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Zn ions are significant for maintaining the proper human organism functioning, thus monitoring  the 
zinc content in living cells and the development of sensitive tracking systems and sensors for Zn is par-

ticularly important. The purpose of the work was to study the properties of synthetic thiacalix[4]arene 
C-800 (5,11,17,23-tetrakis[(hydroxy-ethoxyphosphonyl)methyl])-25,26,27,28-tetrahydroxythiacalix[4]arene) 
as a fluo rescent sensor for zinc ions in living cells. Our studies demonstrated that thiacalix[4]arene C-800 
containing    four hydroxy-ethoxyphosphonylmethyl groups on the upper rim exhibited fluorescent properties 
at 340 nm excitation wavelength. Fluorescence intensity of thiacalix[4]arene C-800 was increased signifi-

cantly in the presence of Zn cations, while cations of other metals, such as Mg2+, Ca2+, Cd2+, and Pb2+ did 

not affect it. Computer modeling demonstrated that two Zn cations interact with the oxygen atoms of four 
hydroxy-ethoxyphosphonylmethyl groups. It was shown that thiacalix[4]arene C-800 quickly penetrated rat 
myometrial cells that led to an increased intracellular fluorescence level. The addition of Zn2+ to cells, stained 

with thiacalix[4]arene C-800, was followed an even greater increase of intracellular fluorescent signal in-

tensity. No effect of thiacalix[4]arene C-800 on reactive oxygen species production in myometrial cells was 
detected as well as on cells viability in the range of its 50-250 μM concentrations. Thus, thiacalix[4]arene 
C-800 can potentially be used as a selective fluorescent probe for the detection of Zn2+ in living cells. 

K e y w o r d s: myometrial cells, Zn2+, thiacalix[4]arene, fluorescent probe, molecular dynamic, MTT assay.  

U
p to 10% of the proteins, encoded by the 

human genome, contain putative Zn2+ 

binding motifs [1, 2], which suggests the 

significance of Zn2+ in biological systems. Its ions 

form complexes with multiple proteins, enzymes, 

metabolites, and other low molecular weight ligands 

that carry out vital metabolic functions [3]. Zinc-

dependent proteins can be found in the cytoplasm 

and within  many organelles of the eukaryotic cell 

including the nucleus, the endoplasmic reticulum, 

Golgi apparatus, secretory vesicles, and mitochon-

dria. Cells possess zinc transport mechanisms, 

which allow them to accumulate and distribute metal 

ions [4, 5].

Various studies prove, that zinc deficiency can 
lead to serious diseases, such as mental retardation, 

Parkinson’s disease, epilepsy, and certain types of 

cancer [5, 6]. On the other hand, excessive doses of 

zinc are noxious for living organisms as well. It has 

been concluded that high concentrations of zinc in-

take can alter the immune response [7], cause seve-

ral health problems, such as superficial skin diseases, 
diabetes, and brain disorders [8], and lead to the de-

velopment and progression of Alzheimer’s disease 

[9]. Moreover, excessive zinc intake can cause im-

pairments and disorders of male and female repro-

ductive systems [10, 11]. 

doi: https://doi.org/10.15407/ubj93.04.026
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Therefore, quantitative measurement of Zn2+ 

levels is important for monitoring biological and 

probable pathological processes in living organisms. 

In recent decades, many probes, including fluores-

cence probes, for zinc detection in living cells have 

been described in the scientific literature [12-17].
Fluorescence spectroscopy has several advan-

tages over other methods due to its high sensitivity, 

easy visualization, and short response time. There-

fore, it was important to find a probe for Zn2+ that 

would be fluorescent, easily penetrating through the 
plasma membrane into living cells, and, at the same 

time would be safe for the cells. The cup-shaped 

three-dimensional calix[4]arene platforms are wide-

ly used as building blocks for the creation of Zn2+ se-

lective fluorescent sensors [18]. However, to the best 
of our knowledge, bigger in size thiacalіx[4]arenеs 
possessing four sulfur atoms inside macrocyclic 

platform were never used for this aim. It is well 

known that the sulfur atoms together with oxygen 

atoms at the lower rim can form five-membered 
chelate type complexes with zinc and other transi-

tional metals [19, 20]. Our attention was drawn to 

the thiacalіx[4]arenе phosphonous acids, with which 
we have been working for many years and obtained 

interesting results on their ability to eliminate the 

inhibitory effect of heavy metals, including Zn2+ on 

the activity of myometrial myosin ATPase [21].

The work aimed to study the properties of thia-

calix[4]arene methylphosphonic acid C-799 and its 

tetraethyl ester C-800 as a fluorescent sensor for zinc 
ions, which would easily penetrate living cells and 

would be safe for them. Rat myometrial cells were 

used as a model.

Fig. 1. The structural formulas of the thiacalixarenes C-799 and C-800

C-800C-799

Materials and Methods
Thiacalixarenes C-799 and C-800 (Fig. 1) 

were synthesized using the early described methods 

[22, 23].

All chemicals used in the experiments were 

provided by Sigma Aldrich. All the solutions were 

prepared using distilled water, obtained in Crystal 

Bio (Adrona, Latvia). The water conductance was 

0.055 μS/cm. The concentration of the divalent metal  
cations in solutions was determined by the Mohr 

method. Fluorescence spectra were recorded using 

the Qanta Master PTI 40 spectrofluorimeter (Pho-

ton Technology International). The thiacalix[4]arene 

fluorescence in cells was studied using a Confocal 
microscope Carl Zeiss LSM 510 Meta (Carl Zeiss, 

Germany).

Fluorescent spectroscopy. The stock aque-

ous solutions (water conductance – 0.055 μS/cm) of 
thiacalix[4]arenes C-799 and C-800 (1 mM) were 

prepared and alkalinized with NaOH until comple-

tion of a dissolution. The fluorescence spectra of the 
thiacalix[4]arenes (5-100 μM) solutions separately 
and in the presence of metal cations (0.5–5 mM) 

were determined using the Qanta Master PTI 40 and 

FelixGX 4.1.0.3096 software. The excitation wave-

length was 340 nm, the emission range was 350-

480 nm.

The isolation of uterine smooth muscle cells. 

All animal manipulations were carried out in ac-

cordance with the European Convention for the pro-

tection of vertebrate animals used for experimental 

and other scientific purposes (Strasbourg, 1986). 

Myocyte suspension of the nonpregnant rat 

uterus was obtained using collagenase type 1A 

V. I. Yavorovska, R. D. Labyntseva, O. V. Bevza et al.
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and soybean trypsin inhibitor by modified Gangula 
method [24]. The rats were kept in a stationary vi-

varium at constant temperature and baseline. The 

animals were anesthetized with chloroform and then 

sacrificed by cervical dislocation. The uterus of adult 
rats was rapidly harvested and dissected into 1 mm3 

pieces in Hanks balanced salt solution (136.9 mМ 
NaCl, 5.36 mМ KCl, 0.44 mМ KH

2
PO

4
, 0.26 mМ 

Na
2
HPO

4
, 4.5 mМ NaHCO

3
, 0.03 mМ MgCl

2
, 

5 mМ glucose, 10 mМ НЕРЕS, рН 7.4 at 37°С) with 
1.26 mM Ca2+ and 0.8 mM Mg2+. The pieces were 

then washed with Hanks solution (without  1.26 mM 
Ca2+ and 0.8 mM Mg2+ added) 3 times to dispose of 

the blood and debris. The uterine pieces were placed 

into a digestion buffer containing  0.1% collagenase 
type IA and 0.01% soybean trypsin inhibitor and di-

gested at 37°С in a water-bath with continuous shak-

ing for 20 min. The digestion buffer was then dis-

carded, and Hanks solution without Ca2+ and Mg2+ 

was added and pipetted for 5 min. The last two steps 

were repeated 4 times. The first portion of Hanks 
solution without Ca2+ and Mg2+ after pipetting was 

also discarded while subsequent portions of Hanks 
solution (without Ca2+ and Mg2+), that contain the 

cells were collected. Cells were then precipitated by 

centrifugation at 500 g for 10 min and diluted in PBS 

(phosphate-buffered saline: 0.8% NaCl, 0.02% KCl, 
0.144% Na

2
HPO

4
, 0.024% KH

2
PO4, pH 7.4), to a fi-

nal concentration of 5-8×106 cells/ml.

The primary myocyte cell culture. All proce-

dures for obtaining cultivated myocytes were per-

formed in sterile conditions under a laminar flow 
using  collagenase type 1A. The cells were cultivated 

in RPMI-1640 or DMEM F-12 nutrient medium with 

a mix of antibiotics (penicillin 1000 U/ml, strep-

tomycin 100 µg/ml) and an antimycotic (ampho-

tericin B 0.25 µg/ml), and 20% fetal bovine serum 

at 37°С at 5% СО
2
 concentration in the atmosphere 

(standard  conditions). 

The MTT proliferative assay. Cells were grown 

to a confluent state on 96-well plates to perform 
MTT proliferative assay. The cells were washed with 

PBS before adding thiacalix[4]arene C-800. The me-

dium was replaced on a serum-free one with a con-

centration of 50 to 500 µM calix[4]arene. Then, the 

cells were cultivated for 24 h in standard conditions. 

The control cells were incubated in the analogous 

conditions in PBS without adding thiacalix[4]arene 

C-800. 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°С, which led to the transformation of 
water-solu ble MTT onto insoluble violet formazan 

crystals. Formazan was solubilized with the addi-

tion of 10% SDS and 0.6% acetic acid in DMSO for 

5 min under intensive shaking [25]. Formazan con-

centration was determined by the solution optical ab-

sorption at 545 nm (assay) and 630 nm (comparison) 

on µQuwant plate reader (Biotek Instruments, Inc., 

USA)

The study of the interaction between thiaca-

lix[4]arene C-800 and Zn2+ in living cells. The rat 

uterine cells suspension in PBS were placed on 

slides, preliminary coated with poly-L-lysine for 2 h, 

and treated with 100 μM thiacalix[4]arene and 5 mM 
Zn2+. The fluorescence of thiacalix[4]arene C-800 
in cells was studied using microscope Zeiss Axio-

vert 200M. Objective LD Plan- Neofluar 40×/0.6. 
Probes were illuminated with ultraviolet mercury 

lamp HBO-103 W/2 and analyzed under a blue filter 
(FSet01wf). The fluorescence images were registered 
using Zeiss AxioCam HRC digital camera. Image 
analysis was performed in FIJI software [26].

Detection of reactive oxygen species (ROS) in 
uterine cells in the presence thiacalix[4]arene C-800. 
The rat myometrial cell suspension was loaded  with 

50 μM 2′,7′-dichlorodihydrofluorescein diacetate 
(DCF-DA) for 40 min. at 37°C with constant stir-
ring. The level of reactive oxygen species under the 

action of thiacalix[4]arene C-800 was recorded in 

a suspension of uterine myocytes after their 5 min 

incubation with 100 µM thiacalix[4]arene C-800 in 

PBS. The ROS generation was investigated using a 

COULTER EPICS XL flow cytofluorimeter (Beck-

man Coulter, USA) with an argon laser (excitation 

with 488 nm). The results of these experiments were 

analyzed using SYSTEM IITM Software (Beckman 

Coulter, USA).

Моlecular modeling. Molecular modeling of 

thiacalixarene C-800 and its complexes with zinc 

cations were carried out using a HyperChem, version 
8.0 program [27]. The structures were optimized by 

the semi-empirical PM3 method.

results and Discussion
The study of the f luorescent properties of 

thiacalix[4]arene C-800. Thiacalix[4]arene C-800 

consists of a cup, formed by four benzene rings, 

functionalized on the upper and the lower rim. The 

upper rim of thiacalix[4]arene C-800 contains four 

hydroxyethoxyphosphonylmethyl groups, and the 

lower rim contains four hydroxyl groups and diva-
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lent sulfur atoms (called bridging sulfur) [20]. In an 

aqueous solution, thiacalix[4]arene C-800 exhibits 

fluorescent properties at 340 nm excitation wave-

length. The maximum emission for thiacalix[4]arene 

C-800 was observed at 380 nm. Experimental data 

demonstrates, that the fluorescence intensity of thia-

calix[4]arene C-800 increases with the addition of 

Zn2+ to the solution and dependent on Zn2+ concen-

tration (0.1–5 mM). The thiacalix[4]arene C-800 

fluorescence intensity at a constant concentration of 
thiacalix[4]arene C-800 (100 µM) in the presence  

of 0.1 mM Zn2+ increases twice, in the presence  

of 0.25 mM Zn2+ – almost by 10 times, and in the 

presen ce 4 and 5 mM Zn2+ – by as much as 100 

times (Fig. 2, A).

The observed ability of Zn2+ to increase the 

fluorescence of thiacalix[4]arene C-800 in an aque-

ous solution is the basis for the C-800 application 

as a potential sensor for Zn2+ in living cells. Obvi-

ously, the perfect sensor for Zn2+ must be both selec-

tive to Zn2+ and insensitive to other metals, present 

in the biological environment [13, 28]. A compara-

tive study of Zn2+ and other metal cations, including 

physiolo gic metals essential ones for humans, such 

as Mg2+ and Ca2+ as well as heavy metals (Pb2+ and 

Cd2+) effect on the thiacalix[4]arene C-800 fluores-

cence intensity, it was shown that it was only in-

creased upon the influence of Zn2+ (Fig. 2, B). The 

absence of the effect of other cations except for Zn2+ 

on thiacalix[4]arene C-800 fluorescence intensity 
can be partly explained by different ion radii of metal  
cations . In particular, Cd2+, Pd2+ and Ca2+ possess 

dissimilar radii comparing  to Zn2+ [29]. Although, 

the radii of the cations are of great importance the 

radii of Mg2+ and Zn2+ are very close. Therefore, 

in this case, the features of the interaction of metal  

cations  with donor atoms are more significant. 

Fig. 2,C has shown a comparative study of the Zn2+ 

effect on the fluorescence of the thiacalix[4]arene 
C-800 and its analog, the thiacalix[4]arene C-799. 

The latter thiacalix[4]arene, similarly to C-800, has 

four dihydroxyphosphonylmethyl groups. However , 
it does not contain the ethyl groups, present in the 

thiacalix[4]arene C-800. It was found that the thia-

calix[4]arene C-799 f luorescence intensity also 

increased in the availability of Zn2+. However, the 
effect of Zn2+ on the thiacalix[4]arene C-799 fluores-

cence was inferior to its effect on thiacalix[4]arene 
C-800 fluorescence by 2.5 times.

Molecular modeling of structures of thiaca-

lix[4]arene C-800 and its Zn2+ complexes. According  

to HyperChem program’s calculations, the molecule 
of thiacalіxarene C-800 has three main local mini-
ma of heat formation (structures a, b, c, Fig. 3). 

Among them, the most energetically profitable is the 
structure c with the conformation 1.3- alternate in 

which two pairs of distal benzene rings of the mac-

rocyclic skeleton are oriented in opposite directions 

from the main plane of the macrocycle formed by 

four sulfur atoms. This structure is stabilized by 

four intramolecular hydrogen bonds P=O…H-O be-

tween phosphonic groups located on opposite sides 

of the macrocyclic skeleton. The other two struc-

tures a and b differ from structure c both in energy 

(ΔΔH = -5 kcal/mol and -16.1 kcal/mol, respectively) 
and in the conformation of the macrocyclic skeleton. 

Structures a and b have flattened cone conforma-

tion in which two pairs of distal benzene rings are 

oriented “perpendicularly” and “coplanar” to the 

main plane of the macrocycle. Structure A is stabi-

lized by two intramolecular hydrogen bonds P=O…

H-O between the distally located phosphonic groups. 
At the same time, structure b is stabilized by two 

pairs of such hydrogen bonds between proximal 

phosphonic groups. Structures a and b differ in the 
values of dihedral and valence angles in the macro-

cyclic skeleton and fragments P-C-C-C. Structure b 
is sterically more intense and less energetically profi-
table than a (ΔΔH = -11.1 kcal/mol). 

According to molecular modeling, thiacalixa-

rene C-800 can chelate Zn cations by two phospho-

nic groups at the upper rim (structures D, e, F) or 

chelate by two oxygen atoms and one sulfur atom 

at the lower rim of the macrocycle [29] (structure 

g). Complex g is more energetically profitable than 
isomeric complexes e (ΔΔH = -45.1 kcal/mol) and F 

(ΔΔH = -30.8 kcal/mol). 
The complexation changes the dihedral angles 

in the macrocyclic skeleton of thiacalixarene (Table). 

These changes depend on the conformation of the 

macrocycle and the zinc-binding mechanism. The 

1.3-alternate conformation of ligand c is the most 

adapted for binding of the Zn cation by phosphonic 

groups, and changes in the dihedral angles during  

complexation are minimal. Significantly greater 

changes are observed for chelation of Zn2+ by dis-

tal and proximal phosphonic groups in cone-shaped 

structures a and b. However, the most significant 
changes are observed for zinc-binding by the lower 

rim of the cone-shaped ligands a and b. The flat-
tened cone conformation of ligands a, b during 

complexation is transformed into the regular cone 

conformation of complex g. It should be noted that 

V. I. Yavorovska, R. D. Labyntseva, O. V. Bevza et al.
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Fig. 2. Fluorescence spectra of thiacalix[4]arene C-800 іn aqueous solution. A – dependence of the fluo-

rescence intensity of thiacalix[4]arene C-800 on different Zn2+ concentrations. B – fluorescence spectra of 
100 µM thiacalix[4]arene C-800 alone (control) and with various metal cations (Zn2+, Pb2+, Cd2+, Mg2+ and 

Ca2+). C – fluorescence spectra of thiacalix[4]arenes C-800 and C-799 with 5 mM Zn2+
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Fig. 3. Energy minimized structures of thiacalixarene C-800 (A, B, C) and its zinc complexes (D, E, F, G) 
(HyperChem, PM3)

ΔH = -794.5 kcal/mol ΔH = -783.4 kcal/mol ΔH = -799.5 kcal/mol
A B C

ΔH = -716.1 kcal/mol ΔH = -619.3 kcal/mol
ΔH = -633.6 kcal/mol

D E

F

ΔH = -664.4 kcal/mol
G (side view) G (bottom view)

in complex g the intramolecular hydrogen bonds 

P=O…H-O at the upper rim disappear as result of 
allosteric effect.

Such changes of the spatial structure may in-

crease the fluorescence intensity of thiacalixarene 
C-800 in the presence of Zn2+. The increase of fluo-

rescence can also be induced by the interaction of 

the Zn2+ with the free electron pairs of oxygen and 

sulfur atoms that are part of the chromophore system 

of the thiacalixarene molecule. 

The study of thiacalix[4]arene C-800 effect on 
the viability of uterine cells. It was necessary to de-

V. I. Yavorovska, R. D. Labyntseva, O. V. Bevza et al.
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termine the cytotoxicity of thiacalix[4]arene C-800 

on uterine myocytes for further experiments in the 

presence of such concentrations of thiacalix[4]arene 

C-800, which would not be toxic for cells. MTT as-

say was used to study the effect of thiacalix[4]arene 
C-800 on the viability of the uterine cells. It is based 

on the ability of mitochondrial dehydrogenases 

of actively respiring cells to convert water-soluble 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-

um bromide (МТТ) into insoluble purple formazan, 
which is crystallized inside the cells. Formazan solu-

bilization with the use of DMSO and further pho-

tometry allows us to detect exact changes in the so-

lution absorption as compared to the control, which 

corresponds to the change in the number of viable 

cells and to estimate the cell death, induced by one 

or another cytotoxic agent [15]. It was determined 

(Fig. 4), using MTT assay, that thiacalix[4]arene 

C-800 added to the uterine cell culture in concentra-

tions from 50 to 250 µM did not affect the uterine 
cell viability. The death of almost 30% of cells was 

observed after further increasing of thiacalix[4]arene 

C-800 concentration to 500 µM. Thus, we chose 

thiacalix[4] arene  C-800 concentrations ranging from 

50 to 250 μM for further study.
Bioimaging of Zn2+ in a living cell by thiaca-

lix[4]arene C-800 probe. The high sensitivity, selec-

tivity, and low cell cytotoxicity of thiacalix[4]arene 

C-800 probe opens а door for the potential biologi-
cal application of thiacalix[4]arene C-800 for fluo-

rescence imaging to detect Zn2+ in living cells. The 

thiacalix[4]arene C-800 detection of Zn2+, and fluo-

rescence imaging experiments were carried out in 

myometrial rat cell suspension. As shown in Fig. 5 

(B-D), incubation of uterine cells with 100 μM 
thiacalix[4] arene C-800 at room temperature in-

creases the fluorescence intensity of cells compared 

Structure i ii iii iv
a 141 106 137 95

b 143 77 142 81

c 100 101 100 102

D 146 101 143 102

e 134 91 127 102

F 103 103 100 99

g 122 99 125 103

T a b l e. Dihedral angles (°) between benzene rings I, II, III, IV and the macrocycle’s main plane in free li-
gands A, B, C and their zinc complexes D, E, F, G

to control (Fig. 5, A). Moreover, incubation with 

5 mM ZnCl
2
 of pre-stained with thiacalix[4]arene 

C-800 cells further enhances its fluorescence (Fig. 5, 
E-G). In Fig. 6 shown the mean fluorescence inten-

sity of cells incubated with thiacalix[4]arene C-800 

and thiacalix[4]arene C-800 with 5 mM ZnCl
2
 com-

pared to control that is shown in Fig. 6. Cells with-

out the addition of thiacalix[4]arene C-800 and Zn2+ 

served as a control.

It can be concluded that thiacalix[4]arene 

C-800 can pass through the cell membrane and can 

be used for the detection of living cells.

Thus, thiacalix[4]arene C-800 not only exhibits 

Zn2+-dependent fluorescence in an aqueous solution 
but can also be used for targeted imaging of Zn2+ 

in the cells. However, the effect of Zn on thiaca-

lix[4]arene C-800 fluorescence in cells appeared to 
be less pronounced than it was in an aqueous solu-

Fig. 4. Effect of thiacalix[4]arene C-800 on the via-
bility of the uterine cells, observed during MTT as-

say (M ± SD, n = 4). The value of formazan absorp-

tion in the absence of thiacalix[4]arene was taken as 
100% (control)

0          100        200         300        400       500

Thiacalix[4]arene C-800 concentration, μM

C
el

l v
ia

bi
llit

y 
(%

 o
f c

on
tro

l)

130

60

120

110

100

90

80

70



33

Fig. 5. Fluorescence microscopy showed an increase in thiacalix[4]arene C-800 fluorescence in rat uteri ne 
cells after incubation with Zn2+. A – control; B – thiacalix[4]arene C-800, 1 min of incubation; C – thia-

calix[4]arene C-800, 3 min of  incubation; D – thiacalix[4]arene C-800, 5 min of incubation; E – thiaca-

lix[4]arene C-800+5 mM Zn2+, 1 min of incubation, F – thiacalix[4]arene C-800+5 mM Zn2+, 3 min of incuba-

tion, G – thiacalix[4]arene C-800+5 mM Zn2+, 5 min of incubation

A B C D

E F G

tion. This phenomenon presumably can be explained 

by the peculiarity of thiacalix[4]arene C-800 and 

Zn2+ penetration through the cell membrane and the 

possible interaction of thiacalix[4]arene C-800 and/

or Zn2+ with intracellular components. 

The study of thiacalix[4]arene C-800 effect 
on the generation of reactive oxygen species (ROS) 
in uterine  cells. The use of a fluorescent probe in 
living  cells requires being safe for living organisms 

and does not cause pathological changes in the cell. 

For this purpose, we studied the effect of thiaca-

lix[4]arene C-800 on the formation of ROS in myo-

metrial cells.

It is well-known, that ROS plays an important 

role in many physiological and biochemical proce-

sses [30]. However, the formation of ROS in cells un-

der the action of toxic substances can be intensified 
and, thus, lead to oxidative stress, causing serious  

pathologies. 

V. I. Yavorovska, R. D. Labyntseva, O. V. Bevza et al.
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The production of reactive oxygen species in a 

suspension of rat myometrial cells under the effect of 
thiacalix[4]arene C-800 was studied using a sensi-

tive probe DCF-DA (2′,7′-dichlorohydrofluorescein 
diacetate). The DCF-DA probe can pass across the 

plasma membrane and penetrate cells with further 

deacetylation to DCFH by intracellular esterases. 
Non-fluorescent DCFH is oxidized with intracellular 
ROS to fluorescent DCF.

It was shown that the fluorescence intensity of 
DCF in uterine myocytes, incubated for 5 min with 

100 μm thiacalix[4]arene C-800, remains at the con-

trol level which could potentially indicate that pro-

duction of endogenous ROS in myometrial cells does 

not change. The level of ROS in cells incubated un-

der similar conditions, but with water added instead 

of thiacalix[4]arene C-800 solution was taken as a 

control (results not presented).

Conclusions. A new fluorescent probe thiaca-

lix[4]arene C-800 for the detection of Zn2+ was char-

acterized. The thiacalix[4]arene C-800 showed large 

fluorescence enhancement and high selectivity upon 
complexation with Zn2+, which allows the detection 

of Zn2+ in biological samples. The experiments on 

fluorescent cell imaging, MTT assay, and determina-

tion of reactive oxygen species in myometrial cells 

showed that the thiacalix[4]arene C-800 sensor can 

pass freely through a cell membrane and penetrate 

the cells. The conducted research has also shown, 

that thiacalix[4]arene C-800 is non-cytoto xic and 

safe for cells. Therefore, it can be used for probing  

Zn2+ in living cells.
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Іони Zn необхідні для підтримання нор-

мального функціонування організму людини, 
тому моніторинг вмісту цинку в живих клітинах 
та розробка сенсорних систем для його відсте-

ження є особливо важливими. Метою роботи 
було з’ясувати властивості синтетичного тіака-

лікс[4]арену С-800 (5,11,17,23-тетракіс [(гідрок-
си-етоксифосфоніл) метил]) – 25,26,27,28-те-

трагідрокситіакалікс[4]арену) як потенційного 

C-800+

5 mM Zn2+

Fig. 6. Comparison of fluorescense intensity of cells 
incubated with C-800 and C-800 with 5 mM ZnCl

2
. 

Mean ± SD



35

флуоресцентного зонду для моніторингу Zn2+ в 
живих клітинах. Наші дослідження показали, що 
тіакалікс[4]арен С-800, який містить чотири гід-

рокси-етоксифосфонілметилові групи на верх-

ньому вінці молекули, проявляв флуоресцентні 
властивості за λ 340 нм. Інтенсивність флуорес-

ценції тіакалікс[4]арену C-800 істотно зростала 
у присутності Zn2+, тоді як Mg2+, Ca2+, Cd2+ та 
Pb2+, не впливали на цей показник. Комп’ютерне 
моделювання продемонструвало, що два катіо-

ни Zn взаємодіють з атомами кисню чотирьох 
гідрокси-етоксифосфонілметильних груп. По-

казано, що тіакалікс[4]арен C-800 швидко про-

никав у клітини міометрія щурів, що призводи-

ло до підвищення рівня внутрішньоклітинної 
флуоресценції. Додавання Zn2+ до забарвлених 
тіакалікс[4]ареном C-800 клітин супроводжува-

лося ще більшим зростанням інтенсивності вну-

трішньоклітинного флуоресцентного сигналу. 
Тіакалікс[4]aрен C-800 не впливав на генеруван-

ня активних форм кисню в клітинах міометрія, 
і не спричиняв зниження життєздатності клітин 
за дії у діапазоні концентрацій 50–250 мкМ. Та-

ким чином, тіакалікс[4]арен С-800 потенційно 
може бути використаний як селективний флуо-
ресцентний зонд для виявлення Zn2+ у живих 
клітинах.

К л ю ч о в і  с л о в а: клітини міометрія, 
Zn2+, тіакалікс[4]арен, молекулярна динаміка, 
МТТ-тест, флуоресцентний зонд.
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