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Abstract

From the beginning of its existence and until now, interest in herbal remedies has only grown. Not surprisingly, medicinal
herbs are a source of unique combinations of biologically active components that are capable of exhibiting significant pharmacolog-
ical effects. One of these medicinal plants is Acorus calamus (sweet flag), whose rhizomes have long been used in official and folk
medicine, cooking and cosmetology. However, recent studies point to the considerable potential of the aerial part of Acorus calamus
as a novel herbal remedy, which is associated with the presence in the leaf of the plant, in addition to essential oil, a considerable
amount of substances of phenolic nature.

The aim of the research was to determine the optimal conditions for the removal of phenolic compounds from the leaves of
Acorus calamus and to determine the technological parameters of raw materials.

Materials and methods. During the research, samples of raw materials collected on the territory of Kharkiv region were
used, as well as methods that are given in the State Pharmacopoeia of Ukraine.

Result. As a result of the research, the extraction conditions at which there was highest content of the extraction of biolog-
ically active substances were determined. The extractant, the degree of grinding of the raw material and the optimum extraction
time were selected, which allowed to extract almost 80 % of the quantitative content of flavonoids from the raw material. The main
technological parameters of Acorus calamus leaves were also determined. The obtained results will be the basis for the development
of the technology of obtaining phyto-substance from the leaves of Acorus calamus.

Conclusions. The selection of optimal extraction conditions of biologically active compounds from Acorus calamus leaves
was carried out. The obtained results show that in order to obtain extracts with the maximum content of biologically active sub-
stances (flavonoids), it is advisable to use raw materials with a particle size of 0.5 to 1.0 mm, as an extractant 70 % alcohol and an
extraction time of 4 hours.
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1. Introduction

Medicinal herbal remedies have always been very popular. Since ancient times and until
now the relevance of plant research is only increasing. The use of herbal remedies and phy-
tonutrients has continued to increase throughout the world, both in developed and developing
countries [1]. It is in countries that do not have a modern healthcare system that on herbal and
traditional medicines relies population in the treatment and prevention of diseases.
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Such interest is completely understandable, because plants are an essential source of
naturally occurring biologically active compounds such as flavonoids, essential oils, alkaloids,
carotenoids, vitamins, carboxylic acids, and others. Phenolic compounds are one of the most
important plant metabolites. These compounds are involved in the regulation of seed germina-
tion and cooperate in the regulation of plant growth, and are involved in protective reactions
during infection, excessive sun exposure, trauma and stress. Polyphenols play an important
role in photosynthesis, respiration, plant growth, fruit and vegetable resistance to infectious
diseases. They depend on the colour, aroma, taste, darkening of the tissues of the fruits and
their P-vitamin value [2]. In addition, herbal phenol derivatives exhibit a considerable range of
pharmacological activity, exhibiting anti-inflammatory, antioxidant, antimicrobial, analgesic,
antipyretic, antitumor activity, etc. [3].

Each type of plant accumulates in its composition a unique set of biologically active
substances (BAS), which causes such different pharmacological action of herbal remedies
based on them. A thorough study of the chemical composition and the selection of optimal
extraction conditions will allow the most effective use of the medicinal potential contained in
the plant. One of the plants with extremely high potential is the sweet flag or calamus (Acorus
calamus L.). The rhizome of the plant has been used for thousands of years in both folk and
official medicine, as well as in cosmetology and the food industry. Only in the territory of
Ukraine about 20 medicines, which include rhizome Acorus calamus, have been registered [4].
These drugs are used to treat diseases of the gastrointestinal tract such as gastritis with low
and high acidity, diarrhoea, peptic ulcer and others.

Rootstalks of Acorus calamus — ether-containing raw material. The content of essential
oil varies depending on the type. Thus, in diploid plants an average of 2.2 % of essential oil is
contained, in triploid — 3.1 %, in tetraploid — 6.8 % [5]. It consists of a number of monoterpenes —
a- and B-pinene, para-cymene, a-terpinene, y-terpinene, B-phellandrene, terpinolen, limonene,
D-camphene, D-camphor, borneol, calarene. The available compounds of the sesquiterpene
series are shyobunone, epishyobunol, isocalamendiol, calamene, curcumin, guinea, caryo-
phyllene, isoacorone. The specific odour of the essential oil is due to the presence of phen-
ylpropane derivatives: azarylaldehyde and asarone (a, ) [6, 7]. The chemical composition of
the roots of Acorus calamus, except for the essential oil is represented by flavone — galanin,
lignin — acoradin. Also available is a steroid — B-sitosterol. [8]. Studies on the composition of
fatty acids have shown the presence of myristic, palmitic, palmitoleic, stearic, oleic, linoleic,
peanut acids [9].

Tannins are represented by catechin [6].

At the same time, the study of the composition of biologically active substances (BAS)
of the leaves of Acorus calamus was practically not conducted. The review of domestic and
foreign literature sources, as well as own studies of the qualitative composition and quantitative
content of BAS leaves of Acorus calamus indicate the relevance of a more in-depth study of the
possibilities of using this raw material in medicine. In particular, there are results of a study of
the antioxidant activity of methanolic extracts of Acorus calamus leaves [10]. In addition, there
are results of determination of anti-inflammatory activity of water extracts of Acorus calamus
leaves [11]. Thus, according to the literature and our own research, it was found that the qualita-
tive composition and quantitative content of essential oil components in Acorus calamus leaves
and rhizomes are similar [12, 13]. In addition, about 1 % of flavonoids and hydroxycoric acids
were found in Acorus calamus leaves [14].

In addition to its medicinal value, the use of the aboveground part will reduce the burden
on the natural resources of Acorus calamus, especially in countries where wild raw materials
are widely used, since harvesting Acorus calamus leaves has virtually no effect on plant via-
bility, unlike rooting. Conservation of the plant population is a pressing issue in the territory of
Ukraine, where the dynamics of calamus resources in the left-bank Ukraine forest steppe and
steppe indicate that stocks are scarce, resources are diminished, and raw material harvesting
must be strictly controlled [15].
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All this gives reason to recommend the leaves of the plant as a promising raw material for
the development of new drugs based on it.

The aim of the research was to select the optimal conditions for the extraction of pheno-
lic compounds from the leaves of Acorus calamus and study the technological parameters of raw
materials for further development of technology for obtaining phytosubstances with the maximum
content of these groups’ substances.

2. Materials and methods

The objects of study were water-alcohol extracts from the dried leaves of Acorus calamus.
The aboveground part of the plant was harvested in the mass flowering phase, when the greatest
amount of BAS accumulates, in the territory of Kharkiv region, Ukraine [16]. Drying of the
raw materials was carried out by air-shadow method at temperatures of 30-35 °C. Raw materi-
als were used to determine the optimal extraction conditions and technological parameters, the
qualitative composition and quantitative content of phenolic compounds were determined and
published in our previous studies. The content of flavonoids in raw materials was 1.13 % [16].

In determining the optimal conditions for the extraction of compounds of phenolic nature,
we investigated how changing such parameters as the degree of grinding, the type of extractant and
the time of extraction affect the extraction process [17].

Selection of the optimal extractant is one of the most important aspects of the development
of technology for the preparation of medicinal herbs, since it depends on the nature and amount
of BAS recovered, which will directly affect the biological activity of the phytopreparation [17].
Water P was used as the extractant, as well as aqueous solutions with different concentrations of
ethanol, obtained by mixing the corresponding volumes of ethyl rectified alcohol and water P. The
concentration of the obtained solutions was additionally calculated from relative density using al-
coholic tables of SPhU [18]. Extraction is carried out at a ratio of raw material-extractant 1:5.

The main task of the process of grinding raw materials - the maximum destruction of cel-
lular structures in order to increase the contact surface of the extractant with the raw material,
increase the rate of dissolution of BAS and simplify their exit from the cell. The degree of grinding
of raw materials was determined in accordance with Article 2.9.12. “Sieve analysis” of the State
Pharmacopoeia of Ukraine (SPhU) [18].

The completeness of BAS extraction was evaluated by two criteria: dry residue content
and flavonoid content. The dry residue content in the samples of the extracts obtained was de-
termined according to Article 2.8.16 of the SPhU [10]. The quantitative content of flavonoids in
Acorus calamus leaf and the obtained extracts were investigated using the unified spectrophoto-
metric method in terms of the hyperoside described in the SPhU “Hawthorn leaves and flower™”
monograph [19].

The determination and calculation of such technological parameters as specific gravity, po-
rosis, porosity, free volume of the layer, specific surface area and particle size were performed
according to the commonly used methods [20, 21].

The temperature directly affects the rate of dissolution and diffusion of the substance into
the extractant. However, the rise in temperature has a negative effect on thermolabile and volatile
substances.

The extraction was carried out by the method of percolation according to the following
method: a sample of the raw material was placed in the percolator and filled with fresh extractant
in the ratio of raw material-extractant 1:5. Then the tightly closed percolator was left for infusion.
The extraction was performed at room temperature in a place protected from direct sunlight.
After receipt of the extract, it was placed for 24 hours at 8 °C, then filtered through a paper filter
“blue ribbon”.

3. Results

In the first stage of the work, the content of flavonoid content and dry residue were deter-
mined depending on the type of extractant. Water and aqueous-alcoholic mixtures with an alcohol

65

Pharmacology, Toxicology and Pharmaceutical Science



Original Research Article: (2020), kKEUREKA: Health Sciences»

full paper

Number 3

concentration of 30 %, 50 %, 70 % and 96 % were used as the extractants. The degree of grinding
of raw materials was at the level of 3-5 mm. Extraction time is 30 min. The results are presented
at Fig. 1, 2.
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Fig. 1. Dry residue extracts when using different types of extractant, in percent
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Fig. 2. The content of the amount of flavonoids extracts when using different types of extractant,
in percentage

According to the data obtained, the preferred extractant was 70 % ethanol.

In the second stage of the study, the effect of grinding of raw materials on the extraction of
biologically active substances was investigated. The extractant is 70 % ethanol.

Extraction time is 30 min. The obtained results are presented in Fig. 3, 4.
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Fig. 3. Dry residue of extracts obtained from raw materials of various sizes, in percent
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According to the obtained data, the degree of extraction of extractives and compounds of
phenolic nature increases as the size of the raw material particles decreases. Raw materials with
dimensions less than 0.5 mm have the highest value of quantitative content of flavonoids amount —
0.81 %, as well as the highest content of dry residue — 29.10 %. However, the use of raw materials
smaller than 0.5 mm is accompanied by a number of technological problems. First, due to the high
density of the raw material when stacked, its wettability in the inner and lower layers deteriorates.
Secondly, in addition to biologically active substances, ballasts and particles of raw materials are
significantly extracted from the raw material. This necessitates additional cleaning of the extract.
Therefore, in our opinion, it is optimal to use raw material with a particle size of 0.5 to 1.0 mm.

In determining the optimum extraction time of biologically active substances, 70 % ethanol
and raw materials with a grinding rate of 0.5 to 1.0 mm were used as the extractant. The following
time intervals were used for the study: 30 minutes, 1 hour, 2 hours, 4 and 8 hours. The results are
presented in Fig. 5.
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Fig. 4. The content of flavonoids amount of extracts obtained from raw materials of different
sizes, in percent
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Fig. 5. The content of flavonoids in percentage depending on the extraction time

As can be seen from the obtained results, maximum extraction is observed in the mode of
infusion 4 hours. The amount of flavonoids extracted during this time is 0.89 %, after which it
begins to decrease.

The final stage of our work was the study of technological parameters of raw materials, such
as the moisture content; absorption by the raw material of the extractant; specific, bulk and bulk
mass, porosity and free volume of the raw material layer, the results are given in Table 1.

The absorption coefficient of the extractant characterizes the amount of solvent that fills the
intercellular pores, vacuoles, air cavities in the plant material and is not removed from the meal.
The absorption coefficient was calculated by the difference between the volume of the extractant,
which was filled with a known sample of raw material, and the volume obtained after the discharge,
squeezing the meal. The obtained value of 3.3 ml/g is quite high and needs to be taken into account
when developing the method of obtaining the extract.
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The results of determining the technological parameters of leaves of Acorus calamus
No. Technological parameter Result

1 The degree of grinding, mm 0.5-1.0
2 Specific gravity, g/cm? 1.03
3 Volume weight, g/cm? 0.24
4 Bulk weight, g/cm? 0.10
5 Porosis 0.685
6 Porosity 0.74
7 Free volume of the layer 0.92
8 Weight loss on drying, % 9.7
9 The absorption coefficient of the extractant, ml/h 33

4. Discussion

As can be seen from the results of the study, the selected conditions provide the maximum
extraction of phenolic compounds. 70 % ethanol was selected as the extractant, providing maxi-
mum extraction and, due to its antimicrobial properties, capable of providing high extraction sta-
bility over time. The selected grinding degree from 0.5 to 1 mm ensures a simple and even loading
of the percolator. The extraction time is 4 hours, which allows to intensify the process of extraction
of biologically active substances.

The defined conditions generally correspond to commonly used methods of obtaining
extracts from medicinal plant raw materials containing phenolic compounds [22, 23]. For most
raw materials, the most optimal extractant is 70 % ethanol, the size of the raw material is usually
1-2 mm. Phytochemical composition and antiradical activity of methanol extract obtained from
the tetraploid species Acorus calamus were also investigated. The presence of flavonoids and
protoanthocyanidins was established, but the ratio of raw material to extractant, the degree of
grinding of raw materials is not indicated. In addition, the use of methanol as the extractant does
not allow the use of the obtained extract in the native form, since methanol is a toxic substance.
Therefore, in our opinion, the use of ethanol as an extractant is more appropriate [10].

To obtain more complete data on the content of biologically active substances, additional
phytochemical studies of the component composition of phenolic compounds are required at all
stages of the study using thin-layer and high-performance liquid chromatography methods, since
the assessment of the completeness of extraction by dry residue and the quantitative content of
the amount of flavonoids. Given that Acorus calamus leaves are an ether-containing feedstock,
further study of the effect of temperature on the extraction of volatile compounds and polyphe-
nols is possible.

The presented results will be the basis for the development of a method of obtaining a liquid
alcohol-water extract from the leaves of Acorus calamus. Given the results of previous studies, it
is predicted that this extract will have significant anti-inflammatory and antimicrobial effects, and
will have an impact on the central nervous system.

Study limitations. During the experiment, such parameters as the extraction tempera-
ture, the raw material-extractant ratio were not investigated, and no other potentially import-
ant groups of biologically active substances, such as polysaccharides and essential oil, were
determined.

Prospects for further researches. Considering the situation with stocks of raw materials
Acorus calamus common in the territory of Ukraine, which are constantly declining, further explo-
ration of the aboveground part of the plant is quite promising. The leaves of the plant can be used as
an additional raw material for rhizomes, and to create unique herbal remedies.
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5. Conclusions

The selection of optimal extraction conditions of biologically active compounds from
Acorus calamus leaves was carried out. The obtained results show that in order to obtain extracts
with the maximum content of biologically active substances (flavonoids), it is advisable to use raw
materials with a particle size of 0.5 to 1.0 mm, and as an extractant 70 % alcohol and an extraction
time of 4 hours.

The technological parameters of the raw material were also determined in accordance with
the methods of SPhU.
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Abstract

Nowadays there is a tendency towards the spread of viral diseases that cause significant complications to human health. There-
fore, the question of creating new drugs that have a high antiviral effect is topical.

The aim. To study the range of drugs in Ukraine for the treatment of herpes viral diseases.

Materials and methods. In the work were used the list of drugs from official sources of information, which were processed by
methods of generalization, systematization, graphic, comparative and structural analysis.

Results and discussion. The marketing research of drugs for the treatment of herpes viral diseases presented at the pharmaceu-
tical market of Ukraine has been conducted. According to the results it is found that 80 drugs for the treatment of herpes viral diseases
of various dosage forms are presented in the domestic market, of which 70 % — tablets; 51 % — medicines produced by the industry of
Ukraine; 94 % — are monocomponent preparations.

Soft drugs play important role in the treatment of skin diseases because they provide a direct effect of the drugs on the patho-
gens, eliminate inflammatory phenomena and eliminate or reduce the symptoms of the disease. Soft dosage drugs have practically no
contraindications, they can be used at any age, regardless of the presence of comorbidities.
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