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Currently, 90 different types of human adenoviruses (HAdV) are known, which have been classified
into seven species from A to G and new adenovirus types continue to emerge. Antigenic diversity of
viruses inhibits the process of creating universal vaccines and causes the development of resistance to
direct-acting antiviral drugs. In addition to the rapid development of drug resistance, too narrow a range
of existing drugs and a significant number of side effects limits the treatment of adenoviral infections.
There is currently no specific etiotropic antiviral drug. Therefore, the development of new effective drugs
and the selection of the optimal drug for the treatment of infections caused by adenoviruses remain
relevant. The aim of the study was to investigate the antiviral properties of the drugs Nazoferon spray
and Nazoferon drops in a model of human adenovirus serotype 3. Methods. Determination of cytotoxicity
and antiviral action of drugs was performed by standard colorimetric method using MTT. The titer of the
virus, synthesized in the presence of drugs was determined by the end point of dilution of the virus, which
causes 50% development of the cytopathic effect of the virus on cells (CPE). Results. Low cytotoxicity of
Nazoferon spray and Nazoferon drops (manufactured by JSC “Farmak”, Ukraine) was shown, CC_ is
53854 IU/ml and 54357 IU/ml, respectively. Quantitative and qualitative composition of excipients had
no cytotoxic effect. In prophylactic regimens, interferon preparations did not inhibit the reproduction of
adenovirus in vitro. Taking into account that most of the virions remain associated with the cells during
the reproduction of adenovirus in the cell, we used test to determine infectivity lysates of infected and
treated cells. The infectious titer of the synthesized HAdV3 was reduced by 3.2 log,, and 3.7 log,, for
Nazoferon spray and drops, respectively. Conclusions. Nazoferon spray and drops can be recommended
as anti-adenoviral drugs that block the reproduction of adenovirus, and due to their bioavailability and
low cost have significant advantages in the treatment of acute respiratory infections (ARIs) caused by
human adenoviruses.
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Acute respiratory viral infections (ARIs) are a
serious public health problem and occupy a leading
position in human infectious diseases. Among the
most common are influenza viruses, adenoviruses,
respiratory syncytial virus, parainfluenza viruses,
rhino- and coronaviruses [1, 2]. The proportion
of adenoviral infection is up to 40 %. By the age
of 5, almost all children have adenoviral infection
at least once [3, 4], it is spread in closed groups:
kindergartens, schools and among servicemen,
known outbreaks of hospital adenoviral infection.
With increasing age, the range of SARS narrows to
three epidemiologically relevant viral infections —
influenza caused by influenza A virus, adenoviral
diseases caused by adenoviruses 3, 4 and 7
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serotypes and rhinovirus infections [5]. Human
adenoviruses 3, 4 and 7 serotypes cause acute
diseases of the upper and lower respiratory tract
and eyes. They are often the cause of severe
conjunctivitis, keratoconjunctivitis, pneumonia,
bronchitis in patients with chronic diseases.
Serotype 3 adenovirus is also associated with
mesenteric adenitis and intestinal intussusception.
In newborns with chronic diseases cardiovascular
and pulmonary systems, adenoviruses can
cause severe, often fatal, multiorgan processes
[6-9]. Along with airborne, fecal-oral, contact
routes of infection are possible. Susceptibility to
adenoviruses is common. They can cause both
sporadic cases and epidemic outbreaks. Affected
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people are able to spread adenoviruses for up to
40 days and be a source of infection for others
[7]. Against the background of infection, chronic
pathology is more often exacerbated and systemic,
allergic and autoimmune diseases, as well as some
types of malignant processes are manifested [8].
Adenoviruses have the ability to latently persist,
while not being recognized by the macroorganism.
This allows them to escape the effects of the
immune system and reactivate under favorable
conditions. Adenoviruses, along with Epstein-Barr
virus (EBV), cytomegalovirus (CMV) and human
herpes virus type 6 are among the most dangerous
agents that can be fatal in immunocompromised
patients [1, 9—11]. Adenovirus infection remains
highly relevant due to circulation throughout the
year [9]. The importance of diseases caused by
adenoviruses in organ transplantation is growing,
when latent viral infection, in the absence of
specific etiotropic drugs, leads to a huge number
of deaths. There is currently no specific etiotropic
antiviral drug [11-13].

The aim of the study was to investigate the
antiviral properties of the drugs Nazoferon spray
and Nazoferon drops on the model of human
adenovirus 3 (HAdV3).

Materials and methods. Culture of Hep-2 cells
of epithelioid origin of human laryngeal carcinoma,
obtained from the collection of the R.E. Kavetsky
Institute of Experimental Pathology, Oncology
and Radiobiology of the National Academy of
Sciences of Ukraine was used in the studies.
Cells were grown in plastic vials (Thermo Fisher
Scientific, USA) in a nutrient medium consisting
of 45 % of DMEM (Sigma, USA), 45 % of RPMI
1640 (Sigma, USA) and 10 % of calf embryo
serum inactivated by heating at 56 °C (Sigma,
USA), antibiotic — 40 pg/ml of gentamicin. The
reference strain of serotype 3 adenovirus (HAdV3)
was obtained from the collection of the Institute
of Influenza of the Russian Academy of Medical
Sciences. The virus was cultured in Hep-2 cells,
stored in aliquots as a suspension of infected cells
in growth medium at -70 °C. A pool of adenovirus
with a titer of 1.6x107 [IFU/ml (inclusion of forming
units/ml) was used.

Drugs: Nazoferon nasal spray 100000 1U/ml,
series 130919, specific activity 111.464 % and
Nazoferon nasal drops 100000 IU/ml, series
100919, specific activity 112.56 % manufactured
by JSC “Farmak”, Ukraine.
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Determination of cytotoxic effects of drugs
was performed by standard colorimetric method
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) [14] as decreasing
of cell metabolic activity. The optical density
of the samples was determined at a wavelength
of 538 nm using a Multiscan FC reader (Ther-
moFisherScientific, USA). The obtained optical
densities of the test sample were compared with the
optical density of cell control without the addition
of drugs, and the formula calculated the percentage
of viable, metabolically active cells under different
concentrations of drugs:

% of viable cells = (A x 100 / B),

where A is the average optical density of test
samples for a given concentration of drugs, B — the
average value of the optical density of cell control
samples. The concentration of drugs that inhibits
cell viability, determinated as metabolic activity,
by 50 % (CC, ) was calculated compared to cell
control.

Determination of antiviral activity of drugs
using MTT analysis (by changes in the metabolism
of infected cells) [15]. The following schemes of
drug administration were used: 1) 24 hours before
infection of cells with the virus, 2) immediately
after adsorption of the virus. After a 1-day of cell
growth in 96-well plates (Sarstedt, Germany), and
formation of 90 % of the monolayer, the growth
medium was removed. According to scheme
1, different concentrations of drugs were used
(200 pl/well), and according to scheme 2 — virus in
volume 50 pl/well, the multiplicity of infection was
determined in advance (multiplicity of infection,
MOI=40-90 IFU/cells). After 24 h of contact
of cells with different concentrations of drugs
(according to scheme 1), the cells were infected
by removing the medium and adding 50 pl/well
of virus. After 2 h of adsorption, the non-adsorbed
virus was removed from all treatment regimens, the
cells were washed with Hanks’ solution (Sigma,
USA) and 200 pl of support medium (scheme 1)
or medium containing preparations in different
concentrations (scheme 2) was added, and plates
were incubated at 37 °C in an atmosphere of 5 %
CO, for 3 days. Next, 20 pl/well of MTT solution
(Sigma, USA) with a concentration of 5 mg/ml was
added to the wells. The plates were incubated at
37 °C in an atmosphere of 5 % CO, for 3 hours,
the solution was removed and 100 pl/well of
96 % ethanol was added. After shaking the plates
for 10 minutes, the optical density in the wells was
determined. The percentage of protection against

ISSN 1028-0987. Mixpobion. ocypn., 2021, T. 83, Ne 2



the virus was calculated by the formula [15]:
(ODexp.) - (ODcv) / (ODcc) - (ODcev) x 100 %,
where: ODexp. — the average value of the

optical density in the wells with the drug,

ODcv — the average value of the optical density

of virus control, ODcc — the average value of the

optical density of cell control. Cytodestruction,
monolayer destruction, and inhibition of cell
metabolism were observed in virus control.

The titer of the virus synthesized in the presence
of drugs was determined by the cytopathic effect
(CPE) of the virus on cells in the end point
of dilution, which causes 50 % cell damage.
Cytodestruction of cells, destruction of the
monolayer and inhibition of cell metabolism were
detected after 5 days of culturing the cells with
the virus. The materials were collected, frozen
three times, thawed, centrifuged for 20 min at
3,000 rpm, the cell pellets were removed, serial
10-fold dilutions of virus-containing material were
prepared, and the Hep-2 cells were infected. After
5 days of culturing the cells, MTT solution was
added to the plates, the optical densities of the
samples were determined and the infectious titer
of the virus was calculated. Dilution of the virus,
which reduces the optical density of the sample
compared to the optical density of cell control by
50 %, is the titer of the virus, and is expressed in
TCD, /ml (tissue cytopathogenic dose of the virus).
The reduction in virus yield in the presence of
drugs was determined by the formula [16]:

% = (titer CV-titer D) / titer CV*100,
where: CV — titer of virus control; D — titer of
the test sample.

Statistical processing of results. All studies
were performed in three experiments; the number
of parallel determinations was 3—4. Mean values,
standard deviation, and mean error were calculated.
Differences in averages were considered significant
at p<0.05. The research results were processed
using Microsoft Office Excel 2010.

Results. The first step in the study of substances
is the assessment of their toxicity to cell culture, so
we studied the cytotoxic effects of Nazoferon spray
and Nazoferon drops in Hep-2 cells. As can be seen
from Figure 1, Nazoferon spray at a concentration
of 100000 IU/ml inhibited cell viability by 71 %,
and Nazoferon drops at a concentration of 100000
IU/ml — by 77%. With decreasing concentration of
drugs, their toxicity decreased significantly. Using
Microsoft Excel and trend lines, CC, values were
determined for Nazoferon spray and Nazoferon
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drops, which were 53854 IU/ml and 54357 1U/ml,
respectively.

In antiviral activity studies, 2 multiple infec-
tions were used — 40 and 90 IFU/cell. It is
shown that under the prophylactic scheme study
(24 hours before infection), the metabolic activity
of the cells did not change compared with the
control of the virus. The effect did not depend on
the concentration of drugs and the multiplicity
of infection (not illustrated). Cytodestruction
and a decrease in the metabolic activity of cells
were observed in the viral control (Fig. 2). No
manifestations of the antiviral action of the drugs
were detected in the prophylactic regimen of drug
administration. In the therapeutic regimen of drug
administration (after the adsorption of the virus on
the cells), less destruction of the cell monolayer
and a decrease in the metabolic activity of cells
were observed.

It is known, that during the reproduction of
adenovirus in the cell, most of the virus remains
associated with the cells. Therefore, we used test
to determine infectivity of infected and treated
cells lysates. To do this, Hep-2 cells were infected
with ten-fold dilutions of lysates of infected cells
(treated and untreated with drugs according to
the treatment regimen) and the titer of the virus
was determined. The drug Nazoferon spray only
at a concentration of 50 000 IU/ml inhibited
the reproduction of adenovirus in Hep-2 cells.
Thirty six percent of living cells were preserved
by diluting the material in 10 times, and 74 %
—in 100 times. While in the control of the virus
for breeding 10 times found 13% of living cells,
100 times — 17%, and 1000 times — 62%. Reducing
the concentration of the Nazoferon spray to
10 000 — 400 IU/ml led to a loss of anti-adenoviral
action. Nazoferon drops inhibited the formation of
adenovirus more effectively. If at a concentration
of 50000 IU/ml the effectiveness of its action
was similar to the effectiveness of the Nazoferon
spray, then when the concentrations decreased, its
effect was maintained, in contrast to the Nazoferon
spray. Using the prediction function of Microsoft
Excel 2010, we calculated the titers of adenovirus
infectivity in the control and in the presence of
different concentrations of drugs (Fig. 3).

The drug Nasoferon spray at a concentration
of 50 000 IU/ml reduced the titer of adenovirus
by 3.2 log,, which indicates its pronounced
anti-adenoviral effect. At a concentration of
10000 IU/ml, it inhibited adenovirus by only
0.6 log,,, and at lower concentrations slightly
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stimulated the reproduction of the virus. Nasoferon  concentrations of 10 000 and 2 000 IU/ml — by
drops at a concentration of 50 000 IU/ml reduced 2.8 log, , and at a concentration of 400 IU/ml —
the infectious titer of the virus by 3.7 log,,, at by 2.7 log . However, Nazoferon spray and

120

122 1\\\\\ - ‘
o T~

The percentage of viable cells
3

1563 3125 6250 12500 25000 50000 100000
Concentration of drugs, IU/ml

nazoferon drops nazoferon spray

Fig. 1. Determination of cytotoxic concentrations of Nazoferon spray and Nazoferon drops

A B

Fig. 2. The monolayer of Hep-2 cells: A) control of untreated cells; B) control of infected cells;
C) infected cells treated with drug Nazoferon spray 50 000 IU/ml; D) infected cells treated
with drug Nazoferon drops 50 000 IU/ml
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Fig. 3. The effect of the studied drugs on infectious titers of de novo synthesized HAdV3

Nazoferon drops have been shown to significantly
reduce the infectivity of the newly synthesized
virus by reducing the virus titer by more than
2 log,,, indicating their pronounced antiadenoviral
activity [18].

Discussion. The problem of treatment of acute
respiratory infections is the limited possibilities
in the treatment of patients with SARS of non-
influenza etiology, primarily the treatment of
adenoviral infections. There is currently no specific
etiotropic drug [12,13,17]. The disadvantage of
existing synthetic antiadenoviral drugs is their
high toxicity, side effects and suppression of the
immune system [1]. Adenovirus vaccines are not
used due to their proven oncogenicity [19]. In
vitro studies on models of different viruses have
shown the antiviral effect of natural interferons,
as well as immunoglobulin G [20]. In this regard,
the use of drugs that activate non-specific immune
response factors and thus increase the body’s
overall resistance may be appropriate for the
treatment and prevention of SARS [20-22]. Drugs
with immunomodulatory and so-called secondary
antiviral action are widely studied [2, 7, 23-27].
The modern pharmaceutical market has dozens
of dosage forms of interferons (IFN). In clinical
practice, two main types of human IFN are used:
type 1 — IFN-a and B and type 2 — IFN-y. The
action of IFN is due to blocking the translation
of viral mRNA by IFN-induced enzymes
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oligoadenylate synthetase, protein kinases and
latent endonucleases. As a result, the translation
of viral proteins is stopped and the reproduction of
viruses is suppressed. This mechanism is universal
and is implemented in many viral infections, which
explains the wide range of clinical applications of
IFN [7, 25]. At the same time, there is a rather
ambiguous assessment of the effect of natural
interferons on the reproduction of adenoviruses.
There are data on their resistance to alpha and
beta interferons [26]. This is due to the synthesis
of low molecular weight virus-associated RNA
type I or the product of the early E1A gene of
adenovirus, which inhibit IFN-induced kinase
and interrupt the action of IFN [26, 27]. In the
mid-1980s, pure homogeneous recombinant
interferon alfa-2b (second-generation drugs),
identical to natural interferon, was obtained by
genetic engineering. Studies conducted in recent
years confirm the effectiveness of recombinant
interferon in the prevention and treatment of
influenza and other respiratory infections of
viral etiology [28-33]. The biological action of
interferon alpha is characterized by universality
and high activity against many DNA and RNA
viruses, it is low toxic, hypoallergenic, it has
no addictive effects. Today, various forms of
interferon are available: oral, injectable, intranasal,
etc. Analysis of the literature proves the feasibility
of intranasal use of drugs. Nasal forms of IFN are
available as a ready-to-use solution in a dropper
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or spray bottle, so the drugs are easy to use
and have prospects for effective use in clinical
practice [30-32].

Our results on the effect of Nazoferon (alpha-2-
b-recombinant human interferon) on the infectivity
of adenovirus suggest that the drug inhibits the
synthesis of viral proteins, possibly late, does not
interfere with the manifestations of viral cytopathic
action. The use of interferon o-2b inhibits the
synthesis of viral RNA and DNA due to inhibition
of transcription and translation processes, activation
of ribonuclease, which damages the matrix RNA of
the virus and prevents the penetration of the virus
into the cell [30, 33]. The study of the infectivity of
cell lysates, comparing the titers of the virus in the
control and experiment, revealed a high antiviral
effect of Nazoferon. The results of our study were
confirmed in a publication in which the authors
claim that interferon alpha does not directly block
the interaction of viruses with cells, but affects their
reproduction in the cell [33].

Thus, we show:

* Low cytotoxicity of Nazoferon spray
and drops (manufactured by JSC “Farmak”,
Ukraine), CC, is 53 854 TU/ml and 54 357 IU/ml,
respectively. Toxicity of Nazoferon spray and
drops at a concentration of 100 000 IU/ml may
be due to the presence of excipients: trometamol,
trometamol hydrochloride, hypromellose, disodium
edetate, lysine hydrochloride, potassium chloride
and methyl parahydroxybenzoate (E 218), which
are part of the preparation.

* In prophylactic regimens, interferon prepa-
rations did not inhibit the reproduction of
adenovirus in vitro.

* According to the therapeutic regimen of drugs
administration (after adsorption of the virus on
cells), slightly less destruction of the cell monolayer
and metabolic activity of cells was observed.

* The study of the effect of drugs on infectious
titers of synthesized de novo HAdV3 revealed
that at a concentration of 50 000 [U/ml Nazoferon
spray and drops reduced the infectious titer of the
virus by 3.2 log , and 3.7 log,, respectively. The
drug Nasoferon drops at concentrations of 10 000—
400 TU/ml reduced the virus titer by 2.7 log .

» Differences in the antiviral activity of
Nazoferon drops and spray, in our opinion, are
associated with rosemary series of alpha-2b
interferons with different specific activity used in
the manufacture of drugs. The specific activity of
interferons according to the requirements of AND
can be from 80 % to 125 %.
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Conclusions. Nazoferon spray and drops can
be recommended as anti-adenoviral drugs that
block the reproduction of adenovirus, and due to
their bioavailability and low cost have significant
advantages in the treatment of ARI caused by
human adenoviruses.
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Pesrome

T'ocTpi pecmiparopHi BipycHi ingexmii (I'PBI) €
CEpHO3HOI0 TTPOOIEMOI0 OXOPOHH 37I0POB’ST ¥ BCHO-
MYy CBITI Ta 3ai{MarOTh MPOBIIHE MICIIE B THPEKITIHHIH
rarosiorii moanHu. Cepeln HAaUOUIBII MOMIUPEHUX —
BipyCH TIpuIly, aJIleHOBIPYCH, pECIipaTOPHO-CUHIUTI-
aNbHUH Bipyc, BIpyCH Maparpuiy, puHO- Ta KOpOHa-
Bipycu. YacTka aseHoBipycHO iH(EKIlii CTAHOBUTH
1o 40 %. Ha croroani Bimomo 90 pi3HHX THUIIB aje-
HoBipyciB monuau (HAAV), siki Oynu kinacugikoBaHi
Ha ciM BHIIB BiJ A 10 G, 1 HOBI THUIIH aJICHOBIPYCY
MIPOIOBXKYIOTh 3’ ABJISITUCSA. AHTUTEHHE PI3HOMAHITTS
aJICHOBIPYCIB raJbMy€ MPOIEC CTBOPECHHS YHIBEp-
CaJIbHUX BaKIIMH 1 BUKIIMKAE PO3BUTOK CTIHKOCTI 110
MPOTHUBIPYCHUX TIpenapartiB mpsaMoi aiil. Kpim msua-
KOTO PO3BHUTKY PE3UCTEHTHOCTI JI0 JTIKAPCHKUX 3aC0-
01B, JIIKyBaHHS aJIeHOBIPYyCHUX 1H(EKLI 0OMEKYETb-
Csl 3aHA/ITO BY3bKHUM KOJIOM ICHYIOUHMX IIperapariB Ta
3HAYHOIO KUIBKICTIO MOOIYHUX eekTiB. B nanuii gac
HeMae Crenu@igyHOro eTioTPOMHOrO MPOTHBIPYCHO-
ro npenapary. Tomy po3poOka HOBUX €(HEKTHBHHUX
MpernapariB Ta Mmig0ip ONTUMAIBLHOTO TIpenapaTy s
JikyBaHHS 1H(DEKIiH, BUKIMKAHUX aJIeHOBIpyCaMu,
3QJIMIIAIOTHCS aKTyalbHUMU. MeTO J0CIiKEHHS
Oy710 BUBUMTH NPOTHUBIPYCHI BIACTUBOCTI IMpema-
paris Hazodepon cmupeit Ta Hazodepon kpami Ha
MOJIeNl aJCHOBIPYCY JIFOAMHU 3 cepoTuity. MeTomu.
Bu3HayeHHST IUTOTOKCUYHOCTI Ta TPOTUBIPYCHOI [T
JIKapChKUX 3ac00iB MPOBOAMIM CTAHIAPTHUM KO-

ISSN 1028-0987. Mixpobion. ocypn., 2021, T. 83, Ne 2



JIOPUMETPUYHUM METOJIOM 3 BHUKOpHcTaHHSIM MTT
(3a MOPIBHAHHAM MeTaboIIuYHOT aKTUBHOCTI KIIITHH
3a MPUCYTHOCTI MpernapaTiB Ta KOHTPOJIB KIIITHH 1
Bipycy). BuBYa M NUTOTOKCHYHY Jif0 MpernapariB
Hazodepon crpeit, Hazodepon kpamii B KIITHHAX
Hep-2. Jns mocnipkeHHS MPOTHBIPYCHOT Ail Oynn
BUKOPHUCTAaHI 2 CXeMH BBEJIEHHS JIIKapChbKHUX 3aCO0iB:
3a 24 TOAMHM 10 3apa)KeHHS KJIITHH BipyCOM Ta Bij-
pasy micns agcopouii Bipycy. Tutp Bipycy, cuareso-
BaHMH y IPUCYTHOCTI JIIKapCHKHUX MPETapaTiB, BU3HA-
YaBCs 3a KIHIICBOIO TOYKOI PO3BEJICHHS BIPYCY, IO
cupuuaussie 50 % pO3BUTOK MUTOMATUYHOI il BipyCy
Ha xiituau (LITMT). Yei qocmimkeHHs TPOBOAMIN B
3-X MOBTOpax, KiNbKiCTh MapayieNbHUX BU3HAYEHD
cranoBwia 3—4. Po3paxoByBanu cepe/iHi 3HAYCHHS,
CTaHJapTHE BiIXHIICHHS, TOXUOKY CepeaHbOI BEJIU-
9UHU. BIIMIHHOCTI CepellHiX MOKa3HUKIB BBaXKaJIH
noctoBipaumu mpu P<0,05. O0poOKy pe3ynbraTiB
JIOCIIJIKEHb MPOBOAMIIN 3 BUKOPUCTAHHSIM MpoOrpa-
mu Microsoft Office Excel 2010. Pe3yabraru. Ilo-
Ka3aHO HU3bKY IIMTOTOKCUYHY Jito cripero Hazode-
pony Ta kpamnens Hazodepony (Bupobnunirea BAT
«®apmakx», Ykpaina), CC,  cranosuts 53854 MO/
M Ta 54357 MO/mit BianoBinHO. 3a mpogigakTHy-
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