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Optimization of the technology for obtaining ecdysterone from Serratula coronata L.
by varying the extraction methods and growth phases

A complex study of the aerial part of Serratula coronata L. cultivated in the collection area of medicinal
plants of the IRPH «Phytochemistry» (Karaganda) in different phases of growth and using the most optimal
extraction methods has been carried out. The content of the main active component of ecdysterone (20E)has
been studied. Investigation of the seasonal dynamics of ecdysterone distribution under conditions of varying
extraction methods shows that its maximum accumulation is observed during the vegetative phase, and the
optimal method in this phase is extraction with isobutyl alcohol, the extract of which contains 13.86 % of
ecdysterone and the maceration method with 96.2 % ethyl alcohol with a 20E content of 12:03 %, respective-
ly. It is shown that the maceration with 96.2 % ethyl alcohol is technologically optimal, which fully complies
with the international standards of good manufacturing practice (GMP) under pharmaceutical production
conditions and excludes the use of toxic and expensive isobutyl alcohol solvent. It has been found that the
content of ecdysterone from the beginning of vegetation to the final phase goes down, which is confirmed by
the data of high-performance liquid chromatography (HPLC). It is.assumed that there is an outflow of
ecdysterone to the root system, and then its redistribution occurs as the plant develops further with a partial
discharge into the soil. Based on the data on the quantitative content of the target component by the HPLC
method, it is recommended that for the preparation of the ecdysterone substance of many actoprotective
phytopreparations and valuable WS, the preparation of the above-ground biomass of Serratula coronata L.
should be carried out during the vegetation phase of this taxon.

Keywords: Serratula coronata L., aerial part, 20-hydroxyecdysone, high-performance liquid chromatography,
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Introduction

Serratula coronata L. of Asteraceae Dumort family is known in folk medicine as a remedy for treat-
ment of inflammatory and infectious diseases (dyspepsia, pharyngitis, tonsillitis and others), as well as neu-
roses and mental illnesses [1, 2] This plant attracted the attention of scientific medicine due the presence of
phytoecdysteroids that are vegetable hormones [3].

Figure 1. Structural formula of 20-hydroxyecdysone

The extensive chemical screening showed that Serratula coronata L. is worthy of special attention as a
pharmacologically promising and industrially significant plant raw material for the isolation of adaptogens
from the class of phytoecdysteroids. It was found that content of phytoecdysteroids, in particular,
ecdysterone-2p, 3B, 140, 20R, 22R, 25-hexahydroxy-5p (H) -cholest-7-en-6-one (20-hydroxyecdysone or
20E, Fig. 1) in the terrestrial organs of Serratula coronata L. is an order of magnitude higher than in the
known medicinal plant Rhaponticum carthamoides (Willd) 1ljin of Asteraceae Dumort family [4]. Leuzea (or
maral root) is traditionally considered to be one of the strongest natural adaptogens. A substance containing
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20E was isolated from the underground organs of the Leuzea at the end of the last century at the Institute of
Plant Compounds Chemistry of the Academy of Sciences of the Uzbek SSR, on the basis of which the prepa-
ration «Ekdisten» was developed, which possesses specific adaptogenic properties. This drug was registered
as a medicinal tonic [5].

At the present time, the composition of ecdysteroids of Serratula coronata L. is most thoroughly stud-
ied, which is used as the main pharmacological raw material for obtaining new adaptogenic, anabolic, and
tonic agents [6]. So, on the basis of the above taxon, the preparation «Ecdyphyt» was developed in JSC «In-
ternational Research and Production Holding» Phytochemistry» (IRPH «Phytochemistry»), which is the sum
of extractives with the main active component 20E and the sum of ecdysteroids and flavonoids [7, 8].

«Serpisten» created by Volodin et al. [9,10] at the Institute of Biology of the Komiin the Science Center
of the Ural Branch of the Russian Academy of Sciences is a mixture of ecdysteroids such as20-E«(80 %),
25S-inocosterone (11 %), a-ecdysone (5 %), and some other minor components isolated from the aerial part
of Serratula coronata L. Biologically active compound «Serpisten» shows a high ergotropic, CNS-tonic,
stress-protective, hematoprotective action as well as the action on the background of a slight anabolic effect.

It is known that the complex processing of wild and cultivated medicinal plant material as a renewable
material is one of the priority approaches in the chemical study of plants in terms of obtaining practically
valuable substances and new working standards (WS) for the fast-growing pharmaceutical industry in the
Republic of Kazakhstan. In the IRPH «Phytochemistry», there was recently carried. out study of the
ecdysteroid and flavonoid composition of the extract of the aboveground part of the freshly harvested plants
of the plant Serratula coronata L. growing on the site of medicinal plants of IRPH «Phytochemistry» in or-
der to develop an effective method for the separation of ecdysterone, the main component of the composition
of ecdysteroids, and WS, as well as other minor phytoecdysteroids and flavonoids for their use as a new WS
[11]. Plants grown in culture surpass natural specimens on the accumulation of biomass [7].

In this regard, the purpose of this work was to determine the most productive phase of growth, and the
optimal method for extracting the aerial part of the Serratula coronata L., data that can be used in the future
to produce the above preparations with a high content of the active:main component of ecdysterone.

Experimental

Plant raw material (the aerial part of the Serratula coronata L.) was harvested from the middle of May
to the end of September 2017 in the collection plot of medicinal plants of the IRPH «Phytochemistry» (Ka-
raganda) during the vegetation-withering phases.

The plant was dried to an air-dry state in a dry, cool place. The average sample of the raw material was
ground to a particle size of 2—3 mm.for the chemical screening of the plant. Each sample for extraction was
5 g. Various methods were used to extract 20-hydroxyecdysone, such as extraction with a water bath, macer-
ation method, extraction using a Soxhlet apparatus using ethyl alcohol and its 70 % aqueous solution, isobu-
tyl alcohol. These methods were applied in accordance with the earlier used ones. Each extraction method
was carried out three times. The extracts were evaporated using a «BuchiRotavaporR-3» rotary evaporator.
The resulting thickened samples'weighing an average of 0.2 g were placed in a glass container and investi-
gated using the HPLC method.

VWD1 A, Wavelength=243 nm (240717S3.D)
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Figure 2. Chromatogram of the extract of Serratula coronata L.
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Maceration method, 96.2 % ethyl alcohol, yield of 20E is 12.03 %

Figure 3. Chromatogram of the extract of Serratula coronata L.

The extracts were analyzed by reversed-phase HPLC (HPLC, HEWLETT PACKARD Agilent 1100 Se-
ries, analytical column 4.6x150 mm, Zorbax SB-C18, mobile phase (MP): 10 % isopropyl alcohol, UV de-
tection at wavelength 254 nm, column temperature 20 °C, flow rate of the eluent 0.75 ml/min, sample vol-

ume 20 pl). The content of 20E was studied (Figs. 2, 3).

Results and discussion

It is known that the content of ecdysterone in a number of species of the genus Serratula L. strongly
varies depending on the phenophase and their age status [7]. In this connection, a study was carried out to
determine the distribution of ecdysterone in the cultivated plant.of Serratula coronata L. at various stages of
development such as vegetation, start of budding, budding, start.of flowering, flowering, start of fruiting,

fruiting, start of withering away and dying out.

The results of a quantitative analysis of the ecdysterone content depending on the extraction methods
and on the species and concentration of the extractant in the studied taxon are presented in the Table below.

The content of ecdysterone in the aerial part of Serratula coronata L. depending on the method of extraction

Table

and the phase of plant development (in % of the weight of absolutely dry raw material) according to HPLC

Methods forextraction of 20E oy .
and the phase of development of the Serratula coronata L. plant The quantitative content (20E) in %
1 2
Vegetation phase
Extraction with 96.2 % ethyl alcohol 8.88
Extraction with 70 % ethyl alcohol 4.51
Extraction with isobutyl alcohol 13.86
Extraction with96.2 % ethanol on a Soxhlet apparatus 11.03
Maceration with 96.2 % ethyl alcohol 12.03
Maceration with 70 % ethyl alcohol 5.94
Start of buddingphase
Extraction with 96.2 % ethyl alcohol 5.51
Extraction with 70 % ethyl alcohol 3.51
Extraction with 96.2 % ethanol on a Soxhlet apparatus 4.11
Extraction with isobutyl alcohol 4.99
Maceration with 96.2 % ethyl alcohol 4.56
Maceration with 70 % ethyl alcohol 2.83
Budding phase
Extraction with 96.2 % ethyl alcohol 2.56
Extraction with 70 % ethyl alcohol 1.89
Extraction with isobutyl alcohol 5.04
Extraction with 96.2 % ethanol on a Soxhlet apparatus 2.38
Maceration with 96.2 % ethyl alcohol 3.27
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Continuation of Table

1 2
Maceration with 70 % ethyl alcohol 2.08
Start of flowering phase
Extraction with 96.2 % ethyl alcohol 3.19
Extraction with 70 % ethyl alcohol 1.19
Extraction with isobutyl alcohol 1.83
Extraction with 96.2 % ethanol on a Soxhlet apparatus 2.81
Maceration with 96.2 % ethyl alcohol 2.52
Maceration with 70 % ethyl alcohol 1.89
Flowering phase
Extraction with 96.2 % ethyl alcohol 2.35
Extraction with 70 % ethyl alcohol 1.91
Extraction with isobutyl alcohol 3.25
Extraction with 96.2 % ethanol on a Soxhlet apparatus 2.17
Maceration with 96.2 % ethyl alcohol 2.77
Maceration with 70 % ethyl alcohol 2.50
Start of fruiting phase
Extraction with 96.2 % ethyl alcohol 2.83
Extraction with 70 % ethyl alcohol 2.87
Extraction with isobutyl alcohol 4.00
Extraction with 96.2 % ethanol on a Soxhlet apparatus 2.44
Maceration with 96.2 % ethyl alcohol 2.80
Maceration with 70 % ethyl alcohol 3.01
Fruitingphase
Extraction with 96.2 % ethyl alcohol 1.77
Extraction with 70 % ethyl alcohol 2.01
Extraction with isobutyl alcohol 2.44
Extraction with 96.2 % ethanol on a Soxhlet apparatus 2.64
Maceration with 96.2 % ethyl alcohol 291
Maceration with 70 % ethyl alcohol 2.45
Start of withering away phase
Extraction with 96.2 % ethyl alcohol 2.48
Extraction with 70 % ethyl alcohol 2.79
Extraction with isobutyl alcohol 1.35
Extraction with 96.2 % ethanol on a-Soxhlet apparatus 3.85
Maceration with 96.2 % ethyl alcohol 1.84
Maceration with 70 % ethyl alcohol 2.08
Dying out phase
Extraction with 96.2 % ethyl alcohol 2.09
Extraction with 70 % ethyl alcohol 1.12
Extraction with isobutyl alcohol 2.35
Extraction with 96.2 % ethanol on a Soxhlet apparatus 3.17
Maceration with 96.2 % ethyl alcohol 1.03
Maceration with 70 % ethyl alcohol 1.37

As can be seen from the table above, almost all 6 extracts of the vegetative phase found a high content
of ecdysterone, which proves the high efficiency of using Serratula coronata L. as the main industrially sig-
nificant source of the above-mentioned substance.

Thus, the study of seasonal dynamics of ecdysterone distribution under conditions of varying extraction
methods has showed that its maximum accumulation is observed during the vegetative phase, and the opti-
mal method in this phase is extraction with isobutyl alcohol, the extract of which contains 13.86 % of
ecdysterone and maceration method with 96.2 % ethyl alcohol with a content of 20E 12.03 %, respectively.
But, in our view, the maceration with 96.2 % ethanol is optimal, which fully complies with the international
standards of good manufacturing practice (GMP) under pharmaceutical production conditions and excludes
the use of toxic and expensive isobutyl alcohol solvent.
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The relatively low yield of ecdysterone at other stages of development of the taxon under investigation
suggests that there is an outflow of ecdysterone to the root system, and then its redistribution occurs as the
plant develops further with a partial discharge into the soil.

Thus, we recommend the preparation of the aboveground biomass of Serratula coronata L. at the col-
lection site of medicinal plants of the «IRPH «Phytochemistry» for obtaining the ecdysterone substance of
many actoprotective phytopreparations and valuable WS based on the data provided by HPLC analysis. In
general, a study of Serratula coronata L. in the conditions of culture, biological, phytochemical and techno-
logical features of plant material with the aim of creating an industrial base of the valuable taxon seems
promising.
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b.C. Temiprasues, ¥.b. Teneyos, E.A. Baitxkirit, E.B. MuHnaesa,
JLK. Cankeena, b.1. Teneyor, C.M. OnekeHoB

JKeTpaKkuus dicTepi MeH ocy (asajapbiH TYPJEHAIPY apKbLJIbI TIKII TyiliMedac
oCiM/IIriHeH IKAUCTEPOH ATy TEXHOJOTMACHIH OHTAHIAHABIPY

«Duroxumusy XFOX» (Kaparauasl K.) ASpiiiK oCiMAIKTep KOJUIEKIHUSUIIBIK YYaCKECiHAE AaKbUIFa SHIi31IreH
TOKAL TylimMeOac Serratula coronata L. ecimuiriHiH sxep ycTi OediriHe, Heri3ri acep eTyIli KOMIIOHEHT
akancTepoH (20E) memntepin opTyp:i ecy (da3anapbl xKoHE OHTANIBI SAICTEp apKbUIbI OO ajbIll aHbIKTAY
YIIiH KemieHAi 3epTTey O KYpriz3iami. OKIUCTepoHIB! Ol amy omicTepiH TYpJIEHAIpY JKaFjaibIHAa
TapalyblHbIH ME3TULIIK JIWHAMHUKACBIH 3epTTEy OHBIH OapblHINA JKUHAKTANybl Bererauus QaszacbiHaa
OaliKaaTHIHBIH, a oChl (ha3ajarbl OHTAWIB! oficiHe dkcTpakTTa 13,86 % SKanMCTEepoH GONATHIH H300YTHII
crimpriMen skcrpaknus xoHe 20E memmepi 12,03 % Gonateia 96,2 % 3THI CIMpTIMEH Malepanusiiay ojici
JKATaTBIHBIH KOPCeTTi. TeXHOJMOTHSUIBIK OHTAMIbI 9fic peTiHAe (apMaleBTUKAIBIK OHAIPIC KaFaaiblHaa
Iypbic eHaipicTik TaxipuoeHin (GMP) xanbIkapasiblK CTaHAAPTTaPbIHA TOJNBIK COWKEC KENETiH jKOHE 3apapIibl
opi KeIMOAT epiTKill H300yTHI CIHUPTIH KOJJAHYObl KaXeT EeTHeHTiH ToxIi Tykmebactsl 96,2 % 3THN
CIUPTIMEH Malepalusiay 9/ici KepceTiiai. DKIMCTEpOH MOJIIIEePiHiH BereTalus OachklHaH COHFbI (a3achlHa
JeHiH TeMeHJeHTIHI korapr(GeKTim CYHBIKTHIK XxpoMatorpadus (OKOCX) omici apKbUIBI JoJeiIeH.
OKIUCTEPOHHBIH TaMBIPJBIK JKyHere Kapai >KbUDKYBI, ajl OHBIH KeiiH eCIMAIKTIH OJaH 9pi JaMy Ke3eHiHe
6ipa3 OelriHIH TONBIpakKa Tyl apKbUIBI Kaifta Tapamysl Oomkangpl. JKOCX omici apKbUIBI MaKCaTThI
KOMITOHEHTTIH CaHABIK KypaMbl OOMBIHINA MAJIIMETTEp HETi3iHAe, SKIUCTEPOHIB! KONTEIeH aKTOHNPOTEK-
TopJibl (UTONpEnapaTTap CyOCTaHIMACHIH JKoHEe Oaraibl CTAaHAAPTTHIK YITiHI aly YILIiH TOKAI TYHMeOacThIH
Kep YCTUIIK OnoMaccachlH JAaibIHay/ bl OChI TAKCOHHBIH BereTanus (ha3achlH/a XKYpPriziayi YChIHBUIIBI.
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Kinm ces0ep: Serratula coronata L., xep ycri Oemiri, 20-ruAPOKCHIKIU30H, JKOFAPBITHIMAI CYHBIKTBIK
xpomatorpadus, IKCTPaKLHs, THI CIUPTI, ocy (asanapsl, Beretauus.

b.C. Temuprasues, Y.b. Tyneyos, E.A. baiixurur, E.B. Munaesa,
JLK. Canbkeesa, b.1. Tyneyos, C.M. AnekeHoB

OnTumMmu3anus TeXHOJOTHH MOJIYIYCHUS IKIUCTEPOHA U3 CEPIIYXH BEHIIEHOCHOM
BapbUPOBAHUEM METOA0B IKCTPAKIIUUA U (1)33 nmpouspacranus

[IpoBeneHO KOMIIJIEKCHOE HMCCIIEOBAaHWE HAA3EMHON YacTU CEpIlyXH BEHLEHOCHOH Serratula coromnata.L.,
KyJIbTUBUDYEMOM Ha KOJUIEKIIMOHHOM Yy4acTKe JiekapcTBeHHbIX pacteHuit MHIIX —«®uroxumus»
(r. Kaparanza), B pa3nuuHbIX (pazax mpouspacTaHus U ¢ IPIMEHEHHEM HanboJiee ONTHMAIBHBIX METOJOB H3-
BJICYCHHUS HA COJEPKaHHE OCHOBHOTO JICHCTBYIOIIEro kKoMnoHeHTa dkauctepona (20E). M3ydyenue ce3oHHOM
JIMHAMHUKY pacHpeesieHus SKANCTEpOHa B YCIOBHSAX BapbHPOBAHUS METOJMOB M3BJICUCHUS ITOKA3aNO; UTO
MaKCHMaJIbHOE €r0 HaKOIUICHHE HaOmomaeTcs B (pa3y BEreTall, a ONTHMAIBHBIM CIIOCOOOM B JaHHOH (aze
SBJIAIOTCS SKCTPAKLHUS U300YTUIIOBBIM CITHPTOM, B SKCTPAKTe KOTOPOro cojepkutcs 13,86 % skaucTepona, u
Mmeroa Marepanuu 96,2 % stunoBeiM cupToM ¢ coxepxanueM 20E 12,03 % coorBerctBeHHO. [lokasano,
YTO TEXHOJOTMYECKH ONTHMANbHBIM SBISETCS METOJ] Mallepallii CepIyXH BeHIEeHOCHOH 96,2 % 3TUIOBBIM
CMHPTOM, KOTOPBIH TMOTHOCTBIO COOTBETCTBYET MEXYHAPOAHBIM CTaHAAPTaM HaJuleKaliel Mpon3BOACTBEH-
Hoit mpaktuku (GMP) B ycnoBusix ¢apMmareBTHYECKOTO MPOU3BOJCTBA M HCKIIIOYAET UCMOIb30BAHUE TOK-
CHYHOTO ¥ JIOPOTOCTOSIIETO PACTBOPHUTENS — H300YTHIIOBOTO CIIUPTA. Y CTAHOBICHO, YTO-COJICPIKAHUE K-
JMCTEpPOHA OT HaJayia BereTallly JI0 3aBepIuaronieil (pa3bl HAeT Ha CIaj, YTO HOATBEPIKAASTCS TaHHBIMH BBI-
cokoa(dexTuBHOI xunkocTHON Xxpomatorpadun (BOXKX). [Ipenmonaraercs, 9T0. IMEET MECTO OTTOK SKAHU-
CTEepPOHA B KOPHEBYIO CHCTEMY, a 3aT€M MPOUCXOAUT €ro NepepacrpeereHne Mo Mepe AanbHEHIIEero pa3By-
THSI pacTeHHs C YaCTUYHBIM cOpocoM B MmouBy. Ha 0CHOBE JaHHBIX 110 KOJIHMYECTBEHHOMY COJEPKAHHIO IeTe-
BOTO KOMMOHeHTa MeTonoM BOXX pexkoMenmyercst 1 MomydeHHs SKAUCTEPOHA — CYOCTAHIIMUM MHOTHX
AKTONPOTEKTOPHBIX (uTonpenapaToB u neHHoro PCO 3aroToBKy Hag3eMHOI OHOMACCHI CEpITyXH BEHIIEHOC-
HOH BecTH B (ha3e BereTaluy yKa3aHHOTO TaKCOHA.

Kniouesvie cnoea: Serratula coronata L., Ham3emHas 4actb, 20-THIPOKCHIKAN3O0H, BBICOKOI((EKTHBHAS
JKUJKOCTHAST XpoMaTorpadst, SKCTPAKIHs, STUIOBBIA CHHUPT, (ha3bl Ipou3pacTaHus, BereTarusl.
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