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Previously we have already shown that tetrasulfonylamidinecalixarene C-90 inhibited plasma mem-
brane Ca* \Mg*-ATPase of smooth muscle cells selectively to other ATPases of plasma membrane. To inhance
the inhibitory effect of calixarenes several alkoxycalixarene sulfonylamidines structurally similar to calixa-
rene C-90 were synthesized and their effects on the mentioned enzyme activity, the level of cytoplasmic Ca*
concentration and hydrodynamic diameter of isolated smooth muscle cells were checked. It was shown that
sulfonylamidino groups are crucial for Ca?*,Mg?*-ATPase inhibition, the efficiency of inhibition depends on
their quantity and spatial orientation at the upper rim of calixarene macrocycle. Introduction of phenyl or
tert-butyl groups into the upper rim and of long alkyl chains into the lower rim led to only slightl increase of
inhibition efficiency. The inhibitory effect of studied calixarenes on Ca**,Mg?*-ATPase correlated with effects
on cytosolic Ca?* concentration and hydrodynamic diameter of smooth muscle cells. The obtained results are
important for creation of more effective and selective inhibitors of plasma membrane Ca**,Mg?*-ATPase as
regulators of smooth muscle contractility.

Keywords: plasma membrane Ca® \Mg?*-ATPase, intracellular Ca** concentration; smooth muscle; calixa-

rene sulfonylamidines.

T he contraction-relaxation dysfunction of
uterus smooth muscle (SM) of myometrium
can usually be foundation of different pathol-
ogies such as premature labor, fetal wastage, uterine
inertia, post-partum atony, uterine hypotonia, uter-
ine bleeding, etc [1, 2]. Therefore searching of new
pharmacological compounds capable to modify mus-
cle tone is perspective for treatment of mentioned
pathologies. Such muscle dysfunctions often caused
by alteration in membrane-bound systems of cation
transport, as it is well known that control of muscle
contraction, are realized via changing of Ca?* con-
centration, in particular by Mg?*-dependent ATP-
hydrolyzing cation-transporting enzymes [2, 3].
There are several ATPases in plasma mem-
brane (PM) of SM. Ca?',Mg?*-ATPase of smooth
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muscle or PMCA (EC 7.2.2.10) is one of the principal
for regulation of Ca?* concentration because this en-
zyme maintains low cytosolic [Ca?"] in relaxed cells
by compensation of passive Ca?* entrance to the cells
and decrease the Ca?* concentration after cell excita-
tion when it extremely rises. SM has small intracel-
lular depot of Ca?*, so muscle relaxation is a result of
Ca?* pumping to intracellular space. Thereby PMCA
plays crucial role in SM relaxation due to pumping
out of Ca?".

Nowadays we have no selective inhibitors of
PMCA besides so-called caloxins which are oligo-
peptide acting extracellularly and obtained by ge-
nome engineering method using screening a ran-
dom peptide phage display library [4]. So, design
of low-molecular inhibitors of PMCA which could
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cross plasma membrane and enter to the cells is very
perspective.

According to our previous investigations such
perspective compounds are calixarenes — synthetic
bowl-like shape macrocyclic oligomers of phenols
and formaldehyde. Calixarenes, due to ability to
give supramolecular complexes with biologically
important molecules and ions, can influence on bio-
chemical processes and therefore are considered as
original molecular platforms which are perspective
for designing of biologically active compounds [5,
6]. Main advantages of calixarenes are their low tox-
icity and immunogenicity [7]. By now numerous ex-
perimental data evidence that some calixarenes have
bactericidal, antiviral, antitumoral, antithrombotic
activity and other biological properties [8]. Some
calixarenes are effective inhibitors and activators
of enzymes [9, 10]. Calixarenes can also effect on
biochemical and physicochemical properties of cell
membranes [8, 11]. Thus, the potential of calixarenes
as biologically active compound are not discovered
fully.

Previously [12] we have already shown that tet-
rasulfonylamidinecalixarene C-90 inhibited PMCA
(IC,, = 20.2 £ 0.5 uM) selectively to other ATPases
of PM, but we still don’t understand what chemi-
cal groups of calixarene C-90 are crucial for inter-
action with the molecular surface of PMCA. Such
knowledge let us improve inhibitory properties of
calixarenes relative to PMCA such as efficiency and
selectivity.

Thus, the aim of this investigation is to deter-
mine structure-activity relationship of sulfonylami-
dinocalixarenes which are important for artificial in-
gibition of PMCA activity and therefore can increase
of free [Ca?*] inside muscle cells and their contrac-
tion. For this purpose we studied and compared the
effect of a series of calixarenes, which were structur-
ally similar to calixarene C-90, on PMCA activity,
cytoplasmic free [Ca?] and hydrodynamic diameter
of isolated smoothmuscle cells (SMCs).

Materials and Methods

Calixarenes used in research

We used mentioned below calixarenes in our
ivestigation:

calixarene C-90 — 5,11,17,23-tetra(trifluoro)
methyl(phenylsulfonylimino)methylamino-
25,26,27,28-tetrapropoxycalix[4]arene;

calixarene C-715 —5,17-di(trifluoro)acetami-
do-11,23-di-tert-butyl-26,28-dihydroxy-25,27-dipro-
poxycalix[4]arene;

calixarene C-716 — 5,17-di(trifluoro)
methyl(phenylsulfonylimino)methylamino-11,23-di-
tert-butyl-26,28-dihydroxy-25,27-dipropoxycalix[4]
arene;

calixarene C-772 — 5,11-di(trifluoro)
methyl(phenylsulfonylimino)methylamino-17,23-di-
tert-butyl-25,28-dihydroxy-26,27-dipropoxycalix[4]
arene;

calixarene C-956-5,11,17,23- tetra(trifluoro)
methyl(phenylsulfonylimino)methylamino-25,27-
dioctyloxy-26,28-dipropoxycalix[4]arene;

calixarene C-957-5,11,17-tri(trifluoro)
methyl(phenylsulfonylimino)methylamino-23-tert-
butyl-26,28-dihydroxy-25,27-dipropoxycalix[4]
arene;

calixarene C-960-5,17-di(trifluoro)
methyl(phenylsulfonylimino)methylamino-26,28-
dihydroxy-25,27-dipropoxycalix[4]arene;

calixarene C-975-5,11,17,23-tetra(trifluoro)
methyl(methylsulfonylimino)methylamino-
25,26,27,28-tetrapropoxycalix[4]arene;

In all experiments we used initial concentrated
solutions of calixarenes (20 mM) in DMSO which
were diluted with buffer solution to necessary final
concentration.

Synthesis

Calixarenes C-90 [13], C-716 [13], C-772 [12],
C-715 [12] were synthesized accordingly to previ-
ously reported procedures.

Amphiphilic tetrasulfonylamidinocalixarene
C-956 was synthesized accordingly Scheme 1 via
four-step reactions pathway. Alkylation of diocty-
loxy-tert-butylcalixarene 1 [14] with propylbromide
in dimethylsulfoxide (DMSO) NaOH media afforded
the tetraalkylderivative 2. Subsequent ipso-nitration
with nitric acid — glacial acetic acid mixture of this
calixarene gave tetranitro compound 3. Reduction
of latter’s nitro groups with hydrazine hydrate in
presence of Raney Nickel resulted in tetraaminoca-
lixarene 4. Final stage is electrophilic substitution
at carbon atom of N-sulfonylimidoylchloride which
yielded, after two-stage purification procedure a de-
sired tetrasulfonylamidine C-956 (Scheme 1).

5,11,17,23-tetra-tert-butyl-25,27-diocty-
loxy-26,28-dipropoxycalix[4]arene, 2

Sodium hydroxide (50% water solution, 1.2 ml,
18 mmol NaOH) and then dioctylcalixarene 1 [15]
(3 g, 3.43 mmol) were added to DMSO (35 ml). The
reaction mixture was stirred for 15 min. 1-Brom-
propane (7.38 g, 6 mmol) was added by three equal
portions every 30 min and the mixture was stirred

19



ISSN 2409-4943. Ukr. Biochem. J., 2022, \Vol. 94, N 4

n-C,H,Br,
DMSO-NaOH,
50 °C, 8h

N;H,H.0,
Ni Raney,
2-C;H,0H, reflux

CF, O

/I\a i
> -5
A}
L. o

CgHs-CH,, reflux, 24h

100% HNO,,
100% CH,COOH,
09C, CH,Cl, W
—_— =

Pr=n-C,H,, Oct = n-C;H,,
C-956

Scheme 1

for 8 h at 50-60°C. After cooling to 20°C the di-
luted hydrochloric acid was poured into the reac-
tion mixture. Compounds 1 was extracted by chlo-
roform (2x20 ml), organic layers were combined,
washed with water (2x40 ml) and brine (40 ml)
when dried with sodium sulfate overnight. Chloro-
form was evaporated the residue was washed with
methanol. The title compound was obtained as
pale-yellow solid, m 2.73 g, yield 82.8%. 'H NMR
(CDCI,, 299.94 MHz), 6 ppm: 6.79 and 6.77 two s
(8H, ArH), 4.40d (J =12.7 Hz, 4H, ArCH_Ar), 3.83
and 3.82 two t (J = 7.3 Hz, 8H, O-CH,-CH_-CH,,
0-CH,-CH_-(CH,),-CH,), 313 d (J = 12.7 Hz, 4H,
ArCHAr), 2.03 brm (8H, O-CH,-CH,-CH,, O-
CH,-CH,-(CH,).-CH,), 1.32-1.37 m, (20H, O-CH,-
CH,-(CH,),-CH,) 1.09 and 1.08 two s (36H, t-Bu),
1.00 t J = 7.7 Hz, 6H, O-CH,-CH,-CH,) 0.91 brt
(6H, O-CH,-CH,-(CH,).-CH,).

5,11,17,23-tetranitro-25,27-dioctyloxy-26,28-
dipropoxycalix[4]arene, 3

To ice-bath cooled solution of dioctyloxy-
dipropoxycalixarene 2 (2.72 g, 2.84 mmol) in dry di-
chloromethane (DCM, 30 ml) was added dropwise
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mixture of 100% nitric acid (8 ml) and glacial acetic
acid (26 ml). Reaction solution color was changed
to blue-black, and then it discolored. After 6 h re-
action mixture was poured into water (150 ml) and
organic layer was separated. Water layer was washed
with 20 ml of DCM, organic layers were combined,
washed with diluted hydrochloric acid (50 ml), wa-
ter (2x50 ml) and brine (50 ml) when dried with so-
dium sulfate overnight. DCM was evaporated the
bright-yellow residue was dissolved in chloroform
(15 ml) and precipitated by four portions of methanol
(4x15 ml) upon heating. After cooling, the title com-
pound was filtered and dried at air. Tetranitrocalixa-
rene 3 was obtained as pale-yellow fine crystals,
m 1.55 g, yield 60%. 'H NMR (CDCI,, 299.94
MHz), 6 ppm: 7.59 and 7.56 two s (8H, ArH), 4.49
d (J = 14.1 Hz, 4H, ArCH_Ar), 3.99 and 3.94 two
t (J = 7.5 Hz, 8H, O-CH,-CH,-CH,, O-CH,-CH,-
(CH,),-CH,), 342.d (J = 141 Hz, 4H, ArCH_ Ar),
1.90 brm (8H, O-CH,-CH,-CH,, O-CH,-CH,-
(CH,).-CH,), 1.29-1.36 m (20H, O-CH_-CH,-(CH,)5-
CH,) 1.02t(J =73 Hz, 6H, O-CH,-CH,-CH,), 0.89 t
(J =7.1Hz, 6H, O-CH,-CH_-(CH,).-CH,).
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5,11,17,23-tetramino-25,27-dioctyloxy-26,28-
dipropoxycalix[4]arene, 4

A suspension of tetranitrocalixarene 3 (1.53 g,
1.68 mmol) and hydrazine hydrate (4 ml) in 2-propa-
nol (125 ml) was heated up to 60°C. A 10% (weight)
suspension of Raney Ni was added to calixarene
suspension under stirring. Reaction mixture was re-
fluxed 10 h, then filtered through zeolites and evapo-
rated (15 mmHg, 70°C). Solid residue was twice
re-evaporated from toluene (2x30 ml) and dried at
vacuum (15 mmHg, 80°C). The title compound was
obtained as pale-brown fine crystals, m 1.04 g, and
yield 78%. *H NMR (CDCIl,, 299.94 MHz), 5 ppm:
6.08 and 6.04 two s (8H, ArH), 4.29 d (J = 13.3 Hz,
4H, ArCH_Ar), 3.76 and 3.73 two t (J = 7.2 Hz, 8H,
0-CH,-CH,-CH,, O-CH,-CH,-(CH,).-CH,), 3.07 brs
(8H,NH,), 2.94d (J = 13.3 Hz, 4H, ArCH_ Ar), 1.86
m (8H, O-CH,-CH,-CH,, O-CH-CH -(CH,).-CH,),
1.29-1.34 brm (20H, O-CH,-CH,-(CH,).-CH,), 0.95 t
(J=74Hz,6H, O-CH,-CH,-CH,) 0.89 t (J = 7.0 Hz,
6H, O-CH,-CH_-(CH,),-CH,).

5,11,17,23-tetrakis-triluoromethyl(phenylsulfon
ylimino)methylamino-25,27-dioctyloxy-26,28-dipro-
poxycalix[4]arene, C-956

To a solution of N-(phenyl)sulfonylimidoyl-
chloride [16] (1.16 g, 4.27 mmol) in dry toluene
(15 ml) a solution of aminocalixarene 4 (0.79 g,
1 mmol) was added dropwise. Resulted mixture
was refluxed for 24 h, then cooled and evaporat-
ed (15 mmHg, 70°C). Residue brown solid foam
(1.58 g) was separated by column chromatography
(silica gel 63-100 uM, Merck) using chloroform-
methanol eluent with variable polarity (from 130:1
to 90:1). The obtained pale-brown solid (0.84 g)
was recrystallized from 7 ml 2-propanol. The title
compound was filtered as pale-yellow-brown crys-
tals which were dried at air, m 0.7 g, yield 40.4%.
'H NMR (CDCl,, 299.94 MHz), 5 ppm: 9-9.05 brs,
(4H, NH), 791 d, (J = 6.4 Hz, 8H, orto-SO,ArH),
7.49 m (12H, meta- and para-SO,ArH), 6.57 brs
(8H, ArH), 4.37d (J = 12.9 Hz, 4H, ArCH_Ar), 3.87
brm (8H, O-CH,-CH,-CH,, O-CH,-CH,-(CH,),-
CH,), 3.06d (J = 129 Hz 4H ArCH Ar) 193 m
(8H 0-CH,-CH,-CH,, O-CH_-CH, (CH) -CH)),
1.31-1.37 brm (20H O CH, CH (C_) CH) 101
t (J =6.9 Hz, 6H, O-CHZ-CHZ-CH3) 0.90 t (J =64
Hz, 6H, O-CH,-CH,-(CH,).-CH,). “F NMR (CDCI,,
188.14 MHz), 3, ppm: -65.7 s (6F), -66.0 s (6F). *C
(CDCl,, 125.73 MHz), 6 ppm: 154.53, 153.49, 138.85,
135.67, 132.89, 132.75, 129.06, 128.99, 128.87, 128.78,
126.68, 126.62, 126.37, 77.20, 31.89, 31.84, 30.70,
30.06, 29.67, 29.40, 26.10, 23.19, 22.63, 14.10, 14.05.

Synthesis of three-substituted calixarene C-957
(Scheme 2) started from trinitro-dipropoxycalix-
arene 7, obtained through careful excessive ipso-
nitration of tert-butyl-dipropoxycalixarene with
mixture of 75% nitric acid and glacial acetic acid.
Reduction of notrocalixarene 7 with hydrazine hy-
drate in presence of Raney Nickel gave the trisami-
nocalixarene 8. Final reaction with N-sulfonylimi-
doylchloride afforded a desired trisulfonylamidine
C-957.

Ipso-nitration of tert-butyl-2,4-dipropoxyca-
lix[4]arene 1

To solution of 5,17,11,23-tetra-tert-butyl-26,28-
dihydroxy-25,27-dipropoxycalix[4]erene 5 [17]
(0.49 g, 0.67 mmol) in DCM (18 ml) a mixture of
75% nitric acid (2 ml) and glacial acetic acid (2 ml)
was added dropwise at 25°C under stirring. Obtained
solution becomes deep dark purple color, which rap-
idly changed to orange-yellow. Reaction mixture was
stirred for 20 min and poured into water (100 ml).
Organic layer was separated, washed with water and
brine (by 20 ml) and leaved over sodium sulphate for
12 h. Solvent was removed on rotor evaporator, resi-
due, orange solid, was separated by column chroma-
tography (eluent: chloroform, R (7) 0.15, R(6) 0.5).

5,11,17-trinitro-23-tert-butyl-26,28-dihy-
droxy-25,27-dipropoxycalix[4]arene 7

Yellow crystalline compound, yield 25.5%.
m.p. = 280-281°C. 'H NMR (CDClI,, 299.94 MH2),
3, ppm: 9.05 s (2H, OH), 8.11 s (4H, O,N-ArH), 7.83 s
(2H, O,N-ArH), 6.95 s (2H, t-Bu-ArH), 4.36 and 4.21
two d (J = 13.4 Hz, 4H, ArCHaXAr), 4,06 and 4.01
two d (J = 6.2 Hz, 4H, O-CH,-CH,-CH,), 3.62 and
3.55twod (J =134 Hz, 4H, ArCHqur), 2.09m (4H,
0-CH,-CH,-CH,), 1.32 and 1.29 two t (J = 7.5 Hz,
6H, O-CH,-CH,-CH,), 1.07 s (9H, t-Bu). Found, %:
C64.79; H 5, 99; N 5.64. C,H,,N.O,,. Calculated, %:
C 65.23; H 5.91; N 6.00.

5,11,17-trisamino-23-tert-buty-26,28-dihy-
droxy-25,27-dipropoxycalix[4]arene 8

The suspension of trinitrocalixarene 7 (2 g,
2.86 mmol) and hydrazine hydrate (3 ml) in 2-pro-
panole (120 ml) was heated to 70 °C and water sus-
pension of Raney nickel (10% by weight, 0.3 ml)
was added to obtained suspension. Reaction mixture
was refluxed under stirring for 7 h till full dissolu-
tion of calixarene and discoloration. The reaction
mixture was cooled and Raney nickel was filtered
off through silica gel (1-1.5 cm layer). Filtrate was
evaporated by rotor evaporator and re-evaportated
from toluene (20 ml). Residue was crystallized from
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toluene and dried in vacuum (0.1 mmHg, 70°C, 2
h). The trisaminocalixarene 8 was obtained as pale-
yellow crystals that slow turned pink at air. Yield
1.7 g, 97%. m.p. = 250-252°C. *H NMR (CDCI,,
299.94 MHz), 6, ppm: 7.90 brs (2H, OH), 6.93 s (2H,
t-Bu-ArH), 6.5 d (J = 4.0 Hz, 4H, NH,-ArH), 6.11 s
(2H, NH,-ArH), 4.25 and 4.19 two d (J = 12.8 Hz,
2H, ArCH_ Ar), 3.91 and 3.85two d (J = 6.4 Hz, 4H,
0-CH,-CH,-CH,), 312 and 3.25 two d (J = 12.7 Hz,
4H, ArCﬂqur), 3.40-3.00 brs (6H, NH,), 2.03 m
(4H, O-CH,-CH,-CH,), 1.23 two t (J = 7.2 Hz, 6H,
0-CH,-CH,-CH,), 1.12 s (9H, t-Bu).

5,11, 7-tri(phenylsulphonylimino)trifluoro-
methyl-methylamino-23-tert-butyl-26,28-dihy-
droxy-25,27-dipropoxycalix[4]arene C-957

A solution of imidoylchloride [16] (0.35 g,
1.29 mmol) in benzene (10 ml) was added to a solu-
tion of trisaminocalix[4]arene 8 (0.25 g, 0.41 mmol)
and triethylamine (0.12 g, 1.19 mmol) in benzene
(30 ml). Reaction mixture was stirred for 20 h. Pre-
cipitate formed was filtered and washed by ben-
zene and twice by water-methanol mixture (9:1,
vlv, 20 ml). Residue precipitate, sulfonylamidine
calixarene C-957 was dried on air. Colorless crys-
tal compound: yield 0.42 g, 78%; m.p. = 225-227°C.

22

'H NMR ((CD,),$=0, 299.94 MHz, 328 K), 3, ppm:
10.5 brs (3H, NH), 8.31 s (2H, OH), 7.86 two d
(J = 8.3 Hz, 4H, SO,-PhH orto), 7.78 d (J = 8.3 Hz,
2H, SO,-PhH orto), 7.55 m (9H, SO,-PhH), 7.29 and
713 two d (J = 2.5 Hz, 4H, N-ArH), 6.92 s (2H, t-
Bu-ArH), 6.84 s (2H, N-ArH), 4.18 and 4.14 two d
(J = 13.3-5 Hz, 4H, ArCH, Ar), 3.99 and 3.96 two t
(J = 6.1-3 Hz, 4H, O-CH,-CH,-CH,), 3.36 and 3.23
two d (J = 13.3-5 Hz, 4H, ArCH_Ar), 1.98 m (4H,
O-CH,-CH,-CH,), 1.25 and 1.24 two t (J = 7.4 Hz
6H, O-CH,-CH,-CH,), 1.04 s (9H, t-Bu). “F NMR
((CD,),S=0, 188.14 MHz), 5, ppm: -65.6 s (6F), -66.1
s (3F). ®°C (CDCl,, 125.73 MHz),  ppm: 149.49,
149.24, 148.84, 143.64, 141.84, 141.43, 137.33, 133.95,
132.61, 129.41, 129.29, 128.14, 127.72, 127.41, 127.31,
125.61, 120.26, 119.79, 78.15, 77.95, 33.95, 31.06,
30.86, 22.96, 21.05, 20.9, 10.82. Found, %: C, 56.60,
H, 5.06, N, 6.33, S, 7.06. C,,H_F,N,O,S.. Calcu-
lated, %: C, 56.61, H, 4.52, F, 13.00, N, 6.39, S, 7.31.

Synthesis of disulfonylamidinocalixarene
C-960 was performed by one-step reaction of cor-
responding diaminocalixarene 9 [17] with N-sulfo-
nylimidoylchloride. Desired compound is separated
from reaction mixture by relatively easy procedure
with reasonable yield.
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5,17-bis-trifluoromethyl(phenylsulfonylimino)
methylamino-25,27-dipropoxy-26,28-dihydroxyca-
lix[4]arene C-960

A solution of aminocalixarene 9 [18] (0.54 g,
1 mmol) and triethylamine (0.2 g, 2 mmol) in hot
dry benzene (60 ml) was added dropwise to a
stirred solution of the imidoyl chloride [16] (0.61 g,
2.2 mmol) in 10 ml of benzene. The reaction mix-
ture was stirred at room temperature for 14 h. Pre-
cipitate was filtered, washed with benzene and
water-methanol mixture (2x15ml, 9:1, v/v). Residue
was dried at air. The title compound, bis-sulfonyl-
amidinecalixarene C-960 was obtained as pale-
rose fine crystals, m 0.61 g, yield 61.5%. *H NMR
(CDCI,, 299.94 MHz), 5 ppm: 9.73 s (2H, NH), 8.70
s (2H, OH), 7.76 brd (4H, orto-SO,ArH), 7.23 m
(6H, meta- and para-SO,ArH), 7.03 s (4H, ArH),
6.80d (J = 7.2 Hz, meta-ArH), 6.59 t (J = 7.2 Hz,
para-ArH), 4.27 d (J = 12.9 Hz, 4H, ArCHaXAr),
398t (J =59 Hz, 4H, O-CH,-CH,-CH,), 3.39 d
(J = 129 Hz, 4H, ArCH, Ar), 2.06 m (4H, O-CH,-
CH,-CH,), 1.33t (J = 7.4 Hz, 6H, O-CH,-CH,-CH..
F NMR ((CD,),S=0, 188.14 MHz), 3, ppm: -65.6
s. BC (CDCIl,, 125.73 MHz), 5 ppm: 151.55, 139.95,
132.75, 132.66, 132.08, 129.02, 128.93, 128.44,
128.35, 128.12, 127.20, 127.16, 126.13, 125.18, 78.30,
31.04, 23.27, 10.71.

Tetrasulfonylamidinocalixarene C-975 was
synthesized via reaction of tetrakisaminocalixarene
[19] and N-sulfonylimidoylchloride with lower mo-
lecular weight. Crude product was purified in two
steps by column chromatography and further pre-
cipitation from methanol-water system.

(CHg)aN, CgHg

5,11,17,23-tetrakis-triluoromethyl(methylsulfo
nylimino)methylamino-25,26,27,28-tetrapropoxyca-
lix[4]arene, C-975

A solution of aminocalixarene 10 [18] (0.33 g,
0.5 mmol) and triethylamine (0.21 g, 2.06 mmol) in
dry benzene (35 ml) was added dropwise to a stirred
solution of the N-(methyl)sulfonylimidoylchloride
[16] (0.46 g, 2.2 mmol) in 10 ml of dry benzene. Re-
sulted mixture was stirred for 1h and then refluxed
for 1 h, then cooled and filtrated. Filtrate was evapo-
rated (15 mmHg, 70°C), residue brown solid foam
was separated by column chromatography (silica
gel 63-100 um, Merck) using chloroform-methanol
eluent (80:1). The obtained pale-brown solid (0.60 g)
was dissolved in 8 ml of methanol and precipitated
by 1.5 ml of water. The title compound was filtered
as pale-yellow crystals which were dried at air, m
0.27 g, yield 36.4%. 'H NMR (CDCI,, 299.94 MH2),
o ppm: 8.92 s (4H, NH), 6.78 s (8H, ArH), 4.42 d
(J =131 Hz, 4H, ArCH_Ar), 3.87 t (J = 7.5 Hz,
8H, O-CH,-CH,-CH,), 3.20 d (J = 13.1 Hz, 4H,
ArCH_Ar), 3.09 s (12H, CH,SO,), 1.97 m (8H, O-
CH,-CH,-CH,), 101 t (J = 7.2 Hz, 6H, O-CH,-CH,-
CH,). ®F NMR (CDCl,, 376.50 MHz), 8, ppm: -66.72
s. ®C (CDCl,, 125.73 MHz),  ppm: 156.12, 135.10,
129.05, 126.12, 118.33, 115.51, 77.20, 42.83, 30.73,
23.17,10.18.

Animals. All experiments were carried out in
accordance with European Community Council
Directive 2010/63/EU of 22 September 2010. Ex-
perimental protocols were approved by the Animal
Care and Use Committee of the Palladin Institute of

O 0 -

Scheme 3
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Biochemistry of National Academy of Sciences of
Ukraine (the Protocol from 19/05/2021).

Wistar female rats, 100-120 g body weight,
were obtained from the vivarium of Strazhesko In-
stitute of Cardiology, National Academy of Medical
Sciences of Ukraine. Animals were kept at animal
facility of Palladin Institute of Biochemistry of Na-
tional Academy of Sciences of Ukraine. Animals
were housed in a quiet and temperature-controlled
room (22-23°C) and provided with water and dry
food pellets ad libitum. Before removing the uterus,
rats were anesthetized with isoflurane and decapi-
tated. The total number of rats scarified in this study
was 12.

Porcine uteri of adult animals were obtained
from the local abattoirs. Uteri containing endome-
trial and myometrial tissues were cut off and frizzed
in liquid nitrogen. The total number of pigs used in
this study was 5.

Isolation of PM fraction. Isolation of PM frac-
tion of porcine myometrium cells was made by den-
sity gradient centrifugation, which is the conven-
tional way to obtain subcellular fractions and was
described in [20, 21]. Briefly, a homogenate of cells
is ultracentrifugated at 100,000 g in discontinuous
gradient of sucrose density. PM vesicles are har-
vested in 15% sucrose solution at the border with
30% sucrose solution. The protein content in the
membrane fraction was determined by the Bradford
method [22].

Isolation of SMCs. SMCs were isolated from
a uterus of non-pregnant rats using a modification
of the previously described method [23]. The rats
were estrogenized one day before the experiment.
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After separation of fat and connective tissue, the
uterus was placed in warm (36°C) Hanks medium
(solution A) of the following composition (mM):
136.9 NaCl, 5.36 KClI, 0.44 KH,PO,, 0.26 NaHCO,,
0.26Na,HPO,, 1.26 CaCl,, 0.4 MgCl,, 0.4 MgSO,,
5.5 glucose, 10 Hepes-Tris buffer (pH 7.4). The tissue
was cut into pieces (~2x2 mm) and washed to free
of blood and calcium ions (3 times for 5 min) using
solution B (solution A containing 0.03 mM CaCl,
instead of MgCl, and MgSO,). The pieces were in-
cubated for 20 min at 36°C in dissociation medium
with constant mixing. The medium contained 0.1%
collagenase, 0.1% bovine serum albumin and 0.01%
soybean trypsin inhibitor in solution B. To acceler-
ate cell dissociation the tissue preparation was pi-
petted for 1-2 min using a glass pipette. Solution B
containing dissociated cells was decanted and the
remaining tissue preparation was placed into a new
portion of dissociated medium. The whole proce-
dure was repeated 5-6 times. The two first portions
of solution B containing dissociated cells were dis-
carded because they contained tissue fragments and
damaged cells. The last three or four portions were
pooled and centrifuged for 10 min at 80 g. The sedi-
mented cells were washed with solution containing
25 mM Hepes-Tris buffer (pH 7.4), 150 mM NacCl,
0.5% bovine serum albumin and centrifuged again.
Then the cells were suspended in solution containing
25 mM Hepes-Tris buffer (pH 7.4), 150 mM NacCl
and kept at 4°C. Obtained suspension contained (5-
7)x10% myocytes per 1 ml. The amount of viable cells
determined with Trypan Blue staining was 75-90%.
Cell amount was counted using a hemocytometer.
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Enzymatic assay. The PMCA (EC 7.2.2.10)
activity was determined in the PM fraction of the
myometrium cells at 37°C in 0.4 ml of medium con-
taining 3 mM ATP, 3 mM MgCl,, 0.95 mM CaCl.,
25 mM NaCl, 125 mM KCI, 1 mM EGTA, 20 mM
Hepes-Tris buffer (pH 7.4), 1 mM NaN, (an inhibitor
of mitochondrial ATPase [24]), 1 mM ouabain (an
inhibitor of Na*,K'-ATPase [25, 26]), 0.1 uM thapsi-
gargin (a selective inhibitor of Ca?*,Mg?*-ATPase of
endo(sarco)plasmic reticulum [24]), and 0.1% digi-
tonin (a factor of PM perforation [27]). The protein
content of the membrane fraction in the sample was
20-30 pg. The incubation time was 5 min. The reac-
tion was initiated by addition into the medium of an
aliquot (50 pl) of the PM suspension and was stopped
by addition to the reaction mixture of 1 ml of “stop”
solution with the following composition: 1.5 M so-
dium acetate, 3.7% formaldehyde, 14% ethanol, 5%
TCA (pH 4.3 at 8°C). The amount of the reaction
product P, was determined with method Rathbun and
Betlach [28]. The PMCA activity was calculated by
the difference between values of the ATPase activity
in the absence and in the presence of calcium ions.
The calculations done using program “MAXCHEL”
shows that free Ca?* concentration at described
physicochemical conditions of incubation medium
is 1 uM. In our experiments the mean value of the
specific enzymatic activity of PMCA of the uterine
myocyte PM was 3.4 + 0.3 pmol P/mg protein per
lh(n="7).

The dependences the activity of PMCA on
concentration of calixarenes were used to determine
values of the inhibition coefficients I1C,, and coop-
erativity coefficients n, which were calculated using
the Hill equation: A = A xIC_"/(IC_" + [I]"), where
A, and A are specific enzymatic activities in the ab-
sence and in the presence of calixarenes in the incu-
bation medium in the concentration [1] respectively.
Results of the studies were treated statistically with
Student’s t-test. Kinetic and statistical calculations
were carried out using the MS Excel software.

Confocal microscopy. The measurements of
calixarene induced increase of [Ca?] in SMCs were
carried out by laser scanningconfocal microscopy
using a Zeiss LSM 510 “META” microscope (Carl
Zeiss, Zeiss LSM Image Browser Version 4.0.0241
Software). SMCs were attached to a glasssur-
face with poly-L-lysine. The confocal microscopy
analysis of immobilized cells was carried out on
elongated cells with the nuclei well painted by fluo-
rescent probe Hoechst 33342 and loaded with 10 pM
Ca?*-sensitive probe fluo-4 AM for 20 min at a room

temperature. The concentration of Ca? in the cyto-
plasm was measured in calixarene-free medium and
following the addition of one of calixarene (20uM).

Dynamic light scattering. Effective hydrody-
namic diameter (EHD) of SMCs was measured by
dynamic light scattering (DLS) using a Zetasizer-3
instrument equipped with multi computing correla-
tor type 7032 ce (Malvern Instruments, UK). The
size distribution was determined by DLS at a room
temperature. Mean size represents the average of 20
readings. Experiments were repeated five times in-
dependently. Scattered light was detected in an angle
of 90°. The results were analyzed by PCS-Size mode
v1.61 software.

Materials. Unless stated otherwise, all chemi-
cals were purchased from Sigma-Aldrich.

Results and Discussion

The effect of quantity and arrangement of
phenylsulfonylamidine groups on the upper rim
of calixarenes on PMCA and cytoplasmic Ca?'
concentration of SMCs

To determine a role of quantity and arrange-
ment of phenylsulfonylamidine groups on the up-
per rim of the calixarene molecule for inhibition
of PMCA we evaluated the influence on mentioned
enzymatic activity of calixarenes C-716, C-772 and
C-957 which have several structural distinctions
compared to calixarene C-90 (Fig. 1).

Namely, calixarenes C-716 and C-772 have only
two phenylsulfonylamidine groups in distal or proxi-
mal positions at the upper rim of its molecules and
tert-butyl groups at the other para-positions of mac-
rocycle phenolic rings. Calixarene C-957 has three
phenylsulfonylamidine groups on the upper rim of
calixarene macrocycle and tert-butyl group on forth
phenol residue (Fig. 1). Although a structure of lower
rim of the calixarenes C-716, C-772, C-957 and C-90
is different because of varied quantity and spatial
location of propoxyg roups, previously we assumed
that the modification of just upper rim of calixarene
C-90 was crucial for inhibitory properties of the last
one for PMCA [12]. To determine the effect of calix-
arenes C-957, C-772 and C-716 on PMCA we used
them in the concentration range from 10 to 10* M
and demonstrated that all calixarenes decreased
mentioned activity with dose-dependent manner but
with different efficiency (Fig. 2). The kinetic parame-
ters, which reflect the efficiency of PMCA inhibition
by corresponding calixarene, were calculated using
shown dependences (Table).
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Fig. 1. Calixarene C-90 and its analogs C-716, C-772, C-957 which differ by quantity and arrangement of

phenylsulfonylamidine groups on the upper rim

According to obtained results (Table), ca-
lixarene C-957 with three phenylsulfonylamidine
groups has inhibition coefficient IC,; = 29.2 £ 0.9
that is higher than the same coefficient of calixarene
C-90. Calixarenes C-716 and C-772 which have two
phenylsulfonylamidine groups are even less effective
inhibitors of PMCA. Their inhibition coefficients are
higher than calixarene C-957 and equal 53.4 + 3.6
and 165 £ 20 uM respectively. Thus, we make con-
clusion that increasing of quantity of sulfonylami-
dine groups at the upper rim of calixarene macrocy-
cle led to rise of PMCA inhibition efficiency.

All kinetic calculations were made from PMCA
activity curves shown at Figs. 2, 5 and 8 using Hill
equation (see methods).

Moreover, comparison of the inhibitory ef-
ficiencies of calixarenes C-716 and C-772, which
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are spatial isomers, leads us to conclusion that dis-
tal arrangement of sulfonylamidine groups is more
effective for PMCA inhibition (Fig. 2, Table) than
proximal one. Probably the distance between phenyl-
sulfonylamidine residues is also important param-
eter for supplying the complementarity of calixarene
structure to the corresponding chemical groups on
the surface of PMCA molecule.

Since PMCA plays a key role in the termination
of the calcium signal in uterine myocytes, therefore,
it is logical to assume that its inhibition may leads to
an increase in the [Ca?] in myocytes. In this context,
the following important question arises: what is the
PMCA inhibition efficiency of calixarenes is enough
for significant change in [Ca®*]? Therefore, the anal-
ysis of [Ca?*] changes, using confocal microscopy,
under the action of similar calixarenes which differ
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Fig. 2. The inhibition of PMCA activity of myome-
trium cells by calixarenes C-772, C-716, C-957 and
C-90 (n = 5). 100% is values of enzymatic activity
without calixarenes in incubation medium

by the structure of substituents, can give us the an-
swer to the question.

It was shown that the addition of 20 uM ca-
lixarene C-90 to immobilized myocytes resulted in
a sharp increase of fluo-4 fluorescence that corre-
sponded to an increase of [Ca?"] in the cell (Fig. 3). It
should be noted that the fluorescence level of back-
ground and fluorescence dye Hoechst, which was
localized mainly in the nucleus of SMCs, was not
changed by calixarene C-90 or any other calixarene.
For 2.5 min, the [Ca?"] was lowered and set at a same
level than before the introduction of C-90, indicating
the involvement of compensatory systems for the ex-
traction of Ca?* out the cell. In the case of decreased
activity of PMCA, an adaptive activation of sarco/
endoplasmatic reticulum Ca?*,Mg?-ATPase, Na*/
Ca? exchanger and mitochondrial Ca?* uniporter,
which removing Ca?* from the cytosol, is possible,
because namely mentioned systems have lower affin-
ity to Ca?* and can be activated by its high [Ca?1], for
example, during contraction of SMCs [3].

The same experiments were also carried out
with other calixarenes in the same conditions except
three or two time consequent addition of each ca-
lixarene. First injection of calixarene C-957 induced
very similar responses of probe fluorescence (Fig. 3).
Although efficiency of PMCA inhibition by this ca-
lixarene is lower than efficiency of calixarene C-90,
the increase of [Ca?"] was even higher and sharper.
Such effect can be rationalized by higher solubili-
ty or penetration rate to SMCs, etc. of calixarene

Table. The kinetic parameters of myometrium
PMCA activity inhibition by the calixarenes (n = 5)

Relative

rene calixarene coefficient | coefficient

concentration 1€ nM n

100 uM, %

C-90 250+0.3 20.2+05 055+£0.02
C-957 312+ 0.6 292+09 0.57x0.02
C-716 385+19 53.4+3.6 0.52+0.02
C-772 541 +0.6 165+£20 0.51+0.04

C-715 79.3+0.9 - -
C-960 40.3+£05 500+0.5 0.54+0.01
C-975 29709 26809 0.57+0.02
C-956 20804 150+05 0.55+0.01

C-957, that we didn’t check. Second and third addi-
tion of calixarene C-957 induced much lower effect
on [Ca*1], probably because part of PMCA was still
inhibited after first calixarene addition.

Calixarenes C-716 and C-772 which have only
two phenylsulfonylamidine groups didn’t show
visible effects on [Ca?'] even after three time ad-
dition to SMCs. Perhaps these calixarenes can in-
teract with other targets inside or outside cells that
compete or prevent interaction with PMCA in whole
cells. Since we determined PMCA activity in iso-
lated PM fraction, absence of such probable targets
after PM isolation can be explanation of observed
results. Anyway, we can make a conclusion that ca-
lixarenes which inhibited PMCA caused stimulation
of [Ca?*] growth in SMCs.

The effect of tert-butyl and phenylsulfo-
nylimino groups on the upper rim of calixarenes
on PMCA and cytoplasmic Ca?* concentration of
SMCs

Since the molecules of C-957, C-716 and C-772
in contrast to C-90 have also tert-butyl groups at the
upper rim of calixarene macrocycle, it was necessary
to check the assumption that namely the presence
of tert-butyl groups in the structure of mentioned
calixarenes was the reason of PMCA inhibition effi-
ciency decrease. Therefore, it was appropriate to use
tert-butyl depleted calixarene phenylsulfonylamidine
C-960 to determine their effect on PMCA (Fig. 4).

Our results indicated (Fig. 5) that the influence
of calixarenes C-716 and C-960 on the activity of
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Fig. 3. Typical effect of calixarenes C-90, C-957, C-716 and C-772 on the fluorescence of Ca** sensitive fluo-4
probe and DNA sensitive Hoechst 33342. (a) Photo of analyzed SMC: green is fluorescence of Ca?** sensitive
probe fluo-4, blue is fluorescence of DNA sensitive probe Hoechst 33342, red circle represents the region
where fluorescence intensity was determined. (b) Time-dependent intensity of the probe fluorescence. Each

calixarene was added at time marked by the arrows
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Fig. 4. Tert-butyl-calixarenesulfonylamididine C-716 and its tert-butyl depleted (C-960) and thifluoroaceta-

mide (C-715) analogs

PMCA was virtually identical. Moreover, enzyme
inhibiting coefficients (53.4 + 3.6 and 50.0 + 0.5 mM
for calixarenes C-716 and C-960 respectively) are
very similar (Table). So, it is obviously that the
presence of tert-butyl residue doesn’t effect on the
efficiency of the PMCA inhibition.

We also checked the effect of calixarene C-960
on level of [Ca%*] in SMCs and showed the slight
rise of Ca% -sensitive probe fluorescence after first
calixarene application and much higher increase
of fluorescence after second adding (Fig. 6). Third
calixarene injection didn’t influence on [Ca?7], per-
haps, indicating effect of saturation after calixarene
accumulation during first application. It is interest-
ing that after each elevation of Ca?* level we didn’t
observe returning of [Ca?*] to the initial level, that
can be the evidence of nonspecific inhibition all
Ca%-pumping systems of SMCs. Comparing the ef-
fects of calixarenes C-960 and C-716 on the same
parameter (Fig. 3 and 6), we can conclude also, that
tert-butyl groups of calixarenes C-716 prevent the
influence of this calixarene on [Ca%] in SMCs. As
was assumed above, namely tert-butyl-containing
calixarene structure might cause an affinity to other
molecular targets in SMCs.

It is the most probable that namely phenylsul-
fonylamidine groups are crucial in enzyme inhibi-
tion. To make unambiguous conclusion, we used
calixarene C-715, which had two trifluoroaceta-
midegroups at the upper rim of calixarenemacrocy-
cle (Fig. 4). The dependence of the enzyme activity
on calixarene concentration showed that the inhibi-
tion efficiency was very low and PMCA activity in
the presence of maximal calixarene concentration
100 uM was only 79.3 + 0.8% relative to control
(Fig. 5, Table). Such low level of inhibition makes

impossible to determine kinetic parameters, which
we calculated for other calixarenes. That is why we
also didn’t check the effect of calixarene C-715 on
[Ca*] in SMCs. However, we can unambiguously
conclude that namely phenylsulfonylamidine groups
of both calixarene C-716 and other calixarenescon-
taining mentioned residues are involved in enzyme
inhibition molecular mechanism.

The effect of phenylgroups on the upper rim
and octyl group on the lower rim of calixarenes
on PMCA and cytoplasmic Ca?* concentration of
SMCs

The mechanism of PMCA inhibition by calixa-
rene C-90 remains unknown and the site of inter-
action of calixarene with enzyme is not indentified.

100 1
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Fig. 5. The inhibition of PMCA activity of myome-
trium cells by calixarenes C-715, C-716, and C-960),
(n =5). 100 % is values of enzymatic activity with-
out calixarenes in incubation medium
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Fig. 6. Typical effect of calixarene C-960 on the fluorescence of Ca** sensitive fluo-4 probes and DNA sensitive
Hoechst 33342. (a) Photo of analyzed SMC: green is fluorescence of Ca?* sensitive probe fluo-4, blue is fluo-
rescence of DNA sensitive probe Hoechst 33342, red circle represents the region where fluorescence intensity
was determined. (b) Time-dependentintensity of the fluorescence. Each calixarene was added at time marked

by the arrows

The question arises whether calixarenes interact
with enzyme from aqueous environment or lipid
environment of membrane and which of these medi-
ums predominantly contains calixarenes. All men-
tioned calixarenes have predominantly hydrophobic
properties, and are non-soluble in water that is prob-
able disadvantage because water solubility is very
important for using of compounds as inhibitors of
enzymes or as pharmacological agent. Taking into
consideration all mentioned above, calixarene C-90
analogs with the absent some hydrophobic groups
have been researched (Fig. 7).

Thus, we synthesized calixarene N-methylsul-
fonylamidine C-975 which contained methyl resi-
dues instead of phenyl ones. Calixarene C-975 also
inhibits PMCA activity (Fig. 8) and has inhibition
coefficient IC,, = 26.8 = 0.9 pM. So, the efficiency
of inhibition of calixarene C-975 is slightly lower
than the same of calixarene C-90 (Table). Obviously,
phenyl residues of phenylsulfonylamidine groups
don’t participate in interaction with enzyme or such
interaction is weak and doesn’t cause any effect on
enzyme function. So, we can conclude that namely
sulfonylamidine fragments are crucial for inhibitory
properties of calixarene C-90 and its analogs on ac-
tivity of PMCA.

It is known that calixarenes can build in li-
pid membranes [6]. Change of hydrophobicity of
calixarene molecules may influence on inhibition
of PMCA, because such alteration has to lead to the
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change of calixarene molecule distribution between
membrane and aqueous medium. Comparison of ca-
lixarenes with and without phenyl residues doesn’t
let us unambiguously conclude that namely hydro-
phobicity alters inhibitory efficiency of calixarenes
since phenyl residues located in phenylsulfonylimino
groups of calixarene upper rim may participate in
interaction with complementary site of enzyme sur-
face. That is why we used calixarene C-956, close
analog of C-90, which has alteration in structure of
lower rim. Previously, we have shown that the upper
rim unsubstituted tetrapropoxycalixarene C-150 had
no the inhibitory properties [12]. But the question
remained opened whether the chemical groups lo-
cated on the lower rim of the macrocycle influence
on inhibition of PMCA. Calixarene C-956 has two
more lipophilic octyl residues instead of propyl ones
in calixarene C-90. Experimental data revealed that
such modification of calixarene structure significant-
ly didn’t influence on inhibition of PMCA, however,
slightly increased affinity of inhibitor to enzyme:
inhibition coefficient IC_, was 15 + 0.5 uM (Fig. 8,
Table).

Thus, calixarene C-956 is the most effective
inhibitor of PMCA among all investigated calixa-
renes. Obtained results evidence that calixarene
hydrophobicity and therefore affinity to membrane
environment has certain importance in interaction
with enzyme. Inhibition of the solubilized PMCA
by calixarene C-90 (IC,, = 58.5 + 6.4 uM) endorsed
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Fig. 7. Calixarene C-90 analogs, possessing methyl groups (C-975) on the upper rim and octyl group (C-956)

on the lower rim of calixarene platform

this assumption about importance of membrane en-
vironment for inhibition of enzymatic activity of
this transmembrane protein by calixarene [12]. So
we make a suggestion that calixarenes inhibit PMCA
from membrane lipid environment and therefore site
of interaction with C-90 and other calixarenes lo-
cates on transmembrane domain of the protein mole-
cule. Moreover, very close values of Hill coefficient
for all calixarenes (Table) indicate that all investi-
gated calixarenes effect on PMCA with the same
mechanism.

Calixarenes C-975 and C-956 induced [Ca?*]
increase in SMCs similar to calixarene C-90
(Fig. 9). Decreasing of [Ca*] after sharp growth
was also similar to effect of calixarene C-90, but
this returning of [Ca?] didn’t achieve initial level
in all cases, that could be advantage in case of in
vivo application of these calixarenes because such
elevated prolonged Ca?* level, probably, might cause
also increase of basal muscle tone. The rise of [Ca?']
after first addition of calixarene C-975 was not so
high than after second calixarene addition and that
indicated additional PMCA inhibition. In case of
calixarene C-956, the biggest [Ca?*] boost was after
first calixarene injection and two consequent addi-
tions of calixarene induce the growth of [Ca?] only
to the first maximal level of Ca?, probably, because
of reaching of maximal PMCA inhibition even af-
ter the first calixarene application. Such difference
in effects of two calixarenesis, certainly, caused by
different efficiency of PMCA inhibition, since calixa-

100
X
2 80
=
g
© 60
=
IS
> 40
c
(]
S 20
k&
&
0 +# y ' ! ;i
0 0.1 1 10 100

[Calixarene], uM

Fig. 8. The inhibition of PMCA activity of myome-
trium cells by calixarenes C-90 and more lipophilic
C-956 and less lipophilic C-975 analogs with octyl
and N-methylsulfonylamidine groups respectively
(n = 5). 100 % is values of enzymatic activity with-
out calixarenes in incubation medium

rene C-956 has almost twice less inhibition coeffi-
cient than calixcarene C-975 (Table).

The effect of calixarenes on the effective hy-
drodynamic diameter of SMCs

Thus, enzymatic analysis and confocal micros-
copy have shown that effective inhibition of activity
of PMCA by majority of calixarenes leads to an in-
crease of intracellular [Ca%]. Such events can be as-
sumed to change the contractile activity of the SMCs
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Fig. 9. Typical effect of calixarenes C-975 and C-956 on the fluorescence of Ca®* sensitive fluo-4 probes and
DNA sensitive Hoechst 33342. (a) Photo of analyzed SMC: green is fluorescence of Ca®* sensitive probe fluo-4,
blue is fluorescence of DNA sensitive probe Hoechst 33342, red circle represents the region where fluores-
cence intensity was determined. (b) Time-dependent intensity of the probe fluorescence. Each calixarene was

added at time marked by the arrows

and affect their size, which can be detected by DLS
method. According to the literature, compounds that
increase the contractile activity of myocytes also de-
crease their EHD, which corresponds to the state of
contraction of SMCs. DLS method showed that ap-
plication to the SMC suspension 3 mM Ca?*, 10 uM
Ca?*-ionophore A-23187, as well as the blockers of
voltage dependent K-channels 1 mM 4-amino-
pyridine and 1 mM tetraethylammonium caused a
decrease of EHD and an increase in the contractile
activity of these cells [29]. That is why the next step
of research was to test how calixarenes with different
efficiency inhibited PMCA affect EHD of the SMCs
by DLS method.
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The average EHD of the SMCs in control with-
out any effectors was 13.77 + 1.04 um (n = 7). In our
investigation, all calixarenes solutions contain some
amount of DMSO because the first stock solutions of
any calixarenes were prepared in pure DMSO. Ac-
cording to the results, 1.25% DMSO, which present-
ed in 50 pM solutions of any calixarenes, didn’t af-
fect EHD of the SMCs (Fig. 8), therefore, the effects
of calixarenes didn’t depend on the DMSO. 100 nM
solution of oxytocin served as positive control of con-
tractile activity which decrease EHD of the uterine
SMCs. Oxytocin is a hormone of a peptide nature,
which is a well-known uterotonic and is widely used
in obstetrics, and its action is based on the induction
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Fig. 10. Calixarenes (50 uM) similar to oxytocin
(0.1 uM) decrease EHD of SMCs (n = 7). Con-
centration of DMSO is 1.25% (v/v). 100% is EHD
without any effectors

of intracellular calcium growth through phospholi-
pase C dependent way [30]. 200 nM oxytocin caused
a decrease of EHD by 28.9 + 5.3% compared to the
control that was the evidence of SMC contraction
(Fig. 10).

All calixarenes, except C-716, have a statisti-
cally significant effect on EHD of myocytes com-
pared to control (Fig. 10). As noted above, accord-
ing to enzymatic analysis, calixarene C-716 exhibits
low inhibitory effect on PMCA and does not affect
[Ca?* of SMCs. Among the tested calixarenes, C-956
is the most effective, which at concentration of 50
uM resulted in 40.9 + 9.5% reduction of EHD to the
control (Fig. 8) that also corresponds to the results of
enzymatic analysis as the most effective PMCA in-
hibitor (Table). It should be noted that, the decrease
of EHD by the calixarene C-956 was much more sig-
nificant than by calixarene C-90, which decreased
SMC EHD on 27.8 + 3.8%. In addition, the effect
of calixarene C-956 was even higher than that of
uterotonic oxytocin (Fig. 8). The differences in the
effects of oxytocin and all calixarenesare are not sta-
tistically significant, which also indirectly indicates
the ability of all tested calixarenes to reduce EHD of
myocytes with efficiency depending on their struc-
ture. Calixarenes C-975, C-957 and C-960 caused
almost the same decrease of EHD to 78.8 + 9.6%,
80.2 £ 7.3 and 78.4 + 7.6 respectively, that less than
effect of calixarenes C-90 and C-956 and also cor-
respond to efficiency of PMCA inhibition by them

(Table). The only calixarene, whose effect on EHD
of SMCs doesn’t coincide with property to inhibit
PMCA, is C-772 (Fig. 2 and 10). Moreover, this ca-
lixarene and also C-716 don’t induce growth [Ca?"]
in SMCs that can be explained by other mechanisms
of influence on SMC size. Anyway, all calixarenes,
which inhibit PMCA, decrease also EHD of SMCs
similar to oxytocin that can be the evidence of SMC
contraction effects.

Conclusions

1. PMCA inhibition efficiency depends on
quantity of sulfonylamidine groups on the upper rim
of calixarene macrocycle.

2. PMCA inhibition efficiency depends on spa-
tial orientation of sulfonylamidine groups on the up-
per rim of calixarene in case of two sulfonylamidine-
group presence.

3. Tert-butyl residues on the upper rim of ca-
lixarene don’t effect on the efficiency of the PMCA
inhibition, but prevent growth of [Ca?*] in SMCs.

4. Growth of hydrophobicity sulfonylamidino-
calixarene due to octyl chains at the lower rim or
phenyl rings connected to sulfo groups slightly in-
crease efficiency of PMCA inhibition.

5. Almost all calixarenes, which inhibit PMCA,
stimulate growth of intracellular [Ca*] in SMCs.

6. All calixarenes stimulate decreasing of size
of SMCs and such effect mostly correlates with their
efficiency of PMCA inhibition.

All obtained results and conclusions are impor-
tant for understanding and subsequent investigation
of mechanisms of PMCA inhibition by calixarene
C-90 or its analogs and can be foundation for crea-
tion of new more effective inhibitors of mentioned
enzyme or/and uterotonics for medicine, based on
the calixarene core.
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IHI'TBYBAHHS Ca?*Mg**-ATPa3nu
TMJIABSMATUYHOI MEMBPAHHU
KAJIIKCAPEHCYJb®O-
HITAMIINMHAMMUA. CTPYKTYPHO-
OYHUIOHAJIBHI OCOBJINBOCTI
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Bimin 6ioximii M’s13iB, [HCTUTYT GioXiMmil iM.

0. B. [Nanmnanina HAH VYkpainu, Kuis;
He-mail: sashashkrabak32@gmail.com;
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Panime MU MOKa3aJH, 110
terpacynbhorimamignHKanikcapes C-90 iHTiOye
Ca®",Mg?-ATPa3y mIaeHbKOM SI30BUX  KJIITHH
[Ia3MaTUYHOi MEMOpaHM CEJIEKTHBHO IO IHIIUX
ATP-rigpomaz mnasMatuyHoi MemOpanu. s
MOMIYKY  [UIAXIB  TOCHJIGHHS  e(eKTHBHOCTI
inrioysanust ~ Ca®",Mg?-ATPa3su  cuHTe30Ba-
HO [IeKiJlbKa HOBUX KaJIIKCAPEHOBUX CIIOJIYK,
CTPYKTYpHO TOmiOHUX 10 Kajikcaperny C-90,
Ta TMEpPeBipeHO X BIUIMB HA AaKTUBHICTH 3a3Ha-
YEHOIO0  €H3UMY, PIBEHb  LUTOIJIa3MaTHYHOI
koHreHTpanii Ca* Ta TigpogHHAMIYHUN JiaMeTp
130JIbOBaHMX TJIAJICHBKOM 5130BUX  KJiTHUH. [lo-
Ka3aHo, M0 CyIb()OHUTAMIAMHOBI TpymH €
BUpIlIAIbHUMA  Jiis  iHriOyBanus — Ca? ,Mg?*-
ATPa3u, edexkTuBHICTH IHTIOyBaHHS 3alle)KUTh
Bil 1X KIUJIBKOCTI Ta TPOCTOPOBOI OpieHTamii Ha
BEpXHHOMY BIiHIII KaJIKCApEHOBOT'O MaKpOIIH-
kiry. BeemenHs deHinmbHHX ab0 TpeT-OyTUIBHUX
TPyl y BEpXHI BiHENb 1 JOBTUX aJNKITBHUX
JIAHITIOTIB Y HIDKHIN BiHEIb MPU3BENO /0 HE3HAY-
HOTO TIJBUINEHHS e()eKTUBHOCTI iHTiOyBaHHS.
InriOyroua nmis goCHiIKyBaHUX KallikcapeHiB Ha
Ca®",Mg?-ATPa3y kopeitoBaia 3 BILIHBOM Ha IIH-
TO30JIbHY KOHIIeHTpaIito Ca® Ta riIpoanHaMiTHHHA
TiaMeTp TIAJeHBKOM SI30BHX KIITHH. OTpumani
pe3yNbTaTH BaXKIIWBI I CTBOPEHHS OibI edek-
TUBHHMX Ta CEICKTHBHUX iHTiOiTOpiB Ca®,Mg?*-
ATPa3u nmina3zMaTH9HOI MEMOpaHU K PEryJsaTOpiB
CKOPOTIIMBOI PYHKITIT TTIAJICHHPKUX M SI31B.

Knwuosi cmnosa: Ca* Mg?-ATPa3a
MIa3MaTUYHOI MeMOpaHHW, BHYTPIITHBOKJIITHHHA
koHmentpaitisi Ca?, rimageHpki M’s3u, KallikcapeH
CyNnb(pOHITAMITUHH.
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