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CTUMYAMPOBAHHbIX M3MEHEHU TpPaHCMeMOpPaHHbIX MOTEHUUAAOB
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Effect of Different DMSO Concentrations on Dynamics of Hormone-
Stimulated Changes in Transmembrane Potentials of Isolated Rat
Hepatocytes During Assessment with Fluorescent Probes

MeTonoMm (ryopecueHTHOIl MUKPOCKOIINU OICHHBAIH M3MEHEHHUS TpaHCMEeMOpPaHHOT'O IMOTEHIHaNa IUIa3MaTHIeCKOH H
MHTOXOHAPHAJIEHOW MeMOpaH M30JMPOBAHHBIX I'€HNATOLIMTOB KPHIC MPU CTUMYJLHMH KaTeXolaMHHaMH Ha (oHe Bo3neiicTBHA
KPHOIIPOTEKTOpHOTO areHTa aumerwicyinsdpokcuna (JJMCO). Bennuuny KiIeTOYHOro MOTEHIHANA OLEHUBAIHM 110 MHTEHCHBHOCTH
¢myopecuennun 301a H-510 Ha ocHOBe 3, 3-auankmikapOoranud 6pomua (Te B KauecTBEe aJIKUIIa HCIIOIb30BaNIH 3THIT), U3MEHEHHUE
MHUTOXOH/IPHAIFHOTO MOTEHIHANA — [I0 THTCHCUBHOCTH (DTyOpeceHINH arperaToB MUTOXOHApuanbHoro kpacureins JC-1. [TokasaHo,
4TO IMHAMUKA (IIyOPECHEHTHBIX M3MEHEHHH OTpaXkaeT ByX(a3HbIi XapaKkTep FHIepHosIPU3aliK KIETOYHON MeMOPaHbI [OJ1 BIIMSHHEM
azipeHannHa ¥ anbda-mMumernka — eHuwmdpuna. Ctumynupyromui a¢dpexr Gennnddppuna B npucyrersun 2%-ro pacrsopa JMCO
COXpaHsUICSA Ha MepBOH (pase KIETOYHOTO OTBETa M OTCYTCTBOBAN Ha BTOPOH. IIpm NeHCTBHM TOKCHYECKOH KOHIIEHTpPAIMU KPUO-
nporexTopa (8%) BiIHsIHUE anb(ha-aroHNCTa IOJTHOCTHIO OI0OKHpoBanocs. CTuMynupyomuit 3G hexT ropMoHa Ha MUTOXOHAPHATBHBII
HOTEHIMAJ MOJIHOCThIO OTCYTCTBOBAJ YK€ IpH 2%-i KOHLEHTPAaLUU KpUONpOoTeKTopa. TakuMm oOpa3oM, NOIy4YCHHbIC TaHHbIE
cBUIETENbCTBYIOT O BiusiHuM JJIMCO Ha HavajabHBIC 3TAIlbl CATHAJILHOM TPaHCIYKIIMH.

Knrouesvie cnosa: GiryopecreHTHBIC 30HBI, T€MATOIHUTHI, TPAHCMEMOpPAHHbBIM KJICTOYHBIH MOTEHINAJ, TPaHCMEMOpaHHBII
MHUTOXOHIpUANbHBIH noTeHman, JJMCO.

MetomoM ¢Gu1yopecieHTHOT MIKPOCKOIIT BU3HAYAIN 3MiHY TPAHCMEMOPAaHHOTO MOTEHIIaNy MIa3MaTHYHOI Ta MiTOXOHAPiaJIbHOT
MeMOpaH 130JIbOBaHUX TEMAaTOLMTIB LIYPIB IPHU CTHUMYJALI] KaTexosiaMiHaMH Ha (OHI BILUIUBY KPiOMPOTEKTOPHOTO areHTa
mumetwicyabpokcuay (JMCO). BennunHy mia3MaTHyHOTO MOTEHITIATy OI[iHIOBAJIU 33 iIHTEHCHBHICTIO (hiryopecueHnii 3ou1a H-510
Ha OCHOBI 3,3-miajiKinkapOomianin OpoMiny (1€ B SKOCTI aJKiTy BUKOPHCTOBYBAIM €THII), 3MiHY MiTOXOH/IPiaJJbHOTO IOTEHIIaTy — 3
IHTEHCHUBHICTIO (hryopeciieHILii arperaTiB MiToxoHApiaapHoro 6apeuuka JC-1. [Toka3aHo, 1o 1rHaMiKa (IIyopeceHTHHX 3MiH BigoOpaxae
nBoda3Huil XxapakTep rinmeprosipu3auid KJIiTHHHOT MeMOpaHU MHiJ BIUIMBOM aJpeHalliHy Ta ajdb(a-MiMeTHKYy — (eHinedpiny.
Crumymotounii edext deninedpiny y nmpucytHocTi 2%-ro pozunny IMCO 36epirascst Ha nepiriif ¢a3i KIITHHHOT BigIOBiAl Ta OyB
BiZicyTHiH Ha qpyTii. [Ipn TokcnuHil koHIEHTpaIii kpionpoTtekTopa (8%) aist anbda-aroHicTa MOBHICTIO O10KyBanachk. CTUMYITIOI0UHI
e(eKT rOpMOHY Ha MITOXOH/piaJbHUH IMOTEHIIa] HOBHICTIO OyB BiZCyTHIM Be mpu 2%-it KoHueHTpauii kpionporexropa. Takum
YHHOM, OTPUMaHi faHi cBiguyars mpo BrutuB JJMCO Ha moYaTKoBi €Tanu CUTHAIBHOT TPAHCAYKILI.

Kntouogi cnosa: GyopecieHTHI 30HIM, TeNAaTOUTH, TPAHCMEMOPaHHUH KITiTHHHHH OTEHIIIaJ, TPAHCMEMOPAaHHUI MITOXOHAPIIBHUI
norenuian, JMCO.

Using flourescent microscopy technique, the changes of transmembrane potential of plasma and mitochondrial membranes of the
isolated rat hepatocytes has been estimated under the stimulation by catecholamines against the background influence of dimethyl
sulfoxide (DMSO) cryoprotectant. The fluorescence intensity of probe H-510 based on 3, 3-dialkylcarbocyanine bromide (where
alkyl was used as ethyl) was a measure of the plasmatic potential value, whereas the fluorescence intensity of mitochondrial JC-1 dye
aggregates was used to estimate a mitochondrial potential value. It was shown that the dynamics of fluorescent changes reflected the
diphase character of hyperpolarization of cellular membrane under influence of adrenaline and alpha-agonist, phenylephrine. Stimulative
effect of phenylephrine on cellular potential in 2% DMSO presence is observed in the first phase of cellular response and is absent in
the second one. The toxic concentration (8%) of the cryoprotectanttotally blocks the alpha-agonist action. Hormone stimulative effect
on mitochondrial potential was not observed even at 2% cryoprotectant concentration. Thus, the data obtained reveal the influence of
DMSO on the initial stages of signal transduction.

Key words: fluorescent probes, hepatocytes, transmembrane cellular potential, transmembrane mitochondrial potential, DMSO.

TpancmemMOpaHHBIH TOTEHIHAN TIA3MaTHYeCKON
MeMOpaHBbI (A‘Pp) SIBJIISIETCS. ONHUM U3 BBICOKOUYB-
CTBUTEIHHBIX TAPAMETPOB IPH OIIEHKE (PYHKIIMOHAIb-
HOW aKTUBHOCTH KJIETOK. I3MeHeHust A‘I’P OTHOCSITCA
K PaHHHM TMPOSIBICHUSM TOPMOHATBHBIX 3P (HEKTOB Ha
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Transmembrane potential of plasma membrane
(A‘Pp) is one of highly sensitive parameters when esti-
mating the functional activity of cells. The changes of
A‘PP are related to early manifestations of hormonal
effects at the level of plasma membrane. Herewith
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YpOBHE IU1a3MaTH4YecKoil MeMOpausl. [Ipu 3Tom rop-
MOHaJIbHAsI PETrYJILHs TPaHCMEMOPaHHOTO MOTEHIHA-
JIa MOXKET OCYIIECTBIISITLCS C yYaCTUEM, 110 KpalHen
Mepe, ABYX MEXaHU3MOB: IIOCPEICTBOM MEMOpPaHHOU
Na'/K*-ATPa3p1 unu BcieAacTBue NpsSMOrO BIHSHUS
ropMoHa Ha MEMOpaHHYI0 HOHHYIO IPOHUIIAEMOCTb.

Ha pa3HpIx THTIaX KJIETOK € TOMOIIBIO Pa3IMIHBIX
METOJIOB U MOJIXO/IOB OBIJIO YCTaHOBJIEHO, YTO HE3a-
BHCHMO OT MPHUPOABI AEHCTBYIOIIErO arOHUCTA TH-
MUYHON 0COOEHHOCTHIO KJIETOYHOM aKTHUBALMH SIB-
JISIeTCSl K3MEHEHUE MeMOPaHHOTO MMOTEHIINAIIA ¥ BHYT-
PHYKJIETOYHOM KOHIIEHT AU HOHOB KaJibIusl. Da30BbIi
XapakTep M3MEHEHUH MEeMOpPaHHOTO MOTEHIHAana
KJIETOK IIEYEHH KPBICHI B OTBET HA CTUMYJIALIUIO aJipe-
HaJMHOM OBLI IMOKa3aH paHee ¢ MOMOIIBIO AJIEKTPO-
(bu3momornyeckoro MeToaa Ha 1enoi nedenu [ 7]. Ot-
MeuYeHa CBS3b MHAYLUPOBAHHBIX aroHUCTaMH (IIyK-
Tyauuil MOTeHLnala ¢ NposiBIeHHEM MeTaboaudec-
koro ¢ dexTa [16]. OnHako 1aHHEIE, TOTyYeHHBIE Ha
M30JIMPOBAHHBIX KJIETKaX, JOCTATOYHO MPOTHUBOpE-
yuBbl [ 14]. B HacTOAMUX HCCEOBAHUAX JIJIS1 OLIEHKH
MOTEHLIMAJIA TJIa3MaTHYeCKOH MeMOpaHbI ObLI IpHMe-
HEH IpeJUIoKeHHbIi B padore Ehrenberg et al. [13]
MOJIXOJI, OCHOBAHHBINA Ha MUKPOQIIYOPUMETPUU ONIU-
HOYHBIX KJIETOK. B TaHHOM MeTO/ie OLIEHKH Hapsiay ¢
JpYTHUMH NOTEHINAI-9yBCTBUTEIbHBIMU 30HAAMHU
MOTYT IPUMEHSTHCS TAK)KE IPOU3BOTHBIE KapOolna-
HHUHOB.

He meHee BaxkHOM H ellie Oosee Ca0KHOM 3a1adeil
SIBIISICTCS OLICHKa MUTOXOHIPUAIBHOTO TPaHCMeMO-
panHoro norenuuana (A¥ ). On MoxkeT ObITh Xapak-
TEPUCTHKOHN HE TOJIBKO MUTOXOHAPHAIIbHON (PyHKITHH,
HO ¥ COCTOSIHUA KJIETKH B 11esioM. [loTenunan paccen-
Baercs B mpouecce cuate3a ATP, Ca*'-tpancnopra
WK PabOThl MHBIX MUTOXOHIPHAIbHBIX OCIKOB-TIEpe-
HOCUYMKOB. OTHAKO € MOMOIIBIO (PITyOPECIIEHTHBIX I10-
TEHIMAJI-UyBCTBUTENIBHBIX KPACUTENIEH yNaIoCh 3ape-
TUCTPUPOBATH BBICOKOAMIUIMTYAHBIE CIIOHTAHHbBIE
KpaTKOBPEMEHHbIE N3MEHEHHSI MEMOPAHHOTO TTOTEH-
[yaza ONMHOYHBIX MUTOXOHAPHUH KaK B KJIETKaX, TaK
1 B M30JMPOBaHHbIX opranemiax [9, 15]. C nomouisto
MHUTOXOHApHUaNIbHOTO 30HAa JC-1 HA ONMHOYHBIX
rernaTonuTax HaMu ObUIO TIOKa3aHo, YTO HapyIICHUE
OKHCIHUTEILHOTO OajlaHca KJIETOK IMOJ BIUSHHEM
MHAYKTOPOB OKCHJIATUBHOIO CTPECCa COMPOBOXKIAET-
Cs aJeKBAaTHBIMU H3MEHEHUSAMH (pIIyopecieHInH
arperaTtoB MOJIEKYJI 30H/1a B KieTKax [ 1]. Takum obpa-
30M, JaHHBII TOAXO0A MO3BOJISET H3y4YaTh MEXaHU3MBI
KJICTOYHOM aJlanTaluy K IeHCTBHIO pa3HOOOpa3HbIX
(hakTOPOB HAa YPOBHE OJMHOYHBIX KIIETOK.

[ToBpexxaenne KIeTOK MpU 3aMOPaKMBAaHUU Kile-
TOYHBIX CYCIIEH3UH M TKaHEH 3a4acTyIO 3aKII09aeTCs
B HapYLICHUSIX CTPYKTYpbl MEMOpaH U HHTHOHWpPOBa-
HUHM MEMOPaHHO-CBS3aHHBIX (PEPMEHTOB, UTO, B CBOIO
ouepe/ib, BIMAET Ha U3MEHEHHNE MTOTeHIINala KIETKH.
[Ipu rcionp30BaHNN KPUOTIPOTEKTOPOB JUT BOZMOXK-
HOM 3a1uThl OH000BEKTOB OT 3PPEKTOB 3aMOpaKH-
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hormonal regulation of transmembrane potential may
be implemented with the involvement at least of two
mechanisms of membrane Na”/K*-ATPase and direct
effect of hormone on membrane ion permeability.

In various cell types using different techniques and
approaches there has been established that independ-
ently on the nature of acting agonist the feature of cell
activation is the change of membrane potential and in-
tracellular concentration of calcium ions. Phase cha-
racter of the changes in membrane potential of rat liver
cells in response to stimulation of adrenalin has been
demonstrated previously in solid liver by means of elec-
trophysiological method [7]. There has been found the
relationship between induced agonists of potential fluc-
tuations and the manifestation of metabolic effect [16].
However the data obtained in isolated cells are quite
controversial [14]. In our research for the estimation
of plasma membrane potential we applied the proposed
by Ehrenberg et al. [13] approach, based on microfluo-
rimetry of single cells. In this method the derivatives
of carbocyanines could be used along with other po-
tential sensitive probes.

Not less important, but also more complicated task
is the assessment of mitochondrial transmembrane
potential (A¥ ). It may be the characteristic of not only
mitochondrial function, but in a whole of cell state. Po-
tential diffuses during ATP synthesis, Ca**-transport
or the activity of other mitochondrial carrier proteins.
However by means of fluorescent potential-sensitive
dyes it was possible to record high amplitude sponta-
neous short-term changes of membrane potential of
single mitochondria both in cells and in isolated orga-
nelles [9, 15]. Using mitochondrial probe JC-1 in single
hepatocytes we have shown that the disorder of oxida-
tive balance of cells under the effect of inducers of
oxidative stress is accompanied with adequate changes
in fluorescence of probe molecules’ aggregates in cells
[1]. Thus this approach enables to study the mecha-
nisms of cell adaptation to the effect of different fac-
tors at the level of single cells.

Damage of cells during freezing of cell suspensions
and tissues frequently consists in the impairment of
membrane structure and inhibition of membrane-bound
enzymes, that is in its turn affects the change of a cell
potential. When using the cryoprotectants for potential
protection of bioobjects from the effects of freezing
the data on the influence of cryoprotectants on cell
functions and subcellular structures are needed. It is
known that the presence of cryoprotectants depend-
ing on temperature, concentration and exposure time
may lead to the strengthening of heterogeneity of lipid
bilayer of membranes, disorder of their barrier proper-
ties, inhibition of the activity of cytoplasm and mem-
brane enzyme complexes [6]. It has been established
that the effect of cryoprotective agent DMSO under
different concentrations on transmembrane potential
of plasma membrane may be mediated both by the
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BAaHHA Ba)KHBI JaHHBIE O BJIMSHUU KPUOIIPOTEKTOPOB
Ha (QYHKIMH KIETOK U CyOKIETOUHBIX CTPYKTYp. 13-
BECTHO, YTO IIPUCYTCTBHE KPUOTIPOTEKTOPOB B Pa3IH-
HOW KOHLIEHTPAINH U B 3aBICUMOCTH OT TEMIIEPaTyphl
1 BPEMEHH 3KCTIO3UIIMHA MOKET IPUBOIUTH K YBEIH-
YEHHUIO TeTePOreHHOCTH JIMMUAHOTO OUCIIOst MeMOpaH,
HapYyIIEHUIO UX OapbePHBIX CBONCTB, MHTHOMPOBAHUIO
AKTUBHOCTH ITUTOIIA3MATHYECKUX U MEeMOpaHHBIX
(hepMEHTHBIX KOMIUTIEKCOB [6]. YCTaHOBJICHO, UTO BIIH-
stHue Kpuomnporekropa JJMCO B pa3HbIX KOHIIEHTpa-
[USIX Ha TPAaHCMEMOPaHHbIH MOTEHIINAT TIa3MaTHYeC-
KO MeMOpaHbl MOXeET OBITh BBIPAXKEHO KaK B HAPY-
mennu Gynkuun Na'/K*- AT®a3p1, Tak 1 ”3MEHEHUIX
B paboTe MOH-TPAHCIOPTHBIX CHCTEM MeMOpaHHI [8§,
9]. Hobapnenue B cycrien3uto mutoxoaapuit JIMCO
HapymaeT AESTeNbHOCTh ABIXaTeNbHON IeTH opra-
HEJUJI, YTO MPOSIBISIETCA B YMEHBIIEHUN aKTUBHOCTH
PpaboTHI IEPEHOCUMKOB MEKTPOHOB U IPOTOHOB, OKHC-
JINTETHFHO-BOCCTAHOBUTENBHBIX PEaKIIUi 1etH [2, 6].

ens paboter — n3yuenue Bozaeicteust JJMCO B
Pa3HBIX KOHLIEHTpALUsX Ha A‘I‘ U AY W301MpOBaHHBIX
renaToLHTOB U OCOOEHHOCTEH paHHero TOPMOHAJILHOTO
s¢dexTa Ha MOTEHIMA KIETOK B IPUCYTCTBHU KPHO-
MIPOTEKTOpA.

Martepnaabl 1 meToAbI

OKCIEpUMEHTHI MPOBOJNUIN B COOTBETCTBUU C
TIOJIOKECHISIMU ““EBPOITEHCKON KOHBEHITMH O 3alTUTe
MMO3BOHOYHBIX JKMBOTHBIX, UCHOJIb3YEMBIX AJISI DKC-
MEPUMEHTANIBHBIX M JPYTHX Hay4yHbIX Leseil” (Ctpac-
Oypr, 1986).

OKCHEepPUMEHTHI TPOBOJMIH C HCIOIb30BAHHEM
3oH10B H-510, J1-307 1 JC-1, cuHTE3MpOBaHHBIX B Ja-
OopaTopuu HaHOOUCHEPCHBIX MarepuasoB MCMA
HAH VYxpawnns! (t. Xapekos). H-510 (3,3'-auatrminok-
cakapOOIMaHWH OPOMH/T) XapaKTEPU3yeTCsI MAKCHMY-
MoM (ayopecuentmu 515 um [5]; 1-307 (1,1 -auaTHn-
3,3, 3'.3"-TeTpaMeTIINHI0ANKAPOOIIMaHUH OPOMU.T) —
670 am [3]; JC-1 (5,5',6,6'-TeTpaxmnop-1,1',3,3'-terpa-
ATIIIOCH3NMU T30 IIII-KapOOIIMaHUH HOIN ) XapaKTe-
pH3yeTcs ABYXIIOIOCHOH (piryopecLieHIrel ¢ MakcuMy-
mamu 510 u 585 um. Ucxoansrii (1 MM) pacTBop uc-
cinemxyemoro 3oH1a B JIMCO pa3Boamim Hemocpe-
CTBEHHO IepeJI IKCIIEPUMEHTOM JI0 HEOOXOIMOM KOH-
LEHTPALHH.

B pabote ucnonp30Bain H30JIMPOBAHHBIE TeNATO-
LUTHI IEYEHH OEJTBIX KPBIC-CaMIIOB MOMYJISIY Bructap
3-mecsiuHOro Bo3pacTa. Kietku Bbiaensin Hedep-
MEHTAaTUBHBIM METOJOM [8] ¢ UCIONIB30BAHUEM TIEp-
¢y3uoHHOI cpenpl, conepkamer 2 MM D/ITA, xu3ne-
CHO0CcOOHOCTH KIJIETOK OIEHUBAJIH 10 OKPACKE C TPHIIa-
HOBBIM CHHUM. JKN3HECTIOCOOHOCTH TeMaTOIUTOB ITOC-
Jie BbleNeHus cocTaBisiiaa okoyno 90%. Knetku
(5%10° xn/m) makyOupoBanu ¢ 3ouaamu H-510,
J1-307 uJC-1 B koreuno# koHuenTparmu 10° M. MHky-
6ammro kietok ¢ 3oaaamu H-510 u /1-307 mpoBoawnn
B Oydepe HBSS (pH 7.4) npu 22°C B Teuenune 20 MUH

npo6ne|v|b|
proﬁwonorvm

T. 20,2010, Ne4

impaired function of Na"/K*-ATPase and the changed
activity of ion-transport systems of membrane [8, 9].
The adding of DMSO into the mitochondria suspen-
sion impairs the respiratory chain of organelles, mani-
festing in the lessening the activity of electron and pro-
ton carriers, redox chain reactions [2, 6].

The research aim is to study the effect of DMSO
under different concentrations on AW and A¥ _ofiso-
lated hepatocytes and peculiarities of early hormonal
effect on cell potential in cryoprotectant presence.

Materials and methods

The experiments were carried-out in the accord-
ance with the statements of "European Convention on
Protection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes" (Strasburg, 1986).

Experiments were performed using the probes
H-510, D-307 and JC-1, synthesized in the Laboratory
of Nanodisperse Materials of the Institute for Scintil-
lation Materials of the National Academy of Sciences
of Ukraine (Kharkov). H-510 (3,3'-diethyloxacarbo-
cyanine bromide) has a fluorescence maximum at
515 nm [5]; D-307 (1,1'-diethyl-3,3,3",3"-tetramethyl-
indodicarbocyanine bromide) does at 670 nm [3]; JC-1
(5,5',6,6'-tetrachlor-1,1',3,3'-tetracthylbenzimidazolyl
carbocyanine iodide) has a two band fluorescence with
maxima at 510 and 585 nm. Initial solution (1 mM) of
the studied probe in DMSO was diluted directly prior
to the experiment up to the concentration required.

Isolated liver hepatocytes of 3 month old white male
Wistar population rats were used in the work. The cells
were isolated by non-enzyme method [8] using the
perfusion medium, containing 2 mM EDTA, the cell
viability was assessed on the staining with trypan blue.
Viability of freshly isolated hepatocytes made about
90%. The cells (5x10° cells/ml) were incubated with
the probes H-510, D-307 and JC-1 under 10° M final
concentration. The cell incubation with H-510 and D-307
probes was performed in HBSS buffer pH 7.4 at 22°C
during 20 min (incubation media produced by Institute
of Polymielitis and Virus Encephalitis of Russian Acad-
emy of Medical Sciences). Incubation of hepatocytes
with JC-1 probe was done in Eagle's medium with 10%
fetal calf serum (Biolot, Russia). Depending on the
experimental design the incubation was performed also
in high-potassium buffer (143 mM K*), in some cases
incubation medium contained either valinomycin (500
nM), and FCCP (250 nM~ M). The effects of adrena-
line (10°M) and phenylephrine (10°M) were assessed
on the background of DMSO presence (2 or 8% con-
centration) (all reagents produced by Sigma Aldrich).
The cells were incubated with DMSO for an hour.

Luminescent objects were examined and the ima-
ges were made by means of luminescent microscope
Olympus IX71 and digital camera Olympus C-5060 (Ja-
pan). Fluorescence intensity (F) was obtained after
building the histograms of cell images and measuring
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(MHKYOaLMOHHBIE PACTBOPHI M CPEMIbl IPOU3BOACTBA
OVYTIII "llpeanpusarue mo NpOU3BOACTBY OaKTepHii-
HBIX U BUPYCHBIX MpenaparoB MHCTHTyTa mojroMue-
JUTa U BUPYCHBIX 3HIe(ammToB nm. M.II. Uymakosa"
PAMH). Unkybanuio remarountos ¢ 30HA0M JC-1
nposoauiu B cpene Urna ¢ 10% ceiBOpoTkoH KpoBU
AMOPHOHOB KpymHOTO poraroro ckora (OO0 "bruonoT",
Poccwust). B 3aBucuMocTr OT TOCTaHOBKH HHKYOAITNIO
TaK)Ke IPOBOMIIN B BEICOKOKanueBoi cpene (143 MM
K"), B oTmenpHBIX cllydasx WHKyOallMOHHAs cpena
coaepkana BanuHOoMuIMH (500 M), FCCP (0,25—
5 MxM). Dddextsr anpenanuna (10° M) u denn-
a¢puna (10~° M) ouenuBanu Ha pone Brusauss JJMCO
(2 1 8%) (Bce peaxTuBBI Mpon3BoaCcTBa Sigma Aldrich,
CIIA), nnsa gero xietkn uHKyOupoBanu ¢ J[MCO B
TEeYCHHE Yaca.

Habnronenue u ¢pororpadupoBanne TIOMUHECTHU-
PYIOIINX 00BEKTOB OCYIIECTBIISIIN C IIOMOILBIO JIFIOMU-
HecneHTHOTro MUKpockorna Olympus [X71 u nudpoBoit
kamepsl Olympus C-5060 (SInonus). UTHTEeHCHBHOCTD
¢dnyopecuenyu (F) nomxydany myTeM THCTOIPaMUupo-
BaHUsI U300paKEHHUH KJIETOK U U3MEPEHHS YPOBHS Ce-
poro (gray level) mukcene, BbIACICHHBIX 10 COOTBET-
CTBYIOIIEMY KaHaTy. 3HAUCHHs KJIETOYHOTO TOTEH-
[MaJla U €ro OTHOCHUTEJIbHBIC H3MEHEHHSI PACCUUThI-
Banu no ¢opmyne HepHcera, agzanTupoBaHHOH B
OTHOIICHHUH MOTEHIINA-1yBCTBUTEIHHBIX KATHOHHBIX
Kpacurenel kak onucano panee [3, 13]. [ns onenku
MHUTOXOHIPHALHOTO MOTEHLIAJIa OIUHOYHBIX KIETOK
UCIIONBb30BasU [og-cooTHOWERA F /F ¢ yueTom

\p
aBTodayopectienuuu [1, 12].

Craructuyeckyro 00paboTKy pe3ynbTaToB IIPOBO-
IWIM TIpU momoiu nporpamm “Statistika v 5.0”
(“Statsoft”, CIIIA) u “Origin 6.1” (“Origin Lab”,
CHIA) ¢ ucnonb3oBanueM kputepusi CThIOACHTA.
HocroBepHbiMu cunTanu pasinauns npu p < 0,05.

Pe3yAbTaThl M 00CyXXAeHHe

Ha HaganpHOM 3Tare SKCIIepuMEHTOB Ha OMHOY-
HBIX KJIETKaX OLEHUIN YyBCTBUTEIBHOCTh IPOU3BO/I-
HBIX KapOOIIMaHUHOBBIX 30H/IOB K H3MEHEHHSIM KJle-
TOYHOTO TpaHcMeMOpaHHoro nmoternuana AV . beum
nporectupoBansl 30061 H-510 1 /[-307 ¢ paznuaHoit
JuMHOM ankmibHbIX nener (H-510/C2, H-510/C18,
-307/C2, 1-307/C18).

Ha ocHOBaHWM MONYyYEHHBIX PE3yIbTAaTOB MBI
MPHIIIM K BBIBOIY, YTO HanOOJIee YyBCTBUTEIbHBIM
30HJIOM, aJIEKBAaTHO OTPAXKAIOIIUM 3HAUYEHUS TPaHC-
MEMOpPaHHOTO MOTEHIUANa, SBISETCS KOPOTKOIEIO-
yeunslii 3051 H-510 (H-510/C2) (puc. 1). Ilpu
JaIbHEHIINX HCCIEIOBAHUAX HCIIOIb30BaINd 30H]T
H-510/C2.

TpancmeMOpaHHBII TOTEHIIUA PACCYUTHIBAIN U3
JAHHBIX O (IIyOPECIICHIIMY CBS3aHHOTO C KIIETKaMHU
30H1a. VI3B€CTHO, YTO OI[EHUTH C IIOMOIILI0 ONITHYEC-
KMX MHIUKATOPOB MEMOpPAHHBIM MOTEHIUAN HEJIbIX
KJIETOK B OTJIMYHE OT H30JIMPOBAHHBIX OPraHe ropas-

KpnoGMOnOr MM

T. 20,2010, Ne4

the gray level of pixels in appropriate channel. The
values of cell potential and its relative changes were
counted on Nernst equation, adapted in respect of po-
tential-sensitive cation dyes [4, 13]. To assess mito-
chondrial potential of single cells there was used log
of F exp/F ,, Tatio taking into account the autofluorescen-
ce[1, 12].

The results were statistically processed by means
of the software Statistika v. 5.0 (StatSoft, USA) and
Origin 6.1 (Origin Lab Corporation, USA) using the
Student's t-criterion. The results differed statistically
and significantly at p<0.05.

Results and discussion

At the first stage of the experiments the sensitivity
of the derivatives of carbocyanine probes to the change
of cell transmembrane potential A¥ in single cells was
assessed. There were tested the probes H-510 and D-
307 with different length of alkyl chains (H-510/C2,
H-510/C18, D-307/C2, D-307/C18).

On the base of the findings we concluded that the
most sensitive probe, adequately reflecting the values
of transmembrane potential, is short-chain probe H-510
(H-510/C2) (Fig. 1), and this was used in further experi-
ments.

Transmembrane potential was calculated from the
fluorescence data of the probe bound with the cells. It
is known that to assess by means of optical indicators
the membrane potential of the whole cells if compar-
ing to isolated organelles is much more complicated,
whereas the cells contain many subcellular compart-
ments and it is necessary to distinguish the changes of
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Puc. 1. TpancMeMOpaHHBIH TOTCHIINAI TETATOUTOB KPBIC
MIPH OLIEHKE C MOMOIIbI0 ipou3BoaHbIX C2 (H) u C18 (O)
3oH10B H-510 1 J1-307.

Fig. 1. Estimation of transmembrane potential of rat’s
hepatocytes by means of derivatives C2 (E) and C18 (O) of
the probes H-510 and D-307.
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JI0 CIIO)KHEE, IIOCKOIIBKY KJIETKH COIEePKAaT MHOXKECT-
BO CYOKJIETOUHBIX KOMIApPTMEHTOB U HEOOXOIMMO
i hepeHIupoBaTh H3MEHEHHS OITHYECKUX CBOICTB,
CBSI3aHHBIX C COCTOSHHEM IUIa3MaTH4YecKoil MeMOpa-
HBI ¥ JTI000# apyroit MeMOpaHHO# cTpyKTypHl. IHTEH-
CHUBHOE OKpAIIMBaHNUE MUTOXOHAPHUI LIMAHUHOBBIMHU
KpacHUTeNIsIMHU, TPOHUKAIOIINMH Yepe3 MeMOpaHy Ka-
TUOHAMH, MOXKET MCKaXKaTh PE3yJIbTaTbl U3MEPEHUN
MOTEHIMaja Ila3MaTndeckoil MmeMOpanbl. st nck-
JIFOYCHUS! BIUSIHUS TAHHOTO (DaKkTopa MPUMEHSLITH TIPO-
toropop FCCP, paccenBaromuii TpaHcMeMOpaHHBIN
[TOTEHIMAaJ BHYTPEHHEH MUTOXOHIPUAIBHON MeMOpa-
HBI ¥ HHKYOaIHIo B KaIHEBO cpejie, KoTopasi IPUBO-
IUT K CHIDKEHHIO TpaHCMEMOpaHHOTO MOTEHIIHAala
I1a3MaTH4YecKoil MeMOpaHsl. JlaHHbIe, IPeACTaBICH-
HBIE Ha PUC. 2, CBUAECTEILCTBYIOT O YyBCTBUTEIBHOC-
TH U3YYEHHBIX NTOKa3aTenel K BO3AEHCTBHIO BEICOKO-
KaJIMeBOM cpefipl. DTO 1aeT OCHOBAaHUS yTBEPKAATH,
YTO IMOJYyYEHHBbIE 3HAYEHHS OTPaKAOT BEIUUUHY
TPaHCMEMOPAaHHOTO MOTEHIMAJIA TUIa3MaTHYECKOM
MeMOpaHbI KIIETOK.

B nanHO#M MOJIENIEHOM CHUCTEME OILIEHUIIN XapaKTep
M3MEHEHUH TOTEeHIHalla OMUHOYHBIX KJIETOK B OTBET
Ha neiicTue anperaiuHa (10°M) (puc. 3, a) u anbda-
aronucta ¢peammdpuna (10°M) (puc. 3, 6). [Tokaza-
HO, YTO TIOBBIIIICHHE ITIOTEHIUAIIA SIBIISIETCS IBYyX(a3-
HbIM. M3BecTHO, 4TO mepBas (a3za OTBETa MOXKET
ObITh omocpenoBana aktuBanueir Na*/K*-ATPa3wl
[18], a BTOpas — cBsi3aHa ¢ GyHKIMEH KaIUeBbIX KaHa-
noB [17].

JI14 OLIeHKH BAMSIHUS KpUOTIPOTEKTOPA Ha MOTEH-
nuan JMCO ncnonbs30Baiu B IBYX KOHLIEHTPALUAX 2
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Puc. 2. Onierka TpancMeMOpaHHOTO TIOTEHIIMAJIA TeMaTOIH-
TOB KpbIC Ha (poHE JNeiCTBHSI MOIYIISITOPOB IOTEHIIMATA C
ucnoip3oBanneM 3oH10B H-510 (C2); * — p < 0,05 no
OTHOIIIEHHIO K MHTAKTHBIM KJIETKaM.

Fig. 2. Estimation of transmembrane potential of rat’s
hepatocytes on the background of the effect of potential
modulators using the probes H-510 (C2); * — p < 0.05 in
respect of the data of intact cells.

optical properties related to the state of plasma mem-
brane and any other membrane structure. Intensive
staining of mitochondria with cyanine dyes, penetrat-
ing via membrane as cations, may distort the results of
measurements of plasma membrane potential. To ex-
clude the effect of this factor there was applied the
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Puc. 3. ®a30BbIii XapakTep N3MEHEHHUH OTEHIIMANIA TP JEHCTBUHN ((-aJpEHOarOHICTOB HA M30JIMPOBaHHBIC T€NaTONNTHI
KpPBIC: a — afipeHanH; 0 — peHmmGpuH; * — p < 0,05 M0 OTHOMEHNIO K MHTAKTHBIM KIICTKAM.

Fig. 3. Phase character of the changes in potential under the effect of ai-adrenoagontists on isolated rat’s hepatocytes: a —
adrenaline; b — phenylephrine; * — p < 0.05 in respect of the data on intact cells.
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Puc. 4. TpancMeMOpaHHBII TOTCHIIAAN TEIATOIUTOB KPBIC
Ha (hOHE BO3CHCTBUS KpronpoTekropa. * —p < 0,05 mo ot-
HOIICHUIO K KieTkaMm 6e3 JIMCO.

Fig. 4. Transmembrane potential of rat’s hepatocytes on
the background of cryoprotectant effect. * — p < 0.05 in
respect of the cells without DMSO.

u 8%. YCTaHOBJIECHO, YTO 3HAYCHUS TIOTEHIMANIA CHU-
JKAFOTCSI TIOJT BO3JISHCTBHEM KPUOIIPOTEKTOPA B 00EHX
KOHIIEHTparusx (puc. 4).

JIist u3ydeHus MeXaHHU3Ma BIUSHUS KPUOTIPO-
TEKTOpa Ha HadaJibHbIe 3Talbl TpaHCMEMOpaHHOM
nepeaayy Curuaa aeicrere GeHunhprHa uccieao-
Bainu B auHamuke Ha ¢one 2% JAMCO (puc. 5, 0).
YcTaHOBJICHO, YTO MepBast (ha3a OTBETa COXPaHAETC,
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protonophore FCCP, dissipating the transmembrane po-
tential of inner mitochondrial membrane and incuba-
tion in potassium medium, resulting in a reduction of
transmembrane potential of plasma membrane. The
data presented in Fig. 2 testify to sensitivity of the stud-
ied indices to the effect of high-potassium medium.
This allows to confirm that the obtained values reflect
the value of transmembrane potential of cell plasma
membrane.

In this model system there was estimated the char-
acter of changes in the potential of single cells in re-
sponse to adrenaline effect (10° M) (Fig. 3a) and al-
pha-agonist phenylephrine (10~ M) (Fig. 3b). It has
been shown that the rise in potential is two-phase proc-
ess. It is known that the first phase of response may
be mediated by the activation of Na”/K*-ATPase [16]
and the second one is related to the function of potas-
sium channels [17].

To estimate the effect of cryoprotectant on the po-
tential there was used DM SO at two concentrations: 2
and 8%. The potential values have been established to
reduce under the effect of cryoprotectants at both con-
centrations (Fig. 4).

For the investigation of the mechanism of cryo-
protectant effect on early stages of transmembrane
signal transduction the effect of phenylephrine was
studied in dynamics on the background of 2% DMSO
(Fig. 5b). It has been found that the first response phase
is kept, while the second one is absent. It has been
shown also that the effect of adrenoagonist on cells
during incubation in high-potassium medium on the
dynamics of changes in the potential has similar cha-
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Puc. 5. /lunamMuka U3MEHEHUH MOTEHIIMANIA TeaTOUTOB B OTBET Ha JeiicTBue (peHmaddpuHa Ha GoHe MHKyOalMu B
BBICOKOKaINEBOH cperie (a) n Bo3neictaus 2% AMCO (6); * —p < 0,05 mo oTHOUIEeHHUIO K KiIeTkam 0e3 hennmappuna.

Fig. 5. Dynamics of the changes in potential of hepatocytes in response to the effect of phenylephrine on the background of
incubation in high-potassium medium (a) and the effect of 2% DMSO (b); * —p <0.05 in respect of cell without phenylephrine
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Puc. 6. Kparkocpounstii s dexr penmmdpuna (S MuH) Ha
HMHTEHCHBHOCTH (hiryopecueHunu 3ou1a H-510 B kireTkax
Ne4eHn Ha (pOHE BO3JACHCTBUS pa3HBIX KOHICHTpALUN
KPHONPOTEKTOPa; KOHTPOJIb — KIIETKH 0e3 (heHmmdprna;
* — p<0,05 110 OTHOLIEHUIO K KOHTPOJIIO.

Fig. 6. Short-term effect of phenylephrine (5 min) on
fluorescence intensity of the probe H-510 in liver cells on
the background of the effect of different concentrations of
cryoprotectant; the control are the cells without phenyl-
ephrine; * — p <0.05 in respect of the control.

TOTJa KaKk Bropas ¢a3a orcyrcrByeT. [loka3aHo Tak-
ke, 4TO JEMCTBHE aJlpeHOArOHHUCTA HA KJIETKH NpHU
WHKyOalMy B BBHICOKOKAJIHMEBOH cpele Ha JUHAMUKY
W3MEHEHUN MOTEHI[MaJIa UMEET CXOAHBIN XapakTep
(puc. 5, a). I3BecTHO, 9TO HMHKYOAIHSI KIIETOK B BBICO-
KOKaJIEBOH cpesie MPUBOIUT K HAPYLICHUIO PabOThI
HOHHBIX TPAHCIIOPTHBIX CHCTEM, YTO U OOYCIOBHIIO
OTCYTCTBUE BTOPOH (has3bl OTBETA, MO3TOMY MOKHO
caenath BeIBOJ, uTo 2%-it JIMCO Takke BIHSICT Ha
paboTy MOHHBIX KaHaJIOB. Torma Kak MccieloBaHUe
BJIMSIHUS O0JIee BBICOKHUX KOHLICHTPALMI KPHOIIPOTEK-
Topa (8%) moKa3aso MOJHOE OTCYTCTBHE OTBETA Ha
denmmdpun (puc. 6). Ha ocHOBaHHH 3TOT0 MOKHO
c/IenaTh BBIBOJ, UTO 0ojiee BHICOKHE KOHLEHTpALUU
KPHOIIPOTEKTOPA BIHAIOT HE TOIBKO Ha paOOTy HOHHBIX
TPaHCIIOPTHBIX CHCTEM, HO U Ha padboty ATPa3sr [6].

U3BecTHO, 4TO m06aBIIEHNE B CYCIIEH3HIO MHUTO-
XOH/APHUI KPHOIIPOTEKTOPOB HAPYIIAET JbIXATEINbHYIO
Lenb opranesui, oun uaruoupytotr HAJI-H — neruapo-
TeHa3HOe 3BEHO Mpoliecca adpoOHOro Ibixanus [2],
[IOATOMY B JJAHHON MOJEJIBHOW CUCTEME IpEACTaB-
Js510 uHTepec BeIICHUTH BiausiHue [JMCO Ha noteH-
LMaJl MUTOXOHApHUH. Kak oTMeueHo BhIlIE, HCIIONb3Ye-
MBI HAMH TIOAXOJ TIO3BOJISIET OLIEHUBATh BIMSHNE Ha
MHUTOXOHJAPHANBbHYIO (QYHKIUIO Pa3HOOOpPa3HBIX
perynstopHbIX ¢akTopoB [1]. st oreHku Bo3aecT-
BHS KPHOIPOTEKTOPOB HA MUTOXOHIPUAIEHOM YPOBHE
OBLIH WCTIOJIB30BAaHBI JBE KOHIEHTpamuu 2 u 8%.
[ToxazaHo, yto 06e koHnenTpanyuu JJMCO BbI3bIBaIOT
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racter (Fig. 5a). Cell incubation in high-potassium me-
dium is known to result in the impairment of the acti-
vity of ion-transport systems, which caused the ab-
sence of the second phase of response, therefore we
may conclude that 2% DMSO affects the activity of
ion channels too. Meanwhile when studying the effect
of higher concentrations of cryoprotectant (8%) a com-
plete absence of the response to phenylephrine has
been shown (Fig. 6). On this base we can conclude
that higher concentrations of cryoprotectant affect not
only the activity of ion transport systems but also the
one of ATPase [6].

It is known that the addition of cryoprotectants into
the suspension of mitochondria impairs the respiratory
chain of organelles, they inhibit NAD-H-dehydroge-
nase link of aerobic respiration process [2], therefore
in this model system there was of interest to examine
the DMSO effect on the mitochondria potential. As it
has been mentioned above the used by us approach
enables to estimate the effect of various regulatory
factors on mitochondrial function [1]. To assess the
effect of cryoprotectants at mitochondrial level 2 and
8% concentrations were used. It has been shown that
both concentrations of DMSO cause the reduction of
fluorescence of dye aggregates in hepatocytes (Fig. 7).

Mitochondria participate in the reaction of catecho-
lamines in cells, therefore as well there was of interest
to find-out the effect of phenylephrine on mitochon-
dria potential as well as the one of cryoprotectant on
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Puc. 7. BiusHue KpUONpOTEKTOpa Ha MHTEHCUBHOCTh
(iryopecuennuu arperatoB 3oH1a JC-1 B remaronuTax Kpeic;
KOHTpOJb — KiteTku 6e3 IMCO; * — p < 0,05 1mo oTHOIICHHIO
K KOHTPOITIO.

Fig. 7. Effect of cryoprotectants on fluorescence intensity
of the aggregates of JC-1 probe in rat’s hepatocytes; the
control are the cells without DMSO; * — p <0.05 in respect
of the control.
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CHIDKEeHHE (PIIyOpecleHIIN arperatoB KpacuTens B
remaronurax (puc. 7).

MUTOXOHAPUH YIACTBYIOT B pEaKIIMH KaTeXOJIaMH-
HOB B KJIETKaX, IOATOMY TakK)Ke MPEACTABIISIIO HHTE-
peC BBIICHUTH BMsHKE GeHMII)PUHA HA TOTCHIHA
MUTOXOHAPHH U TTPOCIIEANTH BIUSIHUE KPUOTIPOTEKTOPA
Ha TOHKHE PEryIITOpHble MexaHu3Mbl. Mccnenosa-
JIOCh JiericTBUE Oonee Hu3Kol koHteHTparuu JIMCO.
[TonyyeHHble TaHHBIE CBUIETEILCTBYIOT O Hapylle-
HUU JUHAMHUKHU OTBETA IeMaTOLUTOB Ha AEHCTBHE rop-
MOHAJILHOTO CUTHAJIA B 3THX YCIOBUSAX (puc. 8).

BbiBOADI

Taxum 00pa3om, Ha IKCIIEPUMEHTATHFHOU MOICITH
ObLIa IPOJICMOHCTPUPOBaHA BO3MOKHOCTh U3MEPEHUI
TpaHCMEMOPAHHOI'O MOTEHIHAA TIa3MaTHIYEeCKON 1
MUTOXOHAPUAIBHON MEMOpaH OJUHOYHBIX KIIETOK C
rnmoMmotpio (iryopecueHTHOro 30H10B H-510 (s
ma3Marndeckor memOopansl) U JC-1 (a1 MUTOXOH/I-
puanbHOii MeMmOpaHnbl). [loka3aHo, YTO TUHAMHKA
M3MEHEeHHH (DTyOopeCSHIINY aIeKBAaTHO OTPAKaeT KaK
aAMILTUTY/TY, TAK ¥ HAITPABJICHHOCTH MTPOIIECCa MO PH-
3aIlMd MEMOPAaHbBI, YTO MOXHO HCIIOJIb30BaTh MPHU
OIICHKE KJICTOYHOUN PeaKIMH Ha BO3JICHCTBUE Pa3HO-
00pa3HbBIX PEryJISITOPHBIX (PAKTOPOB U /15 BEISICHEHHUS
TOHKHUX MEXaHHM3MOB 3TOro BiMsHUsA. OOHAPYIKEHO,
YTO TIOJT ICHCTBUEM KPHOMIPOTEKTOPA (JIJIsT 00EHX HC-
CJICIOBAHHBIX KOHIICHTPALIMH ) CHU)KAETCSI KaK KJIeTO4-
HBIH, TAK 1 MUTOXOHIPHAJIbHBIN IOTSHIIHA KIIETOK, 1
HaOJIOAOTCS M3MEHEHHS Ha4aIbHBIX TAITOB KJIETOY-
HOTO OTBETa Ha TOPMOHaIbHOE Bo3nekcTBue. [lomy-
YEHHBIE JTAHHBIC CBUICTEIBCTBYIOT O TOM, YTO MEXa-
HU3M BIIASIHUS KPUOTIPOTEKTOPA HA TUHAMUKY KJICTOY-
HOTO OTBETa MOXET OBITh CBS3aH C U3MCHEHUSMU
(hyHKITMH HOH-TPAHCIIOPTHBIX crcTeM. Mcronp3oBaH-
HbIM (IyOPECIICHTHBIN METOJ| TO3BOJISICT BBISBIIATH
TOHKHE (DU3MOJIOTUYECKHE U3MEHEHUS MHUTOXOH/I-
pHUANBHOIO MOTCHIIMAA OJUHOYHBIX KJICTOK B OTBET
Ha PeryJsaTOPHOE BO3JEHCTBIE U OOHAPYKUBATH d(h-
(heKThI 9K30TECHHBIX COCTUHEHHIA,
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Fig. 8. Dynamics of fluorescence changes of J-aggregates
ofthe probe JC-1 in mitochondria of rat’s hepatocytes under
the effect of phenylephrine (10-°M); the control are the cells
without phenylephrine; * —p <0.05 in respect of the control.

intrinsic regulatory mechanisms. There was studied the
effect of lower DMSO concentration. The findings
testify to the impairment of the response dynamics of
hepatocytes on the effect of hormonal signal under
these conditions (Fig. 8).

Conclusions

Thus in the experimental model there has been dem-
onstrated the possibility of measuring the transmem-
brane potential of plasma and mitochondrial membrane
of single cells using fluorescent probes H-510 (for
plasma membrane) and JC-1 (for mitochondrial mem-
brane). It has been shown that the dynamics of fluo-
rescence changes adequately reflects both amplitude
and orientation of the process of membrane polariza-
tion, which can be used for assessment of cell response
to the effect of various regulatory factors and for elu-
cidation of intrinsic mechanisms of this action. It was
revealed that under cryoprotectant effect (for both stud-
ied concentrations) both cell and mitochondrial potentials
decreased and the changes of initial stages of cell re-
sponse to hormonal effect were observed. The find-
ings testify to the fact that the mechanism of cryopro-
tectant effect on dynamics of cell response may be
related to the alterations in the function of ion-trans-
port systems. The used fluorescent method enables
the revealing of fine physiological changes of mitochon-
drial potential of single cells in response to regulatory
effect, as well as the finding those for of exogenous
compounds.
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