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Intensification of the Extraction Process of Flavonoids and

Hydroxycinnamic Acids from Tanacetum vulgare L. Flowers

Abstract

Background and Purpose: It has been shown that taking into account the polyvalence of action,
tansy (Tanacetum vulgare L.) is a promising raw material for obtaining substances based on it as active
pharmaceutical ingredients for the development of new potential herbal medicinal products. Materials
and Methods: Ultrasound-assisted extraction (UAE) has been considered as one of the promising methods
to optimize the technology of extracting biologically active substances (BAS) from T vulgare flowers.
Results: The advantages of the method, the mechanism of ultrasound action on plant cells, and the main
factors affecting this process are indicated. Conclusion: The optimal technological parameters that allow
the extraction of flavonoids calculated with reference to luteolin and hydroxycinnamic acids calculated
with reference to chlorogenic acid in the maximum amount, namely, the raw material and extractant ratio,
time, and the extraction frequency, have been determined. The high efficiency of UAE has been proven.
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Introduction

There has been a steady demand for medicinal
plant raw material in recent decades. The
share of herbal medicinal products has already
reached 30-50% of the total volume of the
pharmaceutical market, and the trends in
recent years indicate a further constantly
growing demand both in Ukraine and
worldwide.!'?! All of this demonstrate the
significant potential of herbal medicine as
natural products combine high efficacy, relative
safety, and the therapeutic window.*> This has
become possible due to the development of
more advanced methods of isolation of target
active substances, modern approaches to the
intensification of the extraction process, and
methods for standardization of the medicinal
raw material, substances, and herbal medicinal
products.®7

Sources of medicinal plants are both wild
and cultivated plants. However, only those
medicinal plants that can be cultivated and
are scientifically and practically significant
can be promising for medical use, and their
harvesting is economically profitable.[®
Such a plant is tansy (Zanacetum vulgare
L.), which contains essential oil, flavonoids,
tannins, and bitter substances, carotenoids,
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ascorbic acid, alkaloids, and organic
acids in its composition.!'>!] Due to its
biologically active substances (BAS),
tansy has a wide range of pharmacological
activities such as membrane-stabilizing,
antioxidant, hepatoprotective, choleretic,
anti-inflammatory, antispasmodic, capillary-
strengthening, antimicrobial, antisclerotic,
anthelmintic, phytoncidal, etc.['!"!]

At the pharmaceutical market of Ukraine,
there are only two drugs based on 7. vulgare
flowers: “Tansy flowers” medicinal plant
raw material in packs and filter bags and
“Phytohepatol” phytospecies produced by
PJSC “Liktravy.”? Taking into account the
polyvalence of action of the raw material,
the development of new herbal medicinal
products based on it is of high practical
interests for modern medicine.

Traditional extraction methods (maceration,
percolation) used in manufacturing herbal
medicinal products are time-consuming
and inefficient for modern industrial
production.?!22) This substantiates a
considerable interest of manufacturers
in modern extraction methods and their
intensification (pulse, vacuum pulse and
electric pulse treatment, microwave extraction,
extraction using ultrasound or supercritical
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fluids); it allows us to significantly increase the yield of
extractives.?>?4

Of'the aforementioned methods, one of the promising methods
of intensive extraction is ultrasound-assisted extraction (UAE),
which uses the action of intense high-frequency sound waves.!
Under the ultrasonic action, solid and liquid particles vibrate
and accelerate; due to it substances from plant cells quickly
diffuse from the solid phase into the extractant. An increase
in the intensity of ultrasound in the liquid leads to the fact
that intramolecular forces are not able to hold the molecular
structure, so it is destroyed, and bubbles are formed, i.e., the
cavitation process occurs. The collapse of bubbles can cause
physical, chemical, and mechanical effects that lead to the
destruction of biological membranes and the unhindered
penetration of the extractant into the plant cell.l>®!

The use of ultrasound has significant advantages over traditional
raw material processing technologies. In particular, it provides
a deeper penetration of the solvent into the material with a
cellular structure, reduces the processing time, provides a
higher product yield and reproducibility, reduces the solvent
consumption, increases the speed of the process, and allows the
extraction of thermolabile substances.?”! The equipment does
not require large maintenance costs; less energy is used for
processing. Thus, the process becomes more environmentally
friendly and economically justified and it is of crucial
importance for modern industrial production.”

Therefore, the aim of our work was to determine the
optimal conditions of UAE for obtaining flavonoids and
hydroxycinnamic acids from 7. vulgare flowers.

Materials and Methods
Plant material

T vulgare flowers were harvested in the Kharkiv region
(Ukraine) in the phase of mass flowering (August). The
plant raw material was dried using the air-shadow method
at a temperature not exceeding 40°C, avoiding exposure to
direct sunlight. The dried raw material was subjected to the
quality control in accordance with the monograph of the State
Pharmacopoeia of Ukraine (SPhU), 2nd ed., Supp. 2 “Tansy
flowers.” The raw material was ground to a particle size of
2-3 mm.P¥

The research was conducted using the equipment of the
Educational and Scientific Institute of Applied Pharmacy of
the National University of Pharmacy (Kharkiv, Ukraine).

Ultrasound-assisted extraction

The selected method for obtaining extracts was remaceration
using ultrasound. It was found in previous studies that the
optimal extractant for the plant tested was ethyl alcohol at a
concentration of 70%.>"!

The extraction was performed in a PEX 1 ultrasonic extraction
reactor (R.E.U.S., Contes, France) hermetically sealed; the
soaking time of the raw material was 15+ 1 min, and the

ultrasound frequency was 35 kHz. The resulting extracts were
kept at a temperature of 8£2°C for 2 days and filtered through
an ash-free paper filter under vacuum.

A dry residue of the extracts obtained was determined by the
method specified in Article 2.8.16 of the SPhU.F” An aliquot
of 2 mL of the extract was placed in a flat-bottomed cup with
a diameter of 50 mm and a height of about 30 mm, evaporated
to dryness on a water bath and dried in an oven at 100—105°C
for 3 h, then cooled in a desiccator and weighed.

The quantitative determination of the total amount of
flavonoids calculated with reference to luteolin and the total
amount of hydroxycinnamic acids calculated with reference to
chlorogenic acid was performed by a unified spectrophotometric
method described in the monograph of the SPhU, 2nd ed.,
Supp. 2 “Tansy flowers” using a Specord 200 two-beam
spectrophotometer (Analytik Jena, Germany).?®]

Quantitative determination of the total amount of
flavonoids

Stock solution 1

Five milliliters of the extract was placed in a 100 mL flask and
diluted to the volume with the same solvent (70% ethanol).

Then the study was conducted according to the method.
Test solution 1

Five milliliters of Stock solution 1 was placed in a round-
bottomed flask and evaporated to dryness under reduced
pressure. The resulting residue was transferred to a 25 mL
volumetric flask using 8 mL of the mixture of methanol
RS—anhydrous acetic acid RS (10:100). A round-bottomed
flask was rinsed with 3 mL of the mixture of methanol RS—
anhydrous acetic acid RS (10:100), and the washing liquid was
placed in the same 25 mL volumetric flask. Then 10.0 mL of
the solution containing 25.0 g/L of boric acid RS and 20.0 g/L
of oxalic acid RS in anhydrous formic acid RS was added to
the solution obtained, and the solution was diluted to 25.0 mL
with anhydrous acetic acid RS.

Compensation solution 1

Five milliliters of stock solution were placed in a round-
bottomed flask and evaporated to dryness under reduced
pressure. The resulting residue was transferred to a 25 mL
volumetric flask using 8 mL of the mixture of methanol
RS—anhydrous acetic acid RS (10:100). A round-bottomed
flask was rinsed with 3 mL of the mixture of methanol RS—
anhydrous acetic acid RS (10:100), and the washing liquid was
placed in the same 25 mL volumetric flask. Then 10.0 mL of
anhydrous formic acid RS was added to the solution obtained,
and the solution was diluted to 25.0 mL with anhydrous acetic
acid RS.

Stock solution 2

Approximately 0.010 g (accurate weight) of luteolin RS (SPhU)
was placed in a 100 mL volumetric flask, dissolved in 70 mL
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of methanol RS, the solution was diluted to the volume with
the same solvent, and mixed.

Reference solution

One milliliter of Stock solution 2 was transferred to a 25 mL

volumetric flask. Then 10.0 mL of the solution containing
25.0 g/L of boric acid RS and 20.0 g/L of oxalic acid RS in
anhydrous formic acid RS was added, and the solution was
diluted to 25.0 mL with anhydrous acetic acid RS.

Compensation solution 2

One milliliter of Stock solution 2 was transferred to a 25 ml
volumetric flask, 10.0 mL of anhydrous formic acid RS was
added, and the solution was diluted to 25.0 mL with anhydrous
acetic acid RS.

The optical density of the test solution was measured 30 min
after the preparation of Compensation solution 1 at a wavelength
of 410 nm. In parallel, the optical density of the Reference
solution in relation to Compensation solution 2 was measured.

The content of the total amount of flavonoids expressed as
luteolin in the extract was calculated by the following formula:
Ay X my x 20 XP x 100%

X (%)=
Ay X mx (100w) x 100

>

where A | is the optical density of Test solution at a wavelength
of 410 nm;

A, is the optical density of Reference solution at a wavelength
of 410 nm;

m, is the sample weight of /uteolin RS (SPhU), g;
m is the sample weight of the raw material tested, g;
P is the luteolin content in luteolin RS (SPhU), %;
w is the loss of the raw material on drying, %.

Quantitative determination of the total amount of
hydroxycinnamic acids

Stock solution.

Five milliliters of the extract was placed in a 100 mL volumetric
flask and dilute d to the volume with 70% ethanol.

Test solution.

One milliliter of Stock solution 2 was placed in a 10 mL
volumetric flask; 2 mL of 0.5 M hydrochloric acid solution,
2 mL of a freshly prepared solution of 10 g of sodium nitrite
RS, 10 g of sodium molybdate in 100 mL of water RS, and
2 mL of dilute sodium hydroxide solution RS were successively
added stirring after each addition, diluted to the volume with
water RS and mixed.

Compensation solution.

One milliliter of Stock solution 2 was placed in a 10 mL
volumetric flask; 2 mL of 0.5 M hydrochloric acid solution and

2 mL of dilute sodium hydroxide solution RS were successively
added stirring after each addition, diluted to the volume with
water RS and mixed.

The optical density of the test solution was measured
immediately at a wavelength of 525 nm in a cuvette with a
layer thickness of 10 mm using compensation solution as a
reference solution.

The content of the total amount of hydroxycinnamic acids
expressed as chlorogenic acid (%) in the extract was calculated
by the following formula:

X_AxlOOOxlOO
188 % mx 100

where A is the optical density of the test solution at a wavelength
of 525 nm;

m is the sample weight of the raw material tested, g.
For the calculation, the specific absorption index of chlorogenic
acid equal to 188 was used.

Statistical analysis

Statistical analysis was carried out with the Microsoft Excel
2016 software. All experimental determinations were done
in triplicate, and results were presented as a mean value +
confidence interval (CI). Significant levels were determined
at P <0.05.

Results

An important processing method that contributed to the
effective implementation of the ultrasonic extraction process
is to provide continuous and intensive mixing of the extractant
and the crushed plant raw material in the working chamber;
it improves the access of the extractant to each particle.
Therefore, the raw material-extractant ratio must be strictly
determined.

To scientifically substantiate the optimal ratio of the plant raw
material mass to the volume of the extractant, the extracts with
the ratios of 1:5, 1:10, and 1:15 were obtained. The efficiency
of BAS extraction was evaluated by the dry residue index
expressed as 1.0 g of the raw material. The extraction was
performed using an ultrasound at a temperature of 30°C for
60 min. The experimental data are shown in Figure 1.

As shown in Figure 1, the yield of the dry residue increases
with increasing the raw material—extractant ratio. However, at a
ratio of 1:15, the dry residue increases insignificantly, therefore,
for economic reasons, the optimal ratio is 1:10.

To evaluate the effect of ultrasound on the extraction process,
comparative extractions with and without ultrasound under
the same conditions were performed. The experiment duration
was 60 min. The yield of the dry residue and the concentration
of flavonoids and hydroxycinnamic acids in the extracts
obtained were compared. In this case and in further studies, the
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Figure 1: The dependence of the dry residue yield on the ratio of the plant
raw material mass to the volume of the extractant
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Figure 4: The ultrasound effect on the amount of hydroxycinnamic acids
Note: n=3, P<0.05
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Figure 5: Determination of the optimal time of the first extraction by the
dry residue
Note: n=3, P<0.05

0.08

0.07
0.06 T%
0.05 %

0.04 /

0.03 /

7

0.02

Flavonoid concentration, %

/

Figure 3: The ultrasound effect on the amount of flavonoids
Note: n=3, P<0.05

effectiveness of BAS extraction was evaluated and calculated
with reference to 1 mL of the extract.

The results showed that the yield of the dry residue from tansy
flowers using UAE was higher by 33% compared with the
extraction without ultrasound [Figure 2].

The results of the quantitative determination of the content of
phenolic compounds in the extracts calculated with reference
to luteolin and the total amount of hydroxycinnamic acids
calculated with reference to chlorogenic acid also showed a
higher yield of 35% and 13%, respectively, compared with the
extraction without ultrasound [Figures 3 and 4]. This confirms
the effectiveness of ultrasound used for obtaining extracts from
T vulgare flowers.

0 T T T T T T T T T T T
15 30 45 60 75 90 105 120 135 150 165 180

Time, min

Figure 6: Determination of the optimal time of the first extraction by the
amount of flavonoids
Note: n=3, P<0.05

The next step was to determine the optimal duration of the first
stage of extraction, which allowed extracting the maximum
amount of BAS from the raw material of 7 vulgare flowers.
Extract samples were tested every 15 min. The research results
are shown in Figures 5-7.

As the process time increased, the dry residue yield increased
proportionally. However, this increase occurred within the
first 150 min of the extraction with a maximum amount of
the dry residue of 0.0340. Increasing time to 180 min, only an
insignificant increase of extractives was observed, indicating
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Figure 7: Determination of the optimal time of the first extraction by the
amount of hydroxycinnamic acids
Note: n=3, P<0.05
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Figure 8: Determination of the optimal extraction frequency
Note: n=3, P<0.05

the achievement of an equilibrium concentration between the
raw material and the extractant [Figure 5].

The results of the experimental studies [Figures 6 and 7] revealed
that the concentration of flavonoids and hydroxycinnamic acids
has-been increased to 150 min and amounted to 0.073% and
0.446%, respectively. In the next few minutes, there was a
significant slowdown in the concentration growth, indicating
the achievement of the extraction process equilibrium.

When determining the optimal extraction conditions, the
dry residue yield depending on the extraction frequency
was also taken into account. The extractant renewal allowed
maintaining the difference in concentrations in the raw
material and the extractant, thereby increasing the degree
of depletion of the raw material. Thus, it was necessary to
determine the feasibility of the extractant renewal; for this
purpose, the quantitative content of extractives in subsequent
extractions was found. The extraction was performed in
four stages at a ratio of the raw material to the extractant of
1:10 for 150 min at 30°C. The first, second, third, and fourth
extractions were performed under the same conditions with
draining the extract and adding the fresh portion of 70%
ethyl alcohol after each extraction. The research results are
shown in Figure 8.

The results of the studies have shown that for the complete
depletion of the raw material, one renewal of the extractant is

Figure 9: Determination of the optimal time of the second extraction by
the dry residue
Note: n=3, P<0.05
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Figure 10: Determination of the optimal time of the second extraction by
the amount of flavonoids
Note: n=3, P<0.05
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Figure 11: Determination of the optimal time of the second extraction by
the amount of hydroxycinnamic acids
Note: n=3, P<0.05

required, i.e., the two-stage extraction. Further third and fourth
extractions were irrational as the yield of dry residues (0.002
and 0.0001, respectively) was insignificant.

At the next stage of the study, it was necessary to determine
the optimal extraction time with the second portion of the
extractant. The results of the study are shown in Figures 9—11.

The experimental data presented in Figure 9 showed that during
the second extraction, the yield of the dry residue was much
lower; its increase was observed up to 60 min of the process
and amounted to 0.0085. Further extraction was impractical
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as a linear relationship indicating the maximum degree of the
raw material depletion was detected.

The maximum extraction of the amount of flavonoids
during the second extraction occurred for up to 30 min and
amounted to 0.0226%. Then there was a slight increase in their
yield, indicating the complete depletion of the raw material
[Figure 10].

In contrast to flavonoids, the time required to extract the
maximum concentration of (0.1215%) during the second
extraction was 60 min; a further increase in time did not
significantly increase their yield [Figure 11].

Thus, based on the results obtained, the optimal time of the
first extraction of 7" vulgare flowers was 150 min, whereas the
second extraction was 60 min. It confirms a high efficiency of
the technology for obtaining extracts from 7. vulgare flowers
through UAE in a short period of time.

Conclusions

Taking into account the polyvalence of the pharmacological
action of 7. vulgare flowers and a limited number of drugs
based on it, the raw material has proven to be promising for
the development of new herbal medicinal products.

The advantages of using ultrasound as an intensified
method to optimize the technology of extracting BAS from
T. vulgare flowers have been theoretically substantiated
and experimentally proven. It has been found that the yield
of the total amount of flavonoids and hydroxycinnamic
acids increased by 35% and 13% compared with dynamic
maceration, indicating the efficiency and cost-effectiveness
of this method.

The optimal technological parameters which allowed extracting
the maximum amount of BAS from the plant raw material studied
using ultrasound have been determined. They are the ratio of
the raw material to the extractant—1:10, the optimal frequency
of extractions—2, the time of the first extraction—150 min,
the time of the second extraction—60 min.

Financial support and sponsorship
Nil.
Conflicts of interest

There are no conflicts of interest.

References

1. Mirzoieva T, Tomashevska O, Gerasymchuk N. Analysis of medicinal
plants cultivation in Ukraine on sustainable development principles.
GJNR 2021;2:151-64.

2. Nykytyuk Y, Solohub Y. Conceptual development bases of the
modern market of medicinal plant material in Ukraine. Ekonomika
ta derzhava 2016;11:54-7.

3. Pan SY, Gao SH, Zhou SF, Tang MK, Yu ZL, Ko KM. New
perspectives on complementary and alternative medicine:
An overview and alternative therapy. Altern Ther Health Med
2012;18:20-36.

10.

11.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Akinyemi O, Oyewole SO, Jimoh KA. Medicinal plants and
sustainable human health: A review. Hortic Int J 2018;4:194-5.
Karimi A, Majlesi M, Rafieian-Kopaei M. Herbal versus synthetic
drugs: Beliefs and facts. J Nephropathol 2015;4:27-30.

Nazim M, Mehdiyeva NP, Lyle EC. Medicinal plants used in
traditional medicine of the Caucasus and North America. J Med Act
Plants 2015;3:42-66.

Belokurov SS, Flysyuk EV, Smekhova IE. Choice of extraction method
for receiving extraction from seeds of Payne Hay with the high content
of biologically active substances. Drug Dev Registr 2019;8:35-9.
Vardanega R, Santos DT, Meireles MAA. Intensification of bioactive
compounds extraction from medicinal plants using ultrasonic
irradiation. Pharmacogn Rev 2014;8:88-95.

Khadhraoui B, Ummat V, Tiwari BK, Fabiano-Tixier AS, Chemat F.
Review of ultrasound combinations with hybrid and innovative
techniques for extraction and processing of food and natural products.
Ultrason Sonochem 2021;76:105625.

Acimovi¢ M, Puvaca N. Tanacetum vulgare L.—A systematic review.
J Agron Technol Eng Manag 2020;3:416-22.

Muresan ML, Benedec D, Vlase L, Oprean R, Toiu A, Oniga I.
Screening of polyphenolic compounds, antioxidant and antimicrobial
properties of Tanacetum vulgare from Transylvania. Stud Univ Babes
Biol Chem 2015;1:127-38.

Ivanescu B, Tuchilus C, Corciovd A, Lungu C, Mihai CT, Gheldiu A,
et al. Antioxidant, antimicrobial and cytotoxic activity of Tanacetum
vulgare, Tanacetum corymbosum and Tanacetum macrophyllum
extracts. Farmacia 2018;2:282-8.

Cote H, Boucher MA, Pichette A, Legault J. Anti-inflammatory,
antioxidant, antibiotic, and cytotoxic activities of Tanacetum vulgare
L. essential oil and its constituents. Medicines 2017;4:34.

Devrnja N, Andelkovi¢ B, Arandelovi¢ S, Radulovi¢ S, Sokovi¢ M,
Krsti¢-Milosevic D, et al. Comparative studies on the antimicrobial
and cytotoxic activities of Tanacetum vulgare L. essential oil and
methanol extracts. S Afr J Bot 2017;111:212-21.

Baczek K, Kosakowska O, Przybyt JL, Pidro-Jabrucka E, Costa R,
Mondello L, et al. Antibacterial and antioxidant activity of essential
oils and extracts from costmary (7anacetum balsamita L.) and tansy
(Tanacetum vulgare L.). Ind Crop Prod 2017;102:154-63.
Stojkovié MB, Miti¢ SS, Pavlovi¢ JL, Stojanovi¢ BT, Paunovi¢ DD.
Antioxidant potential of Tanacetum vulgare L. extracts. Biol Nyssana
2014;5:47-51.

Clancy MV, Zytynska SE, Senft M, Weisser WW, Schnitzler JP.
Chemotypic variation in terpenes emitted from storage pools
influences early aphid colonisation on tansy. Sci Rep 2016;6:38087.
Juan-Badaturuge M, Habtemariam S, Jackson C, Thomas MJ.
Antioxidant principles of Tanacetum vulgare L. aerial parts. Nat
Prod Commun 2009;4:1561-4.

Kumar V, Tyagi D. Chemical composition and biological activities
of essential oils of genus Tanacetum—A review. J Pharmacogn
Phytochem 2013;3:155-9.

Compendium online. Available from: https://compendium.com.ua/
uk/. [Last accessed on 2021 Dec 7].

Azmir J, Zaidul ISM, Rahman MM, Sharif KM, Mohamed A,
Sahena E, et al. Techniques for extraction of bioactive compounds
from plant materials: A review. J Food Eng 2013;117:426-36.
Palma M, Barbero GF, Pifeiro Z, Liazid A, Barroso CG,
Rostagno MA, et al. Extraction of natural products: Principles and
fundamental aspects. In: Rostagno MA, Prado JM, editors. Natural
Product Extraction: Principles and Applications. London: The Royal
Society of Chemistry; 2013. p. 58-88.

Chemat F, Rombaut N, Sicaire AG, Meullemiestre A, Fabiano-
Tixier AS, Abert-Vian M. Ultrasound assisted extraction of food and

130 Journal of Reports in Pharmaceutical Sciences | Volume 11 | Issue 1 | January-June 2022



24.

25.

26.

27.

Herbina, et al.: UAE for obtaining T. vulgare flowers extract

natural products. Mechanisms, techniques, combinations, protocols
and applications. A review. Ultrason Sonochem 2017;34:540-60.
Dadi DW, Emire SA, Hagos AD, Eun JB. Effect of ultrasound-assisted
extraction of Moringa stenopetala leaves on bioactive compounds and
their antioxidant activity. Food Technol Biotechnol 2019;57:77-86.
Dzah CS, Duan 'Y, Zhang H, Wen C, Zhang J, Chen G, et al. The
effects of ultrasound assisted extraction on yield, antioxidant,
anticancer and antimicrobial activity of polyphenol extracts:
A review. Food Biosci 2020;35:100547.

Shirsath SR, Sonawane SH, Gogate PR. Intensification of extraction
of natural products using ultrasonic irradiations—A review of current
status. Chem Eng Process Process Intensification 2012;53:10-23.
Muiiz-Marquez DB, Martinez-Avila GC, Wong-Paz JE, Belmares-
Cerda R, Rodriguez-Herrera R, Aguilar CN. Ultrasound-assisted

28.

29.

30.

extraction of phenolic compounds from Laurus nobilis L. and their
antioxidant activity. Ultrason Sonochem 2013;5:1149-54.
Derzhavna Farmakopeia Ukrainy [State Pharmacopoeia of Ukraine].
2nd ed. Vols. 1-3. Kharkiv: Derzhavne pidpryemstvo Ukrainskyi
naukovyi farmakopeinyi tsentr yakosti likarskyh zasobiv; 2018.
p. 336.

Zolotaikina MY, Gontova TM, Kotov AG, Ilyina TV, Kryvoruchko OV.
Study of dry extract of tansy (7anacetum vulgare) using the method
of high-performance liquid chromatography. Der Pharma Chem
2017;9:1-4.

Derzhavna Farmakopeia Ukrainy [State Pharmacopoeia of Ukraine].
2nd ed. Vols. 1-3. Kharkiv: Derzhavne pidpryemstvo Ukrainskyi
naukovyi farmakopeinyi tsentr yakosti likarskyh zasobiv; 2015.
p. 1128.

Journal of Reports in Pharmaceutical Sciences | Volume 11 | Issue 1 | January-June 2022 131



