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Abstract

This is a study on antiviral activity of various extracts from the plant Monarda fistulosa L. cultivated in the
forest-steppe zone of Western Siberia during the vegetation period. The activity of aqueous and aqueous-etha-
nolic extracts of M. fistulosa during the whole vegetation period and two polyphenolic fractions from this plant
at the flowering stage was investigated against human influenza virus A/Aichi/2/68 (H3N2) and avian influenza
virus A/chicken/Kurgan/05/2005 (H5N1). The anti-influenza activity was compared among the extracts and the
polyphenolic fractions from M. fistulosa at the flowering stage. It was shown that antiviral activity against each
subtype of the influenza A virus differed throughout the entire vegetation period, depending on the developmen-
tal stage of M. fistulosa and the type of extraction. Influenza virus A/Aichi/2/68 (H3N2) infectivity was most
strongly inhibited by aqueous-ethanolic extracts from M. fistulosa raw material collected at the growth stage and
by the aqueous extract from the fruiting initiation stage. Inhibition of the infectivity of influenza virus A/chicken/
Kurgan/05/2005 (H5N1) was achieved by one or another M. fistulosa extract almost throughout the whole veg-
etation period. It is found that Polyphenolic Fractions 1 and 2 are more active against influenza virus A/Aichi/
2/68 (H3N2), but aqueous and aqueous-ethanolic extracts are more active against influenza virus A/chicken/
Kurgan/05/2005 (H5N1). On the condition of further in-depth studies, our experimental data suggest that M. fistu-
losa plant components can be recommended as medicinal (antiviral) substances against influenza viruses A/Aichi/
2/68 (H3N2) and A/chicken/Kurgan/05/2005 (H5N1).
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INTRODUCTION is a lot of research on medicinal plants in which
the native sets of substances contain individual

Currently, in Russia, as in other countries, compounds and various classes of biologically ac-

much attention is given to the search for and de-
velopment of antiviral (anti-influenza) agents, ei-
ther synthetic or based on the substances of nat-
ural origin, because influenza is one of the lead-
ing infectious diseases [1, 2]. In this regard, there

tive substances having anti-influenza activi-
ty [3—=7]. In the literature, there is an opinion that
evolutionarily late subclasses Lamiidae and As-
teridae are the most prominent ones in terms of
the use of plant species against viral infections in
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general and against respiratory infections in par-
ticular (including influenza) [4]. Plant tissues of
many species of the Lamiaceae family contain var-
ious classes of biologically active substances and
can serve as a source of anti-influenza agents [8].
One of such promising plant species from this
family is Monarda fistulosa L., also known as bee
balm, which originates from North America and
does not grow naturally in Russia. Nonetheless,
this plant has high ecological plasticity and is cul-
tivated in various regions of this country, namely
in the European part of Russia, in Crimea, the
Caucasus, the Urals, and Siberia, as a plant source
of essential oils and as an aromatic, medicinal, and
even nutritional plant [9, 10]. M. fistulosa is one of
the best studied species of the genus Monarda
and has a wide range of pharmacotherapeutic ef-
fects [11—20], which is due to the presence of di-
verse classes of biologically active compounds: es-
sential oil components characterized by a high
content of phenols (67—89 %), flavonoids (luteolin,
naringenin, luteolin-7-glycoside, rutin, hyperoside,
isorhoifolin, linarin, catechins), tannins, anthocya-
nins, carotenoids, polysaccharides, ascorbic, gallic
and chlorogenic acids, bitterness, etc. Specific for
species of the genus Monarda is monardein, 3-O-(6-
O-trans-p-coumaryl-B-D-glucopyranosyl)-5-
0-(4,6-di-O-malonyl-B-D-glucopyranosyl) pelargo-
nidine [21—-24]. At present, M. fistulosa is still ac-
tively investigated in various aspects, especially
because the study of biological activities of ex-
tracts and essential oils increases the scope of ap-
plications of components of this nonpharmaco-
peial species. This state of affairs makes it possi-
ble to take advantage of the beneficial properties
of M. fistulosa not only in medicine and cos-
metics, but also in the food industry and agricul-
ture [25—27].

In the environment of the forest-steppe zone
of Western Siberia (Novosibirsk), M. fistulosa
that is cultivated on the experimental plot of the
Central Siberian Botanical Garden has been stud-
ied in various respects [2, 9, 11, 19, 21, 24, 28, 29].
Earlier, for the first time, joint studies carried out
at the Central Siberian Botanical Garden SB RAS
(Novosibirsk) and at the State Research Center
of Virology and Biotechnology VECTOR (Novosi-
birsk Region) revealed a strong anti-influenza ef-
fect of the aqueous and aqueous-ethanolic ex-
tracts of M. fistulosa against human influenza
virus A/Aichi/2/68 (H3N2) and avian influenza
virus A/chicken/Kurgan/05/2005 (H5N1) [2, 29].

The aim of this work was to evaluate the anti-
viral properties of the extracts of M. fistulosa dur-

ing its vegetation period against influenza viruses
A/Aichi/2/68 (H3N2) and A/chicken/Kurgan/05/
2005 (H5N1).

EXPERIMENTAL

Plant material for the assays

The samples of the aerial parts of M. fistulosa
collected on the experimental plot of the Central
Siberian Botanical Garden during the vegetation
period in 2018 were used for the analysis of anti-
influenza activity at various developmental stages:
growth stage 1 (shoots up to 10 cm long), growth
stage 2 (shoots up to 15 cm long), flowering, and
the start and end of fruiting. The plant samples
were air-dried completely and stored in paper
bags.

Methods for obtaining dry extracts

The aqueous-ethanolic extraction method:
Each sample of plant material (2 g) was placed in
a 100 mL round-bottom reflux flask, and 25 mL
of 70 % ethanol was added. Extraction was car-
ried out in a water bath at 60 °C for 1 h. After
that, the extract was separated from the solids by
passing it through a glass filter (pore size 10—
16 pm). The extraction procedure with 70 % etha-
nol was repeated two more times. These extracts
were combined, dried in a rotary evaporator, and
finally dried in an oven at 60 °C.

The aqueous extraction method: A sample (2 g)
of each plant material was placed in a 100 mL
round-bottom flask with a reflux condenser, 60 mL
of purified water was added, and the mixture was
heated at 95 °C for 1 h. The extract was sepa-
rated from the solids by passing it through a glass
filter (pore size 10—16 um). The extraction proce-
dure was repeated with 40 mL of water. The ex-
tracts were combined, cooled, evaporated and fi-
nally dried at 60 °C [30].

Isolation of polyphenolic fractions

Polyphenolic Fraction 1. A sample (50 g) of
plant material from the flowering stage was
extracted with ethyl acetate, and the solids were
dried. Next, extraction with ethanol (sample/
ethanol at 1 : 50) was performed three times: at
concentrations 96, 70, and 50 % in that order.
The extracts (1000, 750, and 750 mL) were com-
bined and evaporated until the ethanol smell dis-
appeared. The resulting aqueous extract was
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shaken with chloroform (to remove chlorophyll
and resins) until the green color in chloroform
disappeared. Next, the purified extract was shak-
en with ethyl acetate. Anhydrous sodium sulphate
was added to remove water from the ethyl ace-
tate extract, and the latter was filtered. After
that, ethyl acetate was distilled off until a pre-
cipitate began to form, and the resultant extract
was poured as a thin trickle into a 6-fold volume
of chloroform with stirring. The yellow precipi-
tate that emerged was filtered off through a
glass filter. The precipitate was then dried in
vacuum [31].

Polyphenolic Fraction 2 was prepared in the
same way as Polyphenolic Fraction 1 was, except
the ethyl acetate extraction step was omitted.

Determination of antiviral properties
of the extracts and polyphenolic fractions

These experiments involved avian influenza
virus A/chicken/Kurgan/05/2005 (H5N1) and a
strain [A/Aichi/2/68 (H3N2)] of human influenza
virus adapted to laboratory mice; the viruses
were obtained from the State Collection of Viral
and Rickettsial Disease Agents at the State Re-
search Center of Virology and Biotechnology
VECTOR (Koltsovo, Novosibirsk Region, Russia)
affiliated with Rospotrebnadzor. Influenza virus
production and titration were performed on cul-
tured immortalized cells (MDCK cell line) ob-
tained from the Cell Culture Collection at the
State Research Center of Virology and Biotech-
nology VECTOR and grown in the DMEM medi-
um (Biolot Ltd., St. Petersburg, Russia), supple-
mented with 10 % inactivated fetal bovine serum
(Biolot Ltd., St. Petersburg, Russia) and antibiotics
(11 TU/mL penicillin and 100 pg/mL streptomy-
cin (Biolot Ltd., St. Petersburg, Russia)). The study
of the antiviral activity of the samples was con-
ducted using its maximum tolerated concentra-
tions (MTC). The virus titer in the culture super-
natant was calculated by the Spearman—Kirber
method, expressed as the decimal logarithm of
50 % tissue culture infectious dose per mL
(1gTCID50/mL), and is presented as the mean
with standard deviation (M = SD) [32]. The effect
of the plant extracts and polyphenolic fractions
on the influenza virus of each subtype was eval-
uated by means of a logarithmic metric called a
neutralization index (NI): NI = Ig(50 % infectious
virus titer in control [no treatment]) — 1g(50 % infec-
tious virus titer in experiment) [33].

Testing of the cytotoxicity
of the extracts and polyphenolic fractions

To determine cytotoxicity (maximum tolerated
concentration; MTC) of the analysed extracts and
polyphenolic fractions, these samples were serially
diluted, and the presence of toxic effects in the
MDCK cell culture monolayer was assessed un-
der an inverted microscope. After that, MTC was
determined as the concentration at which 100 %
of cells were retained in the monolayer. For de-
termining the antiviral activity of the extracts
and polyphenolic fractions, the following cells
served as controls: MDCK cells cultivated in the
DMEM medium containing 2 pg/mL trypsin (no
virus and no treatment) and MDCK cells infect-
ed with either influenza virus A/Aichi/2/68 or
A /chicken/Kurgan/05/2005 without the M. fistu-
losa-derived substances [33].

RESULT AND DISCUSSION

Anti-influenza activity of the M. fistulosa extracts
during the vegetation period

The anti-influenza properties of water and
water-ethanol extracts obtained from raw ma-
terials of the above-ground part of M. fistulosa
during the growing season were studied. The
present study was carried out in continuation of
earlier works, where the anti-influenza activity
of M. fistulosa extracts against human and avian
influenza viruses was shown for the first time [29].
The results on changes in the anti-influenza ac-
tivity of extracts from Monarda raw materials
collected according to the phases of plant devel-
opment were obtained for the first time, and we
are not aware of any publications in the scientific
literature on the antiviral (anti-influenza) proper-
ties of M. fistulosa. Table 1 presents the data on
the antiviral activity of aqueous and aqueous-
ethanolic extracts from above-ground parts of
M. fistulosa during the vegetation period. The
anti-influenza activity was quantified with the
help of the NI (a logarithmic metric). According
to guidelines for the experimental (preclinical)
study of new pharmacological substances [34],
drugs that reduce the infectivity of a virus in cell
culture by a factor of at least 100 (Ig > 2) are
promising for further in vivo studies. From the
data in Table 1, it follows that antiviral activity
against influenza A of both subtypes was found
in at least one of the two extracts throughout the
vegetation period, but the magnitude of inhibi-
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Antiviral activity of extracts from M. fistulosa toward influenza viruses A/Aichi/2/68 (H3N2)

and A/chicken/Kurgan/05/2005 (H5N1)

A/Aichi/2/68 (H3N2) M. fistulosa

A /chicken/Kurgan/05/2005 (H5N1)

Extracts developmental stages Extracts

Aqueous Aqueous-ethanolic Aqueous Aqueous-ethanolic
Virus titer, NI Virus titer, NI Virus titer, NI Virus titer, NI
1gTCID50/mL, 1lgTCID50/mL 1lgTCID50/mL 1lgTCID50/mL,

(M = SD, n =4) (M = SD, n = 4) (M = SD, n =4) (M = SD, n=4)
5.00%0.29* 1.25  1.50%0.00% 475 Growth stage 1 2.50=0.00* 3.75  3.00+0.35* 3.25
4.50%+0.00* 1.75  2.50+0.00* 3.75  Growth stage 2 4.50+0.00* 1.75  3.00%=0.29* 3.25
4.50%+0.00* 1.75  4.50+0.00* 1.75  Flowering 4.00+0.29* 225  4.00%=0.29* 2.25
2.50=0.00* 3.75  5.00+0.29* 1.25  Fruiting initiation 4.50=0.00* 1.75  4.50=0.00* 1.75
5.00=0.29* 125 5.00%=0.29* 125 Fruiting 3.50=0.41* 2.75  3.50+0.00* 2.75
6.25+0.25 Control (extract not added) 6.25+0.38

Note. Growth stage 1 — shoots up to 10 cm long; growth stage 2 — shoots up to 15 ¢m long; 1gTCID50/mL — the virus titer
in the culture supernatant, i. e, log , of 50 % tissue culture infectious dose (these titers were calculated and compared by the
Spearman—Kirber method) per mL; M = SD mean value *+ standard deviation; n — the number of wells with a cell monolayer
infected with various dilutions of a virus suspension; NI — neutralization index: NI = 1g(50 % infectious virus titer in control) —

1g(50 % infectious virus titer in experiment).

* A significant difference from the untreated-infection control (p < 0.05).

tion depended on the type of extract and devel-
opmental stage. For instance, aqueous-ethanolic
extracts showed antiviral activity against the hu-
man influenza virus with the highest NI (4.75—
3.75) at growth stages 1 and 2. By contrast, in
aqueous extracts, the highest anti-influenza ac-
tivity (NI = 3.75) was registered at the fruiting
initiation stage. As for the avian influenza virus,
strong activity (NI = 2.25 to 3.75) was detectable
almost throughout the entire vegetation period:
at growth stages 1 and 2, the NI was 3.75 in
aqueous extracts and 3.25 in aqueous-ethanol-
ic extracts; at the flowering and fruiting stages,
the anti-influenza activities of the aqueous and
aqueous-ethanolic extracts (NI = 2.25—-2.75) were
similar toward this virus subtype. Overall, the
extracts from the aerial parts of M. fistulosa sig-
nificantly reduced the infectivity of the influenza
virus of both subtypes, depending on the devel-
opmental stage of this plant and on the type of
extraction.

TABLE 2

Cytotoxicity of the M. fistulosa extracts
throughout the vegetation period

Cytotoxicity of the two extracts from M. fistu-
losa was measured next, and MTCs were deter-
mined in the range of concentrations 0.005 to
2.500 mg/mL (see Table 2).

The aqueous and aqueous-ethanol extracts
were found to have low toxicity to MDCK cells,
but differed in MTC, as was the case for the
magnitude of inhibition of human and avian in-
fluenza viruses throughout the vegetation period
(see above). Aqueous and aqueous-ethanolic ex-
tracts at growth stage 1 were the least toxic, as
was the aqueous-ethanolic extract at the flower-
ing stage.

Anti-influenza activity and cytotoxicity
of the polyphenolic fractions

In this part of the project, two types of poly-
phenolic compounds (Polyphenolic Fractions 1

Toxicity of plant extracts from M. fistulosa during the vegetation period

M. fistulosa developmental stages

MTCs (mg/mL) of extracts

Aqueous Aqueous-ethanolic
Growth stage 1: shoots up to 10 cm long 2.5 2.5
Growth stage 2: shoots up to 15 cm long 143 143
Flowering 1 2.5
Fruiting initiation 1 1

Fruiting 1 1
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TABLE 3

Toxicity and antiviral activity of polyphenolic fractions from M. fistulosa (flowering stage)
toward influenza viruses A/Aichi/2/68 (H3N2) and A/chicken/Kurgan/05/2005 (H5N1)

Sample type

MTC, mg/mL  A/Aichi/2/68 (H3N2)

A /chicken/Kurgan/05/2005 (H5N1)

Virus titer, IgTCID50/mL NI

(M = SD, n = 4)

Virus titer, IgTCID50/mL NI
(M = SD, n =4)

Polyphenolic Fraction 1 0.2 4.00+0.29*
Polyphenolic Fraction 2 0.5 3.50%+0.00*
Control 6.00=0.29

2.00 4.50%+0.00% 1.25
2.50 4.00+0.29* 1.75
5.75+0.25

Note. Virus titers in the culture supernatants were calculated and compared by the Spearman—Kirber method;
1gTCID50/mL — log,, of 50 % tissue culture infectious dose per mL; M = SD mean value * standard deviation; n — the
number of wells with a cell monolayer infected with various dilutions of a virus suspension; NI — neutralization index:
NI = 1g(50 % infectious virus titer in control) — 1g(50 % infectious virus titer in experiment).

* A significant difference from the untreated-infection control (p < 0.05).

and 2) were isolated from the aerial parts of
M. fistulosa in the flowering stage, and their anti-
influenza activity was investigated (see Table 3).
The Table shows the NIs of the M. fistulosa poly-
phenolic fractions toward the influenza viruses.
The NIs of Polyphenolic Fractions 1 and 2 toward
the human influenza virus were 2.0 and 2.5, re-
spectively. By contrast, these substances did not
exert such a strong effect on the avian influenza
virus. Nevertheless, there was statistically signi-
ficant suppression of the replication of influen-
za viruses A/Aichi/2/68 (H3N2) and A/chicken/
Kurgan/05/2005 (H5N1) in comparison with the
control (infection without treatment). This exper-
iment has also revealed that these polyphenolic
fractions from the aerial part of bee balm have
low toxicity to cultured MDCK cells, and that
Polyphenolic Fraction 2 is less toxic than Poly-
phenolic Fraction 1 (see Table 3).

Overall, in the comparison of the anti-influen-
za effects among the four types of substances at
the flowering stage, Polyphenolic Fractions 1 and
2 turned out to be more active against the human
influenza virus, whereas the aqueous and aque-
ous-ethanolic extracts were more active against
the avian influenza virus.

CONCLUSION

This paper presents the results from assays of
antiviral activity of the substances isolated from
the plant M. fistulosa collected during the vege-
tation period (several stages of development)
against influenza viruses A/Aichi/2/68 (H3N2)
and A/chicken/Kurgan/05/2005 (H5N1). Anti-
influenza activity against both influenza virus
subtypes was found in aqueous and aqueous-eth-
anolic extracts throughout the vegetation period.

The magnitude of inhibition depended on the in-
fluenza virus subtype, the developmental stage of
M. fistulosa, and on the type of extraction. Re-
garding influenza virus A/Aichi/2/68 (H3N2),
the strongest inhibition of its infectivity was
caused by aqueous-ethanolic extracts from M. fis-
tulosa collected at the growth stages with a shoot
length of <10 and <15 cm (NIs of 4.75 and 3.75,
respectively) and by the aqueous extract at the
initiation of fruiting (NI = 3.75). As for the in-
fluenza A /chicken/Kurgan/05/2005 (H5N1) virus,
strong inhibition of its infectivity was induced by
the extracts of both types at the growth stage
with shoots up to 10 cm long (NI = 3.25 to 3.75),
at the flowering stage (NI = 2.25), and at the fruit-
ing stage (NI = 2.75) as well as by the aqueous-
ethanolic extract at the growth stage with shoots
up to 15 ecm long (NI = 3.25). Comparison of the
anti-influenza effects among the four types of sub-
stances at the flowering stage revealed that Poly-
phenolic Fractions 1 and 2 proved to be more active
against the human influenza virus [A/Aichi/2/68
(H3N2)], whereas the aqueous and aqueous-eth-
anolic extracts were more active against the avi-
an influenza virus [A/chicken/Kurgan/05/2005
(H5N1)].

The findings indicate that, because of the
anti-influenza properties, M. fistulosa plant com-
ponents hold promise as antiviral therapeutics
for influenza viruses A/Aichi/2/68 (H3N2) and
A /chicken/Kurgan/05/2005 (H5N1).
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