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K*-channels, in particular, ATP-sensitive K*-channels of plasma and inner mito-
chondrial membranes, play a significant role in regulating the contraction-relaxation pro-
cesses in visceral smooth muscles. The specificities of these channels and their role
in maintaining excitation have been well investigated for the cardiac muscle and smooth
vascular muscles. However, scarce data exist about the involvement of these channels,
especially the mitochondrial ones, in regulating myometrium contractions. The tenzo-
metric methods and mechanokinetic analysis were used to study the regularities in
oxytocin-induced contractions of smooth muscles of non-pregnant rats myometrium un-
der the conditions of modulating ATP-sensitive K*-channels of plasma and inner mito-
chondrial membranes. It was determined that prior incubation of myometrium in the
presence of the blocking agents of K,;,-channels of plasma membrane and mitochon-
dria (glibenclamide and 5-hydroxydecanoate, respectively) was generally associated
with the increase in the phase and, in some cases, tonic components of oxytocin-induced
contractions. There was an increase in the amplitude of oxytocin-induced contractions at
the background of the impact of glibenclamide (the range of concentrations used was
1-10 pM) without significant changes in the area under these mechanograms; the velo-
city of relaxation increased considerably as well. The blocking agent of mitochondrial
ATP-sensitive K*-channels, 5-hydroxydecanoate (in the concentrations of 50 uM and
200 uM) caused considerable changes in the kinetics of the processes of intensification
(the increase in velocity) and decline (more than 2-fold decrease in the velocity) in com-
parison with the force of oxytocin-induced contractions, but it did not impact their ampli-
tude and the area under mechanograms. The most significant effect, demonstrated by
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the activator of ATP-sensitive K*-channels of diazoxide (the range of concentrations
was 50-200 uM), was the reduction in the area under oxytocin-induced contractions by
half. This compound also caused a decrease in the amplitude of contractions and
a considerable increase in the maximal velocities of the intensification and decline
phases for the force of oxytocin-induced contractions. The combined effect of the blo-
cking agents of K,;,-channels of plasma and inner mitochondrial membranes, gliben-
clamide (10 uM) and 5-hydroxydecanoate (200 uM), was accompanied by the increase
in the amplitude of oxytocin-induced contractions and the changes in the kinetics of
contraction and relaxation processes. Thus, the data obtained demonstrate that K,;.-
channels of plasma membrane and mitoK,;,-channels in non-pregnant rats’ myome-
trium play a modulating role in forming the contractive response to the uterotonic hor-
mone oxytocin. These channels are involved in the regulation of the contractive function
of myometrium, modulating the amplitude of contractions, the ability of long-term strain
support and the kinetics of contraction and relaxation processes.

Keywords: smooth muscles, myometrium, ATP-sensitive K*-channels of plasma
membranes and mitochondria, mechanokinetic analysis

INTRODUCTION

Smooth muscles (SM) play a vital role in the functioning of internal organs and
systems of the organism, forming the structural-functional basis for the gastrointestinal
tract, the vascular bed, the genito-urinary system, and respiratory pathways. In general,
the regulation of the capability to maintain basal strain and active contraction of SM is
ensured by changes in the intracellular concentration of Ca?* ions, which is conditioned
by the combination of diverse processes: the work of energy-dependent systems of
Ca?"-extrusion from the cell, the penetration of these ions via calcium channels from the
extracellular space and the release from the intracellular depots (sarcoplasmatic reticu-
lum and mitochondria) [4, 5, 39, 30]. The regulation of Ca?*-dependent processes of SM
contraction-relaxation is considerably performed by K*-channels, including ATP-sensitive
K*-channels (K -channels). It was established that the activation of these channels
reduced the duration of the action potential, thus decreasing the release of Ca?" into the
cytosol that conditioned muscle relaxation [1, 31, 36].

Kare-channels of two types are expressed in the uterus tissues: the inwardly recti-
fying K,rp-channel of plasma membrane and mitochondrial ATP-sensitive K*-transporter
(mitoK ;;.-channel) [23, 25, 27]. K,,-channels of plasma membrane play one of the key
roles in regulating the membrane potential of the myocyte and the contractive activity of
myometrium tissue. For instance, it was demonstrated that during pregnancy and up to
delivery there were changes in the properties of these channels, including the sensitivity
to pharmacological and physiological regulators (Ca?" ions and membrane potential)
along with the decrease in the expression of its subunits [10, 23]. According to other
researchers [11, 26], the expression rate of these channels depends on the age and the
functional state of myometrium: on the one hand, it decreases at late stages of preg-
nancy, and on the other — it increases in non-pregnant uterus of a woman with age. It
indicates the relevance of ATP-sensitive K*-channels as regulators of the functional
state and excitation of the uterus.

MitoK,,-channels are capable of regulating the bioenergetic state of mitochondria,
affecting such relevant indices as the intensity of breathing and membrane potential of
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the inner membrane, which, in its turn, impacts the physiological state of smooth muscle
cells (SMC) and SM tissues in general [32, 34]. They also regulate the velocity of for-
ming reactive oxygen intermediates and demonstrate their cytoprotective action under
pathological conditions, under the influence of pro-oxidant factors and high concentra-
tion of Ca?* ions [19].

Both plasma and mitochondrial K,;--channels in muscles are essential for maintai-
ning normal functioning of myocytes and SM in general. The activation of K,;,-channels
leads to the decrease in muscle excitation and preservation of the energy balance in all
the types of muscles, without exceptions, under both normal and pathological condi-
tions. It was concluded that the cells of myometrium of both non-pregnant and pregnant
women and female rats contain diazoxide-sensitive K, .-channels, whose activation
results in inhibiting the contractions of the uterus [15, 25, 27]. The scientific data dem-
onstrate good prospects for applying the effectors of K*-channels (including the activa-
tors of K,;,-channels) as tocolytics during the therapy of premature delivery [2, 13, 14].

The aim of our study was to investigate the involvement of K,;.-channels of plasma
and mitochondrial membranes in maintaining the coordinated contractive activity and
their role in modulating oxytocin-induced contractions of myometrium of intact fragment
of the uterus wall with preserved mucosa.

MATERIALS AND METHODS

The experiments were conducted using Wistar line rats (the average weight of ani-
mals was 200-250 g). All the manipulations with animals were conducted according to
the International convention for the protection of animals and the Law of Ukraine “On
Protection of Animals from Cruelty” (the Minutes of the meeting of bioethics commission
of SSC Institute of Biology and Medicine No. 3 dated May 2, 2019). The animals were
killed by the introduction of a lethal dose of propofol narcosis (Sigma).

The tenzometric experiments were conducted using the preparations of longitudi-
nal smooth muscles of uterine horns. Muscle stripes (the average size —2x10 mm) were
placed into the working chamber of 2 mL with the flowing Krebs solution (the flow rate
of 5 mL/min), thermostated at 37 °C. The Krebs solution contained (in mM): 20.4 NaCl;
5.9 KCI; 15.5 NaHCO,; 1.2 NaH,PO,; 1.2 MgCl,; 2.5 CaCl,; 11.5 glucose; pH of solution
was 7.4. The preparations were provided with passive tension at the rate of 10 mN and
left for 1 h (until achieving stable reproduction of contractions). The contractive activity
was studied in the isometric mode using the force sensing device. The signals were
registered with an analogue-to-digital transformer.

The contractions were induced by the application of uterotonic hormone oxytocin
(0.1 i.u., the average concentration of protein with hormonal activity is about 0.033 uM;
Gideon Richter, Hungary). The activator of ATP-sensitive K*-channels of plasma mem-
brane, diazoxide (concentrations of 50, 100, 150 and 200 yM; Sigma, USA), the blo-
cking agent for these channels, glibenclamide (concentrations of 1, 2, 4, 6, 8 and 10 uM;
Sigma, USA) and the blocking agent for ATP-sensitive K*-channels of mitochondria,
5-hydroxydecanoate (concentrations of 50 uM and 200 uM; Sigma, USA) were used in
the experiment.

Stock solutions of diazoxide and glibenclamide were prepared by preliminary dis-
solution of the substances in the organic solvent dimethylsulfoxide (DMSQ) and added
to Krebs solution to obtain the final aliquot of DMSO of 0.1% from the total volume of
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Krebs solution. All the other contractions, including the control ones, were studied in the
solutions, containing 0.1% DMSO. The stock solution of 5-hydroxydecanoate was pre-
pared by preliminary dissolution of this substance in distilled water.

Non-selective blocking of ATP-sensitive K*-channels was done by preliminary incu-
bation for 20 min of SM preparations with glibenclamide, and their activation — with
diazoxide. The blocking of ATP-sensitive K*-channels of mitochondrial membranes was
done by preliminary incubation for 20 min of SM with 5-hydroxydecanoate (5-HD). After
the preliminary incubation of preparations with the above-mentioned substances, the
effect of the latter on spontaneous and acetyl choline-induced contractions of SM was
tested.

The mechanokinetics of the process of contractions-relaxations of muscle prepara-
tions (the calculations of normalized maximal velocities for contraction and relaxation
phases, V.. and V., respectively) was studied according to the methods described in [3].
The contraction phase was defined as a fragment of contractive response from the be-
ginning of force variation up to its maximal value (amplitude of phase contraction). The
relaxation phase started with the maximum of phase contraction and lasted till achieving
the stable level of the tonic contraction. The introduction of the tonic contraction into the
contractive responses of smooth muscle preparations was calculated as a percentage
of stationary strain relative to the maximal force of contractive responses.

The experimental data was processed by the variation statistics methods using
OriginPro 8 program. The samples were checked in terms of belonging to normally dis-
tributed general populations according to Shapiro—Wilk criterion. The paired version
of Student’s t-test was used to determine the reliable differences between the mean
values of samplings. In all cases the results were considered reliable on condition of the
probability value p, under 5 % (p < 0.05). The validation analysis of data approximation
by the linear function was performed using Fisher’s F-criterion; determination coeffi-
cients (R?) were at least 0.9. The results were presented as the arithmetic mean + stan-
dard error of the mean value, n — number of experiments.

RESULTS AND DISCUSSION

The mechanokinetic parameters of contractions of rat myometrium under activation
of oxytocin receptors with uterotonic oxytocin were investigated (Fig. 1A). This agonist
is known to activate receptors, associated with G,,-proteins, inducing contractions via
inositol triphosphate-dependent pathway [4]. The contractions of myometrium prepara-
tions, induced by oxytocin (0.1 i.u.), can be characterized by the following average
kinetic parameters: the velocity of contraction phase V,_ (3.31 £ 0.59) min” (n = 9); the
velocity of relaxation phase V,,(0.23 + 0.05) min™ (n = 9).

It was determined that the prior incubation of myometrium in the presence of the
blocking agents of K,;.-channels of plasma membrane and mitochondria was generally
accompanied by the increase in the phase and, in some cases, tonic components of
oxytocin-induced contractions. For instance, under blocking of K,;,-channels of SMC
with glibenclamide at the cumulative increase in its concentration in the washing solu-
tion from 1 uM to 10 uM, there was a dose-dependent increase in the amplitude of
oxytocin-induced contractions (Fig. 2). In the presence of glibenclamide in the concen-
tration of 1 uM, the amplitude of contraction was 110.7 % on average, and under the
increased concentration of this blocking agent up to 10 uM, it was 131.6 % as compared
to the control. It should be noted that the glibenclamide concentrations used were
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capable of blocking effect on K,,-channels of the plasma membrane, but they were not
sufficient to induce significant changes in the conductance of these channels in mito-
chondria [22].
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Fig. 1. Oxytocin-induced (0.1 i.u.) reduction of rat myometrium in control (A) and in the presence of effectors
of ATP-sensitive K* channels: activator of ATP-sensitive K* channels of diazoxide (100 uM) (B);
a blocker of ATP-sensitive K* channels of glibenclamide (10 uM) (C); blocker of ATP-sensitive K* chan-
nels of mitochondria of 5-hydroxydecanoate (5-HD, 200 uM) (D); the combined action of gliben-
clamide (10 uM) and 5-HD (200 uM) (E); the combined action of diazoxide (100 uM) and gliben-
clamide (10 uM) (F). Typical mechanograms are given

Pwuc. 1. [HagykoBaHi okcmToumHoMm (0,1 M.O.) cKOpPOYeHHST MiIOMETPIS LLypiB Y KOHTporni (A), a Takox 3a HasB-
HocTi edpekTopiB AT®-yytnuemx K*-kananis: aktuBatopa AT®-yytnueux K*-kaHanis aiasokcugy
(100 mxM) (B); 6bnokatopa AT®-uytrnimBux K*-kananis rmidexknamigy (10 mkM) (C); 6nokatopa AT®-
yyTnunemx K*-kaHaniB miToxoHapin 5-rigpokcugekanoaty (5-HD, 200 mkM) (D); cykynHoi Aii rmibeH-
knamigy (10 mkM) i 5-HD (200 mkM) (E); cykynHoi gii giasokcvpy (100 mkM) i rmibenknamigy
(10 mkM) (F). HaBegeHo TMNOBI MexaHorpamu

As the efficiency of the contractive function of SM is directly related to the ability of
temporal regulation of the strain, we analyzed the area under curves of oxytocin con-
tractions (from the beginning of applying the uterotonic and during the subsequent
5 min) in the presence of glibenclamide. It was determined that the cumulative increase
in this blocking agent was not accompanied by changes in the area of oxytocin-induced
contractions (Fig. 2).

Under the influence of glibenclamide, there were significant changes in the normali-
zed maximal velocities of the contraction and relaxation phases, V., and V. : the con-
traction process slowed down to a certain degree, whereas the relaxation of muscle
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preparations considerably increased, depending on the dose (Fig. 2). For instance, at
the cumulative increase in glibenclamide concentration in the washing solution up to
10 pM, the indices of V, and V,, were 89.9 % on average (n = 6, p<0.05) and 185.7 %
(n =6, p<0.01) (as compared to the control values taken as 100 %).
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Fig. 2. Relative changes in mechanokinetic parameters (amplitude, F,,,; area under the mechanograme
within 5 min, S; normalized maximum rate of contraction phase, V. normalized maximum rate of
relaxation phase, V, ) myometrial contractions of rats induced by oxytocin (0.1 i.u.) under conditions
of cumulative increase in the concentration of the blocker of ATP-sensitive K*-channels of gliben-
clamide (1, 2, 4, 6, 8 and 10 uM).

The corresponding control parameters are taken as 100 %; (Mtm, n = 6); * — p<0.05; ** — p<0.01 - the
difference is significant relative to the control

Puc. 2. BigHOCHI 3MiHN MeXaHOKIHETUYHMX NapaMeTpiB (amnniTyau, £ ; NoLwi Nig MexaHorpamoro ynpogoBx

max?

5 xB, S; HOPMOBAHOI MaKCVMMasibHOI LUBUAKOCTI ha3n CKOPOYeHHs, V, ; HOPMOBaHOI MakcuManbHoOT
LUBMAKOCTI (hasu poscriabneHHs, V., ) ckopoyeHb MIOMETPIs LLypiB, iHAyKkoBaHMX okcuTtoumHom (0,1 M.O.)
B YMOBaXx KyMYFSTUBHOIO 3pOCTaHHA KOHLUEeHTpauii 6nokatopa AT®-uytnmneunx K*-kaHanis rmibeHkna-
migy (1, 2, 4, 6, 8 10 mkM).
3a 100 % npunHATO BiANOBIAHI NOKa3HWMKKM B KOHTponi; (M+m, n = 6); * — p<0,05; ** — p<0,01 — pi3HnLA
[OOCTOBIpHA LWOAO KOHTPOMO

At the background of the cumulative increase in the concentrations of the activator
for ATP of K,,-channels of diazoxide (50, 100, 150 and 200 uM), there was a decrease
in the amplitude of oxytocin-induced contractions (Fig. 3). For instance, in the presence
of 200 uM of diazoxide, the average amplitude was 84.3 % as compared to the control.
It should be noted that this substance caused a considerable dose-dependent decrease
in the area under curves for oxytocin-induced contractions; for instance, under the influ-
ence of 200 uM of diazoxide this index decreased almost twice as compared to the
control (Fig. 3).

At the background of the activation of K,;,-channels with diazoxide, there were
considerable changes (an increase) observed in the kinetic parameters of oxytocin-
induced contractions of myometrium (Fig. 3). For instance, in the presence of 200 uM of
diazoxide in the washing solution, the indices of normalized maximal velocities for the
phases of contraction and relaxation, V.. and V,, respectively, were as follows: 238.5 %
(n =6, p<0.01) and 183.8 % (n = 6, p<0.01) (as compared to the control values taken
as 100 %).
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Fig. 3. Relative changes in mechanokinetic parameters (amplitude, F,,; area under the mechanograme

within 5 min, S; normalized maximum rate of contraction phase, V. normalized maximum rate of
relaxation phase, V,,) myometrial contractions of rats induced by oxytocin (0.1 i.u.) under conditions
of cumulative increase in the concentration of the activator of ATP-sensitive K*-channels of diazoxide
(50, 100, 150 and 200 uM).

The corresponding control parameters are taken as 100 %; (Mtm, n = 6); * — p<0.05, ** — p<0.01 — the
difference is significant relative to the control

Pwuc. 3. BigHOCHI 3MiHM MexaHOKIHETUYHUX MapameTpis (aMnniTyau, F,...; NAOLLI Nig MexaHorpamoto ynpoaoBx

7 max?

5 xB, S; HOPMOBAHOI MaKCVMMasibHOI LUBUAKOCTI ha3n CKOPOYeHHs, V, ; HOPMOBaHOI MakcuManbHol
LuBMAKOCTI chasn poacrabneHHs, V) cCkopoyeHb MIOMETPIs LLypiB, iHAykoBaHWX okcutoumHom (0,1 M.O.)
B YMOBaXx KyMyrnsiTUBHOIO 3pOCTaHHs KOHLUEeHTpauii aktnBaTopa AT®-4ytnueux K*-kaHanis gia3okcu-
ay (50, 100, 150 i 200 MkM).
3a 100 % npuiHATO BiANOBIAHI MOKa3HWKK y KOHTponi; (Mtm, n = 6); * — p<0,05; ** — p<0,01 — pi3HNLA
[OCTOBIpHA LLIOAO KOHTPOItO

In general, the blocking of K,,-channels of the inner mitochondrial membrane with
5-HD (50 uM and 200 uM) caused no changes in the amplitude or the area under the
tenzometric curve for oxytocin-induced contractions (Fig. 4). However, in these condi-
tions there were considerable transformations in the kinetics of these curves: the con-
traction phase accelerated greatly, whereas the relaxation phase slowed down signifi-
cantly. For instance, under the influence of 50 uM and 200 uM of 5-HD the average
parameter of V. was 173.2 % (n = 6, p<0.05) and 203.9 % (n = 6, p<0.05), respectively,
and the normalized maximal velocities of relaxation V,, were as follows: 73.8 % (n = 6,
p<0.05) and 42.9 % (n = 6, p<0.05) (as compared to the control values taken as 100 %).

The combined effect of the blocking agents of K,,-channels of plasma and inner
mitochondrial membranes, glibenclamide (10 uM) and 5-HD (200 uM), was accompa-
nied with the increase in the amplitude of oxytocin-induced contractions up to 121.0 %
on average (n = 6, p<0.05), but the area under the curves for contractions showed no
significant changes (Fig. 5A). However, in these conditions, there were significant
changes in the normalized maximal velocities of the contraction and relaxation phases,
V.. and V, : these indices were 83.6 % (n = 6, p<0.05) and 163.9 % (n = 6, p<0.05) re-
spectively (the data presented was re-calculated in comparison to the control taken as
100 %) (Fig. 5A).

We also studied oxytocin-induced (0.1 i.u.) contractions of myometrium under the
combined effect of the non-selective activator of K,;,-channels, diazoxide (200 uM), and
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the blocking agent of mitoK,,-channels, 5-HD (200 uM) (Fig. 1F). In these conditions,
there were significant changes in the kinetic indices of V., and V., — up to 235.9 %
(n = 6, p<0.01) and 63.7 % (n = 6, p<0.05) respectively (the data presented was
re-calculated in comparison to the control taken as 100 %) (Fig. 5B).
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Fig. 4. Relative changes in mechanokinetic parameters (amplitude, F,,,; area under the mechanograme
within 5 min, S; normalized maximum rate of contraction phase, V. normalized maximum rate of
relaxation phase, V) myometrial contractions of rats induced by oxytocin (0.1 i.u.) under conditions
of cumulative increase in the concentration of the blocker of mitochondrial ATP-sensitive K*-channels
of 5-hydroxydecanoate (5-HD, 50 and 200 uM).

The corresponding control parameters are taken as 100 %; (Mtm, n = 6); * — p<0.05; ** — p<0.01 - the
difference is significant relative to the control

Puc. 4. BigHoCHI 3MiHV MexaHOKIHETUYHKX napameTpis (amnnityau, F,,.; NIOLWi Nig MexaHorpamoro ynpoaoBX
5 xB, S; HOPMOBaHOI MakcMMarnbHOI LIBUAKOCTI ¢ha3n CKOPOYeHHs, V. ; HOPMOBaHOI MaKCMMarnbHOT

nc?
LUBMAKOCTI (hasu poscrabneHHs, V., ) ckopoyeHb MIOMETPIs LLypiB, iHAyKkoBaHMX okeuTtoumHom (0,1 M.O.)
B YMOBax KyMyNSITUBHOIMO 3pOCTaHHS KOHLEHTpauii 6rnokatopa miToxoHapianbHux AT®-4yTnmBeumx
K*-kaHanis 5-rigpokcuaekaroaty (5-HD, 50 i 200 mkM).
3a 100 % npunHATO BIigNOBIAHI NOKa3HWMKKM Y KOHTponi; (Mtm, n = 6); * — p<0,05; ** — p<0,01 — pi3HMLA
[OOCTOBIpHA LWOAO KOHTPOMO

Uterine tubes contain the areas with sources of spontaneous activity in the cervical
and ovarial sections. The research group of K.V. Kazarian et al. [20, 21] determined that
the main source of rhythm in the uterine tubes is the ovarial section. The main utero-
tonic hormone, oxytocin, promotes the dominance of the ovarial section and provides
coordinated functioning of all the rhythmogenic parts of myometrium [20]. The control of
excitation and contractive activity of SM in uterine ensures the preservation of fertility
and the ability to bear the fetus and endure the delivery [35] since at least half of the
cases of newborns’ deaths are related to premature delivery, the cellular basis of which
is the disrupted regulation of SM strain and the processes of contractions and rela-
xations of myometrium.

Potassium channels is an important factor of myometrium excitation regulation
including K,,-channels of inward rectification. They have low probability of the open
state, the average conductance of about 135 picosiemens, and get activated by submil-
limolar concentrations of ATP and ADP. Most SM (including the ones in colon, urinary
bladder and vessels) are characterized by the prevalence of isoform Kir6.2/SUR2B
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Kie-channel of the plasma membrane. Two isoforms of K,;,-channels of the plasma
membrane are expressed in the myometrium of non-pregnant rats and humans: prevai-
ling domination is noted for isoform Kir6.1/SUR2B, whereas Kir6.2/SUR1 is detected
in the insignificant amount [11, 23, 25]. During the pregnancy of women, there is a de-
crease in the expression of Kir6.1/SUR2B, thus, the tissues of uterus get ready to the
delivery activity [11]; this regularity was not observed in the myometrium tissue of
female rats.
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Fig. 5. Relative changes in mechanokinetic parameters (amplitude, F,,; area under the mechanograme
within 5 min, S; normalized maximum rate of contraction phase, V. normalized maximum rate of
relaxation phase, V,,) myometrial contractions of rats induced by oxytocin (0.1 i.u.) under the com-
bined action of glibenclamide (10 uM) and 5-hydroxydecanoate (5-HD, 200 uM) (A) and the combined
action of diazoxide (200 uM) and 5-HD (200 uM) (B).

The corresponding control parameters are taken as 100 %; (Mtm, n = 6); * — p<0.05; ** — p<0.01 — the
difference is significant relative to the control

Puc. 5. BigHocHI 3MiH1 MeXxaHOKIHETUYHMX NapaMeTpiB (amnniTyau, F,.; NIOLL Nig MexaHorpamoro BNPOAOBX
5 xB, S; HOPMOBaAHOI MaKCMManbHOI LWBUAKOCTI ha3n CKOPOUEHHS, V, ; HOPMOBAHOI MaKcUManbHOT
LWBUAKOCTI hasn poscnabneHHsi, V) CKOpoYeHb MIOMETpis LypiB, iHAYKOBAHUX OKCUTOLIMHOM
(0,1 M.O.) B ymoBax cykynHoi gii rnibenknamigy (10 mkM) i 5-rigpokeugekanoary (5-HD, 200 mkM) (A)
Ta cyKkynHoi Aii Aiasokemay (200 mkM) i 5-HD (200 mkM) (B).
3a 100 % npuiHATO BiANOBIAHI MOKa3HWKK y KOHTponi; (Mtm, n = 6); * — p<0,05; ** — p<0,01 — pi3HnLA
[OCTOBIpHA LLIOAO KOHTPOIo

ATP-sensitive K*-channels of plasma and mitochondrial membranes of smooth
muscle cells have a similar heterotetrameric structure and similar mechanisms of phar-
macological and physiological regulation. The activation of both types of K,;,-channels
demonstrates cytoprotective effect and improves the bioenergetic state of the cell. For
instance, the investigations of the processes of ischemia-reperfusion of myocardium
and other tissues showed that the activation of both plasma and mitochondrial K-
channels underlies the phenomenon of ischemic preconditioning, which resulted in the
protection of cells from destruction and, in case of myocardium, the decrease in the
area damaged by necrosis [5, 6, 9, 24]. Under normoxia, the activation of plasma K-
channels in the myocardium reduces the potential of the effect and ensures relaxation
of the cardiac muscle. In smooth muscles, the plasma K,,-channels also fulfill relevant
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functions depending on their localization. For instance, in SMC of vascular muscles they
are involved in the regulation of the vascular tone [8]. Besides vessels, K,;--channels
were also identified in the plasma membrane of SMC of other muscles, including gas-
trointestinal and urinary tracts.

The obtained results are in agreement with the data of K. Sawada et al. [28] who
demonstrated that the activation of K,;,-channels of the plasma membrane led to inhi-
biting the amplitude of oxytocin-induced contractions, and the combined use of activa-
tors and blocking agents of these channels eliminated the effect of the former. Similar
results were obtained using non-pregnant mice myometrium [17]. It should be noted
that, in addition to impacting oxytocin-induced contractions, K,;,-channels are involved
in the regulation of other agonist-induced contractive responses (including the ones to
the activity of acetylcholine and prostaglandin F2a) [16—18].

The scientific data related to the expression and role of mitochondrial K,;--channels
in the functioning of SM, is very fragmented and mostly limited to the vascular wall [15].
MitoK ,;p-channels are localized in the inner mitochondrial membrane; they transport K*
ions to the matrix, ensuring the driving force of K*/H*-antiporter and thus participating in
the regulation of the volume and energetic homeostasis of mitochondria.

While analyzing the obtained results, one may envisage that K,;,-channels of the
plasma membrane and mitoK,,-channels ensure the modulation of oxytocin-induced
contractions of myometrium. Their cumulative blocking leads to the increase in the am-
plitude of these contractions. However, this effect exert considerable impact on the total
efficiency of the contractive function of myometrium, as the parameter of the area under
mechanogram remains at the level of control values.

The normalized maximal velocity of relaxation, V., is the parameter, most sensitive
to the activity of the effectors of K,;,-channels; in general, it increases both under non-
selective blocking and activation of these channels. It is noteworthy that in case of
selective blocking of mitoK;.-channels this parameter decreases considerably, and this
slowing-down of the muscle relaxation process is not eliminated in the presence of the
non-selective activator of K,;.-channels, diazoxide. Therefore, it may be predicted that
mitoK,,-channels fulfil a vital function in the myometrium tissue, defining the velocity of
relaxation, thus regulating the duration of the oxytocin-induced spasm of the uterus.
This process can be mediated by the regulatory effect of mitoK,;.-channels on the pro-
cesses of accumulation of Ca?* ions by myocyte mitochondria [13].

CONCLUSIONS

Our research demonstrated that K,;,-channels of plasma membrane and mitoK ;-
channels in non-pregnant rats’ myometrium play a modulating role in forming the con-
tractive response to the uterotonic hormone oxytocin. These channels are involved in
the regulation of the contractive function of myometrium, modulating the amplitude of
contractions, the ability of long-term strain support, and the kinetics of contraction and
relaxation processes.
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Y BicuepanbHUX rMageHbKNX M’a3ax CyTTEBE 3HAYEHHS B perynsii npouecis CKOpo-
YeHHs-po3cnabneHHs BigirpaoTb K*-kaHanu, 3okpema, AT®-uytnuei K*-kaHanu nnas-
MaTUYHOI Ta BHYTPILLHBOI MiTOXOHApIanbHOI MembpaH. BnacTnBoCTi Lmnx KaHanis i IXHA
porb y NiATPMMaHHI 30yanmMBocCTi 4oOpe AocnigkeHa B cepLeBOMYy M'53i Ta rmageHbKnx
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M’AA3ax CyauH. YTiM, Ha Tenep iHdopmauii Npo y4acTb LMX kaHariB, 0COOMMBO MiTOXOH-
apianbHuX, y perynsuii ckopoyeHb GiomeTpia npakTU4yHO Hemae. Y poboTi 3 BUKOPUC-
TaHHSM METOAIB TEH30METPIi Ta MEXaAHOKIHETUYHOIO aHanisy NpoBeAeHo AOCHIIKEHHS
3aKOHOMIPHOCTEN OKCUTOLIMH-BUKIMKAHUX CKOPOYEHb MafeHbKMX M’S3iB HEBariTHOro
MiomMeTpis WwypiB B ymoBax mogynsauii ATO-uytnuemnx K*-kaHaniB nnasmaTtuyHoi Ta BHY-
TPILWHBLOI MiTOXOHApPiIanbHOT MembpaH. BcTaHOBREHO, WO nepeaiHkybauis MmiomeTpis
y HasBHOCTI briokaTopiB K, ,-kaHaniB nnasmatu4Hoi membpaHu i miToxoHapin (ribex-
Knamigom i 5-rigpokcuaekaHoaToM) 3ararioMm CynpOBOMXKYETLCS 3POCTaHHSAM (Da3HOro
i B OKpEeMUX BMUNagKax TOHIMHOrO KOMMOHEHTIB OKCUTOLIMH-BUKITMKAHUX CKOpoYeHb. Ha Tni
aii rideHknamigy (gianasoH BUKOPUCTaAHUX KOHUeHTpauin 1-10 mkM) cnocTtepiranu nig-
BULLEHHSI aMMiTyaAn OKCUTOLIMHOBUX CKOPOYeHb 6e3 AOCTOBIPHMX 3MiH NITOLLi Mg uyMu
MexaHorpamamy; TakoX 3Ha4YHO 3pocTana LWBUAKICTb po3cnabneHHsa. bnokatop miTo-
xoHgpianbHux AT®-yyTnmeBux K*-kaHaniB 5-rigpokcugekaHoat (y KoHUeHTpauisx 50
i 200 MKM) CnpUYMHSB CYTTEBI 3MiHM KIHETMKM MpoLEeciB HApOoCTaHHS (30inbLUeHHS
LWBKMAKOCTI) i cnagy (y noHag OBa pa3n 3MEHLUEHHS LUBMOKOCTI) CUITM OKCUTOLIMHOBUX
CKOpOYEHb, MPOTE HE BMIMBAB Ha IXHIO amMnmiTyay i niowy nig mexaHorpamamu. Ham-
CyTTeBILLMM edoekToM akTnBaTopa AT®P-uytnunemx K*-kaHanie giasokcmay (aianasoH BUKO-
pucTtaHmx KoHueHTpauin 50—200 MkM) 6yno 3MeHLLIEHHS NMOoLWi Nig4 OKCUTOLIMHOBUMM
CKOPOYEHHSAMW yABiYi; TAKOX LA Cronyka 3yMOBIOBana 3HWXKEHHS aMmniliTyauM CKOpo-
YeHb | 3HaYHe 3pOoCTaHHS MakCUMarnbHUX LWBMAKOCTEN (ha3 HapOCTaHHA | cnagy cunum
OKCUTOLMHOBWX CKOpodeHb. CymicHa ais 6riokatopiB K, ,-kaHanis nnasmaTnyHoi Ta BHY-
TPILWHBOI MiTOXOHApIanbHOI MembpaH rmibeHknamigy (10 MkM) i 5-rigppokcugekaHoary
(200 MkM) cynpoBogKyBanacsi 3pOCTaHHAM aMMIliTyan OKCUTOLMHOBUMX CKOPOYEHD,
a TaKoX 3MiHaMM KiHETUKM MPOLIECIB CKOPOYEHHS M po3cnabneHHsa. OTxe, oTpuMaHi
AaHi 4OBOAATh, WO y MIOMETPIl HeBariTHUX wWypiB K, ,-kaHanu nnasmaTnyHoi membpa-
HWN Ta MITOK -KaHanm BidirpatoTb MOAYMATOPHY Porib Y POPMYBaHHI CKOpOYyBasbHOT
peakuil Ha yTePOTOHIYHNN TOPMOH OKCUTOLMH. Lli KaHann 3any4yeHi 4o perynsuii ckopo-
YyBanbHOI OYHKLIT MiOMETpPisi, MOAYSHOYN aMNAiTYAy CKOPOYeHb, 34aTHICTb A0 TpuBa-
1100 YTPUMAaHHS Hanpy>XeHHs, a TaKOX KiIHETMKY MPOLLECIB CKOPOYEHHS | po3criabneHHs.

Knroyoei cnoea: rnageHbki M'a3n, miometpinn, AT®-yytnuei K*-kaHanu nnasma-
TUYHOT MeMOBpaHK i MITOXOHAPIN, MeXaHOKIHETUKA
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