doi: https://doi.org/10.15407/microbiolj83.05.067

NANOCERIA CAN INHIBIT THE REPRODUCTION
OF TRANSMISSIBLE GASTROENTERITIS VIRUS:
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Nanoceria (cerium dioxide nanoparticles, CeO,) has a broad range of biological properties
including antiviral activity. The hypothesis was that nanoceria can efficacy against coronavirus
(coronavirus of porcine transmissible gastroenteritis) and potentially can target SARS-CoV-2.
Transmissible gastroenteritis coronavirus (TGEV) is the etiologic agent of porcine transmissible
gastroenteritis (PTG), a highly contagious pig intestinal disease. The aim of the study was to
determine the antiviral activity of CeO, nanoparticles on the model of porcine coronavirus — TGEV.
Methods. We used a highly pathogenic virus strain D, . (BRE ), of TGEV. We evaluated antiviral
activity of CeO, nanoparticles on the experimental model of porcine coronavirus (transmissible
gastroenteritis virus) in transplantable line of porcine embryonic kidney cells (PEK) culture. Results.
The criterion for evaluating the inhibitory activity of antiviral drugs in different in vitro systems is the
selectivity index (S1) and the reduction of infectious titer by 1.5-2.0 IgTCD,, Nanoceria effectively

inhibited the reproduction of porcine coronavirus with SI index of 83.3.

Keywords: coronavirus, antiviral activity, nanoparticles, nanoceria, transmissible gastroenteritis
virus, transplantable line of porcine embryonic kidney cells.

Today severe acute respiratory syndrome
(COVID-19) is one of the most studied infectious
diseases, however, no specific antiviral drug
against novel 2019 coronavirus (SARS-CoV2)
has not been developed up to the date. The current
management for COVID-19 included antiviral
treatment and symptomatic pathogenesis-based
treatment.

Nanoceria (cerium dioxide nanoparticles,
CeO,) potentially can be considered to fit both
approaches to its various antiviral and a broad
range of biological properties [ 1-9], in particular
proven as follows: antiviral properties [2, 3];
antioxidant activity and the ability to reduce the
development of cytokine storms [4, 5]; prebiotic
activity [6].

Recent evidence indicates the similarities
between various coronavirus [7] and possible
parallels demonstrated are discussed to be used in
development potential treatment targets.

Hypothesis. Nanoceria can efficacy against
coronavirus (coronavirus of porcine transmis-
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sible gastroenteritis) and potentially can target
SARS-CoV-2.

Aim of the study was to determine the
antiviral activity of CeO, nanoparticles on the
model of porcine coronavirus — transmissible
gastroenteritis virus (TGEV).

Materials and methods

Virus strain and cell lines

TGEV — etiologic agent of porcine trans-
missible gastroenteritis (PTG), a highly conta-
gious pig intestinal disease. The virus strain:
D,, (BRE,) is a highly pathogenic virus strain
for pigs of all ages at the level of 5 passages in
transplantable monolayer of swine testicular
cell line (ST). The tropism of virus to the
gastrointestinal and respiratory tract was shown.
The strain was provided by Dr. Hubert Laude
from the Laboratory of Molecular Virology and
Immunology of Biotechnology Center of the
National Institute for Agronomic Researches,
Juas-en-Josas, France.
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Cell lines, obtained from the cell bank of RE
Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology, National Academy
of Sciences of Ukraine, Kyiv:

PEK - transplantable line of porcine
embryonic kidney cells;

PK - transplantable line of porcine kidney
cell;

ST — transplantable line of swine testicular
cells;

PT — transplantable line of porcine thyroid
cells.

Synthesis of ceria sol

Aqueous ceria sol was synthesized by the
following method. 3.73 g of cerium (III) chloride
heptahydrate and 2.0 g of citric acid were dissolved
in 20 mL of distilled water. Under continuous
stirring this solution was added rapidly to aqueous
ammonia solution prepared by mixing 10 g of
concentrated ammonia (Sigma, USA) and 100 mL
of distilled water. The solution was stirred for 5 h,
with further boiling aiming at producing 100 mL of
0.1 M ceria sol.

Analysis of ceria sols

Optical absorption spectra were recorded on
an OceanOptics QE 65000 spectrometer using a
one beam scheme. The radiation sources were a
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DH 2000 deuterium—halogen lamp and an HPX
2000 xenon lamp. Optical absorption spectra were
further used to calculate the bandgap energy E_ of
CeO, nanoparticles.

The size of ceria nanoparticles was determined
by transmission electron microscopy (TEM) on a
Leo 912 AB Omega electron microscope at 100 kV
accelerating voltage.

The hydrodynamic diameter of citrate-coated
CeO, nanoparticles was measured by the dynamic
light scattering (DLS) method on a Malvern
Zetasizer Nano ZS analyzer. Before measurements,
the sol was diluted with distilled water.

Powder X-ray diffraction (XRD) analysis of
ceria nanopowders prepared by sols centrifuging
was carried out on a Rigaku D/MAX 2500
diffractometer (CuK  radiation, instrumental
broadening 0.10 + 0.01°2q). The goniometer
rotation speed was 2°2g/min. Crystallite size (D) of
nanocrystalline ceria was calculated using Scherrer
formula where coefficient of anisotropy was set to
1. Line profiles for (111) and (200) reflections were
fitted to pseudo-Voigt functions.

Infectivity titration assay:

Titration of infectivity of viral materials
on cell cultures was performed by two
methods — by Kerber-Ashmarin method of

Fig. 1. Micrograph of CeO, nanoparticles in citrate-stabilized sol. Inset: particle size distribution
according to TEM data
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final dilutions according to cytopathic effect
(CPE) the infectivity titer was determined and
expressed in tissue cytopathogenic dose per 1 mL
(TCD,/mL); by the method of negative colonies
(S-sign) under 1.35 % Difco Bacto Agar coating,
the infectivity titer was expressed in plaque
forming units per ml (PFU/mL). The results were
counted after 120 hours of cultivation at 38 °C.

Determination of cytotoxic concentration
(CC,) of CeO,

PEK cell culture was used to determine the
CC50 of the preparation. At least ten rows of
plate wells with cell culture for each dilution
of CeO, in the culture medium were used in
the experiments. Plates with cell culture were
incubated at 37 °C with 5 % CO, for 5 days.
Control and test samples were monitored daily
to determine whether cerium nanoparticles have
cytopathogenic effect (CPE). The degree of CPE
was determined by the change in cell morphology
(rounding, shrinkage of cells, rejection of
degenerated cells from the surface of the wells)
in a 4 plus system from + to

“—“—complete absence of cell degeneration;

“+” —no more than 25 % of the cell monolayer
is affected (75 % of protection of cell monolayer
from preparation);

“++” — no more than 50 % of the cell mono-
layer is affected; “+++” — no more than 75 % of
the cell monolayer is affected; “++++”— complete
degeneration of the cell monolayer.

The CC, of the preparation was determined
as the highest concentration that did not cause
any cell degeneration.

MTT method of cell viability research

This method is based on the functioning of
mitochondria dehydrogenase system of intact
cells that under normal conditions are able to
transform a water-soluble dye [3-(4,5-dimethyl-
thiazol-2-yl)- 2,5-diphenyltetrazolium bromide]
(MTT) into an insoluble formazan. The reaction
product can be quantified by spectrophotometric
method. The transformation of MTT into formazan
decreases with cell death under the action of toxic
substances. A suspension of cells with a density
of 5x10° uL/mL was cultured in growth medium
with 10 % of fetal calf serum containing the test
preparation at different concentrations in 96-well
plates. Wells with control cells were not treated
with the preparation. Each concentration of the
preparation was checked in 3—4 repetitions.
Plates with cells were kept in a thermostat at
37°Cin 5 % CO, atmosphere for 48 hours.
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MTT substrate (Sigma, USA) was dissolved
in phosphate buffer saline (PBS) at room
temperature to the concentration of 5 mg/mL.
The filtered MTT solution in a volume of 25 pL.
was added into wells containing 100 pL of cell
suspension and incubated for 3 hours at 37 °C in
5 % CO, atmosphere. The plates were centrifuged
at 1500 rpm for 10 min to precipitate the cells
after incubation, and the supernatant was
removed. 100 pL of 96 % ethanol was added
to the wells with cell precipitate to dissolve
crystalline formazan. After 10 min of thorough
shaking at 37 °C, the optical density of the
solutions was determined spectrophotometrically
at a 540 nm wavelength on a Multiskan FC
spectrophotometer for plates (ThermoScientific,
US).

The percentage of cell viability inhibition by
the action of CeO, in different concentrations
was determined by the amount of formazan
formed in the test samples compared with the
control, which was taken as 100 %.

Determination of effective concentration
(EC,)

The EC,; is the minimum concentration of
the drug that inhibits the development of virus-
specific CPE by 50 %. To determine the EC,
test virus at a dose of 100 TCD, /0.1 mL was
introduced into cell culture and incubated for
60 min at 37 °C. After virus adsorption on the
cells, the remnants were removed, the cells were
washed with nutrient medium, and then CeO,
nanoparticles in different concentrations in the
growth medium (RPMI-1640 + 2 % of fetal calf
serum) were added to the cells. The absence of
CPE in the wells with treated cells and the present
of CPE in the control, as well as the reduction of
infectious titer in the wells with treated cells in
comparison with the control of the virus allowed
to establish the EC, of the preparation.

The criterion for drug antiviral activity
evaluating in the in vitro systems

Cytotoxic concentration (CC,)) — the
concentration of the drug that contributes to the
reduction of cell culture viability by 50 % — was
determined in the analysis of CeO, nanoparticles
cytotoxic action in accordance with the regulatory
guidelines for in vitro study of antiviral drugs.
To determine the antiviral activity of CeO,
nanoparticles, the effective concentration (EC, )
was determined, i.e. the concentration of the test
substance at which the level of virus replication
in the infected cell culture is inhibited by 50 %.
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After determining the indicators of cytotoxic
and antiviral activity, the selectivity index (SI)
was calculated as the ratio of CC, to EC, . The
substances that had SI >16 in the in vitro system
are considered as active and promising for further
animal studies.

RNA detection of D, strain of transmissible
gastroenteritis virus using reverse transcrip-
tion polymerase chain reaction (RT-PCR)
method

RNA isolation was performed using the
“Ribo-Sorb” kit according to the manufacturer’s
instructions (AmpliSense, RF). The reverse
transcription reaction was performed using the
“RevertAid H Minus First Strand cDNA Synthesis
Kit” according to the manufacturer’s instructions
(Thermo Fisher Scientific, Lithuania). Gene-
specific nucleoprotein oligonucleotide primers
of the following sequence were used for PCR:
direct Uni_1 (5’-TGCACTGATCAATGT-
GCTAG-3’) and reverse Uni_2 (5’- TGAA-
AACACTGTGGCACCCTT-3”. The amplified
fragment size was 309 bp. “100 bpPlus DNA
Ladder” (Thermo Fisher Scientific, Lithuania)
was used as marker. Biometra T-personal Combi
Thermo Cycler was used.

Statistical analysis

The digital material presented in the report is
processed using variational methods of statistics.
Statistical evaluation of the significance levels
of the differences in the obtained digital
indicators was performed using the Student’s
t-test in Microsoft Excel and Origin Version
8.0 programs. The differences were considered
significant at p<0.05.

Results

Determination of CeO, parameters

XRD has shown that all the samples are single-
phased and correspond to cubic CeO,. Synthesis
method proposed allowed us to obtain ceria
samples with crystallite size about 3 nm.

According to TEM (see Fig. 1), the sol con-
sists of weakly aggregated CeO, particles of
nearly isotropic shape 2—5 nm in size. Dynamic
light scattering data indicate that mean hydro-
dynamic diameter of CeO, particles is 4.9 nm.
This is consistent with the TEM data and is
evidence that the presence of a monomolecular
(or submonomolecular) layer of citrate ions has
no noticeable effect on the particle size. Upon
long-term storage (for several months) mean

Fig. 2. HRTEM of CeO, nanoparticles in citrate-stabilized sol (top, bottom “A”) and Virtual
NanoLab model of citrate- stabilized nanoceria (bottom “B”)
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hydrodynamic diameter of CeO, particles increases
up to 40—60 nm due to aggregation processes.

According to UV-Vis spectroscopy data, the
bandgap for ceria nanoparticles is 3.5 eV. Upon
long-term storage the bandgap of CeO, stayed
unchanged thus indicating that the particle size in
ceria sols is constant.

Characteristic of the porcine coronavirus —
transmissible gastroenteritis virus

Porcine coronavirus — TGEV was passaged
on different cell lines and characterized by
infectious titer. The results are presented in the
Table 1.

Table 1
Infectious titer of TGEYV in different
cell lines

Cell line Infectious titer, PFU/mL
ST, 3.9x 107
PEK, 3.1x 107
PK100 4.3x 107
PT100 1.4x 108

M

3a

4

The virus neutralization reaction was per-
formed in 96 well plates (Costar, USA) by
the method of H. Laude using N6926 referent
hyperimmune serum of the same author as a
positive control [9].

RNA detection of D, strain of transmissible
gastroenteritis virus using reverse transcrip-
tion polymerase chain reaction (RT-PCR)
method

RNA isolation was performed using the
“Ribo-Sorb” kit according to the manufacturer’s
instructions (AmpliSense, RF). The reverse
transcription reaction was performed using the
“RevertAid H Minus First Strand cDNA Synthesis
Kit” according to the manufacturer’s instructions
(Thermo Fisher Scientific, Lithuania). Gene-
specific nucleoprotein oligonucleotide primers of
the following sequence were used for PCR: direct
Uni_1 (5’-TGCACTGATCAATGTGCTAG-3")
and reverse Uni 2 (5’-TGAAAACACTG-
TGGCACCCTT-3". The amplified fragment size
was 309 bp. “100 bpPlus DNA Ladder” (Thermo
Fisher Scientific, Lithuania)was used as marker.

1000 bp

500 bp
400 bp

300 bp
200 bp

100 bp

6a C M

Fig. 3. Electrophoretic analysis of amplification products of TGEV with
oligonucleotide primers of the following sequence were used for PCR:
direct Uni_1 (5°- TGCACTGATCAATGTGCTAG-3’) and reverse Uni_2
(5-TGAAAACACTGTGGCACCCTT-3”. The amplified fragment size is 309 bp. M “100
bpPlus DNA Ladder” marker (“ThermoFisherScientific”’, Lithuania):
M - size marker of DNA fragments;

#1-D

52-5

strain of TGEYV porcine coronavirus from PK cell line;

#3a—D,, strain of TGEV porcine coronavirus from PEK cell line; # 4 — D_, _strain of TGEV
porcine coronavirus from ST cell line;
#6a—D_, strain of TGEV porcine coronavirus from PT cell line;
C — control.
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The TGEV virus from different cultures was
passaged in PEK cell culture and the analysis of
the amplification products was carried out by
distributing of DNA fragments in 1.5 % agarose
gel.

Determination of cytotoxic action of CeO,
nanoparticles

PEK cells sensitive to TGEV were used to
determine the cytotoxic concentration of CeO,
nanoparticles. PEK cells were grown in 96-
well plates during 24 hours to form monolayer.
Growth medium was removed from wells
after cultivation, 100 pL of fresh medium
with antibiotics was added to each well. CeO,
nanoparticles were added to the wells with cell
monolayer in different concentrations (0.25—
2 mM), 3 repetitions for each concentration.
After 24 hours of incubation, a visual evaluation
of CeO, action on the cells was carried out,
and MTT solution was added into the wells for
colorimetric determination of cell viability.
According to visual observations, the highest
studied concentration of CeO, nanoparticles
had toxic effect on the cells. Based on the
obtained results, CC, for CeO, nanoparticles is
0.5mM.

Investigation of antiviral activity of CeO,
nanoparticles on the model of TGEYV porcine
coronavirus

The effect of CeO, nanoparticles on the
reproduction of TGEV coronavirus was studied
using the scheme of simultaneous introduction
of TGEV and CeO, nanoparticles, i.e. during the
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adsorption of RPMI-1640 medium with 10 % of
fetal calf serum on the cells. PEK transplantable
line of porcine embryonic kidney cells culture
was used to study the anticoronavirus activity of
CeO, nanoparticles. Cells were grown in plates
with RPMI-1640 medium + 10 % of fetal calf
serum at 37 °C in thermostat in the presence of
CO,.

TGEYV strain was used in infectious titer of
5.0-8.5 lg ID,,. Daily cultures of PEK cells
were used to study the antiviral activity of CeO,
nanoparticles. The culture medium was drained
after cultivation, the monolayers of cells were
treated with different concentrations of CeO,
nanoparticles. After 1 hour of contact, the virus
was injected at a dose of 100 TCD,. The cultures
were incubated in CO, atmosphere in thermostat
for 2 days. Daily plates monitoring with a
microscope was performed. Virus reproduction
was detected by the cytopathogenic action
of TGEV on PEK cells compared to control
cultures where the monolayer was not treated.
The cytopathogenic effect of TGEV coronavirus
on cells is morphologically manifested in the
formation of small cell degeneration. After
3 days, the culture medium was collected
from the plate wells, the infectious titer of the
virus was determined. The definition of CeO,
anticoronavirus activity (EC,)) in PEK cell
culture is presented in Fig. 2.

According to the obtained results, it was found
that CeO, nanoparticles significantly inhibit the
reproduction of TGEV coronavirus.

The criterion for evaluating the inhibitory
activity of antiviral drugs in different in vitro

0,012mM 0,006 MM

CeO; concentration

Fi g. 4. Infectious titer of TGEV in wells with PEK cells monolayer treated with different
concentrations of CeO, nanoparticles and TGEV in 100 ID_,
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systems is the selectivity index (SI) and the
reduction of infectious titer by 1.5-2.0 1gTCD,,.
The Table 2 summarizes the results of studies

Table 2

on the determination of CC,, EC,, SI of CeO,
nanoparticles on the in vitro TGEV coronavirus
model.

CC,,;, EC,, and SI indicators of CeO, nanoparticles antiviral activity in PEK cells culture
on the model of TGEV coronavirus

50

Preparation CC50

EC50 SI

CeO

2

0.5 mM

0.006 mM 83.3

Conclusions. The result of current study of
antiviral activity of CeO, nanoparticles on the
experimental model of porcine coronavirus
(transmissible gastroenteritis virus) in PEK
cell culture showed that CeO, nanoparticles
effectively inhibited the reproduction of porcine
coronavirus with SI index of 83.3.

Future prospects

The concerns regarding emergence of novel
drugs are deeply justified therefore, severe
requirements should be met before introducing to
the clinical practice. During development should
be carefully tested to avoid overestimation
its activity and prescription to large group of
patients. On the other hand the appropriate
studies need to be conducted fast, and preserving
good level of quality. Crucial is elucidating the
mechanism of antiviral activity. The in vitro tests
with a live culture of SARS-CoV2 should be
conducted using the same protocols.

The next step includes in vivo tests using
mouse models, e.g., as in [11]. Development
of nanoceria-based drugs, and composites
of nanoceria with effective substances (like
fenugreek, curcumin, etc.) and drugs. Further
clinical testing including focused interventional
studies and randomized clinical trials (RCTs) to
study the capability of nanoceria-based drugs
to alleviate disease and can be included to
protocols for treatment in particular groups and
programs of rehabilitation and mild cases need
to be conducted in a fast way and providing
trustworthy results [12]. Placebo-controlled with
a clear focus on individualized use providing
extensive individualized profile of the patient
[13, 14] including tests of immune system [15].

We suggest preliminary designs according
to the testing of hypotheses:

1. Nanoceria-based drugs can prevent de-
velopment COVID-19 having antiviral pro-
perties;
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2. Nanoceria-based drugs can be effective at
early stages for secondary prevention respiratory
distress syndrome having ability to alleviate
cytokine storm;

3. Nanoceria-based drugs can be a supportive
treatment in severe forms, critically ill, terminal
patients having antiviral and antioxidative acti-
vity;

4. Nanoceria-based drugs having prebiotic
activity can be supportive treatments with probio-
tics for mild forms of disease and for rehabilita-
tion programs after COVID-19.

The personalized medical approach in a
agreement with the overall 3P attitude and
strategies for evaluation of drug effects related
to individual differences, including comorbid
diseases and genetic backgrounds to avoid failed
COVID-19 treatment or avoidable adverse events
is strongly awaited in the field and should include
utilizing pharmacogenetics with a systematic
analysis of genetic differences for the safer use of
COVID-19 drugs [16, 17]. The 373 pharmacogenes
related to all 47 drugs were obtained from
the different Genome Databases (PharmGKB
https://www.pharmgkb.org/ and DrugBank
https://www.drugbank.ca/ Genome Aggregation
Database (http://gnomAD.broadinstitute.org/,
version: 2.1.1) [17]. Thus, some drugs (ritonavir,
daclatasvir, sofosbuvir, ribavirin, interferon alpha-
2b, chloroquine, hydroxychloroquine (HCQ) and
ceftriaxone had actionable pharmacogenomics
(PGx) biomarkers among all ethnic groups,
other drugs (ritonavir, daclatasvir, prednisone,
dexamethasone, ribavirin, HCQ, ceftriaxone,
zinc, interferon beta-1a, remdesivir, levofloxacin,
lopinavir, human immunoglobulin G and losartan)
showed significantly different pharmacogenomic
characteristics in relation to the ethnic origin of the
patient.

Finally, it can be implemented into the tech-
nological processes of the development specific
substances, drugs, and vaccines effective at various
stages of pathogenesis of coronavirus disease.
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HAHOIIEPIV TAJIbBMY€
PO3MHOKEHHA BIPYCY
TPAHCMICHUBHOI'O
I'ACTPOEHTEPUTY: MIPKYBAHHA
moA0 BUKOPUCTAHHA JJIsA
MMPOPITAKTHUKHU TA JIIKYBAHHA
KOPOHABIPYCHOI XBOPOBU

C. Pubanxo’, O. /lemuenxo®, /1. Cmapocuna’,
O. /lepaoin’, JI. Pyoenko', O. Illep6axos’,
JI. Baoenxo’, P. Byonoe’, M. Cnisax?’

I «Incmumym enidemionoeii ma ingpexyiinux
x60po6 im. JI.B. I pomawescornoeoy HAMH Yxpainu,
eyn. M. Amocosa, 5, Kuis, 03038, Vkpaina
2 Incmumym mikpobiono2ii i sipycono2ii
im. JLK. 3abonomnoco HAH Yxpainu,
8yn. Axademika 3abonomnozo, 154,

Kuis, 03143, Vkpaina

Peswome

Hanouepiit (Hanouactku jgiokcuay uepiro, CeO,)
Ma€ MUPOKUH CHEKTp Oi0NOTIYHMX BIACTHBOCTEH,
BKJTFOYAFOYH TIPOTHBIPYCHY aKTHUBHICTB. [ inoTe3a Ha-
IIOTO JOCIIPKEHHS NOJSATalia B TOMY, 1[0 HaHOIIepil
Moke OyTH e(peKTHBHUM NPOTU KOpOHaBipycy (Bipyc
TPAHCMICUBHOTO TaCTPOEHTEPUTY CBUHEH) 1 OTEH-
[iHO MOXXE MaTH AaHTHUBIPYCHY aKTHUBHICTh IPOTH
SARS-CoV-2. KopoHnagipyc TpaHCMICHBHOTO TacTpO-
enreputry (TGEV) e eTionoriuaum 30yJHUKOM TpaHC-
MicuBHOTO TactpoeHTeputy cBuHer (TI'C), myxe
3apa3HOro KUIIKOBOIO 3aXBOPIOBaHH:. MeToro 1ocii-
JOKEHHS Oyno BU3HAUYEHHS IPOTUBIPYCHOI aKTUBHOCTI
nanovactok CeO, Ha MOJIEN KOPOHABIPYCY CBUHEH
TGEV. Metoau. Mu BUKOpHUCTOBYBaJIl BUCOKOIIATO-
5.5 (BRE,,). byna Bu-
3Ha4Y€Ha MPOTHBIPYCHA aKTUBHICTh HaHo4acTok CeO,

rernuit mram Bipycy TGEV D

Ha EeKCIIEpUMEHTANIbHII MOJeli KOpOHaBIpyCy CBUHEH
y TIepellerIoBaHii KyIbTypi KIITHH HUPKHA eMOpioHa
ceuHi (CHEB). Pe3yabraTu. Kpurepiem orinku iHri-
Oy1090{ aKTHUBHOCTI MMPOTUBIPYCHHUX TPETIapaTiB y pi3-
HUX CHCTeMax in vitro € injekc cenektuBHocTi (IC) Ta
3HWKEeHHA iHdekuifinoro Tutpy Ha 1,5-2,0 1IgTCD, .
Hanouepiil e(peKTHBHO MPHUTHIYYBAB PO3MHOMKCHHS
TGEV 3 IC 83,3.

Kurouosi cnosa: xopoHaBipyc, IpOTUBIpyCHA aK-
THUBHICTh, HAHOYACTKH, HAHOLEPIiH, Bipyc TpaHCMi-
CHBHOTO I'aCTPOCHTEPUTY, IEPLINCILTIOBAHA KyIETYpa
KIIITHH HUPKH eMOpioHa CBUHI.
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