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Abstract: This work aims to study the qualitative composition of biologically active substance (BAS)
extracts in vitro callus, cell suspension, and root cultures of the medicinal plant Rhaponticum carthamoides.
The research methodology is based on high-performance liquid chromatography, and 1H nuclear
magnetic resonance (NMR) spectra, to study the qualitative and quantitative analysis of BAS. The
results of the qualitative composition analysis of the dried biomass extracts of in vitro callus, cell
suspension and root cultures showed that the main biologically active substances in the medicinal
plant Rhaponticum carthamoides are 2-deoxy-5,20,26-trihydroxyecdyson (7 mg, yield 0.12%), 5,20,26-
trihydroxyecdyson 20,22-acetonide (15 mg, yield 0.25%), 2-deoxy-5,20,26-trihydroxyecdyson 20,22-
acetonide (6 mg, yield 0.10%), 20,26-dihydroxyecdyson 20,22-acetonidecdyson 20,22-acetonide (5 mg,
yield 0.09%), and ecdyson 20,22-acetonide (6 mg, yield 0.10%). In the future, it is planned to
study the antimicrobial, antioxidant, and antitumor activity of BAS of extracts of in vitro callus, cell
suspension, and root cultures of the medicinal plant Rhaponticum carthamoides, for the production of
pharmaceuticals and dietary supplements with antitumor, antimicrobial and antioxidant effects.

Keywords: in vitro callus; cell suspension and root cultures; biologically active substances; ecdys-
teroids; HPLC; 1H NMR spectra; Rhaponticum carthamoides

1. Introduction

Medicinal plants are sources of large amounts of biologically active substances (BAS),
such as antioxidants, alkaloids, phenylpropanoids, terpenoids, and many others. Each of
these compounds, to a greater or lesser extent, have medicinal properties and potential
pharmaceutical applications [1–4]. Some compounds have several properties at once;
for example, antioxidant, adaptogenic, anticancer, and even anti-aging properties are
attributed to ginsenosides [5]. Ginseng is good at reducing fatigue and increasing resistance
to cancer [5]. Tanshinones (diterpenoids) and salvianolic acid (phenylpropanoids) have
antioxidant, anti-inflammatory, antibacterial, antitumor, and cytotoxic properties, and are
actively used in the comprehensive treatment of cardiovascular diseases [6]. Sesquiterpene-
artemisinin is effectively used in antimalarial therapy [7].
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It is believed that plants have many natural compounds, such as terpenoids (isoprenoids,
more than 50,000 different structures are distinguished), the production of which has two
pathways (the cytosolic mevalonate or plastid methylerythritol phosphate) [8,9]. The cy-
tosolic mevalonate pathway is considered to be the main pathway for producing sesquiter-
penoids (in particular artemisinin) and triterpenoids (ginsenosides) [7,10–14], while the
plastid methylerythritol phosphate pathway is considered to be the main pathway for diter-
penoids (such as tanshinones and taxol) and monoterpenoids (such as limonene) [9,13,15].
Phenylpropanoids (anthocyanin, catechin, salvianolic acid, etc.) are derivatives of the
shikimate pathway, synthesized from phenylalanine and tyrosine [6,16].

It is known that plants often synthesize biologically active compounds in small
amounts [1], and only in some of the tissues [10,17]. It was established that compounds
such as tanshinones, ginsenosides and flavones are formed and accumulate in the roots
of Salvia miltiorrhiza, ginseng (Panax), and Scutellaria baicalensis [10,18,19]. It is known
that catharantin accumulates in all tissues and organs, while vinblastine and vincristine
only accumulate in the aerial parts of the Catharanthus roseus plant [20,21]. In Artemisia
annua, artemisinin is formed in the glandular secretory trichomes of leaves [7]. Natural
medicinal plants often require many years of growth before biologically active compounds
are synthesized in their parts, for example, in the roots, usually in very small doses [22].
Moreover, the environmental and ecological problems lead to a deterioration in the quality
characteristics of both plants and their derivatives [23,24]. The study and research of
alternative methods of obtaining compounds with useful and unique characteristics from
plant materials is relevant. The biosynthesis of in vitro transformed callus, cell suspension,
and root cultures (hairy roots), from the point of view of the controlled production of
biologically active substances with desired properties, has potential, and is of interest to
both researchers and producers [25].

It is known that hairy roots grow faster than any roots of intact plants [26,27] and
accumulate a higher content of valuable compounds in their cells [19,28,29]. The total
content of tanshinone in the hairy roots of transgenic S. miltiorrhiza was several times
higher than the content in the roots of field plants (15.4 and 1.7–9.7 mg/g dry weight,
respectively) [19,28]. The total content of vilforin in the hairy roots of Tripterygium wilfordii
Hook.f. was significantly higher than in the adventitious roots [29]. There is an opinion that
various BAS with new characteristics can be produced in vitro using hairy root cultures.
New compounds of cadaverine and natural triterpene saponins, which were absent in both
the leaves and roots of intact plants, were found in hairy roots of Brugmansia candida and
Medicago truncatula when varying the parameters of the biosynthesis process.

It was also found that in vitro hairy root cultures can be used as model systems, both
for identifying new genes and for fast characterization of their functions. It is possible
to control BAS biosynthesis using genetic engineering methods (genome editing), and
obtain genetically modified hairy root cultures. Blocking via the RNA biotransformation
of the initial precursor, with the simultaneous optimization of substrates with unique
compositions, makes it possible to construct hairy root cultures and produce specific
BAS artificially.

At present, it is of great interest to use in vitro callus, cell suspension, and root cultures
of medicinal plants as biologically active additives to increase the economic efficiency of
the pharmaceutical industry. One of such plants is Rhaponticum carthamoides. It contains
the following amino acids: aspartic (3.5–3.9 g/100 g), glutamic (2.5–3.0 g/100 g), leucine
(1.9–2.0 g/100 g), tyrosine (1.2–1.4 g/100 g), lysine (1.6 g/100 g), vitamin C (62.0–77.0 mg/%),
vitamin E (6.2 mg/%), carotenoids (65.0–113.0 mg/%), PP (vitamin PP is nicotinic acid,
11.5 mg/%), ecdysteroids (418.0–2170.0 mg/kg), and flavonoids (3.0–7.2% of dry matter).
Due to the presence of various biologically active substances, the study of the qualita-
tive and quantitative composition of in vitro callus, cell suspension, and root cultures of
Rhaponticum carthamoides is a relevant task [30].

This work aims to study the possibility of producing and using extracts of BAS from
Rhaponticum carthamoides callus, cell suspension, and root cultures as pharmaceutical substances.
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2. Materials and Methods
2.1. Research Objects

BAS complexes isolated from extracts of freeze-dried biomass of in vitro callus, cell
suspension, and root cultures of the medicinal plant Rhaponticum carthamoides (family
Compositae), collected in the Kemerovo region (Siberia, Russia) in 2020, were the objects of
this research. To obtain the biomass of in vitro callus, cell suspension, and root cultures, the
seeds of Rhaponticum carthamoides were pre-washed with a detergent (acetic acid 3%), then
immersed for 1 min in a 75% ethanol solution, transferred to a laminar box, and sterilized
for 15 min in a 20% sodium hypochlorite solution (5% of active chlorine). All chemical
reagents were purchased from Akvilon (Moscow, Russia). After sterilization, the sterilizing
substance was washed off; for this, the seeds were washed for 20 min in distilled sterile
water three times. The explants were then placed in a sterile 100 mL flask with 30 mL of
Murashige-Skoog culture medium containing 3% sucrose, 0.7% agar-agar (Laverna XXI vek,
Moscow, Russia), without growth stimulants, and were illuminated by compact fluorescent
lamps (Economy 11W/865 11W E27 3U 6500K 6y CDL Philips 871150031502110 (Philips,
Eindhoven, The Netherlands)) while maintaining a temperature of 25 ◦C. Seedlings that
were 1.5-month-old were used for transformation. Lyophilization of germinated biomass of
in vitro callus, cell suspension, and root cultures was carried out using a Triad freeze-dryer
by Labconco (Kansas City, Missouri, USA). Lyophilization conditions: vacuum 0.05 mbar
and cooler temperature –80 ◦C. The extracts were obtained as follows: a weighed portion of
the studied biomass sample was weighed on an analytical balance (Oxaus PX85, New York,
NY, USA), and transferred into a polyethylene Falcon tube. An organic solvent (ethanol)
was added in an amount of 1:5 according to the experimental procedure, and the extraction
process was carried out. The duration and temperature of the experiment varied up to
360 min and from 25 ◦C to boiling, respectively. Furthermore, the filtration process was
carried out, followed by centrifugation of the filtrate at a rotor speed of 3900 ± 100 rpm.
The filtrate was centrifuged in a PE-6900 centrifuge (Ekros, Moscow, Russia) to remove
suspended particles. The solvent was evaporated from the extract on an IKA RV 8 V
rotary evaporator (IKA, Staufen, Germany), under reduced pressure from a 100 mL flask
pre-weighed on a CAS CUW420H balance (CAS Corporation Ltd., Seoul, Korea). The flask
was weighed, and the yield of the extract was determined [31].

2.2. Drying of the BAS Complex

The drying of the BAS complex, isolated from lyophilized biomass extracts of in vitro
callus, cell suspension, and root cultures, was also carried out by lyophilization. Lyophiliza-
tion was performed using a Triad freeze-dryer by Labconco (USA). Lyophilization condi-
tions made it possible to optimize the temperature and drying time of the samples. The
stable conditions for lyophilization were selected: vacuum 0.05 mbar and temperature
of the cooler −80 ◦C. The temperature regime and duration of the lyophilization pro-
cess were individually selected for each sample. The residual solvent content was the
controlled parameter [3].

2.3. Separation and Identification of Individual BAS

The isolated BAS complexes, from the lyophilized biomass extracts of in vitro callus,
cell suspension, and root cultures of Rhaponticum carthamoides, were additionally separated
by preparative HPLC, using a Shimadzu chromatograph (Shimadzu, Kyoto, Japan), flow
rate 10 mL/min, phase A–B gradient 1–90% in 15 min, phase A—0.1% trifluoroacetic acid,
B—acetonitrile (Laverna XXI vek, Moscow, Russia) [32], and a column ZORBAX Eclipse
XDB-C18 Semi-Preparative 250 mm × 9.4 mm × 5 µm. Each fraction was evaporated to
dryness, weighed, the yield was determined, and the structure of the compounds was
identified by 1H NMR spectrometry.

To identify the BAS of in vitro callus, cell suspension, and root culture extracts of
Rhodiola rosea, a mixed stock solution was prepared immediately before the experiment,
containing 1 mg/mL of each biologically active substance in ethanol. Standard solutions,
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prepared by serial dilution to the final concentration (from 0.1 to 100.0 µg/mL) of the stock
solution with ethanol, were used to construct the calibration curve with R2 0.987.

The solutions were chromatographed and eluted. We used a H2O:MeCN eluent
system, with an acetonitrile gradient of 0–20% with a step of 2%. Trifluoroacetic acid
(Lavrena XXI vek, Moscow, Russia), in an amount of 0.1%, was used as a modifier. The
content of each BAS was calculated based on the calibration curves of the relationship
between the peak regions and the concentrations of the standard solutions.

1H NMR spectra were obtained using a Bruker Avance NMR spectrometer (Bruker,
Leipzig, Germany), with an operating frequency of 500 MHz [33]; CDCl3 (Chloroform-d)
was used as a solvent for all compounds (Laverna XXI vek, Moscow, Russia).

2.4. Statistical Analysis

All experimentations were achieved in triplicates and results were given as a mean.
The differences in the extracts were investigated by using student t-test (p < 0.05), and this
test was performed in Statistica 10.0 (StatSoft Inc., 2007, Tulsa, OK, USA).

3. Results

Figure 1 shows a chromatogram after fractionation of the extract of in vitro callus, cell
suspension, and root cultures of Rhaponticum carthamoides by HPLC.
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Figure 1. Results of preparative separation of the ecdysteroid fraction of in vitro callus, cell suspen-
sion, and root cultures of Rhaponticum carthamoides.

For each BAS compound of in vitro callus, cell suspension and root cultures of Rhapon-
ticum carthamoides, which corresponds to one of the numbered peaks (for small peaks, the
yield of compounds was less than 0.5 mg, which did not allow identifying their structure by
NMR), the structure was established by 1H NMR (see ESI with correlation of proton signals
in NMR spectra and number, Figures S1–S5). The formulas of the identified substances are
presented in Figure 2.
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Figure 2. Formulas of compounds present in the extract of callus, cell suspension, and root cultures of Rhapon-
ticum carthamoides, identified by NMR spectra (the formula number corresponds to the peak number).

Identification of compounds of in vitro callus, cell suspension, and root cultures of
BAS complex extracts from Rhaponticum carthamoides dried biomass by HPLC (Figure 1)
resulted in a determination of the ecdysteroid fractions, in particular, 2,3,5,14,20,22,25-
Heptahydroxycholest-7-en-6-one, with a mobility factor of 0.5 units.

For compound No. 1 (2-deoxy-5,20,26-trihydroxyecdyson), 7 mg of the substance
was obtained, and the yield was 0.12% (Appendix A). For compound No. 2 (5,20,26-
trihydroxyecdyson 20,22-acetonide), 15 mg of the substance was obtained, and the yield
was 0.25% (Appendix B). For compound No. 3 (2-deoxy-5,20,26-trihydroxyecdyson 20,22-
acetonide), 6 mg was isolated, and the yield was 0.10% (Appendix C). For compound No.
4 (20,26-dihydroxyecdyson 20,22-acetonide), 5 mg was isolated, and the yield was 0.09%
(Appendix D). For compound No. 5 (ecdyson 20,22-acetonide), 6 mg was isolated, and the
yield was 0.10% (Appendix E). The identified compounds are presented in Appendices A–E

It was not possible to identify compound No. 6 of the chromatogram (Figure 1); the
NMR and mass spectrum have complex sets of signals, indicating a mix of two substances.

4. Discussion

The results of the qualitative composition analysis of the dried biomass extracts
of in vitro callus, cell suspension, and root cultures, showed that the main BAS of the
medicinal plant Rhaponticum carthamoides are 2-deoxy-5,20,26-trihydroxyecdyson, 5,20,26-
trihydroxyecdyson 20,22-acetonide, 2-deoxy-5,20,26-trihydroxyecdyson 20,22-acetonide,
20,26-dihydroxyecdyson 20,22-acetonidecdyson and 20,22-acetonide. Stereochemistry for
corresponding isomers of ecdysone was determined by the value of the spin–spin constant;
for compound 4 and 5, value J increased, and this fact and conclusion led to the conclusion
about the diastereomeric nature of the obtained compounds. We also took into account
the values of the spin–spin interaction constant of the methylene group and protons of the
cyclopentanoperhydrophenanthrene system. In this case, a decrease in the value of the
spin–spin interaction constant was observed, which indicates the trans-configuration of
methylene groups. In the side chain, a close value of the spin–spin interaction and chemical
shift constants, with already known compounds, was found. From this, an assumption
was made about a similar character of stereoisomerism for the obtained compounds.

In the root culture of Leuzea carthamoides, Yu et al. [33] found three new ecdys-
teroids (polypodine B 20,22-acetonide, 20-hydroxyecdysone 2,3; 20,22-diacetonide and
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isovitexiron together with 20-hydroxyecdysone, 20-hydroxyecdysone 2,3-acetonide, 20-
hydroxyecdysone 20,22-acetonide, ajugasterone C, macisterone A and polypodyne B).

The described data confirm the presence of ecdysteroids in the Rhaponticum carthamoides
root cultures. The molecular structure of each compound was determined by NMR spec-
troscopy and HRMS analysis. A method for the isolation of an individual compound with
high brightness and selectivity, and subsequent identification by NMR spectra, which char-
acterize the magnitude of the chemical shift signal and the multiplet structure, is described.

The BAS profile of callus, cell suspension, and root cultures of Thevetia peruviana (an
ornamental shrub growing in many tropical regions of the world) is described [34]. The
biologically active compounds of this plant have unique characteristics and can be used
as pharmaceutical substances for drugs under development. The research objects were
the 50% aqueous ethanol and ethyl acetate extracts. The work used thin-layer chromatog-
raphy and standard chemical tests for phytochemical analysis. High-performance liquid
chromatography was used to analyze the phenolic chemical profile. The total amount of
phenolic and flavonoid, the total amount of cardiac glycosides, and the total antioxidant
activity in callus, cell suspension, and root cultures, were determined. All the samples un-
der study had common biological activity; antioxidants, amino acids, alkaloids, flavonoids,
phenols, cardiac glycosides, leukoanthocyanidins, triterpenes, and sugars were found in
their composition. Dihydroquercetin, which has anticancer activity, has been identified
using high-performance liquid chromatography. The presented results demonstrate the
usefulness of T. peruviana callus, cell suspension, and root cultures for the production of
valuable pharmaceutical compounds. The data described in [34] confirm the high accumu-
lation of flavonoids and ecdysteroids in in vitro callus, cell suspension, and root cultures of
medicinal plants.

In [35], ginseng callus, cell suspension and root cultures, and their extracts (alcohol
content 30–70%), were studied. Organic compounds were determined by thin-layer chro-
matography. For each plant, quercetin, magneferin, luteolin, rutin, quercetin-2-D-glucoside,
malvidin, caffeic, cinnamic, ferulic, and sinapic acids were identified. The described results
confirm the high accumulation of flavonoids and ecdysteroids in the extracts of in vitro
callus, cell suspension, and root cultures of medicinal plants as well.

5. Conclusions

The qualitative composition analysis of extracts of callus, cell suspension, and root
cultures showed that ecdysteroids and flavonoids are the most promising BAS, from the
point of view of industrial and technological production. These compounds make the
greatest contribution to the BAS complex of extracts of callus, cell suspension, and root
cultures; their biological activity has been established, and their technological production
is cost-effective, since it allows these compounds to be sold on the existing market, thereby
reducing economic risk. Many people nowadays prefer natural dietary supplements to
synthetic medicines. Therefore, the in vitro biotechnological production of callus, cell
suspension, and root cultures, under controlled conditions, represents a cost-effective way
for the commercial mass production of phytochemicals. The studied extracts of callus, cell
suspension, and root cultures of the medicinal plant Rhaponticum carthamoides are readily
available and are considered effective, with fewer side effects compared to modern drugs,
in the treatment of various diseases.

Substances such as flavonoids, ecdysteroids and anthocyanins found in the in vitro cal-
lus, cell suspension, and root cultures of Rhaponticum carthamoides have antioxidant activity,
the ability to trap free radicals, and cardioprotective, antidiabetic, anti-inflammatory and
anti-allergic effects, while some other phytonoid and ecdysteroid compounds show poten-
tial antiviral activity. Recently, the flavonoids and ecdysteroids of Rhaponticum carthamoides
were proved to be the most effective anticancer agents, due to apoptosis, which causes cell
cycle arrest and the inhibition of key enzymes involved in tumor promotion. The use of
flavonoids and ecdysteroids as potential drugs for the prevention of many chronic diseases
is a topical trend in pharmacology [36].
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In the future, it is planned to study the antimicrobial, antioxidant, and antitumor
activity of the BAS of extracts of in vitro callus, cell suspension, and root cultures of the
medicinal plant Rhaponticum carthamoides for the production of pharmaceuticals and dietary
supplements with antitumor, antimicrobial and antioxidant effects.
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Appendix A. The Identified Compound No. 1 (1 2-deoxy-5,20,26-trihydroxyecdyson)

[α]25
D +41 (c 0.05 MeOH); UV (MeOH) λmax (log ε) 243 nm (4.02) nm; 1H NMR 1H NMR

(500 MHz, Chloroform-d) δ 6.02 (d, J = 1.1 Hz, 1H), 4.81 (s, 1H), 4.74 (d, J = 12.4 Hz, 1H),
4.59–4.51 (m, 2H), 4.43 (d, J = 7.9 Hz, 1H), 4.27 (s, 1H), 4.10–3.99 (m, 2H), 3.73–3.66 (m, 1H),
3.58–3.47 (m, 2H), 2.20–2.08 (m, 2H), 2.08–2.01 (m, 2H), 1.92–1.50 (m, 15H), 1.50–1.40 (m, 1H),
1.33 (t, J = 1.5 Hz, 3H), 1.26 (s, 3H), 1.10 (d, J = 1.4 Hz, 3H), 0.86 (s, 3H).

HRESIMS m=z 497.3108 (calculated for C27H45O8, 497.3102).

Appendix B. The Identified Compound No. 2 (5,20,26-trihydroxyecdyson 20,22-acetonide)

[R]25
D +89 (c 0.05 MeOH); UV (MeOH) λmax (log ε) 242 (3.76) nm; 1H NMR (500 MHz,

Chloroform-d) δ 5.86 (1H, d, J 2.8 Hz, CH), 3.99 (1H, q, J 3.0 Hz, CH), 3.95 (1H, ddd, J
10.0, 7.4, 3.6 Hz, CH), 3.695 (1H, t, J 6.0 Hz, CH), 3.375 (1H, d, J 11.0 Hz, CH), 3.355 (1H,
d, J 11.0 Hz, CH), 3.19 (1H, ddd, J 11.3, 7.0, 2.7 Hz, OH), 2.31 (1H, dd, J 9.4, 8.1 Hz, OH),
2.12 (1H, td, J 13.1, 5.0 Hz, CH), 2.075 (1H, dd, J 14.7, 3.0 Hz, CH), 2.03 (1H, m, CH), 1.96
(1H, dd, J 12.4, 6.5 Hz, CH), 1.87 (1H, m, CH), 1.86 (1H, m, CH), 1.81 (1H, m, CH), 1.77 (1H,
dd, J 14.9, 3.0 Hz, CH), 1.74 (1H, m, CH), 1.73 (2H, m, CH), 1.71 (1H, m, CH), 1.61 (1H, m,
CH), 1.55 (1H, m, CH), 1.53 (1H, m, CH), 1.52 (1H, m, CH), 1.39 (3H, s, CH3), 1.32 (3H, s,
CH3), 1.18 (3H, s, CH3), 1.15 (3H, s, CH3), 0.915 (3H, s, CH3), 0.83 (3H, s, CH3); 13C NMR
(CD3OD, 125 MHz) δ 202.5, 167.4, 120.7, 108.2, 86.0, 85.3, 83.6, 80.4, 73.6, 70.7, 70.4, 68.6,
50.5, 48.7, 45.5, 39.2, 37.2, 36.3, 34.3, 32.6, 31.8, 29.5, 27.3, 24.0, 23.9, 22.7, 22.65, 22.5, 17.8,
17.1; ESIMS m/z 575 [M + Na]+ (46), 553 [M + H]+ (100), 537 [M - CH3]+ (5), 535 [M + H
- H2O]+ (2), 520 [M + H - H2O - CH3]+ (2), 495 [M + H - acetone]+ (59), 481 (1), 477 (3),
437 (3), 359 (3), 328 (14).

HRESIMS m=z 553.3366 (calculated for C30H49O9, 553.3363).

Appendix C. The Identified Compound No. 3 (2-deoxy-5,20,26-trihydroxyecdyson
20,22-acetonide)

[R]25
D +25 (c 0.05 MeOH); UV (MeOH) λmax (log ε) 238 (4.08) nm; 1H NMR (CD3OD,

500 MHz, Chloroform-d) δ 5.86 (1H, s, br, OH), 4.08 (1H, s, br, CH), 3.70 (1H, m, OH), 3.37
(1H, d, J 11.0 Hz, CH), 3.36 (1H, d, J 11.0 Hz, CH), 3.28 (1H, m, CH), 2.32 (1H, t, J 8.7 Hz,
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CH), 2.12 (1H, td, J 12.4, 5.7 Hz, CH), 2.04 (1H, m, CH), 2.035 (1H, m, CH), 1.97 (1H, m,
CH), 1.96 (1H, m, CH), 1.88 (1H, m, CH), 1.86 (1H, m, CH), 1.84 (1H, m, CH), 1.77 (1H,
m, CH), 1.73 (1H, m, CH), 1.72 (1H, m, CH) 1.61 (2H, m, CH2), 1.55 (2H, m, CH2), 1.53
(1H, m, CH), 1.50 (1H, m, CH), 1.39 (3H, s, CH3), 1.32 (3H, s, CH3), 1.18 (3H, s, CH3), 1.15
(3H, s, CH3), 0.89 (3H, s, CH3), 0.83 (3H, s, CH3); 13C NMR (CD3OD, 125 MHz) δ 167.9,
120.7, 108.2, 86.0, 85.4, 83.6, 81.2, 73.6, 70.7, 67.2, 50.6, 48.7, 43.25, 38.1, 37.2, 36.9, 32.6, 31.8,
29.5, 29.3, 27.3, 25.6, 24.05, 23.8, 22.7, 22.5, 22.5, 17.8, 17.3; ESIMS m/z 559 [M + Na]+ (100),
537 [M + H]+ (36), 518 [M - H2O]+ (3), 541 [M + Na - H2O]+ (12), 501 [M + H - 2H2O]+ (2),
445 (10), 385 [M + H - H2O - C6O3H14]+ (3), 315 (12), 304 (24).

HRESIMS m=z 537.3420 (calculated for C30H49O8, 537.3414).

Appendix D. The Identified Compound No. 4 (20,26-dihydroxyecdyson 20,22-acetonide)

[R]25
D +145 (c 0.005 MeOH); UV (MeOH) λmax (log ε) 242 (4.01) nm; 1H NMR

(CD3OD, 500 MHz, Chloroform-d) δ 5.86 (1H, d, J 2.6 Hz, CH), 3.70 (1H, m, OH), 3.38 (1H,
d, J 10.9 Hz, CH), 3.36 (1H, d, J 11.0 Hz, CH), 2.42 (1H, dd, J 12.6, 4.0 Hz, CH), 2.33 (1H, dd, J
9.2, 8.6 Hz, CH), 1.39 (3H, s, CH3), 1.32 (3H, s, CH3=), 1.18 (3H, s, CH3), 1.15 (3H, s, CH3),
0.96 (3H, s, CH3), 0.83 (3H, s, CH3); 13C NMR (CD3OD, 125 MHz) δ 121.8, 85.9, 85.5, 83.6,
73.2, 70.7, 50.5, 49.3, 37.1, 32.55, 29.4, 27.3, 24.4, 23.7, 22.7, 17.8; ESIMS m/z 575 [M + K]+
(14), 560 [M + H + Na]+ (6), 559 [M + Na]+ (5), 542 (100), 521 [M - CH3]+ (23), 519 [M + H -
H2O]+ (2), 503 [M - CH3 - H2O]+ (7), 501 [M + H - 2H2O]+ (23), 478 [M - acetone]+ (4),
445 (14), 413 (6), 314 (10), 304 (55).

HRESIMS m=z 537.3418 (calculated for C30H48O8, 537.3414).

Appendix E. The Identified Compound No. 5 (ecdyson 20,22-acetonide)

UV (MeOH) λmax (log ε) 245 (6.01) nm; 1H NMR (CD3OD, 500 MHz, Chloroform-
d) δ 3.70 (1H, m, OH), 3.38 (1H, d, J 10.9 Hz, CH), 3.36 (1H, d, J 11.0 Hz, CH), 2.42 (1H, dd, J
12.6, 4.0 Hz, CH), 2.33 (1H, dd, J 9.2, 8.6 Hz, CH), 1.39 (3H, s, CH), 1.32 (3H, s, CH), 1.18 (3H,
s, CH), 1.15 (3H, s, CH), 0.96 (3H, s, CH), 0.83 (3H, s, CH); 13C NMR (CD3OD, 125 MHz) δ
121.8, 85.9, 85.5, 83.6, 73.2, 70.7, 50.5, 49.3, 37.1, 32.55, 29.4, 27.3, 24.4, 23.7, 22.7, 17.8.

HRESIMS m = z 476.3278 (calculated for C28H44O6, 476.3138).
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