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OnbITHas CTaHUMA NeKapCTBEeHHbIX pacTeHuit UHcTUTyTa arpoakonorum n npupogonons3osaHna HAAHY, NMonTtaBckasa o6n, YkpauHa

BbIAABINIEHUE BO3BYOAUTENA BUPYCHOIO 3ABOJNNIEBAHUA Y PACTEHUN BY3UHbI YEPHOU
Bnepebie 8 YkpauHe ebisiga/ieHO supycHoe 3abonesaHue pacmeHuli 6y3uHbl YepHol (Sambucus nigra L.). UccnedoeaHa cumnmomamuka 6orne-
3HU u Mopghonozus supyca. basupysicb Ha OaHHbIX Hay4HOU slumepamypsbl, NMPosedeH CKPUHUH2 8UPYCO8, KOMOopbIle MO2ym fnopaxamb 6y3uHy e
YKpauHe. AHmu2eHoe amux eupycoe & pacmeHusix 6y3uHbl ¢ CUMIIMOMaMUu 8UPYCHO20 3ab0s1e8aHuUsl He 8bIsI8/IEHO.
Kntodesnbie cnosa: 6y3uHa, Sambucus spp., eupycHbie 60/1e3HU.
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ANTIVIRAL AND IMMUNOSTIMULATORY POTENTIAL
OF FLUORINE CONTAINING TRIAZOLES

The problem of finding effective antiviral drugs caused high morbidity and wide spread of viral infections. The purpose of this
study was to investigate of antyherpetic activity fluorinated nucleoside G8 and G9 compounds (2-N-substituted-4-tosyl-5-
polyfluoroalkyl-1,2,3-triazole) in in vivo models and determine their immunomodulatory potential. Shown significant inhibition of
virus reproduction under the influence of the compounds at concentrations of 0.4 and 0.5 mg/kg, which was more effective of
acyclovir. Protection ratio amounted to 80%. Increasing level of IFN-y and IL-2 in serum of animals, indicated available immuno-
modulatory effect fluorinated nucleoside compounds. Our studies indicated that there is antiherpetic, immunomodulatory activity

of fluorine containing triazole and there is need to in-depth study of the mechanisms of this process.
Knroyoenle cnoea: HSV-1, fluorinated nucleoside, antiherpetic activity.

Introduction. Herpes simplex virus type 1 (HSV-1) is
member of the Alphaherpesvirinae subfamily within the
Herpesviridae virus family [1]. HSV-1 is a common infection
in developed countries where rates of seropositivity usually
exceed 50%. In both humans and experimental animals,
primary infection of skin or mucosa results in the local rep-
lication of virus, infection of sensory nerve ending, and
spread via retrograde axonal transport to the ganglia of the
peripheral nervous system (PNS) where a productive infec-
tion of neurons ensues. Although infectious virus is even-
tually cleared, a latent infection is established in neurons of
the PNS ganglia [1,2]. In humans, HSV-1 is a common
cause of sporadic viral encephalitis with mortality rates
reaching 20-30% despite treatment [2]. Also the virus plays
an important role in human infectious pathology, causing
diseases such as keratoconjunctivitis, stomato gingivitis,
congenital herpes and others [2].

The problem of finding effective antiviral drugs caused
high morbidity and wide spread of viral infections accom-
panied by the development of protracted and chronic forms
of severe consequences. In clinical practice for treating
these diseases most frequently use nucleosides, modified
in heterocyclic, phosphate or carbohydrate fragment of the
molecule. Today discovered many anti-herpetic drugs.
However, acyclovir and other acyclic nucleosides in it is
purpose and mechanism of action inhibit only those her-
pesvirus actively replicate, so the virus will prevent a latent
state, is one of the problems of treatment of HSV-1. Anoth-
er issue that complicates treatment herpesvirus is the de-
velopment of viral resistance to abnormal nucleosides.
There are many compounds are promising system in vitro,
but only a few remain active in vivo.

In response to a viral infection in the body is activation
of cytokines that modulate the overall immune response. In
this regard, one of the methods of treatment of viral infec-
tions is the use of various drugs — interferon inducers that
stimulate the production of interferon in the body, providing
thus strengthening antiviral response [3, 4].Interferon-
gamma (IFN-y) is a cytokine that plays physiologically im-
portant roles in promoting innate and adaptive immune

responses. The absence of IFN-y production or cellular
responsiveness in humans and experimental animals sig-
nificantly predisposes the host to viral infection, a result
that validates the physiologic importance of this cytokine in
preventing infectious disease [4]. Recently, an additional
role for IFN-y in preventing development of primary and
transplanted tumors has been identified. Focusing on the
data implicating IFN gamma as a critical immune system
component that regulates antiviral immune response is im-
portant question for research [4, 6, 7]. Interleukin (IL)-4 and
IL-2 are lymphokines synthesized primarily by activated T
helper lymphocytes, and both are important regulators for
development of T helper subsets (Th1-like vs. Th2-like) [8,
9]. Th1 cells are involved in cellular immunity (delayed type
hypersensitivity and cellular cytotoxicity) and produce IL-2,
tumor necrosis factor (TNF)-B, and IFN-y. Th2 cells are in-
volved in humoral (antibody-mediated) immunity and pro-
duce IL-4, IL-5 and IL-10 [10]. II-4 is an important regulator of
isotype switching, inducing IgE production in B lymphocytes
and can exhibit anti-inflammatory effects [10, 11, 12]. -2 is
important for invitro growth of cytotoxic T cell (CTL) lines and
can enhance NK cell and B cell responses [13, 14]. The IFN-
y production is the most rapid reaction in response to a virus
infecting cells, as determined immunomodulatory potential
nucleoside compounds at the level of IFN-y and two pro-
and anti-inflammatory cytokine IL-2 and IL-4 [15].

The purpose of this study was to investigate of anty-
herpetic activity fluorinated nucleoside G8 and G9 com-
pounds (2-N-substituted-4-tosyl-5-polyfluoroalkyl-1,2,3-
triazole) in in vivo models and determine their immuno-
modulatory potential.

Materials and methods. Herpes simplex virus type 1
(HSV-1, strain US1), obtained from the Institute of antiviral
chemotherapy, The Center for Clinical and Theoretical
Medicine (Germany). The compounds under study were
G8 and G9 (they are the 2-N-substituted-4-tosyl-5-
polyftoralkyl-1,2,3-triazoles). They were provided by the
Institute of Organic Chemistry of Ukraine. The substance of
acyclovir was used as a reference compound. Their struc-
tural formulas are given on table 1.
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Table 1. Structure of studied compounds
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Animals. Inbread mice (3—4 weeks old) were obtained
from vivarium of D.K. Zabolotny institute of microbiology
and virology NAS of Ukraine. Animals were maintained
under protocols approved by the Institutional Animal Use
and Care Committee. Mice were inoculated with HSV by
intracerebral inoculationwith 1,5-10% PFU HSV-1, which is
a 50% lethal dose for mice. Acyclovir (ACV) at 0,1 pg/kg of
body weight and G8 and G9 at 1 pug/kg of body weight as a
control were administered by intraperitoneal injection.

Cytokines. Levels of cytokines were determined in
blood serum and by isolating splenocytes using the "Pro
immuno" protocol for preparation of murine splenocyte (BD
Biosciences). The level of IFN-y, IL-2 and IL-4 was inves-

tigated. The levels of cytokines were detected by using
"Mouse INF-y ELISA kit", "Mouse IL-2 ELISA kit", "Mouse
IL-4 ELISA kit" (Thermo Scientific, USA).

Statistical analysis.Protective parameters and levels
of cytokines were analyzed by Microsoft Excel. Results
were considered statistically significant at p < 0.05.

Results and discussion. Previously at the system in
vitro was determined cytotoxicity level and antiviral activity
of the compounds. Cytotoxic concentration (CCso), which
was 887 and 990, effective concentration (ECso0) 50 and 7,6
pg/ml, was shown, respectively (table 2). Selective index of
compounds G8 and G9 is 18 and 130.

Table 2. Cytotoxicity and antiviral activity of fluorinated nucleoside in in vitro system

Code The structural formula Mol. The cytotoxicity The effective concentration IS
mass of compounds concentration (CCs), ug/ml (ECs0) pg/ml
Ts
=N
G8 FsC \N,N 0, 395.78 887 50 18
o™
Ts
=N
G9 CaFrNy-Na -0 495.81 990 7,6 130
a

In vivo studies conducted fluorinated compounds on
white outbred mice weighing 16-18 gram. The paper had
12 groups of 10 mice each. Animals were injected 30 ml
intracerebral of virus, LDso which was 1.5 * 103 PFU. The
compounds were administered intraperitoneally at 200 ml,
3 concentrations, G8 — 40, 100 and 500 ug/ml, and G9 for
50, 100 and 500 pg/ml. As a reviewer of the drug was used
acyclovir in concentrations of 10 pg/ml.

The dynamics of animal deaths were recorded daily for
21 days. In the control group, virus death of the animals
took place on 4, 6, 10 and 14 days.

After analyzing the results, were identified 50% of the
death of animals in the control group of HSV-1. In version 8
compounds at concentrations of 500 and 100 pg/ml rec-
orded 10% and 20% of animals deaths (table 2).

Table 2. Analysis of animal deaths in the experimental group

Groups of experimental The Amount of Animals death Protection Effectiveness
animals dose, ml mice Amount % factor Index
Controlof
HSV-1 0,2 10 5 50 - -
ControlG8,
100ug/ml 0,2 10 0 0 - -
G8, 40ug/ml 0,2 10 0 0 - -
G8, 100ug/ml 0,2 10 2 20 2,5 60
G8, 500ug/ml 0,2 10 1 10 - -
ControlG9, 100ug/ml 0,2 10 0 0 - -
G9, 50ug/ml 0,2 10 0 0 - -
G9, 100ug/ml 0,2 10 1 10 5 80
G9, 500ug/ml 0,2 10 0 0 -
Acyclovir, 10pug/ml 0,2 10 0 0

The percentage of deaths of animals in the group G9 at
a concentration of 100 pg/ml indicates high efficiency pro-
tection compound. Based on experimental data was de-
termined protection ratio and the index of efficiency of the
studied compounds. Effectiveness index amounted to 60%
and 80% for G8 and G9 compouds, respectively. Our stud-
ies indicated that there is antiherpetic activity of fluorine

containing triazole and there is need to in-depth study of
the mechanisms of this process.

Previous studies had shown triazole derivatives of anti-
viral properties, but the impact of these compounds on the
launch of major cytokine synthesis is still unknown. There-
fore, was conducted a comparative study of production of
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proinflammatory cytokines, activators of cellular immunity:
IL-2 and IFN-y and their antagonist IL-4.

The level of IFN and IL-2 was investigated in the
blood serum of animals 14 days. In all experimental

groups observed a significant increase in the level of IFN
compared with the control virus. By adding the compound
G9 indicators of interferon were increased with increasing
concentration (fig.1).
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Fig. 1. The levels of interferon y and interleukin-2 in the blood serum of experimental animals were determined

Interferon gamma suppresses viral replication in cells,
my immunomodulatory properties. High levels INF com-
pounds in samples from G8 and G9, may indicate im-
munostimulatory properties of the compound.

In the study of experimental data on levels of IL-2 was
set pretty low. In the control group, HSV-1 levels of IL-2
was 17,8 pg/ml, while in other groups (G8 /1-3, G9/1-2,
acyclovir) index were lower than control.Such data can be

explained by one of the functions of IL-2 is to stimulate
immune cells such as cytotoxic lymphocytes (for example,
fast action in the early days of infection). Since the samples
were selected on day 14, the level of IL-2 decreased in the
groups of compounds. As a control virus observed high
levels of IL-2, indicating that the active development of viral
infection of inflammation (fig. 2).
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Fig. 2. Studying the levels of interferon y and interleukin 2 secreted by isolated splenocytes

It was also determined activity of interferon producing
by isolated splenocytes of mice under the influence of the
studied compounds in vivo. Compared with controls, the
compound G9 caused increased production INFy, indicat-
ing that the interferon-inducing potential.

In the study of IL-2 secreted isolated splenocytes ob-
served a significant increase in both compounds (G8, G9),
as the level of IL-2 significantly higher than the control.

The data point to a slight activation of IL-4 isolated
splenocytes, but this activation was not significant com-
pared to the control. However, when examined serum of
infected and control animals was detected slightly lower
rates of IL-4 (fig. 3).
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Fig. 3. Determining the level of interleukin-4 in the blood serum of animals and secreted by isolated splenocytes.

Thus, the compounds do not activate the production of
IL-4. In turn, this cytokine enhances the proliferation and
differentiation of B-lymphocytes, that contributes to the
development of humoral immune response. Thus, the ef-
fect of these compounds is not directed at the development
of humoral immune response.

In general, control of infection against viruses is linked
to the induction of a Th1 response, while protection against
extracellular pathogens correlates with a Th2 response
[13]. IL-2 is a cytokine that exhibits an impressive number
of different functions largely dictated by the biological con-
text in which it operates. It is pivotal for cellular activation,
important for primary T-cell responses and essential for
secondary T-cell responses. Although, IL-2 specifically
promotes T-cell activation and proliferation of only those
cells that have been stimulated by cognate antigenic inter-
action, downregulation of T-cell responses occurs non-
specifically by facilitating a separate population T cell [10].
IL-4 induces the expression of class Il major histocompati-
bility complex (MHC) molecules on macrophages and den-
dritic cells. IL-4 is a well-documented mediator of Th2 cell
commitment, and induces Ig class switching to the Th2-
associated isotypes IgG and IgE. However, IL-4 can exhibit
anti-inflammatory effects, including suppression of macro-
phage function such as IL-1 and TNF production [12].

Also, the IFN-y antiviral defense mechanism that occurs
very early during the course of infection interferes both with
the early steps of virus invasion and replication, and with the
control of persistent infection. IFN- y has immunomodulatory
effects on T cells, macrophages, NK and B cells [5].

Analyzed data of the levels of cytokines indicate that
significant immunostimulatory potential of the investigated
compounds were determined. It is shown that the G8 and
G9 affect at IFN-y and IL-2, ie on the cellular immunity.
Investigated that the compounds did not affect IL-4, ie on
the humoral immunity. Our studies include compounds
G8 and G9 to a relatively perspective antiviralsHSV-1
with immunomodulatory potential and can be used in fur-
ther research.

Conclusions. The research activity anti-herpetic fluori-
nated nucleoside compounds in model in vivo were estab-
lished. The models of HSV-1 herpes meningoencephalitis
stimulated mice show antiviral activity of the compounds
in minimally investigated concentrations of 0,4 and 0,5
mg/kg, they significantly inhibited the reproduction of the
virus. Showing raising INFy in the blood serum of animals
when administered the compounds HSV-1 infected mice,
which causes additional antiviral protection of animals.

Increasing level of IFN-y and IL-2 in serum of animals,
indicated available immunomodulatory effect fluorinated
nucleoside compounds. The results suggest the presence
antiherpetic, immunomodulatory activity of fluorine con-
taining triazole and the need for in-depth study of the
mechanisms of this process.
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AHTUBIPYCHUU TA IMYHOCTUMYNIOOYUUN NOTEHUIAINT ®TOPBMICHUX TPUA3O0IIB

IMpo6nema nowykKy egheKmueHuUXx NPoOoMueipycHuUX npenapamie 3yMoesieHa 8UCOKOIO 3aX80PI8aHICMIO i WUPOKUM pPO3M08CIOOXXEHHS 8ipyCHUX
iHgpekyiti. Memotro npedcmaeneHoi po6omu 6yno docnidumu aHmueaeprnemuyHy akmueHicmb ¢hmoposaHux Hykneo3udHux crnonyk G8 ma G9
(2-N-3amiuwjeHi-4-mo3un-5-nonigpmopankin-1,2,3-mpua3sonu) Ha modeni invivo maeusHadyumu ix imyHomodynroroyuli nomeHyian.llokazaHo 3HaYyHe
iHeibyesaHHs1 penpodykuyii eipycy nio dieto docnidxysaHux crnonyk 8 KoHUeHmpayisix 0,4 ma 0,5 ma/ke, wjo 6yno e pasu egpekmusHiwe Jii ayukmnosi-
py. KoegbiyieHm 3axucmy cmaHosue 80%. BcmaHoeneHo 36inbweHHs1 pieHsi IH®y ma I/1-2 @ cupoeamuyi kpoei, ujo ekasye Ha HasieHull iMyHoMody-
noroYuli egpekm gpmoposaHux Hykeo3udHux crionyk. llpoeedeHi docnidxeHHs1 Ao380sA0Mb cmMeepoKyeamu Mpo Hasi8HiICMb aHmMuaepnemuyYyHoi,
iMHocmumynoro4oi dif pmopemicmHux mpua3sosnie ma Heob6xiOHicmb no2ub1eHo20 suU8YEeHHsI MexaHi3aMmie 0aHO20 npoyecy.

Knroyoei cnioea: HSV-1, ¢pmopoeaHi Hykneo3udHi cnonyku, anmuzeprnemuyHa akmueHicmes.

K. HaymeHko, ctya., A. FlonoBaHb, kaHA. 6uon. Hayk, . BapaHoBa, Bea. uHx., C. 3agopoxHas, kaHa. 6uon. Hayk, 0. LLlepmonoBuy, A-p 6uon. Hayk
WUHcTuTyT Mukpobuonorumn u supyconorumn um. [1.K. 3a6onotHoro HAH YkpauHsi, Kues, YkpauHa

AHTUBUPYCHbIA U UMMYHOCTUMYJTTUPYIOLLEE NMOTEHLMAN ®TOPCOOEPXALLUX TPUA30JIOB

lMpobnema noucka aghghekmuegHbIX MPOMUEBOBUPYCHbLIX NMperapamos obycrioesieHa 8bICOKOL 3aboile8aeMOCMbI0 U WUPOKUM pacrnpocmpaHe-
HU3M eupycHbIx uHgekyul. Llenbto npedcmaeneHHol pabomsbl 6bi510 uccsiedoeams aHmMuz2eprnemuYyeckue akmueHoCcCmu ¢hmopupo8aHHbIX HyKile-
03UOHbIX coeduHeHul G8 u G9 (2-N-3amew,eHbl-4-mo3un-5-nonugpmopankun-1,2,3-mpua3sona) Ha modenu invivo u onpedenums Ux UMMYyHOMOOY-
nupyrowuli nomeHyuan. lokazaHo 3Ha4umesnbHoe uHaubupoeaHue penpodykyuu supyca nod delicmeuem uccriedyemMbix coeOUHeHUl 8 KOHUeHm-
payusix 0,4 u 0,5 ma/k2, ymo 6bin10 8 pa3bl ahghekmusHee delicmeusi ayuknosupa. KoaghgpuyueHm 3auwyumsl cocmaensin 80%. YcmaHoesnieHo yae-
nuyeHue yposHsi UPHy u UJ1-2 e cbieopomke Kpoeu, Ymo yKa3bieaem Ha uMerowjulicss uMMyHomModynupyrowuli 3ghghekm gpmopupoeaHHbIX HyKIe-
03UOHbIX coeduHeHul. [MpoeedeHHbIe uccriedoeaHusi No3eosisilom ymeepx0amb O Hanuyuu aHmueeprnemuyeckue, UMHOCMUMYyor4You Oel-
cmeusi pmopeMuCmMHUX Mpua3osioe U Heob6xo0uMocms yas1y6/1eHHO20 U3y4eHust MexaHu3mMoe OaHHO20 npoyecca.

Knroyeenie cnoea: HSV-1, pmopupoeaHHbie Hykneo3udHble coeQUHeHUsl, aHmuaepriemuyeckasi akKmueHocmab.
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GENETIC CHARACTERIZATION
OF INFECTIOUS BURSAL DISEASE VIRUS ISOLATES IN UKRAINE

The objective of the investigation was to characterize infectious bursal disease viruses (IBDV) circulating in commercial poul-
try farms in Ukraine between 2014 and 2016. IBDV genetic material was amplified directly from bursa. The nucleotide sequence
for VP2 hypervariable region of 16 IBDVs were determined by RT-PCR method, sequenced and compared to well characterised
IBDV isolates worldwide. Neighbor-joining method was used for phylogenetic analyses. In result of the studyUkrainian IBDVs
represented two genetic lineages: very virulent (vv) IBDVs and classical IBDV closely related to attenuated vaccine stains. The
nucleotide identity among UkrainianvviBDVs ranged between 87.2% and 99,8%. Ukrainian vvIBDV strains clustered together with
very virulent strains from other counties like: United Kingdom, Egypt, China, Netherlands and Spain. In conclusion this report
demonstrates the circulation of vviBDV in commercial poultry farms in Ukraine.

Keywords: Infectious bursal disease virus, vviBDV, VP2, RT-PCR, sequencing, phylogenetic analyses.

Introduction
Infectious bursal disease virus (IBDV) belongs to the
Birnaviridae family Avibirnavirus genus. It has a non-

[2, 5]. Serotype 1 IBDVisolates comprise the variant, clas-
sical virulent (cvIBDV) and very virulent (vvIBDV) strains,
which greatlydiffer in their pathogenicity to chick-

enveloped, icosahedral capsid. Viral genome consists of
two segments of double-stranded RNA. Virus replicates in
immature IgM+ B-cells residing in the bursa of Fabricius of
young chickens and causes infectious bursal disease or
Gumboro disease. Two serotypes of the virus have been
described. Serotype 1 IBDV strains arepathogenic to
chickens, whereasserotype 2 strains are non-pathogenic

ens.VvIBDV strains were detected in Europe in 1986 and
caused 70% mortality in susceptible chickens. These
strains still cause great economical impact in poultry indus-
try worldwide [3]. VvIBDV strains have been characterized
in many countries, but there were no publications about
these strains in Ukraine.
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