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Background. Calixarenes are supramolecular compounds with a unique three-dimensional structure,
the biological activity of which is determined by the chemical groups on the upper or lower rim. It was found
that thiacalix[4]arene C-1087 selectively (compared to other ATPases) inhibits plasma membrane Ca?*,Mg?*-
ATPase activity that playis a crucial role in maintaining Ca* homeostasis in myometrial cell. To expand our
understanding of the thiacalix[4]arene C-1087 effects on Ca?* exchange in myometrial cells, it is necessary to
analyze its possible effects on Ca** exchange in intracellular pools. Objective. Therefore, the aim of this study
was to investigate whether thiacalix[4]arene C-1087 affects Ca ion exchange in myometrial mitochondria.
Methods. Mitochondria from myometrium of non-pregnant rats were isolated. lonized calcium concentration
in the mitochondria matrix was determined using the fluorescent probe Fluo-4 AM. Baseline Ca*" concen-
tration in the absence of exogenous (added) Ca?* and Ca2?* accumulation in its presence were determined.
Ca? concentration in the incubation medium was determined using fluorescent probe 1 uM Fluo5F, Penta-
potassium Salt. Relative value of mitochondria membrane potential (Ay) was assayed using a fluorescent
probe 100 nM TMRM. The Microsoft Office Excel software package was used for data processing. Results.
It was proven that mitochondria incubation in Mg?*- and Mg?, ATP-medium with 10 uM thiacalix[4]arene
C-1087 was accompanied by an increase of both the baseline Ca?** concentration and accumulation of this
cation in the matrix and did not affect Ca** efflux from mitochondria. Mitochondria incubation with 10 uM
thiacalix[4]arene C-1087 resulted in reducing of TMRM-loaded mitochondria fluorescence intensity, indi-
catings the depolarizing effect of this compound. Conclusions. The results obtained indicate the possibility
of thiacalix[4]arene C-1087 modulating effect on the Ca?* exchange in mitochondria and polarization of its
membranes.

Keywords: mitochondria, Ca** concentration, Ca** accumulation and efflux, membrane polarization, thia-
calix[4]arene C-1087.

lated process. Numerous Ca?* chelating, stora-

ge, and transport mechanisms are required to
maintain normal cellular physiology [1]. Ca?* chan-
nels, ATP-driven pumps, and exchangers assist the
binding proteins in transferring the ions to and from
appropriate cellular compartments [1]. Two P-type
Ca transporters, the plasma membrane Ca-ATPase

I ntracellular Ca? distribution is a tightly regu-
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(PMCA) and the sarcoplasmic reticulum (SR) Ca-
ATPase (SERCA), play a crucial role in maintaining
Ca homeostasis, controlling contractility and con-
tributing to excitably and cell signaling in smooth
muscle cells [2]. Located in plasma membranes, ATP
hydrolases are involved in several dynamic transport
processes, helping to control the movement of ions
across cell membranes. ATP hydrolase acts as a
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transport protein, converting energy from ATP hy-
drolysis into transport molecules against their con-
centration gradients [3]. Therefore, there is an urgent
need to study compounds that regulate the activity
of this pump. The enzymatic and kinetic analyses
were used to demonstrate that thiacalix[4]arene
C-1087 effectively inhibited the Ca?",Mg?*-ATPase
activity of the rat myometrium cells plasma mem-
brane with no effect on the relative activity of other
membrane ATPases [4, 5]. However, it cannot be
ruled out that thiacalix[4]arene C-1087 also affects
other Ca-transporting systems of myometrial cells,
in particular, Ca?* exchange in mitochondria. There-
fore, the aim of this study was to investigate whether
thiacalix[4]arene C-1087 affects Ca?* ion exchange in
myometrial mitochondria.

Materials and Methods

Animals. Female non-pregnant rats were used.
Experiments were performed using white female
rats (weight 170-240 g). Rats were kept under the
stationary vivarium conditions at constant tempera-
ture and basic allowance. Animals were narcotized
with chloroform and then sacrificed using cervical
dislocation.

Compliance with ethical standards statement.
The treatment of the lab animals was carried out ac-
cording to “European Convention for the Protection
of Vertebrate Animals used for Experimental and
Other Scientific Purposes” (Strasbourg, 1986) and
the Law of Ukraine “On protection of animals from
cruelty”.

Ethics approval. The Bioethics Commission of
the Palladin Institute of Biochemistry (Order No. 15
of September 5, 2025) approved all manipulations
with laboratory animals.

Isolation of myometrium mitochondria. Mi-
tochondria from myometrium of non-pregnant
rats were isolated using differential centrifugation
method [6]. The mitochondria were suspended in a
medium with the following composition: 250 mM
sucrose, | mM EGTA, 20 mM Hepes, and buffered
pH 7.4 at 4°C. Protein concentration of the mito-
chondrial fraction was determined by Bradford as-
say [7]. The concentration of mitochondrial protein
in the sample was 25 pg/ml.

Determination of ionized calcium concentra-
tion in the mitochondria matrix. lonized calcium
concentration in the mitochondria matrix was de-
termined using the QuantaMaster™ 40 spectro-
fluorometer (Photon Technology International) and

the fluorescent probe Fluo-4, AM (A, = 490 nm,
A, = 520 nm) (K, for Ca** = 345 nM). Baseline
Ca* concentration ([Ca*],) was determined in the
absence of exogenous (added) Ca?" and Ca*" accu-
mulation ([Ca**] ) in its presence. The dissociation
constant of the Ca probe (Fluo-4, AM) is 345 nM,
which allows measuring the cation concentration in
the range of 34-3400 nM. Myometrium mitochon-
dria were loaded with 2 uM Fluo-4, AM for 30 min
at 37°C in a medium the composition of which is
indicated above. Thereafter, the suspension of mi-
tochondria was diluted (1:10) in the same medium
containing no fluorescence probe followed by cen-
trifugation. The pellet was resuspended in the same
medium containing no fluorescence probe. The
[Ca**] was measured in a medium containing:
250 mM sucrose, 2 mM K*-phosphate buffer, 5 mM
sodium succinate, 3 mM MgCl,, £3 mM ATP, 0.1
mM CaCl,, 20 mM Hepes, pH 7.4. To exclude the
possibility of the medium acidification by adenosine
triphosphate addition, we normalized the pH of ATP
stock solution with 1 M tris. The calibration of the
Fluo-4 fluorescence was performed at the end of
each testing probe by adding 0.1% Triton X-100 (at
the presence of 100 uM CaCl,) and, in 1 min, 5 mM
EGTA (fluorescence intensities F___and F_. , respec-
tively). [Ca*], and [Ca**]  were calculated using the
Grynkiewicz equation [8].

Determination of ionized calcium concentra-
tion in the incubation medium. lonized Ca con-
centration in the incubation medium ([Ca*] ) was
determined using the QuantaMasterTM 40 spectro-
fluorometer (Photon Technology International) and
the fluorescent probe 1 uM FluoSF, Pentapotassium
Salt, cell impermeant (A, =490 nm, A, = 520 nm)
(K, for Ca* = 2.3 uM). The dissociation constant
of the Ca probe (Fluo5F, Pentapotassium Salt) is
2.3 UM, which allows measuring the cation concen-
tration in the range of 0.23-23 uM. The [Ca**] was
measured in a medium containing: 250 mM sucrose,
2 mM K*-phosphate buffer, 5 mM sodium succinate,
3 mM MgCl,, +3 mM ATP, 20 mM Hepes, pH 7.4.
To exclude the possibility of the medium acidifica-
tion by adenosine triphosphate addition, we normali-
zed the pH of ATP stock solution with 1 M tris. The
calibration of the FluoSF, Pentapotassium Salt fluo-
rescence was performed at the end of each testing
probe by adding 5 mM EGTA and, in 1 min, 5 mM
CaCl, (fluorescence intensities F,_. and F__, respec-
tively). [Ca**], was calculated using the Grynkiewicz
equation [8].
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Measurements of mitochondria membrane
polarization. To record mitochondria membrane
polarization a DxFLEX (Beckman Coulter Bio-
technology) flow cytometer with an argon laser (A,
488 nm) was used. Experimental data was analyzed
using the CytExpert. Samples autofluorescence was
measured after mitochondria incubation for 2 min
with thiacalix[4]arene C-1087 at concentrations of 1
or 10 uM in a medium containing: 250 mM sucrose,
2 mM K*-phosphate buffer, 5 mM sodium succinate,
3 mM MgCl,, 20 mM Hepes, pH 7.4. An aliquot
of solvent (DMSQ) was added to control samples.
Relative values of mitochondria membrane potential
(Ay) were assayed using a fluorescent probe 100 nM
TMRM (A, = 488 nm, A, = 590 nm). Mitochon-
dria suspension (25 pg/ml) was loaded with 100 nM
TMRM for 2 min and then immediately analyzed on
the flow cytometer at a wavelength of 590 nm. Each
measurement was represented as the average mean
of 3000 events fluorescent intensity. The results were
calculated in relative units (the average fluorescence
intensity value of mitochondria loaded with TMRM
minus the average autofluorescence value of mito-
chondria) and presented in % relative to the control
sample containing an aliquot of the solvent (DMSO)
used to prepare the thiacalix[4]arene C-1087 solu-
tions.

Statistical analysis. Results are reported as
means = SEM of 3-4 independent experiments (bio-
logical replicates). Statistical analysis was performed
using paired Student’s t-test; P < 0.05 was taken as
the level of significance. The Microsoft Office Excel
software package was used for data processing.

Chemicals and reagents. The following rea-
gents were used: EGTA, Hepes, D-(+)-sucrose, so-
dium succinate — by “Sigma-Aldrich”; Fluo-4 AM,
Fluo5F, Pentapotassium salt, TMRM — by “Invitro-
gen”; ATP — by “Fluka”.

Results

Thiacalix[4]arene C-1087. Thiacalix[4]arene
C-1087 was obtained via three step procedure
(Fig. 1) [4].

Thiacalix[4]arene C-1087 and mitochondria
matrix ionized Ca concentration increase. Before
studying the thiacalix[4]arene C-1087 effects on
Ca?" exchange in mitochondria, we need to deter-
mine whether it directly affects the fluorescence of
the Ca*"-sensitive probe. Thiacalix[4]arene C-1087
effects on the FluoSF pentapotassium salt fluores-
cence (a water-soluble analog of Fluo-4 AM) was
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Fig. 1. Thiacalix[4]arene C-1087 structural formula

studied. As can be seen from the results presented
in Fig. 2. under 100 uM Ca?* addition the fluores-
cence spectrum of the Fluo5F pentapotassium salt
did not change significantly when aliquots of 1 or
10 uM thiacalix[4]arene C-1087 were added. EGTA
addition effectively blocked the fluorescence of the
Ca?*-sensitive probe.

Myometrium mitochondria, loaded with
fluorescent probe Fluo-4 AM, were incubated in
Mg?*- medium at the absence (baseline Ca?* con-
centration, [Ca*],) and in the presence of exogenous
Ca** (Ca*" accumulation, [Ca*] ) (Fig. 3, a). It was
shown that mitochondria incubation with 1 pM thi-
acalix[4]arene C-1087 did not change as [Ca*'], so
[Ca*] . At the same time mitochondria incubation
with 10 uM thiacalix[4]arene C-1087 resulted in in-
crease of [Ca**], and approximately 3 times increase
of [Ca*]  compared to the control (Fig. 3, a). The
addition of ATP to the incubation medium was ac-
companied by a more than 2-fold increase of [Ca*],
(Fig. 3, b). It should be noted that incubation of mi-
tochondria with thiacalix[4]arene C-1087 did not
affect the ATP-induced increase of [Ca®], (Fig. 3,
b). At the same time mitochondria incubation with
10 uM thiacalix[4]arene C-1087 resulted in approxi-
mately 2 times increase of [Ca**] compared to the
control (Fig. 3, b).

Thiacalix[4]arene C-1087 and Ca?* efflux from
mitochondria. Cell impermeant fluorescent probe
Fluo5F, Pentapotassium Salt, was used to evaluate
Ca** efflux from mitochondria ([Ca*] ) (Fig. 4). It
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Fig. 2. Thiacalix[4]arene C-1087 effects on fluorescence spectra of the FluoSF pentapotassium salt: testing
was carried out in Mg-medium in the presence of 100 uM Ca?* followed by the addition of 1 mM EGTA
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Fig. 3. Mitochondrial matrix [Ca*], and [Ca*] : a — Mg*-medium; b — Mg?*,ATP-medium. Means + SEM,

n =4, *P <0.05 (compared to control)

was shown, that [Ca*]o at mitochondria incubation
in Mg®*- and Mg®",ATP-medium was not affected by
1 or 10 pM thiacalix[4]arene C-1087. It should be
noted that incubation of mitochondria with thiaca-
lix[4]arene C-1087 did not affect the ATP-induced
increase of Ca?* efflux from organelle (Fig. 4).
Thiacalix[4]arene C-1087 and polarization of
myometrium mitochondria membranes. Flow cytom-
etry and a voltage sensitive probe (100 nM TMRM)
were used to test the polarization of mitochondrial
membranes. It was shown, that TMRM probe is

loaded into myometrial mitochondria quite quickly
(during 2 min incubation), that indirectly indicates
their functional activity (Fig. 5, a). Mitochondria in-
cubation with 1 uM thiacalix[4]arene C-1087 did not
significantly affect either the autofluorescence of mi-
tochondria or the fluorescence of probe-loaded mito-
chondria (Fig. 5, b, ¢). Mitochondria incubation with
10 uM thiacalix[4]arene C-1087 resulted in reducing
of TMRM-loaded mitochondria fluorescence intensi-
ty, that indicates the depolarizing effect of this com-
pound. This effect may be associated at least with an
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Fig. 4. Ca** efflux from mitochondria: a — Mg¥-medium;

increase of baseline Ca?* concentration that occurred
during incubation of mitochondria with 10 uM thia-
calix[4]arene C-1087 in Mg?*-medium.

Discussion

Nanotechnology has been widely studied in
biomedical applications in the last decade. The revo-
lution in nanotechnology triggers the fabrication
of nanomaterials with novel properties and func-
tionalities, making the research in nanosensors and
biomedical rapidly expanding. Nanosensor applica-
tion has improved the sensitivity by enhancing their
catalytic activity, conductivity, and biocompatibility.
Calixarene is excellent as a sensing element used
as a sensor due to its unique host-guest properties.
Three major types of calixarene which are exten-
sively studied are calix[4]arene, calix[6]arene, and
calix[8]arene [9].

Macrocyclic arenes including calixarenes,
resorcinarenes, cyclotriveratrylene, pillararenes and
so on have emerged as highly attractive synthetic
macrocyclic hosts due to their unique structures,
facile functionalization, and broad range of applica-
tions [10].

It was shown that the application of thiaca-
lix[4]arene C-1087 to the uterus myocytes increased
the cytosolic Ca?* concentration [4]. Tenzometric
studies of rat uterus smooth muscles with the sub-
sequent mechanokinetic analysis revealed that thia-
calix[4]arene C-1087 considerably decreased the
maximal velocity of the relaxation of both spontane-
ous contractile response and contraction induced by
hyperpotassium solution [4].
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In smooth muscle, Ca?* signals arise from two
major sources. The first is the extracellular space
from which Ca?* enters the cell via channels such
as voltage-dependent Ca?" channels, store-operated
Ca?* (SOC) channels and various members of the
transient receptor potential channel family. The
second major Ca?* source is the internal Ca? store
(sarcoplasmic reticulum; SR). Activation of either
Ca?'influx or Ca?" release results in an increase of
the cytoplasmic Ca?* concentration [11]. In native
smooth muscle cells, mitochondria contribute to the
localization of Ca?* signals and to the modulation of
the amplitude of Ca?* signals. Mitochondria regulate
these local signals by the organelles’ ability to take
up and release the ion. Mitochondrial Ca?" uptake
and efflux may regulate cytoplasmic Ca®" concen-
trations both directly and indirectly. Direct regula-
tion occurs by alteration of bulk Ca?* levels. Indirect
regulation occurs as a result of mitochondrial influ-
ence on the activity of SR or plasma membrane Ca?
channels [11].

In the previous works, using mitochondria
fraction and myometrium cells perforated with digi-
tonin, we have shown that calix[4]arene chalcone
amides are able to influence both the level of mi-
tochondria membrane polarization [12, 13] and the
Ca?* concentration in the myometrial mitochondria
matrix [12]. This study showed that mitochondria in-
cubation with 1 uM thiacalix[4]arene C-1087 did not
change as baseline Ca* concentration so [Ca*] . At
the same time mitochondria incubation with 10 uM
thiacalix[4]arene C-1087 resulted in increase of
baseline Ca?* concentration and approximately 3
times increase of [Ca*] compared to the control.
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Fig. 5. Flow cytometry analyses of mitochondria membrane polarization upon incubation with 1 and 10 uM
thiacalix[4]arene C-1087. (a) red graph — mitochondria autofluorescence; green graph — TMRM loaded mi-
tochondria. (b) red graph — mitochondria autofluorescence (control); green graph — mitochondria autofluo-
rescence after incubation with 1 uM thiacalix[4]arene C-1087; blue graph — mitochondria autofluorescence
after incubation with 10 uM thiacalix[4]arene C-1087. () red graph — TMRM loaded mitochondria (control);
green graph — TMRM loaded mitochondria + 1 uM thiacalix[4]arene C-1087; blue graph — TMRM loaded
mitochondria + 10 uM thiacalix[4]arene C-1087. (d) TMRM fluorescence intensity *P < 0.05 (as compared to
control). Means+SEM, n = 4. The results of a typical experiment are presented (a-c), n = 4

We have shown previously that baseline Ca?*
concentration in mitochondria matrix is regulated by
ATP: in Mg?",ATP- medium this number is couple of
times higher than in Mg?*-one [14-16]. To elucidate
the possible mechanisms that are involved in ATP-
induced [Ca*] increasing (baseline Ca** concen-
tration) different mitochondria effectors were used:
cyclosporine A — mitochondrial permeability transi-
tion pore inhibitor; ruthenium red — mitochondrial

Ca?*-uniporter inhibitor; oligomycin — inhibitor of
F,F,-ATPase complex; trifluoperazine — calmodu-
lin antagonist. It was shown that [Ca**] was not af-
fected by 5 uM CsA, 10 uM RuR or 1ug/ml oligo-
mycin addition [16]. This time, we tested whether
thiacalix[4]arene C-1087 affects the ATP-dependent
increase of baseline Ca?* concentration in the ma-
trix. It was shown that adding ATP to the incubation
medium increased the baseline Ca?* concentration
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(in the absence of added Ca), but thiacalix[4]arene
C-1087 had no effect on this parameter. At the same
time mitochondria incubation with 10 uM thiaca-
lix[4]arene C-1087 resulted in approximately 2 times
increase of [Ca**]  compared to the control.

Mitochondria incubation in Mg?*- and
Mg#,ATP -medium with 1 and 10 uM thiaca-
lix[4]arene C-1087 did not affect Ca?* efflux from
mitochondria. We have shown previously that [Ca*],
sharply decreased with an increase of the EGTA con-
centration, a well-known Ca?" chelator. The ATP
concentration-dependent increase of [Ca*]_in the
absence of exogenous Ca?" was also shown. The Hill
coefficient equals 3.69 = 0.46 and activation constant
for ATP —2.94 £+ 0.68 mM [16].

Mitochondrial membrane potential (Ay) and
morphology are considered key readouts of mito-
chondrial functional state [17]. Maintenance of the
mitochondrial inner membrane potential (AY ) is
critical for many aspects of mitochondrial func-
tion [18]. Mitochondrial membrane potential can
be studied using fluorescent dyes like tetramethyl-
rhodamine methyl ester (TMRM). TMRM is a cell-
permeant red-orange fluorescent dye that is readily
sequestered by active mitochondria. Depolarization
of mitochondrial membranes is accompanied by the
release of TMRM, which is tested by a decrease in
probe fluorescence intensity. Using flow cytometer
and TMRM it was shown that mitochondria incuba-
tion with 10 pM thiacalix[4]arene C-1087 resulted
in reducing of TMRM-loaded mitochondria fluores-
cence intensity, that indicates the depolarizing effect
of this compound. Earlier we showed that myometri-
um mitochondria membranes were polarized in both
Mg?- and Mg?,ATP-medium. However, the level of
mitochondrial membranes polarization was higher in
Mg?*-medium [16].

It should be noted that thiacalix[4]arene C-1087
is insoluble in water and soluble in polar solvents,
i.e. it is a lipophilic molecule. It can be assumed
that the accumulation of thiacalix[4]arene C-1087
in mitochondrial membranes is accompanied by its
interaction with proteins and, as a result, a decrease
in the activity of respiratory chain enzymes, which
leads to a decrease in the polarization of mitochon-
drial membranes. Within the mitochondrial matrix,
Ca?" is heavily buffered by the presence of inorganic
phosphates [19-21]. Indeed, the bound:free ratio of
Ca?* may be as high as 100,000:1 [19]. The matrix
pH was proposed to play the major role in maintain-
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ing the low matrix free calcium concentration [19].
So, partial depolarization of mitochondrial mem-
branes is accompanied by a decrease in the matrix
pH, which can lead to the breakdown of Ca?*-phos-
phate complexes and an increase in the baseline Ca**
concentration.

Limitations of the study. The results presented
were obtained on isolated mitochondria and should
be continued using other experimental models.

Conclusions. 1) Mitochondria incubation in
Mg?*- and Mg?#,ATP-medium with 10 uM thiaca-
lix[4]arene C-1087 is accompanied by an increase
of both the baseline Ca?" concentration and accumu-
lation of this cation in the matrix. 2) Mitochondria
incubation in Mg?*- and Mg?,ATP -medium with 1
and 10 uM thiacalix[4]arene C-1087 did not affect
Ca?" efflux from mitochondria. 3) Thiacalix[4]arene
C-1087 did not affect the ATP-induced increase both
of baseline Ca?* concentration and Ca?" efflux from
organelle. 4) Mitochondria incubation with 10 uM
thiacalix[4]arene C-1087 resulted in reducing of
TMRM-loaded mitochondria fluorescence intensity,
that indicates the depolarizing effect of this com-
pound. Overall, the results obtained indicate the
possibility of a thiacalix[4]arene C-1087 modulating
effect (at 10 uM concentration) on the Ca®* exchange
in mitochondria and polarization of its membranes.
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Beryn. Kanikcapenu — 1ie cynpamoneKkyaspHi
CHOJYKH 3 YHIKQIbHOI TPHUBUMIPHOI CTPYKTY-
poro, OioNoriyHa aKTHBHICTH SKUX BU3HAYAETHCS
XIMIYHUMU TPyTIaMH Ha BEPXHBOMY 200 HIIKHBOMY
o0omi. byno BusiBieHo, mo Tiakamikc[4]aper C-1087
celleKTUBHO (mopiBHSHO 3 iHmMH ATPazamn)
MPUTHIYYE AKTHUBHICTH Ca?",Mg?-ATPa3u
I1a3MaTH9HOI MeMOpaHW  KIITHH  MIiOMETpis,
sKa BiJlirpae BUPIMIATBHY PO Y MiATPUMIL
romeocrasy Ca?. Jlist pO3MUPEHHS HAIIOrO
po3ymiHHA BIUHBY Tiakalikc[4]apeny C-1087
Ha oOMmiH Ca?" y KIITHHaX MIOMETpis HEeoOXiTHO
MIPOaHaIi3yBaTH HOTO MOXKJIMBUI BIUTHB Ha OOMiH
Ca?* y BHYTPINIHBOKJTITHHHHX IyJiaX, 30KpemMa, B
MiToxoHIpisix. MeTa. MeToro IIbOT0 JOCTiKEHHS
Oyno3’sacyBaTy, un BIinBac Tiakajikc[4]apen C-1087
Ha ioHHUH 00MiH Ca?* y MITOXOHIPIsIX MiOMETPisl.
Metoau. MiTOXOHIPIT BUIINAIA 3 MIOMETPis
HeBariTHUX mIypiB. KoHIEHTpaIlito i0HI30BaHOTO
KaJbIlil0 B MAaTPUKCI MITOXOHJpiii BHU3HAYAIH
3a jgomnomoror duryopecieHTHoro 3oHma Fluo-4
AM. Busnavyanu 6a3oBy Koumentparito Ca®" 3a
BIZICYTHOCTI eK30reHHoro (nomanoro) Ca®* ta HaKo-
nuderns Ca?* 3a iioro nmpucyTHocTi. KoHIIeHTpaIito
Ca?* B iHKyOaIliifHOMY CEpeIOBHUIII BH3HAYAIN
3a jmomomororo QuyopectuenTHoro 30u1a Fluo SF,
TIeHTaKalieBa ciyib. BimHOCHE 3HaueHHS MeMOpaH-
HOTO TIOTEHIiaJly MiITOXOHIpiii (Ay) BH3HaYaTH
3a gomomoror (hiyopecrieHTHOrO 30HMa 100 HM
TMRM. [ns oOpoOKHM NaHWX BHUKOPHCTOBYBAIH
nporpamuunii maket Microsoft Office Excel. Pe3yJib-
TaTH. byJo goBeneHo, Mo iHKyOAaIis MiTOXOHIPii
y cepemoBuini Mg?- ta Mg* ATP- 3 10 MM
tiakamikc[4]apesom  C-1087  cympoBOMKYETHCS
30isbIIeHHSIM K 0a30BOi  KoHIeHTpamii Ca?,
TaK 1 HaKOMUYEHHSIM IbOTO KaTioHa B MaTPHUKCI.
IukyOariss MITOXOHApiH y cepemoBuiti Mg? -
ta Mg?,ATP- 3 1 ta 10 MM Tiakamikc[4]ape-

Hom C-1087 e BruiuBana Ha BuBiIbHeHHs Ca?' 3
mitoxouapii. Tiakanikc[4]apen C-1087 He BruIU-
BaB Ha ATP-immykoBane 30inbIeHHS K 0a30BOi
koHnenTpanii Ca?, tak i Ha Buxing Ca?", 3 opraHern.
Iaky6aris mitoxoupiit 3 10 MxM Tiakamikc[4]ape-
HoM C-1087 mpu3Bena 10 3HHKEHHS IHTEHCUBHOCTI
(bayopectieHIlii  MITOXOHJIPiM,  HaBaHTAXKEHUX
TMRM, mo Bka3zye Ha JeNoNsIpU3yIouni edekT
miei cronyku. BucHoBku. OTpuMaHi pe3ynbTaTH
BKa3ylOTh Ha MOXIHUBICTh MOJYJIOIOYOr0 BILTUBY
tiakaiikc[4]apeny C-1087 (konuentpartis 10 MmxM)
Ha 0OMiH Ca* y MITOXOHIpISX Ta MOJSIPH3ALII0
IXHIX MeMOpaH.

Knawuosi clIoBa: MITOXOH/IpI1,
koHmentpamiss  Ca®, momspusaiiss  MeMmOpaH
MITOXOHPIH, Tiakamikc[4]apen C-1087.
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