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ABSTRACT

Aims: The aim of present study was to isolate the phytoedysteroids from aerial part of Silene
claviformis (Caryophyllaceae) and investigate their biological activity.

Place and Duration of Study: The investigation were carried out during 2019 and 2020 at
laboratory of the chemistry of glycosides and department of the pharmacological and toxicology of
Institute of the Chemistry of Plant Substances AS RUz, Tashkent, Uzbekistan.

Methodology: The phytoecdysteroids were isolated from aerial part of Silene claviformis using
chromatographic methods. Thin-layer chromatography made on Silufol UV-254 and Merck plates,
Fluka AnaLyticaI Germany, by spraying with alcohol solution of vanillin and heating for 1-2 minutes
for 90-100", UV lamp light at 254 nm and 365 nm. Their structures were confirmed by NMR and IR
spectroscopy. Sum of phytoecdysteroids was administered at a dose of 10 mg/kg orally. The data
obtained during the experiments were processed and analyzed by the method of variation statistics
using the Student t-criterion.

Results: Silene claviformis contains 2-deoxyecdysterone (1), polypodine B (2), 20-
hydroxyecdysone (3), ecdysterone-20,22-acetalisovaleric aldehyde(4),integristeron A
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(5),cyasterone(6), ecdysterone-20,22-acetalisovalerian (7), 2-deoxy-a-ecdysone(8). The compounds
2 and 6 are reported for the first time from this genus. The biological activity (stress-protective
effect) of the mentioned phytoecdysteroids studied for the first time. These compounds were tested
on male mice for their biological activities and results showed that, the adrenal gland mass
increased in relation to the adrenal gland mass of intact animals by 42.6%, they showed a
significant decrease in the content of ascorbic acid and cholesterol by 56.5 and 49.1%, respectively.
A significant decrease in glycogen content (by 30.1%) and a noticeable activation of lipid
peroxidation processes were noted in the liver, as indicated by an increase of 69.2% in the content

of malondialdehyde in the organ.

Conclusion: This is the first study reporting an orally biological investigation for Silene claviformis.
The sum of phytoecdysteroids showed potent stress-protective activity. The stress-protective effect
of phytoecdysteroids was more pronounced in compared the eleutherococcus extract.

Keywords: Silene claviformis; phytoecdysteroids; eleutherococcus extract; stress-protective effect.

1. INTRODUCTION

Nowadays the problem of increasing the
general nonspecific  resistance of the
organism to stressful factors is relevant problem

due to the frequent work of a human in
extremely adverse climatic and industrial
conditions, deteriorating environmental
conditions, poor nutrition, and many other

destabilizing factors. Therefore, the search for
substances that can increase the adaptive
potential and improve life quality is one of the
priority tasks of modern pharmacology [1].
Earlier, it was reported that some
phytoecdysteroids may be of noticeable interest
in this regard [2,3].

An estimated 5%—-6% of the terrestrial plant
species accumulate detectable levels of
ecdysteroids, among which Ajuga, Serratula and
Silene spp., containing high amounts of these
compounds are good sources of ecdysteroids [4].
From the point of view of the search for
ecdysteroid-containing  plants among the
representatives of the domestic flora, plants of
the genus Silene (Smolevka, family
Caryophyllaceae) seem promising. This genus
with about 400 representatives in the world flora,
is represented by 153 species in the
Commonwealth of Independent States and 84
species in Central Asia [5].

Caryophyllaceae species are known for
their rich content in bioactive metabolites, such
as flavonoids [6], triterpenesaponins [7],

phytoecdysteroids and oligosaccharides [8]. The
Silene genus (Caryophyllaceae) comprises more
than 700 species widely distributed in temperate
zones of the world [9].

Ecdysteroids represent a large family of steroid
hormones that play a crucial role in arthropods’
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physiology. The most abundant representative of
these compounds, 20-hydroxyecdysone (20E),
regulates the reproduction, embryogenesis,
diapauses and molting of arthropods [10]. Their
role in plants is still to be fully understood,
but it had been suggested that they have
high importance in several plants as defensive
agents against non-adapted herbivores [11].
Ecdysteroids secreted from plants
(phytoecdysteroids) being in  most cases
hormones for arthropods, they are not for warm-
blooded ones [12]. However, they were able to
regulate many physiological processes in their
bodies [13,14]. In this case, phytoecdysteroids
do not have toxic or any side effects [15]. It was
found that the beneficial shifts occurring under
the influence of phytoecdysteroids in the
mammalian organism are accompanied by a
noticeable improvement in their functional status,
which is manifested by activation of the central
nervous system, increased efficiency, and
increased adaptive capabilities of the body to
environmental stressors [16]. Under the influence
of phytoecdysteroids, the production of
conditioned defense reflexes accelerated, the
endurance of animals in relation to various
physical activities increased [17,18]. Their sexual
behavior intensified [19]. An increase in the
resistance of animals after the introduction of
phytoecdysteroids to stressful environmental
factors was noted [20,21]. Some attention should
be paid to the data on the ability to resist
various helminthes infections using ecdysteroids
[22].

Plants of the genus Silene (Caryophyllaceae) are
knownas sources of ecdysteroids, a class of
compounds with adaptogen and anabolic activity
[23].




Silene claviformis is a perennial grassy
plant (size 15-25cm) growing on the slopes of
the lower belt of Tashkent and Samarkand
districts mountains. It is widespread in Central
Asia.

The present deals with the isolation and structure
elucidation of eight known phytoecdysteroids
(Fig. 1) from the buthanol extract of aerial parts
of Silene claviformis. Since several isolated
compounds were described as possessing an
interesting stress-protector activity, we found it
pertinent to evaluate the stress-protector activity
of the sum of ecdysteroids.

2. MATERIALS AND METHODS
2.1 Plant Material

Plants of Silene claviformis was collected in
June, 2018 from Tashkent region of mountains
and the plant materials were identified by Dr.
Nigmatullayev A.M. at the Institute of the
Chemistry of Plant Substances (ICPS),
Uzbekistan. A voucher specimen (No. 2518) has
been deposited in the herbarium of Department
of Herbal Plants in the ICPS, Tashkent,
Uzbekistan.

2.2 General Remarks

The isolated individual ecdysteroids have been
identified on the basis of the IR spectroscopy,
and '"H NMR spectroscopy, R¢ and melting point
on the A.Kruss Optronic Germany, M 5000; 90-
264 VIAC, as well as by comparison with
reference compounds. Silicagel KSK 100/160
pmhave been used for column chromatography.
Thin-layer chromatography made on Silufol UV-
254 and Merck plates, Fluka Analytical Germany,
by spraying with alcohol solution of vanillin and
heating for 1-2 minutes for 90-100°, UV lamp
Iight at 254 nm and 365 nm. The NMR 'H and
'>C spectra were recorded by VN MRS-400 Plus
(Varian) NMR spectrometer with an operating
frequency of 400 MHz.

2.3 Experimental Animals

This study was performed using male mice with
body weight varies from 19-20 g. Mice were kept
in one polyacrylic cage and all mice were
quarantined for 1 week before the experiments.
All animals were housed under standard
controlled conditions with temperature of 24 %
2°C, humidity of 50% + 5% and 12-h light/dark
cycle. Mice were given free access to food
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(standard commercial mice chow) and water as
well as received care according to European
Conventionfor the Protection of Vertebrate
Animalsused for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

3 EXPERIMENTAL CHEMICAL PART
3.1 Extraction

The freshly collected whole plant material (1kg)
was air dried at 23°C for 1 week after collection
and then grounded into powder with a Waring
blender. After grinding, plant material was
triturated with MeOH (3x5L) (each for 3days) at
room temperature (230). The extracts were
combined and evaporated (in a rotary vacuum
evaporator at 40°) and 52g of dried extract was
obtained. The crude extract was suspended in
water and hydrophobic compounds were
removed upon partition with chloroform (CHCI3),
after with ethyl acetate (EtOAc) and then n-
butanol BUOH. The combined butanol extracts
were evaporated to dryness under reduced
pressure (at 46°C).

3.1.1 Isolation of phytoecdysteroids using
column chromatography

The BuOH extract (20g) was chromatographed
over a silica gel column (silica particle size: 63-
100um; Chemapol, Prague, Czech Republic).
The column packed using a simple dry-pack
method. The butanol extract was applied in dried
form mixed with silica gel and carefully added to
the top of the column. The column (750g silica
size 10x60cm) was eluted with CHCI3-MeOH in
the ratio of 100:1, 90:1, 80:1, 73:1, 65:1, 60:1,
50:1, 40:1, 30:1, 20:1, 12:1, 9:1, 4:1, 2:1, 1:1 to
yield four fractions. Fraction 1 (2.5g) was
obtained containing a mixture of less polar
ecdysteroids and was further subjected to
column chromatography and eluted with MeOH-

EtOAc (50:1) to vyield compounds as 2-
deoxyecdysterone(1) (0.11g),20-
hydroxyecdysone (3) (0.31g), ecdysterone-
20,22-acetalisovaleric  aldehyde(4) (0.006g).

Repeated chromatography of fraction. 2 (3.5g)
over a silica gel column (MeOH-EtOAc in the
ratio of (30:1), (12:1); MeOH-CHCl; in the ratio of
(9:1), (6:1) and (4:1)) yielded pure integristerone
A (5) (0.07g). Fraction 3 (3.1g) was subjected to
column chromatography, eluted with MeOH-
EtOAc in the ratio of (20:1) and MeOH-CHCl; in
the ratio of (15:1), (12:1) to obtain ecdysterone-
20, 22-acetalisovalerian (7) (0.0062g). 2-deoxy-
a-ecdysone (0.22g), compounds (8) was



obtained from fraction 4 (4.3g), which was
separated through repeated column
chromatography (MeOH-EtOAc in the ratio of
6:1, 4:1).

The fraction 5 (2.9g) and fraction 6 (2.7g) were
subjected to column chromatography on silica
gel, eluting with CHCIl;-MeOH increasing order of
polarity. (100:1, 80:1, 60:1, 50:1, 30:1, 20:1,
15:1, 12:1, 911, 4:1, 1:1) and obtained pure
compounds from this fractions such as
polypodine B (2) (0.028g) and cyasterone (6)
(0.075 g).

3.2 Experimental Biological Part

The experiments were performed on male mice
weighing 19-20 g. The general stress response
was caused by hanging them by the back
cervical fold for 18 hours [24]. Sum of
phytoecdysteroids was administered at a dose of
10 mg/kg orally (in the form of an aqueous
emulsion with Arabian gum) immediately before
the experiment. The reference preparation was
eleutherococcus liquid extract manufactured by
Dalkhimprom OJSC, administered orally at a
dose of 0.2 ml/20 g body weight (previously
dealcoholized), which, under appropriate
conditions was able to increase the organism's
adaptive capacity for stressful effects [25].
Control animals received an adequate amount of
an aqueous emulsion of Arabian gum. The
effectiveness of phytoecdysteroids was assessed
by the degree to which it prevented changes in
the mass of the adrenal glands (the content of
ascorbic acid and cholesterol in them), thymus,
spleen and liver, observed under acute stress
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[24,25]. Additionally, glycogen content and
malondialdehyde (MDA) were determined in the
liver and the number of ulcers formed in the
stomach was also calculated [26]. The sum of
phytoecdysteroids and eleutherococcus extract

were introduced after the first swim (water
temperature  27-28°C). The antitoxic and
antihypoxic effect of  the sum of

phytoecdysteroids also attributed to adaptogenic
agents [1], was evaluated first by the survival of
mice with intraperitoneal administration of a 25%
ethanol solution at a dose of 9.8 g/kg, and then
on the model of tissue hypoxia caused by
intraperitoneal administration  of  sodium
nitroprusside at a dose of 25 mg/kg [27,28]. The
data obtained during the experiments were
processed by the method of variation statistics
using the Student t-criterion.

4. RESULTS AND DISCUSSION
4.1 Phyto-chemical Analysis

A preliminary investigation of Silene claviformis
plant has confirmed the presence of
phytoecdysteroids in its composition and allowed
to isolate and identify its main eight ecdysteroids
(e.g. see Fig. 1), such as (1) 2-deoxyecdysterone
(0.011%), (2) polypodine B (0.0028%), (3) 20-
hydroxyecdysone (0.031%) of dry plant’s weight
[29], (4) ecdysterone-20,22-acetalisovaleric
aldehyde (0.0006%) [30], (5) integristeron A
(0.007%) (6) cyasterone (0.0075%) [31], (7)
ecdysterone-20,22-acetalisovalerian (0.00062%)
[30], (8) 2-deoxy-a-ecdysone (0.02%) [32].

Rs
L. R;=Ry=R =H; Ry=R=R=R;=R,=OH
2.R,=H; R,=R =R ;=R ;=R =R =R,=OH
3 R ~Ry~H; Ry-Ry-Ri-Ro-R;-Rg-OH ,

L,
4. R;=R,=H: R,=R;=R;~Ry=OH; R,+R.~ /<\(

5.R,=R,=R,;=R,=R =R ,=R,=OH; R,=H;

R

HN
7.Ry=R,=H: Ry=Ry—R~Ry=OH: R~ & T

8. R,=R,=R,;=R¢=H: R;=R;=R,~R¢=OH

compound, 6

Fig. 1. Structure of compounds 1-8 from Silene claviformis
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Table 1. Physico-chemical properties of phytoecdysteroids isolated from Silene claviformis

Compound Compound name Composition  Temperature Yield,% of
no. (°C) plant mass
1 2-Deoxy-20-hydroxyecdysone Cy7H4406 254-255 0.011%
2 Polypodine B CZ7H4408 253-254 0.028%
3 20-Hydroxyecdysone Co7H4407 242-243 0.031%
4 Hydroxyecdysone-20,22- CaoH5,07 - 0.0006%
acetylizovalericaldehide
5 Integristerone A Cy7H440g 247-248 0,007%
6 Cyasterone Cy9H440g 163-164 0.0075%
7 Hydroxyecdysone-20,22- C3,H5,07 - 0.00062%
acetylizovalericaldehide
8 2-Deoxy-a-ecdysone Cy7H4405 233-234 0.023%

4.1.1 2-deoxyecdysterone (1)

White powder, mp 240-241°C, [a]p>> + 81.2 + 2°
(c 0.50; metanol). *C NMR spectrum (100 MHz,
CsDsN-d6, &, ppm): 30.01 (C-1), 28.05 (C-2),
65.28 (C-3), 34.03 (C-4), 55.70 (C-5), 202.16 (C-
6), 120.12 (C-7), 165.94 (C-8), 34.98 (C-9),
38.54 (C-10), 21.47 (C-11), 31.67 (C-12), 47.51
(C-13), 83.87 (C-14), 31.76 (C-15), 21.77 (C-16),
49.88 (C-17), 17.69 (C-18), 23.29 (C-19), 76.87
(C-20), 21.65 (C-21), 76.86 (C-22), 28.77 (C-23),
42.58 (C-24), 68.89 (C-25), 30.21 (C-26), 30.44
(C-27).

4.1.2 Polypodine B (2)
White powder, mp 250-251°C, [a]p> + 94.2 + 2°

(c 0.50, MeOH). °C NMR spectrum (100 MHz
DMSO-d6, 5, ppm): 33.359 (C-1), 68.405 (C-2),

68.757 (C-3), 34.904 (C-4), 78.500 C-5),
199.768 (C-6), 119.354 (C-7), 165.037 (C-8),
36.965 (Cc-9), 43.832 (C-10), 21.100 (C-11),
30.949 (C-12), 46.866 (C-13), 82.873 (C-14),
30.312 (C-15), 20.249 (C-16), 48.619 (C-17),
17.210 (C-18), 16.512 (C-19), 76.232 (C-20),
21.034 (C-21), 75.709 (C-22), 26.123 (C-23),
41.445 (C-24), 66.423 (C-25), 29.028 (C-26),

30.090 (C-27).
4.1.3 20-Hydroxyecdysone (3)

White crystals, mp 240-241°C (Me,CO), [a]p™>
+63.2 + 2° (¢ 6.30, MeOH). UV spectrum
(CoHsOH, Amax, nm) (log €): 245 (4.01). IR
spectrum (KBr, v, cm™'): 3435 (OH), 1665 (7-en-
6-keto group).

Compound 3 was identified by direct comparison
of its thin layer chromatography with that
of an authentic sample of 20-hydroxyecdysone
[29].
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4.1.4 Ecdysterone-20,22-acetalisovaleric
aldehyde(4)

UV spectrum (C,HsOH, Amax, nm) (log €): 242
(4.01). IR spectrum (KBr, v, cm™'): 3440 (OH),
1670 (7-en-6-keto group).

Compound 4 was identified by direct comparison
of its thin layer chromatography with that of an
authentic sample of 20-hydroxyecdysone [30].

4.1.5 Integristeron A (5)

White powder, mp 246-248°C, [a]p> + 36.1 + 2°
(c 0.43; metanol). UVspectrum 245nm (Ige 4.00).
in IR spectrum 3400 and 1660cm”™".

4.1.6 Cyasterone(6)

White powder, mp 157—158°C, [a]p>> + 60.0 % 2°
(c 1.0, Py). *C NMR spectrum (100 MHz, CsDsN,
5, ppm): 32.959 (C-1), 68.556 (C-2), 68.622 (C-
3), 34.987 (C-4), 51.903 (C-5), 203.961 (C-6),
166.343 (C-8)

122.359 (C-7), , 38.480 (C-9),
42.962 (C-10), 21.868 (C-11), 32.568 (C-12),
48.704 (C-13), 84.669 (C-14), 32.417 (C-15),
21.498 (C-16), 49.210 (C-17), 18.427 (C-18),
16.432 (C-19), 77.305 (C-20), 21.620 (C-21),
74513 (C-22), 50.533 (C-23), 39.223 (C-24),
40.423 (C-25), 179.716 (C-26), 24.962 (C-27),
80.359 (C-28), 19.860 (C-29)

4.1.7 Ecdysterone-20, 22-acetalisovalerian (7)

UV spectrum (C,HsOH, Amax, nm) (log €): 242
(4.01). IR spectrum (KBr, v, cm™'): 3440 (OH),
1670 (7-en-6-keto group).

Compound 7 was identified by direct comparison
of its thin layer chromatography with that of an
authentic sample of 20-hydroxyecdysone [30].



Compound 7 had the same molecular mass as 4
and presented the same NMR features except a
triplet at (& 5.05; t: 5.3; 1H) in place of the triplet
signal a-H (6 5.28; t: 5.2; 1H) for 4. This triplet
could be assigned to the signal observed for an
epimer of 4 at the asymmetric carbon of the
acetal function.

4.1.8 2-Deoxy-a-ecdysone(8)

White powder, mp 240-241°C, [a]p®® + 92.1 + 2°
(c 0.55; metanol). 3C NMR spectrum (100 MHz,
CsDsN -d6, 5, ppm): 29.49 (C-1), 28.07 (C-2),
59.86 (C-3), 33.12 (C-4), 51.65 (C-5), 202.42 (C-
6), 121.40 (C-7), 166.33 (C-8), 34.48 (C-9),
37.01 (C-10), 21.01 (C-11), 31.72 (C-12), 48.01
(C-13), 84.04 (C-14), 31.73 (C-15), 24.87 (C-16),
48.22 (C-17), 16.00 (C-18), 24.44 (C-19), 43.00
(C-20), 14.72 (C-21), 74.10 (C-22), 26.80 (C-23),
42.48 (C-24), 70.02 (C-25), 29.92 (C-26), 30.45
(C-27).

4.2 Biological Part

In control mice hanging by the neck fold for a
long time, a rather characteristic picture of the
stress reaction developed [24,25]. Their adrenal
gland mass increased in relation to the adrenal
gland mass of intact animals by 42.6%, they
showed a significant decrease in the content of
ascorbic acid and cholesterol by 56.5 and 49.1%,
respectively. The mass of thymus gland
decreased by 39.5, the spleen - by 48, and the
liver by 24.4%. A significant decrease in
glycogen content (by 30.1%) and a noticeable
activation of lipid peroxidation processes were
noted in the liver, as indicated by an increase of
69.2% in the content of malondialdehyde
in the organ. Although a few, but distinct
ulcerations were observed in the stomach (see
Table 2).

The introduction (before starting of the stressful
effect) sum of phytoecdysteroid to mice in many
respects impeded the development of the noted
negative changes in the animal organism. First of
all, the phytoecdysteroid sum substantially
inhibited the adrenal hypertrophy and the
decrease of ascorbic acid and cholesterolin their
content. As a result, the adrenal mass was only
9.8% higher in this group of animals than in intact
animals at p> 0.05. The content of ascorbic acid
and cholesterol at the same time had a clear
tendency to normalize (only 8.4 and 15.4% lower
than intact values).
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The phytoecdysteroid sum also protected the
thymus and spleen from involution. Their mass in
this case was only 8.9 and 11.6 lower than that
of intact animals. The phytoecdysteroid sum
significantly prevented trophic disturbances in the
gastric mucosa, and significantly reduced the
number of bleeding ulcerations in it. Table 2
shows that the sum of phytoecdysteroids was not
inferior to the known Eleutherococcus extract
with the same action in their ability to increase
the adaptive potential of the body to a stressful
effect [25], and in some cases had an even more
pronounced effect.

A high ability of phytoecdysteroids sum to
increase the general non-specific resistance of
the body to complex or adverse environmental
conditions was also revealed in a series of other
experiments. The mice after swimming to
complete fatigue (rather severe stress associated
with the fact that water is not their characteristic
habitat) were removed from the bath with water
and at the same time, injected the amount of
phytoecdysteroids (similarly to the reference
drug), then had one hour rest, and again forced
to swim.

The obtained results presented in Table 3. In
intact (in this version of the experiment — control
animals), the duration of repeated swimming in
relation to the first was 45.2%. Under the
influence of phytoecdysteroid sum and
eleutherococcus extract, the recovery process
was faster. In the first case, the duration of the
repeated swimming in relation to the previous
was 89.1%, and in the second 80.0%,
respectively. Table 4 shows that the sum of
phytoecdysteroids, like the extract of
eleutherococcus, exhibits a very distinct antitoxic
effect to alcohol (attributed to adaptogenic
remedies [28]. So, the introduction of 25%
ethanol solution at a dose of 9.8 g/kg, all control
animals died. The death rate of individuals in the
group of mice receiving the sum of
phytoecdysteroids was 45%, and in the group of
mice receiving eleutherococcus, the antitoxic
effect to alcohol is very pronounced (65%).

A similar pattern observed in the tissue hypoxia
model. Preliminary single administration of the
phytoecdysteroid sum increased the life
expectancy of mice with intraperitoneal
administration of sodium nitroprusside by 74%.
Eleutherococcus extract in this case was less
effective (effect only 31%) (see Table 5).
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Table 2. The effect the sum of phytoecdysteroid on some manifestations of the stress
response in mice under conditions of stress hanging in comparison with the extract of
eleutherococcus (M + m, n=6)

Experiment conditions Intact Stress

animals Control Sum of Extract of

phytoecdysteroids eleutherococcus

Mass of organs, mg
Adrenal glands 6.1+0.27 8.7 +0.67' 6.7 +0.33° 7,0+0.36°
Thymus 48,3+ 21 29.2+19"  44.0+ 1,9%° 34,2+0.94"*
Spleen 177,6+7.6  92.0+7,2 157,0+ 6.2°° 122,4+4.8"
Liver 3106+ 192 2349 +170' 2957+ 163° 2678+159
Content, mg %
Ascorbic acid in adrenal 299+ 10,6 130+ 7.5 274+ 9.97° 169+7.0"°
glands
Cholesterol in adrenal 2153+113 1097+52.7" 1871+ 108° 1407+32.6"*
glands
Glycogen in liver 1861+67.4  1301+86.6" 1748+ 42.2° 1590+57.4"*
malondialdehyde in liver,  0.500+ 0.04 0,846+0.03' 0,516+ 0.03*° 0,619+0.02"*
nmol/mg of protein
Stomach ulcers
Total - 151+ 043 0.3+ 0.21° 1.0+0.36°

Note: * - Reliably in relation to the corresponding indicators of intact animals, 2 - to the control, 3 - reliably
between groups of animals receiving the sum of phytoecdysteroids and eleutherococcus extract (p <0.05)

Table 3. The effect of phytoecdysteroid sum on the recovery process after "physical work" to
complete fatigue in comparison with the extract of eleutherococcus (M*m, n=6)

Experiment conditions First swimming Repeat swimming Duration of repeated

duration duration swimming in relation to the
first one, %
Intact animals 33.3+1.3 15.3 +0.76" 459
Phytoecdysteroid sum 34.0+1,5 30.3+1.3° 89.1
Extract of eleutherococcus  33.5+ 1.2 26.8 +1.2"° 80.0

Note: 1 —Reliably in respect to the duration of the first swimming control, 2 - reliably between the duration of
repeated swimming of intact animals and those receiving the sum of phytoecdysteroids and eleutherococcus
extract (p <0.05)

Table 4. The effect of the phytoecdysteroids sum on the survival of mice after intraperitoneal
administration of lethal dose of ethanol in comparison with the extract of eleutherococcus

Experiment conditions Number of animals Number of dead animals

in the group In1 hour In 24 hours
Unit % Unit %
Control 20 5 25 15 100
Phytoecdysteroids sum 20 3 15 9 45
Extract of eleutherococcus 20 4 13 13 65

Table 5. The effect of the phytoecdysteroids sum on the life expectancy of mice with tissue
hypoxia in comparison with the eleutherococcus extract (M+*m, n=6)

Experiment conditions Number of animals in  Life Life expectancy
the group expectancy increase (%)

Control 10 9.3 +0.52

Phytoecdysteroids sum 10 16.2+15" 74

Extract of eleutherococcus 10 12.2 +0.66° 31

Note: 1 —Reliably in respect to the control, 2 - reliably between the duration of intact animals and those receiving
the sum of phytoecdysteroids and eleutherococcus extract (p <0.05)
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The ability of the sum of phytoecdysteroids to
prevent negative changes in the animal organism
under acute stress accompanied by disturbances
in individual metabolic processes indicated the
possibility of its use to prevent the development
of the pathological changes symptom complex in
response to various destabilizing factors affecting
both individual organs and systems, and the
organism as a whole.

5. CONCLUSION

Our studies conclude that Silene claviformis
contains 2-deoxyecdysterone (1), polypodine B
(2), 20-hydroxyecdysone (3), ecdysterone-20,22-
acetalisovaleric  aldehyde(4),integristeron A
(5),cyasterone(6), ecdysterone-20,22-
acetalisovalerian (7), 2-deoxy-a-ecdysone(8).
The compounds 2 and 6 are reported for the first
time from this genus.

The biological activity (stress-protective effect) of
the mentioned phytoecdysteroids studied for the
first time. The sum of phytoecdysteroids reduces
negative changes in mice after immobilization
stress. It prevents the involution of the thymus
and spleen and increases adrenal glands mass
(i.e., normalizes the content of ascorbic acid and
cholesterol in the adrenal glands). In the liver of
animals after stress, the sum of
phytoecdysteroids prevents a sharp decrease of
glycogen, eliminates the imbalance of lactic and
pyruvic acids, supports homeostasis of
macroergic phosphoric compounds, increases
the activity of antioxidant enzymes, and inhibits
lipid peroxidation. The stress-protective effect of
phytoecdysteroids was more pronounced in
compare to the eleutherococcus extract.

ACKNOWLEDGEMENTS

Authors would like to thank the Department of
Pharmacology and Toxicology and Instrumental
Methods Laboratory of the ICPS (Uzbek
Academy of Sciences) for providing all necessary
equipment, chemicals and animals for the study.

COMPETING INTERESTS

Authors have declared that

interests exist.

REFERENCES

no competing

1. Yaramenko KV. Optimal state of body and
adaptogens. St. Petersburg: ELBI-SPb
Publ. 2007;131.

Ramazonov et al.; CSIJ, 29(7): 9-17, 2020; Article no.CSIJ.60497

16

11.

12.

13.

Syrov VN. On adaptogenic properties of
phytoecdysteroids. Proceeding of the
Uzbek Academy of Science. 1996;11:61-
64.

Volodin VV, Syrov VN, Khushbaktova ZA,
Volodina S. Stress-protective action of
the ecdysteroid containing preparation
Serpisten. Theoritical and Applied Ecology.
2012;1:18-24.

Dinan L. A strategy for the identification of
ecdysteroid  receptor agonists  and
antagonists from plants. Eur. J. Entomol.
1995;92:271-283.

Bondarenko ON. Genus Silene L. -
Smolevka. - In the book: Key to plants of
Central Asia,Tashkent. 1971;253-277.

Atta EM, Nassar AA, Hasan NM, Hasan
AR. New flavonoid glycoside and
pharmacological activities of Pteranthus
dichotomus J. Nat. Prod. 2013;7:69-79.

Jia Z, Koike K, Nikaido T. Major
triterpenoid saponins from Saponaria
officinalic. J Nat. Prod. 1998;61:1368-
1373.

Vanhaecke M, Dyubankova N, Lescrinier
E, Ende W. Metabolism of galactosyl-
oligosaccharides in Stellaria media-
Discovery of stellariose synthase, a
novel type of galactosyltransferase.
Phytochemistry. 2010;71:1095-1103.

Golea L, Benkhaled M, Lavaud C, Long
Ch and Haba H. Phytochemical
components and biological activities of
Silene arenarioides. J. Nat. Prod. Res.
2017;31(23):2801-2805.

Karlson P, Burdette WB. Mode of Action of
Ecdysones. In Invertebrate Endocrinology
and Hormonal Heterophylly. Springer.
1974;43-54.

Zeleny J, Havelka J, Slama K. Hormonally
mediated insect-plant relationships:
Arthropod populations associated with
ecdysteroid-containing plant Leuzea
carthamoides  (Asteraceae). Eur J.
Entomol. 1997;94:183—198.

O’Connor JD. Ecdysteroid action at the
molecular level. In Comprehensive Insect
Physiology  and Biochemistry  and
Pharmacology, 2nd Ed.; Kerkut GA, Gilbert
LI, Eds.; Pergamon Press: Oxford, UK.
1984,8:85-98.

Thiem B, Kikowska M, Mali'nski MP,
Kruszka D, Napierata M, Florek E.
Ecdysteroids: Production in plant in vitro
cultures. Phytochem. Rev. 2017;16:603—
622.



14.

15.

16.

17.

18.

19.

20.

21.

Baltaev UA. Phytoecdysteroids: Structure,
sources, and biosynthesis in plants. Russ.
J. Bioorg. Chem. 2000;26:799-831.

Dinan L, Lafont R. Effects and applications
of arthropod steroid hormones
(ecdysteroids) in mammals. J. Endocrinol.
2006;1-8:191.

Kizelsztein P, Govorko D, Komarnytsky S,
Evans A, Wang Z, Cefalu WT, Raskin .
20-Hydroxyecdysone decreases weight
and hyperglycemia in a diet-induced
obesity mice model. Am. J. Physiol. Endoc.
Metab. 2009;296:433-439.

Syrov VN, Khushbaktova Z. The influence
of ecdysterone and saparal on functional,
biochemical and morphological indicators
of working capacity. Uzb. biol. Journal.
1988;3:61-65.

Chermnykh NS, Shimanovskii NL, Shutko
GV, Syrov  VN. The effect of
methandrostenolone and ecdysterone on
the physical endurance of animals and
protein metabolism in skeletal muscle.
Farmacology. and toxicology.1988;6:
57-60.

Mirzaev YuR, Syrov VN. The effect of
phytoecdysteroids on the sexual activity of
male rats. Dokl. AN RUz. 1992;3:47-49.
Volodin VV, Syrov VN, Khushbaktova Z,
Volodina S. Stress-protective action of the
ecdysteroid containing preparation
Serpisten. Theoritical and Applied Ecology.
2012;1:18-24.

Syrov VN, Kurmukov AG. On the tonic
properties of ecdysterone isolated from

saffower levzea. Dokl. Academy of
Sciences of the Uzbek SSR. 1977;12:
27-30.

Ramazonov et al.; CSIJ, 29(7): 9-17, 2020; Article no.CSIJ.60497

22.

23.

24.

25.

26.

27.

28.

290.

30.

31.

32.

Lafont R. Ecdysteroids and related
molecules in animals and plants. Archives
of Insect Biochemistry and Physiology.
1997;35(1-2):3-20.

Olennikov DN, Kashchenko NI.
Phytoecdysteroids from Silene jenissensis.
Chem. Nat. Comp. 2017;53(6):1199-1201.
Dardymov V. Ginseng and
Eleutherococcus. (Mechanism of Biological
Action). [in Russian], Moscow. 1976;184.

Brekhman Il.  Eleutherococcus. [in
Russian], Leningrad. 1968;188.
Lo S, Russell JC, Taylor AW.

Determination of glycogen in small tissue
samples. J.App. Physiol. 1970;28(2):234—
236.

Burov YuV, Zhukov VI. Methods for the
selection of substances for the treatment of
alcoholism. J.Chem.Pharm. 1979;5:42-50.
Ratakhina LV. Adaptogen activity of Urtica
dioca leaf infusion. Plant resources. 1993;
1:44-49.

Yusupova UYu, Ramazonov  NSh,
Usmanov DA. Phytoecdysteroids from the
Plant Dianthus helenae. Chem. Nat.
Comp. 2019;55(2):393-394.

Sadykov Z, Saatov Z, Garcia M, Girault JP.
Ecdysteroids from Silene claviformis.
Chem. Nat. Comp. 2001;3:223-225.
Yusupova UYu, Ramazonov  NSh,
Usmanov DA. Phytoecdysteroids from the
aerial part of Silene popovii. Chem. Nat.
Comp. 2020; 56(3):562-563.

Girault JP, Bathori M, Varga E, Szendrei
K and Lafont R. Isolation and identification
of new ecdysteroids from the
Caryophyllaceae. J. Nat. Prod. 1990;53(2):
279-293.

© 2020 Ramazonov et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/60497

17



