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CALIX[4]JARENE C-99 INHIBITS MYOSIN ATPase ACTIVITY
AND CHANGES THE ORGANIZATION OF CONTRACTILE
FILAMENTS OF MYOMETRIUM
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Calix[4]arenes are cup-like macrocyclic (polyphenolic) compounds, they are regarded as promising
molecular "platforms" for the design of new physiologically active compounds. We have earlier found that
calix[4]arene C-99 inhibits the ATPase activity of actomyosin and myosin subfragment-1 of pig uterus in
vitro. The aim of this study was to investigate the interaction of calix[4]arene C-99 with myosin from rat
uterine myocytes. It was found that the ATPase activity of myosin prepared from pre-incubated with 100 mM
of calix[4]arene C-99 myocytes was almost 50% lower than in control. Additionally, we have revealed the
effect of calix[4]arene C-99 on the subcellular distribution of actin and myosin in uterus myocytes by the
method of confocal microscopy. This effect can be caused by reorganization of the structure of the contractile
smooth muscle cell proteins due to their interaction with calix[4]arene. The obtained results demonstrate the
ability of calix[4]arene C-99 to penetrate into the uterus muscle cells and affect not only the myosin ATPase
activity, but also the structure of the actin and myosin filaments in the myometrial cells. Demonstrated ability
of calix[4]arene C-99 can be used for development of new pharmacological agents for efficient normalization
of myometrial contractile hyperfunction.

Key words: myosin, actin, myometrial myocytes, ATPase activity, calix[4]arene C-99, confocal microscopy.

C onsiderable attention has been recently
given to such compounds as calixarenes
in international biochemical publications.
These are synthetic macrocyclic phenol oligomers,
which molecules have a cup-like structure and func-
tionalized with different chemical groups. Calixa-
renes, calix[4]arenes in particular, can affect bio-
chemical processes in a cell, due to their ability to
form supramolecular complexes with biologically
important molecules and ions; correspondingly, they
are considered as promising molecular “platforms”
for the design of new physiologically active com-
pounds [1, 2].

Fig. 1. Structural formula of calix[4]arene C-99

Calix[4]arene C-99 (5,17-bis(dihydroxyphosph
onylmethylol)-26,28-dihydroxy-25,27-dipropoxyca-
lix[4]arene) is a cup-like four-cycle compound with
two phosphonyl groups on the upper rim (Fig. 1).

We have already shown in experiments in vitro
that calix[4]arene C-99 is an efficient inhibitor of
ATPase of actomyosin complex and subfragment-1
of myosin of the uterus smooth muscle (I, = 84 + 2
and 43 + 8 uM, respectively). Study of kinetic regu-
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larities of this compound effect on ATP-hydrolase
activity of myosin subfragment-1, namely, on the
Michaelis constant (K ), the constant of activation
by magnesium cation (K|, ) and on maximum veloci-
ty of ATP-hydrolysis process that is catalyzed by
myosin subfragment-1, in respect of ATP (V__ ..,)
and Mg?* (Viax i) has shown that calix[4]arene C-99
inhibits the process of ATP hydrolysis noncompeti-

tively with respect to its substrate. This compound
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decreases the number of catalytic turns of myosin
subfragment-1 both in respect of ATP and Mg?".
The increase of hydrodynamic diameter of myosin
subfragment-1 in the presence of calix[4]arene C-99
points indirectly to the complex formation between
this substance and the above mentioned calix[4]-
arene [3]. It is also established that calix[4]arene
C-99 is an efficient inhibitor of enzymatic activi-
ty of Na*,K*-ATPase of plasmatic membrane (PM)
(I,s < 100 nM), having practically no effect on
activity of Mg#-ATPase of PM [4].

The calix[4]arene C-99 ability to inhibit
ATPase activity of contractile myometrium pro-
teins, as well as activity of Na*,K'-ATPase of PM
of the uterine smooth muscles may be further used
for elaboration of new pharmacologic agents capable
of efficient recovery of the normal uterus contractile
function under pathologic states of the myometrium.
Since the above experiments were carried out on iso-
lated enzymes or on membrane vesicles, i. e., not on
the cell level, it is very important to investigate the
ability of calix[4]arene C-99 to penetrate through
PM inside the uterine smooth muscle cells.

The aim of our work was to study the interac-
tion of calix[4]arene C-99 with a contractile complex
of smooth muscles on the model of isolated uterine
myocytes. Since the isolated uterine smooth-muscle
cells were foreseen to be used as the main object of
research it was necessary, first of all, to adapt known
protocols of isolation and cultivation of the prima-
ry culture of myocytes to our investigations [5, 6].
Isolation of a homogeneous population of uterine
smooth-muscle cells is considerably complicated
because other uterine cells, including fibroblasts [6],
which are visually similar to myocytes and contain
non-muscular myosin and actin, are isolated jointly
with the smooth muscle uterine cells (myometrium).
Thus, it was necessary to develop an approach,
which could give a possibility to analyze localization
of contractile proteins exceptionally in uterine myo-
cytes. Hence, we had proposed an approach, which
consisted in dual staining of cell samples with fluo-
rescently labeled antibodies against smooth muscle
a-actin and myosin II. It is known that myosin I
is expressed not only in smooth myocytes, but also
in other cells, while a-actin is a specific marker of
smooth muscle cells [7], that is why the approach
of dual staining permitted us to analyze the effect
of calix[4]arene C-99 on myosin II of only smooth
muscle cells, which were stained simultaneously
for a-actin. For this purpose, we have developed a
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protocol for staining myosin and actin in the uterine
smooth muscle cells with fluorescently labeled anti-
bodies against myosin I and smooth muscle a-actin
under conditions of preincubation of native cells with
calix[4]arene C-99 and in control (without C-99), and
their localization in myocyte was investigated by the
method of confocal microscopy.

Materials and Methods

The following reagents produced by Sigma
company (USA) were used in the work: culture medi-
um RPMI-1640 with L-glutamine, nutrient medium
DMEM F-12 with L-glutamine and 15 mM HEPES
without sodium bicarbonate, mixture of antibiotics
(penicillin and streptomycin) and antimycotic (am-
photericin) solutions, monoclonal antibodies against
smooth muscle a-actin, antibodies against myosin II,
FITC-conjugated secondary antibodies against Fc-
fragmens of mouse antigen, FITC-conjugated sec-
ondary antibodies against Fc-fragmens of rabbit an-
tigen, Alexa 594-conjugated secondary antibodies
against Fe-fragmens of mouse antigen, bovine serum
albumin (BSA), MTT reagent (3-(4,5-dimethylthia-
zolyl-2)-2,5-diphenyltetrazolium bromide), PBS
(phosphate-buffered saline: 0.8% NaCl, 0.02% KCI,
0.144% Na,HPO,, 0.024% KH_PO,, pH 7.4), me-
dium for cells fixation based on polyvinyl alcohol
(Polyvinyl alcohol mounting medium with DABCO),
DMSO, SDS, collagenase 1 of A-type, Trypsin in-
hibitor from Glycine max (soybean), poly-L-lysine;
Fetal Bovine Serum (Gold, EU-approved).

Calix[4]arene C-99 was synthesized in the
Department of Phosphoranes Chemistry of NAS
of Ukraine headed by V. 1. Kalchenko, Corr. Mem-
ber of NAS of Ukraine. 1 mM stock solution of
calix[4]aren C-99 was prepared in 50 mM Tris-HCl,
pH 7.2.

A confocal microscope Carl Zeiss LSM 510
Meta (Carl Zeiss, Germany), ESCO laminar cabi-
nets of biosafety level Il (Singapore), centrifuge
MLW T23D (ELMI, Germany), device for vertical
electrophoresis Mini-Protein II Electrophoretic Cell
(Bio-Rad, USA) were used in the experiment.

Confocal microscopy of isolated cells. Myocyte
suspension of the nonpregnant rat uterus was ob-
tained using type 1 A collagen and soybean trypsin
inhibitor by Gangula method [5]. The female rat
uterus was thoroughly purified and dissociated in
Hank’s solution in the presence of Ca* and Mg*
(136.9 mM NacCl, 5.36 mM KCl, 1.26 mM CaCl,
0.44 mM KH,PO,, 0.26 mM Na,HPO,, 4.5 mM
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NaHCO,, 0.4 mM MgCl,, 5 mM glucose, 0.4 mM
MgSO,, 10 mM HEPES, pH 7.4 at 37 °C). The uterus
pieces were washed in Hank’s solution without Ca?*
and Mg?*, and cells were dissociated in solution
which contained 0.1% collagenase 1 A and 0.01%
trypsin inhibitor from Glycine max (soybean). Dis-
sociated cells were precipitated by centrifugation at
80 g, suspended in 10 mM HEPES, pH 7.4, which
contained 150 mM NaCl, to concentration 5-8x10°
cells/ml. Myocyte suspension aliquots in 10 mM
HEPES, pH 7.4, with 150 mM NacCl, which con-
tained about 1 million cells, were applied on cover
glass coated with poly-L-lysine for 1-2 h. The cover
glasses were pretreated with 1IN HCl at 50-60 °C for
8-16 h to improve cell adhesion. Cover glasses were
washed with PBS/BSA (PBS adding 1% BSA) to re-
move unbound cells. Myocytes were fixed with 4%
paraformaldehyde and permeabilized using 0.05%
triton X-100 for 40 min at 4 °C. Myocytes were in-
cubated in 100 uM calix[4]arene C-99 in PBS for 1 h
with following PBS/BSA washes (5 times). After that
cover glasses were prepared for confocal microscopy
(see further). The control cells were incubated under
the same conditions in PBS with adding a buffer for
dilution of calix[4]arene.

Cultivation of primary myocyte cells. All pro-
cedures for obtaining cultivated myocytes were per-
formed in sterile conditions under a laminar flow
using collagenase 1 of A type. The cells were cul-
tivated in RPMI-1640 or DMEM F-12 nutrient me-
dium with mix of antibiotics (penicillin 1000 U/ml,
streptomycin 100 pg/ml) and an antimycotic (ampho-
tericin B 0.25 pg/ml), and 20% Fetal Bovine Serum
at 37 °C at 5% CO, concentration in the atmosphere
(standard conditions). Cells were placed on cover
glasses in the wells of a 24-well plate and cultivated
in standard conditions for 1-2 days to ensure the at-
tachment and spreading of the cells. The cells were
washed with PBS before adding calix[4]arene C-99.
The medium was changed by serum-free one with
25 or 100 uM calix[4]arene C-99. After that, cells
were cultivated for 1 h in standard conditions. The
control cells were incubated in the same conditions
but calix[4]arene was replaced by its buffer for dis-
solving.

Confocal microscopy of cultivated cells. The
cells attached to cover glasses were stained for
a-actin and myosin by incubation with FITC-la-
beled monoclonal antibodies against smooth mus-
cle a-actin and FITC- or Alexa 594-labeled antibo-
dies against myosin II for 60 min at 37 °C. Hoechst
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33342 was used as a dye for nuclei staining. Cover
glasses with cells were mounted on a slide in the
polyvinyl alcohol based medium for cell mounting.
Preparations were analyzed on confocal microscope
Carl Zeiss LSM 510 Meta (Carl Zeiss, Germany).
The image was obtained using 63% immersion lens
(Plan-Achromat 63%/1.4 Oil DIC) from three chan-
nels, which register fluorescence of Hoechst 33342
(BP 420-480), FITC (BP 505-530) and Alexa 594
(LP 560), the exciting lasers were of 405, 488 and
582 nm, respectively.

MTT proliferative assay. Cells were grown to
confluent state on 96-well plates to perform MTT
proliferative assay. The cells were washed with PBS
before adding calix[4]arene C-99. The medium was
changed by serum-free one with concentration from
6 to 500 uM calix[4]arene. Then, the cells were cul-
tivated for 24 h in standard conditions. The control
cells were incubated in the analogous conditions in
PBS without adding calix[4]arene C-99. Further, the
content of the wells with cells was substituted by
a new nutrient medium with 0.5 mg/ml solution of
MTT reagent and incubated for 4 h at 37 °C, which
led to transformation of water-soluble MTT onto
insoluble violet formazan crystals. Formazan was
solubilized with the aid of 10% SDS and 0.6% acetic
acid in DMSO for 5 min under intensive shaking [8].
Formazan concentration was determined by the solu-
tion optical absorption at 545 nm (assay) and 630 nm
(comparison) on pQuwant plate reader (Biotek In-
struments, Inc., USA).

Isolation of myosin. Myosin was obtained from
rat uterus myocytes, using the developed micro-
method, which allowed receiving such amount of
myosin (800 mg) from one uterus, which is sufficient
for determining its ATPase activity (10-20 pg of pro-
tein in a sample). Experimental cells were prelimi-
narily incubated with 100 mM calix[4]arene C-99 in
10 mM HEPES, pH 7.4, which contained 150 mM
NaCl during 1 h, at the same time, native myocytes
were incubated under the same conditions in the
same buffer but without calix|[4]arene. After washing
step, the cells were frozen in liquid nitrogen and kept
in a freezer at - 80 °C. The next day the cells were
thawed and myosin was extracted from them with
a buffer, which contained 0.6 M KCI, 10 mM tris-
HCI (pH 7.5), 1 mM sodium azide, 0.5 mM phe-
nylmethylsulphonylfiuoride, 0.3 MM dithiothreitol.
The cell residue was separated by centrifugation at
1600 g, following myosin extraction. The precipitate
liquid was 10-fold diluted with cold water for myo-
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sin precipitation and purification from water-soluble
proteins. Myosin was precipitated by centrifugation
at 10 000 g by MLWT23D centrifuge (ELMI, Ger-
many), and the precipitate was diluted in minimum
amount of 50 mM Tris-HCI buffer (pH 7.2) with
0.6 M KCIl. The preparation purity was examined by
PAGE in denaturing conditions [9]. Myosin ATPase
activity was measured at 37 °C in 1 ml of incuba-
tion medium containing 3 mM ATP, 5 mM MgCIL.,
0.010 mM CaCl,, 100 mM KCI, 20 mM Tris-HCI
(pH 7.2). The amount of P, released in the reaction
of ATP hydrolysis was determined by the method of
Chen [10].

Results and Discussion

Study of calix[4]arene C-99 effect on viability
of uterine cells. The effect of calix[4]arene C-99 on
ATPase activity of myometrial contractile proteins
and activity of Na*/K*-ATPase of PM of the uteri-
ne smooth muscles was studied on the model of PM
vesicles and on isolated proteins [3, 4]. It was neces-
sary to determine the cytotoxicity of this compound
and effect of calix[4]arene C-99 on uterine myocytes
for further experiments in the presence of such con-
centrations of calix[4]arene C-99, which would not
be toxic for cells.

MTTassay was used to study the effect of ca-
lix[4]arene C-99 on viability of the uterine cells. It is
based on the ability of mitochondrial dehydrogenas-
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es of respirating actively cells to convert water-solu-
ble 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) into insoluble violet formazan,
which is crystallized inside the cell. Formazan solu-
bilization with the use of dimethylsulfoxide (DMSO)
and the further photometry permits us to compare
exact changes in the solution absorption as to the
control with a change of the number of viable cells,
and to estimate the cell death induced by one or an-
other cytotoxic agent in cytotoxic research [8§].

As a result of the performed MTT-assay, it was
determined (Fig. 2) that calix[4]arene C-99 added
to the uterine cell culture in concentrations from 6
to 125 uM did not affect the uterine cell viability.
The death of almost 40% of cells was observed in
further increasing of calix[4]arene C-99 concentra-
tion to 250 pM and almost 60% of uterine cells died
under calix[4]arene C-99 concentration 500 uM. The
obtained results allowed us to choose calix[4]arene
C-99 concentrations of 25 and 100 uM for further
study, at which cells would not lose their viability.

Study of calix[4]arene C-99 ability to penetrate
into cells and to affect myosin localization. To study
calix[4]arene C-99 ability to penetrate into cells,
the suspension of native rat uterus myocytes were
preincubated with 100 mM calix[4]arene C-99. The
cells were thoroughly washed after incubation; myo-
sin was isolated from them and its ATPase activity
was determined. It appeared that myosin obtained

300 400 500 600

Calix[4]arene concentration, uM

Fig. 2. Effect of calix[4]arene on viability of the uterine cells by results of MTTassay. A standard diagram of

samples (n = 4)
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from the cells preincubated with calix[4]arene C-99
had almost twice lower ATPase activity compared
to the control cells incubated in the same conditions
without calix[4]arene (Fig. 3). The value of enzy-
matic activity of myosin obtained from such cells
is close to that, determined in the in vitro experi-
ments, when calix[4]arene C-99 was added directly
to myosin, namely to its catalytic region— subfrag-
ment-1 [3]. The obtained results can be the evidence
for calix[4]arene C-99 ability to penetrate into native
uterus cells and to interact directly with contractile
proteins.

We decided to study at the first stage how this
compound affects myosin localization in myocytes
to test the ability of calix[4]arene C-99 to penetrate
into the native uterus cells. The experiments were
carried out on uncultivated cells. Myocyte suspen-
sion was incubated for 1 h at 37 °C in the medium,
which contained 100 pM of calix[4]arene C-99, af-
ter that the cells were adhered to cover glasses with
poly-L-lysine, fixed and permeabilized with 4%
paraformaldehyde and 0.05% triton X-100; myosin
in myocytes was visualized with FITC-labeled anti-
bodies against myosin II. The control cells were in-
cubated and treated to obtain preparations on cover
glasses in analogous conditions, but the buffer was
added instead of calix[4]arene. Myosin localization
in control cells and in those preincubated with ca-
lix[4]arene C-99 was analyzed using the confocal
microscope Carl Zeiss LSM 510 Meta.

Myosin II in control cells is located near the
cell PM, that is agreed with published data (Fig. 4).
We have found the differences in myosin structure
in the uterus myocytes comparing the confocal pho-
tographs of the control and experimental myocytes.
Myosin from the experimental cells preincubated
with calix[4]arene C-99 had more discrete location

Control
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60 1

40 -

20 1

Control Calix[4]arene C-99

Fig. 3. ATPase activity of myosin, isolated from
the suspension of rat uterus cells, in control and
in conditions of myocyte suspension preincubation
with 100 uM calix[4]arene C-99 (M £+ m, n =5 ).
The value of activity in the absence of calix[4]arene
(P < 0,05) was taken as 100% (control)

in contrast to the cells without adding calix[4]arene
C-99, in which stained myosin apparently has more
integrated structure. The differences of subcellular
distribution of myosin in uterine myocytes in con-
ditions of intact cells incubation with calix[4]arene
C-99 compared to the control may be caused by
changes in the structure of the proteins of contractile
apparatus of the smooth muscle cells as a result of its
interaction with calix[4]arene penetrating into cells.

The influence of calix[4]arene C-99 on myo-
sin localization has been studied on isolated uterine
cells which, when affected by calix[4]arene, were in

Calix[4]arene C-99

Fig. 4. Standard confocal photographs of fixed samples of rat uterus myocyte suspension stained with FITC-
labeled antibodies against myosin 11, in control and in the presence of 100 uM calix[4]arene C-99
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the suspension that did not meet their physiological
condition. At the same time, the results obtained do
not guarantee any specificity of calix[4]arene effect
on the SM cell myosin, since the SM cell marker was
not used.

That is why, the next stage was the investigation
of calix[4]arene C-99 influence on localization of
contractile proteins on cultivated cells that allowed
us to create conditions for cells adhesion, prolifera-
tion and growth. In our opinion, the investigation on
a model of cultivated cells permits visualizing the
effect of calix[4]arene C-99 on the structure of ac-
tomyosin complex of live cells in the conditions op-
timally close to physiologic state. The experiments
were conducted on the culture of uterine myocytes,
which were passaged no more than 5-6 times from
the moment of isolation that was necessary to keep
cells in a phase of exponential growth and to pre-
vent their aging. The samples for confocal micros-
copy were prepared from myocytes adhered to cover
glasses, as it was described for myocytes suspension.
Actin was visualized by incubation of fixed and per-
meabilized cells with FITC-labeled monoclonal an-
tibodies against smooth muscle a-actin, which is a
marker of SM cells [7].

Partial loss of the filament structure of actin
and appearance of its dispersed coloring (Fig. 5)
was noticeable in the experimental cells, which
were incubated with 25 uM calix[4]arene C-99. It
was observed virtually complete relocalization of
actin upon increasing of calix[4]arene C-99 con-
centration to 100 uM, namely complete loss of ac-

Control

25 uM

tin filaments and diffuse (discrete) coloring. Actin
filaments, located mainly lengthwise in myocytes,
were well noticed on confocal photographs in control
cells which were not incubated with calix[4]arene
C-99. Thus, under previous incubation of myocytes
with calix[4]arene C-99 a-actin undergoes structural
changes in a cell: it can be observed a gradual loss of
integrity of a-actin filaments [5].

We have studied actin and myosin colocaliza-
tion in cultivated myocytes preincubated with ca-
lix[4]arene C-99 to establish specific effect of ca-
lix[4]arene C-99 on myosin of the uterus SM cells
compared to the control cells. For confocal micros-
copy, the cultivated cells adhered to cover glasses
were fixed and permeamilized, after that they were
stained to reveal the presence of a-actin and myosin
by incubation with FITC-labeled antibodies against
SM a-actin and Alexa 594-labeled antibodies against
myosin II. This approach allowed us to analyze
the influence of calix[4]arene C-99 on myosin of
SM cells, because myosin localization was mainly
studied in the cells, which were stained simultane-
ously with fluorescently labeled antibodies against
a-actin, specific to SM cells.

An analysis of confocal images of the fixed
uterus myocytes, grown in the culture and preincu-
bated with calix[4]arene C-99 for 1 h at 37 °C, has
also revealed a difference in distribution and struc-
turization of myosin and a-actin compared to the
control. a-Actin and myosin have been visualized
in a form of filaments in the control cells incubated
with adding a buffer for calix[4]arene. a-Actin and

100 uM

Fig. 5. Standard confocal images of fixed samples of rat uterine myocytes stained by monoclonal antibodies
against smooth muscle a-actin and secondary FITC-labeled antibodies: in control and under preincubation

of myocytes with 25 and 100 uM calix[4]arene C-99

100

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 6



R.D. LABYNTSEVA, A. A. BEVZA, A. O. LULUKO et al.

Anti-SM-a-actin-FITC

Control

Calix[4]arene C-99

Anti-myosin ll-Alexa 594

Merged

Fig. 6. Colocalization of FITC-labeled antibodies against smooth muscle a-actin (green) and Alexa 594-marked
antibodies against myosin Il (red) in cultivated myocytes of myometrium — in control and in the presence of

100 uM calix[4]arene C-99

myosin lost their filament structure and looked like
discrete particles in experimental myocytes preincu-
bated with calix[4]arene C-99 (Fig. 6).

It could be supposed that synchronism in the
changes of a-actin and myosin localization in uterine
myocytes is a result of associated and coordinated
function of two contractile proteins in the muscle
cells. The differences (compared to control) in the
subcellular distribution of myosin and actin in uterus
myocytes in conditions of incubation of intact cell
with calix[4]arene C-99 have been found by the
method of confocal microscopy. These differences
may be a result of calix[4]arene penetration into a
cell and its interaction with contractile proteins. The
ability of calix[4]arenes to penetrate inside the cell
was shown by other authors using fluorescent deriva-
tives of some calix[4]arenes [11, 12].
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Similar results concerning the effect of some
compounds on the integrity of actomyosin complex
have been described in published data. In particular,
the ability of tapsigargin [13] and phorbol ester [14]
to affect actin and myosin association was shown by
the method of confocal microscopy on the culture of
AT7r5 SM cells; that is accompanied by transforma-
tion of actin filaments into discrete peripheral cor-
puscles and by diffuse localization of myosin. Such
effect is a result of penetration of these compounds
to A7r5 cell cytoplasm.

Therefore, we have shown the calix[4]arene
C-99 ability to penetrate through PM of the uterus
SM cells and to affect not only ATPase activity of
myosin, but also the integrity of actomyosin com-
plex. The obtained results opened new potentiali-
ties of using calix[4]arene C-99 as a modulator of
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contractile activity of SM cells both on the cell and
organism level.

The calix[4]arene C-99 properties to penetrate
into the uterus myocyte and to influence the ATPase
activity of myosin and structural organization of ac-
tomyosin complex may be further used for design of
new pharmacologic agents, which can recover the
normal contractile function of the uterus in case of
the myometrial pathology.
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Kamikcapenn - 1e wyamonofiOHi Makpo-
HUKJIT9HI (0TI eHONTbHI) CIIOYKH, BOHU PO3IJIsi/ia-
FOThCSI SIK TICPCIIEKTUBHI MOJICKYJISPHI «IiaThop-
MWY» JUISL TA3aiiHy HOBHX (Di310JIOTTYHO aKTUBHUX
crnionyk. Panime B gocnifgax in vitro Hamu Oyio BH-
siBJieHo, 1o Kanikc[4]apern C-99 inrioye ATPasny
AKTUBHICTh aKTOMIO3MHY Ta cyO¢parmenra-1
MIO3MHY MaTKd CBHHI. MeTor 1ie€i poboTu Oyio
JIOCTIJKeHHST  B3aeMofii  kamikc[4]apeny C-99
i3 MIO3MHOM MIOIUTIB MaTku Imypa. s 1mporo
JOCITJIKYBaH1 KIIITHHY TONEPETHBO 1HKYOyBaH 3i
100 MM kamnikc[4]aperom C-99, i3 gociimKyBaHUX
Ta KOHTpOJNBHUX (0€3 KajikcapeHy) MIOIHUTIB
OJICP)KyBaJid MiO3UH Ta Bu3Hauyaiau iioro ATPa3ny
aKTUBHICTh. BusBuiock, mo aktuBHiCTE ATPasu
MIO3UHY, OJICPKAHOTO 3 JOCTITHUX MIOIMTIB, Mai-
xe Ha 50% HIKYe MOPIBHSHO 3 MiO3MHOM KOHTPOJIb-
HUX KJIITHH. MeTosoM KOH(OKaTbHOT MiKpPOCKOITii
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MOKa3aHO BiJAMIHHOCTi (MOPiBHSHO 3 KOHTPOJIEM)
y CyOKJITHHHOMY PpO3MOIiJi MiO3MHY Ta akTHHY
B MIOLIMTAaX MAaTKH, IHKyOOBaHUX i3 Kaikc[4]ape-
HoM C-99. Ils BinMiHHICTP MOXe OyTH 0OYMOB-
JeHa mnepeOyAoBaMH Yy CTPYKTYpi CKOPOTIMBHUX
MPOTETHIB IJ1aICHHKOM I30BUX KJIITHH BHACIIOK X
B3aeMoii 3 KamikcapeHoM. OpepkaHi pe3ysbTaTh
CBiTYaTh Mpo 3MaTHICTH Kaiikc[4]apeny C-99 mpo-
HUKAaTH BCEPEAMHY MIOLIMTIB MaTKH Ta BIJIUBATH HE
Tinbku Ha ATPa3Hy akTUBHICTH MiO3UHY, ajie i Ha
CTPYKTYPY aKTHHOBUX Ta MiO3UHOBUX (hiJJaMEHTIB
KJIITHH MioMeTpis. BmacruBicth kamikc[4]ape-
Hy C-99 mpoHHMKaTH BCepenuHY MIOIUTIB MOXKe
OyTH BHKOpHCTaHa B TOJAJIBIIOMY JUISI PO3POOKH
HOBUX (papMaKoJIOTiYHHUX 3ac00iB, 31aTHUX e(eK-
TUBHO HOPMaJi3yBaTU CKOPOTIHMBY rinepyHKIIi0
MIiOMETpisl.

Knrmo4yoBi c10Ba: MIO3MH, aKTHH, MIOIIUTH
MiomeTpisgs, ATPa3na akTuUBHICTB, Kalikc[4]apeH
C-99, koH(hoKaIbHAS MIKPOCKOITISI.

KAJIUKC[4]APEH C-99 UHI'UBUPYET
ATPa3znyro AKTUBHOCTb MUO3UHA
N U3MEHSET CTPYKTYPHYIO
OPTAHU3ALNIO COKPATUTEJIBHBIX
OUJTAMEHTOB MUOMETPU A
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Kanukcapenbl — yamieBUIHbIE MaKpOIUKIH-
yeckue (Monu(eHONbHbBIE) COCJAMHEHUS, KOTOPHIC
paccMaTpuBarOTCsl KaK TEpPCHEeKTUBHBIE MOJEKY-
JSpHBIE «TIATQOPMBI» JJIsl JHU3aiiHa HOBBIX (u-
3UOJIOTUYECKU AKTUBHBIX COCJUHEHUU. PaHee B
OTIBITAX in Vitro HaMu OBIIO OOHApY’KEHO, YTO Ka-
mukc[4]apen C-99 unrn6upyer ATPasnyio akTus-
HOCTh aKTOMHO3MHa U cyO¢parmeHTta-1 mMuosmHa
MaTKu CBUHBH. llenpro HacTosmeil paboThl OBIIO
HCCJICIOBAHNE B3aMMOJCHCTBUS Kaiukc|[4]apeHa
C-99 ¢ MMO3MHOM MHOIIMTOB MAaTKH KpBICHL s
3TOT0 HCCIEAyeMble KJIETKH MpPeIBAPUTENHHO HH-
kyoupoBanu c¢ 100 MM kanukc[4]apenom C-99,
U3 OIBITHBIX M KOHTPOJBHBIX (0€3 KalnKcapeHa)
MHUOILIMUTOB TOJYYajli MHO3WH M ONPEACNIN €ero
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ATPa3nyio akTuBHOCTH. OKa3ajoch, YTO AaKTHUB-
HocTh ATPa3bl MHO3MHA, MMONYYEHHOTO U3 OIBIT-
HBIX MHOLMTOB, TouTu Ha 50% HUXE MO cpaBHe-
HHIO C MMO3WHOM KOHTPOJIBHBIX KJIETOK. MeTonom
KOH(OKaTBHOM MUKPOCKOIIUH BBISIBIICHBI Pa3IHUUs
(1o cpaBHEHUIO C KOHTPOJIEM) B CyOKJIETOYHOM pac-
MpeeseHN MUO3MHA U aKTHHA B MMOIIUTaX Mat-
KM, WHKYyOWpOBaHHBIX ¢ Kamukc|[4]apeHom C-99.
OTo pa3nuyue MOXKeT ObITh O0OYCIOBJIEHO Iepe-
CTpOWKaMu B CTPYKTYpE€ COKpPAaTUTEIBHBIX IPO-
TEUHOB TJIaJKOMBIIIEYHBIX KJIETOK BCIEJICTBUE HUX
B3aUMOJACHUCTBUS € KalukcapeHoM. llomydeHHble
pe3yabTaThl CBUACTEILCTBYIOT O CIIOCOOHOCTH Ka-
nukc[4]apena C-99 npoHuKaTh BHYTPh MHOLIUTOB
MaTKH ¥ BAUATH He Tosbko Ha ATPa3Hyio akTuB-
HOCTh MHO3MHA, HO M Ha CTPYKTYPY aKTHHOBBIX
U MHUO3MHOBBIX (MIAMEHTOB KJIETOK MHOMETPHSL.
CsaoiicTBo kanukc[4]apena C-99 npoHUKaTh BHYTPb
MHUOLIUTOB MOXET OBITH MCIIOJIB30BAHO B JaIbHEH-
eM Mpu pa3paboTKe HOBBIX (PapMaKOIOTHYSCKUX
CPEACTB, CIOCOOHBIX dPPEKTUBHO HOPMATH30BATh
COKpATUTENbHYIO TUNepYHKIIUI0 MHOMETPHSI.

KnrmoueBple cJlIoOBa: MHO3MH, aKTHH,
MUOLIUTHl MUoMeTpusi, ATPa3Has akTUBHOCTB, Ka-
nukc[4]apen C-99, koHbOKaTbHAS MUKPOCKOIIHSL.
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