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STUDYING THE QUALITATIVE COMPOSITION OF SUBSTANCES OBTAINED FROM
POPLAR BUDS BY EXTRACTION AND BAROTHERMIC METHODS

Anna Mechshanova, Vladilen Polyakov

Among the most acute problems of the Republic of Kazakhstan, it should be noted that the creation and develop-
ment of a pharmaceutical base that meets all international standards, the development of the production of
original domestic drugs, and the creation of safe and environmentally friendly technologies for their production.
In this direction, plants of the genus Populus (poplar) of the Salicaceae (willow) family have an advantage due to
large reserves of renewable raw materials (poplar plantations in the North Kazakhstan region have industrial
reserves of medicinal raw materials) and the content of various classes of compounds with a wide range of
biological activity. The aim of this work was to study the qualitative composition of substances from the buds of
balsam poplar Pop-ulus balsamifera obtained by extraction and barothermal methods.

Objectives: to obtain the substance from the balsam poplar buds Populus balsamifera by extraction and baro-
thermal methods, establish the qualitative composition of the obtained substances; compare the composition of
substances obtained by extraction and barothermal methods.

Materials and methods. Balsam poplar buds were collected in May 2021 near the village of Zarechny, North Ka-
zakhstan region, Republic of Kazakhstan.

A method for obtaining a substance from balsam poplar buds includes using freshly harvested balsam poplar buds
and extraction with solvents with an increasing polarity gradient. There were used solvents: hexane, dichlorometh-
ane, and ethyl acetate. The resulting extract was evaporated.

The results and conclusions: the results of the study showed the almost complete identity of the qualitative com-
position of the hexane extract of substances obtained by extraction and barothermal methods. In the case of ethyl
acetate fractions, the difference is the presence of chalcones in the substance obtained by the barothermal method.
Extraction with methylene chloride allows the separation of flavonoids, and subsequent extraction with ethyl ace-
tate allows the separation of gibberellins
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1. Introduction

One of the strategic priorities for the development
of the Republic of Kazakhstan is to reduce the depen-
dence of healthcare in Kazakhstan on imported medi-
cines and, as a result, the use of their own resources of
wild and cultivated raw materials and the creation of
original herbal preparations based on it, not inferior in
price and quality foreign counterparts.

Poplars, numbering more than 15 species in Ka-
zakhstan, are interesting for their diversity, conservation
and practical use. Poplar balsamic has a height of 25-30
meters; the trunk thickness is up to 2 meters, the bark of
young trees is smooth, greyish-green, while that of ma-
ture trees is grey [1]. The buds are oval formations with
a pointed top, sticky, reddish-brown, 1.5-2 cm long and
0.6—0.8 cm thick. Balsam poplar grows everywhere in
Northern Kazakhstan [2, 3]. Some of its species have
long been used in folk medicine for various diseases.
Phenylglucoside salicin, a substitute for the well-known

anti-inflammatory drug ibuprofen, was found in many
poplar species’ inflorescences, leaves and bark [4]. The
chemical composition includes such compounds: lipids,
flavonoids, phenolcarboxylic acids, and tannins [5].
However, the chemical composition of poplar and the
pharmacological properties of its components are still
insufficiently studied [6].

A herbal preparation obtained from poplar buds,
containing a flavonoid fraction and having antitumor,
anti-inflammatory, wound healing and bactericidal activ-
ity, is not inferior in its antioxidant activity to the syn-
thetic antioxidant ionol [7].

The production of medicines is one of the most
important sectors of the national economy. Medicinal
raw materials are used for the industrial production of
pharmacologically active substances in an individual
state, especially those whose synthesis is not yet feasible
or economically inefficient, and also for their possible
use as a substance in developing drugs with an even more
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pronounced therapeutic effect [8]. One of the ways to
search for new highly effective drugs among herbal sub-
stances is a systematic study of the experience of tradi-
tional medicine, the composition and pharmacological
activity of herbal medicinal products used by it, and the
isolation and study of the components that make up their
composition [9]. The advantage of preparations based on
biologically active substances of plants in many cases is
obvious, since, on the one hand [10], there are practically
no complications and undesirable side effects in their use,
and on the other hand, there is a wide scope for manoeu-
vring, which is provided by a rich selection of plants with
the same species [11].

From the buds of balsamic poplar, a number of
effective preparations have been obtained that are not
inferior and even superior in terms of the degree of action
to drugs used in practice [12].

Since ancient times, poplar buds have been used in
folk medicine as an antimicrobial and sedative [13]. The
conducted studies showed a significant amount of ex-
tractive substances (up to 54 %) in the buds of balsamic
poplar. The main share of extractive substances is lipids —
about 70 %; essential oils, flavonoids, waxes, also pass
into the extract [14].

According to studies by a number of scien-
tists [15, 16], essential oils and alcoholic extracts of pop-
lar buds have pronounced antimicrobial properties that
are superior to those of propolis extract and, in some
cases, eucalyptus oil. According to traditional medicine
recipes, they have long been used to treat bronchitis, tu-
berculosis, and rheumatism, as a wound healing and an-
ti-inflammatory agent [17].

Recently, several authors have been studying the
effect of plant substances on the growth characteristics of
filamentous and yeast fungi [18]. However, most studies
have a pharmacological focus. At the same time, it is
possible to use essential oils and plant extracts while
storing grain, vegetable and fruit crops to protect them
from numerous pathogens, including fungi of the genus
Fusarium [19].

The antiseptic properties of poplar bud extracts
are associated with phenolcarboxylic acids and flavo-
noids in their composition [20].

The organic acids that make up the poplar extract
have a great influence on the human body: malic, tartar-
ic, citric, and succinic, which have the ability to increase
the alkaline reserve of the body and influence metabolic
processes. Aromatic carboxylic and hydroxycarboxylic
acids: benzoic, salicylic, and cinnamic are responsible for
the anti-inflammatory effect [21].

Unsaturated fatty acids of poplar oil, especially
such as linoleic, linolenic and arachidonic, play an im-
portant role in the metabolic processes of the human
body. They cannot be synthesized; therefore, they are
indispensable and must be supplied to the body from
outside. Unsaturated fatty acids are part of cell mem-
branes and other structural elements of tissues. They are
involved in metabolic reactions, providing the growth
process, normal structural functions, and capillary per-
meability, which is especially important in the course of
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tissue processes. In addition, unsaturated fatty acids
contribute to removing cholesterol from the body, there-
by preventing the development of atherosclerosis [22].

The importance of the microelements of poplar oil
is great. Zinc is an integral part of the hormone insulin.
This element prevents inflammatory processes in the lung
tissue, prostate gland, and organs of the genital area. Man-
ganese is a part of enzyme systems and takes an active part
in redox processes, affecting protein metabolism. Copper
is involved in tissue respiration, hematopoietic processes,
and the normal course of a number of neurological pro-
cesses and stimulates the production of pituitary hormones.
Cobalt plays an important role in the processes of hemato-
poiesis and is part of vitamin B12 [23].

Of particular interest is the significant iodine con-
tent in poplar bud oil, which leads to the conclusion that
it can be used to treat thyroid diseases, the pathology
associated with oncological diseases [24].

The class of organic compounds with a pyrone
cycle in their structure is of interest in studying the
mechanism of biochemical reactions and potentially
physiologically active substances. In recent years, in the
spectrum of biological activity, increased attention has
been paid to antioxidant properties, so the question of an
objective assessment of the inhibitory effect of the sub-
stances under study, which includes a large group of
polyphenolic compounds (flavones, flavonols, chalcones,
tannins) is relevant [25].

The composition of phenylpropanoids in poplar
buds depends on a number of factors, such as the type
and shape of the poplar, the phase of development, and
the place of growth [26].

Thus, phenolic compounds were identified in poplar
buds: p-hydroxyacetophenone, dimethylcaffeic acid, cin-
namoyl-cinnamate, vanillin and many flavonoids - chrysin,
chrysin-7-methyl ester, apigenin, galangin, 7-methylga-
langin, 7-methylkaempferol, quercetin, 7- methylquercetin
and 3,7-dimethyl quercetin, pinocembrin, 7-methyl-pi-
nocembrin, 2,5-dihydroxy-7-methoxyflavanone and
2°,6’-dihydroxy-4’-methoxychalcone [27].

In the buds of balsamic poplars growing in North-
ern Kazakhstan, the presence of such compounds as pi-
nostrobin, pinocembrin, chrysin, tectochrysin was found
in the composition of polyphenols. apigenin, kaempferol,
quercetin, myricetin, galangin, isalpinin, isorhamnetin,
rhamnetin, 2,6-dihydroxy-4’-methoxychalcone and
4’,6’-dihydroxychalcone. Poplar buds also contain proto-
catechuic, gallic, transcinnamic, p-coumaric, ferulic, and
caffeic acids [2].

When solving the problem of the practical use of
extractive substances, it becomes necessary to determine
the conditions for their maximum extraction. The search
for optimal conditions for the process is one of the most
common scientific and technical problems. The ex-
traction process is influenced by various factors: ex-
traction method, process hardware, type of extractant, its
concentration, temperature and duration of the process,
the ratio of raw materials and extractant, etc.

Establishing the role of factors that determine the
extraction process is certainly important for the optimi-
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zation of technological process in order to increase effi-
ciency and increase the yield of finished products.

The aim of the present research was to study the
qualitative composition of substances from poplar buds
obtained by extraction and barothermal methods (SE and
SB, respectively). Tasks: obtain the substance from the
balsam poplar buds Populus balsamifera by extraction
and barothermal methods; establish the qualitative com-
position of the obtained substances; compare the compo-
sition of substances obtained by extraction and barother-
mal methods.

2. Planning (methodology) of research
Fig. 1 shows a graphical representation of the re-
search planning process.

Determination of the qualitative composition of
substances from poplar buds. To study the qualitative
composition of the substance from poplar buds, solvents
with an increasing polarity gradient were used:

— hexane (chemically pure) thp=68.7 °C, £€=0.009;

— dichloromethane (chemically pure) tbp=39.8 °C,
£=0.309;

— ethyl acetate (chemically pure) tboil=77.1 °C,
£€=0.228.

Extraction with hexane substances from poplar
buds obtained by extraction and barothermal methods.
SB extraction was carried out with hexane (bp=68.7 °C).
The resin weighing 1 g was extracted by heating to 60 °C
for 20 minutes. After that, the resulting extract was
cooled to room temperature.

« Critical evaluation of literature about
« Search of research object
¢ Choice of research methods

The study of the substance ob-
tained by the extraction method (SE) was
carried out according to the same scheme
(extraction of a resin weighing 1 gram

N

barothermal methods

extraction and barothermal methods

J
* getting substances from poplar buds obtained by extraction and\

« studing the qualitative composition of substances from poplar
buds obtained by extraction and barothermal methods

» comparing the composition of substances obtained by

with hexane on heating for 20 minutes,
followed by decantation of the extract
and its evaporation).

Identification of substances in the
obtained extracts. Identification of class-
es of substances was carried out using
the method of thin-layer chromatography.

research prospects

* Analysis of the obtained results and establishment of further

‘< Release of pinostrobin from a sub-
stance obtained from poplar buds. At the
first stage of the process, we extract the
substance with hexane when heated to
60 °C, then cool the resulting mixture
) and drain the extract. The second stage

Fig. 1. Planning of the research

3. Materials and methods

To study the qualitative composition of substances
from poplar buds, two different preparation methods
were used: extraction and barothermal.

Balsam poplar buds were collected in May 2021 near
the village of Zarechny, North Kazakhstan region, Republic
of Kazakhstan. The buds were greenish-brown and brown,
large, 12-23 mm long, strongly sticky, and aromatic.

Extraction method. The method for obtaining bal-
sam poplar extract includes using fresh balsam poplar
buds, grinding, and extraction with 90 % ethanol in a
Soxhlet apparatus at a temperature of 60 °C for 24 hours,
filtration and evaporation to obtain the target product (tar).

Barothermic method. This method consists of the
fact that essential oil is extracted from poplar buds that
have opened, under the influence of high temperature
and high pressure, with superheated water vapour, which
is then cooled, condensed and collected in a receiver. The
extraction of the sum of substances from poplar buds by
the barothermal method was carried out at a temperature
of 140 °C under 10—15 mm Hg vacuum for one hour. The
apparatus consists of a reactor (a 500 ml round-bottom
flask), a collector (a 100-200 ml two-necked round-bot-
tom flask with a built-in throat with a mesh filter), and
upper and lower thermoelements (mantle heaters).

involves filtering the extract to separate
the polymeric compound, in the case of
SB. At the third stage of the process, the
filtrate is evaporated and upon standing, pinostrobin
crystals precipitate from the resulting tar, which are
washed off with petroleum ether at the fourth stage. The
purity of the pinostrobin crystals thus obtained was de-
termined chromatographically and by measuring the
melting point.

Study of the qualitative composition of chloro-
methylene extract. The rest of the substance (SB) and
(SE), with masses of 0.64 g and 0.95 g, respectively, is
eluted with methylene chloride in a volume of 15 ml
(bp=39.8 °C). We filter out the undissolved resin residues.
Drain the filtrate and evaporate at room temperature.

Study of the ethyl acetate fraction of the substance.
We extract the filter cake obtained by filtering the chlo-
rostomethylene fraction with ethyl acetate to do this.
Solvent bp=77.1 °C, volume=15 ml, extraction time
2 hours. After that, drain the resulting extract.

Statistical data processing was carried out using
Statistica 8.0 and Microsoft Excel 2010. The repeatability
(convergence) was evaluated according to the results ob-
tained under the same conditions in one laboratory (one
performer, one piece of equipment) in a short period of
time. Variance, standard deviation, and relative error
were calculated. In the course of statistical processing,
acceptable results.
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4. Research results

The aim of the study was to study the qualitative
composition of the substance obtained by barothermal
and extraction methods (SB and SE, respectively).

The scheme for separating the substance from
poplar buds into groups of substances with a similar po-
larity gradient, using the indicated solvents, includes ex-
traction of the resin with hexane, evaporation and obtain-
ing a hexane fraction, then extraction with methylene
chloride and evaporation to a chloromethylene fraction,
subsequent extraction with ethyl acetate and evaporation
to an ethyl acetate fraction.

In the course of sequential extraction, extracts
were obtained, the further study of which was carried out
by physicochemical methods.

After extraction with hexane, the filtrate was evap-
orated, and the weight was 0.08 g and 0.05 g for SB and
SE, respectively.

In the case of SB, the formation of a milky white
suspension was observed within 10 minutes. The extract
was poured off, and the resulting suspension was filtered
off. On the filter, a dense, oily precipitate with a dense
consistency was separated, the mass of which was 0.2 g
per gram of poplar resin, i.e. twenty %.

Attempts to recrystallize this precipitate in non-polar
solvents, particularly in petroleum ether, only led to the fact
that the precipitate became lighter, but its complete dissolu-
tion did not occur. As a result, it was possible to separate the
sediment from the ballast substances of the hexane fraction.
The study of the precipitate obtained for solubility in sol-
vents: ethyl acetate, methylene chloride, diethyl ether, ethyl
alcohol showed its complete inertness; only swelling was
observed. The foregoing suggests that the resulting precipi-
tate is a macromolecular compound. To establish the nature
of this substance, an IR spectrum was taken (Fig. 2). IR
spectra of analyzed samples were registered using an
IR-Fourier spectrometer FSM 1202 (“Infraspek”, Russia).
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When deciphering the spectrum, the peaks corre-
sponding to the fragments of the molecules indicated
below were highlighted (Table 1).

Table 1
IR spectroscopy data for a macromolecular compound
Vibra- Frequency Value of iden-
Chemical bond tion type | FANES: cm’ (lit- | tified vibra-
P erature data) tions, cm’!
-O0-C=C- Valence 1690-1635 1632, 1683
H
H\C=C/ Valence 725-675 698.4; 722.6
C=O conjugated |y jence | 1730-1710 | 1704, 1727
esters

1500

Based on the given spectral data, it can be con-
cluded that the resulting substance is a product of the
polymerization of unsaturated carboxylic acids.

The above-considered precipitate (of polymeric na-
ture) is formed only in the substance obtained by the baro-
thermal method (SB). On the other hand, no polymeric
compounds were found in the substance obtained by the
extraction method (SE), which can be explained by the
process of oxidation of unsaturated compounds (initial
monomers) in the process of obtaining the substance (SE).

After the separation of substances of polymeric
nature, we obtain a filtrate, in which, after two days,
crystals of light yellow are formed. The crystals are fil-
tered and washed with petroleum ether. The melting
temperature of the obtained crystals of the substance was
96—98 °C, which did not give depression with a true sam-
ple of pinostrobin. Further, the resulting extracts of
leaves were applied to chromatographic records. The de-
termination was carried out in the system benzene —
chloroform — formic acid — ethyl alcohol — diethyl ether
(30:5:5:5:10) on Silufol plates.

2000 2500 " 3000

Wavenumbers, cm™!

Fig. 2. IR spectrum of a macromolecular compound obtained by extraction with hexane of a substance obtained by a
barothermal method

32




ScienceRise: Pharmaceutical Science

Ne 2(42)2023

To the start line of a chromatographic plate previ-
ously activated in a dryer cabinet at a temperature of
100105 °C, 0.02 pL of the filtrate was applied with a mi-
cropipette. As substances-witnesses on the same plate was
applied an alcohol solution of pinostrobin. The record was
placed in a chromatographic chamber saturated with sol-
vent vapours for 24 h and chromatographed in an ascend-
ing manner. After the solvent front passed about 8 cm, the
plate was removed from the chromatographic chamber,
dried, and the zones of substances were detected.

The resulting chromatogram was viewed in day-
light, in UV light at A=254 nm and A=366 nm, and treated
with a 3 % alcohol solution of aluminium chloride.

Therefore, the resulting crystals are pinostrobin.
Recrystallization with ethyl acetate made it possible to
obtain rather large crystals (Fig.3). The studies were
carried out using transmission electron microscopy on an
EM-125K instrument.

The study of the substance (SE) testified that crys-
tals of light yellow colour also formed in the obtained
resin, which was washed with petroleum ether. Moreover,
the melting temperature of these crystals also corre-
sponded to the melting temperature range of pinostrobin,
and the correspondence of these crystals to pinostrobin
was also proved by comparative chromatography.

A chromatogram was obtained with crystals of the
putative pinostrobin from substances (SB), (SE) and crys-
tals of the pinostrobin marker, provided by the Research
and Production Center Institute ‘“Phytochemis-
try” (Fig. 4). The resulting spots have the same Rf value;
hence they belong to the same substance, i.e. pinostrobin.

IR spectra were taken for crystals of the resulting
pinostrobin (Fig. 5). IR spectra of analyzed samples were
registered using an IR-Fourier spectrometer FSM 1202
(“Infraspek”, Russia).

Characteristic peaks are listed below (Table 2).

The reviewed literature sources [20] indicate that
pinostrobin, like all flavonoids, is insoluble in non-polar
solvents; however, in the course of the study, results were
obtained indicating that pinostrobin is extracted with

hexane and forms crystals from a transparent homoge-
neous hexane extract.

Fig. 3. Pinostrobin crystals: a — before recrystallization;
b — after recrystallization

B SE pinostrobin

Fig. 4. Thin-layer chromatography of crystals obtained
from the substance (SB), (SE) with a pinostrobin marker
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Fig. 5. IR spectrum of pinostrobin
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Table 2
Characteristic peaks of the IR spectrum of pinostrobin
Chemical Vibra- Frequerﬁ:y . Vglue of.iden-
bond tion type range, cm™ (lit- tlﬁed vibra-
erature data) tions, cm’!
Ar C-C Valence 1625-1575 1620, 1574
C-O-Cin
saturated Valence 900-650 668, 888
heterocycles
C=0in
saturated Valence 1525-1475 1505, 1471
heterocycles

The poplar hexane fraction washed off from the
crystals was examined using thin-layer chromatography
in the system petroleum ether — diethyl ether — acetic
acid (80:20:1), with a pinostrobin marker, developed in
iodine vapour and in ultraviolet light (Table 3).

Table 3
Results of the chromatographic study hexane filtrate
substance (SB) and (SE)
No. Rfin Rf Assumed com-
spot | literature SB SE pound class
1 0.88 0.84 0.84 Wax
2 no 0.44 0.44 Pinostrobin
3 0.39 0.38 0.38 fatty acid
4 0.19 0.19 0.19 Sterols
5 0.15-0.21 0.13 0.13 Diglycerides
6 0.02 0.06 0.06 Monoglycerides
7 | at the start | at the start | at the start | Phospholipids

On both tracks (SB) and (SE), a spot with an Rf’
value corresponding to pinostrobin was observed.

Based on the results obtained, it can be concluded
that the qualitative composition of the hexane extract of
substances (SB) and (SE) is almost identical in quality. The
only difference is the presence of a high molecular weight
film-forming polymer formed upon extraction with hexane
in the case of (SB) and its complete absence in the case
of (SE). Therefore, it is assumed that this polymer is formed
from unsaturated compounds that were preserved in obtain-
ing the substance (SB) and oxidized during extraction in the
case of (SE). The proof of this assumption is the fact that
during the extraction with hexane of the resin (SR) stored for
a long time with access to atmospheric oxygen, the amount
of the polymer compound decreased from 20 % to 11 %; that
is, the unsaturated compounds were oxidized.

We continue the study of the substance obtained in
various ways according to the above scheme. In accor-
dance with this, further elution is carried out with a sol-
vent with a higher polarity gradient, which was chosen as
methylene chloride.

The rest of the substance (SB) and (SE) were elut-
ed with methylene chloride, the resin was separated, and
its significant dissolution was observed. We filter out the
undissolved resin residues. The filtrate is drained and
evaporated at room temperature; the mass of the obtained
resins for SB and SE was 0.8 g and 0.63 g, respectively.
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Let us study the composition of the chlorostometh-
ylene fraction filtrate by thin-layer chromatography. In
the system, petroleum ether — ethyl acetate — acetic
acid (4:2:0.1) on a Silufol plate. Inspection of the chro-
matogram showed the presence of a large number of
spots. Spots were identified under the action of ultravio-
let light. A schematic representation of the chromato-
graphic plate is shown below (Fig. 6).

The Rf values, colour, in visible light and under
UV, of the detected spots are shown below (Table 4).

2
o 3
®
8 5
¢ 0
H
. o
SB__SE_

Fig. 6. Thin layer chromatography of chloromethylene
substance extract (SB) and (SE)

Table 4
Thin layer chromatography of chlorostomethylene
extract of substances (SB) and (SE)

Spot colour in | Spot colour in

No. Rf visible light uv Assumed com-

spot pound class
SB SE SB SE

11058 light | light | bright | bright acids
yellow | yellow | yellow |yellow

> | 047 light | light | dark | dark acids
yellow | yellow | brown | brown

light
3 1037 | dark yellow |yellow flavone
yellow

4 | 029 bright | light | dark | dark fAavonol
yellow | yellow | brown | brown

51024 bright no dark no flavonol
yellow brown

6 | 018 yellow-| yellow-| dark | dark Aavone
green | green | brown | brown

red- | red- .

7 | 0.05 | orange | orange brown | brown pigments
red- red- red- | red- .

8 | start brown | brown | brown | brown | P olyflavonoids

Some spots, in particular, 6, 5 and 7 (Fig. 6), had
additional background colouration, which can be ex-
plained by the overlap of spots of two substances; in ad-
dition, spots 3, 4 and 5 had a very close Rf value, which
made identification difficult.

The subsequent study of the qualitative composi-
tion of the substance was continued by extraction with
ethyl acetate of the filter cake obtained by filtering the
chlorostomethylene fraction. After that, we drain the re-
sulting extract; in the case of the substance (SE), it is dark
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red, when, as in (SB), the colour is less saturated. The
mass of the resulting resin is 0.04 g and 0.08 g for SB and
SE, respectively. To compare the qualitative composition
of both fractions, we use the thin-layer chromatography
method on a Silufoll plate in the system benzene-chloro-
form-formic acid-ethyl alcohol-diethyl ether (30:5:5:5:10).
A schematic representation of the resulting chromato-
gram is shown below (Fig. 7). The repeatability (conver-
gence) was evaluated according to the results obtained
under the same conditions in one laboratory (one per-
former, one equipment) in a short period of time. For
each variance, standard deviation and relative error were
calculated from three levels. In the course of statistical
processing, acceptable results. With 9 independent defi-
nitions the method error did not exceed +2.18 %.

5B SE
1o o
2e o
3¢

4° ©
50 ©
G® -

Fig. 7. Thin layer chromatography of the ethyl acetate fraction
substances (SB) and (SE)

This chromatogram was examined under ordinary
ultraviolet light (A=365 nm; A=254 nm), and was also
treated with ammonia vapour, 5 % sodium carbonate
solution, sulfuric acid in alcohol (70 % solution), sodium
hydroxide in alcohol and phosphomolybdic acid (Table 5).

Thin layer chromatogram of ethyl acetate extract substances (SB)

5. Discussion

Substances from balsam poplar buds were ob-
tained from freshly harvested balsam poplar buds, and
extraction was carried out with solvents with an increas-
ing polarity gradient: hexane; dichloromethane; ethyl
acetate, evaporation to obtain the desired product.

The results of the study showed an almost com-
plete identity of the qualitative composition of the hexane
extract of substances obtained by extraction and baro-
thermal methods. In the case of ethyl acetate fractions,
the difference is the presence of chalcones in the sub-
stance obtained by the barothermal method. Extraction
with methylene chloride allows the separation of flavo-
noids, and subsequent extraction with ethyl acetate al-
lows the separation of gibberellins.

Study limitations. The analysis of the chromato-
graphic and spectrometric determination of the compo-
nent composition of the extracts was carried out by
comparing the obtained spectra of the chromatographic
peak with the spectra of reference compounds, and based
on the comparison with the spectra from the database,
the compounds whose spectra were in the registry were
identified. Therefore, not all compounds, the quantitative
content of which was determined by this method, could
be identified.

Prospects for further research. The results ob-
tained can be used to isolate pinostrobin from poplar
buds. Further phytochemical and pharmacological stud-
ies of aerial parts of poplar and essential oil of poplar
buds will be carried out. The obtained compounds can be
used in agriculture and medicine.

Table 5 6. Conclusion
Based on the results obtained, it

In terms of the number and colour of spots, the
ethyl acetate fractions of the substance (SB) and (SE) are
identical; the only difference is that in the case of (SB)
the fraction has a spot (N° 3); this spot was absent.

When processing this chromatogram with a 70 %
alcoholic solution of sulfuric acid, the spot with Rf=0.29
showed a yellow glow in ultraviolet light; when this chro-
matogram was heated in an oven at =120 °C for 10 min-
utes, the spot began to fluoresce without changing colour,
which indicates the presence of gibberellins, in particular,
gibberellin A7.

No Spot colour Assumed com.| €@n be concluded that the qualitative
sp(); Rf Hso | NaOH | phosphomo-| o\ In « | poundclass | composition of the hexane extract of
P74 (ale) lybdic acid 365 nm N substances (SB) and (SE) is almost
i identical in quality. The only difference

1 {09 no no no fluoresces light phenolic acids | . d Y . Y
yellow is the presence of a high molecular
2 [0.77| no no no fluoresces no | phenolic acids | Weight film-forming polymer formed
light upon extraction with hexane in the case
3 10.58| no red | light brown red red halkon of (SB) and its complete absence in the

light yel- ' case of (SE).

4 10.52 yellow | low-green blue dark yellow coumarins In terms of the number and co-
s 1029 lvell lioht rod | Tieht b borell] lour of spots, the ethyl acetate fractions
<7 |YETOW) Mt Ted | 8T brown 1o no gibbereins of the substance (SB) and (SE) are iden-
6 1003| red red brown dark dark red| Polyeondensed | tical and the only difference is that in
flavonoids the case of (SB) the fraction has a spot

(No); this spot was absent. In compari-
son with the works of other scientists, where it was found
that the quantitative release of flavonoids is achieved by
barothermic treatment of balsam poplar buds. In turn,
extraction with supercritical carbon dioxide makes it
possible to selectively extract pinostrobin with a high
content in the extract [28].

Thus, it can be assumed that the scheme for study-
ing the substance (SB) and (SE) makes it possible to
separate flavonoids contained in poplar resin by ex-
traction with methylene chloride, and subsequent ex-
traction with ethyl acetate makes it possible to separate
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gibberellins that stimulate plant growth. The qualitative
composition of the substance (SB) and (SE) differs only
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research and its results presented in this article.

in the presence of chalcones in the first and their absence
in (SE). Funding

The study was carried out without financial support.
Contflict of interests

The authors declare that they have no conflict of

interest in relation to this research, whether financial,

Data availability
The manuscript has no associated data.

Referenses

1. Tsarev, A., Tsareva, R., Tsarev, V., Miligula, E., Lenchenkova, O. (2020). Introduced poplar varieties and new hybrids for
protective afforestation. IOP Conference Series: Earth and Environmental Science, 595 (1), 012004. doi: https://doi.org/10.1088/1755-
1315/595/1/012004

2. Stanciauskaite, M., Marksa, M., Liaudanskas, M., Ivanauskas, L., Ivaskiene, M., Ramanauskiene, K. (2021). Extracts of
Poplar Buds (Populus balsamifera L., Populus nigra L.) and Lithuanian Propolis: Comparison of Their Composition and Biological
Activities. Plants, 10 (5), 828. doi: https://doi.org/10.3390/plants10050828

3. Yuan, J., Yuan, W., Guo, Y., Wu, Q., Wang, F., Xuan, H. (2022). Anti-Biofilm Activities of Chinese Poplar Propolis Essential
Oil against Streptococcus mutans. Nutrients, 14 (16), 3290. doi: https://doi.org/10.3390/nu14163290

4. Dyshlyuk, L., Fedorova, A., Loseva, A., Eremeeva, N. (2021). Callus cultures of Thymus vulgaris and Trifolium pratense as
a source of geroprotectors. Food Processing: Techniques and Technology, 51 (2), 423—432. doi: https://doi.org/10.21603/2074-9414-
2021-2-423-432

5. Ghasemzadeh, A., Ghasemzadeh, N. (2011). Flavonoids and phenolic acids: Role and biochemical activity in plants and
human. Journal of Medicinal Plants Research, 5 (31), 6697-6703. doi: https://doi.org/10.5897/jmpr11.1404

6. Bouchelaghem, S. (2022). Propolis characterization and antimicrobial activities against Staphylococcus aureus and Candida
albicans: A review. Saudi Journal of Biological Sciences, 29 (4), 1936-1946. doi: https://doi.org/10.1016/j.sjbs.2021.11.063

7. Harhaun, R., Kunik, O., Saribekova, D., Lazzara, G. (2020). Biologically active properties of plant extracts in cosmetic
emulsions. Microchemical Journal, 154, 104543. doi: https://doi.org/10.1016/j.microc.2019.104543

8. Prasetya, N., Gede Wenten, ., Franzreb, M., Woll, C. (2023). Metal-organic frameworks for the adsorptive removal of phar-
maceutically active compounds (PhACs): Comparison to activated carbon. Coordination Chemistry Reviews, 475, 214877. doi: https://
doi.org/10.1016/j.ccr.2022.214877

9. Calixto, J. B. (2000). Efficacy, safety, quality control, marketing and regulatory guidelines for herbal medicines (phytotherapeutic
agents). Brazilian Journal of Medical and Biological Research, 33 (2), 179-189. doi: https://doi.org/10.1590/s0100-879x2000000200004

10. Sharifi-Rad, J., Rodrigues, C. F., Stojanovi¢-Radi¢, Z., Dimitrijevi¢, M., Aleksi¢, A., Neffe-Skocinska, K. et al. (2020). Probiot-
ics: Versatile Bioactive Components in Promoting Human Health. Medicina, 56 (9), 433. doi: https://doi.org/10.3390/medicina56090433

11. Ciumarnean, L., Milaciu, M. V., Runcan, O., Vesa, S. C., Rachisan, A. L., Negrean, V. et al. (2020). The effects of flavonoids
in cardiovascular diseases. Molecules, 25 (18), 4320. doi: https://doi.org/10.3390/molecules25184320

12. Stanciauskaite, M., Marksa, M., Ivanauskas, L., Ramanauskiene, K. (2022). Balsam Poplar Buds: Extraction of Potential
Phenolic Compounds with Polyethylene Glycol Aqueous Solution, Thermal Sterilization of Extracts and Challenges to Their Applica-
tion in Topical Ocular Formulations. Antioxidants, 11 (9), 1771. doi: https://doi.org/10.3390/antiox11091771

13. Némethy, S., Takdcs, T., Szemethy, L., Lagerqvist, B., Bardcsi, Z., Dinya, A., Péterffy Némethy, 1. (2020). Collection, culti-
vation and processing of medical plants, herbs and spices in the Balaton Ecomuseum — herbal medicine as intangible cultural heritage.
Ecocycles, 6 (1), 52—87. doi: https://doi.org/10.19040/ecocycles.v6il.166

14. Fornari, T., Vicente, G., Vazquez, E., Garcia-Risco, M. R., Reglero, G. (2012). Isolation of essential oil from different
plants and herbs by supercritical fluid extraction. Journal of Chromatography A, 1250, 34-48. doi: https://doi.org/10.1016/j.chro-
ma.2012.04.051

15. Bouzid, K., & Toumi, F. B. (2014). Geoclimatic influences on the constituents and antioxidant activity of extracts from the
fruit of Arbutus unedo L. Phytothérapie, 12 (4), 229-233. doi: https://doi.org/10.1007/s10298-014-0884-4

16. Broda, M. (2020). Natural Compounds for Wood Protection against Fungi — A Review. Molecules, 25 (15), 3538. doi:
https://doi.org/10.3390/molecules25153538

17. Kis, B., Avram, S., Pavel, 1. Z., Lombrea, A., Buda, V., Dehelean, C. A. et al. (2020). Recent Advances Regarding the Phy-
tochemical and Therapeutic Uses of Populus nigra L. Buds. Plants, 9 (11), 1464. doi: https://doi.org/10.3390/plants9111464

18. Mo, Y., Lei, J., Sun, Y., Zhang, Q., Wei, G. (2016). Conformational Ensemble of hIAPP Dimer: Insight into the Molecular
Mechanism by which a Green Tea Extract inhibits hIAPP Aggregation. Scientific Reports, 6 (1). doi: https://doi.org/10.1038/srep33076

19. Zhang, Y., Li, K., Ying, Y., Chen, B., Hao, K., Chen, B. et al. (2017). C21 steroid-enriched fraction refined from Marsdenia
tenacissima inhibits hepatocellular carcinoma through the coordination of Hippo-Yap and PTEN-PI3K/AKT signaling pathways. On-
cotarget, 8 (66), 110576—110591. doi: https://doi.org/10.18632/oncotarget.22833

20. Wang, K., Zhang, J., Ping, S., Ma, Q., Chen, X., Xuan, H. et al. (2014). Anti-inflammatory effects of ethanol extracts of
Chinese propolis and buds from poplar (Populusxcanadensis). Journal of Ethnopharmacology, 155 (1), 300-311. doi: https://doi.org/
10.1016/j.jep.2014.05.037

36




ScienceRise: Pharmaceutical Science Ne 2(42)2023

21. Todaro, L., Russo, D., Cetera, P., Milella, L. (2017). Effects of thermo-vacuum treatment on secondary metabolite content
and antioxidant activity of poplar (Populus nigra L.) wood extracts. Industrial Crops and Products, 109, 384-390. doi: https://doi.org/
10.1016/j.indcrop.2017.08.052

22. Huang, S., Zhang, C.-P., Wang, K., Li, G., Hu, F.-L. (2014). Recent Advances in the Chemical Composition of Propolis.
Molecules, 19 (12), 19610-19632. doi: https://doi.org/10.3390/molecules191219610

23. Koury, M. J., Ponka, P. (2004). New Insights Into Erythropoiesis: The Roles of Folate, Vitamin B12, and Iron. Annual Re-
view of Nutrition, 24 (1), 105-131. doi: https://doi.org/10.1146/annurev.nutr.24.012003.132306

24. Liu, H., Li, J., Yuan, W., Hao, S., Wang, M., Wang, F., Xuan, H. (2021). Bioactive components and mechanisms of poplar
propolis in inhibiting proliferation of human hepatocellular carcinoma HepG2 cells. Biomedicine & Pharmacotherapy, 144, 112364.
doi: https://doi.org/10.1016/j.biopha.2021.112364

25. Damian-Reyna, A. A., Gonzalez-Hernandez, J. C., del Carmen Chavez-Parga, M. (2016). Current procedures for extraction
and purification of citrus flavonoids. Revista Colombiana de Biotecnologia, 18 (1), 135—147. doi: https://doi.org/10.15446/rev.colomb.
biote.v18n1.57724

26. De Meester, B., Van Acker, R., Wouters, M., Traversari, S., Steenackers, M., Neukermans, J. et al. (2022). Field and saccharifica-
tion performances of poplars severely downregulated in CAD1. New Phytologist, 236 (6), 2075-2090. doi: https://doi.org/10.1111/nph.18366

27. So6s, A., Bodi, E., Varallyay, S., Molnar, S., Kovacs, B. (2019). Mineral content of propolis tinctures in relation to the
extraction time and the ethanol content of the extraction solvent. LWT, 111, 719-726. doi: https://doi.org/10.1016/j.1wt.2019.05.090

28. Adekenov, S. M., Baisarov, G. M., Khabarov, 1. A., Polyakov, V. V. (2020). Flavonoids of balsam poplar buds Populus bal-
samifera L. and methods for their isolation. Chemistry of plant materials, 2, 181-188. doi: https://doi.org/10.14258/jcprm.2020027602

Received date 28.02.2023
Accepted date 20.04.2023
Published date 30.04.2023

Anna Mechshanova*, Doctoral Student, Department of “Chemistry and Chemical Technologies”, Non-
profit Limited Company “Manash Kozybayev North Kazakhstan University”, Magzhan Zhumabaev str., 114,
Petropavlovsk, Republic of Kazakhstan, 150010

Vladilen Polyakov, Doctor of Chemical Sciences, Professor, Department of “Chemistry and Chemical Technologies™,
Non-profit Limited Company “Manash Kozybayev North Kazakhstan University”, Magzhan Zhumabaev str., 114,
Petropavlovsk, Republic of Kazakhstan, 150010

*Corresponding author: Anna Mechshanova, e-mail: Mechshanova_a@ptr.nis.edu.kz

37




