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W3ydeH ypoBeHb OSKCIIPECCHH IPOTHBOBOCHAIHUTENbHBIX HUTOKHHOB NF-kB, IL-6, INF-y,
Caspasa-3, Fc y Kyp B JIErKHX ¥ KMIIEYHHUKE IIPY MOJCIUPOBAHUHN HHPEKIIMOHHOTO OpoHxuTa. [yis
MOJIETUPOBAHNST KOPOHABUPYCHON MHEBMOHHUH BaKIIMHY BBOIMJIM MHAWBHAYyalbHO, 10 103 Ha ro-
JIOBY miepopaibHO. L{pimsTam 1-if onbITHON rpymHmbl CKapMiIMBaiu npenapart JIromanie B pacuere
3 Kr/T KOpMa, 2-# onbITHOH — npenapar [muesup B pacuere 200 mkr/0,3 M Ha ronosy. L{pimuisara
KOHTPOJILHOM TPYIIBI IpenapaTsl HE MOMydyand. BeISBIEHO, 4TO MPOTHUBOBUPYCHBIE MpenapaTsl B
OMBITHBIX TPyIIax MOJABISUIN Pa3pylIEHUE YIUTEINAIBHBIX KIETOK B KHIIEYHUKE. DTO HE BCEraa
MOJKET CBUETEIBCTBOBATh O MO3UTHBHOM XapaKTepe, MOCKONBKY B CIy4ae aronTo3a MPOUCXOIUT
paspylIeHre He TOIBKO MOPaKEHHBIX BUPYCHBIMH YaCTHIIAMHU KJIETOK KUIIEYHHUKA, HO U 37I0POBBIX.
OTMEUEHO CHM)KEHHE KOJIMYECTBA aKTHBHBIX MaKpO(aroB B KUIIEUYHUKE OMBITHBIX TPYIII OTHOCH-
TEJILHO KOHTPOJIbHOM. KonmuecTBo BbpabaThiBaeMOro HHTEpEpOHa TakKe HAXOIUIOCh HIKE KOH-
TPOJIS, YTO CBHJICTEILCTBYET O MOHMKEHHOW aKTMBHOCTH MMMYHHOH CHCTeMbl. BrisiBieHa Oojee
BBICOKAs IIPOBOCNIATNTENbHASI AKTUBHOCTD B PECIIUPATOPHON CUCTEME LIBIIUIAT IPU HCIIOIb30BaHUH
I'mumeBupa. OHa 3akIr09aeTCs B IOBBIIIICHHOM YPOBHE 3KcTpeccnu TeHoB 1L-6, maTepdepona-ram-
Mma, perienrtopa Mmakpodaros xk Fc pparmentam anturen, ¢akropa perymssmun Bocnanienns NF-kB B
CpaBHEHUH ¢ npenaparoM JlromaHIe, o0agaroIuM MPOTHBOBOCHIATUTEIBHON aKTUBHOCTHIO, HO U
B CPAaBHEHUU C LBIIIATAMU KOHTPOJIBHON TPYIIIBI, HE MOJIBEpraBIInXcs JeueHuto. CrienaH BIBOJ O
BO3MO)KHOCTH ITPOTHO3UPOBAHMSI PUCKA PA3BUTHS 000CTPEHNUS HHPEKIIMOHHOTO MPoLecca B JIETKUX
Ha (hOHE JIOKATBHOTO CHI)KEHHSI BUPYCHOMN Harpy3Ku B KulieuHuKe. Heo0Xonum KOMIIEKCHBIN 1OJ1-
XOJ U Tepaluy KOPOHABUPYCHBIX MH(EKINH, BKIIOUAIOIINI WIN IPOTUBOBUPYCHBIE IPENaparhl
CHUCTEMHOTO JeHCTBHS, WIK IPOTHBOBOCTIAINTEIILHBIE CPECTBA.
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The level of expression of anti-inflammatory cytokines NF-kB, IL-6, IFN-y, Caspasa-3, FC in
chickens in the lungs and intestines during the modeling of infectious bronchitis in chickens was
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studied. To simulate coronavirus pneumonia, the vaccine was administered individually, 10 doses
per head orally. The chickens of the 1st experimental group were fed with the Lyumantse preparation
at the rate of 3 kg / t of feed, the 2nd experimental group received the Glitsevir drug at the rate of
200 pg/ 0.3 ml per head. The chickens of the control group did not receive the preparations. It was
revealed that antiviral drugs in the experimental groups suppressed the destruction of epithelial
cells in the intestine. This may not always be an indication of a positive character, as in the case
of apoptosis, not only the intestinal cells affected by the virus particles but also healthy cells are
destroyed. There was a decrease in the number of active macrophages in the intestines of the
experimental groups relative to the control. The amount of interferon produced was also below the
control, which indicates a decreased activity of the immune system. A higher pro-inflammatory
activity in the respiratory system of chickens was detected when Glicevir was used. It consists of
increased expression of IL-6, interferon-gamma, macrophage receptor to Fc antibody fragments
and inflammatory regulatory factor NF-kB genes compared to Lumantse with anti-inflammatory
activity, but also compared to untreated control group chickens. It is concluded that it is possible to
predict the risk of an exacerbation of an infectious process in the lungs against the background of a
local decrease in the viral load in the intestine. An integrated approach is needed in the treatment of
coronavirus infections, including either systemic antiviral drugs or anti-inflammatory drugs.
Key words: gene, interleukin, coronavirus, Lyumantse, Glitsevir, chickens
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INTRODUCTION The state of the body's immune functions
is largely determined by the ratio of pro- and
anti-inflammatory cytokines. Functional antag-
onism between them has been shown to exist
(2). An acute increase in circulating cytokine
levels leads to the development of a protective
systemic inflammatory response, often referred
to as a cytokine storm. Pathologically high con-
centrations of pro-inflammatory cytokines can
cause septic shock and death.

In modern science, pro-inflammatory and
anti-inflammatory cytokines are considered as
the most important factor of intercellular and
systemic interaction in the body. Cytokines are
a group of endogenous glycosylated polypep-
tide mediators of intercellular interaction in-
volved in the formation and development of the
body's defense reactions when pathogens are

introduced and tissue integrity is compromised, In situations in which cytokine levels exceed
as well as in the regulat.lon of a number of nor- ¢ physiological concentration for a prolonged
mal physiological functions [1]. period, they no longer mediate protection, but
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become mediators of pathology [3-6]. This is
also population-driven: the organism must be
eliminated to prevent further spread of the pa-
thology.

Interleukin 6 (IL-6) is an immunoregula-
tory cytokine with a broad spectrum of action:
it regulates the processes of inflammation and
cell division. IL-6 is synthesized from macro-
phages, T cells, fibroblasts, vascular endothe-
lial cells, glial cells and epithelial cells after
interaction with pathogenic molecules. In the
formation of the immune response, interleukin
6 is involved in the production of antibodies.
An excess of this cytokine leads to the devel-
opment of an autoimmune reaction and tissue
damage (7).

Caspases are a family of cysteine proteases
that are involved in the cleavage of peptide
bonds. The expression of caspases-3, -8, -9 is
an indicator of the cytotoxicity of the apoptotic
stimulus, making these markers an important
part of research into the processes of apoptosis
in the body [8].

Cells of the immune system interact with
each other using cytokines - modulators of im-
mune responses. Among these, interferons oc-
cupy an important place. They have antiviral
and antibacterial effects and are involved in the
anti-tumor immune response [9]. INF-y, like
most cytokines, has pleiotropic effects and plays
an important role in the immune response. Ini-
tially, INF-y was thought to be produced only
by natural killer (NK) cells, CD4+ Thl-lym-
phocytes and cytotoxic CD+ T-lymphocytes.
Later, it became known that B-lymphocytes,
NKT cells and antigen-presenting cells (APCs)
(macrophages, dendritic cells) are also able to
secrete this cytokine [10].

NF-kB is found in almost all animal cell
types and is involved in cellular responses to
stimuli: stress, cytokines, free radicals, heavy
metals, ultraviolet irradiation, oxidized LDL,
and bacterial or viral antigens. NF-kB plays a
key role in regulating the immune response to
infection (11,12).

The antiviral effect of medicines is often de-
tected by qRT-PCR [13-15], [FA [16, 17].

Several reports indicate that MDAS signal-
ing pathways and cytokines of innate immu-

nity are activated following infection with IBV
strain M41 [18]. The MDAS signaling pathway
is disrupted by cleavage of the adaptor protein
MAVS in the IBV JS/2010/12 infection strain
[19]. The INF type I response plays a crucial
role in resistance to the IBV strain SAIBK2
[20]. The MDAS signaling pathway and innate
immunity cytokine (NF-kB and IRF3) were in-
duced following infection with IBV-M41 strain
[17]. Researchers found that mRNA expres-
sion levels of MDAS, MAVS, INF-a, INF-f,
NF-kB, TNF-a and IL-6 were significantly in-
creased following infection with IBV in vitro
and in vivo [18].

The purpose of the study was to evaluate
the expression of IL-6, Fc, NF-kB, Caspasa-3
and INF-y genes during coronavirus infection
in chickens.

MATERIAL AND METHODS

Chickens of the Shaver cross were vacci-
nated against infectious bronchitis in chickens
being 14 days of age (IBC vaccine, strain Ma5,
live dry). To simulate coronavirus pneumonia,
the vaccine was administered individually, 10
doses per head orally. Chickens of experimen-
tal group 1 (n = 10) were fed Luymantse at the
rate of 3 kg/t feed, and those of experimental
group 2 (n = 10) - Glitsevir (glycyrrhizic acid
derivative in chitosan nanoparticles) at the rate
of 200 pug/0.3 ml per head. The concentrate was
diluted by a factor of 3. Chickens of the control
group (n = 11) did not receive the drugs.

On the 22nd day, the birds were slaughtered
by cervical-cerebral dislocation and autop-
sied. RNA was isolated from internal organs
by phenol-chloroform extraction, and RT-PCR
was performed. The cDNA synthesis was per-
formed using oligonucleotide N7.

To confirm the success of infection, the pres-
ence of IBK virus genomic RNA was tested by
real-time RT-PCR, PCR was performed in a fi-
nal volume of 20 pul containing 67 mM Tris.-
HCI (pH 8.9), 16 mM (NH4) 2S04, 2.4 mM
MgCl12, 0.01% Tween 20, 0.2 mM dNTP, 0, 3
mM oligonucleotide primer solutions 5 -atgct-
caaccttgtccctagea-3'5 tcaaactgeggatcacgt-3°
and FAM probe tggaagtaggaccaac-BHQ, 1-2
units HotStart Taq-DNA polymerase. PCR was
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performed on a CFX amplifier (BioRad) ac-
cording to the following program: initial dena-
turation - 95 °C (15 min), then 40 cycles: dena-
turation - 95 °C (10 s), annealing - 60 °C (30 s).

RNA extractability from samples was moni-
tored using real-time PCR specific to the house-
keeping gene glyceraldehyde3-phosphate de-
hydrogenase (GAPDH) mRNA using the pro-
tocol above, using primers 5°cgtgaccccagcaa-
catcaa3’ and 5° acttaccccagecttccat3”™ tagman
ROX probe tggagtactggtcttccacc- BHQ2.

The expression of IL-6, Fc, NF-kB, Cas-
pasa-3, INF-y genes was assessed by the delta-
delta Ct method relative to the expression level
of housekeeping genes (see the table).

RESULTS AND DISCUSSION

The preparations Lyumantse and Glitsevir
inhibited the destruction of epithelial cells in
the intestines of the experimental groups (see
Figure 1). This is not necessarily indicative of a
positive character, since in the case of apopto-
sis, not only healthy but also infected cells are
destroyed. A decrease in the number of active
macrophages in the intestine relative to the con-
trol group was observed. The amount of inter-
feron produced was also lower than the control,
indicating a reduced activity of the immune
system.

Glitsevir consists of nanoparticles, which
are not absorbed by the intestine and have a
local effect. Lyumantse can be absorbed as it
contains salts of butyric acid and has a systemic

effect in addition to its local effects. In the intes-
tine, both preparations reduced the viral load.

Glitsevir provoked more intensive expres-
sion of genes involved in the immune response
and inflammation, characterized by increased
levels of NF-kB, IL-6, INF-y (more T helper
cells encountering viral particles), Fc (more
macrophages) and Caspasa-3 (cells in the lungs
are destroyed more intensively) (see figure 2).

The suppression of epithelial cell destruc-
tion by the experimental preparations is also
evidenced by the reduced specific fraction of
the Fc-fragment relative to the control group.
Fc-receptor is present on macrophages and is
responsible for antibody binding to macro-
phage. A decrease in the number of active mac-
rophages in the intestine relative to the control
group can be asserted. Caspases play an impor-
tant role in the development and regulation of
apoptosis and inflammation. In this case (as the
coronavirus itself has no effect on cell destruc-
tion) there is destruction of the affected cells by
immune agents such as T-killers.

Interferon gamma (INF-y), which is a pro-
inflammatory cytokine and activates many cells
(T cells, B cells, etc.), is produced when T-help-
er cells interact with antigen. In the intestine the
amount of interferon produced is reduced, this
also indicates a reduced activity of the immune
system.

Interleukin-6 is a pro-inflammatory cyto-
kine, the amount of which directly affects the
development of a cytokine storm. IL-6 creates

Hyxieorunnsle nocnenosarenbHOCTH npaiMepos TP nis oneHku skcrpeccuu reHoB
PCR primer nucleotide sequences for assessing gene expression

Interleukin Primer Source PCR program
reference
IL-6 S centemsggtonetecaain 21
5 ccaccgagggataccggactgt 3 ! 95°C 7/min L eycle
Caspasa-3 5-aactgcttcgcettgctgtga-3° [22]
INF-y 5 ‘-cactgacaagtcaaagccgc—% [22]
5'-accttcttcacgccatcagg-3
5"-cactgacaagtcaaagccge-3° 2 95°C 15
) B 39 cycles
FeR 5"-accttcttcacgccatcagg-3" [22] Y
. Y 450
NF-kB 5‘ tcaacgcaggacctaaagacat 3‘ [22] 3 64,5 °C 30s
5"-gcagatagccaagttcaggatg-3 END

The data were processed by methods of variation and nonparametric statistics.
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Fig. 1. Gene expression in the intestine of birds in the experimental and control groups,
log10(ddCt) (relative to GAPDH)
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Fig. 2. Gene expression in lungs of poultry from experimental and control groups, log10(ddCt)
(relative to GAPDH)
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conditions in the body that overload the im-
mune system and two pathways emerge: elim-
ination of the pathogen in its entirety or elimi-
nation of the infected animal itself (7, 11). At
the moment when viral antigens meet toll-like
receptors, NF-kB is activated, which in turn is
the trigger mechanism for both the innate im-
mune response (macrophage migration, etc.)
and adaptive immunity (antibody production,
T-cell formation). NF-kB is the earliest factor
and is most actively exploited in coronavirus
infections. It is manifested by abnormally pro-
longed migration of neutrophils, granulocytes
to the focus of inflammation, their activation,
and increased proliferation, whereas in a nor-
mal infection there is only a short period of
neutrophils fighting the primary focus of in-
fection. This mechanism can subsequently
lead to a leukotriene storm, subsequently to a
cytokine one.

Glycyrrhizic acid has antiviral, anti-inflam-
matory, antipruritic and immunomodulatory ef-
fects, affects different types of virus DNA and
RNA in vitro and in vivo, interrupts virus rep-
lication at early stages, causes virion exit from
the capsid, preventing its penetration into cells,
which is due to selective dose-dependent inhi-
bition of phosphorylated kinase. Glycyrrhizic
acid interacts with virus structures, changing
different phases of the viral cycle, which is ac-
companied by irreversible inactivation of vi-
ral particles that are free outside cells, blocks
the introduction of active viral particles inside
cells, disrupts the virus ability to induce syn-
thesis of new viral particles, induces interferon
formation, which is a component of antiviral
action, inactivates these viruses in nontoxic
concentrations for normally functioning cells .
The anti-inflammatory activity of glycyrrhizic
acid is combined with a stimulating effect on
humoral and cellular immunity factors'.

The difference between the activity of drugs
with a resorptive effect (Lyumantse) and those
without (Glitsevir in chitosan nanoparticles) is

the higher pro-inflammatory activity in the re-
spiratory system with Glitsevir. It consists in in-
creased expression of IL-6, interferon-gamma,
macrophage receptor to Fc antibody fragments,
inflammatory regulation factor NF-kB genes
not only in comparison with Lyumantse, which
possesses anti-inflammatory activity due to oily
acid, but also in comparison with an untreated
control group of chickens.

We propose two hypotheses about the effect
of the drugs on the affected intestine:

— both drugs reduce inflammation in the in-
testine by suppressing immunoreactivity and
therefore reducing the immune response;

— the drugs reduce the viral load, so there is
less presentation of viral antigens and less pro-
duction of immunocompetent cells.

In either hypothesis, Glitsevir had a sup-
pressive effect on the inflammatory processes
in the intestine without affecting the lungs (see
Figure 1).

The main theory is a decrease in the activ-
ity of immunocompetent cells within the gas-
trointestinal tract, primarily Treg lymphocytes
(active producers of the anti-inflammatory cy-
tokine IL10) due to the suppression of the in-
fection process locally, by the site of action of
Glitsevir, i.e. in the intestine.

This assumption is supported by the sup-
pression of IL-6 gene expression activity, a
direct antagonist of the pro-inflammatory cyto-
kine IL10 and cells producing this interleukin.
All blood and lymph from the gastrointestinal
tract necessarily pass through the lungs, i.e. vir-
tually undiluted, so the contribution of the regu-
latory activity of the intestine immune system
towards immunocompetent cells in the lungs
must be substantial. Thus, the risk of an exac-
erbation of the infectious process in the lungs
against the background of a local reduction of
the viral load in the intestine can be predicted,
which requires a comprehensive approach in
the therapy of coronavirus infections, including
either antiviral drugs of systemic action or anti-
inflammatory drugs.

"Patent RF Ne2044145 (Russian Federation). Di- and trinicotinates of glycyrrhizic acid and inhibitor of human immunodeficiency
virus reproduction / G.A. Tolstikova, L.A. Baltina, K.P. Volcho, O.A. Plyasunova, A.G. Pokrovskii, N.F. Salakhutdinov. Published

10.08.2007. Bulletin number 22.
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CONCLUSIONS

1. A statistically significant suppression of
pro-inflammatory cytokine IL-6 expression
(p < 0.05) in experimental groups of chickens
treated with Lyumantse and Glitsevir was de-
tected in a model of coronavirus infection.

2. The application of Glitsevir in chitosan
nanoparticles was limited to local action, which
was characterized by absence of suppression
of proinflammatory cytokines in lungs and, on
the contrary, differed from the Lyumantse ac-
tion by increased dispersion of expression lev-
els of the studied genes and average levels of
increase in expression of IL-6, NF-kB, INF-y
(proinflammatory cytokines) and Caspasa-3,
Fc-fragments in lung tissue.

3. To reduce the risks of acute pneumonia in
coronavirus infections, the use of topical antivi-
ral drugs in the intestine should involve the use
of systemic anti-inflammatory drugs.
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