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Abstract 
According to literature and our experimental data, plant polyoxysteroids or phytoecdysteroids are found in more than 126 species of 

Silene L. growing in Kazakhstan (12 endemic species). In the last decade, scientific interest in polyoxysteroids as substances with potentially 
pharmacologically active properties has led to an increase in the number of studies aimed at their isolation, quantitative determination and 
chemical modification. 

Objective. Study the anti-inflammatory activity of new derivatives of polyoxysteroids of the genus Silene L. in vivo conditions.
Methods. The studies were conducted by the method of supramolecular complexation and mechanochemistry, determination of 

transmembrane permeability and water solubility. 
Results. To obtain new water-soluble derivatives with increased bioavailability, solid dispersions and complexes of 20-hydroxyecdysone 

(20E) with disodium salt of glycyrrhizic acid (Na₂GA) and 2-hydroxypropyl-β-cyclodextrin (2-HP-β-CD) were prepared using mechanochemical 
methods. Several supramolecular encapsulated complexes based on polyoxysteroids were also synthesized, and their water solubility in different 
ratios and anti-inflammatory activity at doses of 25 mg/kg and 50 mg/kg were studied. The supramolecular β-cyclodextrin complex of 3-epi-2-
deoxyecdysone demonstrated significantly greater anti-inflammatory activity at both doses than sodium diclofenac.

Conclusion. The results of the study showed that new supramolecular complexes of polyoxysteroids with α-, β-, γ- and 2-hydroxypropyl 
– β – cyclodextrins and disodium salt of glycyrrhizic acid and mechanochemically obtained solid dispersions can be recommended for use in the 
development of an anti-inflammatory herbal medicine origin, due to their high anti-inflammatory effectiveness.
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 Introduction 
From the perspective of searching for polyoxysteroid 

containing plants within the Kazakh flora, species of the 
genus Silene L. (family Caryophyllaceae Juss.) are particularly 
promising. This genus consists of approximately 700 species 
worldwide, with 62 species (12 of which are endemic) found 
in our republic, including 16 species in Central Kazakhstan 
[1-4]. Currently, literature and our experimental data reveal 
that polyoxysteroids have been identified in more than 126 
Silene species, surpassing the number found in any other 
plant family. The presence of deoxyecdysteroids primarily 
characterizes species within this genus. It is likely that 
the 2-deoxysteroids, 2-deoxyecdysone and 2-deoxy-20-
hydroxyecdysone, along with 20-hydroxyecdysone (the 
major polyoxysteroid in plants), should also be considered 
key products of biosynthesis [5].

 Polyoxysteroids, particularly 20-hydroxyecdysone, 
exhibit a range of biological activities, including anabolic, 
adaptogenic, lipid-lowering, antisclerotic, antiradical, 
antioxidant, and immunomodulatory effects. These 

effects manifest as a mild activating effect on human 
leukoconcentrate lymphocytes [1].

They also exhibit antiulcer, antirheumatic, diuretic, 
antimicrobial, neuroprotective, and insulin-regulating (and 
hypoglycemic) properties [1,2]. Notably, according to the 
international database Ecdybase.org [6], more than 335 
pharmacological substances based on plant polyoxysteroids 
have been developed, most of which are biologically 
active additives, with only two medicines, "Ecdysten" and 
"Ecdyphyt" having medicine status [3-11]. Unfortunately, 
modern research on new phytopreparations based on 
polyoxysteroids is hindered by their low solubility in water, 
complicating their use as pharmaceutical substances. 

The purpose of this study is to evaluate the anti-
inflammatory activity of new derivatives of polyoxysteroids 
from the genus Silene L. and to summarize the results of our 
research on their potential as anti-inflammatory agents.

 Material and methods
The research materials consist of medicinal plant 

raw materials, including the following species: Silene 
wolgensis (Hornem) Bess., S.altaica Pers., S.fruticulosa 
(Pall) Schischk., S.cretaceae L. The materials used in this 
study include their extracts, isolated polyoxysteroids, and 
new derivatives derived from them.

Extraction. Extraction of the aboveground parts 
(leaves, buds, stems) of 1.0 kg of crushed air-dry resinous 
raw materials was carried out four times using 10 liters of 
96% ethanol. The extraction process involved heating the 
mixture in a water bath at the boiling point of the solvent 
for 1 to 1.5 hours. The extract was then cooled, drained, and 
evaporated using a rotary evaporator at a temperature not 
exceeding 50 °C. To the resulting thick brown syrupy mass, 
0.2 liters of ethanol were added. 

Next, the ethanol extract was treated with a mixture 
of petroleum ether and ethyl acetate in a ratio of 2:1 (0.4:0.2 
liters) to remove non-polar components. The remaining 
water-soluble part was then extracted with isobutanol (0.6 
liters), resulting in a thick extract. The isobutanol extracts 
were combined and distilled dry under vacuum, yielding 86.5 
grams of ecdysteroids along with accompanying substances 
in the form of a thick green syrupy mass. The presence of 
20-hydroxyecdysone (20E) and minor polyoxysteroids was 
confirmed through thin-layer chromatography (TLC) and 
qualitative analysis.

Column chromatography. During repeated column 
chromatography on Al2O3 (Brockman activity level I, 
sorbent weight 1.6 kg) and subsequent column elution with 
a chloroform–ethanol mixture (60:40), a fraction weighing 
1.0 g was isolated based on TLC "Sorbfil." This fraction was 
characterized as a chromatographically pure substance, 
identified as 20E, while other fractions contained minor 
2-deoxysteroids. 

Synthesis and production of new derivatives and 
mechanocomposites. The synthesis and preparation of 
new derivatives and mechanocomposites involved the 
formation of supramolecular complexes of 20E and 
minor polyoxysteroids. These were obtained by reacting 
equimolar amounts of the compounds with α-, β-, γ-, and 
2-hydroxypropyl–β–cyclodextrins. Specifically, a solution 
of 0.1 mmol of cyclodextrins in 4 ml of distilled water was 
combined with solutions of 0.1 mmol of polyoxysteroid in 3 
ml of absolute ethanol. The mixture was stirred at 50°C for 

8 hours. Afterwards, the residue was filtered, washed with 
ethanol, and dried in a vacuum oven at 40°C. 

Mechanochemical composites based on 20E, other 
polyoxysteroids, and excipients, including the disodium 
salt of glycyrrhizic acid (Na2GA) and 2-hydroxypropyl–β–
cyclodextrin (2–HP–β–CD), were produced through 
joint mechanochemical treatment in a mass ratio of 
polyoxysteroid to excipient of 1:10 for 8 hours.

Determination of anti-inflammatory activity. Anti-
inflammatory activity was conducted in the pharmacology 
laboratory of the Joint-Stock Company "Scientific Production 
Center "Phytochemistry" (Karaganda, Kazakhstan), which 
holds a state license for work in the field of science and 
scientific and technical activities “MK No. 004791 dated 
August 3, 2016”, as well as for pharmaceutical activities 
related to the manufacture of medicines under industrial 
production conditions (“№FD65000018 КМPCF” 
dated February 4, 2010). A technological audit of the 
pharmaceutical production at JSC “SPC “Phytochemistry” 
was performed by the engineering company "Glatt 
Ingenieurtechnik GmbH" (Weimar, Germany), resulting in 
the issuance of EU certificate No. 1528/2011/004 dated 
November 29, 2011, confirming compliance with European 
GMP standards. JSC “SPC “Phytochemistry” is accredited by 
the Committee for Technical Regulation of the Ministry of 
Health of the Republic of Kazakhstan for compliance with 
QMS standards in research, pharmaceutical, and educational 
activities (certificate no. KZ7500207.07.03.00332 dated 
September 17, 2019). 

The anti-inflammatory effects of the samples 
were evaluated using an acute exudative reaction model. 
This model involved inducing acute exudative reaction 
(peritonitis) through intraperitoneal administration of a 
1% acetic acid solution at a volume of 1 ml per 100 g of rat 
body weight. After 3 hours, the animals were euthanized, 
the abdominal cavity was opened, and exudate was 
collected and its volume measured. The studies followed the 
methodology outlined in the references [12, 13]. The test 
subjects were administered doses of 25 and 50 mg/kg of the 
studied objects via oral administration in the form of starch 
mucus, while the comparison medicine, Diclofenac sodium, 
was similarly administered at doses of 25 and 50 mg/kg. 

http://Ecdybase.org
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Control animals received an equivalent volume of 
starch mucus. Both the studied objects and the comparison 
medicine were administered once, one hour before the 
administration of the 1% acetic acid solution.

Statistical processing of the results was conducted 
using the Statistica 8.0 software package. The results 
are presented as "average value ± standard error of the 
mean." Intergroup differences were assessed using the 
nonparametric Mann–Whitney U-test. Differences were 
considered statistically significant at a p-value of less than 
0.05.

Determination of transmembrane permeability.
Transmembrane permeability was preliminarily assessed 

using the Parallel Artificial Membrane Permeability Assay 
(PAMPA) on artificial membranes.

Water solubility study. Water solubility studies 
were performed at 22°C in air (humidity 63%, pH of 
distilled water 6.55). Samples (100 mg) were mixed with 1 
liter of distilled water in a 2-liter flask. The heterogeneous 
mixture was continuously stirred in an ultrasonic bath for 
1 hour. The solution was then filtered through a glass filter 
(class 2, 40-100 microns, diameter 0.5 cm). The resulting 
pure solution was evaporated using a rotary evaporator, and 
the dry residue was weighed. This experiment was repeated 
three times.

 Results 
It is known that it is practically impossible to 

experimentally investigate any chemical compound for all 
known types of bioactivity. Even considering the capabilities 
of modern high-performance bioscreening—conducted 
about one or more biological targets of medicines deemed 
promising during a specific period—the comprehensive 
study of the biological activity of substances can only 
be effectively achieved through the development of new 
technologies for mathematical forecasting and virtual 
bioscreening (docking). These technologies can then be 
applied to assess the likely types of activity of chemical 
compounds, followed by testing and confirmation of the 
predicted activity through in vitro and in vivo bioscreening. 

In this context, the use of the PASS online database 
enables the comparison of the chemical structure of 
polyoxysteroids with substances stored in various 
databases, allowing for the prediction of the presence 
and intensity of specific biological activities with a certain 
degree of probability. Therefore, to avoid a blind search for 
new anti-inflammatory substances among polyoxysteroids 
isolated from plants of the genus Silene L. and to develop 
a strategy for their targeted production, mathematical 
modelling of the bioactivity of 20-hydroxyecdysone and the 

basic 2-deoxysteroids was performed (Figure 1). 
As a result of analyzing the structural formulas of 

the studied basic polyoxysteroids using the PASS online 
database, several activities were identified that are likely 
present in 20-hydroxyecdysone and its deoxyanalogs. 
Specifically, 20-hydroxyecdysone (1) may exhibit anti-
ischemic, immunostimulating, antipsoriatic, dermatological, 
anti-inflammatory (71% probability), hepatoprotective, 
and antiviral activity. 2-deoxy-20-hydroxyecdysone (2) 
shows anti-ischemic, antipsoriatic, immunostimulating, 
dermatological, lipid-lowering, anti-inflammatory (62% 
probability), hepatoprotective, and antiviral activity. Both 
2-deoxyecdysone (3) and its epimer, 3-epi-2-deoxyecdysone 
(4), display anti-ischemic, hepatoprotective, antipsoriatic, 
dermatological, antitumor, immunostimulating, antiviral, 
and anti-inflammatory (52% probability) activities.  

As illustrated in Figure 1, for all polyoxysteroids, 
there is a characteristic trend of increasing potential 
anti-inflammatory activity by the increasing number of 
hydroxyl groups: 20-hydroxyecdysone – 6, 2-deoxy-20-
hydroxyecdysone – 5, and 2-deoxyecdysone – 4.

Figure 1 – Structural formulas of 20-hydroxyecdysone and basic 2-deoxysteroids of plants of the genus Silene L

Thus, the results of the bioprognosis of the initial 
polyoxysteroids significantly guided further research in the 
search for anti-inflammatory agents and the establishment 
of structure-activity relationships. To determine the 
degree of correlation between the results of mathematical 
modelling and the indicators from experimental studies, a 
series of experiments were conducted to investigate the anti-

inflammatory properties of ethanol extracts from plants of 
the genus Silene L. (Si-Ex), individual polyoxysteroids (1-4), 
and their water-soluble derivatives. 

The study of anti-inflammatory activity was carried 
out by all applicable international, national, and institutional 
guidelines for the care and use of animals, specifically 
following the Rules of the European Convention for the 
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Protection of Vertebrates Used for Experimental and Other 
Scientific Purposes (Strasbourg, 1986) and The decision 
of the Bioethics Committee of NCJSC "Medical University 
of Karaganda”, Session No. 9, Protocol No 9” Date (D/M/Y) 

29.03.2022, Assigned number 32). The obtained research 
data are presented in Tables 1-3. 

Table 1 – Anti-inflammatory activity of samples of extracts of plants of the genus Silene L.: Si.Cl – Ex, Si.Gn – Ex, Si.Br – Ex

As a result of the experiment, it was revealed that 
the samples of extracts Si.Cl – Ex, Si.Gn – Ex, and Si.Br – Ex, 
obtained from the plants of the Silene claviformis Litv., S. 
guntensis B.Feditsch., S. brahuica Boiss, at a dose of 50 mg/
kg did not exhibit anti-inflammatory activity in the model 
of acute exudative reaction. 

Consequently, we decided to investigate ethanol 
extracts from other plants of this genus, using a lower dose 
of 25 mg/kg.

Table 2 – Anti-inflammatory activity of samples of extracts of plants of the genus Silene L.: Si.Alt – Ex, Si. Wol – Ex, Si.Fr – Ex and Si.Cr. 
– Ex

 The results indicate the presence of Si. Wol – Ex in the samples, as well as Si.Fr – Ex and Si. Cr – Ex, which exhibits 
weak anti-inflammatory activity at a dose of 25 mg/kg in a model of acute exudative reaction. 

When investigating the anti-inflammatory activity 
of the individual polyoxysteroids isolated from the 
aforementioned extracts of various plants of the genus 
Silene L., column chromatography revealed that these 

compounds also demonstrate weak anti-inflammatory 
activity at the same dose and in the same model of acute 
exudative reaction.

Table 3 – Anti-inflammatory activity of samples of individual polyoxysteroids (1-3) isolated from extracts of plants   of   the genus 
Silene L

Considering that the solubility and bioavailability 
of medicines and substances are typically the main 
interrelated factors in the development and creation of 
new potentially effective dosage forms, we have conducted 
further work in this area. 20-hydroxyecdysone (1), the active 
component of the phytosteroid preparations "Ecdysten" 
and "Ecdyphyt" unfortunately exhibits extremely low water 
solubility, leading to slow and incomplete absorption in the 
gastrointestinal tract (GIT), which significantly reduces the 
effectiveness of medicines based on it. 

In contrast, the supramolecular inclusion complex of 
20-hydroxyecdysone with 2-hydroxypropyl-β-cyclodextrin 
(20E/2-HP-β-CD) demonstrates improved water solubility 
and transdermal permeability compared to the original 20E. 
The oral and transdermal bioavailability of this complex 
increases by 2.97 and 1.92 times, respectively, compared 
to free 20E. Glycyrrhizic acid (GA) and its disodium salt 
(Na2GA) are also effective natural low molecular weight 

complexing agents with enhanced biodegradability and 
bioavailability. 

To obtain new water-soluble derivatives with 
improved bioavailability, we mechanochemically produced 
solid dispersions and complexes of 20E with Na2GA and 
2-HP-β-CD, synthesized a number of supramolecular 
encapsulated complexes based on polyoxysteroids, and 
investigated their water solubility and anti-inflammatory 
activity. Transmembrane permeability measurements 
conducted using the PAMPA method on artificial membranes 
indicated the potential of mechanochemically obtained 
supramolecular delivery systems based on intermolecular 
complexes of 20E with 2-HP-β-CD or the inclusion of its 
molecules in micelles formed by GA, predicting an increase 
in their absorption in the gastrointestinal tract and 
facilitating the creation of new highly effective drugs.  

Experimental results also revealed that the 
mechanochemically obtained complexes of 20E with 

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 
Si.Cl – Ex

n=5 Si.Gn – Ex n=5 Si.Br – Ex
n=5

Dose, mg/kg - 50 50 50 50
Weight of animals, gr. 269,2±29,1 282±24,6 270±34,25 264,2±26,8 322,6±19,8

Amount of exudate, ml 4,3±1,48 4,18±1,54 5±1,06 5,0±0,31 6,1±1,2
Note:* - р˂0,05 compared to the control

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5
Si.Alt – Ex

n=5 Si. Wol – Ex n=5 Si.Fr – Ex
n=5

Si.Cr. – Ex.
n=5

Dose, mg/kg - 25 25 25 25 25
Weight of animals, gr. 220±15,0 190,2±17,5* 268,2*±23,7 264,2±28,1 270,4±52,6 232,4±22,0

Amount of exudate, ml 6,7±1,0 3,9±0,6* 6,5±0,6 5,4±1,0 5,4±0,6* 4,9±1,1
Note:* - р˂0,05 compared to the control

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 

(1) from 
Si.Wol – Ex

n=5

(2) from
Si.Fr – Ex

n=5
(3) from Si.Cr. – Ex.

n=5

Dose, mg/kg - 25 25 25 25
Weight of animals, gr. 220,0±15,0 190,2±17,5* 245,6±41,9 241,8±38,8 231,4±18,6

Amount of exudate, ml 6,7±1,0 3,9±0,6* 5,2±1,0 5,1±0,7* 5,2±1,3
Note:* - р˂0,05 compared to the control
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2-HP-β-CD and Na2GA displayed water solubility more 
than 3 and 2.7 times higher, respectively, than that of the 
original substance 20E. The determination of the water 
solubility of synthesized supramolecular complexes of 

20E (1) with β-cyclodextrin (β-CD) in different ratios, 
and 2-deoxyecdysone (3) or (2-DE) with α-, β-, and γ-CD, 
showed that all new derivatives exhibit increased water 
solubility. The obtained data are presented in Table 4.

      Table 4 – Solubility results of 20E(1) and 2-DE(3) and their supramolecular encapsulated cyclodextrin complexes

Thus, it was found that β-CD complexes 20E (1) 
in stoichiometric ratios (1:1) and (1:2) exceed the initial 
substance in water solubility by 105 and 110 times, and α-, 
β-, and γ-CD complexes 2-DE (3) by 108, 122, and 166 times, 
respectively. At the same time, it should also be emphasized 
that the highest degree of water solubility is shown by the 
complex with β-CD, and its stoichiometric increase also 
affects this process.The study of the anti-inflammatory 
activity of synthesized new supramolecular derivatives was 
carried out according to the above method at the same dose 

and on the model of acute exudative reaction. At the same 
time, it should also be emphasized that the highest degree 
of water solubility is shown by the complex with β-CD, and 
its stoichiometric increase also affects this process.

The study of the anti-inflammatory activity of 
synthesized new supramolecular derivatives was carried 
out according to the above method at the same dose and 
on the model of acute exudative reaction. The results of the 
studies are presented in Table 5.

Table 5 – Anti-inflammatory activity of samples of new water-soluble derivatives of 20-hydroxyecdysone (1) (20E/α-CD, 20E/β-CD, 
20E/γ-CD)

As shown in Table 5, among the studied 
supramolecular complexes 20E (1) with α-, β-, and 
γ-cyclodextrins, the sample 20E/α-CD at a dose of 25 mg/kg 
exhibits an anti-inflammatory effect comparable to that of 
the reference medicine Diclofenac sodium. In contrast, the 
sample 20E/γ-CD demonstrates a weak anti-inflammatory 
effect in a model of acute exudative reaction in vivo. 

The study of the anti-inflammatory activity of 

water-soluble complexes encapsulated in α-, β, and 
γ-cyclodextrins, based on 2-deoxyecdysone (3) or 2-DE, 
was carried out using similar methods. 2-deoxyecdysone 
was first isolated from the fern Blechnum minus and later 
isolated by us from Silene cretacea and Silene wolgensis.

The results of the anti-inflammatory activity study 
are presented in Table 6.

Table 6 – Anti-inflammatory activity of samples of new water–soluble derivatives of 2 -deoxyecdysone (3) (2-DE/α-CD, 2-DE/β-CD, 
20-DE/γ-CD)

The studied samples of α-, β-, and γ-CD complexes 
of 2-DE (3) demonstrated significant anti-inflammatory 
activity in an experiment modelling acute exudative 
inflammation (peritonitis) at a dose of 25 mg/kg, 
comparable to that of diclofenac sodium. In contrast, the 
starting compound 2-DE (3) at the same dose exhibited 
weak anti-inflammatory activity in the acute exudative 
reaction model (Table 3). 

The results of the anti-inflammatory activity studies 

of water-soluble supramolecular α-, β-, and γ-cyclodextrin 
complexes based on the epimer 2-deoxyecdysone (3) - 3-epi-
2-deoxyecdysone (4) and 2-HP-β-CD complexes based on 
20-hydroxyecdysone (1) and 2-deoxy-20-hydroxyecdysone 
(2) are shown in Tables 7 and 8.

Samples of polyoxysteroids and their 
complexes Solubility mg/ml Increased solubility (compared to 20E 

and 2-DE)
20E (1) 0,000084 -

20E/β-CD (1:1) 0,00887 ~ 105 times
20E/β-CD (1:2) 0,00931 ~ 110 times

2-DE (3) 0,068 -
2-DE/α-CD 7,4 108 times
2-DE/β-CD 8,3 122 times
2-DE/γ-CD 7,9 116 times

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 
20E/α-CD 

n=5
20E/β-CD 

n=5
20E/γ-CD

n=5

Dose, mg/kg - 25 25 25 25
Weight of animals, gr. 288,8±22,9 288,4±35,5 224,2±27,1* 261,4±20,3 260,4±13,9*

Amount of exudate, ml 5,6±1,1 3,9±0,7* 3,7±0,9* 5,3±0,6 4,6±0,9
Note:* - р˂0,05 compared to the control

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 
2-DE/α-CD 

n=5
2-DE/β-CD 

n=5
2-DE/γ-CD

n=5

Dose, mg/kg - 25 25 25 25
Weight of animals, gr. 293,0±15,4 319,5±25,9 246,3±21,7* 232,0±40,6 225,3±20,8*

Amount of exudate, ml 7,0±0,9 4,4±0,7* 4,7±0,4 4,2±1,2* 4,4±0,6*

Note:* - р˂0,05 compared to the control
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Table 7 – Anti-inflammatory activity of samples of new water solubility of derivatives of 3-epi-2-deoxyecdysone (4) (3-E-2-DE/α-CD, 
3-E-2-DE/β-CD, 3-E-2-DE/γ-CD)

Table 8 – Anti-inflammatory activity of samples of new water–soluble derivatives of 3 – epi – 2 – deoxyecdysone (4), 20 – hydroxyecdysone 
(1) and 2 – deoxy - 20 – hydroxyecdysone (2) (3 – E – 2-DE/2 – HP – β – CD, 20E/2 – HP – β – CD, 20 - DE/2 – HP – β – CD )

As shown in Tables 7 and 8, the sample 3 – E – 
2-DE/β – CD at a dose of 25 mg/kg exhibits pronounced 
anti-inflammatory activity in the model of acute exudative 
reaction. The samples 3 - E - 2-DE/α - CD and 20E/2 -HP - β 
– CD at a dose of 25 mg/kg, demonstrate anti-inflammatory 
activity comparable to that of the comparison drug 
Diclofenac sodium in the same model. 

Therefore, it is of interest to conduct an in-depth 
study of the dose dependence of the sample – β -cyclodextrin 
complex 3-epi-2-deoxyecdysone (3-E-2-DE/β-CD). The 
results of the study on the anti-inflammatory activity of the 
examined sample are shown in Table 9.

Table 9 – Effect of 3–epi – 2 – deoxyecdysone (4) and its supramolecular complex with β-cyclodextrin (3-E-2-DE/β-CD) on the amount 
of formed exudate in the abdominal cavity

Thus, the data in Table 9 indicate that the 
supramolecular β-cyclodextrin complex of 3-epi-2-
deoxyecdysone (4), administered at a dose of 50 mg/kg, 
exhibits significant anti-inflammatory activity in the acute 
exudative reaction model. This activity is 1.6 times greater 

than that of the comparison drug, Diclofenac sodium. 
Further research is needed to understand the mechanism 
by which the 3-api-2-deoxyecdysone (4) molecule, with its 
equatorially oriented 3-OH group, affects bioavailability and 
anti-inflammatory activity (Figure 2).

Figure 2 – The structural formula of a supramolecular encapsulated water-soluble complex of 3-epi-2-deoxyecdysone 
with β-cyclodextrin

 Discussion
A series of experiments were conducted to 

investigate the anti-inflammatory properties of ethanol 
extracts from plants belonging to the Silene L. genus rich 
in polyoxysteroids. The examination of polyoxysteroids' 
biological activity underscores the necessity for 
contemporary approaches, such as mathematical modeling 
and virtual bioscreening, in medicine development [14-17]. 
Utilizing resources like the online PASS database enables 

the systematic prediction and assessment of compounds' 
potential activities based on their chemical structures [18, 
19]. 

These simulations not only streamline the quest 
for novel anti-inflammatory agents but also enhance the 
efficiency of medicine development [20]. 

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 
3-E-2-DE/α-CD n=5 3-E-2-DE/β-CD

n=5 3-E-2-DE/γ-CD n=5

Dose, mg/kg - 25 25 25 25
Weight of animals, gr. 293,0±15,4 319,5±25,9 293,0±11,0 305,0±24,2 283,5±16,5

Amount of exudate, ml 7,0±0,9 4,4±0,7* 4,0±1,2* 2,8±0,5* 6,5±1,4
Note:* - р˂0,05 compared to the control

The studied indicator Control
 n=5

Comparison medicine 
Diclofenac sodium

n=5 
3-E-2-DE/2-НР-β-CD 

n=5
20Е/2-НР-β-CD

n=5
20-DE/2-НР-

β-CD 
n=5

Dose, mg/kg - 25 25 25 25
Weight of animals, gr. 293,0±15,4 319,5±25,9 252,0±4,9* 254±9,7* 306,5±20,4

Amount of exudate, ml 7,0±0,9 4,4±0,7* 6,0±1,4 3,9±1,2* 6,0±1,9
Note:* - р˂0,05 compared to the control

The studied indicator Control
 n=5

Comparison medicine Diclofenac 
sodium

n=5 
3-epi-2-deoxyecdysone (4)

n=5
3-E-2-DE/β-CD

n=5

Dose, mg/kg - 50 50 50

Weight of animals, gr. 246,6±8,32 224,0±6 209,3±33,7 305±24,2
Amount of exudate, ml 6,53±0,37 4,4±0,7* 4,96±0,28 2,8±0,5*

Note:* - р˂0,05 compared to the control
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The analysis results indicated that 
20-hydroxyecdysone and its deoxyanalogs exhibit 
diverse biological activities, with significant probabilities 
suggesting their anti-inflammatory effects [11]. Particularly, 
20-hydroxyecdysone displayed a 71% probability 
likelihood of anti-inflammatory activity, while 2-deoxy-20-
hydroxyecdysone, 2-deoxyecdysone, and its epimer 3-epi-
2-deoxyecdysone also demonstrated considerable activity 
(62% and 52% probability respectively). This trend implies 
that structural modifications, particularly the addition 
of hydroxyl groups, could boost the anti-inflammatory 
properties of these compounds. This correlation aligns with 
prior studies [21] indicating that hydroxylation can notably 
affect the biological activity of steroid compounds [1-3, 22]. 

The experiments revealed that extracts Si.Cl – Ex, 
Si.Gn – Ex, and Si.Br – Ex did not display anti-inflammatory 
activity in acute inflammation models at a 50 mg/kg 
dose, however, when the dose was lowered to 25 mg/kg, 
Si. Wol - Ex, Si.Fr – Ex, and SiCr – Ex exhibited mild anti-
inflammatory effects. The comparison of anti-inflammatory 
activity among polyoxysteroid analogues isolated from 
extracts similarly showed their mild activity under these 
circumstances, underscoring the necessity to optimize 
isolation and synthesis techniques to enhance bioavailability 
and activity. An essential factor limiting pharmaceutical 

effectiveness is solubility and bioavailability. In this context, 
the development of supramolecular complexes has shown 
significantly improved solubility characteristics compared 
to the original compounds. The mechanochemical 
complexes of 20-hydroxyecdysone with 2-hydroxypropyl-
β-cyclodextrin increased water solubility by 2.97 times, 
representing a promising model for new dosage form 
development [23, 24].

The exploration of the anti-inflammatory activity 
of supramolecular complexes has substantiated their 
potential as effective anti-inflammatory agents [25-27]. 
Specifically, the 20E/α-CD complex exhibited promising 
results comparable to diclofenac sodium, indicating new 
possibilities for cyclodextrins in anti-inflammatory drug 
development. Noteworthy activity was also observed in 
3-E-2-DE/β-CD and 20E/2-HP-β-CD, warranting further 
investigation into their mechanism of action and dosage 
dependence. 

Consequently, this study's outcomes advance efforts 
in formulating and optimizing compounds to enhance 
bioavailability and anti-inflammatory activity. These findings 
may contribute to the development of more effective drugs 
based on compounds of interest to pharmaceutical science 
and medicine.

 Conclusions 
Studies have established that new water-soluble 

supramolecular derivatives of polyoxysteroids, isolated 
from plants of the genus Silene L., exhibit anti-inflammatory 
effects. Given that the quality of phytopreparations currently 
hinges on their bioavailability and water solubility, we 
have synthesized a water-soluble encapsulated form 
of a polyoxysteroid-based substance that surpasses 
the comparison drug. This investigated water-soluble, 
encapsulated supramolecular complex shows promise as a 
potential candidate for further development into an anti-
inflammatory drug of plant origin.
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Сылдыршөп (Silene L.) туысы өсімдіктерінің полиоксистероидтары және олардың туындылары 
қабынуға қарсы потенциалды агенттер ретінде
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Түйіндеме
Қазіргі кездегі әдеби және біздің тәжірибелік мәліметтеріміз бойынша өсімдік полиоксистероидтары немесе 

фитоэкдистероидтар Silene L. туысының 126 – дан астам түрінен табылған. Қазақстанда 62 түрі (12 - эндемик) өседі. Соңғы 
онжылдықта полиоксистероидтарға потенциалды фармакологиялық белсенді қасиеттері бар заттар ретінде ғылыми 
қызығушылық, оларды бөліп алу, сандық анықтау және химиялық модифицирлеуге бағытталған зерттеулер санының ұлғаюына 
әкелді. 

Зерттеудің мақсаты: In vivo жағдайында Silene L. туысының жаңа полиоксистероид туындыларының қабынуға қарсы 
белсенділігін зерттеу. 

Әдістері. Зерттеулер супрамолекулалық кешен түзілу және механохимия, трансмембраналық өткізгіштігі пен суда 
ерігіштікті анықтау әдістері арқылы жүргізілді. 

Нәтижесі. Биожетімділігі жоғары суда еритін жаңа туындыларды алу үшін механохимиялық әдістермен глицирризин 
қышқылының (NA₂GA) және 2-гидроксипропил-β-циклодекстриннің (2-HP-β-CD) натрий тұзы бар 20-гидроксиэкдизонның 
(20E) қатты дисперсиялары мен кешендері алынды. Сондай-ақ полиоксистероидтар негізінде бірнеше супрамолекулалық 
инкапсуляцияланған кешендер синтезделініп, олардың әртүрлі қатынастардағы суда ерігіштігі және 25 мг/кг және 50 мг/
кг дозаларда қабынуға қарсы белсенділігі зерттелді. 3-эпи-2-дезоксиэкдизонның супрамолекулалық β-циклодекстрин кешені 
"Диклофенак натрий" препаратымен салыстырғанда екі дозада да айтарлықтай үлкен қабынуға қарсы белсенділікті көрсетті. 

Қорытынды. Зерттеу нәтижелері, полиоксистероидтардың α-, β-, γ- және 2-гидроксипропил – β – циклодекстриндермен 
және глицирризин қышқылының динатрий тұзымен жаңа супрамолекулалық кешендері және механохимиялық алынған қатты 
дисперсияның жоғары қабынуға қарсы тиімділігіне байланысты одан әрі өсімдік тектес қабынуға қарсы препарат әзірлеуде 
пайдалануға болатынын көрсетті.

Түйін сөздер: сылдыршөп туысы, Silene L., полиоксистероидтар, супрамолекулалық кешендер, механокомпозиттер, қабынуға 
қарсы белсенділік. 
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Резюме 
В настоящее время по данным литературы и нашим экспериментальным данным полиоксистероиды растений или 

фитоэкдистероиды обнаружены более чем в 126 видах Silene L. В Казахстане произрастает 62 вида (эндемичных видов - 12). В 
последнее десятилетие научный интерес к полиоксистероидам как к веществам с потенциально фармакологически активными 
свойствами привел к увеличению числа исследований, направленных на их выделение, количественное определение и химическое 
модифицирование. 

Цель исследования: изучить противовоспалительную активность новых производных полиоксистероидов рода Silene L. в 
условиях in vivo.

Методы. Исследования проводили методами супрамолекулярного комплексообразования и механохимии, определения 
трансмембранной проницаемости и водорастворимости.

Результаты. Для получения новых водорастворимых производных с повышенной биодоступностью механохимическими 
методами получены твердые дисперсии и комплексы 20-гидроксиэкдизона (20E) с динатриевой солью глицирризиновой кислоты 
(NA₂GA) и 2-гидроксипропил-β-циклодекстрина (2-HP-β-CD). Cинтезировано несколько супрамолекулярных инкапсулированных 
комплексов на основе полиоксистероидов и изучена их растворимость в воде в различных соотношениях и противовоспалительная 
активность в дозах 25 мг/кг и 50 мг/кг. Супрамолекулярный β-циклодекстриновый комплекс 3-эпи-2-дезоксиэкдизона 
продемонстрировал значительно большую противовоспалительную активность в обеих дозах, по сравнению с препаратом 
«Диклофенак натрия».

Выводы. Результаты исследования показали, что новые супрамолекулярные комплексы полиоксистероидов с α-, β-, γ- и 
2-гидроксипропил – β – циклодекстринами и динатриевой солью глицирризиновой кислоты и механохимически полученные твердые 
дисперсии могут быть рекомендованы к использованию при разработке противовоспалительного лекарственного средства 
растительного происхождения, в связи с их высокой противовоспалительной эффективностью. 

Ключевые слова: род смолевка, Silene L., полиоксистероиды, супрамолекулярные комплексы, механокомпозиты, 
противовоспалительная активность. 


