RESEARCH ARTICLES

https://doi.org/10.15407/microbiolj85.03.061

0.Y. POVNITSAY, S.D. ZAHORODNIA!,
L.O. ARTIUKH!, M.M. ZAHORNY?, A.I. IEVTUSHENKO?

! Zabolotny Institute of Microbiology and Virology, NAS of Ukraine,
154 Academika Zabolotnoho Str., Kyiv, 03143, Ukraine

2 .M. Frantsevich Institute for Problems of Materials Science, NAS of Ukraine,
3 Academika Krzhizhanovsky Str., Kyiv, 03142, Ukraine

* Author for correspondence; e-mail: povnitsa@ukr.net

PHOTODYNAMIC TREATMENT OF TITANIUM
DIOXIDE NANOPARTICLES IS A CONVENIENT
METHOD OF ADENOVIRAL INACTIVATION

Today, the search for safe ways to inactivate pathogens is becoming especially relevant in connection with the corona-
virus pandemic. Standard methods using chlorides and ultraviolet irradiation have disadvantages related to toxicity
and low efficiency. Photodynamic inactivation involving nanoparticles is already used to disinfect water and air from
microorganisms and enveloped viruses such as human herpes simplex virus, vesicular stomatitis virus, human immuno-
deficiency virus, and hepatitis B and C viruses. The aim of this work was to evaluate the possibility of the inactivation of
human adenovirus type 5 in an organic medium using titanium dioxide irradiated with ultraviolet light. Methods. The
nanosized titanium dioxide material was obtained by the thermal decomposition of a suspension of hydrated titanium
dioxide TiO(OH), (metatitanic acid). The analysis of the morphology of the TiO, nanopowder was carried out using
electron scanning microscopy (SEM), which showed that TiO, nanopowder contains soft aggregates of nanoparticles
mostly 20-30 nm in size. Cytotoxicity, virulicidal and antiviral action of titanium dioxide were determined by standard
methods using (3-(4,5-dimathylthiazol-2-yl)-2,5-dipheniltetrazolium bromide (MTT). The titanium dioxide suspen-
sion was irradiated at a distance of 20 cm from 1 to 30 min with a bactericidal UV lamp (OBBI15B, BactoSfera, Poland
(254 nm). The concentration of nanoparticles for irradiation was 1.0 mg/mL. Adenovirus suspension with titer 6.0 log,,
TCID,,/mL was added to the nanoparticles immediately after irradiation. The titer of virus synthesized in the presence
of titanium dioxide was determined by the end of the virus dilution, which causes 50% of the cytopathic effect of the
virus on cells. All studies were performed in three replicates; the number of parallel determinations was three. Results. A
dose-dependent effect of titanium dioxide nanoparticles on the viability of Hep-2 cells was revealed. At the NPs concen-
tration of 1 mg/mlL, quite a low cell viability was observed (32—39%), with a decrease in concentration to 0.1 and 0.01
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mg/mL, the NPs were less toxic (cell viability was in the range of 62—90%). The TiO, NPs dissolved in glycerin-water
had no virulicidal effect, as the virus titer was similar to the control values. Instead, NPs dissolved in propanediol-
ethanol reduced the infectious titer of the virus by 6.0 log,,, which indicates their high virulicidal effect. The absence of
an antiviral effect was shown when NPs were added to infected cells. A decrease in the virus titer by 4.5-5.0 log,, was
recorded uponitsinteracting with irradiated NPs for 1-30 min. The effect persisted for 3 h after exposure to NPs. Conclu-
sions. The cytotoxic, virulicidal, and antiviral effects of optically active TiO, nanoparticles were determined in optimal
conditions. Regardless of the solvent, NPs had low toxicity at a concentration of 0.1 mg/mL. The TiO, NPs dissolved in
glycerin-water had no virulicidal effect; but dissolved in propanediol-ethanol reduced the infectious titer of the virus by
6.0 log,, which indicates its high virulicidal effect. NPs in a propanediol-ethanol solution, irradiated with UV for 1-30
min, completely inhibited adenovirus reproduction. NPs in a glycine-water solution reduced the virus titer by 0.5 log .
The control with NPs without irradiation slightly reduced the virus titer (by 0.45 log, ). The ability of NPs to completely
inactivate adenovirus was maintained for 3 h. It was shown for the first time that the non-enveloped HAAV5 virus could
be efficiently inactivated by UV-induced TiO, photocatalysis.

Keywords: titanium dioxide nanoparticles, photoinactivation, adenovirus.

Currently, the search for safe ways to inacti-
vate pathogens is becoming especially relevant
in connection with the coronavirus pandemic.
Standard methods using chlorides and ultravio-
let irradiation have disadvantages related to tox-
icity and low efficiency. Chlorination in the pres-
ence of organic substances leads to the forma-
tion of mutagenic compounds [1-3]. Pathogens
have different sensitivities to ultraviolet (UV)
irradiation, and hard UV radiation is harmful
to all living organisms, including humans. Ox-
ide semiconductors can oxidize pathogens to
CO, and water in air (or in liquid) under UV
or visible light. After oxidation, the pathogens
turn into stable harmless inorganic compounds,
such as water, carbon dioxide, etc. Due to their
unique properties, the use of titanium diox-
ide nanoparticles (TiO, NPs) as disinfectants is
widely researched [4-6]. For future commercial
use, it is important that TiO, photocatalysis not
require the addition of chemicals and not gener-
ate hazardous waste [2]. In nature, TiO, exists in
three crystal modifications - anatase, rutile, and
brookite. It has been shown that the crystalline
form of anatase nano-TiO, is more toxic com-
pared to the mixture of anatase and rutile [7, 8].
It has been shown that TiO, NPs enter cells by
endocytosis, they are not absorbed by organelles,
and do not undergo biodegradation inside the
cell. In the cell, nano-TiO, causes a nonspecific
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increase in the concentration of intracellular re-
active oxygen, which leads to cell apoptosis and/
or the initiation of an inflammatory reaction [8].
The photocatalytic properties of TiO, are used to
destroy pathogenic bacteria, fungi, and viruses
in water and air environments [9-11]. A huge
advantage of the method is the universal possi-
bility of disinfection for viruses and pathogenic
microorganisms. Viruses from the adenovirus
family (Adenoviridae) are double-stranded vi-
ruses with linear DNA, without an envelope, and
have the ability to infect highly differentiated
post-mitotic cells such as skeletal muscle, lung,
brain, and heart [12]. The safest way to fight viral
infections to prevent infection is exposure to the
extracellular virus. In practice, hard UV radia-
tion is widely used to disinfect surfaces, air, and
liquids. Adenoviruses are among the most resis-
tant viruses to UV disinfection [13, 14]. There-
fore, there is growing concern about human in-
fection with adenoviruses through drinking wa-
ter and air. The coronavirus pandemic has dem-
onstrated an urgent need for the development
of disinfection methods. Due to the high preva-
lence of adenoviruses and their ability to persist
in the environment for a long time, there is also
a growing concern about human contamination
through drinking water and air. Coronaviruses,
like adenoviruses, are able to spread through air,
liquids, and surfaces, so the environment needs
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effective continuous disinfection. Photocatalysts
based on TiO, are just such inexpensive, envi-
ronmentally friendly, and effective antimicrobi-
al/antiviral agents with the possibility of indoor
use [15]. Antiviral activity with complete inac-
tivation of the virus SARS-CoV-2 was observed
upon photoactivation of TiO, under the action
of LED light 405 nm [16].

The aim of our study was to first determine
the prospects of using ultraviolet treatment of
TiO, NPs for inactivation of human adenovirus
type 5 (HAAV5).

Materials and methods. The manufacture
of TiO, NPs. The nanosized titanium dioxide
material was synthesized at the Frantsevich In-
stitute for Problems of Materials Science, NAS
of Ukraine (IPMS). TiO, was obtained by the
thermal decomposition of a suspension of hy-
drated titanium dioxide TiO(OH), (metatitanic
acid), a product of titanium concentrates and
slags («Sumykhimprom», Ukraine). The suspen-
sion was heated to 600 °C with a heating rate
of 5 °C/min to obtain anatase. This production
method promotes the formation of additional
active centers on the TiO, surface. This process
improves the optical and photocatalytic proper-
ties of anatase. It has been stated that due to the
mesoporous and crystalline structure, the modi-
fication of anatase TiO, has photocatalytic activ-
ity [17]. The visualization of TiO, nanoparticles
was performed using scanning electron micros-
copy (SEM). Electronic images of samples were
recorded on a MIRA3 TESCAN unit (Tescan,
Brno, Czech Republic). In addition, the mor-
phology of TiO, under study was presented using
a JEM-1400 electron microscope (JEOL, Japan).

Cell culture and viruses. Reference strain of
human adenoviruses 5 serotypes (HAdVS5),
supported by the Zabolotny Institute of Micro-
biology and Virology, NAS of Ukraine, were
cultured in human laryngeal carcinoma cells
Hep-2 (ECACC N86030501). Cell and virus
cultivation was carried out according to stan-
dard methods [18].

ISSN 1028-0987. Microbiological Journal. 2023. (3)

The cytotoxicity of TiO, NPs was tested in vitro
by the MTT method [19]. Cells in a 96-well plate
were incubated with serial 10-fold dilutions of
TiO, NPs for 48 h, and 20 pL/well of MTT solu-
tion (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide, Sigma, USA) was added at
a concentration of 5 mg/mL and cultivated for 3
h at 37 °C in an atmosphere of 5% CO,. The cul-
ture medium was removed, and 100 uL/well of
96° ethanol was added. The research was carried
out in three repetitions. The optical density of
the samples was determined spectrophotometri-
cally on a Multiskan FC reader (Thermo Fisher
Scientific, USA) at a wavelength of 538 nm. The
percentage of living cells was calculated for each
concentration of substance compared to control
cells (not added with NPs).

The study of the virulicidal effect of TiO,
NPs was carried out according to the classical
scheme [20]. A solution of TiO, at the maxi-
mum non-toxic concentration with an equal
volume of undiluted virus was mixed and in-
cubated at 37 °C for 1 h. Next, the monolayer
of Hep-2 cells in 96-well plates was infected
with serial 10-fold dilutions of the virus/TiO,
suspension (50 uL/well) in three replicates. A
mixture of the virus with an equal volume of
supportive medium was maintained as a con-
trol under the same conditions. 150 uL of the
supportive medium was added to the wells, and
the plates were cultured at 37 °C in an atmo-
sphere of 5% CO, After 4-5 days of cultivation,
with the appearance of pronounced cytopatho-
genic action (CPA) of the virus in the control,
further processing was performed according to
the standard method of MTT. Virus titers were
determined at the end point of the dilution,
which causes 50% CPA. Using the prediction
function of Microsoft Excel, virus titers and in-
dexes of inhibition of virus reproduction (IRI)
were calculated as follows:

IRI = Virus titer control (log,,) —
Virus titer experiment (log, )
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Fig. 1. (a) SEM and (b) TEM of TiO, NPs; (c) optical absorbance of TiO, NPs. An UV ViS_NIR Spectrometer tested
TiO, NPs. TiO, anatase can absorb light with wavelengths below 400 nm [17]

A decrease in the infectious titer of the virus
by 4 log,, or more, compared to the control of
the virus, indicates a virulicidal effect [21].

Photoactivation of TiO, NPs. A bactericidal
UV lamp (OBBI15P, BactoSfera, Poland) with a
power of 15 W, frequency of 50 Hz, wavelength
of 254 nm, and irradiation time of 1-30 min was
used for photoactivation of TiO, NPs. Samples
were placed in plastic cryotubes perpendicular-
ly to the lamp at a distance of 20 cm. The con-
centration of nanoparticles for irradiation was
1.0 mg/mL. Adenovirus suspension with titer 6.0
log,, TCID,,/mL was added to the nanoparticles
immediately after irradiation. As controls, virus
with non-irradiated NPs and virus without add-
ing NPs were used. A series of 10-fold dilutions
of controls and studied suspensions were pre-
pared, and Hep-2 cells were infected. After 4 days
of cultivation of cells using MTT analysis, virus
titers were determined using the prediction func-
tion of Microsoft Excel, and the indexes of inhibi-
tion of virus reproduction (IRI) were calculated.
Statistical processing of results. All studies were
performed in three experiments; the number of
parallel determinations was three. Mean values,
standard deviation, and mean error were calcu-
lated. Differences in the means were considered
significant at p < 0.05. The research results were
processed using Microsoft Office Excel 2010.
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Results. When studying disinfection proper-
ties, UV light from mercury lamps of low and
medium pressure with continuous radiation is
often used. An alternative to this can be a pulsed
xenon arc or xenon flash. However, even under
these conditions, inactivation of the adenovirus
occurred only by 1.0 log,, after 10 pulses. Ad-
enovirus requires 100 pulses to decrease the titer
by approximately 3.0 log, ; and 200 pulses to de-
crease by more than 4.0 log,, [22]. Today, there
is great research interest in photoactivated nano-
materials [3, 9-11, 17, 24]. Among many photo-
catalysts, TiO, nanomaterial is one of the best.
Under UV light, free radicals are formed, which
have a bactericidal and antiviral effect against
various microbes and viruses [11, 15]. The an-
tiviral activity of TiO, against SARS-CoV-2 has
been investigated [16].

In this work, we determined the cytotoxic,
virucidal, and antiviral effects of optically ac-
tive TiO, nanoparticles. The nanosized titanium
dioxide was obtained by the thermal decom-
position of a suspension of hydrated titanium
dioxide TiO(OH), (metatitanic acid). The mor-
phology of the TiO, nanopowder was examined
using SEM and TEM analyses, which showed
that TiO, nanopowder contains soft aggre-
gates of nanoparticles mostly 20-30 nm in size
(Fig. 1). In addition, it exhibited a developed
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surface structure due to the presence of meso-
pores (2-50 nm) and a specific surface area of
50.84 m%/g [8, 17].

Since the antiviral activity of NPs was inves-
tigated in vitro in cell culture, the study of their
cytotoxic effect was carried out as well (Fig. 2). A
dose-dependent effect of TiO, NPs dissolved in
both types of solvents on the viability of Hep-2
cells was revealed. At the NPs concentration of
1 mg/mlL, quite a low cell viability was observed
(32—39%). With decreasing concentration to
0.1 and 0.01 mg/mL, the NPs became less toxic
(cell viability was in the range of 62—90%). It
should be noted that TiO, NPs dissolved in pro-
panediol-ethanol were more toxic.

It is known that an extracellular virus can be
the target of antiviral drugs, therefore, in our
studies, the virulicidal effect of nanoparticles
was determined [21]. In these experiments,
NPs were used in predetermined non-toxic
concentrations of 0.1 mg/mL. The TiO, NPs
dissolved in glycerin water had no virulicidal
effect, as the virus titer was similar to control
values. Instead, NPs dissolved in propanediol-
ethanol reduced the infectious titer of the virus
by 6.0 log,,, which indicates their high virulici-
dal effect (Fig. 3).

Nanoparticles can affect the newly formed vi-
rus and its exit from the cell, thus its infectivity
can be significantly reduced. That is why, the ef-
fect of TiO, NPs on HAdV’5 replication in Hep-
2 cells when NPs were added immediately after
virus adsorption was studied. However, it was
found that NPs did not show anti-adenoviral,
since the decrease in virus titer did not exceed
0.8 log,, (data not shown).

The anti-adenoviral effect of photoactivated
TiO, nanoparticles was studied. The suspen-
sion of TiO, in propanediol-ethanol and TiO,
in glycerin-water (1 mg/mL) were irradiated
with UV light (254 nm) for 30 min. Complete
suppression of reproduction of HAdV5 by UV
irradiated TiO, NPs dissolved in propanediol-
ethanol was shown (Fig. 4).
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Fig. 2. Influence of TiO, NPs on Hep-2 cell viability and
mitochondrial activity. Cell growth after 72 h exposure
to different concentrations of the NPs was monitored
by a colorimetric MTT assay. Control untreated cells —
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Fig. 3. Virulicidal effect of TiO, NPs after 1 h contact
with viruses, evaluated by a colorimetric MTT assay af-
ter 72 h p.i. of cells with HAdV5
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Fig. 4. Infectious titer of HAdV5 under the action of
UV-photoactivated TiO, NPs (254 nm, 30 min)
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Photoactivated NPs in the propanediol-
ethanol solvent for 1—30 min at a concentra-
tion of 1 mg/mL when added with an equal
volume of HAdV5 suspension with a titer of
6.0 log,, TCID. /mL completely inhibited ad-
enovirus reproduction. Non-photoactivated
nanoparticles did not change the virus titer
(Fig. 5). Also, the duration of preservation of the
effect of UV activation of TiO, NPs suspensions
was investigated (Fig. 6).

A suspension of HAdV5 was added to TiO,
NPs at 3 h after their UV-photoactivation, and
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the infectious titers of the virus were deter-
mined in experimental samples, virus control,
and control with NPs that were not irradiated.
Complete inhibition of the virus reproduction
was detected even later than 3 h after photoacti-
vation of NPs.

Discussion. Adenoviruses are among the
most resistant viruses to UV disinfection [13,
14]. It is known that TiO, photocatalysts gen-
erate strong oxidizing power when illuminated
with UV light of wavelengths under 385 nm [11].
In the case of penetration of the virus into the
cells, an effective way to suppress it is to block
its replication by suppressing the expression of
specific enzymes involved in the replication of
the nucleic acid of the virus [25]. Photocatalytic
TiO, can be used in (i) powder form (e.g. Degus-
sa P25), typically dispersed in aqueous solutions,
(ii) film/coating applied to various substrates, or
(iii) immobilized on surfaces [26]. The ability of
TiO, to induce the photocatalytic degradation
of almost any kind of organic and living pollut-
ants, including bacteria and viruses, has fostered
its use in purification technologies [11, 27]. The
mechanism of the antiviral action is that OH
and O, generated at the UV-activated TiO, sur-
face are able to degrade the capsid and envelope
proteins and phospholipids of non-enveloped
and enveloped viruses, respectively. Besides, the
leakage and consequent NPs degradation occur,
ultimately leading to the inactivation of the viral
particles. TiO, nanoparticles are most often used
in the powder form, as a rule, dispersed in wa-
ter or immobilized on the surface. UV-induced
photocatalysis of TiO, inactivates a wide range of
mammalian viruses, including poliovirus 1, avi-
an and human influenza viruses, and the SARS
coronavirus. The efficiency of UV-induced pho-
tocatalysis of TiO, varies depending on various
parameters, namely the crystallinity and concen-
tration of the photocatalyst, as well as the correct
combination of light intensity and exposure time
(11, 28]. Different TiO, nanostructures such as
NPs, nanotubes (NTs) and nanowires (NWs),
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etc. have also been studied and engineered for
the enhanced photocatalytic antimicrobial and
antiviral effect to inactivate viruses including the
SARS-CoV-2 virus with great efficiency [11, 15].
Hamza et al. [28] studied the effect of TiO, NPs
for the disinfection of SARS-CoV-2, which ex-
hibited strong anti-SARS-CoV-2 activity at very
low cytotoxic concentrations in vitro with excel-
lent antiviral activity at a very low concentration.
It was concluded that these TiO, nanostructures
are suitable for coatings as a potent disinfectant
to combat SARS-CoV-2. The authors recom-
mend the use of TiO, NPs in vitro and in wall
coatings as a potent disinfectant to combat
SARS-CoV-2 with little irritation to host cells.
To date, there are no publications on the use of
UV-induced TiO, photocatalysis for adenovirus
inactivation. Our results indicate the perspective
of TiO, applications to the adenovirus inactiva-
tion in the development of non-toxic disinfec-
tion systems and use of them against air-borne
or water-borne pathogens.

Conclusions. Thus, the cytotoxic, virulicidal,
and antiviral effects of optically active TiO, NPs
were determined in optimal conditions. Regard-
less of the solvent, NPs had low toxicity at a
concentration of 0.1 mg/mL. The TiO, NPs dis-
solved in glycerin water had no virulicidal effect
but dissolved in propanediol-ethanol reduced
the infectious titer of the virus by 6.0 log,,,
which indicates their high virulicidal effect. NPs
in a propanediol-ethanol solution, irradiated
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with UV for 1-30 min, completely inhibited ad-
enovirus reproduction. NPs in a glycine-water
solution reduced the virus titer by 0.5 log, .. The
control with NPs without irradiation slightly re-
duced the virus titer (by 0.45 log, ). The ability
of NPs to completely inactivate adenovirus was
maintained for 3 h. It was shown for the first
time that the non-enveloped HAdV5 virus can
be efficiently inactivated by UV-induced TiO,
photocatalysis.
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THetutyT Mikpo6ionorii i Bipyconorii im. [I.K. 3a6onoranoro HAH Ykpaiuu,
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O®OTOOVIHAMIYHA OBPOBKA HAHOYACTMHOK IIOKCUITY TUTAHY — 3PYYHMIT METO]]
IHAKTUBALIIl ATIEHOBIPYCY

Cporopai momyk 6esnevHnx croco6iB iHakTuBaril 30yJHNKIB CTa€ 0COONNBO AKTYaIbHIM Y 3B’5I3KY 3 TAH/EMI€I0
KopoHasipycy. CTaHZapTHI METOAM 3 BUKOPUCTAHHAM XJIOPUAIB i yIbTpaghioeTOBOro OnpoMiHEeHHs MAIOTh HEf0-
JIKY, [IOB’sA3aHi 3 IXHbOK TOKCUYHICTIO Ta HU3BKOIO epeKTUBHICTIO poTH 6e3060M0HKOBUX BipyciB. PoTonnHa-
MiyHa iHaKTMBallisA 3a yyacTio HaHouacTNHOK (HY) Bxke BUKOPUCTOBYETHCS A/ 3HE3apa>keHHs BOJM Ta IOBITPs
Bifi MIKpOOpraHisMmiB i BipyciB i3 cymnepo60IOHKO0, TaKMX SIK BIpyC IIPOCTOrO TepIiecy MIOAMHN, BipyC Be3UKYIAp-
HOTO CTOMATUTY, Bipyc iMyHOmedinmty mromuum ta Bipycu rematuty B i C. MeTolo nanoi po6otu 6y1o oniHnTu
MOXK/IMBICTD i1HAKTMBAaLil a/eHOBIPYCy MIOAVHU TUIY 5 B OPraHiYHOMY CEepeOBUIILi 3a JOIIOMOTIOK JiOKCUMLY TH-
TaHy, OIIPOMiHeHOro yibTpadioneroBuM cBiTioM. Merogu. HaHOpo3MipHWIT ZiOKCU TUTaHY OTPUMAHO LIIIXOM
TEpMiYHOTO PO3K/Ia/laHHsA CycreHsii rigparopanoro miokcupy tutany TiO(OH), (meraruranosoi kucnoru). Ha-
novactuaky (HY) TiO, posunmusAnm B mpomaHiion-eTaHoMi Ta I/TillepuH-Bofi. AHanis Mopdosorii HaHOMOPOIIKY
TiO, BuKoHaHo 3a foromorolo ckanywouoi (SEM) ta rpancmicusroi (TEM) enextponnoi mikpockomii. Busnauenns
LIMTOTOKCUYHOI, BipyIillMHOI Ta IPOTUBiPYCHOI Aiii JIOKCUAY TUTAHY IPOBENEHO CTAHAAPTHUMY METOlaMU 3 BU-
KOPUCTAHHAM 3-(4,5-muMeTnTias3on-2-in)-2,5-gudeninrerpasonito 6pominy (MTT). s poToakTuBamii cycreH-
3ito HY ompominioBanu Ha BifcTani 20 cM Bif 6aktepuiugHol YO-nammu (OBB15P, BactoSfera, ITonbia (254 HM))
npotaroM 1-30 xB. [TouarkoBa koHnenTpanis HY s onpominenns cranosumaa 1,0 mr/mi. Ilicns poToakTmBanii
HY o nux opaBany cycreHnsiio aileHoBipycy moguan cepotury 5 is Turpom 6,0 log, TIII /M. Busnavanu Tutp
anieHoBipycy, cuHTe3oBanoro B mpucyTHocti HY TiO,, sa KiHI[eBOI TOUKOW PO3BENEHHS BipyCy, IO CIPUYMHSE
50% pO3BUTKY IUTOMATHYHOI /1il Bipycy Ha kmiTuHnu. Pesymbrarn. [TokasaHo, mo Hanonopomrok TiO, MicTuth MAki
arperary HAHOYaCTMHOK IlepeBakHO po3MipoM 20-30 HM. Busasneno gososanexxuuit Bimms HY Ha )KUTTE3HaTHICTD
kit Hep-2. HY TiO,, BHeceHi B MpomaHIion-eTaHOM, SHIDKYBasM iHeKIiiiHuit TMTp afieHoBipycy Ha 6,0 log,
1[0 CBiJYUTb Mpo iX BuCOKy Bipyninuany miro. HY TiO,y Bogi-rninepuni He Mau BipyminumHoi mii. 3a ofaBaHHA
no azienosipycy HY, doroaktusosanux Y® npotsarom 1-30 XB, BUAB/IEHO 3HIDKEHHS TUTPY Bipycy Ha 4,5-5,0 log .
Taxmit edekr 36epiraBcs e mpoTAroM 3 rop micasa onpoMinenHs HY. @oroakrusosani HY y Bogi-riinepuni He
BIUIMBA/M Ha iHQEKIifHICTb aJleHoBipyCy, MaKCHManbHe 3HIDKeHHs TUTpy craHosuso 0,5 log, . Bucnosku. Bu-
3HAYEHO IIUTOTOKCUYHY, Bipy/TilM/iHy Ta NPOTUBIPYCHY JIif0 ONTUYHO aKTMBOBAaHNX HaHOYAcTUHOK Ti0,. HY manu
HI3bKY TOKCUYHICTD Y KOHIIeHTparlii 0,1 mr/mi. Posunneni B mpomanpion-eranoni HY TiO, sumxysanu indexiit-
HUiT TUTP afieHoBipycCy Ha 6,0 log, , 110 BKasye Ha iX BUCOKY Bipyminmany fito. PoToakTnBoBaHi mporarom 1-30 xs
HY noBHicTI0 iHaKTUBYBa/IM affeHOBIPYC Ta 30epirany 1o 3HaTHICTh MPOTATOM 3 Tof mic/st onpoMiHeHHs. Takum
4IHOM, BIIEpIIe TI0Ka3aHo, o doroxaranis TiO,, ingykoanuit YO-npomeramu, Moxe eheKTUBHO iHAKTUBYBATH
aJIeHOBipYC MOJMHI, 110 HA/IEXXUTDH 710 Ipymu 6e3060710HKOBYX BipyciB. Bcranosmeno, mo doroaktusopanuit TiO,
Mag MPOJIOHTOBAaHy TPOTUBIPYCHY aKTUBHICTb.

Kntouosi cnosa: narouacmunku 0iokcudy mumary, pomoinaxmueauis, adeHosipyc.
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