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A B S T R A C T

The potential of phenolic compounds of medicinal plants including Astragalus danicus L is determined by but not
limited to their antioxidant activity. Their anti-inflammatory, antitumor, and other useful properties are known,
which allows using these phytochemicals within preventive activities to reduce the risk of many serious diseases.
Chromatographic analysis of the Astragalus danicus L. biomaterial from the plant samples collected in three re-
gions of the Kemerovo region (Western Siberia, Russia) established the presence of compounds of flavonols
(isorhamnetin glucoside, kaempferol glucoside), flavones (apigenin 7-glucoside), phenylpropanoids (chlorogenic
acid) in the aerial part of plants. The total content of phenolic compounds in plant samples ranged from 100.75 �
3.87 mg/g (Yashkinsky district) to 190.95 � 7.34 mg/g (Belovsky district). The content of chlorogenic acid in the
studied samples was from 0.14 � 0.01 mg/g to 1.16 � 0.04 mg/g. Isorhamnetin glucoside was found only in
samples of plants from two districts - Prokopievsky (41.39 � 1.58 mg/g) and Belovsky (95.0 � 3.66 mg/g). The
content of glucosides of kaempferol ranged from 0.38 � 0.01 mg/g to 0.55 � 0.02 mg/g. Its content is almost
twice as high as the content in the well-known analogues of Astragalus. Apigenin-7-glucoside was isolated in
Astragalus samples for the first time, in a small amount (3.34 � 0.13 mg/g) in a sample of plants of one growing
zone. Studies have confirmed that the content of flavonoids in plants significantly depends not only on the genetic
characteristics of plants, but also on the hydrothermal regime, the climatic conditions of different botanical and
geographical areas of the habitat. This work shows that Astragalus danicus L. growing in Kemerovo region is a
promising raw material for pharmacological preparations.
1. Introduction

Secondary metabolites play an important role in the adaptation of
plants to the environment, and also determine their bioactive potential.
The bioactive characteristics of plants are formed by antioxidant, anti-
microbial, anti-inflammatory, antiviral and other chemotherapeutic ac-
tions of their secondary metabolites [1].

The Astragalus L. genus (Astragalus) belongs to the Fabaceae family
and is one of the most numerous in species diversity and polymorphism.
It includes about 3,000 species, most of which are found in central and
southwestern regions of Asia [2]. Numerous studies of plants of the
Astragalus L. genus indicate a great interest in its representatives as
sources of biologically active substances [3]. For various types of
).
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Astragalus, such compounds as flavonoids, saponins, alkaloids, poly-
saccharides, sterols, higher fatty acids, vitamins, essential oils,
macro-and microelements are distinguished [4, 5, 6, 7]. Some species
have antioxidant, antitumor, antibacterial, antiviral, tonic activities,
others are used to treat nephritis, diabetes, cancer [8, 9, 10, 11, 12, 13].
The potential of plants is determined not only by species, but also by
geographical and climatic conditions of growth. Plants of the same spe-
cies collected in different regions and/or different years may significantly
differ in biological activity. Moreover, plants grown under extreme
conditions often demonstrate the unique qualities of their metabolites.
Therefore, studies of phytochemical compounds in medicinal plants are
still relevant and promising.

One of the interesting areas of research in the Astragalus L. genus is
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the screening of phenolic compounds, various groups of flavonoids and
other compounds with antioxidant activity. The presence of flavonols
(isorhamnetin, kaempferol), flavones (apigenin 7-glucoside), phenyl-
propanoids (chlorogenic acid) was identified in the biomaterial of plants
of the Astragalus danicus species from different habitats.

Isorhamnetin is considered to be anticarcinogen. It is established that
isorhamnetin inhibits mitosis and, accordingly, the activity of MAP and
EPK kinases [14]. Formulations containing isorhamnetin from Persicaria
hydropiper are promising for the treatment of cardiomyopathy, obesity
[15, 16]. Isorhamnetin is contained in the fruit of sea buckthorn (Hip-
pophae rhamnoides L.), and its effectiveness in the treatment of ischemic
diseases and circulatory disorders is experimentally proved [17].

Kaempferol has a wide range of beneficial properties, including
initiating apoptosis of ovarian cancer cells as a result of activation of the
Fig. 1. Places of plant sample collection: 1 - Prokopyevsky
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tumor suppressor (p53 protein) and apoptosis proteins [18]. Its antioxi-
dant activity increases the body's resistance to oxidative stress. A sig-
nificant decrease in the immune response of leukocytes with the use of
kaempferol for the treatment of autoimmune diseases, atherosclerosis is
found [19, 20]. A significant amount of kaempferol is found in apples,
wormwood, cabbage, gooseberry, strawberries, mustard, horseradish,
parsley [13].

Apigenin is also an anticarcinogen that inhibits the growth of breast,
skin, prostate, and thyroid cancer cells [21, 22]. It may be used to
maintain the health of people with asthmatic diseases [23].

Phenylpropanoids, to which chlorogenic acid belongs, possess anti-
oxidant, immunomodulatory, choleretic, hepatoprotective, antibacterial
and antiviral activity. It has been suggested that chlorogenic acid may
have potential antitumor activity and be used in cancer therapy [24, 25,
district; 2 - Yashkinsky district; 3 - Belovsky district.
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26].
The aim of the work is to estimate the quantitative content of phenolic

compounds (flavonoids) in the above-ground part of medicinal plants
Astragalus danicus collected in different regions of the Kemerovo region
(Western Siberia, Russia).

2. Materials and methods

2.1. Materials

Samples of the aerial part of Astragalus danicus Retz were collected in
three districts (collection zone 1 - Prokopievsky district, collection zone 2
- Yashkinsky district, collection zone 3 - Belovsky district) of the
Kemerovo region (Western Siberia, Russia) July 6–7, 2018 (Fig. 1). In
accordance with the botanical and geographical zoning, the Yashkinsky
district (3.5K кm2) belongs to the Tomsk taiga-forest-steppe region, the
Belovsky (3.2K кm2) and Prokopievsky districts (3.4K кm2) belong to the
Insko-Tomsky taiga-forest-steppe region. The species biomaterial was
confirmed by I. V. Tarasova, head of the herbarium of Kemerovo State
University. Astragalus danicus of Western Siberia grows to 30 cm, well-
adapted throughout the meadow, steppe communities, in sparse birch
and pine forests. The flowering phase is observed in June–July, fruiting�
in July–August. The collected biomass amounted to 2,000 g, 2,500 g, and
2,500 g, respectively, in the Yashkinsky, Belovsky and Prokopievsky
districts. The shoot/leaves/flowers ratio of the collected biomass aver-
aged 4:2:1 for each of the collection area.
2.2. Preparation of plant extracts

To determine the flavonoids and total phenolic contents according to
Gursoy et al. [27], the averaged sample of the aerial part of plants (shoot,
leaves, flowers at a ratio of 2:2:1) was collected after drying the field
samples to an air-dry state (500 g). The plant material was crushed and
subjected to extraction with methyl carbinol (the ratio of plant materi-
al/extractant 1:10, temperature 10 �C) for 2 days under constant stirring
using a 200�g shaker until complete extraction of biologically active
substances [28, 29, 30, 31, 32, 33]. The resulting tincture was a clear
liquid of dark greenish-brown color with a characteristic odor. Extracts
Fig. 2. Densitogram of Astragalus danicus samples after developing by diazoreactive
Belovsky district.
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were stored in the refrigerator (in the dark, at a temperature of 4–6 �C)
until analysis. All chemicals (analytical or better grade) used in this study
were purchased from Fluka/Sigma-Aldrich (Sigma-Aldrich Rus, Moscow,
Russia) or were obtained from the Institute of Biotechnology of Kemer-
ovo State University (Kemerovo, Russia).
2.3. Preparative and analytical HPLC

Preparative and analytical HPLC was performed on a Prominence
liquid chromatograph (Shimadzu LC-20b Japan) with diode-array
detection according to Sarikurkcu et al. [34]. The chromatographic col-
umn Kromasil C18 had a size of 250 � 4.6 mm (particle size of the sor-
bent 5 microns). A mixture of water with o-phosphoric acid (pH ¼ 4.6)
(A), acetonitrile (B) was used as the mobile phase. Gradient elution mode
(% B) was 0–20 min with a gradient change of 10–20% and 20–60 min -
20–50%. The eluent flow rate was 1.0 ml/min, the column thermostat
temperature was 35 �C. During the preparative accumulation, the acid
was not added to the mobile phase. Detection was carried out at a
wavelength of 365 nm. The outputs of certain compounds were calcu-
lated on the basis of pre-constructed calibration curves.
2.4. Thin-layer chromatography

Thin layer chromatography was performed on Sorbfil PTSH-AF-A
plates followed by densitometry (densitometer with Sony (Handycam
HDR-CX405) photo-recording system, LLC “IMID”, Russia). Chromato-
graphic zones were cut out and further analyzed.
2.5. Spectrophotometric studies

Spectrophotometric studies were performed on a spectrophotometer
SF-2000 (OKB "Spectr", St. Petersburg, Russia); IR spectroscopy was
performed on a FSM-1202 instrument (InfraSpek, St. Petersburg, Russia).
IR spectra were recorded in potassium bromide disks (Fluka, Germany).
The results were processed using the FSpec software (version 4.0.0.2 for
Windows®, LLC “Monitoring”, Russia). Spectra were recorded in the
range of 4000–400 1/cm with a resolution of 4 1/cm.
: black line – Prokopyevsky district, red line – Yashkinsky district, blue line –



Fig. 3. Chromatogram of Astragalus danicus alcohol extract sample: A collection
area 1; B collection area 2; C collection area 3.
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2.6. Extraction and fractionation

The crushed vegetable raw materials (500 g) were extracted with
70% ethanol at a ratio of 1:10 in an ultrasonic bath (100W, frequency 35
kHz) at 40 �C twice for 30 min over 2 h. Alcohol extraction was filtered
through membrane filters (pore size 0.2 μm). The filtrate was concen-
trated to a water residue using a rotary evaporator. Next, the filtrate was
subjected to liquid-phase extraction with hexane (fraction 1) and a
mixture of ethyl acetate-ethanol in a ratio of 5:1 (fraction 2). Fraction 2
was chromatographed on a Sephadex LH-20 sorbent (10 � 350 mm
column) on a Bio-Logic liquid chromatograph (Bio-Rad, United States),
eluted with isopropanol at a gradient of from 20 to 90%.
2.7. Analytical standards

Isorhamnetin 3-glucopyranoside (Isorhamnetin-3-O-β-D glucopyr-
anosyl-(1→2)-β-D glucopyranosyl-(1→6)-β-D-glucopyranoside, �90%,
00960590), kaempferol 3-glucoside (3,40,5,7-Tetrahydroxyflavone 3-
glucoside, 3-(β-D-Glucopyranosyloxy)-5,7-dihydroxy-2-(4-methox-
yphenyl)-4H-1-benzopyran-4-one, 3-Glucosylkaempferol, Astragalin,
Kaempferol 3-β-D-glucopyranoside, Kaempferol 3-glucoside, �90%,
4

68437), apigenin 7-glucoside (40,5,7-Trihydroxyflavone 7-glucoside,
�97%, 44692), chlorogenic acid (1,4,5-Trihydroxycyclohexanecarbox-
ylic acid 3-(3,4-dihydroxycinnamate), �95%, C3878) were purchased
from Fluka/Sigma-Aldrich (Sigma-Aldrich Rus, Moscow, Russia).

For chromatographic determination of substances, a mixed initial
solution was prepared which contained 1 mg/ml of each of isorhamnetin
glucoside, kaempferol glucoside, apigenin 7-glucoside, chlorogenic acid
in ethanol immediately before the experiment. To create a calibration
curve, working standard solutions were prepared by successive dilution
of the mixed initial solution with ethanol to final concentrations from 0.1
to 100 μg/ml. The solutions were chromatographed and eluted as
described above. The content of each of isorhamnetin glucoside,
kaempferol glucoside, apigenin 7-glucoside, chlorogenic acid in the ex-
tracts was calculated on the basis of the preset calibration curves between
the areas of the peaks and concentrations of standard solutions.

2.8. Statistical analysis

All experiments were performed three times. Data processing was
carried out by standard methods of mathematical statistics. Homogeneity
of the sampling effects was checked using the Student's t-test. The data
were subjected to analysis of variance (ANOVA) using Statistica 10.0
(StatSoft Inc., 2007, USA). Differences between means were considered
significant when the confidence interval is smaller than 5% (p � 0.05).

3. Results and discussion

In our study, the total content of phenolic substances in samples of
Astragalus danicus was 181.84 � 6.98 mg/g, 100.75 � 3.87 mg/g and
190.95 � 7.34 mg/g from 1-3 collection area, accordingly.

Isorhamnetin glucoside is characterized by the value Rf 0.7. It is
found only in biological samples of area 1 (41.39 � 1.58 mg/g) and area
3 (95.0 � 3.66 mg/g) (Fig. 2). The content of the glucosides of iso-
rhamnetin is clearly traced on HPLC chromatograms (Fig. 3). The content
was 1.55� 0.06 mg/g in samples from area 1 (peak 6–7, Fig. 3A), 2.28�
0.08 mg/g in samples from area 2 (peak 5–6, Fig. 3B) and 0.92 � 0.04
mg/g in plant material from area 3 (peak 7–8, Fig. 3C).

We have found a variation in the indices of the glucosides of
kaempferol (Rf 0.57) from 0.38 � 0.01 mg/g in samples from area 1 to
0.55 � 0.02 mg/g from area 2. The intermediate value of the indicator
identified in the sample from the collection area 3–0.41 � 0.02 mg/g.
The elution of kaempferol glucoside is shown in chromatograms (peak
16, Fig. 3A, peak 14, Fig. 3B and peak 18, Fig. 3C).

According to the content (Fig. 4) of chlorogenic acid (Rf 0.51), the
investigated samples of Astragalus danicus differ significantly from 0.14�
0.01 mg/g (area 2) to 1.16 � 0.04 mg/g (area 1). The sample from
collection area 3 was 0.81 � 0.03 mg/g.

In plant biomass of Astragalus danicus, apigenin 7-glucoside was iso-
lated in a small amount (3.34 � 0.13 mg/g) only in the sample from the
collection area 2.

Jaradat et al. [35] have established that among the Astragalus L.
species growing in Palestine (Astragalus aleppicus, Astragalus angustifolius,
Astragalus annularis and Astragalus boeticus) A. Boeticus is characterized by
a high content of phenols, certain groups of flavonoids and tannins. These
plants have a high antioxidant and antimicrobial activity against Staph-
ylococcus aureus, Escherichia coli, American Pseudomonas, as well as
against methicillin-resistant strains of Staphylococcus aureus and white
candidiasis.

Astragalus complanatus, which is one of the main raw materials for
Chinese medicine, has been well studied. Researchers continue to expand
the list of polysaccharides isolated from it [36]. Typically, seeds and roots
are used as the basis of biological samples.

Semmar et al [37] studied the Astragalus caprinus species, widespread
in Tunisia. The main flavonoids in the samples were kaempferol gluco-
side (about 80% of the total flavonoids) or quercetin polyglucoside,
depending on the region of the biomaterial collection. The authors



Fig. 4. Densitogram of Astragalus danicus L. samples (365 nm): black line – Prokopyevsky district, red line – Yashkinsky district, blue line – Belovsky district.
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confirmed the difference in the content of antioxidant components,
depending on the geographical location of the collection of plants.

Our research confirms that the bioactive components in a plant
depend on the conditions of the growing areas. The two studied areas
(Belovsky and Prokopyevsky districts of the Kemerovo region) are
geographically close, but not all the samples of plants have the same
phenolic content. The climate of the Kemerovo region is extremely
continental: winters are cold and long, while summers are short though
warm. In January, the average air temperature is�17…�20 �C, while in
July, it goes up to þ17 ... þ18 �C. The air temperature reaches its highest
of þ38 �C in summer. The lowest winter temperatures are �54 �C in the
southern part of the region and �57 �C in the northern part. The average
annual precipitation is between 300 mm/year in the plains and foothills
and 1,000 mm/year and more in mountainous regions. The frost-free
period lasts from 100 days in the northern part of the region to 120
days in the South of the Kuznetsk Basin. For the collection of Astragalus
danicus samples, the annual average temperature was þ1.8 �C, þ0.3 �C,
þ1.8 �C; the monthly average temperature in January was from�18�С to
�22�С, from �22 �C to �24 �C, from – þ18 �C to þ22 �C; the monthly
average temperature in July was from þ17�С to þ22�С, from þ18 �C to
þ24 �C, fromþ18 �C toþ22 �C; the precipitation amount was from 350 –

450 mm/year (in the foothills and mountainous regions – up to 600 mm/
year), from 550 to 650 mm/year and 370–495 mm/year in the Proko-
pievsky, Yashkinsky, and Belovsky districts respectively. The air tem-
perature goes up as high as þ38 �C in summer and as low as �50 �C in
winter. According to the temperature regime, area 1 and area 3 are
similar, while area 2 is somewhat cooler. By the amount of precipitation,
the division is similar. The average of 400 mm/year for area 1 and 3, and
600 mm/year for area 2. In 2018, the year of collection of plant samples,
there were no sharp differences in weather conditions, except for those
already noted. From April 20, the air temperature went above freezing
during the day and at night. In early- and mid-May, there were several
days with ground frosts at night. June, when flowering began, was hot
and dry in all the areas, with an average temperature of þ25.2–25.3 �C
and þ22.7 �C during the day and þ19.1–19.3 �C and þ17.9 �C at night,
for areas 1, 3, and 2 respectively.

The total content of phenolic compounds and isorhamnetin glucoside,
in particular, in these two areas are approximately the same (p > 0.05).
Minor differences in the content of kaempferol glucoside depending on
the growing area, approximately 1.4 times compared to the content in the
5

samples of plants of the Yashkinsky district. The detection of apigenin 7-
glucoside in only one area and isorhamnetin glucoside in the other two
confirms the territorial uniqueness of these zones, including for the
growing conditions of plants.

Apparently, it is more severe climatic conditions of area 2 that pro-
vided the formation of apigenin 7-glucoside in the Astragalus danicus
samples, while there are no reports of apigenin 7-glucoside in the sam-
ples from other territories that do not have significant frosts (Turkey,
Tunisia, Palestine, Lithuania, etc.) [35, 36, 37, 38, 39]. More precipita-
tion in area 2 located in the North of the Kemerovo region, contributed to
lesser accumulation of kaempferol glucoside in the Astragalus danicus
samples.

Arumugam et al. [38] studied the content of antioxidant compounds
and their activity of Astragalus ponticus, examining in detail the samples
of extracts of various plant parts. The percentage yield of various parts of
plant extracts ranged from 7.87 to 17.73%. The content of total phenolic
compounds and flavonoids ranges from 13.35� 0.63 to 26.34� 0.50 mg
of the extract GAEs/g (gallic acid equivalent per g of fluid extract) and
9.94 � 0.13 to 49.13 � 0.51 mg of the extract REs/g, respectively. The
highest concentration was from the leaves, and the second highest - from
the aerial parts of plants. Comparing to the data obtained in the work
[39] with phenol content in leaves and flowers of Astragalus glycyphyllos
25.99 and 23.71 mg GAEs/g extract and flavonoids 21.00 and 16.71 mg
REs/g extract, the authors claim that their plant samples are not inferior
in content, but have accumulated a large antioxidant activity.

Our study confirms that samples of Astragalus danicus growing in the
Kemerovo Region are not inferior to those of plants of other Astragalus
species and other places of growth in the total phenol content (25.23 �
0.61 mg GAEs/g extract, 13.98 � 0.54 mg GAEs/g extract and 26.50 �
0.62 mg GAEs/g extract from 1–3 collection area).

Phytochemical analysis [38] of extracts of samples of Astragalus
ponticus determined the presence of syringic acid with the highest con-
centration in flowers, p-coumaric acid in foliage, ferulic acid in flowers
and aerial part of the plant, benzoic acid in foliage, o-coumaric acid in
foliage, hesperidin in foliage, luteolin in foliage. The main flavonoid in
biosamples is luteolin, its content exceeded almost 4.5 times exceeded
the known highest content. Flavonoids (isorhamnetin glucoside,
kaempferol glucoside, apigenin 7-glucoside and chlorogenic acid) of our
samples of Astragalus danicus plants in samples [39] were not identified,
but previously determined concentrations of these compounds in various



Fig. 5. The content of phenolic compounds of Astragalus danicus L. samples from
Prokopyevsky district (area 1), Yashkinsky district (area 2), Belovsky district
(area 3): 1 - isorhamnetin glucoside; 2 - kaempferol glucoside; 3 - apigenin 7-
glucoside; 4 - chlorogenic acid.
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samples of Astragalus are given: kaempferol - 0.05–15.0 mg/l, apigenin -
0.17–11.0 mg/l, chlorogenic acid - 0.35–45.0 mg/l. According to the
results of our research, Astragalus samples collected in the Kemerovo
Region had the highest content of kaempferol glucoside 11.00 � 1.60
mg/l, chlorogenic acid 23.0 � 1.65 mg/l, isorhamnetin glucoside 27.76
� 1.19 mg/l.

4. Conclusions

As a result of chromatographic analysis of Astragalus danicus L.
biomaterial, representing the population of a species from three districts
of the Kemerovo region, it was established that the plants contain fla-
vonoids in the form of flavonol compounds (isorhamnetin glucoside,
kaempferol glucoside), flavones (apigenin 7-glucoside), phenyl-
propanoids (chlorogenic acid) (Fig. 5). In the Astragalus samples of the
Kemerovo region, kaempferol glucoside and chlorogenic acid are found
in average concentrations in comparison with samples of the species
growing in other territories. The content of isorhamnetin glucoside is
almost twice as high as the known analogues. Apigenin 7-glucoside was
isolated for the first time in Astragalus samples. The obtained data
confirm that the content of flavonoids significantly depends on the
habitat of the species and is associated with themacro- andmicroelement
composition of the soil and the hydrothermal regime of different
botanical-geographical zones. And the samples of Astragalus danicus L.
plants collected in the Kemerovo Region act as a unique pharmaceutical
raw material for the production of biologically active substances of
prophylactic and therapeutic drugs.
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