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Chaga can be extracted with EtOAc to afford ~0.88% extracted substances, of which ~58% are lipophilic
compounds with the remainder being phenolic compounds. Tetracyclic triterpenes, sterols and their esters,
sesquiterpenes (azulenes), bicyclic monoterpenes (iridoids), phenolcarboxylic acids, simple phenols, and
flavonoids were identified in the extract. Stilbene-type compounds, a phenanthrene derivative, and 9(11)-di-
hydroergosteryl benzoate were observed in chaga for the first time.
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Ethyl acetate (EtOAc) has been used to extract colloids
from the aqueous decoction of chaga in order to broaden the
compositions of lipophilic and phenolic compounds and to
detect for the first time in aqueous chaga decoctions biologi-
cally active compounds such as iridoids and azulenes [1, 2].
The composition of hydrophobic substances of chaga could
not be accurately evaluated in this investigation because
most of them remained in the disperse phase of the aqueous
decoction, i.e., melanin, and in the pulp [3].

The goal of the present work was to compare the compo-
sitions of biologically active substances extracted by EtOAc
directly from chaga raw material and its aqueous decoctions.

This research was critical because it allowed the number
of fungal hydrophobic substances to be revised and the com-
position to be broadened.

EXPERIMENTAL PART

Chaga raw material purchased in a pharmacy chain
(batch 100412 IP Gordeev M. V.) met the corresponding re-
quirements and was used in the work [4]. The extract was ob-
tained by treating ground chaga with EtOAc in a Soxhlet ap-
paratus [5] for 10 h with a raw-material—extractant ratio of
1:40. The obtained extract was evaporated in vacuo at
(40 £ 5)°C. The yield was (0.88 £0.03)%. The dry residue
was worked up (3%) with petroleum ether (bp 40 — 70°C).

! Kazan National Research Technological University, Kazan, Tatarstan Re-
public, 420015 Russia; e-mail: azulenchik@mail.ru

The petroleum-ether extracts were combined and evaporated
in vacuo (fraction 1). The residue that was insoluble in petro-
leum ether was dissolved in EtOAc (fraction 2).

The number of extracted compounds was determined
spectrophotometrically, i.e., simple phenols and phenolcar-
boxylic acids using 4-aminoantipyrine [6]; flavonoids, AICl,
solution [7, 8], tetracyclic triterpenes, vanillin [9]; sterols
and their esters, FeCl, solution [10]. Experimental data were
processed using the Statistica 6.0 program.

Gas-chromatography—mass-spectrometry (GC-MYS)
studies used a GCMS 2010 Plus instrument (Shimadzu) with
electron-impact ionization, ion-source temperature 220°C,
Slb-5ms capillary column (30 m x 0.32 mm, 0.32 pm,
Supelco), and He carrier gas. The chromatogram recording
conditions were injector temperature 280°C, carrier-gas flow
rate through the column 0.67 mL/min, flow split 1:3. Analy-
ses were performed at constant thermostatted column tem-
perature 280°C. Compounds were identified using the
NIST-11 mass spectra database.

RESULTS AND DISCUSSION

Compounds extracted by EtOAc from chaga raw mate-
rial and its aqueous decoction were compared. Extraction of
chaga by EtOAc could yield up to (0.88 + 0.03)%, which is
3.1 times greater than the yield of extracted compounds ob-
tained via EtOAc work up of the aqueous decoction
(0.28 £ 0.05)% [1]. The EtOAc extract of the raw material
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Fig. 1. GC chromatogram of EtOAc extract. Along the abscissa, time (min); along the ordinate, relative intensity.

reached up to (57.97 £ 2.34)% lipophilic compounds of the
total extracted compounds but only (7.24 £ 0.05)% from the
aqueous decoction. Correspondingly, the number of phenolic
compounds in the EtOAc extract of the aqueous chaga de-
coction was twice that in the EtOAc extract of raw material.
This agreed well with the fact that lipophilic compounds
were more accessible in the raw material whereas lipophilic
and phenolic compounds in the aqueous decoctions were as-
sociated more with melanin so that they had limited extracta-
bility.

Most lipophilic and phenolic compounds can remain in
the raw material during aqueous work up. For example, the
degree of extraction from the raw material increased to 0.4%;
from its aqueous decoction, up to 20%, if petroleum ether
was used to extract lipophilic compounds from the samples
[11]. Changing to a less polar solvent could extract two times
less lipophilic compounds from chaga; three orders of mag-
nitude more, from its aqueous decoction, as compared with
EtOAc. This was indirectly confirmed the hypothesis about
the different availabilities of lipophilic and phenolic constitu-
ents in the fungal cells and melanin and their specific extrac-
tion by solvents with different polarities and other physico-
chemical properties.

The EtOAc extract was fractionated using petroleum
ether to give fractions 1 and 2.

Fraction 1 contained tetracyclic triterpenes in addition to
sterols and their esters in the amounts of (25.80 £ 1.09)%
and (10.74 + 0.26)% of the total compounds, respectively.

TLC on Sorbfil PTSKh-AF-A-UF plates identified the
other compounds in fraction 1 by comparison with standards
as mono- and 1,2-diglycerides, sterols, lanosterol, trialkyl
glycerin esters, sterol esters, hydrocarbons (paraffins and
olefins), and waxes (petroleum-ether—Et,O—HOALC,
90:10:1, FeCl,) [12]. All compounds identified in fraction 1
were observed earlier in the EtOAc extract of chaga aqueous
decoction [2].

Separation of the compounds in fraction 1 using C.H,
and subsequent treatment of the chromatograms with Stahl
reagent detected three spots (R; 0.04, 0.23, 0.69) of gray-
ish-violet and blue colors typical of sesquiterpenes (azule-
nes) [13]. Only one azulene compound was detected previ-
ously by analyzing the EtOAc extract of the aqueous chaga
decoction [1].

Fraction 2 was analyzed to give phenolic compounds
such as phenolcarboxylic acids and simple phenols in the
amount of (2.56+£0.07)% of the total compounds and
flavonoids in the amount of (1.86 + 0.03)% of the total com-
pounds. These compounds accounted for up to 11% of the to-
tal compounds of fraction 2. Apparently, the other com-
pounds were more complicated polyphenols, e.g., tannins, or
ballast compounds of a different nature that were very solu-
ble in EtOAc [14].

The qualitative composition of phenolcarboxylic acids,
simple phenols, and flavonoids in fraction 2 was studied us-
ing TLC on Sorbfil PTSKh-AF-A-UF plates and compari-
sons with standards. Phenolcarboxylic acids such as gallic,
protocatechoic, m-hydroxybenzoic or p-coumaric or [3-resor-
cylic, vanillic, veratric (C.H-—EtOH—HOAc, 96:16:8,
diazo reagent) were also detected in it [13]. Simple phenols
included pyrocatechol or homopyrocatechol, resorcinol or
hydroquinone, indophenol, and phenol (CH,, UV light,
phosphomolybdic reagent) [6]. The flavonoid composition
comprised  quercetin,  kaempferol = or  myricetin
(EtOAc—HOACc—H,0, 5:1:1, UV light, AICl, solution)
[15]. All detected phenolic compounds were identified ear-
lier in chaga itself and its aqueous and organic extracts
[1, 16 —20]. The spectrum of phenolcarboxylic acids and
flavonoids was broader in the aqueous chaga decoction than
in fraction 2 [1].

Fraction 2 also contained bicyclic monoterpenes
(iridoids). One spot (R, 0.72) was detected in it using
CHCI,—EtOH (25:1) and subsequent treatment of the chro-
matogram with Trim—Hill reagent to give the rose-lilac
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color corresponding to iridoids [21]. Analysis of the EtOAc
extract of the aqueous chaga decoction for iridoids also de-
tected one compound of this class [1].

GC-MS analysis of the EtOAc extract of chaga identified
six compounds (Fig. 1).

Three lipophilic compounds were identified as com-
pound 3, inotodiol (lanosta-8,24-diene-3,22-diol) [z, 17.10,
(M") 355], which was detected earlier in aqueous chaga de-
coctions [22] and in the raw material [23] and possessed
proven antitumor activity against cancer cells [24]. Com-
pound 4, palmitic acid [z, 20.95, (M") 236] and compound 6,
9(11)-dihydroergosteryl benzoate [z, 26.89, (M") 498], were
detected in chaga for the first time.

The phenolic compounds included a stilbene, compound
1[t.9.61,(M")253.08], and a flavone [compound 2, 1.10.90,
(M") 342]. Compound 5 was a phenanthrene derivative [z,
22.54, (M") 316.4]. The phenanthrene derivative and the
stilbene were detected in chaga for the first time. According
to the literature [25], the identified compounds possessed
anti-inflammatory and analgesic properties, were effective
antioxidants, and were used to prevent cancer and treat the
cardiovascular system.

Thus, EtOAc was able to extract from chaga ~0.88% of
extractable substances as represented by lipophilic and phe-
nolic compounds with biological activity. EtOAc extracted
three times more hydrophobic substances from chaga raw
material than from the aqueous chaga decoction. Their quali-
tative compositions differed.
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