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The article presents parameters for obtaining a carbon dioxide extract from the subterranean part of Eryngium planum that
contains a valuable set of organic substances and has a certain antimicrobial effect. Methods. Raw materials were collected in the
Almaty region (Republic of Kazakhstan). The CO, extract of Eryngium planum herbs was obtained under subcritical conditions. A
gas chromatograph with a mass spectrometric detector was used to determine the compositional breakdown of the extract.
Antimicrobial activity was determined by two methods: the micromethod of serial dilutions and the disk-diffusion method. Three
microbial test strains were used: Staphylococcus aureus ATCC 6538-P, Escherichia coli ATCC 8739, and Candida albicans ATCC
10231. Results. To extract biologically active substances from the subterranean part of Eryngium planum L., we have chosen carbon
dioxide extraction technology, a technology for processing carbon dioxide (CO,) raw materials, which allows us to extract various
substances in high concentrations. Carbon dioxide extraction technology is an effective and environmentally safe way to isolate
various biologically active substances contained in medicinal plant raw materials. In the composition of the CO, extract of
Eryngium planum L. 43 components were identified, the main of which are a-linolenic acid, 8.30%; myristic acid, 6.40%;
caryophyllene, 6.92%; spatulous, 6.62%; and other main identified compounds and their percentage. Conclusions. The study
showed that the CO, extract of Eryngium planum L. contains biologically active compounds that have a pronounced antimicrobial
effect against clinically significant microorganisms, such as Escherichia coli, Staphylococcus aureus, and Candida albicans.

1. Introduction

A source of raw materials for the production of effective and safe
medicines has been increasing as a late interest of scientific
medicine in medicinal plants. Preparations made of plant raw
materials are currently widely used for the treatment and
prevention of many diseases [1]. Their assortment is expanding,
and the number of phytopreparations is increasing annually [2].

The advantages of phytopreparations over synthetic drugs are
their mild action and low toxicity.

The flora of Kazakhstan has great potential as a source of
promising medicinal forms. It is known that many prom-
ising plant species for medicine are poorly studied from the
standpoint of botanical resource studies and pharmacoge-
netic analysis [3]. Such plants also include species of
Eryngium.


https://orcid.org/0000-0001-6335-4613
https://orcid.org/0000-0003-2961-5730
https://orcid.org/0000-0001-5946-5521
https://orcid.org/0000-0002-2267-2807
https://orcid.org/0000-0002-0896-6956
https://orcid.org/0000-0003-1084-7427
https://orcid.org/0000-0002-7317-2685
mailto:aliya.arykbaeva@mail.ru
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/4702607

The Apiaceae family includes about 450 genera and 3700
species worldwide [3, 4]. The plants of this family are well
known as medicinal plants. The members of the Apiaceae
possess various compounds with many biological
activities [4].

Representatives of the genus Eryngium L. are found in
tropical, subtropical, and temperate zones, mainly in Mexico
and South America. They grow in sandy places, thickets of
shrubs, and steppes [5].

Some species, such as E. foetidum L., E. maritime L.,
E. campestris L., and E. creticum Lam. are used in ethno-
medicine all over the world [6]. Eryngium foetidum L. has
a strong aroma and contains essential oil, which is valuable
for pharmaceutical, perfume, and flavor industries [7].

It is known that foreign scientific papers have conducted
studies on the chemical composition and pharmacological
activity of such representatives of the genus: Eryngium
planum, E. aquaticum, E. foetidum, E. alpinum,
E. campestris, E. amethystine, E. triquetrum, E. caucasicum,
E. barrelieri, E. glomeratum, E. kitschy, E. maritime, and
E. coeruleus [8-11]. Essential oils, polyacetylenes, lignans,
phenols, and flavonoids were isolated from the raw materials
of these plants. Extracts of these plants have following
properties: cytotoxic, antibacterial, antimicrobial, anti-
inflammatory, diuretic, antiallergic, and antifungal [12-15].

There are some species of bluebirds in our country such
as Eryngium caucasicumn Trout., Eryngium macro calyx
Shrink, and Eryngium planum L.

Eryngium planum is perennial and found in the steppes
of northern Kazakhstan and the mountains of Dzungarian
and Trans-1Ili Alatau [3]. The plant is 30-90 cm tall. All parts
of the plant, especially the upper part, have blue or purple
hues. It has a straight taproot; the stem is bluish, and in the
upper part, it is branched. The leaves are leathery, with
prickly teeth along the edge, and the lower leaves are pet-
iolate and oval, whole up is to 15 cm long. The leaves, which
are obscure in the middle part of the stem, are on shorter
petioles. The upper leaves are palmately divided into 3-5
sessile lobes.

The flowers are collected in dense ovoid heads (up to
2cm long). The petals are bluish. Wrapper sheets with
prickly teeth. It blooms from June to July and begins to
bloom in the second year of life. The fruit is ovoid and
covered with scales [16, 17].

Eryngium planum is found in clearings, meadows, forest
edges, on sand, along river banks, and along roads in
Kazakhstan.

The general distribution occurs in Central and Southern
Europe, Eastern Europe, the Caucasus, Eastern Trans-
caucasia, Central Asia, and Russia [18].

According to the literature, Eryngium planum contains
essential and fatty oils, carbohydrates, organic and phenolic
carboxylic acids, triterpenoids, polyacetylene compounds,
coumarins, flavonoids, saponins, and vitamin C. It is used as
an antispasmodic, diuretic, sedative, detoxifying, and anti-
inflammatory agent [19-21]. According to literature data,
triterpene saponins are the main active substances re-
sponsible for expectorant, depurative, antioxidative, and
diuretic effects [21].
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The authors in [22] studied the composition of the es-
sential oil of Eryngium planum. The analysis of the com-
position of essential oils showed the oil from different parts
of Eryngium planum in vivo, and also, in vitro sprouts can be
a source of falcarinol and polyacetylenes, which are im-
portant compounds that promote health. Falcarinol is a bi-
ologically active compound in the group of falcarinol-type
polyacetylenes. It shows pronounced cytotoxic activity
against human tumor cells in vitro and also has antitumor
activity in vivo.

Suciu and Pérvu evaluated the effect of liquid extract
(ethanol 70%) of Eryngium planum to reduce acute in-
flammation caused by turpentine oil in rats. The tested
extract showed an anti-inflammatory effect due to a decrease
in the total number of leukocytes and neutrophil distribu-
tion and activity [23].

Oxidative stress plays an important role in the devel-
opment and progression of many diseases, including neu-
rodegenerative diseases [24]. The results of epidemiological
studies indicate that higher intake of antioxidant com-
pounds is associated with a lower risk of mortality from
cancer and coronary heart disease [25].

Studies show the antioxidant potential of methanol and
methanol-water extracts of two plant species Eryngium
amethystine and Eryngium planum using beta-carotene-
linolenic acid analysis. The results show that the water-
methanol extracts of amethystine and planum are more
powerful in terms of antioxidant content than methanol
extracts. It was also found that plant extracts exhibit
a stronger antioxidant effect than similar extracts for
E. amethystine [25].

Thus, extracts of the subterranean part of Eryngium
planum L. have a wide range of pharmacological properties
due to the content of various groups of biologically active
compounds. Therefore, Eryngium planum L. is very
promising for further phytochemical study of its compo-
sition and therapeutic effects.

Currently, the technology of extraction of vegetable raw
materials with compressed and liquefied gases has been
proposed and is actively developing. Liquefied CO, is used to
isolate essential and fatty hydrophobic substances. Hydro-
philic substances are well extracted by liquefied gas, having
high dielectric conductivity. When extracted with liquefied
gas, the extractant evaporates in a high-pressure stream and
extractive substances remain in pure form [26, 27]. The
tendency to use liquefied and compressed gases and, in
particular, carbon dioxide for these purposes, the extraction
process can be carried out under pre- and supercritical
conditions [27].

Supercritical fluid extraction with carbon dioxide has
some minor disadvantages. One of them is the extraction
plant’s high engineering requirements and investment costs
due to high pressure requirements.

Advantages of CO,-extraction under subcritical condi-
tions compared to supercritical are primarily due to the fact
that this process is highly cost-effective, more technologi-
cally advanced, allows processing not only high-quality raw
materials, but also production waste in order to extract the
main components from them [28, 29].
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In this study, we obtained a thick CO, extract under
subcritical conditions from the subterranean part of Eryn-
gium planum and studied the compositional breakdown and
its antimicrobial activity against pathogenic microorganisms
for the first time.

2. Materials and Methods

2.1. Plant Material. The subterranean part of Eryngium
planum was the chosen study material collected from July to
August during the flowering phase in the Sogeti Mountains,
on the territory of the Enbekshi Kazakh district of the
Almaty region (coordinates: H=1086m above sea level,
N=4327'05.8", and E=078"39'12.7"). The plant was
identified by the Institute of Botany and Phytointroduction
of the Forestry and Wildlife Committee of the Ministry of
Ecology, Geology, and Natural Resources of the Republic of
Kazakhstan.

The collected vegetable raw materials were naturally
dried in the shade and in a well-ventilated room at a tem-
perature of +25 + 5°. The moisture content of vegetable raw
materials did not exceed 10%. The dried vegetable raw
materials were crushed using a KDU-2 crusher. The particle
size of vegetable raw materials was 1-3 mm.

The extraction mass of medicinal plant raw materials was
1800 g, of which 30 g of extract was obtained; the yield was
1.67%. In appearance, a thick CO, extract obtained under
subcritical conditions from Eryngium planum has a brown
color and a specific smell.

2.2. Preparation of Carbon Dioxide Extract. The dried sub-
terranean part of Eryngium planum was used as a medicinal
plant raw material for the production of the carbon dioxide
extract. The extract was obtained at the production base of
Zhanafarm Medicine Production LLP. The extract was
obtained under subcritical conditions on an extraction unit
with a volume of 5 liters in accordance with the standard of
the enterprise. Liquid carbon dioxide was used as an
extractant. Optimal conditions for obtaining the CO, extract
were maintained as follows: pressure was 40-51 atm, tem-
perature was 18-21°C, and the extraction time was 11 hours.

2.3. Determination of the Compositional Breakdown of the
Extract. 'The compositional breakdown of the extract for the
content of organic substances was determined using a gas
chromatograph with a mass spectrometric detector (Agilent
7890A/5975C).

Chromatography conditions were as follows: sample
volume 0.2 yl and sample inlet temperature 240°C, without
flow separation. Separation was carried out using a capillary
chromatographic column DB-35MS (Agilent, USA), with
a length of 30 m, an inner diameter of 0.25 mm, and a film
thickness of 0.25 microns at a constant velocity of carrier gas
(helium) 1 ml/min. The chromatography temperature was
programmed from 50°C (1 min exposure) to 270°C at
a heating rate of 10°C/min (15 min exposure). Detection was
carried out in the SCAN mode m/z 34-750. Agilent MSD
Chem Station software was used to control the gas

chromatography system and record and process results and
data. The Wiley 7th edition and NIST'02 data libraries were
used to identify the obtained mass spectra. Data processing
included determination of retention times and peak areas,
and verification of spectral information was obtained using
a mass spectrometric detector.

2.4. Determination of Antimicrobial Activity. The antimi-
crobial activity of the carbon dioxide extract of Eryngium
planum L. was determined by two methods: the serial di-
lution method and the disk-diffusion method [30-32].

To study antimicrobial activity, standard test strains of
microorganisms were used as follows: Staphylococcus aureus
ATCC 6538-P obtained from the Republican Collection of
Microorganisms (Nur-Sultan, Kazakhstan) and Candida
albicans ATCC 10231 and Escherichia coli ATCC 8739
obtained from the American Collection of Type cultures
(ATCC, USA).

Sensitivity studies on microorganisms were carried out
on standard nutrient media: Muller-Hinton agar (M173),
HI Media, India; Muller-Hinton broth (Muller-Hinton
broth (M391), HI Media, India (CLSI); and Sabouraud liquid
medium (MO013), HI Media, India (CLSI).

2.4.1. Antimicrobial Activity Assay of the Extract by the Serial
Dilution Method. A 96-well plate was used to determine an-
timicrobial activity. Muller-Hinton nutrient broth (M391) was
added to all wells for testing bacteria, and Sabouraud broth was
used for testing mushrooms in the amount of 150 ml (from the
1st to the 24th well). The extract was introduced into the 1st well
at a base concentration of 150ul, and serial dilutions were
carried out, which were prepared using a mixture of Mul-
ler-Hinton broth/Saburo dextrose broth (150 ul) + test sample
(150 ml) from the 1st well. a test tube in the amount of 150 ml
into the 2nd test tube, already containing 150 ml of broth. 150 ml
of the test sample in the broth was transferred from the 2nd tube
to the 3rd tube, which also initially contained 150 ml of broth.
This procedure was repeated until the required number of di-
lutions was reached. 150 ml of the mixture was taken from the
last hole. Thus, the following dilutions were obtained: 1:1, 1:2,
1:4,1:8,1:16, 1:32, 1:64, 1:128, 1:256, 1:512, 1:1024, 1:
2048, 1:4096, 1:8192, 1:16384, 1:32768, 1:65536, 1:131072,
1:262144, 1:524288, 1:1048576, and 1:2097152, correspond-
ing to wells 1 to 23, with hole 24 being the control culture.

The concentration of the extract used in in vitro ex-
periments was 66.2 ug/ml.

After a series of dilutions, 20yl of test strains of mi-
croorganisms was added to all test tubes at a concentration
of 1.5x10° CFU/ml (Figure 1). All samples were incubated
at 37+1°C for 18-24 hours. After the incubation time,
seeding was carried out on Petri dishes with Muller-Hinton
nutrient medium to determine living cells. The presence of
visible growth of microorganisms on the surface of a dense
nutrient medium was taken into account in the results. The
minimum bactericidal concentration (MBC) was considered
the lowest concentration in a test tube, suppressing the
growth of microorganisms. Table 1 shows the labeling of
Petri dishes according to dilutions.



FIGURE 1: Setting antimicrobial activity in a 96-well plate.

2.4.2. Determination of the Antimicrobial Activity of the
Disk-Diffusion Method. The diffusion method was carried
out by the borehole method. To perform this method, holes
with a diameter of 6 mm were made with a sterile cylinder at
a distance of 15-20 mm from the edge of the cup and from
each other. The extract of Eryngium planum L. was added to
the obtained wells, 80ml each. Petri dishes were pre-
inoculated with a suspension of test strains at a density of
1.5 x 10° CFU/ml. Sterile cotton swabs were used for sowing
and were immersed in a suspension of the microorganism,
and then, these swabs were lightly pressed against the walls
of the tube and hatched in three directions by turning the
cup by 60°. As a reference discs with antibiotics were used
(Ampicillin and Fluconazole).

After sowing, the cups were placed in a thermostat for
incubation for 18-24 hours at 37°C for bacteria.

The results of the disk-diffusion method were taken into
account by calculating the diameter of growth retardation/
suppression zones with an accuracy of 1 mm.

3. Results and Discussion

3.1. Determination of the Compositional Breakdown of the CO,
Extract. During the study, the phytochemical composition
of the CO, extract of the subterranean part of Eryngium
planum L. was determined under subcritical conditions. 43
components were identified by chromatography-mass
spectrometry, the main of which are a-linolenic acid,
myristic acid, caryophyllene, spatulous, and other main
identified compounds, and their percentage is shown in
Table 2 and Figure 2.

The main components found in the CO, extract under
subcritical conditions were terpenes, sesquiterpenes such as
caryophyllene (6.92%), spatulous (6.62%), and phytol
(4.01%), and other compounds such as a-linolenic acid
(8.30%) and myristic acid (6.40%). They indicate significant
specific pharmacological activity, in particular antibacterial,
anti-inflammatory, and antioxidant. We have studied the
pharmacological activity of the main components by ana-
lyzing the work of foreign scientists. The nature of the
chemical compound and its therapeutic activity are shown in
Table 3.

It is worth noting that S-caryophyllene has antibacterial
potential. In a study against T strains. reuse, S. aureus. and
E. coli, with MIC values (minimum inhibitory concentra-
tions), they were in the range from 3 to 14 microns [49].
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TABLE 1: Labeling of Petri dishes according to dilutions.

Well 1 331
Well 2 16.55
Well 3 8.3
Well 4 4.1
Well 5 2.1
Well 6

Well 7 1.03
Well 8 0.52
Well 9 0.26
Well 10 0.13
Well 11 0.06
Well 12 0.03
Well 13 0.016
Well 14 0.008
Well 15 0.004
Well 16 0.002
Well 17 0.001
Well 18 0.0005
Well 19 0.00025
Well 20 0.00013
Well 21 0.000063
Well 22 0.000032
Well 23 0.000016
Well 24 C

Note. C, culture control.

Caryophyllene (14.9%) and spatulous (23.8%) exhibit anti-
microbial activity against Mycobacterium tuberculosis, Mi-
crospores  gypsum, Trichophyton mentagrophytes, and
Candida [50].

Spatulous is one of the main compounds found in our
study. It has antimicrobial, antiproliferative, and anti-
inflammatory effects. In the study of Eugenia calycina leaf
essential oil, spatulous showed antimicrobial activity against
anaerobic bacteria such as Prevelar nigricans and Porphyrins
gingivitis with an MIC (minimum inhibitory concentration)
of 100 mcg/ml [51].

A significant contribution of our research consists in the
identification and quantification of chemical compounds for
the study of plant extracts.

3.2. Results of Antimicrobial Activity. When determining
antimicrobial activity by the serial dilution method,
antibacterial and fungicidal activity of the CO, extract
was found against the analyzed strains of S. aureus,
E. coli, and C. albicans microorganisms.

To determine antimicrobial activity, the medium and test
strains were used as a positive control to confirm growth for
each test strain. For each test strain, suitable nutrient broth
(Mueller-Hinton broth for bacterial testing or Sabouraud
broth for fungal testing) without the test material was used as
a negative control.

The results were detected visually by the presence/
absence of visible growth of microorganisms on the
surface of a dense nutrient medium (Figure 3). The
minimum bactericidal concentration (MBC) was con-
sidered the lowest concentration, which suppressed
growth of microorganisms. The results of antibacterial
activity of the carbon dioxide extract of Eryngium
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FIGURE 2: The analysis chromatogram of the Eryngium planum L. CO, extract.

planum L. for the three pathogenic microorganisms are
presented in Table 4.

It can be seen from the presented data that the test
sample exhibits antimicrobial activity in relation to the test
cultures under study. The CO,Eryngium planum L. extract
was active against all tested strains. It has been experi-
mentally shown that the extract of Eryngium planum
L. when tested by serial dilutions, it has a bactericidal effect
at a concentration of 8.3 mcg/mcl in relation to Staphylo-
coccus aureus ATCC 6538-P; 33.1 mcg/mcl against Escher-
ichia coli ATCC 8739; against yeast fungi 16.55mcg/
mclCandida albicans ATCC 10231.

The test sample, carbon dioxide extract of Eryngium
planum L. has antibacterial activity against Staphylococcus
aureus ATCC 6538-P; against Escherichia coli ATCC 8739;
and against yeast-like fungi Candida albicans ATCC 10231
by serial dilution in broth.

The results of the study on the carbon dioxide extract of
Eryngium planum L. by the disk-diffusion method are shown
in Figure 4 and Table 5.

Ampicillin is a broad-spectrum, beta-lactam antibiotic
active against Gram-positive and Gram-negative bacteria,
and fluconazole is an antifungal medicine highly active
against yeast-like fungi of the genus Candida. They were
used as reference drugs, ampicillin 10 yg/disc (HI media,
India) and fluconazole 10 ug/disc (HI media, India).

The test sample, a carbon dioxide extract of Eryngium
planum, has antibacterial activity against Staphylococcus
aureus ATCC 6538-P: its growth retardation zone is
18.67 £0.57 mm, which is 1.2 times more effective than
control (the antibiotic ampicillin). Against the yeast-like
tungusCandida albicans ATCC 10231, the growth re-
tardation zone was 20.3+0.57mm, while the growth

retardation zone of the antifungal drug fluconazole was
14.0 £0.0 mm.

Thus, the obtained results of the prototype indicate the
effectiveness of the tested extract against Gram-positive
bacteria and yeast-like fungi.

Antimicrobial activity of extracts has been described
for some Eryngium species [6, 52-54]. Results of studies
of antimicrobial activity of methanol extracts and frac-
tions of Eryngium planum, E. campestral, and
E. maritime by the microdilution method of broth
showed that maritime and planum have the highest
antimicrobial activity (MIC=1-2mg-ml™") against au-
reus, followed by the saponin fraction of planum
(MIC=2.5mg-ml™"). The inhibitory effect of methanol
extracts of the roots of all the tested species
(MIC=12.5 mg~m1’l) and the planum cell suspension
culture (MIC=7.8mgml™') was found against
C. albicans [52].

It is worth noting that the chemical composition of the
essential oil plant depends on the type, climatic conditions,
soil type, harvesting seasons, geographical region, and the
extraction process used. Seasonal fluctuations are one of the
main factors that affect the composition of essential oils
[55, 56].

The composition of essential oil and antimicrobial
activity of three other species belonging to the genus
Eryngium (creticum, campestris, and trifolium), infusions
of which are obtained from the aboveground and root
parts. The antibacterial activity of essential oils was tested
by the disk-diffusion method against nine clinical strains
of methicillin-resistantaureus (MRSA). It has been
demonstrated that the essential oil obtained from tri-
folium, which causes an inhibition zone in the range from
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FIGURE 3: Results of the antimicrobial activity of Eryngium planum’s CO, extract obtained by the serial dilution method. (a) S. aureus; (b)
E. coli; (c) C. albicans.

TaBLE 4: Results of the antimicrobial activity of the extract of Eryngium planum L. obtained by the serial dilution method.

Minimum bactericidal dilution
of the extract

Test strains of Eryngium planum

L. (ug/ul)
Bactericidal effect
Staphylococcus aureus ATCC 6538-p 83
Escherichia coli ATCC 8739 33.1

Candida albicans ATCC 10231 16.55
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FIGURE 4: (a) Results of the antimicrobial activity of the ointment against the archival strain C. albicans ATCC 10231. (b) Results of the
antimicrobial activity of the ointment against the museum strain S. aureus ATCC 6538-P.

TaBLE 5: Results of the antimicrobial activity of the Eryngium planum extract obtained using the disk-diffusion method.

Test strain

Eryngium planum L. extract

Growth exhibition zone M + Std (mm)

Control

Staphylococcus aureus ATCC 6538-P
Candida albicans ATCC 10231

18.67 £0.57

Ampicillin 15.6 £0.57

20.3+0.57 Fluconazole 14.0 0.0

13 to 19 mm, has been demonstrated to be the most active
species [6, 53]. Alcoholic extracts of E. maritime roots
showed activity against S. aureus (MIC 2.5 mg-ml™") [54].

4. Conclusion

To extract biologically active substances from the sub-
terranean part of Eryngium planum, we have chosen carbon
dioxide extraction technology, a technology for processing
carbon dioxide (CO,) raw materials, which allows us to
extract various substances in high concentrations. Carbon
dioxide extraction technology is an effective and environ-
mentally friendly way to isolate various biologically active
substances contained in medicinal plant raw materials.

The sterility of extracts, low energy consumption, and
relative cheapness of hardware today determine the ad-
vantages of subcritical carbon dioxide extraction over tra-
ditional methods of extracting substances. The parameters of
the extraction process provide softer and gentler extraction
of biologically active substances from plant raw materials,
which makes it possible to obtain the substance in native
form at the end of this process.

The chemical composition of the carbon dioxide extract
of Eryngium planum obtained under subcritical conditions
was studied for the first time. By chromatography-mass
spectrometry, 43 components were identified, the main of
which are a-linolenic acid, 8.30%; myristic acid, 6.40%;
caryophyllene, 6.92%; and spatulous, 6.62%

The results of screening for antimicrobial activity
showed that the CO, extract of Eryngium planum exhibits

antimicrobial activity against Gram-positive bacteria and
yeast-like fungi, using the serial dilution method and the
disk-diffusion method.

It has been experimentally found that the carbon dioxide
extract of Eryngium planum has a high content of bi-
ologically active substances, which shows the relevance of
the pharmacological study of the extract in order to use it as
a medicinal product.

Data Availability
The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Acknowledgments

The authors would like to thank the faculty and the Ph.D.
students of the Faculty of Pharmacy and Pharmaceutical
Technology for their support in this work.

References

[1] N. G. Gemejiyeva and L. M. Grudzinskaya, “Current State and
Prospects for Studies on the Diversity of Medicinal flora in
kazakhstan,” Vegetation of Central Asia and Environs,
pp- 239-262, Springer, Cham, 2018.



10

(2]

(3]

(4]

(5]

(6]

(8]

(10]

(11]

(12]

(13]

(14]

(15

(16]

(17]

(18]

S. L. Chen, H. Yu, H. M. Luo, Q. Wu, C. F. Li, and
A. Steinmetz, “Conservation and sustainable use of medicinal
plants: Problems, Progress, and Prospects,” Chinese Medicine,
vol. 11, pp. 1-10, 2016.

L. M. Grudzinskaya, N. G. Gemedzhieva, N. V. Nelina, and
Z. Karzhaubekova, “Annotated List of Medicinal Plants in
Kazakhstan,” Almaty, Kazakhstan, vol. 20, no. 1, 2014.

M. S. Amiri and M. R. Joharchi, “Ethnobotanical knowledge
of Apiaceae family in Iran: a review,” Avicenna journal of
phytomedicine, vol. 6, pp. 621-635, 2016.

P. Wang, Z. Su, W. Yuan, G. Deng, and S. Li, “Phytochemical
constituents and pharmacological activities of Eryngium L,”
Apiaceae)//Pharmaceutical Crops, vol. 3, pp. 99-120, 2012.
S. A.Erdem, S. F. Nabavi, I. E. Orhan, M. Daglia, M. Izadi, and
S. M. Nabavi, “Blessings in disguise: a review of phytochemical
composition and antimicrobial activity of plants belonging to
the genus Eryngium,” Daru Journal of Pharmaceutical Sci-
ences, vol. 23, pp. 53-22, 2015.

P. Wang, Z. Su, W. Yuan, G. Deng, and S. Li, “Phytochemical
constituents and pharmacological activities of Eryngium
L. (Apiaceae),” Pharmaceutical Crops, vol. 3, no. 1, pp. 99-120,
2012.

S. M. Nabavi, S. F. Nabavi, H. Alinezhad, M. Zare, and
R. Azimi, “Biological activities of flavonoid-rich fraction of
Eryngium caucasicum Trautv,” European Review for Medical
and Pharmacological Sciences, vol. 16, no. 3, pp. 81-87, 2012.
S. Eslami, M. Ebrahimzadeh, H. A. Moghaddam, S. Nabavi,
N. Jafari, and S. Nabavi, “Renoprotective effect of Eryngium
caucasicum in gentamicin-induced nephrotoxic mice,” Ar-
chives of Biological Sciences, vol. 63, no. 1, pp. 157-160, 2011.
K. Khoshbakht, K. Hammer, and K. Pistrick, “Eryngium
caucasicum trautv. Cultivated as a vegetable in the elburz
mountains (northern Iran),” Genetic Resources and Crop
Evolution, vol. 54, no. 2, pp. 445-448, 2007.

S. Homer, G. S. Baccus-Taylor, J. A. Akingbala, and
S. D. Hutchinson, “Antibacterial efficacy of Eryngium foeti-
dum (culantro) against select foodborne pathogens,” in
Proceedings of the West Indies Agricultural Economics Con-
ference, Belize City, Belize, July 2009.

N. Dehghanzadeh, S. Ketabchi, and A. Alizadeh, “Essential oil
composition and antibacterial activity of Eryngium coeruleus
grown wild in Iran,” Journal of Essential Oil Bearing Plants,
vol. 17, no. 3, pp. 486-492, 2014.

E. M. Anam, “A novel triterpenoidsaponin from Eryngium
foetidum,” Indian Journal of Chemistry, Section B, vol. 41,
no. 7, pp. 1500-1503, 2002.

F. Sefidkon, M. Dabiri, and A. Alamshahi, “Chemical com-
position of the essential oil of Eryngium billardieri
F. Delaroche from Iran,” Journal of Essential Oil Research,
vol. 16, no. 1, pp. 42-43, 2004.

A. Khalfallah, D. Berrehal, A. Kabouche, A. Karioti,
A.-R. Bilia, and Z. Kabouche, “Flavonoids, antioxidant and
antibacterial activities of Eryngium triquetrum,” Eryngium
triquetrum Chem Nat Comp, vol. 50, no. 1, pp. 130-132, 2014.
N. V. Pavlova, Flora of Kazakhstan, Publishing House of
Academy of Sciences of the Kazakh SSR, Almaty, Kazakhstan,
1961.

L. I. Lotova Botany, Morphology and Anatomy of Higher
Plants, p. 512, KomKniga, Moscow, 2007.

Plantarium, “Open online atlas and guide of plants and li-
chens of Russia and neighboring countries Eryngium planum
L,” 2020, https://www.plantarium.ru/page/view/item/15266.
html.

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

[30

(31]
(32]

(33]

(34]

International Journal of Biomaterials

G. Paun, E. Neagu, V. Moroeanu, C. Albu, S. Savin, and
R. G. Lucian, “Chemical and Bioactivity Evaluation of
Eryngium Planum and Cnicus Benedictus Polyphenolic-Rich
Extracts,” BioMed Research International, vol. 201910 pages,
Article ID 3692605, 2019.

S. Conea, L. Vlase, and 1. Chirila, “Comparative study on the
polyphenols and pectin of three Eryngium species and their
antimicrobial activity,” Cellulose chemistry and technology,
vol. 50, pp. 473-481, 2016.

M. Kikowska, M. Kowalczyk, A. Stochmal, and B. Thiem,
“Enhanced accumulation of triterpenoid saponins in in vitro
plantlets and dedifferentiated cultures of Eryngium planum
L.: a medicinal plant//Horticulture, Environment, and Bio-
technology,” Horticulture, Environment, and Biotechnology,
vol. 60, pp. 147-154, 2019.

B. Thiem, M. Kikowska, A. Kurowska, and D. Kalemba,
“Essential oil composition of the different parts and in Vitro
shoot culture of Eryngium planum L,” Molecules, vol. 16, 2011.
S. Suciu and A. E. Parvu, “Comparative study on the effects of
Eryngium sp. extracts in an acute inflammation model in rat,”
Annals of the Romanian Society for Cell Biology, vol. 17, 2012.
L. Ciesla, J. Kryszen, A. Stochmal, W. Oleszek, and
M. Waksmundzka-Hajnos, “Approach to develop a stan-
dardized TLC-DPPH test for assessing free radical scavenging
properties of selected phenolic compounds,” Journal of
Pharmaceutical and Biomedical Analysis, vol. 70, pp. 126-135,
2012.

K. K. Wojtanowski, K. R. Y. S. T. Y. N. A. Skalicka-Wozniak,
K. Glowniak, and T. Mroczek, “Screening of the antioxidant
potentials of polar extracts from fruits of Eryngium planum
and Eryngium amethystinum using the f-carotene-linoleic
acid assay,” Current Issues in Pharmacy and Medical Sciences,
vol. 26, pp. 276-278, 2013.

A. Wollinger, Application of a Supercritical Carbon Dioxide
Extraction Unit-Extraction of Iris germanica L. and Ros-
marinus officinalis L, 2017.

O. Babova, A. Occhipinti, A. Capuzzo, and M. E. Maffei,
“Extraction of bilberry (Vaccinium myrtillus) antioxidants
using supercritical/subcritical CO, and ethanol as co-solvent,”
The Journal of Supercritical Fluids, vol. 107, pp. 358-363, 2016.
U. S. Alimova, R. D. Dilbarkhanov, K. K. Kozhanova,
I. R. Kulmagambetov, and G. O. Ustenova, “The technology of
carbon dioxide extract from leaves of large plantain,” Bulletin
of the Kazakh National Medical Univercity, vol. 5, no. 5,
pp. 192-197, 2012.

B. B. Azimkhanova, G. O. Ustenova, K. O. Sharipov et al.,
“Chemical composition and antimicrobial activity of sub-
critical CO2 extract of lepidium latifolium L.(Brassicaceae),”
International Journal of Biomaterials, vol. 2021, 2021.

Clsi, Method for Broth Dilution Antifungal Susceptibility
Testing of Yeasts, CLSI Standard M27-A2, Wayne, PA, USA,
2018.

CLSI, Performance Standards for Antimicrobial Disk Suscep-
tibility Tests, CLSI Standard M02, Wayne, PA, USA, 2018.
CLSI, Performance Standards for Antimicrobial Susceptibility
Testing, CLSI Supplement M100, Wayne, PA, USA, 2020.
N. A. Laman, N. A. Kopylova, and V. N. Prokhorov, “Sos-
novsky’s Hogweed (Heracleum Sosnowskyi Manden) as
a Promising Source of Biologically Active Compounds,” Cell
Biology and Plant Biotechnology, pp. 41-42, 2018.

Y. Li, B. Tan, Z. Cen et al., “The variation in essential oils
composition, phenolic acids and flavonoids is correlated with
changes in antioxidant activity during Cinnamomum loureirii


https://www.plantarium.ru/page/view/item/15266.html
https://www.plantarium.ru/page/view/item/15266.html

International Journal of Biomaterials

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

bark growth,” Arabian Journal of Chemistry, vol. 14, Article ID
103249, 2021.

H. Turkez, B. Togar, A. Tatar, F. Geyikoglu, and
A. Hacimuftuoglu, “Cytotoxic and cytogenetic effects of
a-copaene on rat neuron and N2a neuroblastoma cell lines,”
Biologia, vol. 69, pp. 936-942, 2014.

Z. Wang, P. Li, T. Wu, S. Zhu, L. Deng, and G. Cui, “Axon
guidance pathway genes are associated with schizophrenia
risk,” Experimental and Therapeutic Medicine, vol. 16, no. 6,
pp. 4519-4526, 2018.

Y. Tao, X. Li, L. Han, W. Zhang, and Z. Liu, “Spectroscopy
(FT-IR, FT-Raman), hydrogen bonding, electrostatic poten-
tial and HOMO-LUMO analysis of tioxolone based on DFT
calculations,” Journal of Molecular Structure, vol. 1121,
pp. 188-195, 2016.

K. Fidyt, A. Fiedorowicz, L. Strzadala, and A. Szumny,
“B-caryophyllene andf-caryophylleneoxide-natural com-
pounds of anticancer and analgesic properties,” Cancer
Medicine, vol. 5, pp. 3007-3017, 2016.

C. Yuan, S. Zhong, X. Li et al., “Total synthesis, structural
revision and biological evaluation of y-elemene-type ses-
quiterpenes,” Organic and Biomolecular Chemistry, vol. 16,
pp. 7843-7850, 2018.

E. S. Fernandes, G. F. Passos, R. Medeiros et al., “Anti-
inflammatory effects of compounds alpha-humulene and
(-)-trans-caryophyllene isolated from the essential oil of
Cordia verbenacea//European journal of pharmacology,”
European Journal of Pharmacology, vol. 569, pp. 228-236,
2007.

M. Tan, L. Zhou, Y. Huang, Y. Wang, X. Hao, and J. Wang,
“Antimicrobial activity of globulol isolated from the fruits of
Eucalyptus globulus Labill//Natural Product Research,”
Natural Product Research, vol. 22, pp. 569-575, 2008.

K. F. do Nascimento, F. M. F. Moreira, J. Alencar Santos et al.,
“Antioxidant, anti-inflammatory, antiproliferative and anti-
mycobacterial activities of the essential oil of Psidium gui-
neense Sw. and spathulenol,” Journal of Ethnopharmacology,
vol. 210, pp. 351-358, 2018.

C. S. Kalaivani, “GC-MS studies on Andrographis paniculata
(Burm. f.) Wall. Ex Nees—a medicinally important plant,”
International Journal of Medicinal and Aromatic Plants, vol. 2,
pp. 69-74, 2012.

S. Suchitra, “Phytochemical profiling, antimicrobial activity
and gas chromatography mass spectrometry analysis of allium
odorum L. Collected from ema market, Manipur,” In-
ternational journal of pharmacognosy and phytochemical re-
search. -, vol. 12, pp. 153-161, 2020.

H. Schildknecht, “Chemical ecology—a chapter of modern
natural products chemistry,” Angewandte Chemie, In-
ternational Edition in English, vol. 15, pp. 214-222, 1976.

S. L. Hansen, S. Purup, and L. P. Christensen, “Bioactivity of
falcarinol and the influenceof processing and storage on its
content in carrots (Daucuscarota L),” Journal of the Science of
Food and Agriculture, vol. 83, pp. 1010-1017, 2003.

R. W. Owen, W. Mier, A. Giacosa, W. Hull, B. Spiegelhalder,
and H. Bartsch, “Phenolic compounds and squalene in olive
oils: the concentration and antioxidant potential of total
phenols, simple phenols, secoiridoids, lignansand squalene,”
Food and Chemical Toxicology, vol. 38, pp. 647-659, 2000.
M. O. Adeoye-Isijola, S. G. Jonathan, R. M. Coopoosamy, and
O. O. Olajuyigbe, “Molecular characterization, gas chroma-
tography mass spectrometry analysis, phytochemical
screening and insecticidal activities of ethanol extract of

[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

11

Lentinus squarrosulus against Aedes aegypti (Linnaeus),”
Molecular Biology Reports, vol. 48, pp. 41-55, 2021.

S. S. Dahham, Y. M. Tabana, M. A. Igbal et al., “The anti-
cancer, antioxidant and antimicrobial properties of the ses-
quiterpene f-caryophyllene from the essential oil of Aquilaria
crassna,” Molecules, vol. 20, 2015.

L. N. Cazella, J. Glamoclija, M. Sokovi¢ et al., “Antimicrobial
activity of essential oil of Baccharis dracunculifolia DC
(Asteraceae) aerial parts at flowering period,” Frontiers of
Plant Science, vol. 10, 2019.

R. M. E. Sousa, S. A. de Morais, R. B. K. Vieira et al., “Chemical
composition, cytotoxic, and antibacterial activity of the es-
sential oil from Eugenia calycina Cambess. leaves against oral
bacteria,” Industrial Crops and Products, vol. 65, pp. 71-78,
2015.

M. Kikowska, J. Dlugaszewska, M. M. Kubicka, I. Kedziora,
J. Budzianowski, and B Thiem, “Vitro antimicrobial activity of
extracts and their fractions from three Eryngium L,” Herba
Polonica, vol. 62, no. 2, pp. 67-77, 2016.

A. Celik, N. Aydinlik, and I. Arslan, “Phytochemical con-
stituents and inhibitory activity towards methicillin-
resistantStaphylococcus aureus strains of Eryngium species
(Apiaceae),” Chemistry and Biodiversity, vol. 8, pp. 454-459,
2011.

E. Holderna-Kedzia and B. Kedzia, “Estimation of antibiotic
activity of plant extracts,” Postegpy Fitoterapii, 2010.

A. Turgumbayeva, G. Ustenova, U. Datkhayev et al., “Saf-
flower (Carthamus tinctorius L.) a potential source of drugs
against cryptococcal infections, malaria and leishmaniasis,”
Phyton, vol. 89, no. 1, pp. 137-146, 2020.

K. B. Temirbayeva, G. O. Ustenova, A. Amirkhanova et al.,
“Development of technology and composition of Alhagi
kirghisorum schrenk (Camel thorn) extracts based: tablets,”
International Journal of Pharmaceutical Research, vol. 12,
Article ID 09752366, 2020.





