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KuaroueBble ci10Ba: HaHOCMPYKMYypbl, HOGEPXHOCHHbLE 0eheKmbl, KOMRO3UM HAHOOUOKCUOA MUMAHA ¢ HAHOCEePeDPOM,
HAHONOPOWOK OUOKCUOA MUMARA, OCIPAsL 6HYMPUOPIOWUHHASL MOKCUYHOCIb, CEHCUbUTU3UpYIowee oelicmaue,
buonozuueckas akmusHOCMby, AHAMA3

Abstract. Morphological, spectral and toxicological features of new composite material of titanium nanodioxide
with nanosilver for use in medicine and biology. Zahornyi M.M., Yavorovsky O.P., Riabovol V.M.,
Tyschenko N.I., Lobunets T.F., Tomila T.V., Shirokov O.V., Ragulya A.V., Anisimov Ye.M. The results of this
study indicate that titanium dioxide nanoparticles (nano-TiO,) possess adsorptive, photocatalytic, bactericidal,
virucidal and fungicidal properties, which are used in antibacterial coating, for air and water disinfection. In parallel
with studies of the physicochemical characteristics of titanium dioxide, its toxicological assessment was carried out to
prevent possible harmful effects on humans and the biosphere objects, followed by an assessment of the nano-TiO,
hazard class. To enhance these useful properties of nano-TiO,, nanopowders of titanium dioxide and a composite of
titanium dioxide were synthesized with a silver (nano-TiO,/Ag) by way of chemical precipitation of metatitanic acid
adding silver nitrate to the composite at 500-600°C. It was stated that the synthesized nanostructures have the
following characteristics: anatase crystal structure of TiO, (anatase, rutile, brookite — natural crystalline modifications
of TiO,), the size of Ag nanoparticles is 35-40 nm, TiO,— 13-20 nm. Nanocomposite has surface defects of the crystal
lattice (oxygen vacancies, impurities, excess electrons or holes), silver nanoparticles are localized on the surface of
anatase TiO,, which increases adsorptive, photocatalytic, biological and specifically antibacterial properties of the
composite material nano-TiOy/Ag. According to the parameters of acute intraperitoneal toxicity, the studied
nanocomposite anatase nano-Ti0,/Ag was classified as a moderately dangerous substance (material). Nano-TiO; and
TiO,/Ag nanocomposites do not cause local irritation to the skin, yet have a mildly irritating effect on the mucous
membrane of the eye, and are also characterized by a weak sensitization effect.
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Pedepar. Mopdosioruyeckue, cneKkTpajbHble W TOKCHKOJOTHYeCKHE OCOOEHHOCTHM HOBOr0 KOMIIO3UTHOIO
MaTepuaja HAHOAHOKCHIA THTAHA ¢ HAHOCEPEOPOM [JIsi WCIOJL30BAHUS B MeIUIHHE W OHOJIOTHU.
3aropubiii ML.H., fABoposckuii A.Il., Psioosoa B.H., Tumenko H.U., Jlooyneu T.®., Tomuna T.B., llInpoxos A.B.,
Paryas A.B., AuncumoB E.H. Cecoons axmyanvuvim sigisiemcs noiyyenue u uchonb308anue OUOKCUOA MUMAHA
(nano-TiO,) ¢ adcopbyuonHviMu, OAKMEPUYUOHBIMU, GUDYIUYUOHBIMU U QYHSUYUOHBIMU CEOUCMEAMU Ol U320-
MOGLEeHUsE AHMUOAKMEPUATILHBIX NOKPLIMULL, 0151 06e33apadicudanus 6030yxa u 600vl. Ilapannenvno ¢ ucciedoeanusimu
QUBUKO-XUMUYECKUX XaAPAKMEPUCTNUK OUOKCUOA MUMAHA OCYWEeCMBIANACy €20 MOKCUKOIOSUYeCKas: OYeHKA O
npeoynpedcoeHUss 603MOACHO20 8PEOHO20 B030€UCMBUST HA 4eN08eKd U 00beKmbl Ouoc@epsl ¢ NOCIedywel OYyeHKOoU
xknacca onacvocmu TiO,. [lna nonyuenus yka3awuwlx noaesHvix ceolicmé Hawo-TiO, cunmesupoeanu HAHONOPOWIKU
ouoKkcuoa mumana u KoMnosum ouokcuoa mumaua ¢ cepedopom (Hano-TiOy/Ag) Xxumuyeckum ocadxicoeHuem mema-
MUMAaHoOBoU Kuciomel, ¢ 0obasieHuem Humpama cepebpa 0ns komnozuma npu memnepamype 500-600°C. Ycema-
HOBNEHO, 4MO CUHME3UPOBAHHbIE HAHOCMPYKMYPbL UMEIOM CReOYIouue Xapakmepucmuku: aHamasHylo Kpucmai-
auveckyro cmpykmypy TiO, (anama3s, pymun, opyxum — npupooHsle kpucmaniuyeckue moouguxayuu Ti0,), pasmep
nanouacmuy Ag cocmasnsem 35-40 um, TiO; — 13-20 nm. Hanokomnosum umeem nosepxHocmubvie oegexmol Kpucmai-
JIUYECKOU pewemKi (8aKanHCuy KUCiopood, npumecu, uzoulmoynsle 2NeKmpoHbl Uil ObIPKU), MAKI’CE HA NOBEPXHOCIMU
anamasza TiO, nokanuzosanvl Hanouacmuysl cepedpa, 4mo nogviuiaem aodcopoOYUOHHYIO, QOMOKAMATUMUYECKYIO,
buonocuueckyio (0cobenno anmuOaKmepuanbHylo) aKmueHOCmMs KOMRO3umHnozo mamepuanra nano-TiOy/Ag. Ilo
napamempam OCmpou GHYMPUOPIOWUHHOU MOKCUYHOCIU UCCIEO08AHMBIL HAHOKOMNO3UM OMHECEeH K YMepEeHHO
onacuvim sewgecmeam (mamepuanam). Hano-TiO; u nanoxomnosum TiO)/Ag He okaswieaom mecmno-pazopadcaouezo
Oeticmeusi HA KoOJCy, HO umerom crabo pazopadicaioujee Oeticmseue HA CAUSUCIYIO O000N0YKY 21d3a, Makdice

Xapaxmepu3zylomcs ciabo 8bipadNCeHHOU CNOCOOHOCbIO K CEHCUOUNUIAYUU.

Nanomaterials obtained on the basis of nano-
particles of metals and their compounds are increa-
singly used in various fields of economic activity,
biology and medicine. In Ukraine and the world,
special attention is paid to the synthesis of nano-
particles based on titanium dioxide (TiO,). It exists
in nature in three crystal modifications - anatase,
rutile, brookite.

The peculiarity of titanium dioxide nanoparticles
is that they have high photocatalytic activity under
the action of ultraviolet radiation. As a result of
experimental studies (Y.B. Pankivska et al. [5]) it
was established that due to high photocatalytic
activity nano-TiO, can be used as an antimicrobial
agent with high bactericidal, virucidal and fungicidal
effect. This becomes especially relevant in the era of
increased resistance of microorganisms to the action
of antibiotics and disinfectants.

In addition, an attempt was made to use
nanotitanium dioxide for the manufacture of anti-
bacterial coatings, impregnation of filters with
nanomaterials for disinfection of water, air in closed
rooms, etc. [5, 12, 16].

The search for new materials with increased
photocatalytic properties due to the addition of
metals and metal oxide compounds with previously
known biocidal properties (silver, copper oxide, iron
oxide, zinc oxide, etc.) to titanium dioxide is being
done. One of these newly created nanomaterials was
a composite based on nanotitanium dioxide and
nanosilver, obtained at I.M. Frantsevich Institute for
Problems of Materials Science, NAS of Ukraine

However, it is well known that a higher physi-
cochemical activity of nanoparticles is accompanied
by an increase in their biological activity, and
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different compositions of nano-TiO, can have
different toxicity depending on the crystal structure,
size, surface characteristics, particle shape and sur-
face area. In addition, the authors' research indicates
that TiO, nanoparticles, having entered the cell by
endocytosis, are not absorbed by organelles and do
not undergo biodegradation inside the cell. Re-
searchers believe that nano-TiO, causes a non-
specific increase in the concentration of intracellular
reactive oxygen in the cell, which leads to cell
apoptosis and/or the initiation of an inflammatory
reaction. When studying the cytotoxicity of nano-
TiO, for human lung epithelial cells, it was estab-
lished that the crystalline form of anatase is more
toxic than a mixture of anatase and rutile [11].

This indicates that, in parallel with the studies of
physical and chemical characteristics, it is necessary
to carry out their toxicological assessment to prevent
possible harmful effects on humans and objects of
the biosphere.

The object of our research was the above-men-
tioned newly created composite material of nano-
titanium dioxide, modified with nanosilver, deve-
loped at .M. Frantsevich Institute for Problems of
Materials Science NAS of Ukraine for use in
biology and medicine.

The purpose of the research was to study the
morphological features of the TiO,/Ag nanocom-
posite structure, to study the optical and toxico-
logical properties of this material.

MATERIALS AND METHODS OF RESEARCH

Nanopowders of titanium dioxide and a com-
posite of titanium dioxide with silver (nano-
TiO,/Ag) were synthesized by chemical precipi-
tation of metatitanic acid, with the addition of silver
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nitrate in the amount of 4% of the mass of the
composite at a temperature of 500-600°C.

Morphological, structural, spectral and optical
properties of nano-TiO, and nano-TiO,/Ag objects
were characterized using transmission electron
microscopy (TEM), X-ray phase analysis (XRPA),
infrared spectroscopy (IR) and laser granulometry.
The study of the porous structure of these nano-
powders was carried out by the method of determi-
ning the specific surface area (express method of
thermal desorption of nitrogen) on the HKh-1 device
according to the methodology [2].

TEM studies of the samples were carried out with
the help of a JEM-1400 electron microscope (JEOL,
Japan) at instrumental magnification from 2000 to
100000 at an accelerating voltage of 80 kV accor-
ding to the method of work [13].

X-ray diffraction of synthesized TiO,, TiO./Ag
samples was studied using a DRON-3M X-ray
diffractometer according to the method [14].

IR spectroscopic studies of the samples were
carried out on a FSM-1201 Fourier spectrometer in
the wavelength range of 4000-400 cm™. For measu-
rements, the studied samples were thoroughly mixed
with KBr powder in a ratio (1:300 mg) and the
resulting mixture was pressed into transparent
tablets with a diameter of 13 mm [3].

Since TiO, and TiO,/Ag nanoparticles showed a
tendency to agglomerate and were unstable in
aqueous suspensions, we searched for chemical
compounds that could act as a factor in stabilizing
suspensions (saline solution, solutions of sodium
citrate, glucose, etc.), which is important for plan-
ning and conducting toxicological experiments, in
particular, dosing of nanopowders when admi-
nistered per os, intraperitoneally, intranasally, etc.
The size of nanoparticle agglomerates in the
dispersion medium was determined by laser granulo-
metry using the Analysette 12 DynaSizer device [8].

The local irritant effect of TiO, and TiOy/Ag
nanopowders was studied by applying an ointment
obtained on the basis of petroleum jelly and
nanomaterial when mixed in a ratio of 1:1 by weight
on the right side of pre-depilated skin (5x5 c¢cm on
symmetrical areas of the back, the left side for
control) of guinea pigs (the control and research
groups consisted of 4 animals each). The degree of
erythema and the extent of skin edema were asses-
sed. The difference in skin irritation between
experimental and control groups was compared [4].

The study of the local effect of nanopowders on
the mucous membrane of the eye was carried out by
injecting 10 mg of native nanopowder TiO, and
TiO,/Ag into the conjunctival sac of the right eye
(the left control eye) of a rabbit (the studied groups
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consisted of 3 animals each). Irritation of the mu-
cous membrane of the eye was evaluated according
to the degree of hyperemia, edema, secretions from
the mucous membrane [4].

The acute toxicity of TiO, and TiO,/Ag nano-
materials in rats was studied by intraperitoneal
injection of a suspension in physiological solution
(0.9% NaCl) in doses from 1,000 mg/kg to
13,000 mg/kg (13 laboratory animals). The duration
of observation of the condition of the animals after
administration was 14 days, the manifestations of
signs of intoxication and lethality were assessed.
Rats were removed from the experiment by the
introduction of 1% propofol. A general blood test
was performed [4]. The acute toxicity of nano-TiO,
and nano-Ag/TiO, was studied in mice at doses of
4,000 mg/kg, 7,000 mg/kg, and 10,000 mg/kg (cont-
rol and research groups of 6 animals each) by intra-
peritoneal administration of suspension in physiolo-
gical solution (0.9% NaCl). Observations and conclu-
sions from the experiment were carried out under
similar conditions as in the experiment on rats [4].

The sensitizing effect of nano-TiO, and nano-
Ag/TiO, was studied on guinea pigs (control and
research groups of 4 animals each) by intradermal
injection of suspensions of nanopowders at a dose of
200 pg into the ear of the guinea pig [4].

The conditions for keeping and using laboratory
animals corresponded to the ethical rules and pro-
visions of the "European Convention for the Pro-
tection of Vertebrate Animals Used for Research and
Other Scientific Purposes" (Strasbourg, 1986).

The effect of the composite on the functional
activity of donor mononuclear cells was studied in
vitro. After informed consent, peripheral blood was
taken from 30 donors (almost healthy people) for in
vitro research. Mononuclear cells were isolated from
peripheral blood and cultivated on RPMI-1640
medium, then the cell suspension was incubated for
24 hours in a CO, incubator at 37°C without a
stimulating agent, under stimulation with the PHA
mitogen and nanomaterials in doses of 30 pg/ml.
The concentration of cytokines (IL-1,IL-4) [7] was
studied by ELISA method in supernates of mono-
nuclear cells. The research was conducted in
compliance with the principles of bioethics set forth
in the Helsinki Declaration "Ethical Principles of
Medical Research Involving Humans" and agreed by
the Commission on Bioethical Expertise and Re-
search Ethics of the O.O. National Medical Uni-
versity Bogomoltsia No. 128 of 12/23/2019.

Non-parametric criteria were used for statistical
processing: Wilcoxon's W-test, Kruskal-Wallis rank
univariate analysis, multiple comparisons according
to Dunn's test. The difference was considered
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statistically significant at p<<0.05. Statistical processing
of information was carried out using the MedStat v.5.2
software package (Copyright © 2003-2019) [1].

RESULTS AND DISCUSSION

The morphology of TiO, nanopowders was
analyzed using transmission electron microscopy
(TEM). Figure 1 shows an electron microscopic
image of TiO, nanoparticles (Institute for Problems
of Materials Science — IPMS) and TiO,-P25 (a
commercial sample of titanium dioxide, namely

TiO,-P25 produced by Evonik Industries AG,
Germany, was chosen as a comparative sample). It
was found that TiO, nanopowder (IPMS) contains
soft aggregates, nanoparticles mainly 20-30 nm in
size (Fig. 1a). TiO, nanopowder (IPMS) has a
developed surface structure due to the presence of
mesopores (pores 2-50 nm) and a specific surface
area of 50.84 m*/g. Nanoparticles of TiO,-P25 have
mainly a square shape with a size of 20-25 nm
(Fig. 1b).

Fig. 1. Surface morphology of TiO, nanopowders
a) — transmission microscopy image of the TiO, surface,
b) — transmission microscopy image of the TiO,-P25 surface

Surface structural defects of TiO, (formation of
non-stoichiometric areas on the surface of anatase)
can act as active centers, and also provide the
possibility of additional chemical modification of
the surface of the oxide with metal (nano-Ag) for
purposeful regulation of the TiO, structure and
carrying out catalytic reactions, increasing biological
activity, in particular biocidal action.

TEM images of the surface of the TiO,/Ag
nanocomposite sample confirm the deposition of
silver on the oxide surface (Fig.2). We observe
"ball-shaped" silver particles (red area), while Ag
particles have an average size of 35-40 nm, and TiO,
particles — 13-20 nm. The specific surface area of
nano-TiO,/Ag is 50.11 m%/g.

Stabilization of the suspension of nanopowders
with a glucose-citrate buffer (4 g of glucose, 1 g of
sodium citrate, 100 ml of distilled water) contributed
to a significant reduction of agglomerated

22/ Tom XXVII/ 1

complexes from the size of agglomerates of 300-
500 nm to 40-50 nm [8].

We used X-ray phase analysis (XRPA) to
identify the type of TiO, crystalline phase. The
diffractogram [3] is used to study the structure of
titanium dioxide and other objects (crystalline,
amorphous-crystalline). In addition, the authors Der-
Shing Lee and Yu-Wen Chen [10] also did not
observe the formation of other phases except TiO, of
anatase modification in TiO, samples in the range of
silver concentrations of 2-3.8 wt.%.

The decrease in the size of TiO, particles when Ti #
ions are replaced by Ag" ions can be associated with
the deposition of silver on the TiO, surface, which
leads to a disorder of structural symmetry (in
agreement with IR spectroscopy), and therefore to
reduction of the size of nanoparticles [3]. We proved
this with the help of TEM — research of samples

(Fig. 2).
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Fig. 2. Morphology of TiO; nanocomposite particles with 4 wt.% Ag (transmission electronic microscopy)

Analysis of the IR spectra [3] of the studied
samples showed that the sample (nano-TiO, anatase)
is characterized by bands of absorption of Ti-O
oscillations with frequencies v~ 504 and 664 cm™.
For the IR spectrum of the other sample (nano-TiO,
anatase + 4 wt.% Ag) there is a shift of absorption
frequencies of Ti-O oscillations in the long-wave
direction. Frequencies v ~ 1110 and 1188 cm™
characterize surface vibrations of functional groups
(-OH) and are associated with the modification
method. Spectral studies prove the formation of only
a crystalline anatase modification with hydroxyl
groups and a silver phase (concordance with XRPA
[3]), which can serve as a basis for recommendations
on the use of a composite material as an adsorbent.
Hydroxyl groups which are present on the defective
surface of TiO, become quite active as a result of
capturing a hole with subsequent formation of *OH
and other active forms of oxygen (ion radicals *OH,
0,7, O, which leads to an increase in adsorption
capacity and biological activity of anatase [5, 15]. In
addition to oxygen vacancies, other surface defects
may also be present for anatase depending on the
synthesis method, the chemical composition of the
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air in which the powder is stored, and the storage
conditions (darkness or light).

Our toxicological studies have shown that TiO, and
TiO,/Ag nanopowders (ointment based on petroleum
jelly 1:1) do not have a local irritant effect on the skin
of guinea pigs. TiO, and TiO,/Ag nanopowders in a
dose of 10 mg show a mildly irritating effect on the
mucous membrane of the rabbit's eye.

By intradermal injection of suspensions of
nanopowders in a dose of 200 ug into the ear of a
guinea pig, it was established that nano-TiO, and
nano-TiO,/Ag can cause a weakly expressed
sensitization effect.

Studies of acute toxicity by intraperitoneal admi-
nistration to mice revealed that a dose of 10,000
mg/kg TiO, and TiO,/Ag of nanopowders causes
their 100% death. A dose of 7,000 mg/kg of nano-
TiO, caused partial death of mice, but it was abso-
lutely lethal for nano-TiO,/Ag. A dose of
4,000 mg/kg did not lead to the death of mice when
nano-TiO, was administered, but it caused their
partial death when nano-TiO,-Ag was administered.
That is, TiO, nanopowder turned out to be relatively
less toxic compared to TiO,/Ag.
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In contrast to mice, intraperitoneal admi-
nistration of doses of the studied nanopowders
from 1,000 mg/kg to 13,000 mg/kg to rats did not
cause their death, but led to signs of general
intoxication (depression, refusal of feed ), as well
as to a decrease in the content of erythrocytes
and platelets in the peripheral blood of
experimental animals.

At determined lethal doses (from 4 to 10,000 mg/kg
of test substances administered to mice), TiO,
nanopowders are preliminarily in accordance with
Ukrainian State Standard 12.1.007-76 "System of
labor safety standards. Hazardous substances.
Classification and general safety requirements” can
be attributed to the 4th class (less dangerous), and
the TiO,/Ag nanocomposite — to the 3rd class
(moderately dangerous) of hazardous substances.

pg/ml

IL-1

Cytokines regulate the effects of the immune
system. Experiments on the study of the effect of
nanomaterials on the immune system, conducted in
vitro, showed that the nanomaterial in concentrations
of 30 ug/ml nano-TiO,-Ag (the dose corresponding
to the possible entry into the body of the operator of
nanoproduction by inhalation) is able to increase the
functional activity of mononuclear cells of peri-
pheral blood by the production of the pro-inflam-
matory cytokine IL-1 (interleukin 1 is produced
mainly by macrophages in response to damage to the
body, increases the production of other pro-inflam-
matory cytokines) and IL-4 production (interleukin 4
activates B-lymphocytes, switches IgM production
to IgG4 or IgE production and activates T-
lymphocytes involved in the allergic reaction of the
cell type) in donors (p<0.05) (Fig. 3 -4).

P<0,01
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1 nanoTiO,-Ag

[l nanoAg

Fig. 3. Comparative production of IL-1 by mononuclear cells in vitro in donors
under the influence of nanomaterials

The above results of in vitro research indicate the
potential possibility of TiO,-Ag nanocomposite to
form chronic inflammation and allergic reactions in
the category of workers who are exposed to the
mentioned nanopowders in production conditions.

Thus, our toxicological studies of newly syn-
thesized TiO, and TiO,/Ag nanopowders confirm
the results of the previously conducted toxico-
logical and hygienic evaluation of nanopowders of
titanium nitride, chromium disilicide, barium
titanate, and zirconium dioxide, synthesized at [.M.
Frantsevich Institute for Problems of Materials
Science NAS of Ukraine
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Thus, nanopowders of metals, their oxygenated
and oxygen-free compounds are less toxic and
dangerous when entering the body through the
gastrointestinal tract and skin, but exhibit a more
pronounced toxic effect when entering the body
by inhalation [6, 7]. All of the nanoparticles tested
by us do not irritate the skin, although they can
have a mildly irritating effect when they come into
contact with the mucous membrane of the eye.
When nanopowders enter the living body, the
immune system reacts, forming toxic-allergic
reactions in response.
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Fig. 4. Comparative production of IL-1 by mononuclear cells in vitro in donors
under the influence of nanomaterials

Regarding a more pronounced toxic effect of
nano- TiO,/Ag compared to pure nano-TiO,, these
data are fully consistent with the research of the
Institute of Microbiology and Virology named after
D.K. Zabolotny, National Academy of Sciences of
Ukraine, carried out on MDBK, MDCK, HepG2 cell
cultures, which showed more pronounced biocidal
properties of the TiO,+Ag nanocomposite precisely
at a concentration of 4% silver [9, 10]. The nano-
Ti0,/Ag composite material with a silver content not
exceeding 4% exhibits a more pronounced biocidal
effect (virulicidal, bactericidal, fungicidal), but does
not destroy the living cell itself.

CONCLUSIONS

1. TiO2/Ag nanopowder, synthesized by the
chemical deposition method, with a concentration of
silver on the surface of 4 wt.% has its own physical
and chemical features, which concern to the mor-
phology of nanoparticles, the molecular structure of
their surface, and toxicological properties.

2. Using the method of transmission electron
microscopy, it was established that Ag nanoparticles
have an average size of the dispersed Ag phase of
35-40 nm, and TiO, — 13-20 nm in the composite
material. Nanosilver particles are localized on the
surface of nanotitanium dioxide. TiO, and TiOy/Ag
nanopowders have a developed surface structure
with mesopores. Laser granulometry showed that
ultrasonic dispersing in glucose-citrate buffer can
significantly reduce the size of agglomerates in TiO,
and TiO,/Ag nanopowders.
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3. Spectral analysis (XRPA, IR) confirmed the
purity of anatase modification of TiO, and TiOy/Ag
nanopowders. Defects detected on the surface of
synthesized nano-TiO; can act as active centers that
make it possible to modify the bactericidal pro-
perties of metal (Ag) with nanoparticles to improve
antimicrobial, photocatalytic, and biocompatible
properties.

4. Nano-TiO, and nanocomposite TiO,/Ag do not
have a local irritating effect on the skin, have a weak
irritating effect on the mucous membrane of the eye
and are characterized by weakly expressed sensitizing
properties. Potentially, nano-TiO,-Ag can cause aller-
gic reactions and chronic inflammation in workers.

5. It is necessary to further study the toxico-
logical properties of nano-TiO,/Ag in order to find
out the mechanisms of their biological action at the
cellular and molecular genetic levels, to study
possible manifestations of remote effects for the
justification of hygienic standards in the air of the
workplace zones.

Contributors:

Zahornyi M.M. — writing — original draft, mana-
gement;

Yavorovsky O.P. — project administration, con-
ceptualization, methodology, writing —review and
editing;

Riabovol V.M. — methodology, research, formal
analysis;

Tyschenko N.I. — research, resources;

Lobunets T.F., Tomila T.V. — research;

Shirokov O.V. — formal analysis;

Ha ymosax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

Ragulya A.V. —project administration,
financial support;

Anisimov Ye.M. — research, formal analysis.

Funding. Horizon2020 grant No. 862296
SABYDOMA (TiO2-Ag nanocomposite synthesis
technology). Grant of the National Academy of
Sciences of Ukraine No. 40/20-H (code II-12-20
(H)) "Development of photocatalytic nanocompo-
sites for the inactivation of viruses in the air" (study

finding

of the cytotoxicity of the synthesized TiO,-Ag
nanocomposite).

Conflict of interests. The authors declare no
conflict of interest.

Acknowledgement. Examination of samples
using TEM was carried out together with Ph.D.
Kharchuk M.S., Ph.D. Zagorodnya S.D. (Institute of
Microbiology and Virology named after Zabo-
lotny D.K. National Academy of Sciences of Ukraine).

REFERENCES

1. Antomonov MYu. [Mathematical processing and
analysis of medical and biological data. 2nd ed.]. Kyiv:
MYCz "Medynform"; 2018. p. 579. Russian.

2. Gavrilova NN, Nazarov VV [Analysis of the po-
rous structure based on adsorption data]. Moskva.
RKHTU im. DI Mendeleyeva; 2015;1-132. Russian.
https://www.muctr.ru/upload/iblock/1c4/1c4cle29aed37f
72eaedff29acbe3a2e.pdf

3. Lavrynenko OM, Zahornyi MM, Tyschenko NI, et
al. [Synthesis and properties of nanocomposites based on
iron and titanium oxides modified by silver]. Fizyko-
khimichna mekhanika materialiv. 2021;2:51-56. Ukrainian.
Available from: http://pcmm.ipm.lviv.ua/pcmm-2021-2u.pdf

4. [Methodical recommendations "Hygienic ratio-
ning and control of nanomaterials in the production
environment"]. Kyiv: National Academy of Medical
Sciences of Ukraine; 2016. Ukrainian.

5. Pankivska YuB, Biliavska LO, Povnitsa OYu, et
al. [Antiadenoviral activity of titanium dioxide nano-
particles]. Mikrobiolohichnyi zhurnal. 2019;81(5):73-84.
Ukrainian.
doi: https://doi.org/10.15407/microbiolj81.05.073

6. Solokha NV. [Physiological, hygienic and toxi-
cological aspects of prevention of nanopowders of chro-
mium disilicide and titanium nitride on the body of
workers] [dissertation]. Kyiv; 2018. p. 24. Ukrainian.

7. Solokha NV, Yavorovsky OP, Karlova OO, et al.
[Functional activity of mononuclear blood cells for cyto-
kine production by nanocomposite materials under in
vitro]. Immunology and allergology: science and practice.
2015;2:94-98. Ukrainian. Available from: http://irbis-
nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?-
C21COM=2&121DBN=UJRN&P21DBN=UJRN&IMAG
E FILE DOWNLOAD=1&Image file name=PDF/Ita 2
015 2 17.pdf

8. [Method of stabilizing metal nanopowders and
their derivatives by glucose-citrate buffer]. Ukraine patent
148325, GOIN33/18G01N33/48, B82Y5/00.

No. u202007215. 2021 July 28. Ukrainian.

9. Zahornyi MM, Tyschenko NI, Lobunets TF, Ko-

lomys OF, Strelchuk VV, Naumenko KS, et al. The Ag

22/ Tom XXVII/ 1

influence on the surface states of TiO,, optical activity
and its cytotoxicity. J. Nano- Electron. Phys.
2021 Dec;13(6):06009-1-06009-5
doi: https://doi.org/10.21272/jnep.13(6).06009

10. Ahamed M, Khan M, Akhtar M, Alhadlaq H, Al-
shamsan A. Ag-doping regulates the cytotoxicity of TiO,
nanoparticles via oxidative stress in human cancer cells.
Scientific Reports. 2017;7(1).
doi: https://doi:10.1038/s41598-017-17559-9

11. Drew R, Hagen T. Engineered Nanomaterials: An
Update on the Toxicology and Work Health Hazards;
2015. Available from:
https://www.safeworkaustralia.gov.au/system/files/document
s/1702/engineered-nanomaterials-update-toxicology.pdf

12. Hernandez JV. Structural and Morphological mo-
dification of TiO, doped metal ions and investigation of
photo-induced charge transfer processes. Physics. Uni-
versité du Maine. México: Instituto politécnico nacional,;
2017. Available from: https://tel.archives-ouvertes.fr/tel-
01954392/document

13. Hetaba W, Imlau R, Duarte-Correa L, Lamoth M,
Kujawa S, Lunkenbein T. ChemiTEM — Transmission
Electron Microscopy Optimized for Chemistry and
Material Science. Chemistry-Methods. 2021;1(9):401-
407. doi: https://doi:10.1002/cmtd.202100001

14. Holder C, Schaak R. Tutorial on Powder X-ray
Diffraction for Characterizing Nanoscale Materials. ACS
Nano. 2019;13(7):7359-65
doi: https://doi.org/10.1021/acsnano.9b05157

15. Lee D, Chen Y. Nano Ag/TiO, catalyst prepared
by chemical deposition and its photocatalytic activity.
Journal of the Taiwan Institute of Chemical Engineers.
2014;45(2):705-12.
doi: https://doi:10.1016/j.jtice.2013.07.007

16. ZhouR, Lin S, Zong H, Huang T, Li F, Pan J, et
al. Continuous Synthesis of Ag/TiO, Nanoparticles with
Enhanced Photocatalytic Activity by Pulsed Laser
Ablation. Journal of Nanomaterials. 2017;2017:1-9.
doi: https://doi.org/10.1155/2017/4604159

CrarTs HagifnIa 10 pemaaKiii
12.10.2021

159





