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Abstract

The study of biologically active substances-secondary metabolites of plants that exhibit geroprotective properties
is an actual and popular direction in medicine to prevent early aging. This work aims to select the cultivation
parameters for obtaining in vitro cell cultures of meadowsweet containing the largest amount of biologically active
substances (BAS) for their further extraction as candidate substances for geroprotectors. To specify the effectiveness
of the selected cell culture cultivation parameters, biomass growth for callus and root cultures, growth index,
specific growth rate, and viability for suspension cultures was carried out. The study results made it possible to
select the nutrient media for the cultivation of cell cultures of meadowsweet. It has been found that the greater
the antioxidant activity of the extracts, the greater the antimicrobial properties it exhibits. In this study, cell
cultures in vitro and alcohol extracts from the plant Filipendula ulmaria were considered as raw materials rich in
candidate substances for geroprotectors. According to the data obtained, the plant is rich in hydroxybenzoic and
salicylic acids, spireoside, avicularin, and hyperoside.

Keywords: biologically active substances, geroprotector, aging, meadowsweet, cell cultures in vitro, antimicrobial
activity.

Resumo

0 estudo de substancias biologicamente ativas — metabélitos secundarios de plantas que apresentam propriedades
geroprotetoras - é uma tendéncia atual e popular no campo da medicina para a prevencdo do envelhecimento
precoce. O objetivo deste trabalho foi selecionar os pardmetros de cultivo para obtengao de culturas celulares in vitro
de Ulmaria contendo a maior quantidade de substancias biologicamente ativas (SBA), para sua posterior extragao
como substancias candidatas a serem geroprotetoras. Para especificar a eficicia dos pardmetros selecionados de
cultivo em cultura de células, foi realizada a andlise de crescimento de biomassa para culturas de calos e raizes,
indice de crescimento, taxa de crescimento especifica e viabilidade para culturas em suspensao. Os resultados do
estudo possibilitaram a sele¢do do meio nutriente para o cultivo de células de Ulmaria. Verificou-se que, quanto
maior a atividade antioxidante dos extratos, maiores eram as propriedades antimicrobianas exibidas. Neste estudo,
culturas celulares in vitro e extratos alco6licos da planta Filipendula ulmaria foram considerados matérias-primas
ricas em substancias candidatas a serem geroprotetoras. De acordo com os dados obtidos, a planta é rica em acidos
hidroxibenzoico e salicilico, espirosideo, avicularina e hiperosideo.

Palavras-chave: substancias biologicamente ativas, geroprotetor, envelhecimento, ulmaria, cultura de células in
vitro, atividade antimicrobiana.

1. Introduction

Aging is a complex process that influences all systems  cancer, neurodegenerative diseases, etc. (Liu et al., 2019;
of the body (molecular, cellular, tissue, etc. (Ito et al.,  Tsai et al., 2021; Jansen et al., 2015), leading to a gradual
2012; Moskalev et al., 2017). This process is accompanied ~ decrease in physical and mental abilities. Geroprotectors
by a number of chronic diseases (stroke, diabetes,  are pharmacological substances that can slow down the
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processes associated with early aging and increase healthy

life expectancy (Figueiredo et al., 2010; Proshkina et al.,

2020; Tundisi et al., 2008). Not all biologically active

compounds can be used as geroprotectors. The work of A.

Moskalev and his colleagues presented a number of criteria

that candidate substances should meet for geroprotectors

(Moskalev et al., 2017):

1. The possibility of increasing the duration and quality
of life.

2. The ability to maintain a young state of the body and
suppress age-related changes.

3. The dose of the geroprotector used should not be toxic
to the body.

The implementation of these criteria is possible due
to the protection of the body from one or more aging
mechanisms (Proshkina et al., 2020). One of the most
popular theories of aging is the free radical or antioxidant
theory (Harman, 2002, 2003), since free radicals are
involved in the creation of cellular damage and in
inflammatory processes (Pollack and Leeuwenburgh, 1999;
Campisi et al., 2019). As a result, the search for BAS that
exhibit antioxidant properties is relevant.

Plant raw materials are a popular source of candidate
substances for geroprotectors (Lincheva et al., 2017;
Asyakina et al., 2020; Koval et al., 2021). Most often,
secondary plant metabolites — avonoids, polyphenols,
glycosides, tannins, and vitamins-are used as geroprotectors

(Lashmanova et al., 2019). Thus, the elm-leaf meadowsweet
or elm-leaf labaznik (Filipendula ulmaria) is a perennial
herbaceous plant rich in phenolic compounds, tannins,
polysaccharides, and essential oils, due to which it
exhibits a high spectrum of pharmacological activity
(antioxidant activity, immunomodulatory properties,
etc.) (Olennikov et al., 2016; Baranenko et al., 2019;
Dyshlyuk et al., 2021; Piwowarski et al., 2014).

To overcome the difficulties that arise in the
traditional reproduction of plants, it is important to
use biotechnological methods that allow obtaining
pure biomaterial on a large scale and contribute to the
conservation of plant species diversity (Cristiano et al.,
2016; Yong et al., 2020).

This work aims to select the optimal parameters for
the production of callus, suspension, and root cultures
of meadowsweet (Filipendula ulmaria) to extract the
maximum amount of BAS showing geroprotective activity.
The algorithm for implementing this work is shown in
Figure 1.

[Figure 1]

2. Methodology

The paper aims to evaluate the biomass of callus,
suspension, and root cultures in vitro of meadowsweet
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Figure 1. The algorithm of the study in this paper.
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(Filipendula ulmaria) and water-alcohol extracts obtained
from the biomass of these cultures.

Production of callus and root cultures in vitro was
carried out from the seeds of meadowsweet (the seeds
were purchased from the private collection of Sirotkin
E. K., Russia). The method of seed sterilization included
the following steps: the seeds were sterilized in 5 ml
of a solution (3% hydrogen peroxide and 96% ethanol
in a ratio of 1:1) for 2 minutes, then dried in a stream
of sterile air on a sterile filter paper. After sterilization,
the seeds were planted on an agarized medium (the
composition of the medium is shown in Table 1).
[Table 1]

For the induction of callus cell cultures, 2-8-week-old
sterile seedlings with 2-4 real leaves were used. The
stems and leaves were cut into pieces and planted on
agarized media in Petri dishes with 60 and 90 mm

Table 1. Composition of the nutrient medium for obtaining sterile
seedlings from the seeds of meadowsweet.

Components of the Quantity per 1 liter of

nutrient medium distilled water
Macrosols 20x MS, ml 50.00
Microsols 20x SH, ml 1.00
Fe-EDTA, ml 5.00
Sucrose, ml 30.00
Nicotinic acid, mg 5.00
Pyridoxine, mg 0.50
Thiamine, mg 5.00
Inositol, mg 100.00
2,4-D, mg 1.00
Kinetin, mg 0.10
Agar, g 20.00

Biologically active substances with geroprotective properties

diameter. Table 2 shows the composition of the nutrient
media.

[Table 2]

Suspension cultures were obtained from callus cultures.
The best growing loose callus cultures were selected for
the experiments. Callus culture in the amount of 300-
400 mg was placed in flasks (per 250 ml) containing 25
ml) milliliter( of liquid culture medium and cultured
on a stationary circular rocker Incubated Shakers ISS-
4075 (Jeiotech, Republic of Korea) at 95-100 rpm. After
18-20 days of cultivation, the supravaginal fraction of
the cells was replanted, gradually increasing the degree
of dilution from 1/2 to 1/8 (the ratio of the volume
of the inoculate to the volume of the fresh nutrient
medium) and shortening the subcultivation cycle.
Suspension cultures were grown on nutrient media,
the composition of which is shown in Table 3.

[Table 3]

In vitro root cultures of meadowsweet were obtained
from sterile seedlings of plant seeds, namely, from
the leaves obtained at the 1st stage of this work. The
leaves were transformed using agrobacteria, according
to the procedure of Novikova et al. (2020): the leaves
were perforated with a sterile needle and located on a
B5 culture medium (Gamborg et al., 1968), containing
a suspension (0D600=0.4) agrobacteria. Before the
transformation, the suspension culture of agrobacteria
was increased on the YEB medium for one day in
the dark, at 24 °C on a rocking chair with a circular
rotation (amplitude 5-10 cm, rotation speed 90 rpm).
As a control, we used needle-pierced explants placed
on a solid medium B5 without applying a suspension
of the microorganism. After 12-48 hours of exposure
in a bacterial suspension, the explants were washed
with sterile water, and all moisture was removed
from them (dry) sterile filter paper and located on a
solid medium B5 containing 500 mg / 1 of cefotaxime.
The antibiotic was added to remove agrobacterium

Table 2. Composition of nutrient media that differ in the composition of growth regulators used in the experiment on the selection of
optimal parameters for growing callus culture of meadowsweet.

Value per 1 liter of distilled water

Components of the nutrient medium

Nutrient medium No. 1

Nutrient medium No. 2 Nutrient medium No. 3

Macro salts MS 20x, ml 50.00
Micro salts SH 20x, ml 1.00
Fe-EDTA, ml 5.00
Thiamine, mg 5.00
Pyridoxine, mg 0.50
Nicotinic acid, mg 5.00
Sucrose, g 30.00
Inositol, mg 100.00
2,4-D, mg _
Kinetin, mg -
Agar, g 20.00

50.00 50.00
1.00 1.00
5.00 5.00
5.00 5.00
0.50 0.50
5.00 5.00

30.00 30.00

100.00 100.00
1.00 2.00
0.10 0.20

20.00 20.00
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residues. After one month of cultivation, the number of

transformations was estimated. It should be mentioned

that the transformed explants were chosen based on
phenotypic features. Subsequently, two passages of
the obtained roots were performed on a solid medium

B5, which did not contain hormones, but contained a

reduction dose of cefotaxime (250 mg/1).

Cultivation took place in the absence of light at a
temperature of +23 ° C on a rocker with a frequency of
100 rpm. Subsequent transplantation to a fresh medium
was performed as soon as contamination with agrobacteria
emerged. To obtain root cultures in vitro, 300 ml flasks were
used, the volume of the medium was 100 ml. The initial
weight of the root culture in vitro was from 0.5 to 1.0 g.

In this work, the following bacteria were used for
the transformation of explants (Figure 2): strain No.
1 - Agrobacterium rhizogenes 15834 Swiss (Ufa, Russia),
strain No. 2 - Agrobacterium rhizogenes 15834 Swiss
(Timiryazev Institute of Plant Physiology, Russian Academy
of Sciences, Russia), strain No. 3 - Agrobacterium rhizogenes
8196 (Czech Buduyevitsy, Czech Republic), grown on
agarized culture medium YEB.

|Figure 2]

2.1. Study of the growth specifications of the obtained cell
cultures in vitro

2.1.1. Study of callus crop biomass growth

The growth in Pi biomass was determined for a definite
time of growing callus crops of meadowsweet (on the first
day of cultivation) according to the relation 1:

_Xi=Xo

B
Xo

(1)
In which X; is the weight of the crop on the first day of
cultivation and X, is the weight of the transplant)

2.1.2. Study of growth specifications of suspension cultures

For the most steadily growing suspension lines, the
growth specifications were comprehensively investigated
according to the following parameters:

The growth index (I) was determined, the method is
presented in Vijendra et al. (2020), the growth index was
presented using the relation 2:

X
[=max 2
- @)

Table 3. Composition of the nutrient medium for the cultivation of suspension crops of meadowsweet.

Value per 1 liter of distilled water

Components of the nutrient medium

Nutrient medium No. 1

Nutrient medium No. 2 Nutrient medium No. 3

*Macro salts MS 20x, ml 50.00
**Micro salts SH 20x, ml 1.00
Fe-EDTA, ml 5.00
Thiamine, mg 5.00
Pyridoxine, mg 0.50
Nicotinic acid, mg 5.00
Sucrose, g 30.00
Inositol, mg 100.00
2,4-D, mg -
Kinetin, mg -

50.00 50.00
1.00 1.00
5.00 5.00
5.00 5.00
0.50 0.50
5.00 5.00

30.00 30.00

100.00 100.00
1.00 2.00
0.10 0.20

*on (Murashige and Skoog, 1962). **on (Schenk and Hildebrandt, 1972).

Figure 2. Agrobacterium strains used to transform the leaves of seed seedlings into roots: a) Strain No. 1-Agrobacterium rhizogenes
15834 Swiss (Ufa, Russia); b) Strain No. 2-Agrobacterium rhizogenes 15834 Swiss (Timiryazev Institute of Plant Physiology, Russian
Academy of Sciences, Russia); c¢) Strain No. 3-Agrobacterium rhizogenes 8196 (Czech Buduyevitsy, Czech Republic).

4/14

Brazilian Journal of Biology, 2024, vol. 84, 257074



Inwhich X is the maximum value of one of the growth
criteria, and X is the initial value of one of the growth
criteria.

The specific growth rate in the exponential growth phase

(relation 3) (Nhut et al., 2013; Trong et al., 2017).

InX, —InX;
p=2n42 1

(tr—11).day™! 3
X (t2—1).day 3)

In which X2 is the content of dry biomass in a liter of the

medium at time t2;

X1 is the content of dry biomass in a liter of the medium

at time t1;

t1 is the start time of the exponential growth phase, day;

t2 is the end time of the exponential growth phase, day.
It should be mentioned that the subcultivation cycle

in specifying the growth characteristics was 20-32 days.

To characterize the growth of root crops, the growth index

indicator was used.

2.2. Study of the qualitative and quantitative composition
of BAS in the biomass of the obtained crops of
meadowsweet (Filipendula ulmaria)

Analysis of the quantitative and qualitative composition
of BAS by HPLC. The analysis was carried out on a
Shimadzu LC-20 Prominence chromatograph (Shimadzu
Corp., Japan) with a Shimadzu SPD-20-MA diode-
matrix detector (Shimadzu Corp., Japan) and a RID-10A
refractometric detector (Shimadzu Corp., Japan). We used
a chromatographic column Kromasil 5 microns C18,
250x4.6 mm (Akzo Nobel Pulp and Performance Chemicals
AB, Sweden); a pre-column Security Guard Gartridge,
injection volume 20 pl. Column temperature 300 °C.
The elution mode is isocratic, and PF consists of- AcCN:
[PS: H20 - H3PO4 (20:5:75 pH 3.5).

Sample preparation: 2 ml of the sample was located
in a conical flask with a capacity of 100 ml, 20 ml of
methyl alcohol was added. The suspension was treated
with ultrasound using an Elmasonic S60H ultrasonic
washing machine (Elma, Germany) for 5 minutes, then
20 ml of 1.5 M hydrochloric acid solution was added, and
hydrolysis was performed in a boiling water bath EKROS
PE-4310 (EKROSHIM, Russia) with a reverse refrigerator
for 30 minutes. The resulting solution was cooled to room
temperature, then transferred to a measuring flask with
a capacity of 100 ml; the volume of the solution was
brought to the mark with methyl alcohol, mixed, and
filtered through a paper filter “yellow tape” (JSC KZPO,
Russia). They were evaporated under vacuum using a
rotary vaporizer IR-1LT (Labtex, Russia) to a dry residue
and dissolved in 2 ml of the mobile phase.

The relative standard deviation was calculated for the
peak areas of quercetin (Sigma cat # 0125) and kaempferol
(Sigma cat # K0133) from five chromatograms; the deviation
did not exceed 0.5%. The efficiency of the chromatographic
column, calculated according to the standards of quercetin
and kaempferol, was more than 10,000 theoretical plates.

Brazilian Journal of Biology, 2024, vol. 84, 257074
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2.3. Survey of the qualitative and quantitative composition
of BAS in alcohol extracts obtained from callus cultures in
vitro of the meadowsweet (Filipendula ulmaria)

To obtain extracts from the biomass of callus cultures
invitro, three g of dried and crushed biomass was poured
with 260 ml of the extractant-ethyl alcohol (Kemerovo
Pharmaceutical Factory, Russia) using a mill of the
brand LZM - 1M (Russia, Olis) (Dyshlyuk et al., 2020a,
b). Extraction was performed out on a water bath of
the PE-4310 brand (EKROSHIM, Russia) with a reverse
refrigerator under static conditions. Cell cultures are dried
at a temperature of 59+2 ° C to a residual humidity of
10-15%. The extraction parameters are shown in Table 4.

The analysis of the qualitative and quantitative
composition of BAS in extracts obtained from the biomass
of callus cultures in vitro of meadowsweet was carried
out using the methods:

» TLC. The analysis was performed on Sorbfil PTS-AF-A
plates (Labtech, Russia). The development of a solution
of phosphoric-tungstic acid 25%, followed by heating
at 95 °C - 10 min. The densitometric analysis of the
plate was carried out using a densitometer with a Sony
photo fixing system (Handycam HDR-CX405), IMID
LLC, Russia).

* HPLConaShimadzu LC-20 Prominence chromatograph
(Shimadzu Corp., Japan). The analysis was performed
based on the method described above in item 6.

* HPLC on a chromatograph Color Yauza-04
(Chemautomatika, Russia). We used a UV | VID detector
with a photodiode array with specified wavelengths of
255, 280 nm. Control of the device and processing of
the received data was performed using the MulticHrom
software, version 3.1.1550 (CJSC Ampersend, Russia),
column: Gemini 5mkm C18 1104, size 250x4.6 mm
(Phenomenex (USA)), pre-column Analitical Guard
(KJO -4282).

Table 4. Parameters of extraction of biomass of cell cultures of
meadowsweet (Filipendula ulmaria).

Callus cultures of meadowsweet

(Filipendula ulmaria)
- Tempféature, fr‘z:(c):;lo?eof E)gll;a:gtiltl)n
ethanol, % ’
1 30 70 2
2 30 70 4
3 30 30 6
4 30 70 6
5 50 70 2
6 50 30 6
7 50 70 6
8 70 70 6
9 35 70 5
5/14
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2.4. Study of antioxidant and antimicrobial properties of
extracts obtained from callus cultures of meadowsweet

The determination of the antioxidant activity of alcohol
extracts was performed out based on the method described
in Moharram and Youssef (2014). In a flask for titration
with a capacity of 50 ml, 8 ml of freshly boiled and cooled
distilled water, 1 ml of 20% sulfuric acid solution, 1 ml of
0.05 N potassium permanganate solution were added and
mixed. Titration was carried out with a micropipette (1 ml
volume with a division price of 0.01 ml) titrated with the
test extract until the pink color of potassium permanganate
disappeared. The volume of the extract used for titration
was recorded and converted to quercetin: 1 ml of 0.05 N
potassium permanganate solution corresponded to 0.25 mg
of quercetin.

Study of antimicrobial activity of alcohol extracts
in relation to sanitary-indicative microorganisms (test
cultures): Escherichia coli ATCC 25922, Candida albicans
Y-3108, Bacillus cereus B-6644, Pseudomonas aeruginosa
B6643, Enterococcus faecium 170M39, Klebsiella
pneumonia CECT 143, Helicobacter pylori ]99, Streptococcus
viridans ATCC 11563, Streptococcus bovis D ATCC 49147,
Porphyromonas gingivalis ATCC 33277, Acinetobacter
baumannii ATCC 19606, Streptococcus intermedius TYG
1620. The analysis was performed using the disc-diffusion
method described in Milentyeva et al. (2020), only instead
of disks with antibiotics, sterile disks impregnated with
10 pl of the studied extracts were used. The disks were
applied to an agarized medium of MPA, sown with a lawn
test culture (a suspension with a density of 0.5 according to
McFarland was used, the density was determined using a
densimeter DEN-1 (BioSan, Latvia)). As a control, a disk with
anutrient medium of MPA was applied; as a comparison,
a disk with an antibiotic (ampicillin 10 mcg - HiMedia
Laboratories, India) was used. The cups were incubated at
37 °C for 24 hours. After the incubation time, the diameter
of the transparent zone (in mm) of the absence of bacterial
growth around the disk was measured.

The presence of a growth suppression zone indicated
the presence of antagonistic activity: in the inhibition
zone with a diameter of less than 11 mm, the strain

showed no activity, 11-16 mm strain showed weak activity,
17-22 mm-medium activity, and more than 23 mm-high
activity (Jomehzadeh et al., 2020).

3. Results and Discussion

3.1. Results of germination of sterile seeds of
meadowsweet

Figure 3 shows sprouted sterile seeds of meadowsweet.
The first seed seedlings were observed after 4-5 weeks
of cultivation.

[Figure 3]

3.2. Results of the formation of callus cultures of
Filipendula ulmaria cells grown on various nutrient media

The formation of primary callus from sprouted sterile
seeds on the considered nutrient media was observed
on the 7-14 days of cultivation. The results of cultivation
- and the resulting growth index for dry biomass are
presented in Table 5.

[Table 5]

The results indicate that the highest growth index for
dry biomass is observed when growing cell cultures on
nutrient medium No. 2 (Figure 4).

[Figure 4]

The callus grown on medium No. 2 had a more stable
growth phase and a less loose shape than the callus obtained

Table 5. Results of the study of the growth index of the obtained
callus crops grown on various nutrient media.

Duration of the

Medium  subcultivation cycle, Dry blomass growth
index
day
No. 1 28-32 8.5-10.3
No. 2 28-32 9.7-13.6
No. 3 28-32 9.5-12.9

Figure 3. Germination process of sterile seeds of meadowsweet (Filipendula ulmaria).

6/14
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on media No. 1 and No. 3. Also, as a result of the study, it
was found that there were no significant differences in
the intensity of seed germination on the media used for
callus formation.

3.3. The results of the formation of suspension cultures of
meadowsweet

In the process of obtaining suspension cell cultures,
intensive formation of a fine superdeposition fraction and
rapid adaptation of the culture to new growing conditions
were observed. The growing cycle of suspension crops
was 2-3 weeks. After 1.5-2.0 months from the moment
of receiving the first cell suspensions, the length of the
subcultivation cycle was 14 days with an initial planting
density of an average of 1.0-1.5 g / | for the dry mass of
cells. The results of studies on the selection of the optimal
composition of the nutrient medium for the cultivation of
suspension cultures of plant cells are presented in Table 6.

|Table 6]

The main growth characteristics of suspension cultures
obtained during cultivation on various nutrient media are
presented in Table 7.

[Table 7]

The results presented in the table indicate that the
optimal medium for obtaining stable suspension cultures
is medium No.2. The obtained suspension cell cultures are
shown in Figure 5.

[Figure 5]

3.4. Results of formation of root cultures in vitro of the
meadowsweet (Filipendula ulmaria)

The results of the transformation of the explants of
Filipendula ulmaria by different strains of Agrobacterium
rhizogenes are presented in Table 8.

Analysis of the transformation results shows that the
explants of meadowsweet form root cultures in vitro

Figure 4. Callus cell cultures of meadowsweet (Filipendula ulmaria)
grown on nutrient medium No. 2.

Figure 5. Suspension cultures of meadowsweet (Filipendula
ulmaria) cells grown on nutrient medium No. 2.

Table 6. Results of determining the viability of primary suspension cell cultures, cell units.

Name of the medicinal plant

Nutrient medium No. 1

Nutrient medium No. 2 Nutrient medium No. 3

Meadowsweet vyazolistnaya
(Filipendula ulmaria)

23.600£0.001

46.700+0.020 9.800+0.001

Table 7. Results of the study of the growth characteristics of suspension cultures of meadowsweet cultivated on various nutrient media.

Nutrient medium X 81 1 4 day™ | .
No. 1 7.52-11.96 72-80 0.10-0.13 763 -8.93
No. 2 7.65-12.32 72-85 0.11-0.15 7.80-9.13
No. 3 72-11.2 70-79 0.11-0.12 7.35-8.36

Table 8. Number of explants formed, transformed with the help of various agrobacteria.

Total number of explants

Strain Control used in experiments, pcs Number of explants with roots, pcs % explants
No. 1 0 36 1 2.778
No. 2 0 36 3 8.333
No. 3 0 36 1 2.778
Brazilian Journal of Biology, 2024, vol. 84, 257074 7/14
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with different intensities when using different strains
of Agrobacterium rhizogenes: the largest number of
transformed explants was obtained when using the
Agrobacterium rhizogenes strain 15834 Swiss (Moscow,
Russia). Figure 6 shows an in vitro root culture of
meadowsweet obtained using Agrobacterium rhizogenes
15834 Swiss (Moscow, Russia). The results of the study
of changes in the growth index of root crops of the plant
are shown in Figure 7.

[Figure 7]

The analysis of the results shows that the growth curve
of the root culture in vitro of meadowsweet had an S-shape,
included standard growth phases, and was characterized
by a long exponential and stationary phase (from 28 to
42 days of cultivation), after which the stage of degradation
began, at which the growth rate of the culture decreased,
and consequently, the amount of biomass decreased.
The root culture growth index was 32.

3.5. Results of the study of the qualitative and quantitative
composition of BAS in the biomass of the obtained crops of
meadowsweet (Filipendula ulmaria)

The results of the study of the quantitative and
qualitative composition of biologically active substances in
the biomass of the obtained root cultures, suspension, and
callus, in vitro of meadowsweet are presented in Figure 8.

[Figure 8]

The results show that the highest content of BAS is
observed in the biomass of callus cultures of the plant in
comparison with suspension and root cultures in vitro:
thus, flavonoids in the biomass of callus crops contain
1.4 times more than in the biomass of suspension crops
and 1.2 times more than in the biomass of root crops;
vitamin C E in the biomass of callus crops is 1.4 times
more than in suspension crops and 1.3 times more than in
the biomass of root crops; phenolic acids in the biomass
of callus crops are 1.3 times more than in the biomass of
suspension crops and 1.2 times more than in the biomass
of root crops; carotenoids in the biomass of callus crops are
1.5 times more than in the biomass of suspension crops and
1.6 times more than in the biomass of root crops; essential
oils in the biomass of callus crops are 1.6 times more than
in the biomass of suspension crops and 1.2 times more than
in the biomass of root crops; glycosides in the biomass
of callus crops are 1.0 times more than in the biomass of
suspension crops and 1.3 times more than in the biomass
of root crops. Therefore, in further study, it is rational to
use the biomass of callus cultures of meadowsweet.

3.6. Results of the study of the qualitative and quantitative
composition of BAS of alcohol extracts obtained from

the biomass of callus cultures in vitro of meadowsweet
(Filipendula ulmaria)

Under the conditions of specific TLC reactions
(Waksmundzka-Hajnos et al., 2008), the content of amiran,
oleanolic and ursolic acids was determined in triterpenoids
the studied samples. The identified substances correspond
to the values of Rf = 0.03; 0.86; 095, which are shown on
the densitogram (Figure 9).

[Figure 9]

8/14

According to the HPLC analysis, it was found that the
test samples contain quercetin and its glycosidated forms

1Y

Figure 6. In vitro root cultures of meadowsweet (Filipendula
ulmaria), cultivation duration 5 weeks.
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Figure 7. Results of the study of changes in the growth index of
root culture in vitro ofmeadowsweet (Filipendula ulmaria).
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Figure 8. Composition of BAS in the biomass of callus, suspension
and root crops of meadowsweet (Filipendula ulmaria).
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(Figure 10).

[Figure 10]

The components and their retention time are shown
in Table 9, and Figure 11 shows the UV spectrum of the
BAS of avicularin.

[Table 9]

[Figure 11]

A similar characteristic of the extract components is
observed under the conditions of amperometric detection

Biologically active substances with geroprotective properties

performed on the Tsvet-Yauza-04 chromatograph on
Kromasil octadicylsilicagel (Germany). In this case, the
amperometric detector, having a higher sensitivity, allowed
detecting the content of quercetin, other flavonoids,
phenols, and their derivatives. The chromatogram is shown
in Figure 12. The detailed content of the components is
given in Table 10.

[Figure 12]

[Table 10]

Table 9. Content of components in the extract of callus cultures of meadowsweet (Filipendula ulmaria) according to HPLC data with matrix.

Peak no. Holding time, min Component Name Quanti;altgi\//;clontent,
1 5.25 gallic acid 6.70+0.21
2 6.50 4-hydroxybenzoic acid 11.87+0.76
3 6.90 2-methoxyphenol 4.52+0.50
4 7.41 pyrocatechin 5.33+0.50
5 8.11 4-venyl-2-methoxyphenol 4.51+0.50
6 9.62 benzaldehyde 2.1740.20
7 10.07 spireoside 15.39+0.72
8 12.30 avicularin 21.33+0.86
9 12.59 hyperoside 9.80+0.50
10 14.67 salicylic acid 3.47+0.14
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Figure 9. Densitogram of the extract of callus cultures of meadowsweet (Filipendula ulmaria).
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Figure 10. HPLC chromatogram of the extract of callus cultures of meadowsweet (Filipendula ulmaria): 1 - gallic acid, 2 - 4-hydroxybenzoic
acid, 3 - 2-methoxyphenol, 4 - pyrocatechin, 5 - 4-venyl-2-methoxyphenol, 6 - benzaldehyde, 7 - spireoside, 8 - avicularin, 9 - avicularin,

10 - m-hydroxybenzoic acid.
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Figure 11. UV spectrum of avicularin.
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Figure 12. Chromatogram of a sample of the extract of callus cultures of meadowsweet (Filipendula ulmaria) under the conditions of
amperometric detection with a glass-carbon electrode voltage of 0.85 V.

Table 10. Content of individual components in samples of alcohol
extracts from the biomass of callus cultures of Filipendula ulmaria
according to amperometric detection data.

ot componenthame Sntte
541 gallic acid 6.50+0.36
6.68 4-hydroxybenzoic acid 11.91+0.76
715 2-methoxyphenol 4.54+0.40
7.73 pyrocatechin 5.31£0.71
8.33 4-venyl-2- 4.52+0.50
methoxyphenol
9.25 benzaldehyde 2.21+0.05
10.26 spireoside 15.41+0.86
12.51 avicularin 21.3+0.72
15.47 salicylic acid 9.850.50
19.64 quercetin 3.52+0.14

According to TLC and HPLC, amiran, oleanolic and
ursolic acids, gallic acid, quercetin, 4-hydroxybenzoic acid,
2-methoxyphenol, pyrocatechin, 4-venyl-2-methoxyphenol,
benzaldehyde, spireoside, avicularin, hyperoside and
salicylic acid are contained.

10/14

Table 11. Results of the study of the antioxidant activity of alcoholic
extracts of the callus culture of meadowsweet (Filipendula ulmaria).

Extract no. Antioxidant activity, mg [ g
0.3490+0.0022
0.3920+0.0022
0.3730+0.0025
0.3380+0.0027
0.3910+0.0025
0.3780+0.0023
0.3520+0.0031
0.3790+0.0027

0.3700+0.0017

© 0 N U A W N =

3.7. Results of the study of the antioxidant and
antimicrobial activity of extracts of callus cultures of
meadowsweet

Table 11 shows the results of determining the antioxidant
activity (based on the quercetin content). The results show
that alcohol extracts obtained from the biomass of the
callus culture of meadowsweet show antioxidant activity.
The most active extracts were No.2 and No. 5.

[Table 11]

Table 12 shows the results of determining the
antimicrobial activity of alcohol extracts from callus cultures

Brazilian Journal of Biology, 2024, vol. 84, 257074
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of meadowsweet to a number of sanitary-significant strains.
The results show that the greatest activity is observed in
extracts that showed great antioxidant properties-these
are samples No. 2, 5, 8. Basically, a number of alcoholic
extracts of the callus culture of meadowsweet show
average antimicrobial activity in relation to a number
of the strains under consideration. But with respect to
Candida albicans Y-3108, samples No. 3 and No. 4 have no
antimicrobial activity, and all other samples (except No.
2, which has medium activity) have weak activity with
respect to this strain.

[Table 12]

Due to the content of BAS showing antimicrobial and
antioxidant properties in alcohol extracts obtained from
callus cultures of meadowsweet, this plant can be used as
a raw material for the extraction of substances showing
geroprotective properties. Such BAS can later be used as
additives in functional food products to increase healthy life
expectancy (Bhatti et al.,2020; Das et al., 2020; Martel et al.,
2021; Muscat and Barrientos, 2020; Zhou et al., 2021).

4. Conclusion

Prevention of population aging is an important scientific
task of modern society due to the increase in life expectancy,
but not the improvement of its quality. One of the promising
ways to solve this problem is expressed in the systematic
use of geroprotectors. In this study, cell cultures in vitro and
alcohol extracts from the plant Filipendula ulmaria were
considered as raw materials rich in candidate substances
for geroprotectors. According to the results of this study,
cell cultures of in vitro meadowsweet contain flavonoids,
vitamins C and E, phenolic acids, carotenoids, essential
oils and glycosides-substances that exhibit antimicrobial
and antioxidant activity, which in the future can be used
as geroprotectors. The most abundant BAS cell culture is
the callus biomass, which was obtained when cultured
on a nutrient medium with hormones of the following
composition: macrosols MS 20x - 50.00 ml, microsols
SH - 1.00 ml, Fe-EDTA - 5.00 ml, thiamine - 5.00 mg,
pyridoxine - 0.50 mg, nicotinic acid - 5.00 mg, sucrose
-30.00 g, inositol - 100.00 mg, 2,4-D - 1.00 mg, kinetin
- 0.10 mg, agar - 20,00 g, water - 1000 ml. According to
TLC and HPLC data, alcohol extracts from the biomass of
Filipendula ulmaria callus are rich in hydroxybenzoic and
salicylic acids, spireoside, avicularin and hyperoside. In the
future, the authors plan to extract these substances, with
their further purification, study their chemical composition,
safety indicators, and study the geroprotective properties
of these substances on model nematode organisms
(Caenorhabditis elegans).
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