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Preparative-Scale Chromatography of Ecdysteroids:
A Class of Biologically Active Steroids
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A simple separation procedure is developed for the isolation of the
main phytoecdysteroid 20-hydroxyecdysone from the herb Silene
viridiflora. The purification in four steps uses only a simple
preparative-scale separation technique (i.e., liquid-liquid
extraction, precipitation, solid-phase extraction on octadecyl silica,
and crystallization). This procedure is extended using classical
normal-phase liquid column chromatography, rotation planar
chromatography, and preparative high-performance liquid
chromatography for the isolation of the minor ecdysteroids:
integristerone A, 26-hydroxypolypodine B, 2-deoxy-20,26-
dihydroxyecdysone, and polypodine B. 2-Deoxy-20,26-
dihydroxyecdysone is isolated from this species for the first time.
The isolation of these ecdysteroids in adequate amounts makes
them readily available for insect physiology experiments and for
structure-activity relationship studies. The preparative-scale
separation work also results in a minor, as yet unknown
ecdysteroid.

Introduction

Ecdysteroids were discovered in insects and recognized as hor-
mones responsible for the onset and regulation of molting and
development in almost all classes of arthropods (1).
Phytoecdysteroids are structurally similar steroid molecules
occurring in plants. The production and occurrence of ecdys-
teroids in plants is distinguished by higher concentrations and
more diverse structural variation (2) than in insects. According
to the most accepted hypothesis, phytoecdysteroids have defen-
sive functions against insect predators in plants (3). The rela-
tively high concentrations of ecdysteroids in plants have opened
the way to studying their pharmacological activities on mam-
malian tissues and insects. Based on these experiments, ecdys-
teroids have shown a wide array of pharmacological effects. Their
pharmacological and therapeutic properties are well docu-
mented and reviewed (1,3-19).

Ecdysteroids beneficially influence many physiological func-
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tions in mammals. Ecdysteroids stimulate the protein synthesis
without thymolytic, antigonadotropic, or androgenic side-effects
(1,4-9); they influence lipid metabolism (1,5,10,11), carbohy-
drate metabolism (1,5,12,13), and ion-currents (14,15).
Ecdysteroids exert protective, preventive, corrective, and adapto-
genic effects (16,17). The use of ecdysteroids is also promising in
genetics, where the ecdysteroids are used as inducers for gene-
switch systems based on insect ecdysteroid receptors and genes
of interest placed under the control of ecdysteroid-response ele-
ments (4,20-23). Their acute toxicity to mammals is extremely
low (1,4,5).

Because of their pharmacological effects, ecdysteroid-con-
taining preparations are widely available through the Internet
(24). These preparations often contain 20-hydroxyecdysone, the
main plant ecdysteroid, and are promoted mainly as anabolic and
adaptogenic (25,26).

This paper reports a four-step process for the isolation of 20-
hydroxyecdysone from the herb Silene viridiflora using only
simple, unsophisticated separation methods. This procedure was
supplemented with some preparative-scale chromatographic
methods for the isolation of some minor ecdysteroids from this
plant. The structures of the isolated ecdysteroids were elucidated
by mass spectrometry (MS) and nuclear magnetic resonance
(NMR). The aim of this work was also to study the ecdysteroid
composition of Silene viridiflora growing in Hungary. The pro-
duction of the secondary plant metabolite is influenced by the
state of development and/or the climatic and soil conditions of
the area where the plant is grown (27-29). To determine the dif-
ferences between the ecdysteroid composition of the Hungarian
and the Siberian Silene viridiflora, the ecdysteroid spectrums of
these plants were compared.

Experimental

Materials
Plant material

The aerial parts of Silene viridiflora were collected in June
2002 from Vacratot, Hungary. A voucher specimen (Silvi 241)
was deposited at the Department of Pharmacognosy, University
of Szeged, Hungary.
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Chemicals

Solvents and chemicals were purchased from commercial
sources in the best available quality. The standard ecdysteroids
used for comparison were isolated in our earlier experiments
(30).

Solid-phase extraction (SPE) was carried out on an endcapped
octadecyl silica (0.06-0.2 mm, Chemie Uetikon, Uetikon, Zurich,
Switzerland) packed into a 101 x 65 mm column (Column 1).
The entire procedure was carried out at low-pressure (< 1 atm).
Normal-phase (NP) column chromatography was achieved on a
silica gel 60 (E. Merck, Darmstadt, Germany) 60 x 25 mm
column (Column 2), using various mixtures of dichloro-
methane—ethanol (96 %) for elution.

Thin-layer chromatography

For NP thin-layer chromatography (TLC), silica gel 60 Fysy
plates (20 x 20 cm) (E. Merck) were used, with the following
mobile phases: 1. dichloromethane—ethanol (96%) (8:2, v/v);
2. ethyl acetate—-methanol-ammonia (25%) (85:15:5, v/v);
3. toluene-acetone—ethanol  (96%)-ammonia  (25%)
(100:140:32:9, v/v); 4. chloroform-methanol-benzene (25:5:3,
v/v); and 5. ethyl acetate—ethanol (96%)-water (16:2:1, v/v).
Reversed-phase (RP) TLC was carried out on RP-18 WFys, on 20
x 20 cm glass plates (E. Merck) with the following mobile phases:
6. methanol-water (4:6, v/v); 7. acetonitrile-water (35:65, v/v); 8.
acetonitrile-water—trifluoroacetic acid (35:65:0.1, v/v); and 9.
tetrahydrofuran-water (45:55, v/v). Cyano-TLC (CN) was carried
out on 10 x 20 cm glass HPTLC plates coated with CN Fys4 (E.
Merck) with the following mobile phases: 10. n-hexane—acetone
(6:4, v/v) and 11. acetonitrile-water (2:8, v/v).

For displacement TLC, silica gel 60 Fs plates (20 x 20 cm) (E.
Merck) were used with mobile phase 12. dichloromethane—
isopropanol-dimethylamino—propylamine (105:30:5, v/v).

Rotation planar chromatography (RPC) was carried out using
a Harrison Model 8924 Chromatotron instrument (Harrison
Research, Palo Alto, CA). The stationary phase was Silica gel 60
GFys4 (E. Merck), manually coated on the rotor as a 2 mm layer.
Stepwise development was carried out with the following mobile
phases at 8 mL/min: System 1/A: dichloromethane-
methanol-benzene (50:3:2, v/v); System 1/B: dichloromethane—
methanol-benzene (50:5:3, v/v); System 1/C: dichloromethane—
methanol-benzene (50:7:6, v/v); System 1/D: dichloromethane—
methanol-benzene (50:10:6, v/v); or System 2/A: ethyl
acetate—ethanol-water (160:10:4, v/v); System 2/B: ethyl
acetate—ethanol-water (160: 14:6, v/v); System 2/C: ethyl
acetate—ethanol-water (160: 20:10, v/v); System 2/D: ethyl
acetate—ethanol-water (160: 40:20, v/v).

The plate was washed with 300 mL of methanol after the devel-
opment for the desorption of the ecdysteroids remaining
absorbed on the stationary phase after the RPC.

HPLC

The HPLC separation was performed on an Agilent 1100
Series Isocratic Pump (Agilent Technologies Inc., Palo Alto, CA)
coupled to a Jasco UV-2075 Plus detector (Jasco Corporation,
Tokyo, Japan), Zorbax RX Sil (Agilent) 5 pm, 250 x 4.6 mm i.d.
column at 1 mL/min flow with mobile phases 1.
dichloromethane—-isopropanol-water (125:40:3, v/v/v) and 2.
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cyclohexane—isopropanol-water (100:40:3 v/v/v); and Zorbax
ODS C-18 (Agilent) 5 um, 250 x 9.4 mm i.d. column at 2.5
mL/min flow, using mobile phases 3. water—acetonitrile (77:23,
v/v) and 4. water—acetonitrile (78:22, v/v).

Extraction and isolation of the ecdysteroids

The dried herb (1191 g) was milled and percolated with
methanol (12.8 L) at room temperature. The methanolic extract
was evaporated to dryness (240.3 g) and redissolved in 400 mL
methanol-water (50 %). The solution was extracted with n-
hexane (6 x 600 mL). The aqueous methanol phase was evapo-
rated to dryness. The residue (206.6 g) was dissolved in 350 mL
methanol, and acetone (250 mL) was added to the solution.
Some precipitate was formed. The precipitation was repeated
twice with 300 mL acetone (31). In each case, the resulting pre-
cipitate was removed by decantation, and then rinsed three times
with 50 mL methanol-acetone (1:1, v/v). The methanol-acetone
solution and the supernatant were combined and taken into dry-
ness.

The entire separation was controlled by TLC using mobile
phases 3 and 5 and at displacement development using mobile
phase 12.

The residue (60.03 g) was dissolved in 50 mL aqueous
methanol (30%) and purified by solid-phase extraction (SPE) on
an endcapped octadecy! silica column (540 g). The column was
washed with 30% aqueous methanol (1000 mL), and the elution
was carried out with 40% aqueous methanol (1000 mL). The
large amount of 20-hydroxyecdysone (3.4 g) in this fraction was
removed by crystallization from ethyl acetate-methanol (2:1,
V).

The residue of the mother liquid (3.1 g) was dissolved in 5 mL
methanol and adsorbed onto silica (9 g). A total of 75 g silica was
packed into a column, and the silica with the adsorbed sample
was added to the top of the sorbent. Stepwise gradient elution
was carried out using dichloromethane, dichloromethane-
ethanol (96 %) 97:3, 95:5, 93:7, 92:8 (v/v), and methanol (1000,
1000, 900, 4100, and 3200 mL, respectively), and 100 mL of frac-
tions were collected. Fractions 37-54 eluted with
dichloromethane—ethanol 93:7 contained polypodine B, and
fractions 63-102 eluted with dichloromethane—ethanol 93:7 and
92:8 contained 20-hydroxyecdysone. These compounds finally
purified by crystallization from ethyl acetate-methanol (2:1, v/v),
and 0.7 g polypodine B and 1.1 g 20-hydroxyecdysone were
obtained, respectively.

Fractions 57-60 eluted with dichlorometane-ethanol (96%)
(93:7, v/v) also contained a minor unknown ecdysteroid in addi-
tion to other ecdysteroids. These fractions were separated by
RPC. The residue (0.14 g) of the collected fractions was dissolved
in 3 mL methanol and adsorbed onto the rotation plate. The
plate was developed stepwise with four mobile phases (Solvent
system 1/A-1/D, 100 mL, of each). The effluents were collected
manually. In each case, five 20 mL fractions were collected,
which were marked 1a through 20a. The sorbent layer was
washed with 300 mL of methanol. Fraction 13a contained the
pure unknown compound (6 mg).

The methanolic washing solution of the silica column
included 20-hydroxyecdysone, 2-deoxy-20,26-dihydroxyecdy-
sone, integristerone A, and 26-hydroxypolypodine B. The
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methanol was evaporated and the remaining material was sepa-
rated by RPC. The residue (0.64 g) was dissolved in 3 mL
methanol and adsorbed onto the rotation plate. The plate was
developed stepwise with four mobile phases (Solvent 2/A-2/D,
100 mL, of each). In each cases, five 20-mL fractions were col-
lected, which were marked 1b through 20b. The sorbent layer
was washed with 300 mL methanol. Fractions 11b-15b (0.14 g),
eluted with solvent system 2/C, contained 20-hydroxyecdysone
and 2-deoxy-20,26-dihydroxyecdysone; fractions 16b-20b (0.14
g), eluted with solvent system 2/D, contained integristerone A
and 26-hydroxypolypodine B. These two compound pairs were
separated by HPLC using mobile phase 4 and 1, respectively,
yielding 2 mg 20-hydroxyecdysone, 4 mg 2-deoxy-20,26-dihy-
droxyecdysone, 7 mg integristerone A, and 2 mg 26-hydroxy-
polypodine B.

MeOH
Plant matrix , Plant material "

Hexane

Solid-liquid extraction
Hexane phase ' Extract "

Liquid-liquid

Apolar i <

Methanolic solution
.. . Fractionated
Precipitate (polar contaminants j¢——| precipitation
Solution

Solid-phase extraction on C,q

Acetone

Other impurities¢——|
.

40%aq luti
Mother liquid
CC on silica
Elution: Elution: Elution: Elution:
CH,CI,:EtOH CH,CI,:EtOH CH,CI,:EtOH MeOH
"93:7 v 937 v 93:7,92:8 -
[:Fractions Fractions | FractionsJ | Fractions |
Crystallization Crystallization
| RPC f RPC
| Polypodine B J [ ZO-HydroxyecdysoneJ
v
New ecdysteroid RP-HPLC NP-HPLC
v
| 2-Deoxy-20,26-dihydroxyecdysone |
| Integristerone A H zs-HydroxyponpodineBJ

Figure 1. The scheme for ecdysteroid isolation.

Results

Figure 1 presents the scheme of the ecdysteroid purification.
The majority of the main ecdysteroid, 20-hydroxyecdysone, was
isolated with a four-step clean-up procedure using simple,
preparative scale separation techniques. The principal tech-
niques were liquid-liquid extraction, precipitation, SPE on RP
(C-18), and crystallization. The majority of the apolar and polar
contaminants were removed by liquid-liquid extraction and pre-
cipitation with acetone from the crude methanolic extract of the
herb Silene viridiflora, as described earlier (31). SPE on a home-
made endcapped octadecyl silica column was used to separate
the remaining apolar and polar impurities from the ecdysteroids
of interest. The ratio of sample to sorbent was relatively large, up
to 1:9. The apolar impurities have a greater affinity for the sta-
tionary phase; therefore, these impurities were retained on the
sorbent. The polar impurities were washed from the column
with 30% aqueous methanol, and the ecdysteroids of our interest
were eluted with 40% aqueous methanol. The effluent was
enriched in 20-hydroxyecdysone but it contained some other
ecdysteroids, too. The high excess of 20-hydroxyecdysone was
obtained by crystallization from the liquid. The overall simple,
four-step procedure resulted in an 18-fold purification.

Adsorption column-liquid chromatography on silica was used
for the separation of the other ecdysteroids present in the
mother-liquor. Silica column chromatography gave fractions
containing only 20-hydroxyecdysone or polypodine B. Additional
amounts of 20-hydroxyecdysone or polypodine B were obtained
from this fraction by crystallization.

Certain fractions of the silica column contained a minor
unknown ecdysteroid (Figure 2A) which was purified by RPC. In
this separation, 45 g stationary phase was loaded with 0.14 g of
dry sample, giving an adsorbent-sample ratio of 300:1.
Fractionation was carried out with stepwise gradient elution in
four steps. The separation was controlled by TLC and HPLC on
RP (Figure 2A). The HPLC analysis has shown that RPC in a
single run resulted in this unknown ecdysteroid in pure form
(Figure 2B), which will be identified in the near future.

The last elution step of the silica column was carried out using
methanol. The methanolic effluent contained a mixture of four
known ecdysteroids which were further purified by the combina-

Table I. TLC Characteristics (R; x 100) of the Isolated Ecdysteroids
NP-TLC RP-TLC CN-TLC
Mobile phase
Ecdysteroid 1 2 3 4 5 6 7 8 9 10 1
2-Deoxy-20, n.d.* 31 n.d. 21 4 n.d. n.d. n.d. n.d. n.d. n.d.
26-dihydroxyecdysone

20-Hydroxyecdisone (20E) 24 21 27 30 37 47 56 46 66 26 48
26-Hydroxypolypodine B~ 12 10 11 15 16 59 69 61 78 8 65
Integriszteron A 18 15 16 24 29 55 63 56 70 1 54
Polypodine B 32 20 25 35 38 48 55 49 06 33 50
New ecdysteroid n.d. n.d. n.d. 41 60 n.d. n.d. n.d. n.d. n.d. n.d.
*n.d. = not determined.
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Figure 2. RP-HPLC chromatogram of fraction (A) containing a new ecdys-
teroid (peak 1), obtained by silica column chromatography, and that of the
pure new ecdysteroid (B) obtained by RPC from these fractions. Stationary
phase: Zorbax-ODS C18 (5 pm, 250 x 9.2 cm i.d.); mobile phase:
water—-acetonitrile (77:23, v/v) at a flow rate of 2.5 mL/min.
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Figure 3. RP-HPLC chromatogram of fraction (A) obtained by RPC on silica
column, and those of the pure 20-hydroxyecdysone (peak 1) (B) and 2-deoxy-
20,26-dihydroxyecdysone (peak 2) (C) obtained by preparative RP-HPLC
from these fractions. Stationary phase: Zorbax-ODS C18 (5 pym, 250 x 9.2 cm
i.d.); mobile phase: water-acetonitrile (78:22, v/v) at a flow rate of 2.5
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tion of RPC and HPLC. 20-Hydroxyecdysone and 2-deoxy-20,26-
dihydroxyecdysone were eluted together in RPC with solvent
system 2/B (Figure 3A). HPLC on RP solved the separation of
these two compounds (Figures 3B and 3C). The elution of inte-
gristerone A and 26-hydroxypolypodine B by RPC required the
use of a more polar solvent such as 2/C. These two ecdysteroids
migrated together with other compounds (Figure 4A). The final
purification of integristerone A and 26-hydroxypolypodine B was
carried out with preparative NP-HPLC (Figure 4B—C).

The chemical structures of the isolated ecdysteroids were elu-
cidated with MS and NMR spectroscopy (1D-, 2D-, heteronuclear
multiple-bond correlation, heteronuclear multiple-quantum
correlation, correlation spectroscopy, total correlation spec-
troscopy, nuclear Overhauser enhancement spectroscopy,
rotating-frame NOE spectroscopy) (data not shown). Figure 5
shows the chemical structures of ecdysteroids. Tables I and II
report the chromatographic characteristics of the isolated ecdys-
teroids.

Discussion

The steps of the isolation and the type of separation methods
used are dependent on the concentration of the ecdysteroids to
be isolated. Our isolation process includes three important steps,
solid-liquid extraction, clean-up of the crude extract, and chro-
matographic separations. The whole isolation procedure was
controlled by TLC and displacement TLC, a method introduced
by Horvéth and Kalész (32-34). The isolation of the main ecdys-
teroid, 20-hydroxyecdysone, which is present in Silene viridi-
flora at relatively high concentration (0.4% relative to the dry
weight of the plant), required only the use of an inexpensive,
unsophisticated four-step clean-up with simple separation
methods. However, the isolation of the other ecdysteroids needed
the utilization of a combination of sophisticated preparative-
scale chromatographic methods.

For the isolation of pure 20-hydroxyecdysone, an effective
clean-up was enough, which involved liquid-liquid extraction,
precipitation, SPE on a C-18 column, and crystallization. These
prepurification methods made the clean-up procedure rather
simple and faster. Capacity is the primary concern for the
methods used for clean-up.

The crude extract was made free of apolar

Table 11. HPLC Retention Times (min) of the Isolated Ecdysteroids

contaminants (chlorophyll, terpene) using
liquid-liquid extraction between hexane and

the aqueous-methanolic extract, with a

*n.d. = Not determined.

Mobile phase recovery of ecdysteroids approximating to

Ecdysteroid 1 2 3 4 100%. The load could be high, because the
partition coefficient depends only slightly on

2-Deoxy-20,26-dihydroxyecdysone 218 n.d* 7.0 9.9 concentration. Precipitation with acetone
20-Hydroxyecdisone (20E) 16.9 21.5 52 8.4 removed the majority of polar contaminants,
26-Hydroxypolypodine B 309 nd. 47 nd. such as sugars, polysaccharides, and proteins.
Integristeron A 200 288 46 n.d. SPE on a C-18 column is capable of
Eﬂzvpggéry’ftfroi | LZ ) 2n 1 d5 Z:i Ej extracting the ecdysteroids from the aqueous

phase. The column was washed with 30%
aqueous methanol to remove any remaining
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were selectively eluted with 40% aqueous methanol. SPE is an
ideal, rapid clean-up method. The final method for the clean-up
and also of the isolation of 20-hydroxyecdysone was crystalliza-
tion. The entire isolation process of 20-hydroxyecdysone is eco-
nomical and can be easily carried out; it requires only a
minimum of technical setup and eliminates the need for compli-
cated apparatus.

In the case of the isolation of the minor ecdysteroids, a multi-
step isolation protocol was achieved. The four-step clean-up was
followed by the use of some preparative-scale chromatographic
procedures, which included NP-LC on silica, RPC on silica, and
preparative HPLC. For the adsorption column LC, a solvent
system with increased polarity was utilized, which resulted in the
elution of ecdysteroids according to their polarity, thereby con-
tamination was decreased to a minimum. In this way, further
pure ecdysteroids (20-hydroxyecdysone and polypodine B) were
obtained. The isolation procedure was improved by the use of
RPC, which is easy to carry out, and the ecdysteroids contact
with the adsorbent layer for a short time. Therefore, the problem
associated with adsorbent-assisted decomposition was reduced.
RPC is an inexpensive, effective tool for the separation of ecdys-
teroids, requiring low solvent usage and less time. Our aim was
to simplify the earlier isolation procedures with the introduction
of RPC and to study the contribution of RPC to this process. The
final purification was carried out with preparative-scale NP- and
RP-HPLC with good resolution.

The consecutive steps of separation were based on the dif-
ferent characteristics of the ecdysteroids and the accompanying
compounds, such as the distribution between two immiscible
phases, lipophilicity, and adsorption to the stationary phase.

Silene viridiflora is a suitable source for the isolation of 20-
hydroxyecdysone, which is an important ingredient of health
improvement preparations. A series of other ecdysteroids was
also obtained from this plant in suitable amounts for further bio-
logical studies. The ecdysteroid composition of Hungarian
Silene viridiflora shows some correlation with the ecdysteroid
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Figure 4. NP-HPLC chromatogram of fraction (A) obtained by RPC on silica,
and those of the pure integristerone A (peak 1) (B) and 26-hydroxypolypodine
B (peak 2) (C) obtained by preparative NP-HPLC from this fraction. Stationary
phase: Zorbax RX Sil (5 pm, 250 x 4.6 cm i.d.); mobile phase:
dicloromethane-isopropanol-water (125:40:3, v/v/v) at a flow rate of 1
mL/min.

composition of the Siberian one (35,36), but different methods
allow us to focus on different minor fractions. The Hungarian
and the Siberian Silene viridiflora biosynthesize 20-hydrox-
yecdysone, integristerone A, polypodine B, and 26-hydroxypoly-
podine B in similar concentrations. However, 2-deoxy-
20,26-dihydroxyecdysone was isolated for the first time from the
Hungarian species. Isolation of either new or classical ecdys-
teroids gives a unique advantage. Only the isolated compounds
can be used for pharmacological trials. The isolated ecdysteroids
can also be used in structure-activity relationship studies.

Conclusions

Silene viridiflora, growing in Hungary, is a rich source of
ecdysteroids. The newly established isolation process for the
purification of the main ecdysteroid, 20-hydroxyecdysone, used
only simple separation methods, and was therefore easy to carry
out. This fast, inexpensive procedure is advertised for the purifi-
cation of 20-hydroxyecdysone from other plants, too.

It is proven that the ecdysteroid composition of plants varies
considerably according to the geographical region and ecological
environment where the plant is grown. We found some similari-
ties between the ecdysteroid composition of the Hungarian and
the Siberian Silene viridiflora, but some differences, too. This
finding also supports the conclusion mentioned earlier, but fur-
ther experiments are needed in this area to specify in which pro-
portion these variations are genetically determined.
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Figure 5. The chemical structures of the isolated ecdysteroids.
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