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Abstract: This paper reveals the relevance of developing a technology for obtaining extracts of
medicinal plant raw materials Adonis vernalis for its use as an individual drug or as part of a complex
drug. Optimal indicators of extraction of biologically active substances of Adonis vernalis that affect
the technological process, namely the particle size, the type of extractant, the size of the hydraulic
module, and the extraction method, are established. Considering energy-intensive, technological, and
design factors, the best option for the process to obtain the maximum yield of the target component was
chosen, namely, the circulating extraction of Adonis vernalis flavonoids. Kinetic regularities of the
extraction process are determined. Based on the selected mathematical model, it was checked for
adequacy. Extraction constants are determined. The issues of selecting technological equipment for
obtaining this extract with a high content of the target component are considered. The optimal
parameters of the Extraction mode of Adonis vernalis herb are established: extractant — 70% Ethanol,
the degree of grinding of raw materials — 1.0-2.0 mm, the ratio of raw materials-extractant — 1:15, the
extraction method — circulation. Also, this development will expand the range of raw materials for drugs
that have antioxidant activity.
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1. Introduction

Every year, more and more medicinal plant raw materials (MPRM) are included in the
world pharmacopeia, and herbal medicines in the form of extracts occupy leading positions in
pharmaceutical production. A prerequisite for obtaining extracts from MPRM is the selection
of optimal process conditions, such as the temperature and multiplicity of extraction, particle
size, hydro module, type of extractant, and its concentration. Extracts of medicinal plants
contain a multicomponent mixture of biologically active substances (BAS), which are in a
certain ratio, contributing to an optimal effect on the human body [1]. In modern
phytochemistry, it is important to distinguish a separate group of BAS from a mixture, for
example, flavonoids. Flavonoids are an important class of BAS of plant origin, which are
widely used in medicine and have antioxidant, capillary-strengthening, anti-inflammatory, and
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antispasmodic effects [2]. One of the sources of flavonoids is a perennial plant of the Ukrainian
Carpathians - Adonis vernalis. A plant containing a multicomponent mixture of active
ingredients is used as an MPRM [3]. As a result of virtual screening, high cardioprotective,
hepatoprotective, chemoprophylactic, cardiotonic, antitumor, and other activities of Adonis
vernalis BAS were predicted, which makes the plant promising for creating new safe drugs
based on it [4].

Official Medicine uses the aboveground part of Adonis vernalis as Galenic preparations
(infusions, etc.) and pharmacopoeial with bromine preparations (potassium bromide, sodium
bromide). Adonis vernalis is a part of such drugs as "Cardiovalen”, "Bekhterev's Medicine™,
"Adonis-Brom™ [5]. These drugs are cardiotonic agents that increase the contractile activity of
the myocardium and eliminate the symptoms of heart failure. However, it should be noted that
the effect of Adonis vernalis flavonoids on the body is insufficiently studied, which allows us
to conclude that the study of the isolation of flavonoids from the herb Adonis vernalis is
relevant and will expand the range of medicines that would have antioxidant properties. It is
known that when developing technologies for extracting BAS from plant raw materials, the
most important issues are the conditions of extraction (type of extractant, temperature, duration
of the process, sequence of operations, degree of grinding of raw materials, and hydro module
of the process) [6,7]. It is proposed to use the extract of the Adonis vernalis plant as a mono-
preparation or as part of a multicomponent mixture. In this regard, it is advisable to take an
integrated approach to the conditions for separating BAS from MPRM and develop a
technology for obtaining extracts based on experimental studies.

2. Materials and Methods

2.1. Studying the effect of the extraction method, hydro module, extractant concentration, and
particle size on the yield of the target component in the obtained extracts.

The initial raw material for the research was Adonis vernalis herb collected in the Ivano-
Frankivsk region during maximum accumulation of BAS. Raw materials were prepared
according to the requirements of analytical and regulatory documentation. Air—dry plant raw
materials were crushed in an Excelsior Mill and sifted on a set of sieves ranging from 0.5-6.3
mm. As a result of grinding, fractions with particle sizes of 0.5-1.0 mm (sample 1), 1.0-2.0
mm (sample 2), 2.0 — 4.0 mm (sample 3), and 4.0 — 6.0 mm (sample 4) were obtained.

To obtain liquid extracts, water-ethanol solutions of various concentrations (50, 60, 70,
and 90%) were used as an extractant.

The yield of the number of flavonoids was monitored by UV spectroscopy (Hitachi U-
2810 spectrophotometer).

In developing the technology for obtaining Adonis vernalis extract, the optimal
extraction method was chosen. For this purpose, the studied raw materials were extracted by
various methods: maceration (infusion), the Soxhlet apparatus, and the agitator apparatus. The
process was carried out at a raw material:extra agent ratio of 1:10, 70% 70% Ethanol for 6
hours. Test samples with a volume of 50 ml were taken every 90 minutes. To preserve the
volume of the original extract, the same amount of the corresponding extractant was added to
the flask after each sampling. The evaluation criteria were the number of flavonoids.

To determine the concentration of the extractant, which maximally contributes to the
release of active substances from the Adonis vernalis herb , the raw material was crushed and
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extracted with a water-ethanol mixture of different concentrations at the ratio of raw
material:extractant = 1:10.

A modified spectrophotometric method determined the number of flavonoids by the
reaction of complexation of flavonoids with aluminum chloride (AICI3) [8,9]. For this purpose,
a 5% solution of sodium nitrite (NaNO32), 0.1 m sodium hydroxide (NaOH), and a 10% solution
of aluminum chloride (AICI3) were prepared. 0.2 ml of the resulting Adonis vernalis herb
extract was taken in a test tube and dissolved in 0.8 ml of Ethanol. 0.06 ml of 5% sodium nitrite
was added and mixed. After that, the test tube was kept for 5 minutes in a dark place. 0.06 ml
of a 10% aluminum chloride solution was added and kept in the dark for 5 minutes until the
reaction was complete. Then 0.4 ml of 0.1 m sodium hydroxide and 0.275 ml of ethyl alcohol
of the appropriate concentration were added. The measurements were performed at a
wavelength of 510 Nm. For calibration, a standard curve was constructed using a quercetin
solution; respectively, the flavonoid content was determined in quercetin. For the reliability of
the data, a 3-fold measurement was performed. Statistical processing of the obtained research
results was carried out following the requirements of the State Pharmacopoeia Of Ukraine
(SPU) [10]. The optimal ratio of raw materials: extractant was determined as follows: 50 g of
raw materials by extraction in the Soxhlet apparatus ( process temperature-boiling point of the
corresponding extractant, Duration — 3 hours each extraction) with a different total ratio of raw
materials: extractant (1:5, 1:10, 1:15 1:20). The resulting extracts were settled and filtered, and
the amount of flavonoids in them was determined using the spectrophotometric method
described above.

Determination of dry residues in Adonis vernalis herb extracts samples was carried out
as follows: 5.0 ml of liquid extract was placed in a suspended Bux, evaporated in a water bath,
and dried at a temperature of 100°C —105°C for 3 hours. Bux was cooled in a desiccator at
room temperature for 30 minutes and weighed. Dry residue content and yield of extractives
from extracted plant raw materials according to the SPU method [10].

2.2. Determine the diffusion coefficient during extraction of target components.

There are several equations and techniques for determining the diffusion coefficient. In
one of the methods, we use the G. E. Axelrud equation:

C,-C ¢ 2
p 1 —HnT

L —=>B,e"

c,-C, & @

e Bn=Ar 7=

Cp, C1, Cy — equilibrium, current and initial concentrations in solution,
C, — initial concentration in the solid phase,
R- characteristic size (radius of the sphere).

Under equilibrium conditions B is calculated by the equation:

poe @
C,—C,

For experimental data, f = 0,495

For Bi = (intra-diffusion mode), for spherical particles, the system of equations is
reduced to the form :
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u — the root of the characteristic equation.
Since equation (2) has the form of a power dependence, limiting itself to the first term
of the series on the right side of the equation, we obtain after logarithmation:

C -C
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)=InB—,u2~%t or y=a,+a -t (6)

0
3. Results and Discussion
3.1. Results of studies of optimal extraction parameters.

According to the research results, the process of mixing in the Soxhlet apparatus allows
for complete depletion of MPRM compared to the infusion (Figure 1). It is known that the
method of infusion or maceration was previously very common. Now its use is gradually
decreasing since when extracted by this method, it is difficult to achieve the completeness of
extracting medicinal substances from plant material. Another disadvantage is the longevity of
the process, the high content of ballast substances in extracts (high-molecular compounds,
pectins, mucus, proteins, etc.), and labor intensity (double pressing, washing meal) [11]. When
mixed, the yield of the number of flavonoids was 0.62 g/L, and when circulating extraction in
the Soxhlet apparatus was relatively slightly lower and amounted to 0.58 g/I.
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Figure 1. Dynamics of BAS extraction by various methods (1-infusion; 2 - circulation extraction in the Soxhlet
apparatus, 3-mixing).
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Although the mixing process allows intensifying the process by improving mass and
heat exchange, however, this process requires additional energy costs and is difficult to
organize production since it requires additional equipment at the stage of controlling the speed
of passing a pure extractant through the MPRM layer. In this case, smaller MPRM particles
can form, complicating the filtration process. Considering these factors, a circulating extraction
method was chosen to produce Adonis vernalis flavonoids.

In the development of technology for obtaining herbal extracts from Adonis vernalis,
the yield of the number of flavonoids on the following parameters was experimentally
established: the concentration of the extractant and the degree of grinding raw materials at the
ratio raw material:extractant 1:10.

Following the quantitative calculation of the number of flavonoids (C, mg/ml), optimal
extraction parameters were determined. The results of the study are shown in Figure 2.

0.8

0.7 Hsample 4

W sample 3

0.6 msample 2

sample 1

50 60 70 90
concentration of the extractant, %

Figure 2. The yield of the amount of flavonoids depends on the concentration of the extractant and the degree of
grinding.

According to experimental studies, it was found that the maximum yield of the amount
of flavonoids is achieved by extracting Adonis vernalis herb with Ethanol at a concentration of
70% and at a particle size of 1.0-2.0 mm (sample 2). Thus, this concentration of extractant and
the degree of grinding were chosen for further research, namely, determining the optimal ratio
of raw material:extractant.

Figure 3 shows the results of choosing the optimal ratio of the mass of the studied raw
material and the volume of the extractant. As noted earlier, extracts (extractant 70% Ethanol)
were produced in the following ratios: 1:5, 1:10, 1:15, 1:20, 1:25 for each extracted sample,
the dry residue and amount of flavonoids were determined according to standard methods.

Figure 3 shows the conditions for reaching the maximum concentration of flavonoids
and the sum of extractives in the extraction process (C, mg/ml), depending on the ratio phases
of the raw material: extractant (hydro module).
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Figure 3. Yield the sum of flavonoids and the sum of extractives depending on the hydro module

As we can see in Figure 3, the highest yield of the number of flavonoids is observed in
the extract of Adonis vernalis herb with a hydro module of 1:15 — 0.76 + 0.18 mg/mL and the
sum of extractives — 3.9 £ 0.11 mg/mL. It should be noted that when the raw material —
extractant ratio increases, the degree of depletion of raw materials increases, not evenly.

According to experimental data (Fig. 1-3), it is possible to optimize the extraction of
flavonoids of the Adonis vernalis herb in four parameters.

So, regarding the choice of extractant, the maximum yield of the number of flavonoids
during extraction with 70% Ethanol can be explained by the structure of the extracted BAS.
Since flavonoids contain a certain number of hydroxyl groups, we consider them polar BAS
depending on their structure. At an ethanol concentration of 70%, the desorption and solvation
properties of the extractant are combined, which further contribute to the effective extraction
of polar flavonoid BAS. The polarity and penetrating properties of 70% Ethanol affect all
extraction stages, ensuring the internal, molecular, and convective diffusion processes,
accompanied by the interfacial distribution of compounds [12,13].

The results obtained confirm that one of the most influential factors for intensifying the
process of extracting flavonoids from plant raw materials is the process of grinding raw
materials. At the same time, it should be noted that this process is energy-intensive [14], so in
each specific case, when developing a technological process, it is necessary to carry out a
technical and economic calculation.

The transition of a substance from the solid phase to the liquid phase occurs only until
the state of equilibrium between the phases is reached, which is considered the final stage of
the extraction process. Under conditions of equilibrium of the concentration of target
substances in the extract filling the free space of the solid phase, a certain equilibrium
concentration of these substances in the main volume of the extractant must correspond. It was
found that this concentration was achieved at a phase ratio of 1:15.

In Fig. 4, experimental data are presented in the form of function (6). It can be seen that
at t>t_ =1hour, all curves are linear; that is, according to theoretical concepts, we observe a

regular mode.
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Figure 4. Dependency |n(pC—1) = f (t) under the conditions of extraction from Adonis vernalis herb.

0

The obtained numerical values of the coefficients ap and ax for the studied fractions are
summarized in Table 1.

Returning to equation (6), we obtain:
R2
i (7)

The numerical value [ is determined from Equation (5) using the root function(f(x),x)
in the MathCAD system and for =0.495 is p=0.36. the values of the coefficients B and D
calculated from equation (7) are shown in Table 1.

B=e® D=-a

Table 1. Coefficients B and D for Adonis vernalis herb at boiling point, T:P=1:15 with 70% Ethanol.

Sample Ne Fraction, mm 20 a Bp D*10'° m? /s
1 0,5-1,0 -3.413 -0.937 0.033 0,369
2 1,0-2,0 -3.551 -0.402 0.029 0,503
3 20-40 -3.503 -0.271 0.030 0,942

The diffusion coefficients obtained in this way were used to establishing the
correspondence of kinetic dependences by comparing the calculated and experimental data
presented in Table 2. the calculation of the current concentration in solution C1 was carried out
using the equation (8) obtained from (1) by some transformations:

2
—%D-t
Table 2. Experimental and calculated values of flavonoid concentration in Ethanolic extract from Adonis
vernalis herb, g/L.

Time. h d=0,5-1,0 mm d=1,0-2,0 mm d=2,0-4,0mm

' Cexp Cealc Cexp Cealc Cexp Cealc
15 0,26 0,17 0,35 0,29 0,16 0,09
3 0,29 0,18 0,49 0,41 0,21 0,15
45 0,41 0,36 0,56 0,48 0,39 0,27
6 0,46 0,42 0,76 0,62 0,44 0,33

Analysis of the results given in the table showed that the values of concentrations
obtained experimentally are in satisfactory agreement with the calculated ones, which makes
it possible to use the Axelrud equation [14] to predict kinetics for other objects associated with
the extraction processes of biological activity components.
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4. Conclusions

An analysis of the current state of research is carried out, which showed that the issue
of developing technologies for obtaining extracts of Adonis vernalis is insufficiently studied.

Optimal extraction parameters of Adonis vernalis herb are set. Based on the results of
determining the content of the sum of flavonoids in the obtained samples, the optimal
parameters of the degree of grinding of raw materials d = 1.0-2.0 mm were selected; the
extractant that removes the maximum BAS is 70% ethanol at the ratio of raw
material:extractant 1:15.

The maximum yield of the sum of flavonoids from the Adonis vernalis herb in the
amount of 0.76 £ 0.18 mg/mL was determined.

The resulting extract can serve as a valuable raw material for the manufacture of
medicines, which indicates the feasibility of further research.
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