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Introduction. Plasma membrane calcium ATPase is a constitutive structure of cells
that functions as a high affinity system of releasing Ca?* ions from the cytoplasm and
ensures a long-term maintenance of the basal concentration of these cations in the
state of dormancy. Currently, there are no satisfactory means for the pharmacological
correction of plasma membrane calcium ATPase function. Thus, elaboration, synthesis,
and study of substances with the targeted impact on plasma membrane calcium ATPase
are topical issues. Previously, we determined the ability of this calix[4]arene in the con-
centration of 10 uM to inhibit the contractive activity and to slow down the relaxation of
smooth muscle of the myometrium in the NO-dependent way, which considerably
decreases the normalized maximal velocity of the relaxation phase.

Materials and Methods. The tenzometric methods and mechanokinetic analysis
were used to investigate the impact of the cumulative increase in the concentration of
calix[4]arene C-90 (10 nM — 100 uM) on the spontaneous contractive activity of the
myometrium of rats. The complete profile of spontaneous cycles of contractions-relaxa-
tions was studied by the empirical multiparameter method of complex mechanokinetic
analysis, elaborated by us (with the consideration of the parameters of time (t,, t; and
1), force (F,,., Fc and Fy), velocity (V. and V), and impulse (/_,, I and I;).

Results. Calix[4]arene C-90 evoked the dose-dependent inhibition of spontaneous
contractive activity of the myometrium preparations. Its high concentrations caused
a change in the structure of the contraction act, such as an increase in the duration of the
contraction phase, while the duration of the relaxation phase did not show any changes.

The multiparameter method of the complex mechanokinetic analysis demonstrated
that in the whole range of the investigated concentrations, substance C-90 considerably
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decreases the indices of force parameters (F,..,, F; and F) and the values of impulses
of force I_,,, I.and I; of the spontaneous contractions of the myometrium. On the back-
ground of all the applied concentrations (107-10* M), calix[4]arene C-90 conditioned
the slowing down of the relaxation of spontaneous contractions in uterine muscle prepa-
rations of rats, which was reflected in a reliable decrease in the parameter for the maxi-
mal velocity of the relaxation phase (V).

Conclusions. The results of the study demonstrate that calix[4]arene C-90 inhibits
the processes of Ca?* extrusion from smooth muscle cells myoplasm, probably, impact-
ing plasma membrane calcium ATPase molecules directly. It is noteworthy that C-90 is
also likely to inhibit the processes of the intake of these cations to cells from the extra-
cellular medium, causing a decrease in the velocity of force intensification during the
contraction phase, and reducing the frequency and force of the spontaneous contrac-
tions in the myometrium.

Keywords: smooth muscles, myometrium, plasma membrane calcium ATPase,
calix[4]arene C-90, mechanokinetic analysis

INTRODUCTION

The control of excitation and contractive activity of uterine smooth muscles (SM)
ensures the preservation of the fertility and the ability to bear the fetus and survive the
delivery [17, 24]. According to the data of the World Health Organization, many cases of
newborns’ death globally are related to premature delivery, the cellular basis of which is
the impaired regulation of the processes of excitation-contraction in the myometrium [26].

The systems of active ion transport in the plasma membrane and intracellular cal-
cium depots are relevant regulators in the functioning of uterine SMs. In particular, note-
worthy are the systems of active transport for Ca?* ions: calcium pumps of plasma
membrane (PM) and sarcoplasmic reticulum, Na*/Ca?-exchanger in PM, Ca*-
transporting systems in mitochondria, which maintain the basal level (about 100 nM) of
the intracellular concentration of this cation, and ensure the termination of excitation
processes [9, 13].

Plasma membrane calcium ATPase (PMCA) is a constitutive structure of PM of
cells that functions as a high affinity (K,, for Ca* is 0.2-0.5 yM) system of releasing Ca*
ions from the cytoplasm. It ensures a long-term maintenance of the basal concentration
of these cations in the state of dormancy. PMCA belongs to the family of ion-transport-
ing ATPases of P-type (subclass P2B) [14]. The stoichiometry of the transported Ca?*
ions and hydrolyzed ATP molecules is 1:1. Four isoforms of PMCA (1-4) were identified,
which are encoded by different genes; the additional diversity (over 20) of isoforms is
ensured by the alternative splicing [6].

While pumping Ca?* out of smooth muscle cells (SMC), PMCA is involved in
the maintenance of the intracellular concentration of these cations, and the contribution
of this calcium-transporting system in maintaining the basal intracellular concentration
of Ca?" in the myometrium cells is 70 %, while the remaining 30 % are ensured by
Na*/Ca*-exchanger [8].

During the two recent decades, many studies, actively conducted globally by diffe-
rent laboratories, have demonstrated that in terms of tissues and isoforms, PMCA is one
of the key membrane structures with Ca?*-transporting and signaling functions and is
related to the development of many pathologies, for instance, hypertension, myocardial
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hypertrophy, neuronal damage, male sterility, etc., which indicates considerable thera-
peutic potential of PMCA [16]. Currently, there are no satisfactory means for the pharma-
cological correction of PMCA function.

Two classes of substances capable of inhibiting PMCA can be distinguished: non-
selective inhibitors of ion-transporting systems of the cell (vanadate, eosin, and lantha-
num) and caloxins — selective PMCA inhibitors with low affinity (with the constant of
enzyme inhibition from human erythrocytes PM for different caloxins varies from 86 to
1,000 uM). There is an urgent issue of elaboration, synthesis, and study of substances
with the targeted impact on PMCA using different models [12].

Recent studies have found that some substances that belong to the class of calix-
arenes are capable of selective inhibition of Ca*, Mg?-ATPase of PM; for instance,
calix[4]arene C-90 impacts this system with /,, = 34.6+£6.4 uM [4, 9, 22, 23]. Previously,
we determined the ability of this calix[4]arene in the concentration of 10 pM to inhibit
the contractive activity and to slow down the relaxation of SM in the myometrium in the
NO-dependent way, which considerably decreases the normalized maximal velocity of
the relaxation phase [3].

The aim of this study was to investigate the mechanokinetic regularities of the
impact of the cumulative increase in the concentration of calix[4]arene C-90 (10 nM —
100 pM) on the spontaneous contractive activity of the myometrium of rats.

MATERIALS AND METHODS

The experiments were conducted using Wistar line rats (6 animals, 200-250 g). All
the manipulations with animals were conducted according to the International conven-
tion 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, 2020). The animals were killed by the introduction of
a lethal dose of propofol (Sigma, USA) narcosis.

The tenzometric experiments were conducted on preparations of longitudinal
smooth muscles of uterine horns. Muscle stripes (the average size — 2x10 mm) were
placed into a working chamber (the volume of 2 mL) with the flowing Krebs solution (the
flow rate of 5 mL/min), thermostated at 37 °C. The preparation was passively tensed at
10 mN and left for 1 h (until the stable amplitude of spontaneous contractions was
achieved). The contractive activity was studied in the isometric mode using a force
sensing device. The signals were registered with an analogue-to-digital transformer.

Krebs solution contained (mM): 120.4 NaCl; 5.9 KCI; 15.5 NaHCO,; 1.2 NaH,PO,;
1.2 MgCl,; 2.5 CaCl,; 11.5 glucose. pH of the solution was 7.4.

Calix[4]arene C-90 was synthesized and described by NMR and IR spectroscopy
under the leadership of the full member of the NASU V.I. Kalchenko, at the Phospho-
ranes Chemistry Department of the Institute of Organic Chemistry, NAS of Ukraine.

Calix[4]arene C-90 was preliminary dissolved in dimethylsulfoxide (DMSO) and
added to Krebs solution to obtain the final aliquot of DMSO of 0.1 % from the total
volume of Krebs solution. The control contractions were studied in solutions containing
0.1 % DMSO.

The scheme of the experiments was as follows: after 10 min of preincubation with
calix[4]arene C-90 (10 nM), spontaneous contractions were registered for another
10 min to conduct the mechanokinetic analysis, then the cumulative increase in the

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi Ctygii / Studia Biologica e 2021 « Tom 15/ Ne 2 ¢ C. 3-14



6 O. V. Tsymbalyuk

concentration of C-90 was achieved (up to 100 nM), followed by the preincubation for

10 min. After that, the contractions were registered for another 10 min with subsequent

analysis using the kinetic methods, described below; therefore, the increase in the con-

centration of calix[4]arene C-90 was conducted until reaching 100 uM.

The efficiency of the contractive activity in muscles was evaluated by the duration
of contractions, the pauses between them, the duration of specific fragments of contrac-
tions (contraction and relaxation phases), the asymmetry coefficient (the ratio between
the duration of the contraction phase and the duration of the relaxation phase), the
contractive cycle (the duration of a single contraction and a pause thereafter), the index
of activity for contractions (the ratio between the duration of contractions and the dura-
tion of pauses between them) [11]. The contraction phase was defined as a fragment of
a contractive response from the beginning of force variation up to its maximal value (the
amplitude of the phase contraction). The relaxation phase started with the maximum of
phase contraction and lasted until the value of the force returned to its basal level. The
average velocity of the contraction intensification (F,/t, the ratio between the contrac-
tion amplitude and the time of its attainment) was also determined. The changes in the
efficiency of cumulative contractive activity of SM preparations were quantitatively
determined in the MU and AU indices of contractions (MU, the product of MU and the
average duration of contractions in 10 min) [3, 11].

The complete profile of the spontaneous cycles of contractions-relaxations was
studied by the empirical multiparameter method of complex mechanokinetic analysis,
elaborated by us (with the consideration of the parameters of time (z,, 1. and 1), force
(Fx Fc and Fy), velocity (V. and V), and impulse (/...,, I and I3) [16]. According
to this method, single spontaneous contractions were linearized in the coordinates

fR . At . .

In I ,In(1+ %) , where f and t are instantaneous values of force and time on the
[}

level of the phases of contraction (marked with index “C”) and relaxation (marked with

index “R”) of the contraction cycle. The parameters are as follows:

e F. and F; — relevant values of force in the inflexion points of the mechanokinetic
curve on the level of the phases of contraction (from the beginning of the force
increase up to its maximal value F,_,) and relaxation (from the maximal value of
the force F,, and to its coming back to the basal level);

e 7, and 1 — indices of the characteristic time of the contraction phase (the time,
during which F_ is registered) and the relaxation phase (the time, during which F,
is registered);

o 7, — typical time of the amplitude (the time, during which F,__ is registered);

¢ V. and V; —maximal velocities of the contraction and relaxation phases, respec-
tively;

o | ..— the impulse of the force on the level of the amplitude F,__,;

¢ /. and I; —the impulse of the force on the level of maximal velocities of contraction
and relaxation, respectively.

The kinetics of spontaneous contractions was additionally analyzed using the
method of maximal velocity (V,,) of the relaxation phase, normalized as per the ampli-
tude (F...,) [1]- The method envisages the separate linearization of the relaxation phase

Foo —F
of the mechanokinetic curve in the coordinates {ln(%j;ln(t)} where f and t are
instantaneous values of force and time.

ax
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The data were processed by variation statistics methods using OriginPro 2018 pro-
gram. The samples were checked in terms of belonging to normally distributed general
populations according to Shapiro—Wilk criterion. The one-way ANOVA was used to
determine reliable differences between the mean values of samplings; the post-test
comparison was made using Bonferroni test. In all cases, the results were considered
reliable on condition of the probability p value under 5 % (p < 0.05). The validation
analysis of data approximation by the linear function was performed using Fisher’s
F-criterion; determination coefficients (R2) were at least 0.9. The results were presented
as the arithmetic mean * standard error of the mean value, n — number of experiments.

RESULTS AND DISCUSSION

A cumulative increase in the concentration of calix[4]arene C-90 from 10 nM to
100 uM in the washing solution was accompanied by a dose-dependent inhibition of
spontaneous contractive activity of the myometrium preparations (Fig. 1). It was reflected
in the reduction in the amplitude and the frequency of contractions, reliable changes in
which were observed in the presence of high C-90 concentrations (10 and 100 uM). The
reduction in the frequency of contractions was caused by the prolongation of the duration
of the uterine cycle. It should be noted that the parameter of the uterine cycle duration
under the action of C-90 (the range of concentrations 100 nM — 10 yM), was 120 % on
average, and under 100 uM increased up to 133 %, as compared with the control (Fig. 2).

5 mN

5 min

VIOV
) ) ) ) )

0.01 uM 0.1 uM 1 M 10 uM 100 uM

Fig. 1. Spontaneous contractive activity of the myometrium of rats under the cumulative increase in the con-
centration of calix[4]arene C-90 (10*-~10* M) in the washing solution for smooth muscle preparations.
A typical mechanogram is presented

Puc. 1. CnoHTaHHa ckopoyyBaribHa akTUBHICTb MIOMETPISI LLYpiB B YMOBaX KyMYNATUBHOIO 36irbLUEHHS KOH-
ueHTpauii kanikc[4]apeHy C-90 (10-10“ M) B omuBato4oMy rnafeHbKOM A30Bi npenapaTtii Po3duHi.
HaBeneHo TvnoBy MexaHorpamy

The index of contractive activity of the muscle preparations was found to be sensi-
tive to the effect of calixarene, as reliable dose-dependent changes in this index were
observed in the whole range of the investigated C-90 concentrations. For instance, in
the presence of calix[4]arene C-90 in the concentration of 100 uM, this parameter
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decreased by 60 % on average as compared with the control (Fig. 2). Also, in the pres-
ence of calix[4]arene C-90, there was a considerable dose-dependent increase in the
duration of the intervals between some contractions, and reliable changes were
observed in the whole range of C-90 concentrations, reaching 202 % under maximal
concentration of this compound.
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duration contractions

Fig. 2. The parameters of spontaneous contractive activity of the myometrium of rats under the cumulative
increase in the concentration (10 nM — 100 pM) of calix[4]arene C-90: frequency, uterine cycle, dura-
tion of the contraction act, interval between contractions, index of contractive activity. The relevant
indices of spontaneous activity in the control (n = 6, * — p<0.05 — the difference is reliable regarding
the control) are accepted as 100 %

Puc. 2. MNMapameTpu CNoHTaHHOT CKOPOYYBasibHOI aKTUBHOCTI MIOMETPIst LLLYPIB 32 KYMYNATUBHOIO 36inbLUEHHS
KoHueHTpauii (10 HM — 100 mkM) kanikc[4]apeHy C-90: YacToTa, MaTKOBWI LMKI, TPMBaNiCTb CKOPOT-
nmBoro akTy (contraction act duration), iHTepsan mix ckopoueHHsmu (interval between contractions),
iHOEeKC CKopOTNMBOI akTMBHOCTI (activity index). 3a 100% npuiAHATO BiAMNOBIAHI MOKa3HMKM CMIOHTaHHOI
aKTUBHOCTI B kOHTponi (n = 6, * — p<0,05 — pi3HNLA AOCTOBIpHA LWOAO KOHTPOHO)

Though under preincubation of uterine smooth muscles with calix[4]arene C-90 the
duration of some spontaneous contractions did not change, its high concentrations
caused a change in the structure of the contraction act. There was an increase in the
duration of the contraction phase, while the absolute values for the duration of the relaxa-
tion phase did not demonstrate any statistically significant changes (Fig. 3). Under these
conditions, calix[4]arene C-90 (100 uM) caused an increase in the index of contraction
act asymmetry (up to 132 %, on average, as compared with the control contractions).

The prolongation of the contraction phase duration along with the simultaneous
reduction in the amplitude resulted in a decrease in the index of average velocity of the
contraction intensification (F,,,/f), which, for instance, in the presence of calix[4]arene
C-90 in the concentration of 100 uM was 66 % on average as compared with the control
(Fig. 3). Similar effects, such as a considerable increase in the characteristic time of the
contraction phase (1) and the maximum contraction velocity (V), were observed under
the effect of C-90 in the range of concentrations of 1-100 uM (Fig. 4A).
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Fig. 3. The parameters of spontaneous contractive activity of the myometrium of rats under the cumulative
increase in the concentration (10 nM—100 pM) of calix[4]arene C-90: contraction time, relaxation time,
asymmetry of the contraction act (asymmetry), average velocity of the contraction intensification
(F...,/1)- The relevant indices of spontaneous activity in the control (n = 6, * — p<0.05 — the difference

max’

is reliable regarding the control) are accepted as 100 %

Puc. 3. MNapameTpu cCnoHTaHHOI CKOPOYYBarnbHOT aKTUBHOCTI MiOMETPIS LLpPIB 3@ YMOBUW KyMYnATUBHOTO 36inb-
LeHHs1 KoHueHTpauii (10 HM — 100 mkM) kanikc[4]apeHy C-90: yac cKOpoYeHHsi, Yac po3cnabrneHHs,
acuMeTpisi CKOPOTNMBOTO akTy (asymmetry), cepeaHs WBUAKICTb HAPOCTaHHS ckopodeHHs (F._ /t). 3a

max’

100 % NpuUNHATO BiANOBIAHI MOKa3HWKN CMIOHTAHHOT aKTUBHOCTI B KOHTpOi (n = 6, * — p<0,05 — pi3Hunua
[OOCTOBIpHA LLOAO0 KOHTPOMH)

It is known that the slowing down of the intensification of the force of spontaneous
phase contractions in visceral SM is mainly conditioned by suppressing the intake of Ca?*
ions to SMC from the extracellular space via potential-governed Ca?-channels [2, 7].
Thus, it can be inferred that under preincubation of myometrium preparations with
calix[4]arene C-90, there process of the intake of this cation via the plasma membrane
is suppressed; this effect may cause a general decrease in the activity index of uterine
contractions.

The multiparameter method of the complex mechanokinetic analysis demonstrated
that in the whole range of the investigated concentrations, substance C-90 considerably
decreases the indices of force parameters (F,.,, F; and Fg) and the values of the
impulses of force /.., I and I of the spontaneous contractions of the myometrium
(Fig. 4B and C).

As the previous biochemical studies had decisively proven that calix[4]arene C-90
has selective influence on the systems of primary active transport of Ca? into uterine
SMC (first and foremost, due to PMCA inhibition) [4, 22, 23], our further studies were
related to the mechanokinetic analysis of relaxation processes of spontaneous phase
contractions of the myometrium preparations. The relaxation process in visceral SM is
accompanied by a reduction in the intracellular concentration of Ca?* ions in the myo-
plasm [7, 10, 17, 19-21].
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Fig. 4. The parameters of spontaneous contractive activity of the myometrium of rats under the cumulative
increase in the concentration (10 nM — 100 pM) of calix[4]arene C-90: A — time parameters (t,, 1 and
1g); B — force parameters (F,,,, Fc and Fg); C — impulse parameters (/,.,, /. and I5); D — velocity pa-
rameters (V, and V). The relevant indices of spontaneous activity in the control (n = 6, * — p<0.05 —
the difference is reliable regarding the control) are accepted as 100 %

Puc. 4. MNapameTpy CMoHTaHHOI CKOpOYyBaribHOi aKTUBHOCTI MIOMETPIA LLypiB 3a YMOBM KyMYyNSTUBHOIO
36inbLueHHs koHueHTpauii (10 HM — 100 mkM) kanikc[4]apeHy C-90: A — YacoBi napameTpu (1o, T¢ i TR);
B — cunosi napameTpu (F,,., Fc Ta Fg); C — imnynbcHi napametpm (/.. I Ta Iy); D — wBnakicHi napa-

metpu (Vi V). 3a 100 % npuinHATO BiANOBIAHI MOKa3HUKN CMOHTAHHOT aKTUBHOCTI B KOHTpOni (N = 6,
* — p<0,05 — pi3HMLS AOCTOBIpHA LLOAO KOHTPOIHO)

On the background of all the applied concentrations (107—10* M), calix[4]arene
C-90 conditioned the slowing down of the relaxation of spontaneous contractions in
uterine muscle preparations of rats, which was reflected in a reliable decrease in the
parameter for the maximal velocity of the relaxation phase (V) (Fig. 4D). As this param-
eter is indirectly sensitive to the amplitude of the contractions, we further used the
method described in [1] to determine the index of the normalized maximal velocity of the
relaxation phase (V,,). It was found that a reliable decrease in V., was observed under
high concentrations (10°and 10* M) of calix[4]arene C-90 (Fig. 5).

Several processes are involved in the relaxation of the myometrium: the main contri-
bution is made by the pumping of Ca?* outside the cell through the PM (energy-dependent
transport systems — PMCA and Na*,Ca?*-exchanger), much less significant contribution
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is made by the pumping into intracellular Ca?*-depots (Ca?*-uniporter of mitochondria
and CPKA) [7, 24]. Besides, due to an increased repolarization of PM, activation of
Ca?"-sensitive K*-channels and increased work of Na*,K*-ATPase lead to relaxation [24,
25]. Experiments on the model of the PM suspension of pig uterine myocytes have
shown that in addition to a significant inhibition of PMKA, calixarene C-90 is capable of
suppressing the CPKA (I, values for PMKAand CPKAare 20.2+0.5 yM and 57.0+1.4 uM,
respectively) to some extent [22]. As shown by A. Shmigol et al. [15] blocking CPKA with
thapsigargin causes prolongation of Ca?-transientives caused by agonists, and plays
a significant role in the generation of spontaneous contractions in uterus. Thus, it cannot
be ruled out that the mechanokinetic effects of calix[4]arene C-90 observed in our
experiments, in addition to the direct effect on PMCA, also contribute to the ability of this
compound to suppress CPKA, as well as secondary processes associated with an
increased level of Ca?" in myocytes.

4

35 T

] *
0 - —T —T —T — I T —

Control  10nM  100nM  1uM 10pM 100 uM

Fig. 5. The normalized maximum velocity (V,,, min'') of spontaneous contractions in the myometrium of rats
under the cumulative increase in the concentration (10 nM — 100 uM) of calix[4]arene C-90. * — p<0.05 —
the reliability of changes as compared with the control

Puc. 5. HopmoaHa makcumanbHa wewmakicts (V. XB™") CNOHTaHHMX CKOpPOYeHb MIOMETPIst LLypiB 38 YMOBM
KyMYnSTUBHOrO 36inbLueHHs koHueHTpauii (10 HM — 100 mkM) kanikc[4]apeHy C-90. * — p<0,05 — pis-
HMLSA JOCTOBIPHA LLOAO KOHTPOSO

CONCLUSIONS

The results of the conducted study on the regularities in the myometrium function-
ing under the cumulative effect (the range of concentrations — 10 nM — 100 yM) of
calix[4]arene C-90 demonstrate that this substance inhibits the processes of Ca?* extru-
sion from SMC myoplasm, probably by impacting PMCA molecules directly. It is note-
worthy that C-90 is also likely to inhibit the processes of the intake of these cations to
SMC from the extracellular medium, causing a decrease in the velocity of force intensi-
fication during the contraction phase and reducing the frequency and force of the spon-
taneous contractions in the myometrium. Thus, our results demonstrate that calix[4]
arene C-90 is a promising substance that may serve as a basis for the elaboration of
medical preparations with a mild tocolytic effect.
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moaynAauia MEXAHOKIHETUKWA CMOHTAHHUX CKOPOYEHb MIOMETPIA
LLLYPIB KATIKC[4]APEHOM C-90 — IHIBITOPOM KANbLIEBOI MOMMNA
NNA3MATUYHOI MEMBPAHU

O. B. Qum6antok

" Kuiscbkuli HaujoHansHUl yHisepcumem imeHi Tapaca LLiesyeHka
8yn. Bornodumupceka, 64/13, Kuie 01601, YkpaiHa

KopecrioHdyro4uti asmop: e-mail: otsimbal@univ.kiev.ua

O6rpyHTyBaHHA. KanblieBa nomna nnasmatuyHoi MeMOpaHW — KOHCTUTYTMBHA
CTPYKTypa nnasMaTnyHoi MembpaHm KniTWH, sika BUKOHYE OYHKLi0 BUCOKOAdDiHHOT chC-
TeMu no BUBeAEHHIO ioHiB Ca?" 3 umMTonnasmu, 3abeanevyoum Tpueane niaTpuMaHHs
0asanbHOI KOHLEHTpaUji UuX KaTioHIB y CTaHi cnokow. Hatenep Hemae 3ad0BinbHMX
3acobiB hapmakonoriyHoi kopekuii pyHKLUiT LbOro eH3umMy Ta 3anuaeTbCsl Hag3Bu-
YarHO aKTyarnbHWM MUTaHHA PO3POOKKU, CUHTE3Y Ta OOCHIIKEHHS HA Pi3HUX MOAENAX
CMonyK 3i CNpsiMOBaHOLO Aieto Ha Lo nomMny. [NonepeaHbo HaMy BCTaHOBMEHA 30aTHICTb
kanikc[4]apeHy C-90 4yepe3d NO-3anexHWi MexaHi3M MpUrHiYyBaTu CKOPOYyBaribHY
aKTMBHICTb | YNOBiNbHOBaTM pO3CrabneHHs rmageHbKMX M’'si3iB MIOMETPIs, CYyTTEBO
3MEHLUYO4M HOPMOBaHY MakcuMMarnbHy LWBUAKICTb ¢ha3n penakcadlii.

Matepianu Ta metogu. Y pobotn 6yno gOCnimpKeHO MEXaHOKIHETUYHI 3aKOHOMIpP-
HOCTIi BNAIMBY KYMYNSATUBHOIO MNifgBULLIEHHS KOHUEHTpauii kanikc[4]apeHy C-90 (10 HM —
100 MkM) Ha crnoHTaHHY CKOpOYYyBaribHY akTUBHICTb MioMeTpid LWypiB. MoBHWMIA Npodinb
CMOHTaHHMX LMKINIB CKOPOYEHHSA—PO3cnabneHHst JoCnimKyBanu 3a 4OMNOMOroK po3po-
OneHoro Hamu emmnipMyHOro GaraTonapameTpUyYHOro METOAY KOMIMIIEKCHOTO MEXaHo-
KIHETUYHOTO aHani3y 3 pPo3paxyHKOM 4acoBuX (t,, T¢ | Tr), cunosux (F... Fc 1@ FR),
wBnaKicHnx (Vg i V), a Takox imnynscHux napameTpis (/... Ic 1a I).

Pe3ynkraTtun. Kanikc[4]apeH C-90 cnpuymHsAB [0303anexHe NPUrHiYeHHsS CMOHTaH-
HOi CKOpOYyBarbHOI aKTMBHOCTI npenapaTtiB MiOMEeTpis. oro BMCOKI KOHLeEHTpaLii
CMPUYNHANM 3MiHY CTPYKTYPY CKOPOTIMBOIO akTy, 36inbLuytoun TpnBanicTb gasun ckopo-
YeHHs Ta He BMNMBaoYM Ha TpuBanicTb ha3un po3cnabneHHs. Takox 3i 3acCTOCyBaHHAM
DaraTonapamMeTpM4YHOro MeTOAY KOMMIIEKCHOTO MeXaHOKIHETUYHOro aHanidy byno BcTa-
HOBMEHO, Wo crnonyka C-90 Ha BCbOMY Aiana3oHi A0CMiAKEHNX KOHLEHTPaLin CyTTEBO
3MEHLLYE NoKasHWKM CUNoBux napameTpis (F,.,,, Fc Ta Fg), @ TakoX 3Ha4eHHS iMNynbCiB
cunn I, I Ta Iy cnoHTaHHKMX cKopodeHb MioMeTpis. Ha Tni aii ycix 3acTocoBaHMX KOH-
ueHTpauin (107-10* M) kanikc[4]apeH C-90 cnpuyMHSIB YNOBINbHEHHS penakcadii
CMOHTaHHMX CKOPOYEHb M'A30BMX NpenapartiB MaTKu LLYpIB, WO Bigodpasuniock y 4OCTo-
BIPHOMY 3HWXKEHHI MakCcumanbHOT LWBMAKOCTI dasn poscnabnenHs (V).

BucHoBku. OTpuMaHi pesynsrati BkasyloTb Ha Te, Wwo kanikc[4]apeH C-90 ranb-
Mye npouecu ekcTpysii Ca?* 3 mionnasmu, MMOBIpHO, Aitoun 6e3nocepeaHbo Ha More-
KyIn KanbLieBOi oMM nrnasMaTuyHoi Membpanu. BapTto BigsHaumty, wo C-90 Takox,
iMOBIPHO, MPUrHiYy€e NPOLIECU HAOXOMKEHHS LUMX KaTiOHIB 40 MIOLMUTIB, CNPUYMHSAOYM
3HWKEHHSA LWBUAKOCTI HAPOCTaHHA CUnu nig Yac pasn CKOPOYEHHS, a TaKoX 3MEHLLY-
FOYM YACTOTY i CUNY CMOHTAHHMX CKOPOYEHb MIOMETPIS.

Knroyoei crioea: rnageHbki M's13M, MIOMETPIN, KanbuieBa nomna nnasMaTtudHol
mMembpaHu, kanikc[4]apeH C-90, MexaHOKIHETUYHWIA aHani3
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