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CYTOTOXICITY OF NEW PLATINUM COMPLEXES
BASED ON 3-(2-PYRIDYL)-1,2,4-TRIAZOLE DERIVATIVES
AGAINST SQUAMOUS CELL CARCINOMA

Platinum complexes are one of the key elements of anti-tumor chemotherapy. Currently, the efforts are focused on the
development of novel Pt-complexes based on ligands of various chemical nature. The aim of the research was to study
the anticancer activity of new platinum complexes based on ligands 2-(5-ethyl-1-methyl-1H-1,2,4-triazol-3-yl)pyridine
(L®) and benzyl (2-(5-benzyl-1-methyl-1H-1,2,4-triazol-3-yl)pyridine (L'?). Methods. The cytotoxicity of the Pt(L®)Cl,
and Pt(L**)Cl, complexes against the Hep-2 and MAEC cells was assessed. The catalytic activities of lactate dehydro-
genase (LDH), succinate dehydrogenase (SDH), and glucose-6-phosphate dehydrogenase (G6PD) were determined
using the nitroblue tetrazolium assay. The intracellular ROS level was determined by the 2',7'-dichlorofluorescein di-
acetate, and the mitochondrial potential (AY,) was determined by Rhodamine 123. Results. The calculated ECs, for
Pt(L)Cl, against Hep-2 cells was 9.12 = 0.33 uM. The LDH activity was decreased in both Hep-2 and MAEC cells,
but no changes in the SDH activity were detected in Hep-2 cells. In Hep-2 cells, the treatment with the Pt(L'?)Cl, com-
plex resulted in decrease in G6PD activity, whereas the Pt(L°)Cl, complex induced increase. An increase in the AW,
and ROS was observed in Hep-2 cell. Conclusions. The Pt complexes have a cytotoxic effect on Hep-2 cells by reducing
the activity of LDH, but without affecting SDH. Intracellular ROS level was changed weak, but AW, was increased.
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Introduction

Platinum-based complexes are used in approxi-
mately 50% of cancer chemotherapy. Cisplatin is
the best-known representative of this group of
drugs. Its mechanism of action involves the forma-
tion of DNA crosslinks, thereby blocking replica-
tion and transcription. Over time, researchers
have developed several clinically applicable plati-
num complex compounds belonging to different
generations [1]. Currently, the efforts are focused
on the development of novel Pt-complexes based
on ligands of various chemical nature to improve
pharmacokinetic and pharmacodynamic proper-
ties and overcome cancer cell chemoresistance
[2—4]. Metabolic reprogramming and the War-
burg effect underlie several mechanisms of cancer
drug resistance [5]. Lactate dehydrogenase (LDH)
overexpression promotes accumulation of lactate
in the intercellular space and a decrease in pH [6].
At the same time, in some types of cancer, succi-
nate dehydrogenase (SDH) is suppressed, which is
accompanied by the succinate accumulation [7].
Taken together, these changes are associated with
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carcinogenesis, chemosensitivity, immune resist-
ance, and prognosis. Metabolic reprogramming
during malignant transformation is accompanied
by alterations in redox homeostasis and anabolic
metabolism. Glucose-6-phosphate dehydrogenase
(G6PD) is the key enzyme of the pentose phos-
phate pathway. It is a source of NADPH and pen-
toses for the nucleic acids synthesis [8, 9]. The ROS
levels play an important role in cancer progres-
sion. The mitochondrial electron transport chain
is the main endogenous source of the cellular ROS.
Maintaining physiological ROS levels is essential
for cellular signaling and the normal functioning
of cellular processes. Abnormally high mitochon-
drial membrane potential (A¥m) and dysregula-
ted intracellular ROS levels are also characteristic
features of malignant transformation [10, 11].
Thus, these indicators are interrelated, contribute
to carcinogenesis, and can serve as indicators of
the effectiveness of anticancer therapy.

Previously we reported cytotoxicity of two plati-
num complexes of general formula Pt(L"?)Cl, [12]
based on 2-(1-methyl-1H-1,2,4-triazol-5-yl)pyri-
dine (L') and 2-(1-methyl-1H-1,2,4-triazol-3-yl)
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Fig. 1. Platinum complexes investigated in previous and present works
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Fig. 2. Synthesis of ligands L*"? and corresponding coordination compounds Pt(L*'?)Cl,

pyridine (L?). One of the disadvantages of those
compounds was bad solubility in all solvents that
significantly complicated their investigation. Thus,
we decided to introduce additional substituent to
3-(2-pyridyl)-1,2,4-triazole system to make com-
pounds more soluble, without affecting of coordi-
nation abilities of ligands. Here we present investi-
gation of two new platinum complexes which
could be considered as 5C-substituted by ethyl
(2-(5-ethyl-1-methyl-1H-1,2,4-triazol-3-yl)pyri-
dine (L°) and benzyl (2-(5-benzyl-1-methyl-1H-
1,2,4-triazol-3-yl)pyridine (L'?) analogs of L. The
molecular structure of ligands and their complexes
is shown in Fig. 1.

The aim of the research was to study the antican-
cer activity of above-mentioned platinum comple-
xes Pt(L°)Cl, and Pt(L'*)Cl, against the squamous
cell carcinoma cell line Hep-2, changes in key bio-
chemical markers LDH, SDH, G6PD, intracellular
ROS level and mitochondrial membrane potential.

Methods

General reagents and
instrumentations for chemicals analysis

K,PtCl, was purchased from Sigma-Aldrich and
used as received. cis-[PtCl,(DMSO),] [13] 2-(3-
ethyl-1H-1,2,4-triazol-5-yl)pyridine (1) [14] and
(2-(3-benzyl-1H-1,2,4-triazol-5-yl)pyridine (2) [15]
are prepared as described previously. All solvents
were laboratory reagent grade. Elemental analyses
were carried out with Perkin-Elmer 2400 CHN Ana-
lyzer. Melting points (°C, uncorrected) were mea-
sured with Opti Melt Automated Melting Point Sys-
tem (MPA 100). NMR spectra were recorded on a
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VarianUnityPlus 400 spectrometer (at 400.4 MHz
for 'H nuclei). Internal standard — signal of residual
solvent protons (CD,CN — 1.94 ppm).

Synthesis of ligands and complexes

LS and L'? where obtained in one step started from
1 and 2 correspondingly using procedure de-
scribed before for L' and L?[16]. Since present ap-
proach leads to the preparation of two isomeric
compounds the relation of L® and L' to proper re-
gioisomers where confirmed by 1D NOE experi-
ments (Fig. 2).

Anticancer cytotoxicity in vitro

The human larynx epidermal carcinoma cell line
(Hep-2) and non-malignant mouse aortic en-
dothelial cells (MAEC) were used. The cells were
incubated in DMEM medium (L0103, Biowest,
Nuaille, France) with 10% fetal bovine serum (Bio-
west), 40 pg/mL gentamicin (Merck), 5% CO, at-
mosphere and 37 °C. Incubation solutions with
test compounds by double-dilution technics were
prepared in the range of 1.56—100 uM for Pt-com-
plexes and 15.625—1000 uM for respective li-
gands. The cells were incubated for 24 h. The cyto-
toxicity was determined photometrically by stai-
ning with 0.5% crystal violet in 70% methanol. The
absorbance of the dye was recorded on a plate
spectrophotometer Labsystems Multiskan PLUS
(Vantaa, Finland) at 540 nm. The cytotoxicity of
the compounds was assessed using the formula:

CD = (1 - D/ D) x 100%
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where CD is the relative changes in cell count as a
percentage; D, is the absorbance at 540 nm of ex-
perimental samples; and D, is the absorbance at
540 nm of control samples. For compounds with
cytotoxicity greater than 85% over the tested con-
centration range, the EC,, was calculated using the
dose-response equation [17]. The experiment was
repeated three times.

Intracellular enzymes activity

The cells were incubated with test substances for
24 h. The incubation medium was removed and the
cells were frozen at -10 °C for 10 min. The enzymes
were assessed each individually. To determine lac-
tate dehydrogenase (LDH) activity, cells were incu-
bated (2 h, 37 °C) in a mixture of the following
composition: 10 mL 0.2 M PBS (pH 7.4, Calbio-
chem), 20 mL H,O, 5 mg Nicotinamide adenine
dinucleotide sodium salt (NAD-Na, Merck), 5 mg
Nitro Blue Tetrazolium (Merck), 20 uL 50% Sodi-
um Lactate (Merck). Succinate dehydrogenase
(SDH) activity was studied after incubating cells
(2 h, 37 °C) in the following mixture: 10 mL 0.2 M
Tris-HCI (pH 7.4, Merck), 15 mL H,O, 300 mg so-
dium succinate (Merck), 5 mg Nitro Blue Tetrazo-
lium (Merck). The cells were incubated (2 h, 37 °C)
in a mixture of the following composition to deter-
mine glucose-6-phosphate dehydrogenase (G6PH)
activity: 20 mL 0.2 M Tris-HCI (pH 7.4, Merck),
20 mL H,O, 40 mg glucose-6-phospate (Merck),
10 mg NADPH (Merck), 5 mg Nitro Blue Tetrazo-
lium (Merck). After incubation, the reaction mix-
ture was replaced with distilled water. Cell staining
was investigated using an Olympus IX71 inverted
microscope with a DP72 camera. For each variant,
at least 10 fields of view were snapped. The studies
were repeated three times.

Mitochondrial functionality
and ROS detection in vitro

The cells were incubated with EC,, for Pt-com-
plexes and same concentrations for their ligands
for 24 h. Cells were stained with 15 pM 2',7'-di-
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chlorofluorescein diacetate (Thermo Fisher Scien-
tific, Waltham, MA, USA) in PBS for intracellular
ROS detection. The cells were incubated at 37 °C
for 30 min and then washed with saline for 2 min.
The cells were incubated with 1 pM Rhodami-
ne 123 in PBS for 10 min. The cells were washed in
saline for 1 min. Fluorescence was studied under
an Olympus BX53 microscope (Japan) with an
XCite Series 120 Q luminescence block and an
Olympus DP72 camera. Excitation with blue light
filter, emission was green light filter, snap exposi-
tion was 10 ms for 2',7'-dichlorofluorescein diace-
tate and 20 ms for Rhodamine 123. The experi-
ment was repeated three times.

Data processing

The images were processed by Image] software.
The background luminescence values were sub-
tracted from the values of the cells’ integrated den-
sity for determination of ROS and mitochondrial
membrane potential. The values of the cells’ inte-
grated density were subtracted from the back-
ground illumination to determine the activity of
LDH, SDH and G6PH. Statistical data processing
was carried out using the Kruskal-Wallis Test
(p < 0.05). Data was presented as median and in-
terquartile range (Me, 25—75%).

Results and Discussion

Two Pt-complexes based on 3-(2-pyridyl)-1,2,4-
triazole derivatives were tested against the Hep-2
laryngeal carcinoma cell line. The maximum cyto-
toxicity against cancer cells was determined to be
86% for the Pt(L'*)Cl, complex and 63% for the
Pt(L°)Cl, complex at a concentration of 100 uM
(Fig. 3, b).

The calculated EC;, for Pt(L'*)Cl, was 9.12 +
+0.33 uM against Hep-2 cells. The EC, for referen-
ce Cisplatin was 12.02 + 0.10 uM (Fig. 3, b). The
cytotoxicity of the structure-forming ligands was
much lower and amounted to 19 and 38% for L°and
L'?, respectively at concentration 1000 uM (Fig. 3, a).
The number of MAEC cells was decreased by
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Fig. 3. Cytotoxicity of ligands (g, ¢) and their Pt-complexes (b, d) against laryngeal squamous cell carcinoma Hep-2 and
non-malignant MAEC cells; reference compound was cisplatin (CisPt); M + SD,n =3

approximately 40% when incubated with L and L'
ligands (Fig. 3, ¢). These changes did not differ from
those observed in cancer cells. At the same time, the
cytotoxicity against MAEC cells of the Pt(L°)Cl, and
Pt(L'*)Cl, complexes was 50—60% at a concentra-
tion of 100 uM (Fig. 3, d). The cytotoxicity of
Cisplatin against MAECs was slightly lower in this
concentration range (Fig. 3, d).

The development of novel platinum-based anti-
cancer complexes remains an active area of re-
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search. The azide-appended trinuclear platinum
complex N3-TriplatinNC with anticancer activity
against the MDA-MB-231 breast cancer cell line
was synthesized. It possessed DNA-binding prop-
erties and anti-cancer cytotoxicity [18]. Platinum
complexes containing 1,3-diphenyl-1,3-propane-
dione and distyryl-BODIPY-appended acetylace-
tone ligand were synthesized. They exhibit cyto-
toxicity and inactivate the mitochondria of cancer
cells after exposure to red light [19].
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Fig. 4. Catalytic activity of lactate dehydrogenase (g, b) and succinate dehydrogenase (¢, d) in Hep-2 and MAEC cell lines
after 24 h incubation with L® and L*? ligands and their Pt complexes; Me, 25—75%, Kruskal-Wallis test, * p < 0.05 com-

parison with non-treated cells

Thus, the ligands cytotoxicity was approximate-
ly the same for malignant and non-malignant cells.
No differences in inhibition of both cell lines by
the Pt(L°)Cl, complex were found. However, dif-
ferences were identified in the effects of the Pt(L!?)
Cl, complex on the cell growth.

Lactate dehydrogenase and succinate dehydroge-
nase are important indicators of cancer progression.
The restructuring of cancer cell metabolism is ac-
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companied by hyperexpression of the enzyme and
the lactate accumulation [20]. A decrease in LDH
levels in response to platinum-based chemotherapy
has been shown to be associated with a favorable
treatment prognosis [21]. Lactate dehydrogenase
activity in untreated cancer Hep-2 cells was higher
than in non-malignant MAEC cells (Fig. 4, a, b).
No statistically significant changes in this pa-
rameter were identified in MAEC cells after 24 h of
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treated cells

treatment with L° and L" ligands (Fig. 4, b). Under
these conditions, LDH activity in Hep-2 cells was
decreased by 1.3-fold for both ligands (Fig. 4, a).
The enzyme activity was reduced 1.6-fold after
24 h of incubation of Hep-2 cells with the Pt(L¢)Cl,
and Pt(L*)Cl, complexes. LDH activity was de-
creased 2-fold and 1.5-fold after treatment of
MAEC cells with Pt(L?)Cl, and Pt(L'*)Cl, com-
plexes, respectively. No significant differences in
the SDH catalytic activity were detected between
untreated Hep-2 and MAEC cells (Fig. 4, ¢, d). No
significant changes in the catalytic activity of SDH
were detected in Hep-2 cells after incubation with
the Pt(L%)Cl, and Pt(L'*)Cl, complexes or their
corresponding ligands. A 1.8-fold and 1.4-fold
decrease in the enzyme activity in MAEC cells
was calculated after treatment with Pt(L°)Cl, and
Pt(L'*)Cl,, respectively (Fig. 4, d).

SDH dysfunction in cancer cells is accompanied
by the succinate accumulation [7]. The mecha-
nisms of cisplatin-induced cell death involve mito-
chondrial pathways for initiating apoptosis. SDH
activity is required for the successful induction of
cell death [22]. However, many types of cancer are
characterized by reduced SDH activity. This may
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be one of the reasons for tumor chemo-resistance
and low treatment effectiveness [23].

Although the expression of G6PD varies among
different cancer types, it plays a crucial role in tu-
mor invasion, metastasis, and chemoresistance
[24]. G6PD is also involved in cisplatin chemore-
sistance pathways [25]. Significant differences in
G6PD activity were found between Hep-2 and
MAEC cells following treatment with the tested
compounds. No changes in G6PD activity were
observed in Hep-2 cells after 24 h of incubation
with the L and L* ligands. In contrast, treatment
with the Pt(L'?)Cl, complex resulted in a 1.3-fold
decrease in G6PD activity, whereas the Pt(L°)Cl,
complex induced a 1.4-fold increase (Fig. 5, a).

A decrease in the G6PD activity was observed in
non-malignant MAEC cells. A 1.2-fold and 2.2-
fold decrease in the activity of this enzyme was cal-
culated after 24 h of MAEC incubation with li-
gands L° and L', respectively (Fig. 5, b). A further
reduction in the G6PD activity was observed fol-
lowing treatment with the corresponding plati-
num complexes. Thus, the response of malig-
nant and non-malignant cells to treatment with
platinum complexes differed. No differences were
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found in the baseline ROS levels of Hep-2 and
MAEC cells (Fig. 6, a, b). Intracellular ROS were
increased 1.7-fold after treatment of cancer cells
with the Pt(L®)Cl, complex (Fig. 6, a).

No significant changes in ROS were induced af-
ter treatment of Hep-2 cells with the other test
compounds. ROS in MAEC cells increased 1.6-
fold and 1.5-fold after 24 h of incubation with li-
gands L® and L', respectively (Fig. 6,b). ROS levels
were reduced 1.7-fold after treatment of non-ma-
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lignant cells with the corresponding platinum
complexes. Thus, the patterns of ROS changes in
response to treatment with the novel platinum
complexes differed between malignant and non-
malignant cells. The mitochondrial membrane po-
tential of Hep-2 cells was increased 3.5-fold com-
pared to MAEC (Fig. 6, ¢, d). A 1.4-fold decrease
in AY_ was calculated in both cell lines after 24 h
of incubation with ligands L® and L'*. A 1.4-fold
and 1.7-fold increase in the parameter was
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observed in Hep-2 cells following treatment with
the Pt(L®)Cl, and Pt(L'?)Cl, complexes, respective-
ly (Fig. 6, ). In non-malignant MAEC cells, a sig-
nificant increase in mitochondrial membrane po-
tential was also detected, amounting to 5.8-fold for
the Pt(L°)Cl, complex and 4.6-fold for the Pt(L"?)
Cl, complex (Fig. 6, d). Thus, in MAEC cells, a si-
multaneous increase in mitochondrial membrane
potential and a decrease in ROS levels were detec-
ted. This is likely attributable to adaptive responses
to the toxic effects of the platinum complexes and
the more efficient functioning of antioxidant sys-
tems in MAEC cells compared with Hep-2 cells.

Combined platinum-based chemotherapy and
radiotherapy are used to treat laryngeal cancer
[28]. The efficacy of platinum-based anticancer
therapy in patients with metastatic or recurrent
oral squamous cell carcinoma depends on the de-
velopment of treatment resistance and the interval
between chemotherapy cycles [29]. Despite this,
there is a risk of reduced sensitivity to platinum-
based compounds. Therefore, the search for new
platinum ligands remains a relevant task. The effi-
cacy of platinum complexes with benzimidazole
ligands against the Hep-2 cell line has been repor-
ted [30]. Their ability to bind DNA has also been
established, and a dependence of their cytotoxicity
on ligand structure has been observed across dif-
ferent cancer cell lines. The anticancer activity of
anionic platinum complexes against the oral squa-
mous cell carcinoma cell lines OSC-19 and OSC-20
has been demonstrated [31]. The efficacy of these
compounds was confirmed in vivo against bone
metastases of OSC-19 cells.

The tested compounds offer several advantages
over the parent compound, cisplatin. Replacing the
amine ligands of cisplatin with an N,N-donor
chelating ligand alters its mode of interaction with
the DNA double helix. Pyridyl-triazole derivatives
are among such ligands. They provide an additional
mode of interaction with DNA, namely intercala-
tion, which distinguishes platinum complexes con-
taining these ligands from cisplatin [32]. 1,2,4-Tria-
zole ligands can be readily modified chemically by
introducing various substituents, enabling control

218

over the physicochemical properties of the resulting
chelate complexes.

The proposed platinum complexes have a cyto-
toxic effect on Hep-2 cells by reducing the cata-
lytic activity of LDH, but without affecting SDH.
At the same time, intracellular ROS levels changed
only slightly despite the increase in mitochondrial
membrane potential. Presumably, this is associat-
ed with different mechanisms of cell protection
from toxicants, as well as the intensity of meta-
bolic activity [26, 27]. Also, it is likely that the
proposed complexes involve mechanisms of cell
death initiation that differ from cisplatin, which
requires further study. This may be an advantage
in overcoming chemoresistance in cancer cells.

Conclusions

The cytotoxicity of platinum complexes Pt(L°)Cl,
and Pt(L"*)Cl, (EC,, = 9.12 £ 0.33 uM) against Hep-
2 laryngeal squamous cell carcinoma cells and non-
malignant MAEC cells was demonstrated. A reduc-
tion in LDH activity, but no change in SDH activity,
was observed following treatment of cancer cells
with the platinum complexes. The changes in intra-
cellular G6PD activity depended on the structure-
forming ligand, highlighting the importance of this
component in the development of anticancer plati-
num complexes. The treatment of Hep-2 cells with
the Pt(L°)Cl, complex resulted in increased ROS le-
vels, accompanied by an increase in mitochondrial
membrane potential. Incubation of Hep-2 cells with
the Pt(L'?)Cl, complex did not lead to the significant
changes in ROS levels, although mitochondrial
membrane potential was increased. Thus, the new
platinum-based complexes exhibit anticancer activi-
ty against the Hep-2 laryngeal squamous cell carci-
noma cells. The structure-forming ligands influence
the cytotoxicity of the Pt-complexes. However, the
ligands themselves have only a weak effect on the vi-
ability of cancerous and non-malignant cells.

Funding. The study was carried out with the
support of the Ministry of Education and Science
of Ukraine (grant No. 0126U002706).
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Pacnepmosa 1.B.', Xomenxo [J.M.", Bipuu I[1.A."2
! KniBcbknit HarjionanbHM yHiBepcuTeT iMeni Tapaca IlleBuenka
Kuis, Yxpaina
> Y «Iacturyt oTonapuuroorii im. mpod. O.C. Konomiituenka HAMH Ykpainn»
Kuis, Yxpaina
OUTOTOKCUYHICTb HOBUX INTATMMHOBMX KOMITJIEKCIB HA OCHOBI
HNOXIAHMX 3-(2-TIPUANII)-1,2,4-TPIA30JIY IIPOTU ITNIOCKOK/IITMHHOI KAPLITHOMU

ITnaTMHOBI KOMIIIEKCH € OFHMM 3 K/IIOUOBUX €lIeMEHTIB POTHUpaKoBoi XimioTepamii. Hapasi sycunnsa socepefkeHi Ha
po3pob1i HoBuX Pt-koMITekciB Ha OCHOBI ytiranpiB pisHoi ximMivHoi npupopy. Memoro [OCIiPKeHHA 6y/I0 BUBYEHHSA
MPOTUPAKOBOI aKTMBHOCTI HOBUX IIATMHOBMX KOMIUIEKCIB Ha OCHOBI nirauiB 2-(5-etun-1-metun-1H-1,2,4-Tpiason-
3-imnipupuny (L) Ta 6ensun-(2-(5-6en3mn-1-metnn-1H-1,2,4-tpiazon-3-im)nipuanny (L'?). Memoou. byna onjinena
uToToKcuuHicTh KomiutekciB Pt(L8)Cl, ta Pt(L'?)Cl, nporu xinitun Hep-2 ta MAEC. KartaniTu4ny akTMBHICTD JIaKTaT-
merigporenasu (JIOI'), cykumuarperinporenasu (CII') ta riokoso-6-docdarnerinonrenasu (I'6dJ]) Busnavamm s3a go-
IIOMOTOI0 HiTPOCUHBOTO TeTpas3osilo. BHyTpilIHbOKIITHHHMII piBeHb aKTUBHUX PopM kucHI0 (ADK) BusHauamu 3a
poromorolo 2',7'-puxnopdiyopeciieiny miarerary, a MiToxoHfpianpumii motenuian (A, ) - 3a joromorowo pogami-
Hy 123. Pe3ynvmamu. Pospaxosana EC;, nya Pt(L'?)Cl, mpotu xinitun Hep-2 cranosuna 9,12 + 0,33 MkM. AKTUBHICTD
JIOT 6yna smykeHa sk y Hep-2, Tak i B MAECG, ane 3min aktuBHocTi CAT y xinitnnax Hep-2 He BusBIeHo. Y KIiTHHAX
Hep-2 06pobxa xommnexcom Pt(L'?)Cl, mpussena fo suykeHH:A aktuBHOCTI ['6D]I, Toxi sk kommekc Pt(LS)Cl, inpyxy-
BaB 1i migsumenHs. Y xiitnnax Hep-2 ciocrepiranocs 36inpmenns AWYm ta AOK. Bucnosxu. Kommexcu Pt maroTnb
LIMTOTOKCUYHY Jiifo Ha KiniTuHu Hep-2, sHmxyroun aktuBHicTb JIJIT, ane He BrmmBaroun Ha CII. BHyTpiltHbOK/TiTMHHI
piBui AQK 3miHIOBanucs cnabko, ane A¥Ym 36i1purysascs.

Kntouosi cno6a: miaTvHOBI KOMIUIEKCH, PaK, aKTUBHI (GopMM KICHIO, MITOXOH/pia/IbHUIT MeMOpaHHMIT IOTEHIIaIL,
JIAKTATAETinpOreHas’a, CyKIMHATAETipOreHasa.

220 ISSN 1993-6842 (on-line); ISSN 0233-7657 (print). Biopolymers and Cell. 2026. Vol. 42, No. 3



