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Abstract— Data on the chemical composition of triterpenic and steroid compounds, isolated from the chaga
mushroom grown in natural environment or in a synthetic culture have been summarized. Special attention
has been paid to the biological activity of chaga mushroom extracts and these particular compounds against
various cancer cell lines in vitro and in vivo. This analysis has demonstrated some common features in inhi-
bition of growth of various cell lines by chaga mushroom components. In this context, the most active are trit-
erpene compounds containing OH group at C-22 and a side chain unsaturated bond.
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INTRODUCTION

Many publications deal with results of studies on
triterpene and steroid compounds of chaga mush-
room; they describe isolation of the new compounds
directly from this mushroom, elucidation of their
structure and determination of their pharmacological
activity [1—38]. The authors of some studies propose
mechanisms of action of these compounds. However,
results on this problem obtained in various laborato-
ries have not been summarized so far.

First triterpene compounds were detected in chaga
mushroom by Polish scientists, Ludwiczak and Wre-
cino [2]. They identified lanosterol—3[-hydroxy-
lanosta-8,24-diene (A) and its derivative 3[3,22-dihy-
droxy-lanosta-8,24-diene or inotodiol (A1) (figure).

Currently, about 40 triterpene compounds of the
lanostane series have been isolated. These include:

—acids—trametenolic (3B-hydroxylanosta-§,24-
dien-21-oic, A2) and obliquinolic_ (3B-hydroxyl-
anosta-8-en-21-oic, A3), 3B-hydroxy-25,26,27-
trinorlanosta-8,22 F-dien-24-oic acid (A4);

—aldehydes—3[-hydroxylanosta-8,24-dien-21-
al (A5), 3B-hydroxy-25,26,27-trinorlanosta-8,22 F-
diene-24-al (A6);

—ketones— 33,22 R-dihydroxylanosta-8,24-dien-
11-one (A7), 3,7-dihydroxy-7(8 — 9)-abeo-lanost-
24-ene-8-one (A8); 3pB,22-dihydroxylanosta-8§,24-
dien-7-one (A9), 21,24-cyclopenta-3,11,15,21,25-
pentahydroxylanosta-8-ene-7-one (A10, Al11), 21,24-
cyclopenta-3,11,21,25-tetra-hydroxylanosta-8-ene-
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7-one (Al12), 3B,22-dihydroxylanosta-8,25-dien-24-
one (A13);
—Jactones—3[3-hydroxylanosta-8,24-diene-21,
23-lactone (Al4), 24-methyl-3p-hydroxylanosta-
8,24-diene-21,23-lactone (A15);

—vperoxides—3f,22a-dihydroxylanosta-8,23 E-
dien-25-peroxide (A16), 3B,22a-dihydroxylanosta-
8,24-dien-25-peroxide (A17);

——compounds with several double bonds—3p,
11B-dihydroxylanosta-8,24-diene (A18), 3[3,22-dihy-
droxylanosta-7,9(11),24-triene (A19), 3pB,22,25-tri-
hydroxylanosta-8-ene (A20), 33,220.,25-trihydroxyl-
anosta-8,23-diene  (A21), 3[,22,24-trihydroxyl-
anosta-8,25-diene (A22), 3[,21-dihydroxylanosta-
8,24-diene (A23), 3B3,22a,25-trihydroxylanosta-8,24-
diene (A24), 3B,22R,25-trihydroxylanosta-8,23E-
diene (A25), 3B,22R,25-trihydroxylanosta,7,9
(11)23 E-triene (A26);

——compounds with a five-membered ring—21,24-
cyclopentalanosta-3f3,21,25-triol-8-ene  (A27), 25-
methoxy-21,22-cyclopentalanosta-8-ene-33,21a-

(a) (b)

R

HO

The general structural formula of lanostane triterpenes (a)
and steroid compounds (b).
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diol (A28), (20R,24S-cyclopentalanosta-8-ene-3p3,
21R,25-triol (A29), 20R,24R-cyclopentalanosta-8-
ene-3B, 21R,25-triol (A30), 20R, 24S-cyclopental-
anosta-7:9(11)-diene-3,21R,25-triol (A31), stereoi-
somer 21,24-cyclopenta-1a,3p,21a,25,28-pentahy-
droxy-5a-lanosta-7,9(11)-diene (A32, A33);

—epoxides—22R,25-epoxylanosta-8-ene-3[3, 24.5-
diol (A34, A35);

——compounds with an oxygen-containing five-
membered heterocycle—3[3,25-dihydroxylanosta-8-
ene-20R,24S5-olide (A36, A37), 3B,25-dihydroxyl-
anosta-7,9(11)-diene-20R,24S-olide (A38) [1-27].

Natural chaga mushroom contains trace amounts
pentacyclic triterpenes of the lupine series: betulin
(B), lupeol (C) lupenon (D); their content is one order
of magnitude lower than that of tetracyclic triterpenes,
lanosterol derivatives [8, 38].

Natural chaga mushroom also contains steroid
compounds. Ergosterol content (E) is about 10 times
lower than that of triterpenes. Diversity of ergosterol
derivatives is also narrower; 33-hydroxyergosta-7,22-
diene (E1) and 3B-hydroxyergosta-7-ene (fungisterol
E2) were found in trace quantities. Such typical plant
steroid compounds as sitosterol (F), stigmasterol (G),
sitostanol (H), and cholesterol (I) characteristic of
animals and humans, also exist in trace amounts
shown [8, 38].

Thus, natural chaga predominantly accumulate
lanostane type triterpenes, small amounts of steroid
compounds (mainly E). The spectrum of lanosterol
derivatives is rather wide; most frequently, compounds
with several double bonds in the side chain, and also
containing a ketone group or a five-membered ring are
detected. These numerous oxygenated lanosterol
derivatives are typical for the fungi causing white rot,
to which chaga mushroom belongs.

Since chaga mushroom is a rather poorly replen-
ishable source of triterpene and steroid compounds,
many researchers have tried to cultivate it on various
media (malt, solid mineral and liquid media supple-
mented with chitosan and cysteine, with birch saw-
dust, with AgNO,) to increase the yield of these com-
pounds [ 8, 38—40].

Being cultivated in artificial conditions chaga
mushroom also produces more triterpenes than ste-
roids (as in natural conditions). This qualitative com-
position of tetracyclic triterpenes remains basically
unchanged. In naturally grown chaga mushroom A
and Al mainly prevail, while in the artificial culture
conditions, the content and composition of the com-
pounds depends on the medium composition. The
cultivation conditions have been optimized, so that
artificially grown chaga mushroom accumulates the
same triterpenes as the naturally grown fungus but in
somewhat smaller quantities [8]. In the culture chaga
mushroom accumulates a bit more E and expands the
spectrum of its derivatives: ergosterol peroxide (E3),
3B-hydroxyergosta-5,7-diene (E4), 3B-hydroxyer-
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gosta-5,22-diene (E5) appear and higher quantities of
B, F, G, H, I are detected more frequently [8, 39].
Composition of steroid compounds in artificial chaga
cultures also depends on cultivation conditions, such
as temperature, pH, UV radiation, etc. [8, 38, 40].

BIOLOGICAL ACTIVITY OF TRITERPENES
AND STEROIDS OF CHAGA MUSHROOM

In folk medicine chaga mushroom and its aqueous
extracts are used from ancient times for treatment of
cancer and gastrointestinal tract diseases [41, 42]. The
presence of triterpene and steroid compounds was
demonstrated in chaga aqueous extracts and meal,
remained after their preparation; small amounts of
these compounds were also detected in the filtrate
obtained after the precipitation and separation of mel-
anin [43—46].

Currently, preparations based on aqueous extracts
of chaga mushroom are used in cases where surgery
and chemotherapy are not recommended. In the con-
text of oncological diseases available literature is most
frequently focused on the effect of water extracts on
various animal species and humans.

Long-term (6—9 months) application of prepara-
tions based on chaga aqueous extracts significantly
improved conditions of stage III—-IV cancer patients
regardless to the tumor location. In most patients, the
use of chaga preparations for 3—4 weeks decreased
pain, which subsequently could even disappear.
Researchers suggested that chaga lacking any specific
effect on the tumor, exhibits a tonic effect on the cen-
tral nervous system; during longer treatment it can
normalize impaired metabolic processes in the body
and thus has an inhibitory effect on tumor growth
[47—52].

More recent studies have shown that the use of an
aqueous extract of the fungus reduced the size of sar-
coma tumors MOP and S180, Lewis lung carcinoma
and Ehrlich carcinoma, melanoma B16-F10, glioblas-
toma U-87 MG [33, 34, 53—56], and had the antime-
tastatic effect in vivo on sarcoma cells, Hela cervical
adenocarcinoma, Ehrlich carcinoma, and in vitro on
hepatoma, colon cancer, and sarcoma 180 cells [15,
30, 41, 53].

The biological activity of various organic chaga
extracts (ethanol, methanol, petroleum ether, ethyl
acetate, chloroform), was investigated in vitro.

The ethanol extract of chaga mushroom had anti-
proliferative action on B16F1 melanoma cells; it
caused 60%-inhibition of growth of lung cancer cell
NCI-H460, gastric cancer HT-29 cells [56, 57]. At a
concentration of 20—40 pg/mL the chloroform
extract of this fungus reduced proliferation of P388
leukemia cells; its activity was much higher than the
activity of an aqueous extract of the chaga mushroom
against hepatoma and cervical cancer [32]. This indi-
rectly indicates that chaga steroid compounds in the
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chloroform extract are more active than melanin of
the aqueous extract.

Petroleum ether and ethyl acetate extracts obtained
during subsequent separation of the ethanol extract by
means of petroleum ether and ethyl acetate, respec-
tively, reduced in vitro development of prostate carci-
noma cells PC3 and breast carcinoma MDA-MB-231.
Active concentrations of these extracts against PC3
prostate carcinoma cells were 29.57 £ 12.18 and
19.22 £ 0.46 ng/mL, respectively, in the case of breast
carcinoma MDA-MB-231 these were 57.39 £ 14.46
and 46.49 + 13.21 pg/mL [36]. Petroleum ether
extract activity against both cancer cell lines and activ-
ity of the ethyl acetate extract against cells MDA-MB-
231 were comparable to that of a known cytostatic,
doxorubicin, and in the case of PC3 cells they were
even three times lower than for doxorubicin [36]. The
highest activity of the petroleum ether extract is prob-
ably related to the preferential enrichment with triter-
pene and steroid compounds.

The high anti-tumor activity of chaga triterpenes
was originally demonstrated in vitro experiments using
Ehrlich ascites carcinoma and Crocker sarcoma [3, 4].
Compound Al demonstrated a marked effect on
tumor cells, while compound A had a very weak effect
(initial change in cells).

Table summarizes results of studies of individual
triterpene and steroid compounds against different
cancer cell lines in vitro.

A, Al, A2, A5, A7, and E3 were the most active
compounds acting on a wide range of cancer cells
(table). At the same time, some compounds demon-
strated certain specificity. E, E3, A7, and A5 were the
most active against carcinomas. The inhibitory con-
centration of E against prostate carcinoma cells was
five times lower than for other compounds, thus indi-
cating its high activity. Compounds A and Al were the
most active against adenocarcinomas, both substances
were active against breast adenocarcinoma MCF-7 at
their minimal concentrations of 1 pg/mL. Com-
pounds Al, A5 and A7 were more active against leuke-
mia and Al was the most potent of them against the
P388 leukemia cell: Al acted in the concentration of 6
pg/mL, which is one order of magnitude lower than
the concentration of other compounds.

Thus, steroid compounds were more effective than
triterpenes in the case of carcinomas. In the case of
carcinoma and leukemia cells triterpene Al was more
effective possibly due to the presence of OH-group at
C-22, which is obviously crucial for manifestation of
the anti-proliferative effect [32]. The high activity of
compound A7, may be also attributed to the presence
of OH-groups at this carbon atom. It should be noted
that all compounds demonstrating anti-tumor activity,
contain an unsaturated bond in the side chain, which
can also contribute to the anti-tumor activity.

Results obtained in vitro studies were confirmed by
studies employing these compounds in vivo. For
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example, compounds Al and A5 induced death of
papilloma cells applied superficially to mice [62], and
also reduced the growth of sarcoma S180 by 18 and
34%, respectively. Compound A reduced the size of
S180 tumor by 23% [60].

Intraperitoneal administration of Al to CDF1
mice with grafted P388 leukemia significantly
increased the lifespan of mice without evident side
effects (e.g., weight loss or diarrhea) by 20.8% in the
case of mice treated with 10 mg/kg of this compound
[32].

In addition to anti-tumor activity some com-
pounds also exhibit other types of biological activities.
For example, A, A2, A7, and A15 demonstrated a
marked hepatoprotective effect in vitro, representing
74.8, 81.2, 75.0, and 71.9%, respectively, versus bicy-
clol, a hepatoprotector agent used as control [26]. Al
and A5 exhibited hypoglycemic properties in vitro [55,
59]; A2, AS, and A24 demonstrated antifungal proper-
ties in vitro; Al, A2, A5, B, and B3 exhibited anti-
inflammatory properties in vitro [35], while Al, AS,
and A23 behaved as antioxidants [36]. Al and A5 dem-
onstrated an antimutagenic effect, reduced levels of
mutagens MNNG, 4NQO, in Salmonella typhimu-
rium TA98 and TA100 [63]. Almost all lanosterol
derivatives may regulate cholesterol biosynthesis [63],
and betulin derivatives isolated from birch bark, and
other natural sources, exhibit anti-tumor properties in
vitro against melanoma cells, lung carcinoma, neuro-
blastoma, medulloblastoma, glioblastoma and Ewing
sarcoma, prostate adenocarcinoma PC3, leukemia
K562 and HeLa cervical adenocarcinoma cells
[65, 66].

The triterpene compounds lanosterol and inoto-
diol were found in chaga melanin [67]. This obviously
accounts for the manifestation of chaga anti-tumor
effects: moderate on the primary tumor foci and
strongly pronounced on metastasis [68].

Currently, the anti-tumor effects of lanostane com-
pounds are attributed to changes in biochemical
mechanisms: inhibition of cancer cell proliferation,
induction of cell cycle arrest at various stages,
increased apoptosis and regulation of signaling path-
ways associated with impaired expression of key
enzymes (caspases) and proteins (p53, bax, Bcl-2)
[27, 29, 32].

The action of the triterpene compounds of chaga
mushroom is mainly associated with a decrease in can-
cer cell proliferation recognized in vitro studies. The
aqueous chaga extract in vitro preferentially caused a
cell cycle arrest and increased apoptosis, while in vivo
it activated cells of the immune system and reduced
the number of metastasis [15, 57].

Chaga polysaccharides also demonstrated a pro-
nounced activity against cancer cells, but their mech-
anisms of action significantly differed. Polysaccha-
rides influence the immune system through stimula-
tion of lymphocytes and natural Killer cells [24, 64].
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The anti-tumor activity of triterpene and steroid compounds of chaga mushroom

Substance Cell lines Inhibitory concentration
Breast adenocarcinoma MCF-7 1 pg/mL; 250 pug/mL [7, 9, 24]
A P388 leukemia More than 100 pg/mL [23]

Cervical adenocarcinoma HelLa

Lung carcinoma A-549

Gastric adenocarcinoma AGS

Breast adenocarcinoma MDA-MB-231
Prostate carcinoma PC3

L1210 leukemia

Gastric adenocarcinoma COLO205

250 ug/mL [31]

250 pg/mL [23]

250 pg/mL [31]

More than 40 pug/mL [35]
More than 40 pg/mL [35]
More than 80 pug/mL [23]
More than 40 pg/mL [23, 25]

Al

nQ
an

Breast adenocarcinoma MCF-7
Walker carcinosarcoma 256

P388 leukemia

L1210 leukemia

Gastric adenocarcinoma COLO205
Breast adenocarcinoma MDA-MB-231
Prostate carcinoma PC3

Cervical adenocarcinoma Hel a

Lung carcinoma A-549

Gastric adenocarcinoma AGS

1 pg/mL; 250 pg/mL [7, 9, 24]
10 pg/mL [9]

6 pug/mL; more than 40 pug/mL
[20, 24]

49 pg/mL [23]

75 png/mL [23]

More than 40 pg/mL [35]
More than 40 pg/mL [35]
250 pg/mL [31]

250 pg/mL [23, 24]

250 ug/mL [31]

Breast adenocarcinoma MCF-7

P388 leukemia

L1210 leukemia

Breast adenocarcinoma MDA-MB-231
Prostate carcinoma PC3

Gastric adenocarcinoma COLO205

Lung carcinoma A-549

Sand 10 ug/mL [9, 7]

12 mg/mL [20]

16 pg/mL [23]

25 pg/mL [35]

29 pg/mL [35]

More than 90 pg/mL [23, 24]
More than 90 pg/mL [23, 24]

Breast adenocarcinoma MCF-7
Cervical adenocarcinoma HelLa

P388 leukemia

Breast adenocarcinoma MDA-MB-231
L1210 leukemia

Prostate carcinoma PC3

Gastric adenocarcinoma COLO205
Gastric adenocarcinoma AGS

Lung carcinoma A-549

250 ug/mL [7, 9]

250 pg/mL [31]

9 mg/mL [20]

16 pg/mL [35]

28 ug/mL [23]

33 pg/mL [35]

More than 80 pg/mL [23]
250 pg/mL [31]

250 pg/mL [23]
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Table. (Contd.)

Substance

Cell lines

Inhibitory concentration

A7

-Q
T

Nasopharyngeal cancer KB!
HL-60 leukemia

P388 leukemia

L1210 leukemia

Lung carcinoma A-549

Hepatoma Bel-7402

4.5 ng/mL [25]

6.2 mg/mL [25]

6.4 mg/mL [ 25]

9 mg/mL [ 25]

More than 4 pg/mL [35]
More than 4 ug/mkL [35]

P388 leukemia

13 mg/mL [20]

Prostate carcinoma PC3

Breast adenocarcinoma MDA-MB-231

3.8 ug/mL [35]

More than 40 pg/mL [35]

E3 Walker carcinosarcoma 256

Breast adenocarcinoma MDA-MB-231
Prostate carcinoma PC3

Gastric adenocarcinoma COLO205
Lung carcinoma A-549

L1210 leukemia

Breast adenocarcinoma MCF-7

5 pg/mL [38]

13 ug/mL [35]

16.3 pg/mL [35]

More than 80 pg/mL [23]
More than 80 pg/mL [23]
More than 80 pg/mL [23]

More than 80 pg/mL; 10 pg/mL
[38, 23]

Thus, among 40 triterpene and steroid compounds
currently detected in chaga mushroom six compounds
exhibit the highest anti-tumor activity; these include:
lanosterol, inotodiol, trametenolic acid, 33-hydroxyl-
anosta-8,24-dien-21-al, 33,22 R-dihydroxylanosta-8,
24-dien-11-one, 22S,25-epoxylanost-8-ene-3f3, 24.5-
diol.

It has been shown that individual triterpene and
steroid compounds are more active than extracts with
respect to cancer cell lines. The concentration at
which the individual compounds begin to have an
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effect on tumor cells is about 1 pg/mL. The com-
pounds have insignificant effect (if any) on somatic
cells. The inhibitory effect on kidney cells is not more
than 20%, while known natural cytotoxic agents exert
a potent toxic effect on these cells (e.g., vinblastine,
vincristine, etoposide) [69].

CONCLUSIONS

Chaga mushroom triterpenes and steroids repre-
sent about 50 compounds among which lanosterol
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derivatives with several double bonds in the side chain
or containing a ketone group and a five-membered
ring predominate.

Studies in vitro and in vivo have shown that in con-
trast to chaga extracts individual triterpene and steroid
compounds are more effective in cancer therapy. Trit-
erpene compounds containing OH group at C-22 and
an unsaturated bond in the side chain exhibit the high-
est anti-tumor activity. For example, inotodiol is
effective against carcinosarcoma, adenocarcinoma,
and leukemia cells, while 3p-hydroxylanosta-8,24-
dien-21-al is active against carcinomas. Among the
steroid compounds isolated from an artificial culture
of chaga mushroom ergosterol and ergosterol peroxide
exhibit pronounced and moderate anti-tumor activity
against prostate carcinoma, respectively.

Triterpene and steroid compounds of chaga mush-
room also demonstrate hepatoprotective, hypoglyce-
mic, anti-fungal, anti-oxidant and anti-inflammatory
properties; in addition they can regulate cholesterol
biosynthesis.
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