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Sensitivity of Hepatocyte Mitochondria Transmembrane
Potential to Regulation with Phenylephrine after Exposure in Dimethyl
Sulfoxide and 1,2-Propanediol Solutions, and Freeze-Thawing

Pecbepat: MeTogom MUKpobriyoprMeTprn OAUHOYHBIX KMETOK OLEHMBanu MHTEHCUBHOCTbL dhriyopecLeHumnm arperatoB 30HAA
JC-1 1 aroHMCT-UHAYLMPOBaHHbIE U3MEHEHNUs TpaHCMeMbpaHHOro noTeHunana MUTOXOHAPUIA renaTouMTOB KpbIC A0 U nocne
3amopaxvBaHusi-otorpesa. lNokaszaHo, Y4TO 3KCno3numsa knetok B pacTtBopax 10% aumetuncynbdokeuga (AMCO) unu 1,2-nponax-
avona (1,2-MNA) B TeyeHne Yyaca u nocrnegyoLlas OTMbIBKA He NPUBOAMIN K YMeHbLUeHMI0 donyopecLeHUnn arperatoB Kpacutens.
Mocne 3amopaxuBaHWs-OTOrpeBa KNeTok B MPUCYTCTBMM AaHHbIX KPMOMPOTEKTOPOB (2-CTyneH4YaToe 3amopaxuBaHue A0 TeMm-
nepartypbl XUAKOro a3oTa, OTOTPEB U OTMbIBKA KPUOMPOTEKTOPOB) OTMEYEHO CHUXEHUE MHTEHCUBHOCTU dhnyopecLeHUmn arperaTos
Kpacutensa o (83 + 6)% ot koHTpons B cniyyae vcnonb3oBaHus OMCO, B cniyyae 1,2-M[] atoT nokasatens coctaBun MeHee 10%.
B oTnuume oT cBexeBblAENeHHbIX KNEeTOoK, B KOTOPbIX OTMEYarnocb NOBbILEHWE WHTEHCUBHOCTU brlyopecLeHLMn arperatoB Ha
30% B OTBET Ha KPATKOCPOYHYI CTUMynsuuilo deHnnadppuHom (10-° M), B renatoumTax, MHKyGUpoBaHHbIX B pacTBopax AMCO,
OuHamuka oTBeTa Hapywanacb. [locne 3amopaxuBaHUA-OTOrpeBa KMeTok OTMEYEeHO YaCTUYHOe BOCCTaHOBMEHWE UX YyBCT-
BUTENbLHOCTU K AEWCTBUIO TOPMOHA, OJHAKO OTBET PErMCTPUPOBAnCs TONbKO MPU MOBbLILLEHUM KOHLEHTpauuu ropmoHa go 107 M.

KnioueBble crnoBa: 3amopaxvBaHMe-OTOrpeB, renaTounTbl, gumeTuncynbdokeua, 1,2-nponanguon, 3oHg JC-1, MmutoxoHapuum.

Pedhepat: MeTogom MikpodnyopmumeTpii NOOANHOKUX KNITUH OLHIOBanu iHTEHCUMBHICTb priyopecueHuii arperatis 3oHaa JC-1 Ta
aroHicT-iHAykoBaHi 3MiHM TpaHCMeMBpaHHOro NoTeHLiany MiTOXOHAPIMA renaTouuTiB LWypIiB A0 Ta Micnsi 3aMOpPOXYyBaHHS-BifirpiBaHHS.
MokasaHo, Lo ekcno3uuia KnitnH y posdnHax 10% aumetuncynsdokengy (AMCO) abo 1,2-nponangiony (1,2-MN[) BNpogoBx rognHmn
i noganblle BiAMWBaHHS HE MPU3BOAWMMM A0 3MEHLUEHHs dnyopecueHuii arperaTie 6apsHuka. lMicns 3amopoxyBaHHS-BigirpiBaHHs
KIMITUH B MPUCYTHOCTI LMX KPIONPOTEKTOPIB (2-CTyniHYacTe 3aMOPOXyBaHHA A0 TemnepaTypu pigkoro asoTy, BigirpiB i BiaMMBaHHS
KpiOMpOTEKTOPiB) BCTAHOBIEHO 3HWXEHHS iIHTEHCUBHOCTI donyopecueHuii arperaTis 6apBHuka o (83 + 6)% Big KOHTPONtO y BUNaaKy
BukopuctaHHa OMCO, y sunagky 1,2-MN0 uen nokasHuk 6yB meHwe 10%. Ha BigMiHy Big CBiXOBUAINEHUX KMITUH, B SIKUX BiAMiYeHO
niABULLLEHHS iIHTEHCMBHOCTI dhnyopecueHuii arperaTiB Ha 30% y BiAnNoBiAb Ha KOPOTKOCTPOKOBY CTUMYnSsLito dheHunedpuHom (10-5 M),
B renarouutax, iHky6oBaHux y po3uuHi AMCO, guHamika Bignosigi nopywysanacb. licns 3amMopoxyBaHHSA-BifirpiBaHHs KNiTUH
crnocTepiranu 4acTkoBe BiAHOBMEHHS X YyTAMBOCTI 4O Aii ropMoHa, ane BigMnoBiAb peecTpyBany nvwe npu NigBULLEHHI KOHLeHTpauii
ropMmoHa go 10~ M.

KnroyoBi cnoBa: 3amMopoXyBaHHSA-BifirpiBaHHs, renatountu, aumetuncynbdokeung, 1,2-nponaxgion, 3oHg JC-1, miToxoHApil.

Abstract: Intensity of JC-1 probe aggregates fluorescence and agonist-induced changes in mitochondria transmembrane potential
of rat hepatocytes prior to and after freeze-thawing were assessed by single-cell microfluorimetry. It was shown that incubation of
the cells in 10% dimethyl sulfoxide (DMSQO) and 1,2-propanediol (1,2-PD) solutions within an hour and the following washing decrea-
sed the fluorescence of dye aggregates. After freeze-thawing of cells with the cryoprotectants (2-step freezing down to the tempe-
rature of liquid nitrogen, thawing and washing-out the cryoprotectants) the intensity of dye aggregates fluorescence decreased down
to 83 £ 6% of control in case of DMSO, and in the case of 1,2-PD the index made less than 10%. Unlike the fresh cell suspension where
the rise of aggregates fluorescence intensity by 30% was found in response to short-term stimulation with phenylephrine (105 M) the
hepatocyte suspension incubated in DMSO solution showed no response. After freeze-thawing of cells we revealed a partial
recovery of their sensitivity to the hormone effect, but the response was recorded only after increasing the hormone concentration
up to 10 M.

Key words: freeze-thawing, hepatocytes, dimethyl sulfoxide, 1,2-propanediol, JC-1 probe, mitochondria.
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J1s onTMU3anny yCIOBUI KPUOKOHCEPBUPOBAHUS
HEOOXOIUMBI BEICOKOUYBCTBUTEIBHBIEC METObI OLICH-
KM COCTOSIHUS KJIETOK IO U MOCIE 3aMOpakKMBaHMSI-
OTOTpEBA, B YACTHOCTU 3TO METOJIBI, TO3BOJIAIOIINE
MIPOBOJUTH OIIEHKY Ha YPOBHE OIMHOYHBIX KIIETOK
TAKOM IreTepOreHHOW MOMYJISIUUH, KaK IEpBUYHBIE
rernatouTsl [6, 17]. MUTOXOHIpHATBHBIN MTOTEHIHAI
(AY ) 4acToO MCIONB3YETCS KaK MapKep MHMTOXOH]I-
pHATBHOM aKTUBHOCTH U KU3HECTIOCOOHOCTH KIIETOK,
a TaKKe KakK OJIMH M3 KPUTEPHUEB aKTHBAIIUH aIlONTO3a
knetku [2, 20]. IlosToMy naHHBIA apaMeTp MOXKET
XapaKTepu30BaTh HE TOJIBKO MHUTOXOHAPHAIBHYIO
(YHKUHIO KIETKH, HO ¥ €€ COCTOSIHUE B IIETIOM.

Panee Obu10 MOKa3aHo [1], 4TO CycnieHaUpOBaHUE
MHUTOXOHJPUH C HEKOTOPBIMU KPUOMPOTEKTOPaMHU
Hapyuaio GyHKIHOHUPOBAaHUE OpPraHeIll BCISCTBUE
narnoupoBanns HAJI-H — nernaporenaszHoro yyacrka
neIxatenbHo nenu [7]. IIpu 3ToM cHMKanack akTHB-
HOCTb ITEPEHOCYHKOB AIEKTPOHOB U IPOTOHOB BHYTPEH-
Hell MeMOpaHbl MUTOXOHAPUNA U OKHCIUTEIHHO-
BOCCTaHOBUTEJBHBIX IPOIIECCOB BIXATEIbHOM IIeTIH.
Ha onnHOYHBIX TenaTonuTax ObIJI0 YCTAHOBIEHO, YTO
KJIETKH C BBICOKMM MUTOXOH/IpUaJIbHBIM IOTEHIUATIOM
MEHEee YCTOWYMBBI K 3aMOPa)kKHBaHUIO-OTOTPEBY IO
CPaBHEHMIO C KJIETKaMHU C YMEPEHHO CHUXKEHHBIM
MUTOXOHJIPUATIBHBIM MOTeHIMaIoM [17]. Mexanusm
00OHapyKeHHOT0 A dekTa He ObLT ONKCaH, OTHAKO ObLIa
BBIBJIEHA B3aMMOCBS3b MEXIy I'€TEpOT€HHOCTHIO
OMosHEepPreTHIecKoTo (PeHOTHIA KIIETOK B IOMYIISIINN
U pe3ysIbTaTaMH 3aMOpPaKUBAaHHUSI-OTOTPEBA.

MHUKpOCKOMHS C UCTIONB30BaHNEM (DITyOpPECIIEHTHBIX
30HI0B MTO3BOJISIET N3y4aTh MUTOXOH IPHUATIBHYO (DYHK-
LIMI0 HAa YPOBHE OJMHOYHBIX KJIETOK, YTO BXKHO MPH
HCCIEN0BAaHUN MEXaHU3MOB, KOTOPBIE OMPENCISIIOT
WHANBUIYaNbHBIE OCOOCHHOCTHU KJIETOYHOH peakuu
Ha peryasTopHele Bo3aeicTeua. Hanbomee pacmpoc-
TpPaHEHHBIM 30H]IOM B HCCIIEZ0BAHHUAX MUTOXOHAPHAITb-
HBIX (YHKIMH SBJISIETCS KATHOHHBIA KapOOIIMaHMHOBBII
kpacutens JC-1 (5,5°,6,6 -terpaxnop-1,1°,3,3 -Terpa-
ATHIOCH3NMHUTA30ImIKapoonannnaa onun). C yBe-
JTICHIEM MEMOPaHHOTO TIOTeHITHaIa KpacuTensb JC-1
HaKalUIMBAE€TCAd B MUTOXOHJIPHUSIX U (OPMHPYET KOH-
LIEHTPAIMOHHO 3aBUCHMBIE J-arperarsl, 4YTO COIMpO-
BOXKIAETCS CABUTOM dMHUCCHHU (HITyOopecIieHITnH (BO3-
Oyxaenwe rmpu 488 HM) C 3€JICHOTO I[BETa, XapaKTep-
HOTO JUII MOHOMEPOB KpacuTess (527 HM), K KpaCHOMY
(595 um), cBoiicTBeHHOMY J-arperartam [12].

OneHka BIUSHUS HEKOTOPBIX TOPMOHOB Ha MUTO-
XOHJIPHHU B COCTaBE KJIETKH METOAOM MHUKPOQIyopH-
METPHUH TO3BOJSAET CYAUTh HE TOJIBKO O COCTOSHUU
MHUTOXOHAPHAIbHOHN (PYHKIMH, HO ¥ O LEJIOCTHOCTH Me-
XaHW3MOB BHYTPUKIICTOUHOM Iepeaady CUrHaioB [ 18].
JaHHBII METO] MO3BOJISIET BU3YAJIU3UPOBATH U KOJIU-
YEeCTBEHHO OLIEHUTh HAKOIUICHUE J-arperaroB B MUTO-
XOHJIPUAX, a TAKXKE BBIABUTH JOCTATOUHO OBICTpHIE
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Optimization of cryopreservation conditions re-
quires high-sensitive methods for assessment of cell
state before and after freeze-thawing, in particular the
methods enabling the evaluation at the level of single
cells, e.g. such heterogenic population as primary hepa-
tocytes [6, 17]. Mitochondrial potential (A ) is often
used as a marker of mitochondrial activity and cell
viability as well as one of the criteria of cell apoptosis
activation [2, 20]. Therefore this parameter may
characterize both mitochondrial function of a cell and
its general state.

Previously it was reported [1] that introduction of
some cryoprotectants to mitochondria suspension
disordered the function of organelles due to inhibition
of NAD-H dehydrogenase area of respiratory chain
[7]. The activity of electron and proton carriers of
mitochondria inner membrane and redox processes in
respiratory chain were decreased thereat. The studies
in single hepatocytes allowed to establish that the cells
with a high mitochondrial potential were less resistant
to freeze-thawing if compared with the cells with
moderately decreased mitochondrial potential [17]. The
mechanism of the discovered effect has not been
described, however, the correlation between heteroge-
neity of bioenergetic cell phenotype in the population
and the results of freeze-thawing was revealed.

Microscopy with fluorescent probes enables to
study mitochondrial function in single cells that is
important during investigation of mechanisms deter-
mining individual peculiarities of cell response to re-
gulatory impacts. The most often used probe in the
studies on mitochondrial functions is the cationic
carbocyanine dye JC-1 (5,57,6,6 -tetrachlore-1,1",3,3"-
tetracthylbenzimidazole-carbocyanine-iodide). In-
creasing of memb-rane potential results in accumulation
of JC-1 dye in mitochondria and formation of con-
centration-dependent J-aggregates that is accompanied
by the shift of fluorescence emission (excitation at
488 nm) from green color peculiar to dye monomers
(527 nm) to the red one (595 nm) characteristic for J-
aggregates [12].

Assessing the effect of some hormones on mito-
chondria within a cell by microfluorimetry enables to
estimate both state of mitochondrial function and
integrity of mechanisms of intracellular signaling [ 18].
This method allows to visualize and estimate quan-
titatively the accumulation of J-aggregates in mito-
chondria as well as to reveal quite rapid changes in
aggregates fluorescence under effect of regulatory
signal. Mitochondria are the indirect targets of adreno-
agonists [9, 13, 14]. Mechanisms of mitochondrial
processes activation by these hormones has been pro-
perly studied [15]. Physiological effect of adreno-
agonists at the level of mitochondria consists in the
acceleration of reactions of tricarbon acid cycle (TAC)
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U3MEHEHHs (IyOpECUEHIIMU arperaToB IoJ JAeCT-
BHEM PETYJISITOPHOTO CUTHAIA. MUTOXOHIPHUH SABJISIOT-
sl OTIOCPEIOBAHHON MUIIEHBIO aIPEHOArOHUCTOB [9,
13, 14]. MexaHu3M aKTHBAIlUd MUTOXOHAPUATBHBIX
MPOLIECCOB 3TUMU FOPMOHAMU XOPOIIO U3yueH [15].
duznonornyeckoe NeHCTBUE aIpEHOArOHHCTOB Ha
YPOBHE MUTOXOHJPUH 3aKIIOYAETCS B YCKOPEHUU
peakuuii nukna TpukapoonoBeix kuciot (L[TK) [21],
YCWJICHUH HHTCHCUBHOCTH JbixaHus [ 16] u o6pa3zoBa-
Hun AT® [22]. B cBsi3u ¢ 3THM OLIEHKa OTBETa Ha
PETYIISIINIO aTOHICTAMU TI0CIIE SKCITO3UITUH B PACTBO-
pax KpUOTIPOTEKTOPOB, a TAKXKE MOCIIC 3aMOPaKHUBa-
HUSA-OTOrPEBa B IPUCYTCTBUH KPUOIPOTEKTOPOB C I10-
CIIENYIONINM yIAICHHEM KPHOIIPOTEKTOPA MO3BOIUT
YCTaHOBUTH (PYHKIIMOHAIEHYIO COXPaHHOCTh MHUTO-
XOHJPHIA.

Panee ObLIO yCTaHOBIICHO, YTO MPH UCTIOIB30BaHUN
MTOTEHIIUAI-4yBCTBUTEILHBIX (DIIyOPECIICHTHBIX 30H-
noB H-510 u JC-1 kpaTkoBpeMeHHast UHKY OarLiust H30-
JIMPOBAaHHBIX TEMATOIMTOB B TEUEHUE Yaca B Cpeie ¢
10% mumeruncynsdokcuma (IMCO) npuBogmna K
CHIDKSHHUIO KJICTOYHOTO M MUTOXOHIPUAIbHOTO TIOTEH-
nuainoB [3]. Takke ObUTIO TTOKA3aHO, YTO TIOJ BIIHUS-
HueMm /IMCO (nauunas ¢ 2%-i1 KOHIEHTpAIHUHU B CyC-
[IEH3UH) YYBCTBUTEIILHOCTh ITOTCHIIMAJIOB H30JIHPO-
BaHHBIX TEMATOLMTOB K PETYJIATOPHBIM BO3ACHCTBUIM
HM3MEHSIIACH.

Lenbro JaHHOTO HMCCIEAOBaHUS OBLIO OLICHUTH
usMeHenns A (10 HHTEHCUBHOCTH (DIIyOpECLEHIIMH
J-arperaToB) Ha pa3IMYHBIX 3TaNaX KPUOKOHCEPBUPO-
BaHUS TENATOIMTOB B MPUCYTCTBUU KPHOTIPOTEKTOPOB
JIMCO u 1,2-ponananona (1,2-I1/1), a Takxke 9yBCT-
BHUTEJIBHOCTh KJIETOK K TOPMOHAIBHOU PETYISIUN
anb(da-aapeHoaroHUCToM HEHMTIPPUHOM.

Martepuajbl 4 MeTOABI

OKCTIEpUMEHTHI TPOBOAMIIN B COOTBETCTBUU C I10-
JnoxeHusiMu «EBpomneiickoil KOHBEHIUU O 3alllUTe
[MO3BOHOYHBIX KUBOTHBIX, HCIIOIB3YyEMBIX JJIS JKC-
MEPUMEHTAIBHBIX U APYTHX HAYYHBIX 1enein» (Ctpac-
Oypr, 1986).

B pabote ncnonp30Bain H30IMPOBAaHHBIE TE€NATO-
LUTHI OeNIbIX OECIOPOIHBIX KPHIC-CAMIIOB 3-MECSTYHO-
ro Bo3pacra. KieTku BblesIn HepepMEHTaTHBHBIM
MeTOAOM [5] ¢ mpuMeHeHneM nepPy3MOHHOH Cpeapl,
conepxaieit 2 MM DJITA, xKu3HECTTOCOOHOCTD KIile-
TOK OIICHHBAJIU IO OKPACKe TPUIAHOBBIM CHHHM; IS
reraTonrTOB MOCIe BEACIEHUS OHA COCTABIISIA OKO-
10 90%.

B paboTe ncnonp3oBany HHKyOaImOHHBIC PACTBO-
pb1 1 cpensl npoussoactea OYIIII «Ilpennpusarue no
MIPOM3BOJCTBY OaKTEPUIHBIX 1 BUPYCHBIX IIPETIAPATOB
WHcTuTyTa NOIMOMUENNTa U BUPYCHBIX SHLIE(DATTITOB
um. MLI1. YymakoBa» PAMH, cbiBOpoTKy KpoBU 3MO-
puoHOB KpynHoro poraroro ckora (OOO «buonor»,
Poccus).
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[21], reinforcement of respiration intensity [16] and
formation of ATP [22]. Thus, the assessment of res-
ponse to agonists regulation after incubation in cryo-
protectant solutions as well as after freeze-thawing in
the presence of cryoprotectants with the following
removal of cryoprotectant would allow to determine
the functional integrity of mitochondria.

Previously it has been established using potential-
sensitive fluorescent probes H-510 and JC-1 that short-
term incubation of isolated hepatocytes during an hour
in the medium with 10% dimethyl sulfoxide (DMSO)
induced the decrease in cell and mitochondrial poten-
tials [3]. Also it has been shown that under DMSO ef-
fect (starting from 2% concentration in suspension)
the sensitivity of potentials in isolated hepatocytes to
the regulation was changed.

The research aim was to evaluate the changes of
Ay (by intensity of J-aggregates fluorescence) at
various stages of hepatocytes cryopreservation in
presence of DMSO and 1,2-propanediol (1,2-PD) as
well as sensitivity of cells to hormonal regulation by
alpha-adrenoagonist phenylephrine.

Materials and methods

The experiments were conducted according to the
regulations of the European Convention on the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1986).

The investigations were conducted in isolated hepa-
tocytes of 3 month-old white breedless male rats. The
cells were isolated by non-enzymatic method [5] using
perfusion medium containing 2mM EDTA. Cell
viability was assessed by trypan blue staining, for
hepatocytes after isolation it made about 90%.

In the research we used incubation solutions and
media produced by the Enterprise for the Production
of Bacterial and Viral agents of the Chumakov Institute
of Poliomyelitis and Viral Encephalitis of the Russian
Academy of Medical Sciences), fetal bovine serum
(Biolot Ltd, Russia).

JC-1 probe was synthesized at the Laboratory of
nanodisperse materials of the Institute for Scintillation
Materials of the National Academy of Sciences of
Ukraine (Kharkov). Stock solution (1mM) of the
studied probe in DMSO was diluted to the required
concentration just before the experiment.

The cells (5%10° cells/ml) were stained with JC-1
probe (10°M) at 22°C for an hour in Eagle's medium
supplemented with 10% fetal bovine serum .

Observation for luminescenting objects and their
photorecording were performed with luminescent
microscope Olympus IX71 (Japan) and digital camera
Olympus C-5060 (Japan). The images were analyzed
using softwares DP-soft 5.0 (Olympus, Japan) and
Photoshop (Adobe, USA). Cell images were processed
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3oupa JC-1 cunTe3upoBay B 1a00paTOPUU HAHO-
mucnepcHbIx MarepuanoB MICMA HAH VYkpaunsr (T.
XapbkoB). Mcxonuslii pactBop (1 MM) uccnexyemoro
3012 B JIMCO pa3Boauinu 10 HE0OXOIUMOM KOH-
LIEHTpALUU HEMOCPEACTBEHHO NIEPET SKCIIEPUMEHTOM.

Knetku (5%10° ki/mi) okpamuBanu 3ou70M JC-1
(10°M) B cpene «Mma» ¢ nodarnenuem 10%-ii aM0-
PHOHAJIBHOM CHIBOPOTKU TeneHKa pu 22°C B TeueHHe
qaca.

Habmronenue 3a moMHHE CLUPYIOIIUME 00BEKTaMHU
u ux poTorpadupoBaHue OCYIIECTBISLTN C TOMOIIBO
JMOMHHECIIEHTHOTO MHKpockoma «Olympus [X71»
(Anonus) u mudposoit kamepsl «Olympus C-5060»
(Slmonwus). Jlns aHanu3a u300pakeHHUM TPUMEHSIN
nporpamMmel «DP-soft 5.0» («Olympus», Anonus) u
«Photoshop» («Adobey, CIIIA). M300paxkenus kie-
TOK TUCTOTPAMMHUPOBAIIU U U3MEPSUIIH YPOBHH CEPOTO
(gray level) nukcenel, 3aTeM OTHOCHIIN 3HAYCHUS
YPOBHEH ceporo 1Jisi KJIETOK IOCIIe KAaKUX-1100 BO3-
neiictuit (£ exp) K YPOBHSM JJIs1 KOHTPOJIBHBIX KJIETOK
(F). Bee nannbie 10 (i1yOpeCUeHIUH TIPUBEIEHBI B
MIPOLIEHTAaX M0 OTHOIIEHHUIO K KOHTpoIio [3]. JlanHbIe
00pabaThIBaJIH MPH MTOMOIIIHX MTporpaMMebl «Origin 6.1»
(«Origin Lab Corporation», CIIIA), yuutbsiBas ¢poHO-
BbIl 1yM. [Ipy pacuerax KCNIONB30BAIN JAHHBIEC B
cpemreM ot 10 KIETOK U3 Kaxaoro obpasma.

HnTeHcuBHOCTE (QITyOpeCLeHLINT arperaToB (Mu-
TOXOHAPHAIIEHBIN IOTEHIMAI ) OLICHUBAJIN MIOCTIE pa3-
JINYHBIX BO3AECHCTBUI HA KIETKHU.

1. BnusHue 5KCcno3uuyy B TEYEHUE Yaca B Cpele
nucnieprupoBanus (280 MM caxapossr; 5 MM KCl;
0,8 MM KH,PO,; 0,8 MM MgSO,; 1,2 MM CaCl;
20 MM Hepes-NaOH; pH 7,4) ¢ 20% sMmOpuoHanbsHOi
ceiBopoTkH Tenerka u 10% JIAMCO wm 1,2-11]1, a
Takxe B cpene «Mrma» ¢ 10% amOproHaIpHON CHIBO-
potku Tenenka u 2 uinu 8% JAMCO.

2. BiimsiHue 3KCIIO3UIAN U yAAJIEHUS] KPHOTIPOTEK-
TOPOB.

3. Biusiane 3aMopakxuBaHUA-OTOTPEBa reNaToIu-
TOB: | 43Kcno3unuu B cpene aucneprupoanus ¢ 10%
AMCO wunu 1,2-T1J1, 3aMopakuBaHUE B 1Ba ATamna 10
—196°C [4]; otorpes Ha BonsHOI 6ane npu 38°C, mo-
ClIeyroIas OTMBIBKA OT KPHOIPOTEKTOPA.

4. Crumymsiuus permwmdpusom (107°M u 10°M).
T'opmoH BHOCMIM B 00pasipl MOCIE OKPALIMBAHUSA
JC-1. UHTEeHCUBHOCTD (hIIyOpECIICHIIMH OLIEHUBAJIHU B
tedeHue 30 MUH TOCJIE BHECEHHS TOPMOHA (KOHTPO-
JIeM CIYXXWJIH KJIeTKu 06e3 ropmona). Ha ocHoBaHun
paHee MMoTy4YeHHBIX TaHHBIX IJ151 HEKOTOPBIX IKCTIEPH-
MEHTOB ObLTa BEIOpaHa KOHTPOJIbHAs TouKa — 20 MUH,
KOTZIa OTBET CBE)KEBBIACTIEHHBIX KJIETOK Ha CTUMYIISI-
LU0 OBLT MaKCHUMaJIbHBIM.

Jins ynaneHus: KpHONPOTEKTOpa BO BCEX CIIydasx
K CYCHEH3UHU J00aBISsIM S5-KpaTHBIH 00BeM Cpelibl
IUCIIEPTUPOBAHHUS, COJIEpKAIIEH JOTOJTHUTEIbHO
0,5 M caxapo3bl, LeHTpU(YTHPOBAIU U OCATOK Pecyc-
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and gray levels of pixels were measured, then the gray
level values of cells after any exposures (F exp) were
normalized by the values of control cells (£). All the
data on fluorescence are presented in percentage of
the control [3]. The data were processed by Origin
6.1 software (Origin Lab Corporation, USA) consi-
dering background noise. For calculations we used in
average the data of 10 cells from each sample.

Intensity of aggregates fluorescence (mitochondrial
potential) was assessed after different effects onto
cells.

1. Effect of incubation within an hour in dispersion
medium (280 mM sucrose; 5 mM KCIl; 0.8 mM
KH,PO,; 0.8 mM MgSO,; 1.2 mM CaCl,; 20 mM
Hepes-NaOH; pH 7.4) with 20% fetal bovine serum
and 10% DMSO or 1,2-PD as well as in Eagle’s
medium with 10% fetal bovine serum and 2 or 8%
DMSO.

2. Effect of incubation with cryoprotectants and
their removal.

3. Effect of hepatocytes freeze-thawing: 1 hour
exposure in dispersion medium with 10% DMSO or
1,2-PD, freezing by 2 stages down to —196°C [4];
thawing in water bath at 38°C, and the following
washing-out the cryoprotectant.

4. Stimulation by phenylephrine (10 and 10°M),
which was introduced into the samples after staining
with JC-1. Fluorescence intensity was assessed during
30 min after introduction of hormone (control was the
cell suspension without hormone). Due to the previous
data for some experiments we selected 20 min as a
control point when response of fresh cell suspension
to stimulation was maximal.

In all the cases to remove cryoprotectant the sus-
pension was diluted 5-fold by dispersion medium con-
taining additionally 0.5 M sucrose, centrifuged and the
sediment was resuspended in dispersion medium with
20% serum.

The controls were the cell suspensions in corres-
ponding media without DMSO, 1,2-PD and not subjec-
ted to freeze-thawing.

The data were statistically processed using Statistica
v 5.0 software (StatSoft, USA) using Student's t-crite-
rion. The differences were considered as significant
ones at p < 0.05.

Results and discussion

According to the reported data [10, 11] as well as
the findings of our research [3] the ion-transport func-
tions of plasma membrane are disordered after the
incubation of cells in the solutions with 2 and 8%
DMSO. It was not revealed whether disordered func-
tions were recovered after the cryoprotectant removal.
Our experiments have shown that cell incubation in 2
and 8% DMSO solutions during an hour resulted in
decrease of JC-1 dye J-aggregates fluorescence, and
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MIEHIMPOBAIIN B CpeJie AUCTICPTUPOBAHUS C ToOaBIie-
HueM 20% CBIBOPOTKH.

KonTponem ciyxuin KJIeTKH, HaXOAUBIIUECA B
cooTBeTCTBYIONMX cpenax 6e3 JJMCO, 1,2-11]] u ve
[IOJIBEPraBILINECS 3aMOPaKUBAHHIO-OTOTPEBY.

CrarucTuueckylo 00paboTKy pe3yiabTaToB Mpo-
BOJIUJTY C TPUMEHEHHEM MPOTrpaMMBlI «Statistica v 5.0%»
(«StatSoft», CHIA) u t-xputepus Croionenra. Jlocto-
BEPHO PA3TMYABIINMUCS CUUTAIHN PE3yIBTATHI IPH p <
0,05.

Pe3yabTarsl M 00cy:xKaAeHHE

CornacHo nanueiM auteparypsl [10, 11], a Takxe
pe3yabpTaTtaM HaIlluX COOCTBEHHBIX MCCIETOBaHMIH 3]
HOH-TPaHCIIOPTHBIE (PYHKIINY MIa3MaTHYECKONH MeM-
OpaHbl HapyLIAIOTCS MOCJE MPEOBIBAHUS KIIETOK B
pacTtBopax ¢ koHueHtpanusamu JIMCO 2 unu 8%. He
OBLIO OKA3aHO, BOCCTAHABIMBAIOTCS JIM HAPYIICHHbIE
(yHKLMM TIOCIIe ynalleHust KpronpoTekTopa. Harm sxc-
MEPUMEHTHI IOKa3alI1, 9TO HHKYOanus KIeTOK B pacT-
Bopax ¢ 2 wm 8% JIMCO B TedeHue yaca AeHCTBU-
TEJIbHO MTPUBOAMIIA K CHH)KEHHUIO YPOBHS (hIyopeciieH-
uuu J-arperaroB xpacurens JC-1, a 3HaUUT — MHTO-
XOHJIPHAIBHOTO MTOTEHIIMAJIa 10 CPABHEHHIO C UHTAKT-
HBEIMH KJeTKaMu [3]. OqHako ymaaeHne KpUOMpOTeK-
TOpa 13 KJIETOK IOCIIe HHKYOAIlMH TeNaTOIUTOB B IIPH-
cyrctur IMCO npuBOAMIIO K BOCCTAaHOBJIEHHIO YPOB-
Hs ¢QuryopecueHuuu J-arperatoB 10 (93,48 = 7,00) u
(93,79 + 6,52)% oTtHOCUTENHHO KOHTPOIIS 1st 2 1 8%
pactBopoB JIMCO cOOTBETCTBEHHO.

Y6enuBIINCH B TOM, YTO MUTOXOHJpHANbHas QyHK-
LU TIOCTIE BKCIIO3UIIMH B paCTBOPE C HU3KOM KOHLIEHT-
pauueit JIMCO u ero ynaneHus BOCCTaHABIMBAETCS, Mbl
B3s1u pacTBOophl JIMCO u 1,2-I1]] B 6Gosree BRICOKHX
koHIeHTpamnusax (10%), KoTopsie NCIIOTB3YIOTCS IS
KPHUOKOHCEPBUPOBAHMUS, U CPEY TAKOTO COCTaBa, KO-
TOPBIA UCIIOJIB3YETCS TIPU 3aMOPAKUBAHUHU. DKCITO-
3umus B ganHou cpene ¢ 10% JAMCO wmum 1,2-11/]
(puc. 1, cronOusr 1, 2) He npuBena K najeHuto ¢ayo-
PECILICHIIMH arperaToB 0 CPAaBHEHUIO C KOHTPOJIEM,
KaK | MOCJeAYIOIasi OTMBIBKA OT KPHOIPOTEKTOPOB
(puc. 1, cton6up! 3, 4). 3amopakuBaHHE-OTOIPEB CyC-
[IEH3MH renatTounTos B npucyrcrsuu 10% JIMCO c
MOCIIeAYIOIIEH OTMBIBKON BBI3BIBAIO HEKOTOPOE CHU-
KEHHE HHTCHCUBHOCTH (IyopecLeHIINH J-arperatos
[0 CpaBHEHUIO ¢ KOHTpoaeM a0 (83 = 6)% (puc. 1,
cronber 5). diryopeceH s arperaroB Mmocie 3aMo-
pPaXMBaHUS-OTOTPEBA KJIETOK B mpucyTcTBuu 1,2-11J1
C MOCTEeAYIoNe OTMBIBKOU coctaBuia menee 10%
(puc. 1, cron6en 6). Takum obpazom, IMCO okazai-
cs1 6onee 3 (HEKTUBHBIM KPHOTIPOTEKTOPOM B TAHHBIX
ycinoBusix o cpaBuenuto ¢ 1,2-11J1. B ganpueimux
skcnepumentax 1,2-I1J] He ucnonp3oBanu.

OueHka MUTOXOHIPHAIBHON aKTHUBHOCTH 110 HAKOII-
nenuto arperaroB JC-1 He HCKITIOUAEeT HATMYUSI JIATCHT-
HBIX TOBPEXICHUI B MEXaHW3MaX PErYJISILUHU Ha yPOB-
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thus mitochondrial potential if compared to intact cells
[3]. However, removal of cryoprotectant out of cells
after incubation of hepatocytes with DMSO led to the
recovery of J-aggregates fluorescence level upto
93.48 +7.00 and (93.79 + 6.52)% regarding the control
for 2 and 8% DMSO solutions, respectively.
Afterwards we have ascertained that mitochond-
rial function is recovered after exposure in solution
with low DMSO concentration and its removal we used
DMSO and 1,2-PD solutions of higher concentrations
(10%) which are applied for cryopreservation and me-
dium of the composition used for freezing. Exposure
in this medium with 10% DMSO or 1,2-PD (Fig. 1,
column 1 and 2) did not cause the decrease in aggre-
gates fluorescence comparing with the control as well
as the following washing-out the cryoprotectants
(Fig. 1, column 3 and 4). Freeze-thawing of hepatocyte
suspension in the presence of 10% DMSO with the
following washing induced insignificant reduction in
intensity of J-aggregates fluorescence if compared to
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MHTeHCcMBHOCTb chnyopecueHummn, % OT KOHTpons

Puc. 1. dnyopecueHumsa J-arperatoB 30HAa B MUTOXOHA-
puax renatounToB nocne: 1 — akcnosunuum B cpege ¢ 10%
OMCO; 2 — akcnosnuymmn B cpege ¢ 10% 1,2-M4; 3 —
akcnosuumm B cpege ¢ 10% OMCO wn nocnegytoulen ot-
MbIBKK; 4 — akcno3mumn B cpege ¢ 10% 1,2-MN[ v nocne-
aylolen oTMbIBKM; 5 — 3aMopaxuBaHus-oTorpesa B
npucytcteun 10% OMCO; 6 — 3amopaxvnBaHUA-0TorpeBa
B npucytcteum 10% 1,2-MNMA; KOHTpONb — HaxoaMBLUNECS B
cooTBeTCTBYHOLWMX cpegax 6e3 AMCO, 1,2-NM[ v He noasep-
raBlUMECs 3amMOpaxuBaHuio-otorpeBy — NpuHAT 3a 100%.

Fig. 1. Fluorescence of J-aggregates of probe in mito-
chondria of hepatocytes after: 1 — exposure in medium
with 10% DMSO; 2 — exposure in the medium with 10%
1,2-PD; 3 — exposure in the medium with 10% DMSO and
the following washing; 4 — exposure in the medium with
10% 1,2-PD and the following washing; 5 — freeze-thawing
with 10% DMSO; 6 — freeze-thawing with 10% 1,2-PD;
control — cells, being in appropriate media without DMSO,
1,2-PD and not exposed to freeze-thawing (assumed as
100%).
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Puc. 2. dnyopecueHumnsa J-arperaTtoB 30HA4a B MUTO-
XoHOpusix yepe3 20 MUH nocne BHeceHUss heHunadpuHa
(10-°M) B cycneHsuio renaTtoumnToB, NOABEPTHYThIX YaCOBOM
nHKy6auum B pactBopax kpuonpotektopa AMCO v nocne-
OyloLLen OTMbIBKE; KOHTPOMb — KNeTkn 6e3 nHkybaumm B
OMCO 1 6e3 BHeceHus1 peHunacprHa — npuHAT 3a 100%;
* —p < 0,05 N0 OTHOLLEHUIO K KOHTPOSHO.

Fig. 2. Fluorescence of J-aggregates of probe in mitochond-
ria 20 min later introduction of phenylephrine (10-° M) into
hepatocyte suspension subjected to one hour incu-bation
in solutions of DMSO cryoprotectant and the following
washing; control — the cells without incubation with DMSO
and without introduction of phenylephrine (assumed as
100%); * — p < 0.05 relative to the control.

HE BOCTIPHUSTHS PETYJISITOPHOTO CUTHANA HITH (POPMUPO-
BaHMsI KJIIETOYHOTO OTBeTa. bosee mosHo cyuTh o Boc-
CTaHOBJICHUU (DYHKITMH MATOXOHIPUH TIOCIIE BO3ICHCT-
BUS KPUOTIPOTEKTOPOB U HU3KHUX TEMIIEPATYP MO3BOJIA-
€T OLIEHKa YyBCTBUTEIBHOCTH MUTOXOHAPHAIILHOTO 3Be-
Ha K PEeTYJSILUH [IPY BO3IEWCTBUH arOHUCTA Ha KIJIETKH.

Panee Ob110 ycTaHOBIIEHO, UTO 30-MUHYTHASI HHKY-
Oanms rematonuToB B cpene ¢ 2% JAMCO npuBogut
K CHWXECHHUIO CITIOCOOHOCTH MUTOXOHIPUH K (eHMII-
3¢ pUH-CTUMYITHPOBAHHOMY HAKOIUICHHIO arperaTtoB
[3]. Kak ormedeno Boimie, nocie ymanenus JJMCO
13 KJIETOK CIOCOOHOCTh (POPMHUPOBATH arperaTsl B
MUTOXOH/IPHSIX COXPaHAJIach, a YpOBEHb (PIIyOpeCIIeH-
LMY JJOCTOBEPHO HE OTIINYAJICS OT KOHTpoua. OgHaKo
OTBET Ha CTUMYJIISIIIO henmmdpurom (1075 M) mocite
nHKyOanuu B pactBopax 2 u 8% AMCO u nocnenyro-
1iei OTMBIBKH He HaOMIONaNCs B OTIM4YME OT 00pasua
6e3 JIMCO (p < 0,05) (puc. 2), 4To MOXKET CBH[E-
TEJIbCTBOBATH O HApyLICHUSX B MEXaHU3Max Iepe-
Jla4y CUTHAJIa B MUTOXOHAPHH U PETYISALUHN MOTEH-
LUAJIBHBIX TPOLECCOB — MUILIEHEHN alpeHOarOHUCTOB!
¢ynkmuonnpoBannn LTK [21], aeixanms [16] nmmn
oOpazoBanus ATO [22].
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the control down to (83 + 6)% (Fig. 1, column 5). Fluo-
rescence of aggregates after freeze-thawing of cells
in the presence of 1,2-PD with the following washing
made less than 10% (Fig. 1, column 6). Thus DMSO
appeared to be more effective cryoprotectant in these
conditions unlike 1,2-PD. In further experiments
1,2-PD was not used.

Assessment of mitochondrial activity by accumu-
lation of JC-1 aggregates does not exclude the pre-
sence of latent damages in trigger mechanisms at the
level of perception of regulatory signal or formation of
cell response. The evaluation of mitochondrial link
sensitivity to the regulation implemented by agonist
effect on the cells allow to estimate more profoundly
the recovery of mitochondrial functions after cryopro-
tectant and low temperature effects.

It was found recently that 30-min incubation of
hepatocytes in the medium with 2% DMSO caused
the decrease in mitochondrial potential to phenyleph-
rine-stimulated accumulation of aggregates [3]. As it
was mentioned above, after removal of DMSO from
cells the ability to form aggregates in mitochondria was
preserved and the fluorescence level did not signifi-
cantly differ from the control. However, no response
to stimulation with phenylephrine (10> M) after
incubation in 2 and 8% DMSO solutions and the fol-
lowing washing was observed unlike the samples with-
out DMSO (p < 0.05) (Fig. 2) attesting the disorders
in the mechanisms of signal transfer into mitochondria
and regulation of potential processes, target of adreno-
agonists: TAC [21], respiration [16] or ATP formation
[22].

After freeze-thawing of cell suspension with 10%
DMSO and washing we have noted no increase in
fluorescence intensity as a response to introduction of
10 M phenylephrine (Fig. 3). After introduction of
hormone into fresh hepatocyte suspension the fluo-
rescence intensity increased, reached its maximum
values to the 20" minute and later smoothly decreased
to the end of observation period (30 min). The increase
of adrenoagonist concentration up to 10* M in the
suspension of frozen-thawed cells induced a short-term
effect: maximum fluorescence intensity was observed
in 15 min after introduction of phenylephrine, and to
the 20" min it sharply decreased. Presumably freeze-
thawing in the specified conditions led to the lowering
of sensitivity in hepatocyte adrenoreceptors manifes-
ting in the absence of response to the introduction of
10° M phenylephrine. The response to increase of
hormone concentration (10 M) probably testified that
the disorders were not total. Most likely the receptor
sensitivity in the cells was preserved, and increased
regulator concentration provided functional response.
Apparently, functional activity of all structures in mito-
chondria can be recovered after cryoprotectant expo-
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[Tocne 3aMopaxnBaHUS-0TOrpeBa KIETOYHOM Cyc-
nieH3uu B ipucyTctBuu 10% JMCO 1 OTMBIBKH TaKKe
OTCYTCTBOBaJI HPUPOCT HHTEHCUBHOCTH (pIIyopeciieH-
ouu B OTBeT Ha BHecenue 10° M ¢enmmdpuna
(puc. 3). Iloce BHECEHHMS TOPMOHA B CBEXKEBBIJIEIICH-
HYIO CYCIIEH3HIO I'elaTOUTOB HHTEHCUBHOCTH (IIyO-
pPEeCUEeHIINHN MOBBIIIANIACh, TOCTHTala MakCuMyMa K
20-if MUHYTE ¥ 3aTe€M IIaBHO CHI)KaJaCh K KOHILY
cpoka Habmronenust (30 MuH). YBenmnueHne KOHIIEHTpa-
uH aapenoarorucra 10 10 M B cycrieH3nu 3aMopo-
KEHHBIX-OTOTPETHIX KJIETOK BBI3BIBAIO KPAaTKOBpE-
MEHHBIH 3P (eKT: MaKCUMaJbHYI0 WHTEHCUBHOCTD
¢yopecueHuny Habmonany yepe3 15 MuH nociue BHe-
cenus peHmGprHa, a K 20-i MUHYTE OHA PE3KO CHH-
*ainack. BepoaTHo, mpo1iecc 3aMopakuBaHUS-0TOTpe-
Ba B BHIOPAHHBIX YCIIOBHSX NMPHUBOAMI K CHIKEHHIO
YyBCTBUTEIbHOCTH aPEHOPEIIETITOPOB TeMaTOLUTOB,
YTO MPOSBISIIOCH B OTCYTCTBHH OTBETA HA BHECEHHE
10° M dennmddpprna. OTBET Ha YBETUUCHHYIO KOH-
renTpaimio ropmona (10~ M), BeposiTHO, CBUICTEb-
CTBOBAJI O TOM, 4YTO 3TH HApyIIEHUS HE HOCWIU TO-
TaJpHOTO Xapakrepa. CKopee Bcero, B KIIETKaX CoXpa-
HAJIACh BOCIIPUUMYHMBOCTB PELENTOPOB, U YBEINYEH-
Hasi KOHLEHTpALHsl peryasTopa mo3Boisiia odecre-
YUTh (PYHKIHOHANBHYIO peakiuio. Bo3moxHo, pyHK-
LMOHAJIbHAs AKTUBHOCTH BCEX CTPYKTYP MUTOXOHIPUI
MOJKET BOCCTAHOBHUTHCS MOCTIE BO3AEHCTBUSA KPHOIIPO-
TEKTOpa M 3aMOPaKUBAaHUA-OTOTPEBA YePE3 HEKOTO-
pO€ BpeMsI, OTHAKO JIJIs OLIEHKH TAHHOTO IPE/IIOI0Ke-
HUS HEOOXOIMMO TTPOBECTH JIOTIONHUATEIBHBIE HCCIIe-
JIOBaHUSI.

OnHoO¥t W3 MPWYWH CHIDKCHUS METa00IndIeCcKon
AKTUBHOCTH ¥ TUOEJH TeTIaTOIUTOB SIBIISIETCS] OKHUCIIH-
TEJIBHBIA CTpecc, KOTOPOMY MOABEPTAIOTCA KIETKH
KaK Ha 3Talle BbIICJICHNS, TaK ¥ BO BPEMSI THIIOTEPMHU-
yeckoro xpaneHus [8]. He uckiroueHo, uyto 3ToT (hak-
TOp OTBEYAET 32 BO3MOXKHBIE HAPYIIECHUS CTPYKTYP
MHTOXOHAPUH, O KOTOPHIX YIOMHMHAJIOCHh BBIIIE, U
COOTBETCTBYIOIIEE CHIYKEHHE UYBCTBUTEIBHOCTH MH-
TOXOHAPHUHN K PErylsaTOPHBIM BO3ACHCTBUAM (HEeHWMII-
s3¢ppunHa mocie naKyOaruu B pactBopax JMCO u
3aMOpaKUBAaHMSI-OTOTpeBa. [ MOBBIIIEHUS YCTOM-
YUBOCTHU KJIETOK K CTPECCOPHBIM BO3JEHCTBHUIM PH
KPHUOKOHCEPBUPOBAHHUH HA 3TaIle, IPEIIeCTRYIOIMEM
3aMOpaKMBaHUIO, B CYCIIEH3UIO KJIETOK BBOJAT aHTH-
okcuaHThl. Stephenne X. u coasr. [19] ucrnonszoBanu
2-4acOBYI0 MHKYOAalHIO0 CYCHEH3WH T'elaTOLUTOB C
AHTHOKCUJAHTaMU M, KPOME TOTO, BBEICHUE AHTHU-
OKCH/IAaHTOB B CpEy 3aMOPAKUBAHUS Ha 3Tae KpHo-
KOHCEPBUPOBAHMS ISl TTOBBIIMIEHUS YCTOWUYUBOCTH
KJIETOK K CTPECCOPHBIM BO3JEHCTBUSM. ABTOPHI OT-
METWJIH YAydIIeHHe MUTOXOHAPHAIBHON (PYHKIINN B
X0JIe KpUOKOHCEpBUPOBaHUA. B Hamux panbHERINX
HCCIIEIOBAaHUSAX MBI PACCMOTPHM BO3MOXKHOCTH HIC-
MTOJTh30BAHUS AHTHOKCHUIAHTHBIX COCAMHEHUH IS
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Puc.3. dnyopecueHuus J-arperatoB 30HAa B MUTOXOHA-
pusax nocne: 1 — BHeceHus deHunacppuHa (10-°°M) B
cycneH3uto, He noaseprasLytocs MHKy6auum B MCO u
3aMOpaXMBaHUIO-0TOrpeBY; 2 — BHECEeHUst eHnnadpuHa
(10-5M) B cycneHanto, 3aMOPOXXEHHYHO-OTOIPETYHO B NPUCYT-
ctBumn 10% OMCO u oTMbITY10; 3 — BHECeHUs cheHnnacpu-
Ha (10 M) B cycneH3no, 3aMOpPOXEHHYO-OTOrpeTyo B
npucytcteun 10% OMCO n otmbiTyto; *—p < 0,05 no oTHO-
LLIEHUIO K KOHTPOSHO.

Fig. 3. Fluorescence of J-aggregates of probe in mito-
chondria after: 1 — introduction of phenylephrine (10-°M)
into suspension, not incubated with DMSO and not frozen-
thawed; 2 — introduction of phenylephrine (10-5M) into sus-
pension, frozen-thawed with 10% DMSO and washed; 3 —
after introduction of phenylephrine (10-*M) into suspen-
sion, frozen-thawed with 10% DMSO and washed; * —
p < 0.05 relative to the control.

sure and freeze-thawing after some time, but to check
this suggestion the additional investigations are to be
done.

One of the reasons of decrease in metabolic activity
and hepatocytes death is an oxidative stress to which
the cells are subjected both at the isolation stage and
during hypothermic storage [8]. It is possible that this
factor induces probable disorders of mitochondria
structures which were mentioned above and corres-
ponding decrease of mitochondria sensitivity to regula-
tory effects of phenylephrine after incubation in DMSO
solutions and freeze-thawing. To raise the cell resistan-
ce to stress impacts during cryopreservation at the
stages prior to freezing one use the antioxidants intro-
duction into the suspension. Stephenne X. et al. [19]
applied 2-hour incubation of suspension of hepatocytes
with antioxidants, and, moreover, added the antioxidants
into freezing medium at cryopreservation stage aiming
to increase cell resistance to stress effects. The
authors have noted the improvement of mitochondrial
function post cryopreservation. In our future studies
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KOPPEKIINU 0OHAPYKEHHBIX U3MEHEHHH B PETYIAINN
MHTOXOHAPUATbHON aKTHBHOCTH.

BroiBoabI

Takum oOpazoM, MUKpOGIyOpUMETpUsl OIUHOY-
HBIX I'eMaTOLUTOB C HCIOJIb30BAaHUEM MHUTOXOH]-
puanbsHOro 30HAa JC-1 nmokasana, 4To SKCIO3ULHS Kile-
TOK B pactBopax 10% numeruncynspoxcnaa uiu 1,2-
MPOIaHAMOJa B TEYCHHE Jaca M MOCIeAyIomas oT-
MBIBKa HE MPUBOMIIN K YMEHBIICHHIO ()ITyOpeCIICHIINH
arperatroB kpacurens. Ilocne 3amopaknBaHHUA-0TO-
rpeBa KJIETOK B MPUCYTCTBUU JAAHHBIX KPHUOIPOTEK-
TOPOB (2-cTyneH4aToe 3aMOpaKuBaHue 10 TEMIIepa-
TYPHI )KUJKOTO a30Ta, OTOTPEB M OTMBIBKA KPUOTIPO-
TEKTOPOB) OTMEYAIOCh CHUKEHHE MHTCHCUBHOCTH
¢yopecueHuu arperatoB Kpacurens 10 (83 + 6)%
oT koHTpons B cinydae JIMCO u menee uem 10% —
1,2-I1A. Unkybanus B pactBopax AMCO BbI3bIBaza
BBIpQ)KEHHOE CHIDKEHHE OTBETa Ha CTUMYJISILHUIO (e-
HIGpuHOM (107° M), B OTIIMUHKE OT KIIETOK O€3 BO3-
IEHCTBHS KPHOMPOTEKTOPA, B KOTOPHIX MOBBIIIANACH
WHTCHCUBHOCTH (ITyopeciieHInu arperatoB Ha 30%.
Nsmenenust GiryopeciieHInH Ipu cTuMyasun 105 M
(henmmppuHA OTCYTCTBOBAIIN U B KIIETKaX IOCIHE 3a-
MOpPaKHBaHHA-0TOTPEBA, OITHAKO MTOBBIIIICHNE KOHIICHT-
patuu ropmona 10 10~* M mo3BOJHIIO X 3apeTHCTPH-
pOBAaTk.
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we will consider the possibility of using the antioxidant
compounds to correct the revealed by us changes in
regulation of mitochondrial activity.

Conclusions

Thus, the microfluorimetry of single hepatocytes
using mitochondrial probe showed that incubation of
cells in 10% dimethyl sulfoxide and 1,2-propane diol
solutions for an hour and the following washing did not
lead to the decrease of dye aggregates fluorescence.
Freeze-thawing of cells in the presence of mentioned
cryoprotectants (2-step freezing down to temperature
of liquid nitrogen, thawing and washing-out the cryo-
protectants) resulted in the decreased intensity of dye
aggregates fluorescence down to (83 + 6)% of the
control in the case with DMSO, and down to 10% with
1,2-PD. Incubation in DMSO solutions caused a signi-
ficant decrease of response to phenylephrine (10 M)
stimulation unlike to cells without cryoprotectant effect
wherein we noted the rise in fluorescence intensity of
aggregates by 30%. There were no changes of fluo-
rescence after stimulation with 10> M phenylephrine
in cells after freeze-thawing, however the rise of hor-
mone concentration up to 10 M allowed to discover
them.
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