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We demonstrated using Ca’*-sensitive fluorescent probe, mitochondria binding dyes, and confocal
laser scanning microscopy, that elimination of electrochemical potential of uterus myocytes’ inner mitochond-
rial membrane by a protonophore carbonyl cyanide m-chlorophenyl hydrazone (10 uM), and by a respiratory
chain complex IV inhibitor sodium azide (I mM) is associated with substantial increase of Ca** concentration
in myoplasm in the case of the protonophore effect only, but not in the case of the azide effect. In particu-
lar, with the use of nonyl acridine orange, a mitochondria-specific dye, and 9-aminoacridine, an agent that
binds to membrane compartments in the presence of proton gradient, we showed that both the protonophore
and the respiratory chain inhibitor cause the proton gradient on mitochondrial inner membrane to dissipate
when introduced into incubation medium. We also proved with the help of 3,3'-dihexyloxacarbocyanine, a
potential-sensitive carbocyanine-derived fluorescent probe, that the application of these substances results in
dissipation of the membrane’s electrical potential. The elimination of mitochondrial electrochemical potential
by carbonyl cyanide m-chlorophenyl hydrazone causes substantial increase in fluorescence of Ca’*-sensitive
Fluo-4 AM dye in myoplasm of smooth muscle cells. The results obtained were qualitatively confirmed with
flow cytometry of mitochondria isolated through differential centrifugation and loaded with Fluo-4 AM. Par-
ticularly, Ca** matrix influx induced by addition of the exogenous cation is totally inhibited by carbonyl cya-
nide m-chlorophenyl hydrazone. Therefore, using two independent fluorometric methods, namely confocal
laser scanning microscopy and flow cytometry, with Ca**-sensitive Fluo-4 AM fluorescent probe, we proved
on the models of freshly isolated myocytes and uterus smooth muscle mitochondria isolated by differential
centrifugation sedimentation that the electrochemical gradient of inner membrane is an important component
of mechanisms that regulate Ca’* homeostasis in myometrium cells.

Key words: mitochondria, calcium, electrochemical potential of mitochondrial membrane, calcium ho-
meostasis, nitric oxide.

itochondrial Ca*" transport plays a major
M role in maintaining Ca?* homeostasis in

smooth muscle cells, as it provides for
post-transient energy-dependent Ca*" uptake from
myoplasm. Certain authors have expressed an opin-
ion that mitochondria may provide for a decrease in
Ca* cytosol concentration within physiologically
sound timeframe, which is a requirement for relaxa-
tion, and that they also protect the cell against the
cation’s cytotoxic effects under its extracellularly
induced overflow [1-3].

Energy dependent Ca?* mitochondrial influx is
performed by Ca?" uniporter, and its driving force
is the potential difference on the organelle’s inner
membrane reaching values -160 to -180 mV (nega-
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tive on the matrix side). Thus, Ca** accumulation
by energized mitochondria is conducted primarily
via electrophoretic mechanism [1-4]. The reverse
process of release of accumulated Ca*" by mitochon-
dria is mainly dependent on Ca*/Na* and Ca*"/H*
exchangers of the inner membrane and, possibly by
permeability transition pore and Ca?" uniporter (in
the latter case by reverse mechanism under mito-
chondria unenergized state) [3-7]. It has been proven
that in unexcitable tissues and smooth muscle cells
the Ca?"/H" exchanger plays the main role in the
maintaining of the optimal matrix concentrations of
Ca*" [6, 7].

The electrochemical potential on the inner
membrane of mitochondria (Ap,,) is generated
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through the functioning of electron-transport chain
and is the direct result of maintenance of trans-
membrane proton gradient in intact organelles. It is
composed of two components: chemical (ApH) and
electrical (Ag) [2, 8]. The Ca*" uniporter functioning
depends on efficiency of proton and electron trans-
port on the inner mitochondrial membrane and, ac-
cordingly, on proton gradient. A substantial decrease
in the membrane’s electrochemical potential (a de-
polarization) causes inhibition of electrophoretic
accumulation of Ca?, and it can be surmised that
Ca?' release from matrix into cytosol would become
the prevailing transporting process under such con-
ditions due to Ca®'/H* exchanger activity [2-4, 6].
The Ap,,, modifiers such as respiration inhibitors
and protonophores may be expected to affect both
mitochondrial and myoplasm concentrations of Ca*".

To estimate the effect of mitochondria ener-
gization levels on myoplasm Ca*" concentrations in
myocytes it is appropriate to employ the confocal
laser microscopy, which allows for visualization of
fluorescent probes’ distribution within cells.

The aim of the present work was to investigate
the effect of sodium azide (NaN,), a conventional
inhibitor of complex IV of mitochondrial electron
transport chain, and carbonyl cyanide m-chloro-
phenyl hydrazone (CCCP), a protonophore, on the
electrochemical potential of the inner mitochondrial
membrane and myoplasm Ca?" concentration in ute-
rus smooth muscle (myometrium) cells.

Materials and Methods

Experiments on uterus smooth muscle cells sus-
pension. The myocytes were isolated from the uterus
of non-pregnant laboratory rats with collagenase
and soybean trypsin inhibitor after Mollard [9]. The
animals were anesthetized with diethyl ether inha-
lation, and then decapitated. The experiments were
conducted in accordance with guidelines for work
with laboratory animals (International Convention,
Strasbourg, 1986).

The cells immobilization for confocal micros-
copy, washing off the unadherent myocytes, and
all experimental manipulations were performed
in Hanks’ balanced salt solution containing (mM):
NaCl - 136.9; KCl - 5.36; KH,PO, — 0.44; NaHCO, -
0.26; Na,HPO, — 0.26; CaCl, — 0.03; MgCl, — 0.4;
MgSO, — 0.4; glucose — 5.5; HEPES (pH 7.4 at
37 °C) — 10 [10]. Digitonin was added to the medium
at 0.1% concentration in experiments on permeabi-
lized myocytes.
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The intracellular spatial distribution of fluores-
cent dyes was examined with LSM 510 META con-
focal laser scanning microscope (Carl Zeiss, Germa-
ny) using myocytes immobilized on poly-L-lysine.
1 uM 10-nonyl acridine orange (NAO), a fluorescent
probe, was used to visualize mitochondria, and
50 uM Hoechst 33342 to visualize nuclei. 10 pM
9-aminoacridine (9-AA) was used as a fluorescent
dye able to bind to membrane compartments hav-
ing a proton gradient. Changes in transmembrane
potential were registered with 0.5 mM DiOC(3)
(3,3'-dihexyloxacarbocyanine), a potential-sensitive
fluorescent probe, and Ca?" myoplasm concentrations
with 10 uM Fluo 4-AM. The probes were loaded for
15 min at 24 °C. The readings were performed in
Multi Track mode of the confocal microscope [10].

9-AA and Hoechst 33342 fluorescence was
excited with laser set at 420-480 nm and the signal
was detected at 405 nm setting of BP filter. NAO,
DiOC,(3) and Fluo 4-AM fluorescence was excited
at 488 nm, and the emission was registered at 505 to
530 nm (BP 505-530 filter setting).

We choose elongated cells well adhered to the
substrate for analysis.

Experiments with mitochondrial suspension.
The mitochondrial fraction was isolated from rats’
myometrium by differential centrifugation as de-
scribed earlier [3].

Changes of ionized Ca content in matrix of the
isolated mitochondria were identified with Fluo-4
AM (2 uM). The mitochondria were loaded with the
probe in a buffer medium containing 10 mM HEPES
(pH 7.4, 37 °C), 250 mM sucrose, 1 mM EGTA,
0.1% bovine serum albumin, for 30 min at 37 °C.
The probe was mixed with Pluronic F-127 (0.02%)
to facilitate loading [3, 6, 11].

Changes of ionized Ca in mitochondrial ma-
trix were investigated by flow cytometry on COUL-
TER EPICS XL™ flow cytometer (Beckman
Coulter, USA) with SYSTEM II software (Beck-
man Coulter, USA). The virtual levels of Ca*" in
matrix were measured with Fluo-4 AM at 2 uM
(A, =488 nm, A= 520 nm) in medium containing
(in mM): 20 HEPES (pH 7.4 at 37 °C), 250 sucrose,
2 potassium phosphate buffer (pH 7.4 at 37 °C),
3 MgCl,, 3 ATP, 5 sodium succinate, and Ca** con-
centration was 80 uM. We used for sample analysis
a working protocol developed specifically to charac-
terize fractions of mitochondria isolated from myo-
metrium. The events for analysis were selected by
introducing logical restriction for lateral and direct

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 5



Yu. V.DANYLOVYCH, S. A. KARAKHIM, H. V. DANYLOVYCH et al.

scattering (SS and FS) in flow cytometer protocol.
Sample analysis was terminated at 10000" event
within the selected gatiug [3, 11].

The statistical analysis of the data was per-
formed with standard IBM PC software using con-
ventional methods and Student’s #-test [12].

The following reagents were used in the study:
HEPES, glucose, sucrose, digitonin, sodium succi-
nate, bovine serum albumin, poly-L-lysine, colla-
genase type 1A, ATP, Pluronic F-27, EGTA, NAO,
9-AA, CaCl, (Sigma, USA), DiOC(3), Hoechst
33342, soybean trypsin inhibitor (Fluka, Switzer-
land), Fluo-4 AM (Invitrogen, USA). Other reagents
were of local manufacture and analysis-grade purity.

Results and Discussion

We prove in this study the identical subcellular
localization of 9-AA and NAO fluorescent probes
in myocytes (Fig. 1). As NAO interacts specifically
with cardiolipin, which is abundant in mitochondrial
membrane [13], and 9-A A interacts with subcellu-
lar membrane structures bearing ApH [14], we can
assert that we have positively identified energized
mitochondria with proton gradient on their inner
membrane.

It has been demonstrated that CCCP, a protono-
phore, in concentration of 10 uM (Fig. 2) and NaN,,
a mitochondrial respiration inhibitor, in concentra-
tion of 1 mM [2, 3, 10] caused substantial decrease in
9-A A fluorescence for 5 min, if added to intact myo-
cytes. The concentrations of the effector substances
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used in our experiment are well established in mi-
tochondrial studies. As Hoechst 33342 and 9-AA
have similar excitation and emission wavelength
characteristics, the violet coloration of myoplasm is
quenched in the presence of the protonophore, while
the similar coloration of the nucleus does not change
with time (Fig. 2, top panel).

The kinetics of intracellular distribution of the
fluorescent dyes was characterized in Time Series
mode, and quantified via ROI (Region of Inter-
est) function that produces graphical representa-
tion of temporal changes in fluorescence intensity,
averaged over selected area (Fig. 2, bottom panel).
The analytical method allows for quantification of
level of discoloration of 9-AA and for correspond-
ing calculations. Particularly, CCCP caused 62%
decrease in probe fluorescence on the average, and
NaN, caused 87% decrease (Fig. 3). These results
may be interpreted as inner membrane proton gra-
dient dissipation under the effect of protonophore
and inactivation of its restoration under respiratory
chain inhibition by sodium azide. Therefore, the in-
vestigated compounds partially remove the chemical
component of electrochemical potential of mitochon-
dria (ApH).

We had established in previous studies the fea-
sibility of determining the changes in polarization of
mitochondrial membranes from smooth cells of rat
uterus with DIOC (3) potential-sensitive fluorescent
probe [10]. In order to prove the direct interaction of
DiOC(3) and mitochondria we used a mitochondria-
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Fig. 1. Distribution of mitochondrial membrane binding (NAO) and membrane proton gradient sensitive
(9-AA) fluorescent probes in myocytes. Confocal microscopy data
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Fig. 2. Extinction of 9-AA fluorescence under effect of protonophore (top panel) and digital analysis of its ROI

function (bottom panel). Confocal microscopy data

specific marker, the MitoTracker Orange CM-H, T-
MRos fluorescent probe, that is accumulated by the
organelles depending on their potential, and interacts
with matrix proteins. The dyes colocalize if applied
simultaneously, which is proved by their identical
profiling in distribution of corresponding fluores-
cent probes. The data obtained allows us to assume
that DiOC,(3) accumulation in myometrium cells is
mostly dependent on mitochondria [10]. This sub-
stance is a carbocyanine dye and a lipophilic cation
that is accumulated in a potential-dependent manner
inside cellular compartments. The increase in mem-
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branes’ negative potential causes its accumulation
and consequent increase in fluorescence [15, 16]. The
preferential accumulation of the probe by mitochon-
dria may be attributed to their high inner membrane
potential, up to -180 mV. DiOC,(3) may thus be used
to investigate the effects of compounds that affect
mitochondrial transmembrane potential.

In our previous studies we had demonstrated
using spectrofluorometry, flow cytometry and confo-
cal laser scanning microscopy that CCCP and NaN,
permeate myocytes’ plasma membrane and cause
mitochondrial membrane depolarization [10, 17].
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Fig. 3. 9-AA fluorescence quenching in myocytes in
the presence of the protonophore and the mitochon-
drial respiratory chain inhibitor, in comparison to
control (100%); M £ m, n = 3—4. The probe fluores-

cence in cells without the effectors is taken as 100%
(ordinate axis). Confocal microscopy data

It is as yet unclear, if this effect is directly depen-
dent on mitochondria, or whether it is mediated by
plasmalemma and cytosol processes. In order to fa-
cilitate access of the modulators of mitochondrial
potential to their target, we increased the unspecific
permeability of plasma membrane with 0.1% digi-
tonin. The procedure is reportedly non-disruptive for
intracellular membrane structures [18].

It was established (Fig. 4), that the decrease in
DiOC,(3) fluorescence intensity due to probe fluo-
rescence quenching under laser irradiation of the
corresponding wavelength (10-20% of maximum
power) reaches 20% in 5 min in control (14 cells
were used for quantitative analysis). The degree of
photobleaching is variable and depends primarily
on its concentration, laser power, and exposition.
Sodium azide (1 mM) caused substantial decrease
(about 60%, Fig. 4) in fluorescence intensity of myo-
cytes (5 cells were used). The residual fluorescence
levels are evidently caused by unspecific potential-
independent sorption of DiOC (3) by membrane
structures. In certain cases we observed nearly total
elimination of DiOC,(3) fluorescence in the presence
of sodium azide (Fig. 5).

We have demonstrated previously that probe
bleaching under effects of sodium azide in intact
myocytes is 40% only even under much higher con-
centration of the affecting substance (4 mM), ac-
cording to confocal microscopy data. This may be
explained by barrier function of plasma membrane
towards exogenous substances [10].
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The permeabilized cells responded adequate-
ly to CCCP treatment (Fig. 4). Addition of 10 uM
CCCP led to a marked decrease in DiOC(3) fluores-
cence, which may indicate a partial depolarization
of inner mitochondrial membrane under effect of the
protonophore. The quantitative analysis of the effects
demonstrates a 40% bleaching of the probe (6 cells
analyzed). The fairly modest depolarizing effects of
CCCP may be explained by inadvertent effects of
increase in DiOC (3) fluorescence in the presence of
ethanol from the protonophore’s stock solution.

It is hence possible to use laser scanning confo-
cal microscopy and DiOC,(3) probe to study polari-
zation of the inner mitochondrial membrane on per-
meabilized myocytes as well as on intact cells. We
observed decreased electric potential of mitochon-
drial membrane of intact and permeabilized cells,
which was evidently caused directly by the effect of
the investigated substances on mitochondria. The ef-
fect of sodium azide was more pronounced than that
of CCCP. In our opinion, this difference was caused
not by the difference in concentrations of the com-
pounds, but by NaN, degradation and consequent
production of reactive nitrogen species [19] and mi-
tochondrial catalase and cytochrome-c-oxidase in-
hibition by azide, which is associated with increased
reactive oxygen species generation [20, 21]. Hence,
both the protonophore and the respiratory chain in-
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Fig. 4. Decrease in fluorescence intensity (increase
in level of bleaching) of DiOC (3) at 5 min exposi-
tion in control and under effect of membrane depo-
larizing agents in myocytes permeabilized with 0.1%
digitonin;, M + m, changes are statistically signifi-
cant in comparison to control (P < 0.05), 5-14 cells
were used in independent experiments. The control
bar represents bleaching levels of the fluorescent
probe exposed to laser radiation in the absence of
the effectors. Confocal microscopy data
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Fig. 5. Quenching of fluorescence of DiOC (3) in digitonin permeabilized myocytes for 2 min under exposition

to 1 mM sodium azide. Confocal microscopy data

hibitor partially eliminate the electrical component
of mitochondrial electrochemical potential.

As can be seen from the mentioned parameters
of dissipation of electrical and chemical potentials
on the mitochondrial membrane, they generally do
not drop to zero value during 5-min exposure to
CCCP and sodium azide, with some exceptions. At
the same time, the concentrations we used are com-
monly employed for guaranteed dissipation of Ap,,,
on various experimental subjects. Our results can be
explained by assuming the existence of unspecific
sorption of fluorescent dyes by membrane structures
and macromolecular complexes of cytoplasm, and
this phenomenon is difficult or impossible to avoid.
One of possible solutions may be the use of com-
parative studies of other probes of various chemical
compositions in order to verify the results.

The dissipation of the electrochemical potential
of mitochondrial inner membrane affects function-
ing of Ca**-transporting complexes of mitochondria,
which may result in changes in Ca*" concentrations
of myoplasm. Various types of synthetic fluorescent
probes are currently employed to perform high-
quality readily available rapid evaluations of cellular
concentrations of ionized Ca, such as bioluminescent
aquarines, fluorescent proteins, and Ca**-fluorescent
indicators with low molecular mass. Of the latter,
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Fluo-4 AM has been widely used in biochemical
studies, which has a higher quantum fluorescent out-
put than its predecessors, permeates the biological
membranes more easily and consequently accumu-
lates faster within cells [11, 22].

We found noticeable increase in fluorescence of
Fluo-4 AM, a Ca*-sensitive probe, under the effect
of 10 uM CCCP without addition of exogenous Ca?",
which may signify an increase of Ca ions concen-
tration in myoplasm of myometrium cells due to its
release from intracellular stores (Fig. 6).

According to our calculations, the cation’s con-
centration nearly doubles (Fig. 7). This result is ex-
plained by the disabling of mitochondrial Ca?" uni-
porter due to elimination of electrochemical proton
gradient on their inner membrane by the protono-
phore. Therefore, the mitochondria cannot accumu-
late Ca ions from myoplasm under such conditions.
On the contrary, Ca*/H" exchanger may function
efficiently under the experimental conditions, thus
ensuring Ca*" release from the mitochondrial matrix
into the myoplasm.

Although the deenergizing effect of sodium
azide on mitochondria is even more pronounced
than that of CCCP, its effect on myoplasm concen-
tration of Ca ions was not strongly marked. This re-
sult may be explained by the presence of products of
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Fig. 6. Visualization with Fluo-4 AM of the increase in Ca** myoplasm concentration under effect of the 10uM
protonophore (top panel) and digital analysis of its ROI function (bottom panel). Confocal microscopy data
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Fig. 7 Increase in myoplasm Ca’* concentration in
intact cells under the effect of CCCP protonophore
(control values are taken as 100%); M + m, 8 cells
from independent experiments were used for the
analysis. Fluo-4 AM fluorescence in cells without
the effectors is taken as 100% (ordinate axis). Con-
focal microscopy data

NaN, degradation, which may efficiently modulate
activity of Ca*-transporting systems in myocytes.
Reactive nitrogen species, NO and its derivatives in
particular, induce relaxation of smooth muscle cells
via decrease in myoplasm Ca*" concentration. Their
biochemical targets may include energy-dependent
transport systems of the cation on plasma membrane
and sarcoplasmic reticulum. There is data concern-
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Fig. 8. Effects of Ca’*-ionophore and mitochondria-
deenergizing compounds on matrix Ca’* content (the
cation had been accumulated in energy-dependent
manner); F)— Fluo-4 AM fluorescent signal without
exogenous Ca’** addition (endogenous ionized Ca,
‘starting’ level), F' — Fluo-4 AM fluorescent signal
with addition of exogenous Ca’" and the investigated
compounds, (M = m, n = 5). Flow cytometry data
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ing properties of sodium azide as an indirect donor
of NO in biological systems [23].

In parallel to these experiments, we investi-
gated with flow cytometry the effect of the protono-
phore and sodium azide on matrix content of Ca ions
in mitochondria isolated by differential centrifuga-
tion from rat myometrium. Addition of exogenous
Ca?" to mitochondria suspension was associated with
the increase in fluorescence of Fluo-4 AM that had
been loaded into them in advance (Fig. 8, bar 1),
which indicates increased matrix Ca*" concentra-
tion. The cation was accumulated in the presence of
Mg-ATP?* and succinate for 5 min., at which moment
the stable level of Ca?* accumulation was achieved.
We ascertained the barrier function of mitochondri-
al inner membrane towards Ca ions by addition of
A-23187 Ca**-ionophore to suspension. This was as-
sociated with rapid release of the accumulated cation
(Fig. 8, bar 2). For the correct understanding of these
results it is important to note that the working princi-
ple of flow cytometer allows for detection of changes
in Ca ions concentration inside mitochondria, disre-
garding the extramitochondrial medium. The proto-
nophore and sodium azide caused efficient release
of accumulated Ca?* from mitochondria. The CCCP
effect was somewhat more marked than that of azide
(Fig. 8, bars 3 and 4).

On the other hand, 5-min preincubation of mi-
tochondria with the protonophore without exogenous
Ca?" led to decreased matrix cation levels by 20%
on the average (data not shown). Sodium azide had
no effect in these experimental conditions. Thus, so-
dium azide facilitated Ca** release from mitochon-
dria that had been loaded with cation, and had no
effect on ‘starting’ level of Ca*" in the organelles.
We assume that mitochondrial Ca*" content in non-
activated intact myocytes with low extracellular Ca*
concentration is lower than that during its energy-
dependent accumulation by isolated mitochondria.
This can be an additional explanation for the absence
or near absence of effect of sodium azide on myo-
plasm Ca?" concentration in intact cells.

Therefore, we demonstrate using laser scanning
confocal microscopy, flow cytometry, and fluores-
cent probes’ colocalization methodology that elimi-
nation of electrochemical proton gradient on the in-
ner membrane of mitochondria is associated with an
increase in myoplasm Ca ion concentration of uterus
smooth muscle cells. The fact that sodium azide, a
mitochondrial electron-transport chain inhibitor,
had no effect on myoplasm Ca?* concentration may
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be explained by degradation of the compound with
consequent production of reactive nitrogen species,
which modulate Ca?*-transport systems of myocytes.

EJJEKTPOXIMIYHWM IMMOTEHIIIAJ
BHYTPIIIHHOI MEMBPAHU
MITOXOH/IPIN TA Ca*-TOMEOCTA3
Y KIIITUHAX MIOMETPIA
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I3 Bukopucranusm Ca’-gyTauBoro ¢uyo-
PECIICHTHOTO 30HJ1a, OapBHUKIB, SKi B3a€EMOJIIOTH
3 MITOXOHJIPiSIMH, Ta METOY JIa3ePHOI CKaHyIO4O1
KOH(OKaIbHOT MIKPOCKOMII MPOAEMOHCTPOBAHO,
0 pyHHYBaHHS EJIEKTPOXIMIYHOTO TOTEHIlialy
Ha BHYTDIIIHIA MITOXOHApiaJbHIH MemOpaHi
MIOLMTIB MaTku mpoToHodopom carbonyl cyanide
m-chlorophenyl hydrazone, CCCP (10 mxM) Ta
inridiTopom IV KomIIekcy QuXaibHOTO JIaHIIOTa
azuioM Hatpito (1 MM) CynpoBOIKY€ThCS ICTOTHIM
3pocTaHHsM KoHIeHTparii Ca*" B Miomiasmi suie
y pasi aii mpotoHodopy, alie He a3uay HATPIo.

30Kkpema, 3acTOCyBaHHS CHenU(iYHOro 1070
MITOXOHJIpiii OapBHHMKa nonyl acridine orange
(NAO) Ta 9-amiHOaKpUANHY, IKUW 3B’SI3y€ThCA 13
MeMOpaHHUMH KOMITAPTMEHTaMU 3a HasBHOCTI
rpafieHTa MPOTOHIB, IOKa3ajo, IO BBEICHHS
npoTroHodopy Ta iHridiTopa JUXaJbHOrO JAaHLIO-
ra CHPUYMHIOE JIUCUIAIII0 TPaJieHTa TPOTOHIB
Ha BHYTpIIIHIA MITOXOHIpiaJbHIH MeMOpaHi.
3a OMOMOTrOI0  TOTEHIATIyTIHBOTO  (uryo-
PECIIEHTHOTO 30HJa KapOOIliaHiHOBOTO  PSIy
3,3"-murexcuiokcakapOoIliaHiHy JTOBEIEHO TaKOXK
JUCHIIALIIO EJeKTPUYHOIro MOTeHIiaty MeMOpa-
HU B yMOBax Jiii 3a3Ha4eHUX CIOJNYK. PyliHyBaH-
HS EJEeKTPOXIMIYHOTO TIOTEHINaly MITOXOHIPIH
carbonyl cyanide m-chlorophenyl hydrazone
CIPUYMHIOE 3HAa4HE 3pPOCTAaHHS (IyopecueHIii
Ca?*-uytnmBoro Oapsauka Fluo-4 AM B Mmiomna3smi
KJIITUH [J1aJJeHBKOT0 M’s3a.

OpeprxaHi pe3yabTaTH YITKO TiATBEPIKEHO
METOAOM TMPOTOKOBOI  mHUTOQUIyOpUMETpii Ha
130;1hbOBaHUX MU(EPEHIIHHUM HEeHTPU(PYTyBaHHIM
MITOXOHJIpisiX, HaBaHTaxkeHNX Fluo-4 AM. 3okpe-
Ma, iHiliffoBaHe fomaBaHHsIM ek3orenHoro Ca?* 3po-
CTaHHS KOHLIEHTpAIIil KaTioHa B MATPHUKCI TOBHICTIO
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npurHiuyerbes: carbonyl cyanide m-chlorophenyl
hydrazone.

Orke, 13 3aCTOCYBaHHSM JIBOX HE3aJICIKHHUX
CHEKTPO(PIYOPUMETPUYHUX METOTUIHHX ITiIXOJIIB,
a caMe JazepHoi KoH(]OKaIbHOI MiIKpOCKOMii Ta
IPOTOKOBOI HHUTOPIYOpPUMETPii, i3 BHKOPUCTAH-
HaM  Ca*-gyTiuBOro  (PIyopecIeHTHOrO 30Ha
Fluo-4 AM Ha Mozensix CBI)KOBUIIIIEHUX MIOLIMTIB
Ta 130JIbOBAaHUX JUPEpeHIiHIM TeHTpudyTY-
BaHHSIM MITOXOHJPISIX TJIAaJCHBKOTO M’si3a MaTKU
HiATBEPAKEHO BaXKJIMBY POJIb EIEKTPOXIMIYHOTO
rpaJieHTa BHYTPIUIHHOI MEMOpaHHU LIUX OpraHel B
MexaHi3Max miarpuMants Ca’*'-romeoctasy KIITHH
MIOMETpIsl.

KnmodgoBi cmoBa: MITOXOHIpii, Kallb-
i, eNeKTPOXIMIYHWMA TOTEHIan MeMOpaHu
MITOXOHAPiH, KaJIbIliEBUH TOMEOCTa3, OKCH a30TYy.

JIEKTPOXUMUYECKUI
MNOTEHIIMAJ BHYTPEHHEM
MEMBPAHBI MUTOXOH/IPUI
M Ca?*TOMEOCTA3 B KJIETKAX
MUOMETPUS
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C wucnonpzoBanueMm Ca?'-4yBCTBHTEIBHOTO
(iIyopecueHTHOr0 30HJa, KpacuTelled, KOTOphIe
B3aMMOJICHCTBYIOT C MUTOXOHJAPHUSIMU, U METOAA
JIa3epHON CKaHUPYIOLIEH KOH(OKAJIBHONH MHUKPO-
CKOTIIMU TIPOJEMOHCTPHPOBAHO, YTO pa3pylICHHE
ANEKTPOXMUMHUYECKOTO MOTCHIIMAa Ha BHYTPEHHEH
MUTOXOHJIPHAIILHOH MeMOpaHe MHOIUTOB MaTKH
nporoHodopom carbonyl cyanide m-chlorophenyl
hydrazone, CCCP (10 mxM) u unruduropom IV
KOMILJIEKCA JIbIXaTeIbHOW LEeMH a3uJOoM HaTpus
(I MM) compoBoXkaeTcsl CyLUIECTBEHHBIM POCTOM
KkoHIeHTpanuu Ca** B MHOIIIa3Me TOJIBKO B Clly4dae
JeicTBUS TPOTOHO(Opa, HO HE a3W/1a HATPHSL.

B wacTtHOCTH, TpHMEHEHHE CIEeHUPHIECKO-
ro JUisl MHTOXOHApUW Kpacutensi nonyl acridine
orange (NAO) u 9-aMuHOaKpUANHA, KOTOPBIA CBsI-
3BIBAETCSI C MEMOPAaHHBIMH KOMIIAPTMEHTAMU IPH
HAJIMYWU TPaJMEHTa IPOTOHOB, IIOKA3aJI0, YTO BBE-
JICHUE TIPOTOHO(GOpa U MHTHOUTOpA JbIXaTEIbHON
LENH BbI3bIBAET PACCEHBAHHE TPAHECHTA IIPOTOHOB
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Ha BHYTPEHHEH MHUTOXOHIpUaIbHOW MeMOpaHe. C
MOMOUIBIO MOTEHIMAIYYBCTBUTENBHOTO (hyopec-
LEHTHOTO 30HJa KapOouuaHMHOBOrO psiaa 3,3"-nu-
reKCHJIOKCakapOOMaHUHA JO0Ka3aHa JIUCCHITALUS
ANIEKTPUUECKOTr0 MOTEHIMa)Ia MEMOpPaHBI B YCIIOBU-
SIX IEUCTBUS YKa3aHHBIX COeAMHEHUN. Pa3pyienue
ANEKTPOXMUMHUECKOTO TMOTEHIHAIa MHUTOXOHIPHMA
carbonyl cyanide m-chlorophenyl hydrazone BbI-
3BIBACT CYNIECTBEHHBIH pocT uryopectiennnu Ca?'-
YyBCTBHTENBHOTO Kpacutens Fluo-4 AM B muo-
a3Me KJIETOK INIaAKON MBIIIIIEL.

[MonyuyeHHbIe pe3yNbTaThl KaueCTBEHHO MOA-
TBEP)KJAIOTCSI METOJIOM NMPOTOYHOW LUTO(GIyOopH-
METPUH Ha U30JUPOBAHHBIX TU(PepeHINaIbHBIM
LEHTPUPYTUPOBAHHUEM MHUTOXOHIPHUSIX, HATPY KEH-
HbIX Fluo-4 AM. B 4acTHOCTH, MHUIIMMPOBAHHBIH
nobasiieHreM sk3orenHoro Ca** pocT KOHIEHTpa-
LMW KaTHOHA B MaTPUKCE MOJTHOCTBIO TTOJABISETCS
carbonyl cyanide m-chlorophenyl hydrazone.

Hrak, ¢ mpuMeHEHHEM JBYX HE3aBHCHMBIX
CHEKTPO(IyOPUMETPUYHUX METOJUUYECCKUX MOAXO0-
JIOB, 2 MMEHHO JIa3ePHOI KOH(POKaIbHOH MUKPOCKO-
[TUW U TPOTOYHOM HUTO(PITyOPUMETPHUH, C HCTIOTB30-
BanneM Ca?’-qyBCTBHUTEIBHOTO (IIYOPECIIEHTHOTO
3o81a Fluo-4 AM, Ha MOmensaX HHTAKTHBIX MH-
OLIMTOB W H30JMPOBaHHBIX AM(depeHnnanTsHbIM
LUEHTPUPYTUPOBAHUEM MHUTOXOHJPUSX TJaJIKOH
MBIIIIBI MATKH MOATBEPKACHO BAXKHYIO POJIb AJIEK-
TPOXMMHUYECKOTO I'paJlueHTa BHYTpEeHHEe MeMOpa-
HBl DTHX OpraHell B MeXaHU3MaX IMOJJCpKaHUS
Ca?'-romeocrasa KJIeTOK MUOMETPHSL.

KnwoueBrie caoBa: MHUTOXOHAPHH, KaJIb-
LIPIﬁ, BHCKTDOXI/IMI/I‘IQCKI/Iﬁ INOTCHI KA M€M6paHLI
MI/ITOXOH,Z[pI/IfI, KaHLHHeBLIﬁ TroMeoCTas, OKCHUI a30Ta.
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