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ABSTRACT

Background. It is well known that viral infections are able to cause an imbal-
ance of the interferon system and inhibition of cellular and phagocytic reactions
of the body. One of the possible solutions of the flu treatment problem may be the ap-
plication ofimmunomodulators of native plant origin since the influenza virus pos-
sesses a suppressive effect on cellularimmunity and the interferon system.

The aim. To evaluate the effect of saponin tauroside Sx1 obtained from Crimean
ivy leaves on histological changes in the spleen of mice infected with influenza
A/WSN/1/33(H1N1) virus.

Material and methods. We used 78 male BALB/c mice weighing 16-18 g which
were divided into the groups: control (K; n = 12); healthy animals treated with sapo-
nin (KS; n=22); animals infected with influenza virus A/WSN/1/33(H1N1) (V:n=22);
infected animals treated with saponin tauroside Sx1 twice a day for 3 days (SV;
n =22). Histological studies of the spleen were performed on the days 4 (subgroups
V, SV, KS) and 14 (2V, 25V, 2KS).

Results. The spleen tissue ofthe KS subgroup demonstrated hyperplasia of the white
pulp in the form of lymphoid nodules expansion. On the days 4 in the KS subgroup
astatistically significant increase in the total area of the lymphoid nodules by 3.9 times
comparedto the K subgroup was observed. In subgroup V, there was a sharp decrease
in the area of white pulp. In subgroup 2V, areas of lymphoid nodules were almost
indistinguishable. Applied correction in the SV and 25V subgroups significantly ceased
the damaging effect of the virus: the lymphoid nodules area increased by 2.7 times
in the 2SV subgroup compared to 2V.

Conclusion. Infectionwith H1N1 influenza virus leads to a compensatory activation
oftheimmune response, however, on the day 14 a pronounced depletion of the white
pulp of the spleen is observed. The introduction of saponin tauroside Sx1 enhanced
the functional activity of the spleen due to an increase of the white pulp area.
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PE3IOME

O6o0cHosaHue. /I386ecmHo, YmMo 8UPYCHble UHeKyuU 8bi3biearom oucbanaHc
cucmembl UHMepPEEPoHO8, yeHemeHuUe KiemouYHbIX U hazoyumapHsix peakyuli
opearHusma. OOHUM U3 BO3MOXHbIX pelueHUl npobieMsl leYeHus 2punna Moxem
ABUMbCA NPUMeEHEHUE OmeYeCcmeeHHbIX UMMYHOMOOY/IIMOpO8 pacmumesibHO20
NPOUCXOX0eHUS, NOCKOJIbKY 8UPYCbl 2pUNNA OKA3bIB8ArOM CynpeccusHoe delicmaue
HA KJ1IeMOYHbIU UMMYyHUMem u cucmemy UHmepgepoHos.

Ljene uccnedosanusa. OueHumMs 8UAHUE NePOPAsIbHO20 88e0eHUsA CANOHUHA
maypo3uoad Sx1, Nos1y4eHH020 U3J1UCMbes KPbIMCKO20 NJToWd, HA 2UCMOosio2uYecKue
U3MeHeHuUs cesie3éHKU Mblwel, 3apaxéHHbix supycom epunna A/WSN/1/33(H1N1).
Mamepuan u memoosol. Vicnons3zosanu 78 camyos moiweli nuHuu BALB/c
secom 16-18 2, paszoenéHHbIX Ha 2pynnbl: KOHMPOJIbHASA, 300p08ble XugomHsie (K;
n = 12); KOHMPOIbHASA, 300pPO8bIE XUBOMHbIE, NOJTyyasuiue canoHuH (KS; n = 22);
XKUBomHsle, 3apaxeHHole gupycom epunna A/WSN/1/33(H1NT1) (V; n = 22); xusom-
Hble, 3apaxeHHsle supycom epunna A/WSN/1/33(H1N1) u nonyyaswue canoHuH
maypo3uo Sx1 08axowl 8 0eHb 8 medeHue 3 OHeli nocsie 3apaxeHus (SV: n = 22).
lucmonozuyeckue uccnedosaHus cene3éHKU Nposoousu Ha 4-U (nodepynnei V, SV,
KS) u 14-G 0eHo (2V, 2SV, 2KS).

Pe3ynemamel. B mkaHu cene3éHku nodzpynnsi KS ommeyanace evipaxeHHas
eunepnnasus 6es10l nysbnel 8 8Ude pacwupeHus 1UM@GOoUOHbIX y3eskos. Ha 4-i
OeHb 8 nodzpynne KS Hab1t100a/10cb cmamucmuyecku 3Ha4umoe ygesudeHue
obweli nnowaou TUME@OUOHbIX Y3e/1K08 N0 CpaBHeHUto ¢ nodzpynnol K 8 3,9 pasa.
B nodzpynne V ommeuanoce pe3xkoe ymeHbleHUe naoujaou 6es1oul nysisnel. Bnoo-
2pynne 2V 30Hbl TUMEOUOHbIX y3e/1K08 bbl/Iu NPaKmMuyecku Hepasaudumsl. Ha ooHe
koppekyuu 8 nodepynnax SV u 25V nospexoatouwjee 8o30eticmaue supyca 66110
8bIPAXEeHO 3Ha4UMes1bHO MeHbLUe: N10UWdob IUMEOUOHbIX y3e/1K08 y8euyusandc
8 2,7 pasa 8 nodepynne 25V no cpasHeHuro c 2V.

3aknioyeHue. VHpuyuposaHue supycom epunna H1INT npusooum k KoMneHca-
mopHoU akmusayuu UMMYHHO20 0mg8emd, 00HAKO Ha 14-e cymku Habodaemcs
8bipaxkeHHoe ucmouwjeHue 6es1ol nysbnel cene3éHKu. BeedeHue canoHuHa maypo-
3u0a Sx1 nosoxxuUMersbHO 8/usem HA PYHKYUOHASIbHYIO AKMUBHOCMb Ces1e3EHKU
3a cuém npupocma niowaou 6esnou nysenei.

Knioueswle cnosa: mpumepneHossili CANOHUH, 8UPYC 2punnd, cene3éHkd, Um-
MyHOMOOynayus
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3apakEHHbIX rPUMMoM, Ha GOoHe NPYMEHEHMs canoHMHa Taypo3uaa Sx1. Acta biomedica
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INTRODUCTION

Influenza, like other acute respiratory viral infections
(ARVI), undoubtedly occupies a leading place in the struc-
ture of respiratory infectious diseases. According
to the World Health Organization (WHO), up to 646,000 pa-
tients die from seasonal influenza worldwide every year [1].

During the pandemic of a new coronavirus infection,
the danger of influenza should not be underestimated. In-
fluenza remains one of the most important health prob-
lems and poses a serious threat to adults and children
in all countries [2]. Assessments indicate that annual in-
fluenza can affect 5-20 % of adults and 20-30 % of chil-
dren, and when pandemics occur the incidence of influen-
za can rise up to 50 % [2]. Influenza complications are also
known to be at high risk among young children during
thefirst years of life, adults aged 65 years and over, pregnant
women and people with chronic medical conditions, which
is due to the immunosuppressive effect of the influenza vi-
rus, which aggravates the severity of the existing chronic so-
matic nosology [2]. Every year the influenza virus mutates,
becoming resistant to many antiviral drugs, which also leads
to severe complications and lethal outcomes. Chronic cardi-
ovascular or pulmonary disease, obesity, pregnant women
and tobacco smokers have been shown to increase the risk
of being fatally ill with influenza tenfold [3-5].

Etiotropic anti-influenza drugs are the basis of antiviral
chemotherapy, but their number is very limited. According
to the clinical guidelines of the Ministry of Health of Rus-
sia "Influenza among adults", four drugs are distinguished
as antiviral drugs with direct antiviral effect: oseltamivir, zan-
amivir, riamilovir and umifenovir [6]. Considering the wide-
spread resistance of current strains to adamantane-based
drugs and the high likelihood of resistance to neuramini-
dase inhibitors, as well as the severe side-effects of com-
monly used antiviral drugs, the search for effective and safe
immunostimulants and antivirals to prevent and treat influ-
enzais vital. Such drugs should not be significantly affected
by viral variability and should have universal antiviral prop-
erties. After the acute and viraemia have subsided among
severe influenza patients, the use of immunomodulators,
including herbal supplements, to stimulate immune acti-
vation and seroconversion is recommended [7, 8].

Saponins make up an extensive group of plant glyco-
sides that inhibit the development of fungi, bacteria, virus-
es and protozoa, stimulate humoral and cell-mediated im-
munity, and are also able to enhance the immune response
during vaccination [9-11]. When studying the properties
of saponins isolated from Crimean ivy Hedera taurica (Hib-
berd) Carriere, it was proved that taurosides H,, -St-K and -l
can enhance antibody synthesis in mice, and tauroside Sx1
is able to inhibit the growth of fungi of the genus Candida
and enhance the resistance of mice to fungal infection [12,
13]. Oral administration of 200 g of tauroside Sx1 to mice
infected with the influenza virus has been proven to cause
a 1.5-fold increase in their survival compared to the sur-
vival of infected mice in the control [14]. At the same time,
the tissue, cellular and molecular mechanisms of the de-
velopment of the immune response induced by saponins,
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as well as their effect on theimmunogenesis organs, remain
practically unstudied.

The spleen is a highly organised and the largest poly-
functional peripheral organ of the immune system, in which
the intensity ofimmune and filtration processes closely cor-
relates with the architectonics of its white and red pulps
as well as the quantitative ratio of the areas occupied func-
tionally by the different segments with their cellular com-
position. At the same time, the spleen shows a high de-
gree of reactivity with cytological restructuring of its im-
munocompetent structures under the influence of various
endogenous and exogenous factors, including the back-
ground of infection. The absence of the spleen is known
to cause increased susceptibility to systemic bacterial in-
fections, while the role of the spleen in antiviral immunity
is less well studied [15].

Data from other researchers indicate that the rat spleen
is able to respond to the introduction ofimmunomodulators
with pronounced morphological changes, which, as a rule,
is accompanied by hyperplasia of B-dependent zones [16].
Thus, the choice of the spleen as an experimental mod-
el for evaluating the effectiveness of immunomodulatory
effects is justified by the fact that it participates in almost
all immune and hematopoietic processes, being the cent-
er of antigen-dependent proliferation and differentiation
of components of both cellular and humoral immune re-
sponse, its activation, as well as the production and secre-
tion of specificimmunoglobulins.

THE AIM OF THE STUDY

To evaluate the effect of oral administration of saponin
tauroside Sx1, obtained from Crimean ivy leaves, on histo-
logical changes in the spleen of mice infected with influ-
enza A/WSN/1/33(H1N1) virus at different periods of influ-
enza infection.

MATERIALS AND METHODS

Influenza virus (IV) A/WSN/1/33(HT1N1) adapted to mice
was used in this study. The initial strain of IV was obtained
from the collection of the D.I. Ivanovsky Research Institute
of Virology of the Russian Academy of Medical Sciences
(Moscow). The adaptation of IV to mice and the production
of a lethal strain were carried out with repeated passaging
of the virus through the lungs of the animals [17]. The initial
virus-containing liquid was injected into mice intranasally
under light ether anesthesia. After 3 days, the lungs were ex-
tracted from the animals and lung tissue homogenate
was obtained under sterile conditions, after centrifugation,
the supernatant fluid was injected intranasally into the mice.
The procedure was repeated three times, the last lung ho-
mogenate was injected into 10-day-old chicken embryos
in order to accumulate the virus. After six series of similar
passages made on mice and chicken embryos, the result-
ing allantois fluid contained an influenza virus that was le-
thal to mice. The virus content in the samples was tested



by haemagglutination reaction with chicken erythrocytes
[17]. The adaptation of the virus to reproduce in the lungs
of mice resulted in a lethal influenza model, which was sub-
sequently used in our studies. In hemagglutinin yield reduc-
tion assay of chicken erythrocytes, the dynamics of accumu-
lation of antihemagglutinin antibody titers in the sera of in-
fected animals on the days 4, 7, 14 and 18 after infection
was determined. The dynamics of influenza virus accumula-
tion in the lungs of mice on days 2-6 after infection was also
studied. An anti-haemagglutinin antibody titer was found
to be 80 + 15.1 on day 4 post-1V infection. The infectious ti-
ter of the virus in the lungs of mice at the same time of in-
fection was 2.2 x 103. By the day 14 of the experiment,
the antibody titer increased almost 4 times and amounted
to 213.3 = 53.3. The average lifespan of mice during exper-
iments ranged from 9.9 + 1.3to 11.5 + 2.1 days, depending
on the weight and age of the animals [14].

In the experiment, 78 male BALB/c mice without exter-
nal pathological signs, weighing 16-18 g and 4-6 weeks
of age were used. They were divided into the following
groups and subgroups:

1. Healthy animals as a control group: subgroup K re-
ceiving 50 pl of saline orally during 3 days, withdrawn from
the experiment on day 4 (n = 6), and subgroup 2K receiv-
ing saline orally following the same regimen, withdrawn
from the experiment on day 14 (n = 6).

2. Healthy animals receiving oral saponin for 3 days
at a concentration of 5 mg/ml (dose 200 pg/mouse/day):
subgroup KS, withdrawn from the experiment on day 4
(n = 11), and subgroup 2KS, receiving saponin accord-
ing to the same regimen, withdrawn from the experiment
onday 14 (n=11).

3. Animals infected intranasally with influenza
A/WSN/1/33(H1N1) virus without correction: subgroup V,
withdrawn from the experiment on day 4 (n=11), and sub-
group 2V, withdrawn from the experiment on day 14
(n=11).

4. Animals infected intranasally with influenza
A/WSN/1/33(H1N1) virus and receiving oral saponin
at a concentration of 5 mg/ml (dose 200 pg/mouse/day):
subgroup SV, derived from the experimenton day 4 (n=11),
and subgroup 2SV, receiving saponin according to a simi-
lar regimen and withdrawn from the experiment on day 14
(n=11).

Study design

Male mice weighing 16-18 g were infected intrana-
sally with influenza A/WSN/1/33(H1N1) virus under brief
ether anesthesia by injecting 50 pl of allantois fluid con-
taining 5 LD, of the virus. Aliquots of a single pool of al-
lantois fluid were used, frozen and stored at a tempera-
ture of —20 °C. Clinical symptoms confirming the devel-
opment of viral infection were progressive weight loss
and the development of respiratory failure (rapid breath-
ing over 200 respiratory movements per minute with in-
volvement of the ancillary muscles, cyanosis of the tail, ears
and limbs). On the days 4 and 14 after infection, the ani-
mals were withdrawn from the experiment by decapita-
tion using ether anesthesia, then the spleen was removed
for further follow-up study.
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A therapeutic regimen of saponin administration
was used, which has previously been shown to be effec-
tive in animals during experimental influenza infection
and influenza vaccination [13, 14]. A triterpene glycoside
with the formula 3-O-a-L rhamnopyranosyl (1—2)-a-L-ara-
binopyranoside hederagenin, abbreviated as saponin tau-
roside Sx1, isolated at the Department of Physical and Ana-
lytical Chemistry of the Vernadsky Taurida National Univer-
sity from the Crimean ivy H. taurica by Professor V.l. Grish-
kovets [18, 19], was used in the experiment.

Histological study methods

Spleen tissue was fixed in 10% neutral buffered formalin
with subsequent treatment in alcohol with increasing con-
centration, embedding in paraffin and preparation of 4 um-
thick sections according to generally accepted histological
methods [20]. Paraffin sections were stained with hematox-
ylin and eosin to carry out a qualitative assessment of mor-
phological transformations followed by morphometric as-
sessment by tracing the contours of scans of longitudinal
and anatomically whole histological sections of the spleen
obtained on a Leica scanner with a light pen in Aperio Im-
age Scope morphometric and structural image analysis
software (Leica Biosystems, USA). The total area (S, mm?)
and the percentage ratio (relative area) of red and white
pulp, as well as the area of lymphoid nodules were de-
termined on the sections. The measurements were taken
at a magnification of 200x.

All histological studies were carried out in the Cent-
er for Collective Use "Molecular Biology" on the ba-
sis of the Central Research Laboratory of the Institute
of S.I. Georgievsky Medical Academy of the V.I. Vernad-
sky Crimean Federal University. The research was carried
out with the financial support of the Ministry of Science
and Higher Education of the Russian Federation, Priori-
ty-2030 program No. 075-15-2021-1323.

Ethical review

The study was approved by the Ethics Committee
of the V.I. Vernadsky Crimean Federal University (Proto-
col No. 10 dated November 23, 2021). The animals were
kept in the vivarium on a standard diet with free access
to food and water under natural light conditions and care
was provided according to the requirements and rules gov-
erning the treatment of laboratory animals in accordance
with the "Rules for carrying out work using experimental an-
imals" (Order of the Ministry of Higher and Secondary Edu-
cation No. 724 dated Noovember 13, 1984).

During the study, the principles of the Helsinki Declara-
tion adopted by the General Assembly of the World Medical
Association (2000) were observed. The animals were with-
drawn from the experiment in accordance with the "Inter-
national Recommendations (Code of Ethics) for conduct-
ing Biomedical Research Involving Animals" of the Council
for International Organizations of Medical Sciences (CIOMS)
(1985) and the rules of laboratory practice in the Russian
Federation (Order of the Ministry of Health of the Russian
Federation No. 267 dated June 19, 2003).

Statistical data analysis

Histomorphometric data were processed statistically us-
ing the Statistica 10.0 software (StatSoft Inc., USA). The mean
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(M), the standard error of the mean (m) and the standard de-
viation (o) of the areas of red and white pulp, as well as lym-
phoid nodules were calculated.

During statistical data processing, the variation series
were checked for the normality of the distribution accord-
ing to the Shapiro - Wilk test between the control and ex-
perimental groups of laboratory animals. A Student'’s t-test
confidence interval was used to assess differences in qual-
itative characters. The differences were considered statisti-
cally significant at p < 0.05.

RESULTS

Most of the spleen parenchyma of control mice was rep-
resented by a red pulp consisting of venous sinuses and a net
of reticular strands, in the loops of which there are blood
cells counts. The white pulp was defined as lymphoid nod-

ules and periarterial lymphoid sheaths with pronounced
zonal distribution. Small and medium-sized lymphocytes,
plasma cells, reticular cells and macrophages were visual-
ised in the periarteriolar lymphocyte sheaths. In the central
part, located directly near the arterial wall, the dominant cell
population was specific macrophages.

The following zones were identified in the lymph
nodes: periarterial, mantle, marginal and germinal center.
The eccentrically located periarterial zone was represented
by a pool of mature lymphocytes that surround the central
arteriole. A germinal centre with lymphoblasts was visual-
ised adjacent to the periarterial zone. The above-described
zones were surrounded by a mantle zone, represented main-
ly by macrophages and in smaller numbers by erythrocytes,
and small lymphocytes, and tissue basophils. The marginal
zone was separated from the mantle marginal sinus, local-
ised around the periphery of the lymph node and consisted
of medium-sized lymphocytes and macrophages (Fig. 1a).

FIG. 1.
Histological changes in the spleen of BALB/c mice: a - control group; b — subgroup KS; ¢ - subgroup V; d - subgroup 2V; e - subgroup SV;
f—subgroup 2SV. Hematoxylin-eosin stain, magnification X200 Haematoxylin-eosin staining, magn. 200x
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When the histological structure of the spleen tissue
was analyzed, the most significant intergroup differenc-
es were detected in the K and KS subgroups. In the spleen
tissue of the KS subgroup mice a significant hyperplasia
of the white pulp in the form of enlarged lymphoid nod-
ules with an increase in the germinal center was observed.
Lymphoid nodules occasionally merged with each other
and had well-defined zones (Fig. 1b).

Exposure to influenza virus has resulted in significant
changes in subgroups V and 2V. In the spleen of mice from
subgroup V, there was an increase in the megalokaryocyt-
ic reaction, "blurring" of zones and erasing the bounda-
ries of nodules, as well as a decrease in the area occupied
by the white pulp. The visible "overgrowth" of the lymphoid
nodules was often caused by the fusion of the nearest nod-
ules, which led to a decrease in their total number (Fig. 1b).
In subgroup 2V, the histological zones of lymphoid nodules
were almost indistinguishable and often there was a com-
plete disappearance of germinal centers, which could indi-
rectly indicate inhibition of lymphocytic proliferation pro-
cesses (Fig. 1d). Dilated sinusoids often showed hemosta-
sis, neutrophil accumulation, as well as hyperplasia of mac-
rophage cells.

Against the background of drug therapy in the SV
and 2SV subgroups, the negative effect of the virus
on the spleen of mice was significantly less pronounced.
The following histological changes in these subgroups
should be noted: despite a significant number of mega-
karyocytes, a sufficient number of lymphoid nodules, both
with and without light germinal centers, were detected
in the spleen tissue. Periarterial lymphoid sheaths were vis-
ualized, in some of which zoning remained preserved
(Fig. 1d, e).

According to morphometric analysis, on the day 4 af-
ter saponin administration, as well as against the back-
ground of viral infection, a statistically significant increase

TABLE 1

in the average lymphoid nodule area was observed in all
experimental subgroups compared to the control (Table 1).
A pronounced statistically significant increase in the mean
lymphoid nodules area by a factor of 3.4 has been ob-
served in the healthy animals treated with saponin (KS)
compared to the control subgroup (K). In the subgroups
of mice V and SV infected with the influenza virus, the in-
crease in the average area of lymphoid nodules was 2.3
and 2.1 times, respectively.

On the 14t day of the experiment, a statistically signif-
icant difference in the average lymphoid nodules area be-
tween the two subgroups 2K and 2KS was retained, where-
by saponin administration more than doubled the lymphoid
nodules area. At the same time, in subgroup 2V, a statis-
tically significant decrease in lymphoid nodules area was
observed by more than 2.5 times compared to subgroup
2KS. However, oral saponin administration on the day 14
statistically significantly increased the area of lymphoid
nodules by 2.7 times in the subgroup of 2SV infected an-
imals compared to the subgroup of 2V animals not treat-
ed with saponin.

Parameters of lymphoid nodules total area also natu-
rally underwent significant changes. On the day 4, the sub-
group of mice treated with oral saponin (KS) showed a sta-
tistically significant 3.9-fold increase in total lymphoid
nodule area compared to the control subgroup (K) (Ta-
ble 2). By the 14th day of follow-up, there was a 2.9-fold
difference between the 2KS and 2K subgroups. The actual
increase in lymphoid nodules total area in the KS and 2KS
subgroups against the background of saponin admin-
istration amounted to 8.4 and 4.0 % of the total spleen
area, respectively, due to a slight reduction in the area
of the red pulp.

During the same follow-up period, despite a compen-
satory increase in total lymphoid nodules area, subgroup
V showed a 7.4 % decrease in the percentage of relative

ABSOLUTE VALUES OF THE SIZE OF LYMPHOID NODULES IN THE SPLEEN OF MICE INFECTED WITH INFLUENZA VIRUS
AND TREATED WITH SAPONIN AT DIFFERENT INTERVALS OF THE EXPERIMENT

The average area (mm?) of the lymphoid nodule on the day 4 of the experiment

K* (n = 6) KS(n=11) V(n=11) SV(n=11)

0.08 £0.01 0.3+0.03 0.2 +0.01 0.2+0.01
pr<001 o0 oo

The average area S of the lymphoid nodule on the day 14 of the experiment

2K* (n = 6) 2KS (n=11) 2V(n=11) 2SV(n=11)

0.08 £0.01 0.2+ 0.01 0.03 £0.002 0.08 £ 0.004
Py <0.01 P <0.01 p,<0.01
p5<0.01 p,<0.01 p;<0.01

Note. p, — statistical significance of the difference between the current group and the control; p, — statistical significance of the difference between the current group and KS; p, — statistical significance of the differ-
ence between the current group and 2KS; p, — statistical significance of the difference between the current group and 2V; * — control subgroup for the days 4and 14 of the experiment.
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TABLE 2

RELATIVE AND ABSOLUTE VALUES OF THE SIZES OF THE WHITE AND RED PULP SECTIONS OF THE SPLEEN OF MICE
INFECTED WITH THE INFLUENZA VIRUS AND TREATED WITH SAPONIN AT THE DIFFERENT STAGES OF INFECTION

Groups

day 4 of follow-up after infection with influenza virus

Total area of lymphoid nodules, mm?

Relative area of lymphoid nodules, % S of lymphoid nodules
from the total S of the spleen

Total area of red pulp, mm?

The relative area of the red pulp, % S of the red pulp
from the total S of the spleen

Total area of the spleen, mm?

day 14 of follow-up after infection with influenza virus

Total area of lymphoid nodules, mm?

Relative area of lymphoid nodules, %

Area of red pulp, mm?

Relative area of red pulp, %

Total area of the spleen, mm?

K*(n=8)  KS(n=11) V(n=11)  SV(n=11)

7001 6.6+ 0.01 44102 39402
p <0001  p,<0001  p, <0001

313 39.7 239 30.2
88+03
37402 9'2:-') 8'061 135 5"&? p, <0001
Pic= ™ Pic= ™ p, <0.001

68.7 60.3 76.1 68.7
54+0.2 167 +0.4 182+0.4 12.8+05

2K* (n = 8) 2KS (n=11) 2V(n=11) 25V (n=11)
0.7+0.03 14002
+

1.7 £0.01 4'26 8'031 py <0.001 p,<0.01
Pi=® p,<0001  p,<0.001

313 35.3 9.8 186
6.2+ 0.06

69402

37502 89+05 pi<o001  Pe< 0001
py < 0.001 <0.001 p,<0.01
Py <P p, <0.05

68.7 64.7 90.1 81.4
54202 138+04  76+002  7.6+0.08

Note. p, - statistical significance of the difference between the subgroup and the control; p,  statistical significance of the difference with subgroup V; p, — statistical significance of the difference compared to the sub-
group SV; p, — statistical significance of the difference compared to subgroup 2V; * — control subgroup for the days 4 and 14 of the experiment.

lymphoid nodules area compared to the control sub-
group. On the day 4 of the experiment, there is a statis-
tically significant increase in the area of red pulp in sub-
group V compared to the control by 3.6 times, which
corresponds to an increase in the relative area by 7.4 %.
The introduction of a corrector in the SV subgroup led
to a statistically insignificant reduction in the total area
of the white pulp by 8.8 % compared to subgroup V
against the background of a statistically significant re-
ductionin the area of the red pulp by 53.8 % during these
experimental periods.

In subgroup 2V, there was a statistically significant re-
duction in the total area of lymphoid nodules by 16.4 %
compared to the control, which was accompanied by a sig-
nificant 21.4 % increase in red pulp area. From the day
4 to the 14 of the course of influenza infection, the to-
tal area of lymphoid nodules decreased by 5.8 times -
from 23.9 to 9.8 %, respectively.
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On the day 14 after the commencement of the exper-
iment a statistically significant difference in the total area
of lymphoid nodules was detected between the subgroups
of infected mice receiving saponin (2SV) and those not re-
ceiving the substance (2V). The introduction of a correc-
tor against the background of a viral infection contribut-
ed to a statistically significant increase in the total area
of the lymphoid nodules by almost 2-fold and in the rela-
tive area by 8.8 % compared to the 2V subgroup.

DISCUSSION

Currently, infectious and particularly viral diseases have
a significant impact both on morbidity and mortality pat-
terns. In addition, the incidence of influenza, as well as oth-
er acute respiratory infections, is the cause of up to 50 %
of all cases of temporary disability. The leading cause



of the high pathogenicity of influenza virus is the effect of its
haemagglutinin superantigen proteins and NS1 and NS2
non-structural proteins that affect both central and periph-
eral immune system organs [21].

The reduced and inadequate immune status of the in-
fected mice during this experiment is evidenced by the pro-
gressive marked depletion of lymphoid tissue in the larg-
est organ of the peripheral part of the immune system,
the spleen.

The immunological activity of the spleen is primari-
ly reflected in the number and size of the lymphoid nod-
ules. The periarterial zone of lymphoid nodules is known
to be predominantly occupied by T-lymphocytes that form
the cellular branch ofimmunity, whereas the marginal zone
of lymphoid nodules is predominantly occupied by B-lym-
phocytes [22, 23].

The effect of the influenza virus on mice led
to the emptying of lymphoid nodules and, consequent-
ly, to a decrease in the relative area of the white pulp
of the spleen. At the same time, the total area of the or-
gan increased mainly due to hyperaemia and swelling
of the red pulp, whose elements could compensative-
ly phagocytize the damaged red blood cells. On the day
4 after infection, there was a decrease in the germinal
zone of the follicles, followed by progressive depletion
of lymphoid tissue. By the day 14 of the infectious pro-
cess, the germinative centers in lymphoid nodules, their
boundaries, as well as their T-dependent periarterial
zones were practically not visualized in most mice. This
indicated the suppression of both the humoral and cel-
lular branches of immunity.

Depletion of lymphoid tissue in the spleen of infect-
ed mice of both experimental groups could additional-
ly be caused by lymphocyte apoptosis and a reduced rate
of lymphoblast proliferation in response to influenza virus
exposure, but the extent of programmed cell death was ap-
parently lower in the group with therapeutic tauroside Sx1
administration at all follow-up periods. Morphometrical-
ly, a decrease in the size of the mantle and marginal lym-
phoid nodule zones and expansion of their germinal cen-
tres in subgroups SV and 2SV indicate a compensatory in-
crease in the number of less differentiated cells against a de-
crease in the number of more mature lymphocytes and re-
duced red pulp hyperemia [23, 24].

Saponins are substances that have long been used
in practical medicine due to the presence of a wide range
of biological activity. Some types of saponins increase se-
cretion of bronchial glands by stimulating the cough cen-
tre, and are therefore widely used as an expectorant. lvy
leaves extracts are the main components of Gedelix, Bron-
chipret, Prospan (Germany), Herbion (Slovenia) and are of-
ten used both for symptomatic treatment of acute respira-
tory diseases and to relieve symptoms of chronic bronchi-
tis. However, the immunomodulatory effect of saponins
has not been practically studied, since many of them have
hemolytic activity [25-271].

Theincreasein lymphoid nodule area caused by the out-
growth of the marginal zone against the background of tau-
roside Sx1 administration indicates a probable activation
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of the humoral branch of immunity even in the absence
of an infectious agent. Antigen-binding and antibody-
synthesising cells are known to be most concentrated
in the marginal zone of lymphoid nodules. In addition, a sig-
nificant number of lymphoid nodules demonstrated lucent
centres where B-lymphoblast proliferation was observed.
At the same time, we did not detect any signs of the tox-
ic effect of this saponin. The increase in the relative area
of lymphoid nodules could also be the result of active lym-
phocyte migration from central organs of immunogenesis
as a result of prolonged exposure to saponin, which may
have contributed to the activation of antibody synthesis ob-
served in our previous studies. Oral administration of sapo-
nin has previously been demonstrated to potentiate the im-
munopotentiating effect of intramuscularly administered
subunit influenza vaccine. Vaccinated mice that received
saponin at a dose of 200 ug per day after each immunisa-
tion showed a 2-10-fold increase in virus-specific antibody
production against H1, H3 and haemagglutinin of influen-
za virus type B after 1-3 weeks [13].

From this fact, it can be concluded that oral adminis-
tration of saponin tauroside Sx1 positively affects the mor-
phofunctional transformations of the spleen (hyperpla-
sia of the white pulp of the spleen, the appearance of new
lymphoid nodules, moderate blood filling of the red pulp),
which can be characterised as a quite significant immu-
nostimulating effect.

Considering previous data about the ability of influen-
za viruses to cause immunosuppression by depleting lym-
phoid tissue, the use of phytoimmunostimulants in com-
bination with antiviral drugs may contribute to a milder
course of the viral infection.

CONCLUSION

Currently, the development and study of new effective
domestic means for non-specific prevention of influenza
that do not directly affect the virus is very relevant, which
would exclude the possibility of resistance formation.

The experiment revealed that infection with the HIN1
influenza virus leads to compensatory activation of the an-
imal’s peripheral immune system by increasing the white
pulp area as well as fullness of the red pulp, thereby increas-
ing the overall size of the organ. On the 14th day follow-
ing infection, there was a significant depletion of the white
pulp, reflected by a reduction in the overall size of the lymph
nodes and a loss of their zoning, which reflected the dis-
appearance of the T- and B-lymphocyte germinal centers
in them.

It follows from the data obtained that administration
of the saponin tauroside Sx1 positively influences the func-
tional activity of the spleen. This is demonstrated by an in-
crease in the proportion of the white pulp of the spleen
as a result of an increase in the size of the lymphoid nod-
ules and their germinal centers. The above-described ef-
fects of Sx1 tauroside indicate the future prospects for fur-
ther study and application of a number of saponins being
used as immunomodulatory agents.
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