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IN VITRO ANTIVIRAL ACTIVITY
OF LEAF EXTRACTS OF PLANTAGO MAJOR,
PLANTAGO LANCEOLATA, AND RUBUS IDAEUS

Advances in organic chemistry, biochemistry, biotechnology, and molecular virology have made it possible to synthesize
a large number of antiviral drugs belonging to different pharmacological groups. However, one but the significant dis-
advantage of these drugs is their high toxicity. Therefore, along with the screening of new drugs among synthetic com-
pounds, scientists are actively conducting research on antiviral agents of natural origin. Natural products with antiviral
properties have advantages over synthetic compounds due to their low toxicity, minimal side effects, and mild action
by various mechanisms. The aim of the study was to investigate the properties of aqueous-alcoholic extracts of plantain
leaves (Plantago major L. and Plantago lanceolata L.), wild and garden raspberry leaves (Rubus idaeus L.) and their
fermented variants on the model of human adenoviruses (HAdV3, HAAV5, and HAdV7). Methods. Determination of
cytotoxicity and antiviral action of extracts was performed by standard methods using 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT). The titer of the virus synthesized in the presence of drugs was determined by the
end of the virus dilution, which caused a 50% development of the cytopathic effect of the virus on cells (CPE). Neoflazid
developed by Ecopharm (Ukraine) was used as a reference drug. It contained carboxylic acids and flavonoid glycosides
isolated from wild cereals Deschampsia caespitosa L. (pike, turf) and Calamagrostis epigeios L. (dugout). All studies
were performed in three replicates; the number of parallel determinations was 3—4. Calculated mean values, standard
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deviation, and mean errors. Differences in the averages were considered significant at p<0.05. The research results were
processed using Microsoft Office Excel 2010. Results. Low cytotoxicity of extracts of Plantago major L. and Rubus idae-
us L. (wild) leaves and their fermented variants was shown, CC,, was >3 mg/mL. The toxicity of extracts from the leaves
of Plantago lanceolata L. and Rubus idaeus L. (garden) and their fermented variants, was slightly higher (CC,,;=1.5 mg/
mL). The extracts showed either a slight antiviral effect or its complete absence when used in a prophylactic regimen. We
observed effective inhibition of reproduction of adenoviruses when used extracts after adsorption of viruses. Extract of
plantain leaves in concentrations of 0.06—3 mg/mL inhibited the reproduction of HAAV5 by 68—83% and inhibited the
reproduction of 3 mg/mL HAAV3 and HAdV7 by 55% and 11%, respectively. Extract of Rubus idaeus L. (wild) leaves in
the concentration range of 0.06—3 mg/mL inhibited the reproduction of HAAV5 by 65—89%, HAAV3 by 41—84%, and
HAAV7 by 22—59%. The maximum inhibition of reproduction of HAdV3 (by 34%) was shown for the extract from the
leaves of Rubus idaeus L. (garden) at a concentration of 0.38 mg/m. The reproduction of the other viruses was suppressed
by only 4—22%. It has been shown that the extracts of plantain and wild raspberry significantly affected the infectivity
of viral offspring. Extract of plantain at a concentration of 3 mg/mL inhibited the reproduction of HAAV5 by 1.5 Ig, and
fermented extract of plantain — by 1 lg. The latter at a concentration of 0.06 mg/mL inhibited the formation of new
viral offspring, the index of reproductive inhibition (IRI) being 1.6 lg. Both fermented and unfermented Rubus idaeus L.
(wild) extracts had almost the same antiviral activity with IRI in the range 1.45 lg — 1.6 lg. Extracts of plantain and
raspberry, regardless of the concentrations used, effectively inhibited the formation of infectious offspring of HAAV3. The
maximum IRI was 1.44 Ig for plantain extract and 1.5 Ig for fermented plantain extract. Both the raspberry extracts
(fermented and non-fermented) inhibited the synthesis of adenovirus serotype 3 by 1.46 — 1.54 Ig. The drug Neoflazid
completely inhibited the formation of infectious adenovirus at a concentration of 7.1 ug/mL. No virulicidal activity of
all extracts against human adenoviruses 3, 5, and 7 serotypes was detected. We found different antiviral activities of
extracts of wild and garden raspberry leaves, and we can assume that the flavonoid composition of the extracts plays an
important role in their activity. Conclusions. Our new data on a wide range of anti-adenoviral activity of plantain and
raspberry extracts are a prerequisite for further studies of the properties of individual components of extracts, in order to
create an anti-adenoviral drug and give recommendations for its pharmacological use.
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Mankind is constantly exposed to viral infec-
tions that can cause pandemics (influenza,
smallpox, HIV, polio, coronavirus), epidemics
(dengue fever, yellow fever, chikungunya, West
Nile), outbreaks, and sporadic diseases. Viruses
cause about 70—90% of human infectious pa-
thology [1]. Common infections are caused by
viruses that can persist for life in the body (hep-
atitis, herpes, adenovirus). To date, human ad-
enoviruses have been represented by more than
100 serotypes, and their number is steadily in-
creasing [2]. They are the causative agents of a
wide range of infectious diseases in humans with
damage to the eyes, respiratory, enteric, and uro-
genital tract. They can be dormant in the human
body and are risk factors for the development of
severe generalized diseases in persons receiving
immunosuppressive therapy after transplanta-
tion, and in patients with HIV [3—5]. They can
retain infectious properties for a long time, be-
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ing in the environment, in air, in liquid, or on the
surfaces of subjects. Viruses are released from the
water of rivers and seas throughout the year [6].
Adenoviruses enter the human body mainly by
airborne droplets through the respiratory tract,
in gastroenteritis — with food, in eye diseases —
in the case of virus on the conjunctiva. In immu-
nocompetent individuals, the disease manifests
itself in the form of acute respiratory disease,
often caused by 1, 2, 3, 5, 6, and 7 serotypes [7].
Typical outbreaks occur in closed groups at kin-
dergartens and schools, among conscripts, and
the so-called “hospital infections” At the same
time, there is no licensed drug for etiotropic
therapy of adenoviral diseases in the world [8].
Due to advances in organic chemistry, biochem-
istry, biotechnology, and molecular virology in
recent years, a huge number of antiviral drugs
belonging to different pharmacological groups
have been synthesized. However, new viruses
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appear, previously known ones mutate and be-
come resistant, and therefore, the search for new
antiviral drugs remains extremely important.
A significant disadvantage of drugs based on
chemical compounds is their significant toxicity.
Along with the screening of new drugs among
synthetic compounds, studies of antiviral agents
of natural origin are being conducted. Natural
products with antiviral properties have the ben-
efits of minimal side effects, low toxicity, and
gentle action by various mechanisms [9]. The
European market for antiviral substances based
on herbal raw materials is currently considered
to be the only largest commercial market in the
world for medicinal plants and herbal medicines.
In France, Germany, Italy, Sweden, Switzerland,
and the United Kingdom, such drugs are used as
an adjunct to treatment with synthetic drugs. In
Central and Eastern Europe, they are valued as
an alternative to expensive drugs [10].

The aim of our work was to study the cyto-
toxic, virucidal, and antiviral effects of aqueous-
alcoholic extracts of plantain leaves (Plantago
major L.), plantain lanceolata (Plantago lan-
ceolata L.), wild and garden raspberry leaves
(Rubus idaeus L.) and their fermented variants
against human adenoviruses (HAdV3, HAdVS5,
and HAdV?7).

Materials and methods. Preparation of plant
extracts. Dry leaves of plantain and raspberry
were ground to a powdery state and passed
through a sieve with a pore diameter of 1 mm.
The material (5 g) was extracted for 2 h with dis-
tilled water (150 mL) in a water bath at 80 °C
(reflux) and filtered. Ethanol was added to the
filtrates to a final concentration of 20%. Poly-
saccharides and alcohol-insoluble macromolar
compounds were removed by centrifugation (5
min at 5000 rpm). The supernatant was trans-
ferred into tubes and stored at 4 °C. To improve
the functional organs and reduce toxic side ef-
fects, the method of fermentation of extracts was
used. The fermentation was performed for 2 hr
at a temperature of 37 °C using the exoenzyme
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culture fluid Saccharomyces cerevisiae, assigning
filtration by short-term heating of the substrate
to 90 °C. The fermented liquid was centrifuged
for 10 min at 8000 rpm. Supernatants were col-
lected and stored in a refrigerator at 4 °C. The
following leaf extracts were studied: plantain
(Plantago major L. and Plantago lanceolata L.),
wild and garden raspberries (Rubus idaeus L.),
and their fermented variants. The concentration
of all extracts was 30 mg/mL. The drug Neofla-
zid developed by Ecopharm (Ukraine) was used
as a reference drug. It contained carboxylic acids
and flavonoid glycosides isolated from wild ce-
reals Deschampsia caespitosa L. (pike, turf) and
Calamagrostis epigeios L. (dugout). The content
of flavonoids in the drug Neoflazid was not less
than 4.0 mg/g in terms of rutin. Chromatography
(HPLC). Separation of the secondary metabolites
of the leaves was performed using the 2-eluent
scheme, which we present in the relevant sec-
tion: (eluent I = 5 g/L aqueous solution of or-
thophosphoric acid; eluent II = acetonitrile) on a
column Agilent Zorbax SB-C18, 5um, 4.6 x 250
mm. Sample volume 5 pL, column temperature
20 °C, flow rate 1.0 mL/min. Basic detection was
performed at wavelengths 205 and 254 nm [11].
Cell culture and viruses. Reference strains of hu-
man adenoviruses 3, 5, and 7 serotypes (HAdV3,
HADVS5, and HADV?7), supported by the D.K.
Zabolotny Institute of Microbiology and Viro-
logy of NAS of Ukraine, were cultured in hu-
man laryngeal carcinoma cells Hep-2 (ECACC
N86030501). The cytotoxicity of the extracts was
tested in vitro using the MTT method [12]. Cells
in 96-well plates were incubated with the extracts
(two-fold dilutions in the concentration range
from 0.188 to 3 mg/mL) for 48 hr, made 20 pL/
well of MTT solution (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide, Sigma)
at a concentration of 5 mg/mL, was cultured for
2—4 hr at 37 °C in atmosphere of 5% CO,. The
culture medium was removed, made at 100 pL/
well 96° ethyl alcohol. The study was performed
in 3 replicates. The optical density of the samples
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was determined spectrophotometrically on a
Multiskan FC reader (Thermo Fisher Scientific,
USA) at a wavelength of 538 nm. The percent-
age of living cells was calculated for each con-
centration of substance compared to control cells
(without the addition of extracts). The concentra-
tion at which 50% inhibition of cell population
growth (CC,;) occurs was determined based on
the dose-response curves using Microsoft Excel
2010 software for Pentium Pro. Studies of the vi-
rucidal action of extracts were performed accord-
ing to the classical scheme [13]. Extracts at the
maximum non-toxic concentrations previously
determined were mixed with equal volumes of
an undiluted virus and maintained at 37 °C for
2 hr. Next, Hep-2 cells in 96-well plates were in-
fected with serial 10-fold dilutions of the virus-
extract suspension (50 pL/well) in 3 replicates.
A mixture of the virus with an equal volume of
support medium was maintained as a control one
under the same conditions. After 4—5 days of
cultivation, with the appearance of pronounced
cytopathogenic action (CPD) of the virus in the
control, further processing was performed ac-
cording to the standard method of MTT. Virus
titers were determined at the end point of the
dilution, which causes 50% CPD. Using the pre-
diction function of Microsoft Excel, virus titers
and the index of inhibition of virus reproduction
(IRI) were calculated as follows:

Virus titer control (1g) —
Virus titer experiment (1g)

The antiviral activity of the extracts was inves-
tigated by the MTT method, using the following
cell treatment regimens: 1) 1 hr before infection
with the virus; 2) during the adsorption of the
virus; 3) after infection of cells with a virus [14].
To do this, after 24 hr of cell growth in 96-well
plates and the formation of 90% of the monolay-
er, the growth medium was removed. According
to scheme 1, different concentrations of extracts
(200 uL/well) were added to cells, according to
Scheme 2 were added to cells 50 pL/well of the
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viral mixture with different concentrations of ex-
tracts, and according to scheme 3 were added to
cells virus in the amount of 50 uL/well. The mul-
tiplicity of infection was determined in advance.
After 1 hr of contact te with the wells (according
to Scheme 1, after removal of the medium with
extracts), made 50 uL/well of virus. After 2 hr of
adsorption, the virus was removed according to
all schemes, the cells were washed with Hanks’
solution (Sigma, USA), and 200 pL of support
medium (Schemes 1 and 2) or medium contain-
ing extracts in different dilutions (Scheme 3)
were added. Then the plates were incubated at
37 °C in an atmosphere of 5% CO, for 4 days.
The contact time of the studied extracts with in-
fected Hep-2 cells (Scheme 3) was 96 hr. Next, 20
uL/well of MTT solution was added to the wells.
The percentage of protection against the virus
was calculated by the formula [15]:

(ODexp.) — (ODcv) / (ODcc) —
(ODc¢v) x 100%,

Where ODexp. is the optical density in the
wells with hoods, Odcv is the optical density of
virus control, and ODcc is the optical density of
cell control.

The infectious titer of the virus synthesized in
the presence of extracts (introduced according
to Scheme 3) was determined by the end point
of dilution of the virus, which causes 50% CPD
[13]. Dilution of the virus, which reduces the
optical density of the sample compared to the
optical density of cell control by 50% and is the
titer of the virus and is expressed in Ig TCD,/
mL (decimal logarithms of 50% tissue cytopath-
ic doses per milliliter). After 5 days of culturing
the cells with virus-containing material, samples
were taken, frozen three times, thawed, and cen-
trifuged for 20 min at 3.000 rpm. The cell pel-
lets were removed, serial 10-fold dilutions were
prepared, and the monolayer of daily Hep-2 cells
was infected. After 5 days of cultivation, MTT
solution was added to the plate, and the optical
densities of the samples were determined. Then
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the infectious titer of the virus and the index of
inhibition of virus reproduction (IRI) were cal-
culated. Statistical processing of the results. All
studies were performed in 3 replicates; the num-
ber of parallel determinations was 3—4. Mean
values, standard deviation, and mean errors
were calculated. Differences in averages were
considered significant at p<0.05. The research
results were processed using Microsoft Office
Excel 2010.

Using both schemes, we showed a slight an-
ti-adenoviral activity of the extracts, which did
not exceed 7%. According to the prophylactic
scheme of the study (Fig. 1, a), the activities of
Plantago major L. plantain leaf extract and the
fermented extract were more pronounced. In the
case of the presence of extracts during the ad-
sorption of the virus (Fig. 1, b), we also showed a
slight antiviral activity of fermented extract from
the leaves of wild raspberry (Rubus idaeus L.),
which had a slight concentration dependence.
Extracts from the leaves of Plantago lanceolata L.
and garden raspberries and their fermented
variants did not show antiviral properties when
applied according to the prophylactic scheme
and in the case of the presence during the virus
adsorption. Thus, the lack of a pronounced an-
tiviral effect of the extracts in the prophylactic
mode and during the virus adsorption indicates
that the extracts do not block or modify cellular
receptors and do not affect the ability of cells to
adsorb the virus. The activity of unfermented ex-
tracts of Plantago major L. and Plantago lanceo-
lata L. as well as wild and garden Rubus idaeus L.
in the reproduction of human adenoviruses of 3,
5, and 7 serotypes when introduced into Hep-
2 cells immediately after adsorption of viruses
was studied. This scheme allows one to detect
the effect on the viral genome replication, pro-
tein expression, and virus formation in the cell
[14]. Plantago major L. extract at a concentration
of 0.06—3 mg/mL inhibited the reproduction
of HAdV5 by 68—83% (Fig. 2). It was slightly
less effective against HAdV3 reproduction be-
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cause only at the maximum concentration 3 mg/
mL did the extract inhibit the CPD of the virus
by 55%. Regarding HAdV7, the extract did not
show significant antiviral activity: it inhibited
the reproduction of the virus by 11% only at the
maximum concentration (Fig. 2).

The extract of wild raspberry leaves inhibited
the reproduction of HAdV5 by 65—89% in the
concentration range of 0.06—3 mg/mL (Fig. 3).
It had a pronounced antiviral effect on HAdV3
(inhibition of the CPD of the virus by 41—84%).
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Fig. 3. Inhibition of reproduction of human adenovi-
ruses in Hep-2 cells by the extract of wild raspberry
(Rubus idaeus L.)

Table 1. Concentrations of extracts that inhibited

Regarding HAdV?7, the action was more effective
than by extracts from the leaves of plantain: in
the concentration range of 0.06—3 mg/mL, in-
hibition of virus reproduction was by 22—59%.
Thus, wild raspberry leaf extract had a wider
range of activity and more effectively inhibited
the reproduction of adenoviruses. As for extracts
of Plantago lanceolata L. and garden raspberry
Rubus idaeus L., their antiviral activity was insig-
nificant: the maximum inhibition of reproduc-
tion of HAdV3 by 34% is shown for the extract
of raspberry leaves at a concentration of 0.38
mg/mL, and the reproduction of other viruses
was suppressed only by 4—22% (not illustrated).

Using the prediction function of the computer
program Microsoft Excel 2010, concentrations
of extracts were determined, which suppressed
the reproduction of viruses by 50% (EC,,). The
results of the analysis of antiviral activity show
that the most effective inhibition of the repro-
duction of all adenoviruses was demonstrated by
wild raspberry leaf extract (Table 1).

The influence of extracts on the synthesis of
adenoviruses de novo was studied. It has been
shown that Plantago major L. and Rubus idae-
us L. (wild) not only inhibited the reproduction
of viruses but also significantly influenced the
formation of viral offspring. Extract of Plantago
major L. at a concentration of 3 mg/mL inhib-
ited the reproduction of adenovirus by 1.5 lg,
fermented extract — by 1.0 Ig (Fig. 4). With de-
creasing concentration of unfermented extract,
such intense titer suppression was no longer ob-
served. Fermented plantain extract at a concen-

the reproduction of adenoviruses 3, 5, and 7 serotypes in Hep-2 cells

Inhibition of reproduction (EC,,), mg/mL
Extract from leaves
HAdV3 HAdV5 HAdV7
Plantago major L. 2.3 <0.06 <3.0
Plantago lanceolata L. <3.0 <3.0 <3.0
Rubus idaeus L. (wild) 0.4 <0.06 2.1
Rubus idaeus L. (garden) <3.0 <3.0 <3.0
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tration of 0.06 mg/mL inhibited the formation of
new viral offspring more intensely than at higher
concentrations; its IRT was 1.6 1g. When studying
the effect of extracts from raspberry leaves, there
was observed a slightly different picture. It was
found that the fermentation of raspberry leaf ex-
tract did not affect its activity in any way. That is,
both fermented and unfermented raspberry ex-
tracts had almost the same antiviral activity, and
IRI was in the range of 1.45 Ig — 1.6 Ig (Fig. 4).
Due to the low antiviral activity of extracts from
the leaves of plantain lanceolate and garden
raspberries, their effects on infectious titers of
adenovirus were not detected.

The results of the study of the effect on the
titers of adenovirus 3 serotype synthesized de
novo in the presence of plantain and raspberry
extracts are presented in Figure 5. Plantago ma-
jor L. and Rubus idaeus L. extracts, regardless of
the concentrations used, effectively inhibited the
formation of the infectious progeny of the virus.
The maximum IRI was 1.44 lg for Plantago ma-
jor L. and 1.5 1g for fermented Plantago major L.
extract. Both (fermented and non-fermented)
Rubus idaeus L. extracts inhibited the synthesis
of adenovirus serotype 3 by 1.46—1.54 1g. The
drug Neoflazid completely inhibited the forma-
tion of infectious adenovirus at a concentration
of 7.1 ug/mL.

The virulicidal activity of all extracts and Neo-
flazid against human adenoviruses 3, 5, and 7 se-
rotypes was not detected.

In the course of our research, we found a dif-
ference in the activity of extracts from plants of
different species of the same genus, i.e. from the
leaves of garden varietal Rubus idaeus L. and wild
raspberry Rubus idaeus L. or plantains Plantago
major L. and Plantago lanceolata L. Extracts of
raspberry Rubus idaeus L. (wild) and plantain
Plantago major L. were active against adenovi-
ruses 3,5, and 7 serotypes, while extracts from
leaves of raspberry Rubus idaeus L. (garden) and
plantain Plantago lanceolata L. did not have such
activity. Studies of chromatographic profiles of
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hoods revealed some differences in their compo-
sition (Fig. 6). The chromatogram (b) of Plantago
major L. extract indicates the presence of three
main components with a delay of 5.918, 6.097,
and 7.048 min. Similar three components were
found in the chromatogram (a) of Plantago lan-
ceolata L. extract, but with a slightly shorter re-
tention time. The major component, determined
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Fig. 6. Chromatographic profiles of plant extracts: a — Plantago lanceolata L.; b — Plantago major L.; c — Rubus
equipped with a diode detector. Immediately before analysis, the samples were filtered through a 0.2 um syringe
umn, 150 x 2.1 mm, 5um. Thermostating of the column 30 °C, flow rate 0.5 mL/min Program for gradient I (a—d)
II (e) A in B: 0—20 min, 5—25% A; 20—25 min, 25—70% A; 25—30 min, 70% A. Sample volume 5 pL. Detection

with a delay of 6.097 min, exhibits two major ab-
sorption peaks at 277 and 354 nm, characteristic
for phenols such as caffeic and chlorogenic acids.

These compounds are known as effective anti-
viral agents [16—18]. In addition, the extract of
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leaves of Plantago major L. contains plantamayo-
side, a derivative of caffeic acid, which has high
biological activity [19]. The chromatograms (c, d)
of extracts of varietal and wild raspberry leaves
Rubus idaeus L. showed significant differences
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idaeus L. (natural form); d — Rubus idaeus L.(cultivar).

Liquid chromatography was performed on an Agilent 1100

filter. A 2-eluent scheme (eluent A = acetonitrile, B = 2% acetic acid) was used on an Agilent Zorbax XDB-C18 col-

A in B: 0—20 min, 5—70% A. Sample volume 1 pL. Basi
at wavelengths — 205, 254, 300 and 350 nm.

in the total content of flavonoids. The chromato-
gram of wild raspberry extract (d) has a peak
with a retention time of 6.718 min, which shows
two absorption peaks at 266 and 315 nm. Since
we found different antiviral activities of extracts
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¢ detection at a wavelength of 254 nm. Program for gradient

of wild and varietal raspberry leaves, we can as-
sume that the flavonoid composition of the ex-
tracts plays an important role in their activity.
Discussion. Biologically active substances
(BAS) of natural origin as a source of vari-
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ous chemical compounds have a wide range of
pharmacological actions. BAS contained in rap-
idly dividing plant cells have unique regulatory
properties [20—22]. today About 50% of known
anti-cancer therapies are derived from plants
[23]. For example, compounds such as taxol and
periwinkle alkaloids Vinca minor destabilize tu-
mor cell microtubules and prevent rapid tumor
spread. The world is actively studying the effects
of compounds of natural origin against viruses
of different families [24—29]. The antiviral prop-
erties of Folia Theae green tea have been shown
as inhibitors of various stages of reproduction
of RNA and DNA-containing viruses. It was es-
tablished that the main antiviral components of
green tea are catechins, which contain residues
of gallic acid [10]. Epilobium angustifolium has a
high anti-influenza activity, similar to that of the
commercial drug Tamiflu. The extract contains
a large number of tannins related to antioxidant
polyphenols, which have the ability to ensure
human health [24].

The objects of our research plantain (Plantago
major L.), plantain lanceolate (Plantago lanceo-
late L.), and raspberry (Rubus idaeus L.) are me-
dicinal plants that have been used in traditional
medicine for thousands of years to treat various
human diseases. They have antipyretic, antitus-
sive, hemostatic, anti-infective, and other useful
properties. Some of the secondary metabolites
identified in these plants include lignin alkaloids,
catechins, terpenoids, hydrolyzed tannins, flavo-
noids, quercetin, quercetin glycosides, polyphe-
nols, phenolic acids such as gallic, elogic, caffeic,
and chloro [10]. We present the results of the
study of cytotoxic, virucidal, and antiadenoviral
effects of extracts and their fermented products.
The absence of toxic effects of the extracts on
Hep-2 cells indicates the prospects of their use
as possible antiviral substances The lack of viru-
cidal and prophylactic properties indicates that
the extracts do not act on the extracellular vi-
rus, do not modify the cell membrane, blocking
cellular receptors of the virus, which could lead
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to loss of infectivity of viral particles or prevent
adsorption of the virus on the cell membrane.
Significant effects of extracts on adenovirus re-
production, especially on the infectious titer of
the virus, indicate inhibition of late stages of re-
production, which may be associated with viral
nucleic acid replication, protein expression, or
viral particle formation. Previously, the authors
[30] have studied the effect of aqueous extract of
plantain on the reproduction of human adeno-
viruses 3, 8, and 11 serotypes and herpes sim-
plex viruses 1 and 2 types. It was concluded that
a wide range of antiviral activity of the extract
and purified compounds from Plantago major L.
extract, which have high antiviral activity, are
mainly obtained from phenolic compounds, es-
pecially caffeic acid. Purified from the extract of
Plantago major L. caffeic acid showed high activ-
ity against herpes simplex viruses type 1 and 2
and human adenovirus type 3, whereas purified
chlorogenic acid effectively inhibited the repro-
duction of adenovirus serotype 11. The literature
data are confirmed and supplemented by the re-
sults of our studies on the inhibition of reproduc-
tion of adenoviruses 3, 5, and 7 serotypes. The
obtained results confirm the assumption that
plants of different species of the same genus can
differ significantly in the contents of biochemical
components, which in turn affects the presence,
severity, or the absence of their antiviral proper-
ties. Thus, we found a difference in the activity
of extracts from leaves of the plantain Plantago
major L., active against adenoviruses 3, 5, and 7
serotypes and the lanceolate Plantago lanceola-
ta L., which was not active. Further studies have
shown that Plantago major L. leaf extract con-
tains plantamayoside, a caffeic acid derivative,
which is absent in Plantago lanceolata L.

There have been many publications since the
70s of the last century [10] devoted to the leakage
of plantain, but despite the widespread use of rasp-
berries in folk medicine, the effect of raspberries
on the inhibition of viruses is insignificant. Bulgar-
ian scientists [31] studied the activity of metalo-
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logical extracts of wild berries Rubus idaeus L. and
found the selective antiviral activity of their associ-
ations against poliovirus type 1 (PV-1), coxsackie
virus B1 (105-B1), respiratory syncytial virus HR
(HRSV influenza A/H3N2 virus). A number of
publications are devoted to the study of anti-influ-
enza, anti-herpes, anti-rabies, and anti-respiratory
syncytial activities of extracts of Rubus coreanus,
Rubus ulmifolius Schott, and Rubus imperialis [32].
The authors argue about the prospects of develop-
ing antiviral drugs based on them.

Conclusions. Therefore, we have obtained
priority data on the anti-adenoviral activity of
water-ethanol extracts from the leaves of wild
raspberries. Differences in the qualitative and
quantitative composition of flavonoids were re-
vealed in extracts of varietal and wild raspberry
leaves using the HPLS method, which affected
their antiviral activity and thus the authors’ data
on the relationship between the severity of an-
tiviral action and total polyphenols in extracts
[30]. Native complexes of medicinal plants and
their components are substances, and their com-
binations belong to different classes of chemical
compounds. These can be polyphenols, terpe-
noids, alkaloids, organic acids, and others. In
this regard, phytochemical studies of plants are
of great importance. Equally important is the
question of the taxonomic position of plants, as
the analysis of the distribution of natural com-
pounds in taxa of different levels can serve as a
basis for predicting the search for biologically
active substances that have required properties
[33]. Plant species with high antiviral activity
can be recommended for deeper study as a base
in the creation of phytopreparations of antiviral
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IN VITRO AHTUBIPYCHA AKTUBHICTD BUTAXKOK
3 JIMCTA PLANTAGO MAJOR, PLANTAGO LANCEOLATA TA RUBUS IDAEUS

JlocsirHeHHs opraHivHoi Ximii, 6ioximii, 610TeXHOMOTII Ta MOIEKY/ISIPHOI BipycOIOTii Zamm 3MOTy CMHTE3yBaTH BeN-
Ky KiTBKICTh IPOTUBIPYCHMX Iperaparis, [0 Ha/leXaTb 40 pisHMx ¢apmakonoriduux rpyi. [lopsp i3 ckpuHinrom
HOBMX CMHTETUYHMX CIIOJTYK aKTUBHO NIPOBOJATDCSA HOCIIKEHHA IPOTUBIPYCHNUX 3aCO0iB IPMPOTHOTO MMOXOMKEH-
HA. HarypanbHi mpopyKTy 3 NpoTUBipyCHMMM BIaCTMBOCTAMM MalOTh IiepeBary mnepey CMHTEeTUYHYMM CTIOTyKaMu
3aBJIAKI HU3BKIl TOKCMYHOCTI, MiHIMa/bHUM NOGIYHUM edekTaM Ta M AKiN Aii 3a pisHUMMU MeXaHisMamu. MeToro
IOCIiPKeHHA Oy/I0 BUBYUTI NUTOTOKCUYHY, BIpY/TLIUIHY Ta IPOTUBIPYCHY /{10 BOGHO-CIIMPTOBYX BUTSDKOK 3 JIMCTA
HOfOpOXXHNUKa Benukoro (Plantago major L.), mogopoxkyka manueronucroro (Plantago lanceolata L.), manmuuu aykoi
i cagoBoi (Rubus idaeus L.) Ta ixHIX pepMeHTOBaHMX BapiaHTIB I[Of0 afieHOBIPYCiB MIOAUHU — 3, 5, 7 CEpPOTUIIIB
(HAdV3, HAdV5, HAdV7). Metopu. OTpumyBay BOZHO-CIMPTOBI BUTSDKKY 3 MCTS TIOLOPOXKHIKA BETUKOTO Ta
JIaHLIETO/IMCTOTO, MaTIMHU IUKOI Ta cafioBoi. PepMeHTAaIli10 BUTKOK IPOBOAVIIN 3 BUKOPUCTAHHAM eK30()epMeHTiB
Ky/IbTypanbHoi pinuun Saccharomyces cerevisiae. KoHILleHTpallisl BUTSDKOK cTaHOBMIA 30 MI/MJI, BMICT €THIOBOTO
crimpry — Bif 10 5o 20 %. B sxocrti pedpepenc-npenapary BukopucToByBau npenapar Heodnasup, pospobnennii
HBK «Exodapm» (Ykpaina), o MiCTUTb KapOOHOBI KMCIOTH Ta (IaBOHOINHI IIIKO3MAY, BUJ/IEH] 3 IUKUX 3/1aKiB
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Deschampsia caespitosa L. (my4xa fepHucra) ta Calamagrostis epigeios L. (Bifinuk HaseMHMit). BmicT dnaBoHoinis y
npemnapati Heodmasug — He MeHiue 4.0 MI/T y HepepaxyHKy Ha pyTuH. CTPyKTYPHUIT CK/IaJ BUTSDKOK BUSHAYATIN 3
BUKOPUCTAHHSM BICOKOe(eKTMBHOI pinHHOI xpoMmaTorpadii 3 ob6epreHoo dasoro B cuctemi Agilent 1260. Busuen-
Hs IMTOTOKCMYHOCTI Ta aHTUBIPYCHMX B/IaCTMBOCTEN IIPOBOJVIN CTAHAAPTHUM KOTOPUMMETPUIHIM METOLOM 3 BU-
xopuctanusaM MTT. [Tpu gocnimpkenHi aHTU-ageHOBIpycHOI Ail Oy BUKOPUCTaHI TPy CXeMM JOaBaHHA BUTSDKOK
Io KITHH: 3a 1 Tofi 1o iHiKyBaHHS; i Yac afcop6buii Bipycy (K npodimakTuyHi cxemMn) Ta BBeIeHHA Mic/s iHi-
KyBaHHA KJIITVH BipycoM (ikyBabHa cxeMa). Jloc/ipKyBam Bipy/TiliHy aKTYBHICTb BUTSDKOK. TUTp Bipycy, cuH-
Te30BaHUI B IPUCYTHOCTI BUTSKOK, BU3HAYa/IM 3a KiHI[€BOIO TOYKOIO PO3BENEHHA, 0 cupnyunHae 50% po3BUTKY
LMTONATUYHOIL [iil Bipycy. YCi JOCTIHKEHHA IPOBOAVIIN 3 TPhOMA IIOBTOPAMM Ta TPbOMA ITapajie/IbHMMI BU3HAYEH-
HAMI. BifMiHHOCTI cepefHiX OKa3HUKIB BBaKanu OpuitHATHIMIY 1pu p<0,05. O6po6Ky pe3ynbraTiB IPOBOAWIN 3
BUKOpUCTAaHHAM mporpamu Microsoft Excel 2010 st Pentium Pro. PesynpraTi. BUTsDKKM 3 TMCTS HOJOPOXKHIUKA
Bermkoro (Plantago major L.), manuumy gukoi (Rubus idaeus L.) Ta ixHi pepmeHTOBaHI BapiaHT! B KOHIIeHTpail 3 Mr/
M1 6ynu He Tokcnuni s kitun Hep-2 (CCy, cranosuia >3 mr/mi). TOKCMYHICTb BUTSKOK 3 TUCTA MOZIOPOXKHIMKA
nanueromictoro (Plantago lanceolata L.), manuum capoBoi (Rubus idaeus L.) ma ixnix ¢pepMeHTOBaHMX BapiaHTiB
6yma gemo 6inpinoro (CC,, = 1.5 mr/mm). CC, ) mna npenapary Heodmasuy cranosuna 10 mxr/mi. Ilpn BHecenHi Bu-
TSDKOK 3a 1 TOJ 0 3apakKeHHsI KJIITVH 9 IPUCYTHOCTI iX mify dac agcop6uii afgeHoOBipyciB (podinmaktudni cxemn)
IIOKa3aHa He3HAYHA aHTU-aJeHOBiPYyCHA aKTUBHICTD, IO He IepeBuiyBana 7 %. Brucoka aHTUBIpyCHa aKTUBHICTh
BUTSDKOK IIOKa3aHa IIpU BHeCEHH] ix mic/st afcop6buii Bipycis (yikyBanpHa cxema). BUTsKKa 3 TUCTS HOTOPOXKHIUKA
BE/IMKOTO y KOHILIeHTpalil 3 Mr/mi npurHidysana pernpoaykuito HAdV5 na 83%, HAdV3 — Ha 55 %, a HAdV7 —
Ha 11 %. Burskka 3 mMcTa ManyHM JMKOI B fliallasoHi KoHIeHTpanin 0.06—3 Mr/My IpurHidyBsana penpogyKIiio
HAdV5, HAdV3 ta HAdV7 na 65—89 %, 41—84 % Tta 22—59 %, BifmoBigHO. AKTUBHICTh BUTSKOK 3 JIUCTS I10-
TOPOXKHMKA JIAHLIETO/IMCTOrO Ta JIMCTS MaIMHU CafoBol Oy/la HM3bKOI, MaKCHMa/IbHe IIPUTHIYeHH PelpOomyKIil
HAdV3 Ha 34 % nokasaHe 111 BUTSDKKY 3 JIVCTS MaJIVIHU Cafj0BOI B KOHLIeHTpauii 0.38 Mr/mMI, penpopyKIiis iHmmx
aJieHOBipyciB IpuUrHivyBasach e Ha 4—22 %. [JocmimKyBalu BIUIMB BUTSKOK Ha iHQeKiiHicTh ageHoBipyciB.
ITokasaHO, 110 BUTSKKY 3 JIUCTSA MOJOPOXKHMKA BEMMKOTO Ta MAIMHMU AMKOI CYTTEBO BIUIMBA/IM HAa YTBOPEHHA iH-
(eKIiiTHOTO BipyCHOrO IIOTOMCTBA, a CaMe: BUTSDKKI 3 IIOfJOPOXKHIUKA BEUKOro ((hepMeHTOBaHA Ta HehepMEHTOBA-
Ha) IPUTHIYyBa/IM PEIPOAYKIIiIO aleHOBipyCy B cepenHboMy Ha 1,5 Ig. DepMeHTOBaHA i HehepMeHTOBaHA BUTSDKKA 3
JIMCTSI MaJ/IVIHU IIPUTHIYYBa/IM PENIpOAyKIiio aneHoBipycy Ha 1.45 1g — 1.6 Ig. IIpemapar Heodnasup B koHIeHTpaii
7.1 MKr/MI HOBHIicTIO iHTiOYBaB penpopykuito HAAV5. Bipyniumpgsoi gii Bcix BUTSOKOK Ta mpenapary Heodmasup,
BiIHOCHO aJJeHOBIipYCiB JIIOHM BYUABIIEHO He 6y/10. BcTaHOB/IEHO Pi3HUIIIO B aKTVBHOCTI BUTSYKOK POC/INH Pi3HUX
BUJIiB OTHOTO POJY, TOOTO 3 IUCTA cafioBoi coproBoi Rubus idaeus L. (garden) i pyxoi mamuuu Rubus idaeus L. (wild);
ofgopoXKHUKIB Plantago major L. ta Plantago lanceolata L. Buts>xku Ma/miHy 0ukoi Ta IOLOPOXKHIUKA 8e/11K020 Oy
aKTUBHI BiJHOCHO aJIeHOBIPYCiB 3, 5, 7 CEpOTHIIIB, Y TOJ 9ac AK BUTKKY 3 JINCTA Ma/IVHA €a00801 Ta TIOKOPOXKHMKA
JTAaHIIETOMICTOTO TaKol Aii He Mamu. JlocmimkeHHst Xxpomarorpadidamx mpodisiB BUTSHKOK TOZOPOKHUKIB OKa3a/In
BiMiHHOCTI ¥ ck1ani eHomiB, Taknx K KodelHOBa Ta XJTOpOreHOBa KUCIOTH. Butsbxka nucts Plantago major L.
MICTUTH IUTAaHTaMao3u] — MoxifHe Ko eIHOBOI KMCIOTH, 110 Ma€ BUCOKY 6107I0Ti4Hy aKTHMBHICTb. XpOMaTorpamu
BUTSDKOK JIVCTS COPTOBOI Ta JUKOI MA/IMHM Ma/Iyi 3HaYHi BiIMiHHOCTI y 3araibHOMy BMicTi (praBoHOIfiB. BucHOBKL.
OTpuMaHi HaMM HOBi lJaHi IIO/I0 INMPOKOTO CIEKTPY aHTHA/I€HOBIPYCHOI aKTUBHOCTI BUTSKOK 3 JIVCTSA ITOJJOPO>KHM-
Ka Ta MaJIMHM € [IepeyMOBOIO [y yCTBOPEHH JIKapChKOTO IIpelapaTy Ta peKOMeHAalliil 11 fioro ¢papMaxosoriy-
HOro 3acTocyBaHHA. llInpoka po3noOBCIO/PKEHICTh POC/IMH MOJOPOXKHMKA Ta Ma/IMHY Ha TEPUTOPil YKpainy, HU3bKa
TOKCHYHICTh BUTSDKOK Ta BIsIB/ICHA aHTUA/IEHOBIPYCHA aKTVBHICTb MOXYTb B IIOJQ/IBIIIOMY CIIPUATU e(PEKTUBHOMY
BUKOPYMCTAHHIO IX y KIiHIYHil (papMaKoIoril.

Kntouosi cnosa: smopunti memabonimu, ¢nasoHoiou, excmpaxmu noooporHuKa i ManuHu, adeHosipycu moouHu,
anmueipycHa aKkmuseHicmeo.
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