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Mitochondria play an important role in the processes of CaZ’-signaling and Ca%'-dependent
smooth muscle contraction. Disruption of Ca?"-transport functioning systems, localized in the inner
mitochondrial membrane (IMM), can lead to Ca?"-overloading of the matrix, hyperpolarization,
disruption of Ca?'-dependent metabolism of reactive oxygen species (ROS) and their hyperproduction,
which results in mitochondrial dysfunction accompanied by smooth muscle contractile disruption
[1, 2]. Since disordering of the myometrium contractile activity is the main cause of labor activity
impairment or miscarriages, which constitutes a significant medical and social problem, the
search for exogenous non-toxic compounds that would be able to effectively target mitochondrial
Ca?'-transport systems becomes relevant.

In recent years, significant attention from medical and biological sciences has been paid to
macrocycliccompounds calix[4]arenesduetotheirability toactlike molecular platformsforthedesign
of specific biologically active compounds [3]. It was demonstrated that at low (uM) concentrations
calix[4]arenes were able to influence the functional activity of the myometrium mitochondria and its
cells in general. In particular, it was shown that Ca?*-transport systems of the plasma membrane and
sarcoplasmic reticulum are low-sensitive to the studied calix[4]arenes — C-715 and C-772[4], which
implies the possibility of their more specific effect on mitochondrial Ca®"-transport systems and
Ca?'-dependent processes. An important characteristic of these compounds is the absence of large
hydrophobic substituents, which could have made significant changes in the functional activity of
membranes. Also, they are neutrally charged, which implies relative easiness of penetration into
cells and distribution in intracellular compartments.

Aim. Thus, the goal of the work was to study the effects of calix[4]arenes C-715 and C-772 on
Ca?"-transport, the electron transport chain (ETC) activity, and the ROS generation in the
mitochondria of uterine smooth muscle.

Methods. Studies were conducted on isolated myometrial mitochondria and cells from non-
pregnant Wistar rats. Measurement of changes in NADH autofluorescence, as well as the energy-
dependent accumulation of Ca?" (with Ca?'-specific probe Fluo-4 AM) and ROS generation (with
ROS-specific probe DCF-DA) in the fraction of isolated mitochondria was carried out using
spectrofluorimetry method. The hydrodynamic diameter of mitochondria was measured using the
laser correlation spectroscopy method. The concentration of protein in the mitochondrial fraction
was determined with the Bradford method.

Results and Discussion. Calix[4]arenes C-715 (5,17-di(trifluoro)acetamido-11,23-di-tert-butyl-
26,28-dihydroxy-25,27-dipropoxycalix[4]arene) and C-772 (5,11-di(trifluoromethyl(phenylsulfon
ylimino)methylamino-17,23-di-tert-butyl-25,26-dipropoxy-27,28-dihydroxycalix[4]arene) (Fig. 1)
have autofluorescence, increasing linearly with concentrations ranging from 0.1 to 30 uM. Their
fluorescence signal change indicates potential penetration through myocytes’ plasma membrane and
interaction with the IMM.

We found that studied calix[4]arenes slow down NADH oxidation in isolated mitochondria,
suggesting they may inhibit complex I activity of the ETC (Fig. 2, A, B). Additionally, it was revealed
that the studied compounds reduced the efficiency of energy-dependent accumulation of Ca?" by
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Fig. 1. Structural formulas of calix[4]arenes C-715 and C-772
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Fig. 2. Results of statistical processing of calix[4]arenes C-715 and C-772 effect on:
A, B — NADH oxidation; * P = 0.05; ** P = 0.1; *** P <0 05 # P=0.01; ## P <0.01, relative to control
(M=m, n =3); C, D — energy-dependent accumulatlon of Ca™; # P < 0.01; * P < 0.05; ** P = 0.05, relative
to control (M=m, n = 5)

isolated mitochondria with C-715 at 30 uM reducing it by 60% , and C-772 at 20 and 30 uM by 40%
(Fig. 2, C, D).

Moderate inhibition of NADH oxidation might lower the electrochemical potential of the IMM,
leading to reduced efficiency of the Ca?" accumulation in the matrix and decreasing the intensity of
Ca?"-dependent processes. This includes the activity of Ca?'-dependent dehydrogenases in the Krebs
cycle and pyruvate dehydrogenase complex.

ROS generation in mitochondria is also a Ca?"-dependent-process, which is closely coupled with
the ETC activity [2]. We found that studied calix[4]arenes decrease the level of ROS generation by
mitochondria. The more hydrophobic C-772 shows an effect at 0.1 and 1 pyM with a shorter exposure,
while the effect of C-715 increases with concentration, significantly decreasing ROS generation at
30 uM. Since complex I of ETC plays a leading role in ROS generation, and assuming that studied
calix[4]arenes suppress its activity, this effect can be considered as protective on mitochondria.

The studied compounds moderately increase mitochondria size depending on
concentration. C-715 at 20 and 30 uM increases hydrodynamic diameter by 30%, and C-772
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at 30 uM by 20% ; at other concentrations the effect is negligible. Alterations in ETC activity
affect mitochondrial osmotic balance, causing a moderate volume increase. The results of
hydrodynamic diameter measurements support the notion that the compounds do not induce
mitochondrial dysfunction.

Conclusions. Studied calix[4]arenes slow down the oxidation of NADH in isolated
mitochondria, which represents an inhibitory effect on the ETC functioning, in particular its
complex I. Additionally, selected compounds reduce both the energy-dependent accumulation
of Ca?" and ROS generation by isolated mitochondria. Such an effect on ROS biosynthesis could
be considered as protective on organelles. Moderate increase in mitochondria hydrodynamic
diameter suggests that the studied compounds do not cause mitochondrial dysfunction.
Researched calix[4]arenes can be used in experimental practice to influence the mitochondrial
functional activity.
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