilibration recovery. The data in Fig. 4
show that this process was more slowly in the solutions
of glycerol and faster in the suspensions of hepato-
cytes, containing DMSO.

Conclusions

The investigations of the effect of glycerol, 1,2-
propane diol and DMSO low molecular cryoprotec-
tants on activity of mitochondria membrane respiratory
chain were carried out with TEMPON spin probe by
EPR method. The used low molecular cryoprotective
substances inhibit the spin probe reduction in suspen-
sions of mitochondria. It occurs because of the decrea-
se of activity of electron and proton transfer agents
mitochondria internal membrane and redox processes
of respiratory chain, that testify to the inhibition of
organelle respiration by the studied cryoprotectants.
The degree of inhibition increases at glycerol <
1,2-PD < DMSO row. The studies of endocellular
cryoprotectant effect on activity of mitochondria respi-
ration as a part of whole hepatocytes have shown that
cytoplasm membrane prevents direct interaction of
cryoprotectant molecules with enzyme group of mito-
chondria respiratory chain, resulting in lower inhibition
of spin probe reduction, especially in the case of
DMSO. This protective function decreased with the
rise in cryoprotectant concentration. It has been estab-
lished that temporary exposure of hepatocytes in
hypertonic media of the studied cryoprotectants up to
40 min does not affect inhibition extent of spin probe
reduction.
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