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Induction of mitochondrial swelling and increased generation of reactive oxygen forms by Ca ions
have been shown in suspension of mitochondria from rat uterus. These effects were suppressed by the blocker
of mitochondrial Ca**-uniporter ruthenium red and MPTP inhibitor cyclosporin A, that evidences that the
induction of mitochondrial permeability transition pore by Ca ions takes place. Ca**-induced mitochondrial
swelling was blocked by ATP-sensitive channel blocker glybenclamide but only if K* was present in the in-
cubation medium. We also demonstrated that Ca**-induced mitochondrial swelling can be eliminated in the
presence of ROS scavengers N-acetyl cysteine and ascorbate. This effect of scavengers was also sensitive to
K" and was not revealed in the medium that contained equimolar NaCl instead of KCI. Thus, our data gave
us grounds to assume that the induction of MPTP by Ca ions evokes the activation of mitochondrial ATP-

sensitive K'-channels, which are mediated by ROS.
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channels (K -channels) participate in regula-

tion of processes which are important for myo-
cytes, such as muscular contraction, combination of
excitement with energetic condition of myocyte and
others. [1, 2]. The role of these channels in regula-
tion of mitochondrial matrix volume, intensity of
electron flow in the electron-transport chain and its
coupled production of ATP in different tissues has
been determined. [3—5]. Although there is a lot of
available data on plasma membrane K, -channels,
the evidence of similar channels in mitochondria
membrane and, in particular, in smooth muscles is
rather scarce and disputable. The presence of K -
channel subunits in sarcolemma of myometrium has
been demonstrated in many studies [6, 7], and its
role in regulation of myometrium contraction has
been established. Nevertheless, presently the func-
tioning of this structure in mitochondria of myome-
trium has been studied insufficiently. As activation
of mitochondrial K, -channels (mitoK , -channels)
has considerable physiological effects on general
functioning of mitochondria in many tissues [8—11],

I n smooth muscles ATP-sensitive K*-transporting
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we have presumed that this structure may play an
important role in myocytes of myometrium.

We have previously demonstrated activation of
ATP- and diazoxide-sensitive K-trasporter in mito-
chondria of rat uterine smooth muscle by photon-
correlation spectroscopy and detection of side scat-
tering in suspension of myometrium mitochondria.
[12, 13]. Swelling of mitochondria in the environ-
ment containing K ions was inhibited to an extent
under presence of ATP [12]. ATP inhibition was re-
moved by the activator of K, -channels diazoxide
and was not observed when NaCl or choline chloride
were substituted equimolarly for KCI. Registrations
of side scattering correlate with data of measurement
of hydrodynamic diameter (HD) of mitochondria ob-
tained using the method of photon-correlation spec-
troscopy of isolated mitochondria of the rat myome-
trium [13]. Thus, in a standard incubation medium
with addition of oligomycin, the average HD of mi-
tochondria of myometrium is 459 nm, which corre-
lates with the real size of mitochondria in vivo [13].
The decrease of HD in the presence of ATP to 411
nm and its increase in the presence of ATP together
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with diazoxide up to 451 nm have been observed
only in the medium containing K ions [13]. So our
previous data gives us a possibility to presume ex-
istence of a transmitter of K ions that possesses the
characteristics of K, -channels in the mitochondria
of smooth muscle of the uterus.

It is well-known that Ca ions in muscles, in-
cluding smooth ones, control the process of con-
traction-relaxation of muscle tissue, activity of
Ca?*-dependent enzymes, and act as secondary
messengers in signal transduction from sarcolemma
receptors to the inter-cell membrane structures [14].
Thus, the regulation of homeostasis of such ions in
myocytes plays a crucial role in the normal function-
ing of tissue and organ in general. The evidence has
been presented of the sensitivity of accumulation of
Ca ions in mitochondria to presence of activators of
mitoK ,_ [8, 11]. It has been demonstrated [8, 11] that
activation of the channel may regulate Ca** transport
into mitochondrial matrix without damage to the vi-
tal capacity of organelle itself. According to these
results, mitoK , - may be an additional factor in the
regulation of homeostasis of Ca?* in a cell. Pathologi-
cal conditions, which lead to the increased contrac-
tile activity of the myometrium, are accompanied by
considerable concentration of Ca ions in cytoplasm
[14]. If the mechanisms of regulation of Ca?* homeo-
stasis in the uterus were clarified, this would give
ground for the development of new therapy for cor-
rection of such disorders. Therefore, the research of
mitoK, . in myometrium may be promising both for
basic and applied research.

The aim of the work was to study the effect
of Ca*" in high concentrations on glybenclamide-
sensitive transport of K in mitochondria of smooth
muscle of the uterus.

Materials and Methods

Mitochondrial isolation. Sexually mature fe-
male white rats with body mass of 150 to 200 g, were
anesthetized with diethyl ether or chloroform and de-
capitated. For extraction of mitochondria the uterus
tissue, that had been cleaned up from blood and fat,
was minced and homogenized on ice in 8 ml of iso-
lation buffer containing 250 mM of sucrose, | mM
of EDTA, 10 mM of HEPES, (pH 7.2 buffered with
TRIS). The homogenate was centrifuged for 7 min at
1000 g at a temperature of 4 °C. The supernatant was
separated and centrifuged for 7 min at 12 000 g at a
temperature of 4 °C. The sediment was resuspended
in extraction buffer (containing no EDTA) and kept
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on ice. Protein content was determined by Bradford
method [15].

Stock solutions of glybenclamide and cyclo-
sporine A had been prepared in DMSO and added
into cuvette immediately prior to measurement in the
amount of 1 pl per 1.8 ml of working volume (final
concentrations of glybenclamide and cyclosporine A
were 10 uM); 1 ul DMSO was added to the control
sample. Concentrated solution of ruthenium red had
been prepared in deionized water and added in the
amount of 5 pul per 1.8 ml of working volume (final
concentration of ruthenium red was 10 uM). Mito-
chondrial extraction buffer and working solutions
were prepared on deionized water. Solution of CaCl,
had been added to the cuvette prior to measurement
(up to a final concentration 100 pM of CaC).

Measurement of mitochondrial swelling has
been conducted by side scattering technique at
520 nm on the spectrofluorometer PTI Quanta Mas-
ter 40 (Canada) in the thermostated fluorimetric cu-
vette with magnetic stirrer at 28 °C. Standard incu-
bation medium contained: 10 mM HEPES (pH 7.2
at 28 °C, buffered with TRIS), 125 mM KCI, 5 mM
Na,HPO,, 1 mM MgCl,, 5 mM succinate, 5 mcM
rotenon, oligomycin 2 pg/ml. In case of usage of K-
free medium, the medium contained all the above-
mentioned components, excluding KCl, which izo-
tonically had been exchanged with 125 mM NaCl.
Solutions of ascorbic acid and N-acetylcysteine were
added before measurement up to final concentration
of 200 and 100 puM, respectively. Final protein con-
centration in the cuvette was 55-60 ug/ml.

Measurement of reactive oxygen species (ROS)
generation was conducted using ROS-sensitive probe
2,7-dichlorofluorescein-diacetate (DCF-DA) in spec-
trofluorometer PTI Quanta Master 40 (Canada) in
a thermostated fluorometric cuvette with magnetic
stirrer at 28 °C in the incubation medium which
contained: 10 mM HEPES (pH 7.2 at 28 °C, added
2M TRIS), 125 mM NaCl, 5 mM Na HPO,, 1 mM
MgCl,, 5 mM succinate, 5 uM rotenone, oligomycin
2 pg/ml. Final protein concentration in cuvette was
50 pg/ml. Nonfluorescent and membrane permeable
form of dichlorofluorescein — DCF-DA — easily pen-
etrates membrane. Once inside the mitochondrial
matrix the acetate group of DCF-DA was cleaved
by esterases yielding nonfluorescent product 2.7-di-
chlorofluorescine, which accumulated inside. Oxida-
tion by ROS yields the fluorescent product dichloro-
fluoresceine (DCF) [16, 17]. Small aliquote of stock
solution of DCF-DA was added to the incubation
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medium right before measurement to the final con-
centration of 4 uM. Wavelengths of the excitation
and emission of the fluorescence was 504 nm and
520 nm, respectively. Registration of fluorescence
started 1 s after addition of aliquote of the suspen-
sion of mitochondria.

An analysis of the results and graph generation
was conducted with Microcal Origin, version 5.0
(Microcal Software Inc., USA). Data were analyzed
using Student’s 7-test. A value of P < 0.05 was con-
sidered statistically significant.

Chemicals: sucrose, HEPES, KCl, CaCl, (1 M
solution), rotenone, oligomycin, succinate, N-acetyl-
cysteine, cyclosporine A, ruthenium red, glybencla-
mide, 2.7-DCF-DA were by Sigma — Aldrich (USA);
TRIS, EDTA, NaCl were by Fluka (Switzerland);
other chemicals were by domestic manufacturer
(Ukraine).

Results and Discussion

Fig. 1 contains typical light scattering traces
from uterus mitochondria respiring in K" medium.
In the absence of CaCl, (Fig. 1, curve I), the matrix
swelled to a lower steady-state volume. Addition of
100 uM CaCl, resulted in a faster swelling rate and
consequently in higher steady-state volume (Fig. 1,
curves 2). This effect of Ca ions was reversed by
known blocker of Ca?*-uniporter in mitochondria
ruthenium red (RuR) (10 uM) as well as by the
blocker of the mitochondria permeability transition
pore (MPTP) cyclosporine A (10 uM). The intensity
of light scattering in case of curves 3 and 4 (Fig. 1)
coincided with that of the control curve (Fig. 1,
curves /, 3, 4). Dependence of light scattering of
mitochondria on RuR and cyclosporine raises the
possibility of involvement of MPTP in the dramatic
increase of mitochondria matrix swelling in the pres-
ence of CaCl, in high concentration.

Ca?"-induced mitochondria swelling in K' me-
dium was by 30% higher than in the medium with-
out K', with equimolar substitution of 125 mM KCI
by NaCl (Fig. 2, columns 7, 3). This data gives a
possibility to admit other process, besides activa-
tion of MPTP, involved in mitochondria swelling in
KCI medium. We have presumed an activation of K
conductance throughout mitochondria inner mem-
brane in the presence of 100 uM CaCl,. To check
our presumption, blocker of the K, -channels gly-
benclamide was used. It appeared that addition of
glybenclamide (10 uM) to KCl medium with re-
spiring mitochondria in the presence of 100 pM
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CaCl, resulted in the lowering of steady-state vol-
ume swelling of the mitochondria matrix (Fig. 2,
columns / and 2), while in the absence of K ions,
when 125 mM KCl was substituted by 125 mM NaCl
(Fig. 2, column 3, 4), glybenclamide failed to cause
such an effect. Results from Fig. 2 indicate the acti-
vation of K'-dependent glybenclamide-sensitive mi-
tochondria swelling in the presence of Ca*" in high
concentration.

It has been shown in mitochondria extracted
from different tissues that the opening of MPTP
is accompanied by the increase of ROS production
[17, 18]. To prove this fact, regarding the myome-
trium mitochondria, we have measured generation
of ROS in the suspension of mitochondria extracted
from smooth muscle of the uterus. Potentiality of
usage of probe DCF-DA for ROS measurement in
isolated mitochondria was demonstrated by O’Brien
et al. [17]. It is known that ROS may activate K-
channels in myocytes [10, 19]. Operation of K*-chan-
nels on the inner mitochondrial membrane, which
existence had been demonstrated in the works [3-5,
10, 18, 19], could cause considerable error in meas-
urement of ROS production, because activation of
these channels under conditions of stress leads to
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Fig. 1. Typical curves of the light scattering dyna-
mics of uterus mitochondria under conditions of
Ca** overloading. 1 — standard incubation medium
with mitochondria (see “Materials and Methods” for
details); 2 — 100 uM CaCl, was added to the stand-
ard incubation medium with mitochondria just be-
fore the addition of mitochondria suspension, 3 and
4 — standard incubation medium with mitochondria,
100 uM CaCl, and 10 uM ruthenium red and 10 uM
cyclosporine A, respectively. Arrow signs the addi-
tion of the mitochondrial suspension (M = m, n = 5)
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a decrease of generation of free radicals in mito-
chondria. The last effect is thought to be a basis for
cytoprotective action of these structures [18, 19].
Thus, the ROS production in uterus mitochondria
with DCF-DA has been measured in the medium
free from potassium ions with 125 mM NaCl, since
there are reliable data that in the membrane of mi-
tochondria of myometrium there are no structures
providing the trasportation of Na ions [20]. Addition
of 100 uM CaCl, to the incubation medium led to a
slight but reproducible increase of the ROS produc-
tion in comparison with control curve (without Ca
ions) (Fig. 3, curves 1, 2). At the same time in the
presence of 10 uM of cyclosporine A the level of
DCF fluorescence corresponded to the control one,
without Ca ions (Fig. 3, curves 2, 3). Thus, the re-
sults shown on Fig. 3, give us the basis to presume
that the activation of cyclosporine-sensitive pore by
Ca ions in the uterus mitochondria is accompanied
by the increase of the level of ROS production.

Data of Queliconi et al. [10] indicate that ATP
mitoK", -channels may be activated under con-
ditions of oxidative stress as a response to the in-
creased level of ROS production. We have assumed
such a mechanism of activation of mitoK,_ in the

ATP
myometrium mitochondria. To check our assump-
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Fig. 2. Glibenclamide suppresses Ca’*-induced
mitochondrial swelling. 1, 2 — Ca**-induced
mitochondrial swelling in a standard incubation
medium without and with glybenclamide (10 uM)
respectively;, 3, 4 — Ca’*-induced mitochondrial
swelling in K- free medium (with 125 mM NaCl
instead of KCI) without and with glybenclamide
(10 uM) respectively; 100% is a difference between
the plateau levels of light scattering of mitochondrial
suspension in a standard incubation medium with
and without 100 uM CaCl, (Fig., curves 1 and 2).
8 — difference is significant relative to 1 (P < 0.05);
@ — difference is significant relative to 1 (P < 0.05)
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Fig. 3. Cyclosporin A suppresses Ca’*-induced ROS
generation in uterus mitochondria in K'-free medium
(with 125 mM NaCl instead of KCI). 1, 2 — ROS
generation measured in mitochondria with DCF
in medium without and with 100 uM CaCl, respec-
tively (see “Materials and Methods” for details); 3 —
ROS generation in mitochondrial suspension after
addition of 100 uM CaCl, and 10 uM cyclosporine

tion, we have used scavengers of ROS N-acetyl
cysteine and ascorbic acid in light scattering measu-
rements of mitochondria in the presence of 100 uM
CaCl, (Fig. 4, curves [-4). It appeared that addition
of 100 uM of NAC, as well as 200 uM of ascorbate
together with 100 uM of CaCl,, led to the reliable
decrease of mitochondria matrix swelling (Fig. 4,
curves 3, 4). Yet the scavengers did not significantly
influence Ca?*-induced swelling of mitochondria af-
ter 125 mM KCI had been exchanged for equimolar
NaCl. Thus, we have shown that the removal of ROS
from the incubation medium leads to a considerab-
le decrease of Ca?-induced uterus mitochondria
swelling in K" medium.

Concentration of Ca*" in cytosol in myocyte
under resting condition is about 100 nM [21]. Muscle
contraction or metabolic stress causes the increase
of Ca?" concentration in cytosol by several orders of
magnitude, reaching hundreds micromoles in par-
ticular microdomains of cytoplasm [22]. Homeosta-
sis of Ca*" in cells is strongly regulated by plasma
membrane, as well as intracellular organelles — endo/
sarcoplasmic reticulum and mitochondria. Thus, sar-
coplasmic reticulum (SR) is one of the pools for Ca**
inside the muscle cells [22]. Concentration of Ca ions
in SR may reach 200 uM and more. Ca?* efflux from
SR in response to some stimulus, after which con-
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Fig. 4. ROS scavengers suppress Ca’ -induced mitochondrial swelling in a standard incubation medium.
A — mitochondrial swelling in a standard incubation medium; B — mitochondrial swelling in K -free medium
with 125 mM NaCl instead of KCI (see “Materials and Methods” for details). 1, 2 — mitochondrial swelling
in medium without and with 100 uM CaCl, respectively (see “Materials and Methods” for details); 3, 4 —
addition of 100 uM CaCl, with 100 uM NAC or 200 uM ascorbate, respectively (M +m; n = 5)

centration of Ca ions in this compartment decreases
from 200 mo 50 uM [23] was shown. Concentration
of Ca*" in microdomains, which are located very
close to SR, may reach 100 uM [22, 24]. Close inter-
action between mitochondria and SR has been dem-
onstrated [25]. Thus, mitochondria may be exposed
to extremely high concentrations of Ca ions [18, 24].
Ca”" entry into mitochondrial matrix is provided by
Ca*"-uniporter and depends on membrane potential,
which is close to -150 to -200 mV and is supported
by the electron-transport chain [26, 22]. Low affin-
ity of the uniporter for Ca ions with K, value of
1-189 uM is compensated by the high rate of Ca*" ac-
cumulation [27]. It is suggested that due to high rate
of ion accumulation of Ca**-uniporter, mitochondria
are able to quickly withdraw the excess Ca?" from
cytosol, playing a role of highly capable intercellu-
lar Ca?*-buffer, thus preventing from deregulation of
metabolic processes by Ca ions and protecting the
cell from death. But it is also well-known that high
matrix concentrations of Ca®* disrupt mitochondrial
function [26, 27]. Thus, Chen et al. have demonstrat-
ed that in cardiomyocytes high local concentrations
of Ca?" in cytosol, as a result of spontaneous efflux
of Ca*" from SR, evoke an overloading of mitochon-
drial matrix by Ca ions and opening of the MPTP,
which was depressed by blockers of Ca?*-uniporter
ruthenium red and Ru 360 [27]. Induction of MPTP
is accompanied by swelling of mitochondrial ma-
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trix as a result of osmotic arrival of water. This
may be measured by light scattering at 520 nm [11].
We observed a considerable decrease of the light
scattering of suspension of mitochondria after addi-
tion of 100 uM CaCl, (Fig. 1, curve 2) in comparison
with control (Fig. 1, curve ), which prove the induc-
tion of MPTP by Ca ions in myometrium, because
this process was fully depressed in the presence of
MPTP inhibitor cyclosporine A (Fig. 1, curve 4).
Sensitivity of mitochondria swelling to blocker of
Ca?-uniporter RuR is a proof that Ca**-induced mi-
tochondria swelling is accompanied by transport of
Ca ions through the mitochondrial Ca* -uniporter
(Fig. 1, curve 3), which is also confirmed by the data
of Chen et al. [27].

Opening of Ca**-induced MPTP leads to dis-
sipation of mitochondrial membrane potential, de-
crease of ATP synthesis, escape of cytochrome c
from inter-membrane space and induction of ne-
crosis or apoptosis [28]. It is also known that mi-
tochondria possess functional plasticity in response
to metabolic stimuli, which help them survive under
stress conditions [29]. Activation of K™-channels lo-
cated on the inner mitochondrial membrane could
be one of the factors providing the preservation of
the physiological parameters of mitochondria func-
tioning under stress conditions [3-5, 10, 19, 30]. The
existence of Ca?*-dependent and ATP-sensitive K'-
channels in mitochondria was shown [3-5, 31, 32].
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Also pharmacological activation by selective activa-
tors has been demonstrated for both types of chan-
nels [20, 31]. Sato et.al. have shown on cardiomyo-
cytes that the influx of K ions via the Ca**-dependent
and ATP-sensitive channels, induced by NS-1619 and
diazoxide, respectively, happens independent of each
other, leading to additive effect [33]. Also, Ljubko-
vic et al. have demonstrated that the expression of
pore forming mitoK,  subunit Kir6.2 in mitochon-
dria of cardiomyocytes exerts cytoprotective effect
in conditions of Ca?" overloading in the absence of
pharmacological activators of mitoK , ., which may
also prove an activation of mitoK , in conditions of
stress [9]. Besides this, it is known that Ca?*-sensitive
K*-channels are activated under depolarization and
increased Ca?" concentration [34]. Thus, under con-
ditions we used, we may assume functioning of both
structures. But, taking into the account that the acti-
vation of mitoK, , leads to partial depolarization of
mitochondrial membrane of myometrium, that was
demonstrated by us earlier [13], and to a decrease of
Ca accumulation in the matrix [8, 11], as well as that
regulatory site for Ca?" on the mitochondrial Ca?*-
sensitive K'-channhel (mitoK_ ,.) is located on the
matrix side of the inner membrane, we assume that
activation of mitoK , , may decrease a probability of
opening of mitoK_ ,, [33, 35].

Our data proves the activation of mitoK ATP
under conditions of overloading of mitochondria
by Ca ions because K, -channel blocker glyben-
clamide considerably decreased Ca?*-induced de-
crease of mitochondria swelling in standard incuba-
tion medium containing K ions. Thus, swelling of
mitochondria in the standard incubation medium
with glybenclamide was substantially decreased in
comparison with standard conditions. The blocker
did not influence this process in K free medium
(Fig. 2, columns 1, 2). Thus, our data allow us to as-
sume the participation of both MPTP and mitoK ,
in mitochondria swelling under standard conditions.
In K'-free medium containing 125 mM NaCl in-
stead of KCl, the plateau level of swelling caused by
100 meM CaCl, was 70% of control (standard condi-
tions with KCI), but not 50%, as that was in the case
with glibencamide in KCI (Fig. 2, columns 2, 3). It
is likely that contribution of both processes to Ca*'-
induced mitochondrial swelling is not additive. Ac-
cording to data presented in Fig. 2, the contribution
of Ca*"-induced MPTP to mitochondrial swelling in
the standard incubation medium with glibencamide
(Fig. 2, column 2) is by 20% less than in the K'-
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free medium with NaCl (Fig. 2, column 3). Thus, it
may be assumed that the activation of glibencamide-
sensitive component of Ca?*-induced mitochondrial
swelling leads to partial decrease of contribution of
Ca?*-induced MPTP to mitochondrial swelling.

One of possible factors that activate mitoK,
under conditions of Ca?" overload may be increased
ROS generation as a result of opening MPTP [17]. In
particular, such an effect of ROS has been shown for
mitoK . of myocytes [19] and we assumed a pos-
sibility of such mechanism of activation of mitoK ,
of smooth muscle of the uterus. That is why the
next logical step of our research was measurement
of ROS generation in myometrium mitochondria.
Using ROS-sensitive fluorescent probe DCF-DA,
we have shown that the activation of Ca**-induced
MPTP is accompanied by the increase of ROS pro-
duction (Fig. 3). ROS generation measurements in
myometrium mitochondria have been conducted in
the incubation medium that does not contain K ions
in order to avoid possible influence of activation of
K*-channels on the ROS production that was shown
for mitoK, , of different tissues [19, 36]. MPTP in-
hibitor cyclosporine A suppressed the increasing of
ROS production. This may confirm our assumption
that the increase of ROS generation under conditions
of Ca*" overload is due to the induction of MPTP
(Fig. 3, curve 3).

Thus, we have demonstrated that the induc-
tion of cyclosporine-sensitive MPTP by Ca ions
causes intensive swelling of mitochondria of myo-
metrium and is accompanied by the increase of ROS
production. To check a possibility of activation of
mitoK . of myometrium by ROS we have studied
the influence of ROS scavengers in the measure-
ments of mitochondrial swelling. To our surprise,
it appeared that the exclusion of ROS from the in-
cubation medium by 100 uM N-acetylsysteine (or
200 uM ascorbic acid as well) had not considerable
influence on the steady-state level of Ca?'-induced
mitochondrial swelling in K free medium con-
taining 125 mM NaCl (Fig. 4, B, curves 3, 4), but
it might be admitted that elimination of ROS could
decrease the negative effect of MPTP induction on
mitochondria. Nevertheless, under control condi-
tions (namely, medium containing 125 mM of KCI
with no additions), we have observed full suppres-
sion of Ca?'-induced mitochondrial swelling by ROS
scavengers (Fig. 4, 4, curves 3, 4). If we assume that
mitoK , _ of myometrium is activated by ROS, then

ATP
the results shown in Fig. 4, 4 somewhat contradict
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the results presented in Fig. 2. It might be expected
that if scavengers are present (Fig. 4, 4, curves 3,
4), only the contribution of activation of mitoK .
to the swelling process will be suppressed, and the
component responsible for MPTP-induced swelling
would not change. Moreover, if we take into account
that in the medium containing NaCl the ROS scav-
engers did in no way influence the steady-state level
of Ca**-induced mitochondrial swelling (Fig. 4 B,
curves 3, 4). Nevertheless, persistence of the effect
of ROS scavengers in the standard K™-medium and
its absence in the K™-free medium, in our opinion,
may prove the above-mentioned assumption that the
activation of glybenclamide-sensitive component of
swelling in the presence of 100 uM CaCl, is medi-
ated by ROS and connected to the transport of K
ions through the mitoK , ..

Thus, the results of our study allow us to make
the assumption that the activation of mitoK, , in
myometrium is mediated by ROS under conditions
of the Ca*-induced cyclosporine-sensitive MPTP.
It is necessary to take into consideration that mito-
chondria not only provide a cell with ATP, but also
serve as a high capacity inner cell Ca*" pool, which
participates in Ca*" homeostasis in cytosol [18, 26].
Ca ions in muscle cells couple processes of excitation
and contraction. That is why the disorder in normal
functioning of these subcellular structures in myo-
cytes would lead to disruption of electro-mechanical
coupling in muscles [37]. Because transport of K
into mitochondria regulates accumulation of Ca in
matrix [9, 11, 19, 20], activation of mitoK , ., may be
considered as a defensive mechanism, encouraging
not only normal mitochondria functioning and via-
bility of myocyte in general, but also participating in
regulation of Ca’" homeostasis in cells.

The contribution of mitoK _ , to Ca*-induced
change of uterus mitochondria swelling remains un-
clear. Despite its activation has been shown by phar-
macologically and physiologically active substances
under conditions of metabolic stress, the mecha-
nisms of its activation and ways of its regulation in
smooth muscles are not known for sure. For example,
the inhibition of this structure in smooth muscles of
vessels by active forms of oxygen has been shown in
some works [38, 39], that might prove impossibility
of activation of mitoK_ ,, under conditions of Ca*-
induced pore opening. Other works have demons-
trated that mediated by protein kinase A activation
of mitoK . ,, exerts cytoprotective effect under stress
conditions, caused by Ca*" overload in cytosol [35].
The absence of reliable data about functioning of
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this structure in smooth muscles, in particular, in
myometrium determines a necessity to conduct stud-
ies in this direction. Thus, in future researches we
are planning to study a possibility of mitoK_. ,, ac-
tivation in the mitochondria of myometrium under
conditions of B Ca?*-induced MPTP and distinguish
a separate contribution of mitoK , and mitoK . to
countering the negative effects of induction of cyclo-

sporine-sensitive MPTP.

AKTMBAILIS YYTJIMBOIO JIO
TJIIBEHKJIAMIJY HABYXAHHS
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[lokazano, mo iomm Ca IHOIYKYIOTh Ha-
OyXxaHHsI MITOXOHIpI MioMmeTpiss ImypiB Ta
AaKTHUBYIOTh IIPOLECH OKHCJICHHS, SIKI CYIIpO-
BOJUKYIOTBCSL ITI/IBUIIICHOIO TEHEPAI[icl0 aKTHB-
Hux ¢opm kucHio. Lli edexTn NpUTHIYYIOTHCS
B TIPUCYTHOCTI OJIOKaTopa MITOXOHIPiaIbHOTO
Ca?’-yHinopTepa pyTEeHIEBOrO YepBOHOTO Ta OJIO-
KaTopa MITOXOHJPIAJIbHOI TIOPH  ITUKJIOCTIOPH-
HYy A, 10 CBITYUTH PO akTuBaijito ionamu Ca
MITOXOHJIPiaJIbHOT TIOPH TEPEeXiAHOI MPOHUKHOCTI
B MITOXOHJIpisiX MiomeTpis. [HmykoBane 100 MxM
CaCl, nabyxaHHs MiTOXOHpIA OyJ10 YyTIHBHM JI0
mpucyTHOCTI Omokaropa ATP-ayTnuBux K -kanamis
rmidenkinaminy (10 MkM) B cepemoBuii, fKe
MicTuio ioHu K i HEUyTIMBHM JI0 TIIOCHKIAMiTy
B Oe3kamieBoMy cepemosuiii. Ca* -iHaykoBaHe Ha-
OyXaHHsSI MITOXOHJApIH YyCyBayocs CKaBeHIKepa-
MH aKTHBHUX (opM KUCHIO N-ameTHIIUCTEeTHOM i
ackopbaTom y cepenoBuiii, sike Mictuino K i Oyio
HEYYTIUBAM JIO [HX PEYOBHH Yy Oe3KaiieBoMy
cepenoBuili. TakuM YHUHOM, MOXHO 3POOHTH
MPUIYIIEHH, 0 B yMOBax iHAYKIii ionHamu Ca
MITOXOHPiaJIbHOI TIOPH TIEPEeXiAHOI MPOHUKHOCTI
BinOyBaeThes aktuBalis ATP-uytiuBux K -kananis
Y MITOXOHAPISX MIOMETPis, IKa OTIOCEPEIKOBYETHCS
AKTHBHUMU (OpPMaMU KUCHIO.

KnogoBi cmoBa: MiToXoHApIi, MiTOK
KaHall, MITOXOHJIpiajdbHa  TIOpa
nporukHocTi, Ca?’, MioMeTpiii.

UATP.
NEepexX1aHO1
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AKTHUBAILIMSI YYBCTBUTEJIBHOIO
K IMTUBEHKJIAMUY
HABYXAHWSI MUTOXOHIPUIA
MHMOMETPHSI KPBIC B YCJIOBUSIX
WHIYKIMT IUKJIOCIOPUH
A-UYBCTBUTEJLHON
MUMTOXOHAPUAJBLHOM MOPBI

O. b. Baoswoxk, C. A. Kocmepun

WucTuTyT Onoxumuu um. A. B. [Tannanuna
HAH Vkpaunsi, Kues;
e-mail: olga vadzyuk@hotmail.com

Ilokaszano, yto nonsl Ca MHAYLUPYIOT HAOY-
XaHHE MUTOXOHJPHH MHOMETPHS KPBIC M aKTHUBH-
PYIOT HpOLECCHl OKHCIIEHUS, CONPOBOXKIAIOIINeE-
Csl TIOBBIIICHHBIM O0pa30BaHMEM aKTHUBHBIX (opMm
kucaopona. OTH 3(P(GEeKThl MOJABISIOTCS B INPH-
CyTCTBUH OJoKaropa MHTOXOHApuanbHoro Ca’'-
YHHUIIOpTEpa PYTEHHUEBOTO KPAacHOro M OJoKaTopa
MUTOXOHIPHAJIIBHONH HOPbI LUKJIOCIOpUHA A, 4TO
CBHJETENBCTBYET 00 akTuBanuu umoHamu Ca MH-
TOXOHJPHAJIBHONW MOPbI TEPEXOAHOHW IpOHHUIIae-
MOCTH B MHUTOXOHApPUAX MuoMmeTpus. uayuupo-
Bannoe 100 mxM CaCl, nabyxanue MHTOXOHIPHI
YMEHBIIAJIOCh B TPUCYTCTBUU Onokatopa ATP-
qyBCTBUTENbHBIX K'-kaHanoB raubeHkIamMuaa
(10 MmxM) B cpene, comepxaiieii HoHbI K 1 He u3-
MEHSUIOCHh NOA ACHCTBHEM IIIMOCHKIaMuia B 0e3-
kajueBoit cpenme. Ca*'-mHAyIHHMpOBaHHOE Halyxa-
HUE MUTOXOHAPHUH YCTPaHAJIOCh CKaBEHIKEpaMH
aKTHUBHBIX (opM Kuciopona N-aleTHILUCTEHHOM
u ackopbatoM B cperne, copepskaiieil nonsl K u He
3aBHCHJIO OT 3THX BEIIECTB B O€3KaJIMEBOIl cpere.
Takum 00pa3oM, MOKHO IPEANONOKHUTh, YTO IpPU
HHAYKIUU MoHaMH Ca MUTOXOHIPHAJIBHON IOPHI
MEPEXOJHON MPOHNUIIAEMOCTH IPOMCXOIUT aKTHBA-
uust ATP-uyBcTBUTENBHBIX K'-KaHATIOB B MUTOXOH-
OpUSX MHOMETPHS, KOTOpasi ONOCPEAYETCSI aKTHB-
HBIMH (hOpMaMH KHCIOPOZA.

KnrwoueBbre CIIOBAa:  MUTOXOHIPHH,
MHTOK | _-KaHaJ, MUTOXOHJpHAIIbHAsA Iopa mHepe-

XO/IHOM mponnnaemMoct, Ca*', MuoMeTpuii.
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