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A method for monitoring the production of ecdysterone from the roots of Rhaponticum cartha-
moides (Willd.) and the inflorescences of Rh. integrifolium C, Winkl. is given.

Steroid substances — phytoecdysteroids — have been isolated from various species of Rhaponticum [1-7],
and also from other plants possessing a tonic action [8-12]. Their biological activity, especially the biological
activity of ecdysterone, has been studied [13].

Ecdysterone possesses tonic and adaptogenic properties and anabolic activity, and it stimulates eryth-
ropoiesis under conditions of experimental anemia [13-16]. The influence of ecdysterone on the central ner-
vous system of experimental animals and on their dynamic capacity for work and adaptation to a high temper-
ature has been considered. As a result of pharmacopoeial tests, newmedicinal preparationshave been created
from ecdysterone,

In view of this, the development of methods for the industrial isolation of ecdysterone and for determin-
ing it in substances, medicinal forms, and plant raw material and the monitoring of production over the stages
of the industrial process are acquiring great importance,

We give the results of the stagewise monitoring of the production of ecdysterone from the inflorescences
of Rh, integrifolium C. Winkl., and the roots of Rh. carthamoides (Willd.) Iljin (family Asteraceae). The meth~
ods of obtaining ecdysterone from the materials mentioned have been given in the literature [17, 18]. The pro~
posed method of analysis is based on the quantitative determination of ecdysterone in plant raw material [18],
the essence of which consists in the chromatographic separation of the combined extractive substances in a
thin layer of Alusil-(a mixture of alumina and silica gel) in the chloroform—methanol—acetone (6:2: 1) sol-
vent system, eluting the zones containing the ecdysterone, and determining it spectrophotometrically in the
eluate at a wavelength of 241 nm,

The ecdysterone was obtained from the inflorescences and roots by the following scheme: The commin~
uted raw material was extracted with ethanol, the extract was evaporated, the residue was diluted with water,
and the hydrophobic impurities were eliminated by treatment with chloroform. The ecdysterone was extracted
from the purified aqueous layer with a mixture of chloroform and isopropanol (1:1). After evaporation, the
chloroform—isopropanol residue was transferred to a column of alumina and the ecdysterone was eluted with

TABLE 1, Dynamics of the Extraction of Ecdy-
sterone by Methanol from Plant Raw Material

Amount of ecdysterone, %
. inflorescences of Rh, | roots of Rh, cartha-
Object intégrifolium moides
analyzed .
Olfl wt. ;ggdanget&me o:f1 wt, on amt,
of raw ] € ofraw _|ecdysterone
material | 1B 'Xi". i material | i rZ::
materia material
Raw material 0,490 100,000 0.160 100,000
Extraction 1 0,178 36,260 0,770 48,125
2 0,090 18,286 0,028 17,375
3 0,062 12,755 0,017 10.437
4 0,054 11,143 0,009 5,688
5 0,043 8,918 0,0088 5.500
6 0.016 3.061 0,0056 - 3.500
0,443 90,423 0,145 90.625
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TABLE 2. Quantitative Indices of the Control of the Production of
Ecdysterone according to the Stages of the Industrial Process

Amount of ecdysterone, %
inflorescences of Rh. | roots with rhizomes
Object analyzed integrifolinm of Rh, carthamoides
. onthe |onthe on the |onthe
weight of | amount of weight of amount of
e a1 | ke |the Taw - ecdyster-
i i ] 7 i
raw ma-  [material \One 10 the
terial ‘ terial
Initial raw material 0,490 1)0.00 0,169 100,00
Combined extraction 0.440 89,80 0,14 87,50
Meal 0,048 © 98) 0,012 7.50
Chloroform extraction 0.0285 5,65 0,015 9,38
Chloroform—isopropanol extraction 0,355 72,59 0,124 77,50
Chloroform—methanol eluate 0,340 : 0,110
Aqueous mother liquor : 0,0210 4. 30 0,001 0.69
Spent sorbent 0,036 | 7.35 0,006 3.75
~ Technical ecdysterone - 0,255 52,10 0,08 49,75
Ecdysterone after recrystailization 0248 50.60 0,076 47,8
Mother liquor from the first crystallization| 0,08.. 16,7 0.037 23.3
Unaccounted losses: - 0.0c8 2-65 0,003 1.5
. ! : 4

chloroform—methanol (2: 1), After evaporation of the eluate and recrystallization of the residue from ethyl
acetate, the desired product was obtained.

The amounts of ecdysterone obtained after six extractions from the inflorescences of Rh. integrifolium
and from the roots with rhizomes of Rh. carthamoides were 0.44 and 0.14% of the weight of the raw material,
respectively (Table 1). . ‘

The yield of finished product in the proceés of producing ecdysterone amounted to 50%, the accounted
losses of ecdysterone being 45% and the unaccounted losses 5% (Table 2).

The proposed method permits the reliable analysis of the plant raw material, the production intermedi-
ates, and the finished preparation,
EXPERIMENTAL
The analysis of the plant raw material was carried out as described previously [19].

Analysis of the Amount of Ecdysterone in the Various Stages of the Industrial Process. The extraction
of the ecdysterone was carried out with methanol, six times from 20 kg of the inflorescences of Rh. integri-
folium and from 50 kg of the roots with rhizomes of Rh. carthamoides. The liquor ratios of the process were
1:45 and 1: 15, respectively. The results of the analysis of the extractions are given in Table 1,

From the concentrated extract, after it had been diluted with water, treatment with chloroform (5% 10
liters) removed oils and tanning and resinous substances. The total ecdysteroids were extracted from the
purified aqueous solution with a mixture of chloroform and isopropanol (1:7) (7X 10 liters). Pigments were
eliminated by chromatography on alumina (Brockmann activity grade TI). The ratio of total material to sor-
bent was 1:12, A mixture of methanol and chloroform (1:2) was used in an amount of 30 ml per 1 g of total
material. The eluate was evaporated to dryness and the residue was recrystallized from a mixture of metha-
nol and ethyl acetate (1:9).

Depending on the concentration of ecdysteroid in the sample being analyzed, for each case the amount of
solution deposited on a glass plate with dimensions of 24 cm with a fixed layer of Alusil was selected individ-
ually in such a way that the amount of ecdysteroid was within the limits of the sensitivity of the determination,

SUMMARY

Conditions have been developed for determining ecdysterone in the intermediates of its production from
the inflorescences of Rhaponticum integrifolium, and from the roots of Rh. carthamoides and for monitoring
the stages of the industrial process,
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SYNTHESIS OF ACETYLATED GLYCOSIDES OF
HYDROXYNAPHTHOQUINONES

S. G. Polonik, A. M. Tolkaqh, UDC 547.656+547,455+616~006.6
and N. I. Uvarova

A method is proposed for the synthesis of acetylated glycosides of hydroxynaphthoquinones.
The condensation of D-glucose and D-galactose (tert-butyl orthoacetate)s with lawsone and
lapachol has given the tetra-O-acetyl-g-D-glucopyranosides of lawsone and of lapachol and
the tetra-O-acetyl-Bg-~galactopyranoside of lawsone., The structures of the glycosides obtained
have been confirmed by IR and 'H and ®C NMR spectroscopy. The structure of the lawsone
acetylgalactopyranoside described previously has been corrected.

The majority of investigation of recent years in the field of the synthesis of glycosides of hydroxynaph-
thoquinones have been connected with the creation of water-soluble hydroxynaphthoquinone derivatives, which
are necessary for studying the influence of the carbohydrate moieties on their biological activity, The tetra-O-
acetyl-8-D-glucopyranosides of lawsone (40%) and menoctone (56%) with the o-quinoid structure of the agly-—
cone [1], and the tetra-O-acetyl-D-glucopyranosides of lawsone (30%) and of lapachol (16%) and the tetra-O-
acetyl-D-galactopyranoside of lawsone (28%) with the p-quinoid structure of the aglycone [3] have been ob-
tained by using various modifications of the Koenigs—Knorr method, The acetates of glycosides of lawsone and
lapachol exhibited antitumoral activity {2, 3]. The reduction of an acetylated D-glucose residue leads to a
marked increase in the immunodepressive action of lawsone [4].

The biological activity of glycosides of hydroxynaphthoquinones makes necessary a search for new and
more effective methods for their synthesis,
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