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Synthesis of a hydrophilic derivative of ecdysterone
and development of its water-soluble form

The article presents materials on the isolation of ecdysterone substance from medicinal plant.raw materials
Silene wolgensis (Hornem.) Bess. ex. Spreng (Volga smolyovka). For the first time, the optimization of the
method for ecdysterone substance obtaining from the aboveground part of the superconcentrator of
phytoecdysteroids of the Silene wolgensis was carried out and based on it a pilot industrial regulation for the
isolation of ecdysterone and an encapsulated water-soluble form were developed. It was.found, that the inter-
action of the substrate molecule and the clathrate forms a substance that can dissolve.in water and.other more
polar solvents, thereby solving the problem of bioavailability of the main hydrophobic drug. The method de-
veloped for producing the substance ecdysterone and its water-soluble encapsulated with B-cyclodextrin form
was implemented into production at the Karaganda pharmaceutical plant. NMR-<studies of changes in the
chemical shifts of protons of substrates and receptors illustrated that ecdysterone interacts with $-cyclodextrin
to form supramolecular inclusion complexes with stoichiometric composition of 1:1.

Keywords: ecdysterone, optimization of isolation, Silene wolgensis, p-cyclodextrin, encapsulation, water sol-
ubility, NMR, supramolecular complexes.

Introduction

Ecdysteroids (ecdysones or polyoxysteroids) regulate the molting processes of insects and crustaceans
[1]. Additionally, they are also isolated from plant sources [2, 3]. To date, more than 500 ecdysteroids are
known, among which ecdysterone (20-hydroxyecdysone or 20E) is found in plants in large quantities.

In modern conditions, the problem of developing new drugs and biologically active food supplements
containing minor components of phytoecdysteroids is becoming paramount to correct the body's adaptive
reactions under stress, exposure'to unfavorable technogenic and environmental factors, and high physical and
emotional stress. Ecdysteroids have a wide'spectrum of biological activity, are non-toxic and do not possess
androgenic properties.

Ecdysteroids are found inplants, as a rule, in trace and minor amounts — 0.001-0.1 %, but there are al-
S0 superproducer ~species containing up to 3.0 % [4]. Phytochemical methods for the isolation of
phytoecdysteroids and ecdysteroid preparations are usually traditional. For their production, such basic
methods are used as grinding of raw materials, extraction, separation of solid and liquid phases, evaporation
of the extract, isolation and purification of the target product [5].

The main problem in the development and creation of phytopreparations based on secondary plant me-
tabolites is their water solubility and bioavailability. The rate and degree of bioavailability of a pharmaceuti-
cally active substrate directly depends on its water solubility and, therefore, on the ability of the drug to pen-
etrate through obstacles to the intended target organ. However, it should be noted that along with the high
and diverse biological activity and low toxicity of many natural compounds, the issues of water solubility of
phytopreparations based on them, in most cases remain open. The water solubility of the substance and drugs
can be increased by grinding them to nanoparticles, microemulsions, solid dispersions, or by extrusion. An
alternative method to increase the solubility of phytopreparations is to obtain water-soluble cyclodextrin in-
clusion complexes (CIC) with many lipophilic poorly soluble compounds [6]. The main distinguishing fea-
ture of cyclodextrins (CD) is their ability to hydrophobic binding of the “guest” molecule in its cavity (en-
capsulation) in an agueous medium.

A promising source of raw materials for producing the substance of ecdysterone is a plant of the genus
Silene L. of the Caryophyllaceae family. This genus includes about 500 species, 62 of which grows in Ka-
zakhstan (12 endemic species) in almost all floristic regions [7-9]. Currently, Silene wolgensis (Hornem.)
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Bess. ex. Spreng (Caryophyllaceae Juss. family), widespread in Central Kazakhstan, attracts special attention
as another type of super-concentrator (1.76 %), as well as an alternative and promising industrially signifi-
cant source of biologically active substances, primarily 20E [10].

The aim of this work is to obtain a water-soluble bioactive supramolecular complex based on
20-hydroxyecdysone and its commercially available clathrate with f-cyclodextrin in a stoichiometric ratio of
1:1, followed by the subsequent development of a technology for the production of a substance for pharma-
ceutical purposes. One of the important tasks in the production of medicinal substances is standardization,
thus, using the physicochemical parameters of the study, a number of works were conducted on which crite-
ria for the inclusion complex of 20E with B-CD were set, on the basis of which emphasis will be placed in
the production of a water-soluble adaptogen in industrial scales.

The physicochemical properties and structural features of the obtained water-soluble complex of
ecdysterone with B-CD were studied applying modern physicochemical methods, namely HPLC, UV-, IR-,
'H and *C NMR spectroscopy, on the basis of which data on complex formation are presented:

Experimental

B-Cyclodextrin (99 %) produced by Fluka was used in this work.

'H and ®C NMR spectra were recorded by the spectrometer Jeol JNM-ECA 400 (399.78 and
100.53 MHz on nuclei *H and **C, respectively) in solutions of DMSO-ds CDCl; and D,Q at room tempera-
ture. Chemical shifts were measured relative to the residual signals of the protons or carbon atoms of the sol-
vent.

The melting points of the isolated and obtained samples were determined 'on a Boetus instrument. IR
spectra were recorded on an Avatar 360 ESP spectrometer in KBr pellets. UV absorption spectra were rec-
orded on an Agilent Technologies “CARY 60 UV-Vis” spectrometer.

The purity of the isolated compound was controlled by thin layer chromatography (TLC) on Sorbfil
plates using a chloroform-ethanol 60:40 system, as well as by HPLC (purity 97.85 % and higher).

Quantitative analysis of studied samples was carried out by high-pressure reversed-phase HPLC on a
Hewlett Packard Agilent 1100 Series instrument in isocratic mode under the following conditions:

— analytical column filled with Zorbax SB-CgSorbent, 4.6*150 mm, with a particle size of 5 microns;

— mobile phase composition: 10 % isopropyl alcohol;

— detection at a wavelength of 254 nm;

— column temperature — room temperature;

— the speed of the mobile phase —0:75 ml"/ min;

— the volume of the injected sample — 20 pl.

The processing data was carried out using the ChemStation software.

The aerial part of Silene wolgensis raw material was collected in the Bukhar-Zhyrau region, in vicinity
of village of Kyzyl-Kaiyn, Karaganda region in the flowering phase.

Extraction of the aerial part (leaves, buds, stems) of the crushed air-dry raw material of Silene wolgensis
with a mass of 1.0'kg was carried out four times with 10 liters of 96 % ethanol by heating on ERSND-1 ex-
tractor at the boiling pointof the solvent for 1-1.5 hours. The extract was cooled, decanted, and evaporated
on a rotary evaporator at a temperature not exceeding 50 °C. After that 0.2 | of ethanol was added to the re-
sulting thick brown syrupy mass. Next, the resulting ethanol extract was treated with a mixture of petroleum
ether and ethyl acetate in a ratio of 2:1 (0.4:0.2 1) in order to remove non-polar components, the remaining
water-soluble part was extracted with isobutanol (0.6 1), resulting in a thick extract. Isobutanol extracts were
combined, then distilled off to dryness under vacuum. Sum of ecdysteroids (86.5 g) with related substances
in the form of a thick green syrupy mass was obtained. The presence of ecdysterone was established by TLC
and qualitative analysis. By repeated column chromatography on Al, O (I™ degree of activity according to
Brockmann, sorbent weight 1.6 kg) and elution of the column with a mixture of chloroform-ethanol (60:40),
a fraction (1.0 g) was isolated on the basis of TLC (“Sorbfil”), physicochemical constants and spectral data.
It was characterized as a chromatographically individual substance — ecdysterone.

The inclusion complexes of ecdysterone with fB-cyclodextrin were obtained by the interaction of
equimolar amounts of 20E and CD solutions. 113 mg CD (0.1 mmol) dissolved in 4 ml of distilled water was
added to 50 mg (0.1 mmol) of 20E dissolved in 3 ml of absolute ethanol. The solution was stirred using a
magnetic stirrer at 50 °C for 8 hours. The formed precipitate was filtered off, washed with ethanol and dried
at 40 °C. The 20E-B-CD inclusion complexes were obtained in the form of white powders. In a similar way,
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inclusion complexes 1:2 were obtained. 226 mg 3-CD (0.2 mmol) were dissolved in 4 ml of distilled water
and added to 0.05 g (0.1 mmol) of 20E dissolved in 3 ml of absolute ethanol.

Results and Discussion

In this regard, the optimization of the technology for producing ecdysterone was carried out in order to
increase the yield. In particular, reextraction of a thick total alcoholic extract (the sum of substances extract-
ed with 96 % ethanol by maceration with solvent boiling followed by distillation of the extractant in vacuum
to obtain a thick essence) using petroleum ether (extraction gasoline) was used to remove lipophilic compo-
nents.

On the basis of the described optimized technology, a pilot industrial regulation for the isolation of
ecdysterone was developed, the technological scheme for production of which includes the stage of prepara-
tion of materials (preparation of the extractant and processing of raw materials), 7 main stages (Fig. 1): prep-
aration of raw materials, extractant; obtaining of thick extract of Silene wolgensis after extraction with etha-
nol; treatment of thick extract of Silene wolgensis; chromatographic separation on aluminum oxide; recrys-
tallization of native ecdysterone; obtaining a water-soluble form of ecdysterone; packaging and labeling of
the water-soluble form of ecdysterone.

The superconcentrator plant Silene wolgensis, characterized by a high yield ‘of ecdysterone (1.76 %),
exceeding its content in Serratula coronata L. (1.5 %), the plant basis of the domestic adaptogenic prepara-
tion “Ecdiphyt”, is a promising and alternative species [10, 11].

Therefore, the aim of this work is to optimize the extraction of 20E solation from this plant, collected
in the Karaganda region, for its further use as an industrially available and-alternative plant source. The in-
fluence of a number of technological factors (concentration of the selective extractant, temperature and time)
on the quantitative extraction of 20E from the aerial parts and roots of.the plant under study was also investi-
gated in order to develop optimal conditions and carry out effective extraction of silene wolgensis.

A herb, crushed to 8 mm and a GMP-compliant extractant were applied to determine the optimal degree
of extraction of ecdysterone from plant raw materials. The ecdysterone content was determined within 3, 24
and 48 hours, at extraction temperatures of 20° and 78 °C. The obtained results are presented in Table 1.

Table 1

Results of the study of the dynamics of the extraction of silene wolgensis raw materials
depending on technological factors

. part of a grinding degrge Extraction tem- | Extraction time, The quantitative
Extraction of raw materi- o content of
plant perature, °C hour

als, mm ecdysterone, %
Water-ethanol (70 %) aerial part before 8 20 24 0.3
Water-ethanol (50 %) aerial part before 8 20 24 0.26
Ethanol (96.2 %) aerial part before 8 20 24 1.7
Ethanol (96.2 %) aerial part before 8 78 3 5.24
Ethanol (96.2 %) in_percolator | aerial part before 8 20 48 1.0
Water-ethanol (70 %) root before 8 80 3 5.24

It was experimentally established that ethyl alcohol is the main selective extractant providing the quan-
titative extraction of 20E from silene wolgensis.

During extraction under different temperature and times conditions with other identical parameters, it
was identified that an increase in temperature as one of the main factors (extractions 3 and 4 at 20 °C and
78 °C) does not significantly affect the yield of 20E.

Further search for optimal conditions for the extraction of silene wolgensis led to the conclusion that the
increase in the yield of 20E is mainly influenced by the change in the concentration of the extractant.

It should be also noted that the complex processing of plant raw materials as a renewable material is
one of the priority approaches in the rational use and chemical study of plants in terms of obtaining practical-
ly valuable substances.

Table 1 illustrates that when the aerial parts are extracted using 96.2 % ethanol, and the roots with 70 %
ethyl alcohol, the yield of 20E from this plant is 5.24 % and 5.24 %, respectively.
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Figure 1. Technological scheme for the production of a water-soluble form of ecdysterone

As a result of the research, effective, express, and economical in terms of hardware execution condi-
tions for the release of 20E were developed, using an extractant that meets GMP standards form industrially
significant raw materials Silene wolgensis.
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On the basis of the results of one-factor experiments, the above factors and intervals of variation (con-
centration of the extractant, duration of the process, extraction temperature, degree of grinding of raw mate-
rials) were selected. The result of the application is the first developed experimental industrial regulations for
the isolation of ecdysterone and the production of a water-soluble form on its basis [12—16].

As result of the work conducted to optimize the extraction of bioactive steroid compounds and column
chromatography of the ethanol extract Silene wolgensis, the main phytosteroid ecdysterone
2,3B,140,20R,22R,25-hexahydroxy-5p(H)-cholest-7-en-6-one) C,7 Hy4O; was obtained as a white odorless
powder with a purity of 98 % according to HPLC. In order to establish the basic data on the physicochemical
constants characteristic of ecdysterone, the following results were obtained: M.p. 236-238 °C (ethyl acetate-
methanol); [0]°p + 66.0° (1.0, methanol); IR (KBr) vmax, cm™: 3450, 2950, 1652, 1450, 1390, 1060, 880; UV
spectrum (EtOH), Amax, nm: 243 (log € 4.10). The substance is soluble in ethanol, dioxane, insoluble in water,
ethyl acetate and chloroform. According to the data of primary analyzes, all available results completely co-
incide with the target compound ecdysterone, which is confirmed by the literature data [17].

The finished product is also a substance of a water-soluble form of ecdysterone;it is a supramolecular
inclusion complex with B-cyclodextrin, obtained according to the scheme in Figure 2 and representing an
odorless white powder with a basic substance content of at least 98 %.

Figure 2. Scheme of the ecdysterone molecule entry into the B-cyclodextrin cavity

The possibility of creating nanocapsulated complexes of a biologically active component helps not only
to increase the solubility and physicochemical stability of the substrate, but also to improve its bioavailability
and local tolerance.

Thus, to establish the type of the formed inclusion complex of ecdysterone with B-cyclodextrin, the val-
ues of chemical shifts of 'H of the substrate and receptors in the free state and in the composition of the
supramolecule were studied (Table 2). Ecdysterone is poorly soluble in water, and its spectra are difficult to
record in deuterated water. Upon complexation of 20E with B-CD, supramolecular complexes are formed,
which have a relatively high solubility in water compared to the initial 20E. Therefore, to confirm the water
solubility of the complexes, NMR 'spectra were obtained in water. In Table 2, the first two columns demon-
strate the 20E NMR spectra in deuterated chloroform and DMSO. 20E dissolves in these solvents, and can be
identified by NMR spectra. The 20E NMR data in chloroform and DMSO presented in columns 1 and 2 of
the table were applied to correctly identify the 20E spectra in the supramolecular complex. The 20E NMR
signals slightly decrease in the supramolecular complex. Comparative data on changes in the chemical shifts
of protons in the inner sphere are presented for free 3-CD-n and its complex with 20E, obtained in deuterated
water.

The chemical shifts of B-CD in water are well-known and were not presented by us in Table 2.

The main results on the structure of complexes of 20E with -CD were obtained from ROESY spectra
recorded in deuterated water. Based on the tabulated data, it can be noted that the protons of the inner sphere
of cyclodextrin, H-3 and H-5, experience the greatest shift.

One of our goals is to characterize and disclose more detailed information on the molecular geometry of
complexes of 20E with B-CD. First, we tried to fully decipher the signals and reveal the intermolecular inter-
actions between 20E and CD using 2D ROESY NMR experiments.

Full assignment of *H and **C NMR signals was made for pure 20E in DMSO d (15.5 mg of pure 20E
in 0.5 ml of water), excluding OH protons, which have two broad signals at 4.09 and 4.56 ppm, three broad
superimposed signal at about 4.36 ppm, and a sharp signal at 4.63 ppm, which was designated as OH on car-
bon C14 due to the strong correlation of HMBC with carbon C13, and two weak correlations with carbon
atoms C14 and C15.
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Table 2

'H and **C NMR chemical shifts in the free state (8o, DMSO-dg)

and in the composition of the complexes (8, D,O), ppm

Ne 20E in CDCl; 20E in DMSO-dg 20E-B-CD in D,0O
1 2 3 4
20E Signals
C1 37.96 36.610 35.499
Hla 1.263, dd, 13.3, 12.0 1.598, dd, 13.3, 4.3 1.299, dd,
HI1B 13.5,12.5
1.788, dd, 13.5,4.4
C2 68.03 66.754 67.367
H2 3.604, ddd, 11.9,4.3,3.1 3.880
C3 68.12 66.570 67.128
H3 3.764,~q, 2.9 3.968,~0,2.9
C4 3241 31.526 31.154
H4a 1.473, ~dt, 13.7, 3.8 1.705, br d
H4pB 1.593, td, 13.4,2.5 1,627
C5 51.37 50.072 50.358
H5 2.200, dd, 13.1, 4.2 2.270, dd,
12.6,5.0
Cé 203.43 202.620 208.101
Cc7 121.64 120.432 121.017
H7 5.626, d, 2.6 5.891,d,2.6
C8 166.03 165.187 168.242
C9 34.43 33.144 33.831
H9 3.007, ddd, 11.6,7.1, 2.7 3.025, ddd
115,7.2,2.6
C10 38.64 37.601 38.161
C1 37.96 36.610 35.499
Hla 1.263, dd, 13.3, 12.0 1.598, dd, 13.3, 4.3 1.299, dd,
HI1B 13.5,12.5
1.788, dd, 13.5,4.4
C2 68.03 66.754 67.367
H2 3.604, ddd, 11.9, 4.3,3.1 3.880
C3 68.12 66.570 67.128
H3 3.764,~q, 2.9 3.968, ~q, 2.9
C4 3241 31.526 31.154
H4a 1.473, ~dt, 13.7, 3.8 1.705, brd
H4p 1.593, td, 13.4, 2.5 1.627
C5 51.37 50.072 50.358
H5 2.200, dd, 13.1,4.2 2.270, dd,
12.6,5.0
Cé 203:43 202.620 208.101
C7 121.64 120.432 121.017
H7 5.626,d, 2.6 5.891,d,2.6
C8 166.03 165.187 168.242
C9 34.43 33.144 33.831
H9 3.007,ddd, 11.6, 7.1, 2.7 3.025, ddd
115,7.2,2.6
C10 38.64 37.601 38.161
C15 31.98 30.303 30.454
H15a 1.781, ~td, 11.6, 5.5 1.979, ~td
H15P 1.507, ~q, 9.6 10.4,6.2
1.631, ~dt
C16 21.47 20.251 20.493
H16a 1.871 1.859, ~q,
H16P 1.556 11.1

1.759, ~dt, 14.1, 34
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Continuation of Table 2

1 2 3 4
C17 50.08 48.676 49.216
H17 2.259, ~t, 9.0 2.250, dd, 10.0, 8.8
C18 17.87 17.114 17.268
H18 0.763, s 0.796, s
C19 24.46 23.841 23.352
H19 0.836, s 0.925, s
C20 76.82 75.682 77.599
c21 21.68 20.959 20.095
H21 1.062, s 1.175
C22 77.52 76.182 77.010
H22 3.115,dd, 10.5, 1.7 3.341, dd,
10.6,1.9
Cc23 27.45 26.073 26.018
H23 1.475, ~tdd, 12.4, 3.9, 18. 1.535
1.111, dddd, 13.6, 11.6, 10.6, 4.5 1.237
C24 42.62 41.377 40.818
H24 1.645, ~td, 12.8, 5.0 1.651, ddd
1.253, ddd, 13.1, 11.6, 4.3 13.2,10.6,5.3
1.417, ddd,
13.2,11.1,4.3
C25 69.52 68.673 71.265
C26 29.99 29.972 28.052
H26 1.077, s 1.138, s
c27 30.09 28.990 27.949
H27 1.052, s 1.135,s
B-cyclodextrin signals
Cl - - 102.238
H1 4.991,d,3.8
C2 - - 72.161
H2 3.575, dd, 9.9,
3.7
C3 - - 73.248
H3 3.885, dd, 9.9,
9.0
C4 - - 81.466
H4 3.512,~t,9.3
C5 - - 71.929
H5 3.781
Cé6 - - 60.282
H6(2H) ~3.79

The formation of an internal complex with ecdysterone is assumed. The study of the integral intensities
of the signals.of the-guest and host molecules allows us to conclude that the stoichiometric ratio is 1:1. To
identify the fragment of the 20E molecule located in the inner sphere of the CD, the changes in the values of
the chemical shift were studied. The overlapping of *H signals of the substrate significantly complicates the
analysis of NMR data; however, one can assume the formation of a supramolecular ensemble according to
Figure 2.

Wide signal of residual water at 3.30 ppm has an intensity of 0.17 H. Other signals and most of their
characteristics are shown in Table 2. JHH values, cross-peak intensities in HMBC and ROESY were used to
establish the geometry of the 20E steroid part (aliphatic part from C23 rotates freely).

The signal of the *H B-CD proton was chosen as an internal reference, since this proton is located out-
side the B-CD cavity and therefore should be least affected by complexation. The changes (627 °C — 51 °C)
on the signals H1, H2, H3, H4, and H5 of the CD part were 0, +4, —12, —7, and —8 ppb, respectively, i.e. a
large change was observed on the internal H3 -CD. Similar changes were observed on Hla (=2), H2 (+38),
H3 (+18), H5 (=13), H7 (-8), H9 (+4), H17 (+3), H18 (-9), H19 (-19), H21 (-6), H22 (-3), H23 (-8), H24 '
(0), H26 (—2), H27 (—4) signals of 20E part; other signals were not observed due to overlap.
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In general, an unambiguous conclusion about the geometry of the complex can be made by interpreting
the intermolecular interactions in the ROESY spectra.

As expected, final ROEs between 20E and H1, H2, or H4 signals (outer hydrogen atoms) B-CD were
not observed in all samples. This suggests that 20E forms a complex inside the B-CD cavity or that the con-
centration of other complexes was not detected under the studied conditions. This indicates that all the ob-
served intermolecular ROEs are associated with the fact that 20E is located more or less inside the p-CD cav-
ity. Despite a number of signal overlaps, it was possible to establish whether the aliphatic or steroid portion
of 20E is in the B-CD at O6 (ROE to H5 / H6) or O3 (ROE to H3), based on the unambiguous pres-
ence/absence of ROE on the recognizable signals. H5 and both H6 B-CD signals overlap; however, since
they are within the B-CD molecule, this is not a serious problem. The H3 B-CD signal overlaps with the
H2 20E signals, thus only ROE cross-peaks that are not observed in pure 20E can be attributed to H3 3-CD.

These signals were separated at 1 °C, allowing for a more unambiguous interpretation.

We identified a strong ROE H5 / H6 B-CD for the 20E H23, H23', H24', H26/H27 signals, as well as
the ROE H3 B-CD for the 20E H17, H18, H19, and H22 signals. This suggests that the 20E aliphatic portion
is inserted deep into the B-CD through the O3 rim. Surprisingly, there are also weak ROE - H5 /. H6 B-CD for
20E H18, H21 and H22 signals and H3 B-CD on 20E H26 and H27 signals. This canbe explained by simul-
taneous complexation through the O6 rim or complex formation through the O3 rims;however, with f-CD
has at least one inverted sugar unit. ROE H3 B-CD for 20E signals H1B, H4a, H4p, H5'and H19 suggests
ring A complexation, but no ROE for Hla. This can be understood as hindering Hla from constant ROE by
the nearby H19 methyl and OH group (s).

Pure 20E has a strong ROE between H9 and H2, and no ROE between H9 and H3, which is consistent
with the molecular model where the H9-H2 distance is 0.18 nm and the H9-H3 distance is 0.38 nm. The
change in the conformation of ring A can also be supported by the largest changes in chemical shifts on this
ring with changes in temperature. Unfortunately, we were unable to.identify significant changes in HMBC to
reveal more details about the geometry changes.

Based on the obtained NMR spectroscopy data, which accurately describes the formation of a hydro-
philic complex of ecdysterone entry into the cavity of the f-cyclodextrin molecule, thereby relying on the
obtained result, we can confidently formulate the final data, which undoubtedly represent the characteristics
of the supramolecular inclusion complex. Thus, the study of the target complex in D,0O yielded a result in
which the main proton signal of H-7 was revealed, that is precise characteristic for compounds of the
cholestanic structure, indicating that this-substance is already capable of dissolving in water, and thereby
makes it possible to conduct experiments:on the study of hydrophilicity.

Conclusions

This work proposes the most optimal method for obtaining the inclusion complex of 20-hydroxy-
ecdysone, isolated from the industrially significant plant Silene wolgensis with 3-CD in a 1:1 ratio (substrate-
clathrate). Based on the results obtained on preparative chromatography of the target product and the devel-
opment of its chemically modified form, an optimal technological scheme has been proposed, in which the
main stages of the production:of a water-soluble substance are established. On the basis of the primary data
on physicochemical constants, the criteria for standardization of the finished medicinal substance were estab-
lished. The fine structure of the 20E inclusion complex with 3-CD was fully confirmed by the data of two-
dimensional correlation of the 'H and *C NMR spectra, thus, studying the main structural features of the
supramolecular-clathrate inclusion complex. For the first time, on the basis of ecdysterone, a water-soluble
drug substanceof ecdysterone with B-cyclodextrin was obtained and its fine structure was confirmed. For the
first time, a pilot industrial regulation for the isolation of ecdysterone from the Silene wolgensis and the pro-
duction of a water-soluble form on its basis was developed. The developed method for obtaining a water-
soluble form of ecdysterone is of great interest for the pharmaceutical industry as the basis for many
actoprotective phytopreparations.
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A .M. Koxanosa, b.C. Temiprazues, O. XKanapOek,
b.1. Teneyos, T.M. Ceiiinxanos, C.M. OnekeHOB

IKAUCTEPOHHBIH THAPOPUIbAI TYBIHABICHIHBIH CHHTE31
’KOHE OHBIH Heri3iHJe CyJa epUTiH TYPIH aixy

Makanaza Silene wolgensis (Hornem.) Bess. ex. Spreng (Bojra cCbuiIbIpIe6i) I0piiik €CiMAIK MHKi3aThIHAH
SKANCTEPOH CyOCTAaHIMSCHIH Oeulin amy OOMBIHIIA MAJIIMETTEp KeNTipiireH. Ajram peT GUTOIKAUCTEPON-
TapAbIH acKbIH KOHIIGHTPATOPbl BOJra ChUIABIPIIOOIHIH JKepycTi OemiriHeH SKIMCTEPOH ally oAICIHIH
OHTaWJIAHBIPBUTYBI XKYPIi3ij/Ii )KoHEe SKANCTEPOH MEH OHBIH HEri3iH/eri HHKAICYJIICHI€H Cy/la epUTIH TYpiH
ATy IbIH TOKIPHOETiK-0HEPKICINTIK periaMenTi xacanbHabsl. CyOcTpaT MOJEKyIackl MEH KIATPaTThIH e3apa
OpeKeTTeCyiHEeH cyna jkoHe 0acKa MOJISpIBl epITKIIITEpAe epy alaThlH 3aT TY3UIETiHi, COJ apKbUIBI HETi3ri
ruapooOTH MperapaTThH OMOXKETIMALTITT Maceec] IeNTiIeTiHi aHBIKTaIbl. DKIUCTEPOH CyOCTaHIUSCH
JKOHE OHBIH [-IMKIONCKCTPUHMEH WHKAICYJIJCHIeH Cyaa epuTiH TypiH amy omici Kaparanms
(apmaneBTHKAIBIK 3aybIThIHIA eHAipicke eHmipinai. CyOcTtpaTrap MeH penentopiap NPOTOHAAPBIHBIH
XUMUSIIBIK JKbUDKYJIApBIHBIH e3repictepin IMP-3eprreyiep ke3inae, SKIUCTEPOHHBIH [-IUKIOJCKCTPHHMEH
1:1 CcTeXHMOMETPHSUIBIK KypaMIarbl MOJIEKYJIAyCTUIIK €Hy KEUIeHJEpiH Ty3e OTBIPBIl OpEeKeTTeCeTiHi
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TaOBUIABL. DKANCTEPOHHBIH B-IHKIOICKCTPHHMEH HHKAICYJICHIeH KelIeHIHIH, (UTOIKINCTEPOHHBIH O3iHe
KaparaHja cyza epirimririnia 100 ece apTaTbIHbI aHBIKTAJIIBI.

Kinm co30ep: s3xmuctepoH, Geutin axyasl OHTainaHaeIpy, Silene wolgensis, B-uukiioqekcTpiH, HHKANCYIaey,
cyJa epirimri.

A.M. Koxanona, b.C. Temupraszues, A. Kanapoex,
b.A. Tyneyos, T.M. Ceitnxanos, C.M. AiekeHOB

Cunre3 ruApopuIbLHOr0 NPOU3BOJHOIO IKANUCTEPOHA
U pa3padoTKa BOAOPACTBOPHMOI (pOPMBI HA €ro OCHOBE

B crarse mpeacTaBieHbl MaTepUalbl 10 BBIICICHUIO SKANCTEPOHA CyOCTaHINM U3 JIEKapCTBEHHOTO PAacTH-
TenpHOro chipbst Silene wolgensis (Hornem.) Bess. ex. Spreng (cMoneBka Boipkckasi). BriepBbie mpoBeeHa
ONITHMH3AIMS CIOCcO0a TOyYeHHsT SKIUCTEpOHa M3 HaJ[3eMHOH YacTH CBEPXKOHIIEHTpaTopa (UTOIKANCTE-
POMJIOB CMOJIEBKH BOJDKCKOM M pa3paboTaH ONBITHO-MPOMBIIUICHHBIH perJIaMeHT BBIICICHHS SKIUCTEPOHA 1
MHKAICyJIHPOBAaHHOI BOZOpacTBOPUMOM (opMBI Ha ero ocHoBe. HalineHo, 4To mpH B3auMOASHCTBHU MOJE-
KyJIbl cyOCcTparta U KjlaTpara o0pa3yercsi BEUIeCTBO, CIIOCOOHOE PaCTBOPATECS B BOAE U APYTUX Oosee Hosp-
HBIX PACTBOPHUTEIISIX, TEM CaMbIM peliasi mpodiaeMy OMOAOCTYITHOCTH OCHOBHOTO THAPO(OOHOr0 IeKapcTBEH-
HOTo coenuHeHHs1. Pa3paboTaHHbIH cI0CO0 MOIy4eHHs SKAUCTEPOHA CyOCTaHIINN U €T0 HHKATICYJIMPOBAHHOM
C B-IMKIONEKCTPHHOM BOAOPACTBOPUMON ()OPMBI BHEIPEH B IMPOM3BOACTBO HA KaparanamnackoM dapmMares-
THyeckoM 3aBoze. [Ipu SIMP-u3ydenny n3MeHeHn XUMUYECKAX CABUTOB IIPOTOHOB CYOCTPAaTOB U PELIENTO-
POB HaiiIeHO, YTO 3KJUCTEPOH B3aHMMOJEHCTBYET C B-IIMKIOJEKCTPHHOM C 00pa3oBaHHeM HaMOJIEKYJIIPHBIX
KOMIIJIEKCOB BKJIFOUEHHSI CTEXHOMETpUYECKoro cocrana 1:1.

Kuiouesvle ciosa: 3KANCTEPOH, ONTUMHU3AIMS BbiencHus, Silene” wolgensis, B-InKIoAeKCTpHH, HHKAIICYTH-
pOBaHKE, BOJOPACTBOPUMOCTb, SIMP-criekTpockomnus, cynpaMoieKyispHble KOMITJIEKCHI.
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